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(57) ABSTRACT 
Disclosed is a novel contact structure comprising an under 
lying layer of titanium silicide, an intermediate layer of 
titanium boride, and an overlying layer of polysilicon. Also 
disclosed is a method for forming the contact structure 
Which comprises depositing a titanium layer in the bottom of 
a contact opening having oxide insulation sidewalls, form 
ing an overlying layer of polysilicon above the titanium 
layer, and annealing the tWo layers together. The resulting 
contact structure is formed With feWer steps than contact 
structures of the prior art and Without the need for additional 
steps to achieve uniform sidewall coverage, due to high 
adhesion of the overlying layer of polysilicon With oxide 
insulation sidewalls of the contact opening. The contact 
structure has loW contact resistance, and provides a suitable 
diffusion barrier due to a high melting point. 
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CONTACT STRUCTURE HAVING A DIFFUSION 
BARRIER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation of Us. patent application 
Ser. No. 09/273,118, ?led on Mar. 19, 1999, Which is a 
continuation patent application of Us. patent application 
Ser. No. 08/997,428, ?led on Dec. 23, 1997, noW aban 
doned, Which is a continuation patent application of US. 
patent application Ser. No. 08/606,075, ?led on Feb. 23, 
1996, noW U.S. Pat. No. 5,700,716, all of Which are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. The Field of the Invention 

[0003] The present invention relates to the formation of 
loW contact resistance VLSI contacts, vias, and plugs. More 
speci?cally, the present invention is directed to a neW 
structure for a loW contact resistance contact, via, or plug 
having a diffusion barrier, as Well as a method for creating 
such a structure. 

[0004] 2. The Relevant Technology 

[0005] Recent advances in computer technology and in 
electronics in general have been brought about at least in 
part as a result of the progress that has been achieved by the 
integrated circuit industry in electronic circuit integration 
and miniaturization. This progress has resulted in increas 
ingly compact and efficient semiconductor devices, attended 
by an increase in the complexity and number of such devices 
aggregated on a single integrated circuit Wafer. The smaller 
and more complex devices, including resistors, capacitors, 
diodes, and transistors, have been achieved, in part, by 
reducing device siZes and spacing and by reducing the 
junction depth of active regions formed on a silicon sub 
strate of an integrated circuit Wafer. The smaller and more 
complex devices have also been achieved by stacking the 
devices at various levels on the Wafer. 

[0006] Among the feature siZes Which are being reduced 
in siZe are the contact structures through Which electrical 
contact is made betWeen discrete semiconductor devices on 
the varying levels of the Wafer. These contact structures 
include contacts, vias, plugs, and other structures Whereby 
electrical connection is made to discrete components of 
semiconductor devices located at the varying levels of 
integrated circuit Wafers. In order to continue in the process 
of reducing integrated circuit siZe, hoWever, neW contact 
structure formation methods are required Which overcome 
certain problems existing in the art. 

[0007] For instance, contact structures have historically 
been formed from aluminum or aluminum alloy metalliZa 
tion. Aluminum, hoWever, presents the problem of spiking. 
Spiking results in the dissolution of silicon from active 
regions of the semiconductor devices into the aluminum 
metalliZation and the dissolution of aluminum into the active 
regions. Spiking generally occurs as a result of the tendency 
of aluminum, When it contacts the silicon substrate directly 
at temperatures of about 450° C. or more, to eutectically 
alloy With the silicon substrate. When such a reaction occurs, 
silicon is dissolved into the aluminum, and there is a 
tendency for silicon thus dissolved to be precipitated at a 
boundary betWeen the metalliZation layer and the active 
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region as an epitaxial phase. This increases the resistivity 
across the contact structure. Furthermore, aluminum is dif 
fused into the active region from the metalliZation layer and 
forms an alloy spike structure Which can cause unWanted 
short circuit conduction betWeen the active region and the 
underlying silicon substrate. 

[0008] Contact openings have more recently been metal 
liZed With tungsten With the formation of What is knoWn as 
a “tungsten plug.” The tungsten plug formation process does 
not incur spiking, but has proven problematic for other 
reasons, hoWever, and these problems are heightened by the 
continuous miniaturiZation of the integrated circuit and the 
modern “stacked” construction of such circuits. 

[0009] The tungsten plug is typically deposited by CVD in 
an atmosphere of ?uorine, Which attacks silicon, creating 
“Worm holes” into the active region. Worm holes can be 
formed from this reaction extending completely through the 
active region, thereby shorting it out and causing the device 
to fail. As a further problem associated With the tungsten 
plug structure, the tungsten metalliZation complicates the 
contact formation process because it does not adhere Well 
directly to silicon or oxide. 

[0010] In order to eliminate the problems associated With 
the reaction betWeen the silicon substrate and the metalli 
Zation material, prior art methods have typically employed 
a diffusion barrier structure Which is provided betWeen the 
metalliZation material and the active region and Which 
blocks the reaction betWeen the active region and the 
metalliZation material. The diffusion barrier prevents the 
interdiffusion of silicon and aluminum. It also provides a 
surface to Which the tungsten Will adhere and prevents 
?uorine from diffusing into the active region. 

[0011] Prior art FIGS. 1 through 4 of the accompanying 
draWings depict one conventional method knoWn in the art 
of forming contact structures having a diffusion barrier. As 
shoWn in FIG. 1, a contact opening 18 is ?rst etched through 
an insulating layer 16 overlying an active region 14 on a 
silicon substrate 12. Insulating layer 16 typically comprises 
a passivation material of intentionally formed silicon diox 
ide in the form of borophosphosilicate glass (BPSG). Con 
tact opening 18 provides a route for electrical communica 
tions betWeen active region 14 and the surface of insulating 
layer 16. As shoWn in FIG. 2, a titanium layer 22 is 
sputtered over contact opening 18 in a further step, and coats 
the exposed surface of active region 14. 

[0012] Ahigh temperature anneal step is then conducted in 
an atmosphere of predominantly nitrogen gas (N2). Titanium 
layer 22 reacts With active region 14 during the anneal and 
is transformed into a dual layer. In forming the neW dual 
layer, the loWer portion of titanium layer 22 overlying active 
region 14 reacts With a portion of the silicon in active region 
14 to form a titanium silicide (TiSiX) region 26 seen in FIG. 
3. Concurrently, the upper portion of titanium layer 22 reacts 
With the nitrogen gas of the atmosphere to form a titanium 
nitride (TiNX) layer 24 also seen in FIG. 3. Titanium silicide 
layer 26 provides a conductive interface at the surface of 
active region 14. Titanium nitride layer 24 formed above 
titanium suicide layer 26 acts as a diffusion barrier to the 
interdiffusion of tungsten and silicon, or aluminum and 
silicon, as mentioned above. 

[0013] The next step, shoWn in FIG. 4, is deposition of the 
metalliZation layer. In Tungsten plug formation, metalliZa 
tion is achieved by the chemical vapor deposition of tung 
sten to form metalliZation layer 20. Titanium nitride layer 24 
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helps improve the adhesion between the Walls of the opening 
and the tungsten metalliZation material. It also acts as a 
barrier against the diffusion of metalliZation layer 20 into the 
active region 14, and vice-versa. 

[0014] It should be apparent from the above discussion 
that tungsten plug formation is an involved and time con 
suming process. Accordingly, one draWback of the tungsten 
plug structure, like most other contact structures of the prior 
art, is the many steps required for forming it. The high 
number of steps is due to, among other things, the need to 
form a diffusion barrier in the contact opening and the 
dif?culty of doing so While maintaining consistent sideWall 
coverage. 

[0015] A further problem involved With the tungsten plug 
structure is the poor step coverage provided by current 
tungsten plug formation methods. FIG. 5 depicts the results 
of a typical attempt to deposit tungsten over titanium nitride 
layer 24. Cusping, or “bread loa?ng”, of tungsten metalli 
Zation layer 20 on the surface of contact opening 18, seen in 
FIG. 5, is a typical problem in the depicted prior art process 
How step. A result of the cusping is that the contact is closed 
off, and cannot be completely ?lled. Incomplete ?lling 
results in a void area, also knoWn as a “keyhole,” that is 
formed Within tungsten metalliZation layer 20. This keyhole 
is detrimental because it can open Up during further pro 
cessing steps, Where material Which could corrode or corrupt 
the tungsten layer can make its Way into the keyhole. Also, 
the void in the center of the conducting metalliZation layer 
in the contact causes an increase in contact resistance. 

[0016] As a further problem associated With the tungsten 
plug structure, titanium nitride layer 24, Which is necessary 
as a diffusion barrier, has relatively high resistivity. The 
higher resistivity raises the contact resistance of the contact 
structure, Which in turn has a tendency to loWer the speed of 
the semiconductor devices being formed. 

[0017] Thus, it is apparent that a contact structure and a 
corresponding method for forming the contact structure are 
needed Which overcome the problems existing in the prior 
art. Speci?cally, a contact structure is needed Which has a 
loW resistivity for creating a contact structure With loW 
contact resistance, Which structure can form a suf?cient 
diffusion barrier, and Which adheres Well to oXide sideWalls 
such that sideWall coverage of an intermediate material is 
not needed. Amethod of forming the contact structure is also 
needed Which can be conducted With feWer steps than the 
methods of the prior art, and Which provides better step 
coverage of the metalliZation layer in the contact opening. 

BRIEF SUMMARY OF THE INVENTION 

[0018] The present invention seeks to resolve the above 
and other problems Which have been experienced in the art. 
More particularly, the present invention constitutes an 
advancement in the art by providing a contact structure for 
an in-process integrated circuit Wafer and a method of 
making the contact structure Which achieve each of the 
objects listed beloW. 

[0019] It is an object of the present invention to provide a 
contact structure Which adheres Well to oXide and thus does 
not require sideWall coverage of an intermediate layer. 

[0020] It is likeWise an object of the present invention to 
provide such a contact structure Which has a high melting 
point and thus provides a suitable diffusion barrier. 
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[0021] It is also an object of the present invention to 
provide such a contact structure Which provides a loW 
contact resistance. 

[0022] It is a further object of the present invention to 
provide a method for forming a contact structure Which 
results in a contact structure that meets each of the afore 
mentioned objects and requires feWer steps to construct than 
prior art methods. 

[0023] It is yet another object of the present invention to 
provide such a method for forming a contact structure Which 
results in desirable step coverage of the metalliZation mate 
rial in the contact opening. 

[0024] To achieve the foregoing objects, and in accor 
dance With the invention as embodied and broadly described 
herein in the preferred embodiment, a contact structure is 
provided, as Well as a method for forming the contact 
structure on an in-process integrated circuit Wafer. The 
contact structure is Well suited for use as a substitute for 
conventional contacts, vias, and plugs, and particularly as a 
replacement for the tungsten plug of the prior art. Many of 
the problems of the prior art are avoided by the novel contact 
structure of the present invention and corresponding method 
for forming the contact structure. 

[0025] The novel contact structure is formed under the 
inventive method in Which the ?rst step comprises deposit 
ing a layer of titanium on a surface Wherein a diffusion 
barrier is required. Typically, this surface Will be the bottom 
of a contact opening Which has been etched through an 
insulating layer to provide access to a discrete component of 
a semiconductor device such as a diode, capacitor, or 
transistor. The titanium deposition step preferably comprises 
PVD (e.g. sputtering) or CVD. The titanium layer is pref 
erably deposited to have a thickness in a range of about 200 
Angstroms to about 300 Angstroms. 

[0026] In a further step, an overlying layer of polysilicon 
heavily doped With boron is formed above the titanium layer. 
The polysilicon layer is preferably formed by pyrolitic 
reaction from one of tWo precursors, silane (SiH4) or disi 
lane (Si2H6) in an atmosphere of BZHG. A layer having a 
thickness in a range of about 6000 Angstroms to about 7000 
Angstroms is preferably formed by the reaction. 

[0027] Finally, the titanium and polysilicon layers are 
annealed. The annealing is preferably conducted using a 
rapid thermal anneal in a rapid thermal processing (RTP) 
chamber. The anneal step causes a rearrangement of the 
titanium and polysilicon layers into a resulting contact 
structure comprising three layers. 

[0028] The resulting three layer contact structure com 
prises an underlying layer of titanium silicide, an interme 
diate layer of titanium boride, and an upper layer of poly 
silicon. This structure can be formed using feWer steps than 
are required for methods of the prior art for forming contact 
structures, due to the fact that polysilicon adheres Well to 
oXide insulation sideWalls, such that sideWall coverage of an 
intermediate layer is unnecessary. Also, step coverage is 
improved, as the problems of bread loa?ng and cusping are 
overcome by the lack of an intermediate layer. In addition, 
an effective diffusion barrier as Well as loW contact resis 
tance are provided by the contact structure. 

[0029] These and other objects and features of the present 
invention Will become more fully apparent from the folloW 
ing description and appended claims, or may be learned by 
the practice of the invention as set forth hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] To further clarify the above and other advantages 
and features of the present invention, a more particular 
description of the invention Will be rendered by reference to 
speci?c embodiments thereof Which are illustrated in the 
appended draWings. It is appreciated that these draWings 
depict only typical embodiments of the invention and are 
therefore not to be considered limiting of its scope. The 
invention Will be described and explained With additional 
speci?city and detail through the use of the accompanying 
draWings in Which: 

[0031] FIG. 1 is a cross-sectional elevation vieW shoWing 
a ?rst step of a representative method of the prior art in 
Which an contact structure is formed in a contact opening 
through an insulative layer doWn to an active region on an 
in-process integrated circuit Wafer. 

[0032] FIG. 2 is a cross-sectional elevation vieW illustrat 
ing the neXt step in the prior art method of FIG. 1, 
comprising depositing a layer of titanium into the contact 
opening. 
[0033] FIG. 3 is a cross-sectional elevation vieW illustrat 
ing the neXt step in the prior art method of FIGS. 1 and 2, 
comprising annealing the titanium layer in a nitrogen gas 
atmosphere to form a resulting structure having an under 
lying titanium silicide region and an overlying titanium 
nitride layer. 

[0034] FIG. 4 is a cross-sectional elevation vieW illustrat 
ing the ?nal step of the prior art method of FIGS. 1 through 
3, comprising metalliZing over the contact opening and 
underlying layers. 
[0035] FIG. 5 is a cross-sectional elevation vieW illustrat 
ing a typical problem encountered by the prior art When 
producing a contact structure, and depicts cusping at the top 
of the contact layer as Well as a keyhole at the center thereof. 

[0036] FIG. 6 is a cross-sectional elevation vieW of one 
step of the method of the present invention, comprising 
depositing a layer of titanium in the bottom of a contact 
opening. 
[0037] FIG. 7 is a cross-sectional elevation vieW illustrat 
ing a later step of the method of the present invention, 
comprising depositing a layer of polysilicon doped With 
boron over the titanium layer in the contact opening. 

[0038] FIG. 8 is a cross-sectional elevation vieW illustrat 
ing a further step of the method of the present invention, 
comprising annealing the titanium and polysilicon layers to 
form a resulting three layer contact structure. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0039] A more detailed discussion of the present invention 
Will noW be made by referring to FIGS. 6 through 8 of the 
accompanying draWings. Therein is illustrated one embodi 
ment of the method of the present invention for forming a 
contact structure. As shoWn in FIG. 6, a preliminary step 
comprises forming a contact opening 18 through an insula 
tive layer 16 doWn to a semiconductor device on a silicon 
substrate 12 of an in-process integrated circuit Wafer. The 
method of the present invention can be used to provide 
electrical contact to any discrete component of a semicon 
ductor device or such structure, Which requires a diffusion 
barrier. 
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[0040] In FIG. 6, contact opening 18 is shoWn providing 
access to an active region 14 of a discrete semiconductor 
device to Which electrical communication must be provided. 
Active region 14, Which is depicted as a semiconductor 
device in the Figures, Will typically comprise a gate structure 
of a MOS transistor, a capacitor electrode, a resistor, or a 
portion of a bipolar junction transistor. Of course, the 
contact structure of the present invention could also be used 
to provide electrical communication to surfaces Which 
require a diffusion barrier, but Which do not require a contact 
opening. 

[0041] A further step of the present invention as herein 
embodied, also illustrated in FIG. 6, comprises forming a 
titanium layer 32 in the bottom of a contact opening 18 or 
on a surface Where a diffusion barrier is needed. The term 
“contact opening” as used herein is intended to include the 
designation of an opening by Which electrical connection is 
made betWeen semiconductor devices on separate levels of 
the integrated circuit Wafer. Accordingly, openings for form 
ing contacts, as Well as vias and plugs are included Within 
the scope thereof. 

[0042] The titanium layer can be formed by any adequate 
layer formation method knoWn in the art. The titanium for 
the titanium layer Will be deposited by chemical vapor 
deposition (CVD) or physical vapor deposition (PVD) 
through a collimator, Where the most preferred deposition 
method is PVD sputtering. Titanium layer 32 is preferably 
deposited With a thickness, for contact structures of current 
integration siZe and levels, in a range of about 200 Ang 
stroms to about 300 Angstroms. Of course, one skilled in the 
art Will be able to easily vary the relevant dimensions to ?t 
the particular application. 

[0043] The neXt step in the preferred embodiment of the 
present invention is illustrated in FIG. 7, and comprises 
forming an overlying layer of polysilicon 34 above titanium 
layer 32 in the contact opening or other surface. Polysilicon 
layer 34 is preferably heavily doped With boron and is 
preferably formed to have a thickness in a range of about 
6000 Angstroms to about 7000 Angstroms. Any adequate 
knoWn method may be used to form polysilicon layer 34, but 
it is preferred that polysilicon layer 34 be deposited by 
pyrolitic reaction from one of tWo precursors. One preferred 
precursor is silane (SiH4). Silane is preferably reacted in the 
current embodiment in an atmosphere of BZHG, Which 
provides boron doping of the resulting polysilicon layer. The 
reaction is conducted at a temperature of about 630° C. to 
about 650° C., and at a pressure of about 80 Torr and for a 
time period of about 300 seconds. A second preferred 
precursor comprises disilane (Si2H6). Disilane is preferably 
reacted in an atmosphere of B2H6, at a temperature of about 
550° C. to about 570° C., a pressure of about 80 Torr and for 
a time period of about 150 seconds. 

[0044] Most preferred of the tWo stated precursor methods 
is the disilane precursor method, as it provides a more 
uniform step coverage and can be conducted at a loWer 
temperature and for a shorter period of time. Nevertheless, 
use of the disilane precursor is a less stable and a less 
understood process, and may be more dif?cult to accom 
plish. Either method Will provide more uniform step cover 
age than the tungsten plug method of the prior art discussed 
above. Appropriate concentrations of silane or disilane and 
BZH6 are selected in the process to provide a layer of 
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polysilicon Which is heavily doped With a concentration of 
about 1><102° to about 5x102° atoms per cubic centimeter of 
polysilicon. 
[0045] The ?nal step in the preferred embodiment of the 
present invention comprises annealing titanium layer 32 and 
polysilicon layer 34. The annealing step can be conducted 
using any knoWn method, but is preferably conducted With 
a rapid thermal anneal procedure (RTA) in a rapid thermal 
processing (RTP) chamber. The RTA is preferably conducted 
at a temperature of about 800° C. to about 950° C. and for 
a time period of about 20 seconds. Alternatively, a furnace 
anneal could be conducted, using a furnace such as a tube 
furnace. In the case of the use of a tube furnace, the anneal 
Would be conducted in a predominately argon atmosphere, at 
a temperature of around 800° C. to about 900° C. and for a 
time period of about 30 minutes. As a result of the anneal 
step, a reaction occurs in Which titanium layer 32 and 
polysilicon layer 34 react together and form a resulting 
structure comprising three layers. 

[0046] The structure resulting from the reaction caused by 
the anneal step of the present invention is shoWn in FIG. 8. 
FIG. 8 shoWs an underlying layer of titanium silicide (TiS'k) 
36, Which is preferably of approximately 200 Angstroms 
thick. Titanium suicide layer 36 provides a conductive 
interface With underlying active region 14. Above titanium 
silicide layer 36 is a titanium boride layer (TiBX) 38. 
Titanium boride layer 38, When formed under the proper 
concentrations and parameters, preferably comprises tita 
nium diboride (TiBZ). 

[0047] Titanium boride is a refractory metal Which has loW 
resistivity and Will provide a loW contact resistance. It also 
has a high melting point, and thus functions as a suitable 
diffusion barrier. The thickness of titanium boride layer 38 
is preferably approximately 250 Angstroms. The remainder 
of the contact Will be ?lled With a polysilicon layer 40, 
Which retains a high concentration of boron dopants after the 
anneal step for greater conductivity. Polysilicon layer 40 
adheres Well to oxide sideWalls, and consequently, no side 
Wall coverage of an intermediate layer, such as TiN, is 
needed for the metalliZation layer to adhere Well to the oxide 
of insulation layer 16 of the sideWall of contact opening 18. 
Also, as the boron in polysilicon layer 34 prefers to interact 
With titanium, little interdiffusion With underlying active 
region 14 has been found to occur during the anneal step. 

[0048] The semiconductor device contact structure of 
FIG. 8 can be used in a number of Ways, including as a 
replacement for prior art contacts, vias, and plug structures. 
It has been found advantageous for use in replacing tungsten 
plugs. The contact structure is also advantageous for pro 
viding electrical communication to semiconductor devices 
such as the active regions of transistors and diodes, Word or 
bit lines of DRAM memory structures, capacitors, and metal 
interconnect lines on the surface of integrated circuit Wafers. 

[0049] Thus, it can be seen that, as herein described and 
embodied, the resulting structure of FIG. 8 provides a 
contact structure Which can be formed using feWer steps 
than the contact structures of the prior art, and Without the 
need for uniform sideWall coverage of an intermediate layer 
in order to adhere Well to oxide insulation sideWalls. The 
resulting contact structure provides a higher degree of step 
coverage than prior art methods, and forms a suf?cient 
diffusion barrier With a high melting point such that dopants 
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and metalliZation material from the contact structure cannot 
diffuse into the underlying active regions or vice versa. 
Furthermore, the resulting contact structure provides loW 
contact resistance, and can be used for effectively providing 
electrical connection betWeen semiconductor devices, com 
ponents, and structures. 

[0050] The present invention may be embodied in other 
speci?c forms Without departing from its spirit or essential 
characteristics. The described embodiments are to be con 
sidered in all respects only as illustrative and not restrictive. 
The scope of the invention is, therefore, indicated by the 
appended claims rather than by the foregoing description. 
All changes Which come Within the meaning and range of 
equivalency of the claims are to be embraced Within their 
scope. 

What is claimed is: 
1. A contact structure for providing electrical communi 

cation to a semiconductor device on an in-process integrated 
circuit Wafer, the contact structure comprising: 

a contact opening, the contact opening extending through 
an insulating layer located above the semiconductor 
device; 

a titanium silicide layer located at the bottom of the 
contact opening; 

a titanium boride layer located above the titanium silicide 
layer in the contact opening; and 

a polysilicon layer, the polysilicon layer being heavily 
doped With boron and ?lling the remainder of the 
contact opening. 

2. A contact structure as recited in claim 1, Wherein the 
contact opening de?nes a sideWall in the insulating layer, the 
insulating layer comprising oxide, and Wherein the polysili 
con layer adheres to the oxide of the sideWall in the 
insulating layer. 

3. A contact structure as recited in claim 1, Wherein the 
titanium silicide layer forms a diffusion barrier to dopants 
betWeen the polysilicon layer and the underlying semicon 
ductor device. 

4. A contact structure as recited in claim 1, Wherein the 
contact structure provides electrical communication 
betWeen an overlying metal interconnect line and the under 
lying semiconductor device. 

5. A contact structure as recited in claim 1, Wherein the 
semiconductor device comprises an active region. 

6. A contact structure as recited in claim 1, Wherein the 
titanium silicide layer has a thickness of about 200 Ang 
stroms. 

7. A contact structure as recited in claim 1, Wherein the 
titanium boride layer has a thickness of about 250 Ang 
stroms. 

8. A contact structure as recited in claim 1, Wherein the 
polysilicon layer has a thickness in a range from about 6000 
Angstroms to about 7000 Angstroms. 

9. A contact structure for providing electrical communi 
cation to a semiconductor device on an in-process integrated 
circuit Wafer, the contact structure comprising: 

a contact opening, the contact opening extending through 
an insulating layer located above the semiconductor 
device; 



US 2002/0000660 A1 

a boron-doped polysilicon layer Within the contact open 
ing, the boron-doped polysilicon layer comprising a 
product of the pyrolisis of a silicon-containing precur 
sor in a medium that contains a boron compound; 

a ?rst titanium-containing layer at the bottom of the 
contact opening, the ?rst titanium-containing layer 
comprising a product of the annealing of titanium in the 
presence of the boron-doped polysilicon layer; and 

a second titanium-containing layer above the ?rst tita 
nium-containing layer in the contact opening. 

10. A contact structure as recited in claim 9, Wherein the 
medium that contains a boron compound comprises BZHG. 

11. A contact structure as recited in claim 9, Wherein the 
silicon-containing precursor comprises silane. 

12. A contact structure as recited in claim 9, Wherein the 
silicon-containing precursor comprises disilane. 

13. A contact structure as recited in claim 9, Wherein the 
?rst titanium-containing layer comprises titanium silicide. 

14. A contact structure as recited in claim 9, Wherein the 
second titanium-containing layer comprises titanium boride. 

15. Acontact structure as recited in claim 14, Wherein the 
titanium boride comprises TiB2. 

16. A contact structure as recited in claim 9, Wherein the 
boron-doped polysilicon layer contains boron at a concen 
tration in the range from about 1><102O to about 5x102O atoms 
per cubic centimeter. 

17. A contact structure as recited in claim 9, Wherein the 
second titanium-containing layer comprises a loW contact 
resistance and high melting point titanium-containing mate 
rial. 

18. A contact structure as recited in claim 9, Wherein the 
boron-doped polysilicon layer contains boron at a concen 
tration in the range from about 2><1020 to about 35x102O 
atoms per cubic centimeter. 

19. A contact structure as recited in claim 9, Wherein the 
?rst titanium-containing layer comprises an electrically con 
ductive titanium-containing material. 

20. A contact structure as recited in claim 9, Wherein the 
annealing comprises a rapid thermal anneal process. 

21. A contact structure as recited in claim 9, Wherein the 
annealing comprises a furnace anneal. 

22. A contact structure as recited in claim 9, Wherein the 
annealing is conducted in the presence of argon. 

23. A contact structure for providing electrical commu 
nication to a semiconductor device on an in-process inte 
grated circuit Wafer, the contact structure comprising: 
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a contact opening, the contact opening extending through 
an insulating layer located above the semiconductor 
device; 

a boron-doped polysilicon layer Within the contact open 
ing, the boron-doped polysilicon layer comprising a 
product of the pyrolisis of a silicon-containing precur 
sor in a medium that contains a boron compound; 

a titanium-containing conductive interface at the bottom 
of the contact opening; and 

a titanium-containing layer above the titanium-containing 
conductive interface in the contact opening. 

24. A contact structure as recited in claim 23, Wherein the 
titanium-containing conductive interface comprises a prod 
uct of the annealing of titanium in the presence of polysili 
con, and said product includes at least one form of titanium 
silicide. 

25. A contact structure as recited in claim 23, Wherein the 
titanium-containing layer comprises a product of the anneal 
ing of titanium in the presence of a boron-doped polysilicon, 
and said product includes at least one form of titanium 
boride. 

26. A contact structure for providing electrical commu 
nication to a semiconductor device on an in-process inte 
grated circuit Wafer, the contact structure comprising: 

a contact opening, the contact opening having a sideWall 
and extending through an oXide layer located above the 
semiconductor device; 

a titanium silicide layer at the bottom of the contact 
opening, the titanium silicide layer having a thickness 
of about 200 Angstroms; 

a titanium boride layer located above the titanium silicide 
layer in the contact opening, the titanium boride layer 
having a thickness of about 250 Angstroms; and 

a polysilicon layer ?lling the remainder of the contact 
opening and adhering to the sideWall of the contact 
opening, the polysilicon layer being doped in a con 
centration range of about 1><102O to about 5x102O atoms 
of boron per cubic centimeter of polysilicon, and the 
titanium silicide layer forming a diffusion barrier 
betWeen the polysilicon layer and the semiconductor 
device. 


