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(57) ABSTRACT 

A method of forming a conductive plug in a contact hole 
comprising: providing a wafer having a conductive layer 
comprising Silicon adjacent a dielectric layer comprising 
Silicon oxide, and a contact hole disposed in the dielectric 
layer, the contact hole having Surfaces that include Sidewalls 
formed in the dielectric layer and a bottom defined by the 
conductive layer, a contaminant material being disposed 
over at least a portion of the conductive layer defining the 
bottom of the contact hole, the dielectric layer having a 
Surface in which the contact hole terminates in an opening 
opposing the bottom; depositing a layer of a barrier material 
on the work object, the layer having a Substantially uniform 
thickness from the Surface at the opening of the contact hole 
to the bottom of the contact hole; and depositing a layer of 
a protective material barrier around at least opening of the 
contact hole; etching the material at the bottom of the 
contact hole to expose the contaminant material while 
retaining protective material around the opening of the 
contact hole; etching the contact hole to remove contaminant 
material disposed over the conductive layer at the bottom of 
the contact hole; and filling the contact hole with a conduc 
tive material to form a plug. 
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METHOD OF FABRICATING ASEMCONDUCTOR 
WORK OBJECT 

RELATED APPLICATION 

0001. This invention is a continuation of and claims the 
benefit of co-pending U.S. application Ser. No. 09/499,594 
entitled METHOD OF FABRICATING ASEMICONDUC 
TOR WORK OBJECT filed on Feb. 7, 2000, the entire 
disclosure of which is hereby incorporated by reference and 
Set forth in its entirety for all purposes. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a method of form 
ing conductive Structures on a Semiconductor work object. 
More particularly, it relates to cleaning etched contact holes 
before metal plugs or other conductive Structures are formed 
therein. 

0003) Every semiconductor chip has electrical connec 
tions between different devices or circuit component parts 
on the chip. The devices and components are associated with 
conductive Structures to provide Such connections. The 
formation of contact plugs, Vias, metal lines and other 
conductive Structures providing connectivity on a chip will 
generally be referred to herein as “metallization”. 
0004. In conventional processes, a contact or contact hole 
(or Similar structure, Such as a via) is etched in a layer of a 
dielectric material that is disposed over a layer of conductive 
material. Typically the dielectric material is a Silicon oxide 
and the conductive material is a Silicon Substrate with 
dopant. The conductive material could also be another 
contact or via of Silicon, tungsten, or polysilicon, for 
example. The contact is filled with a conductive material, 
typically a metal, to form a plug. The plug formed in the 
contact hole may consist of tungsten, aluminum, copper or 
other conductive material known in the art. An initial layer 
of a refractory metal Such as Titanium is often first deposited 
on silicon at the bottom of the contact hole to form a silicide. 
Silicides help facilitate the electrical connection between the 
plug and Silicon. A conductive barrier layer may also be 
placed between the conductive layer and the plug to control 
eutectic alloying, physical migration, or contamination. The 
barrier layer may also help anchor the plug into the contact 
hole. Titanium-tungsten (TIW) or titanium nitride (TiN) may 
be used to form a barrier layer. At the surface of the 
dielectric layer, the metal plug may be connected to thin 
lines of metal called leads, metal lines, as well as other 
interconnects, which connect the device associated with one 
conductive plug to another plug or other structure associated 
with a different device. 

0005 Metallization techniques are well known in the art. 
Certain such techniques are discussed in P. Van Zant, Micro 
chip Fabrication. A Practical Guide To Semiconductor 
Processing (3" ed. 1997) McGraw-Hill, New York, Chap 
ters 5 & 13. Before a contact hole is filled with a conductive 
material to form a conductive plug, the hole is cleared of any 
contaminants including oxides, other resistive materials, and 
residuals (hereinafter Such materials are referred to as “con 
taminant materials”) that may form or remain over the 
conductive region at the bottom of the contact hole. After 
wet etching to remove the contaminant material, further 
processing Steps will form a plug of conductive material in 
the etched hole. If any appreciable amount of contaminants 
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material remains at the bottom of the contact hole, it could 
impede current flow through the contact components or 
migrate into the underlying conductive layer. Therefore, 
contaminants are highly problematic for at least these rea 
SOS. 

0006 Cleaning and etching agents are used to remove 
contaminants before filling contact holes. Cleaning the con 
tact hole is important, for example, to facilitate the forma 
tion of acceptable Silicides at the bottom of the contact hole. 
Wet etchants are preferred for removing the contaminant 
material. 

0007 With the drive toward Smaller chips with higher 
device densities, contact-hole widths are decreasing. Con 
currently, contact holes are getting longer as they are 
required to extend through more layers on a die to reach the 
base Silicon, polysilicon, or other conductive media. Con 
Sequently, the decreasing contact-hole widths and/or 
increasing contact-hole lengths means contact holes with 
high aspect ratios are becoming more prevalent. This is 
particularly true in the manufacture of DRAM memory 
chips. 

0008. The formation of conductive structures in small, 
high aspect ratio contact holes is especially problematic. 
Given the tight geometry of such holes, it is difficult, for 
example, to control conventional wet etchants So that they 
do not change the critical dimensions (CDS) of the contact 
hole during the process of removing oxides or other residual 
materials from the bottom of the contact hole. 

0009 Wet etchants especially affect CDs of small, high 
aspect ratio contact holes. AS etchant moves down the 
contact hole it becomes depleted as it reacts with the oxide 
sidewalls of the contact hole. Therefore, the etchant's rate of 
reaction with oxide or other contaminant materials may be 
slower at the bottom of the contact hole and faster at the top 
of the hole. Unfortunately, because of the duration of time 
needed to the etch contaminant materials at the bottom of the 
contact hole, Structural material at the top of the contact hole 
may be overetched during the process of removing the 
contaminants. This excessive etching may increase the 
width or diameter of the contact hole beyond specified 
critical dimensions. 

0010 When a contact hole exceeding critical dimensions 
is filled with conductive material to form a plug or other 
conductive Structure, an oversized plug is formed. The 
oversized plug may be closer to adjacent or nearby conduc 
tive Structures, creating a problem of electrical shorting. 
0011 To remove contaminants from small, high aspect 
ratio contacts, various conventional wet etchants may be 
used. Persons skilled in the art may choose from many 
available etchant technologies to remove the contaminants, 
including hydrofluoric (HF) in deionized (DI) water; 
HF/TMAH, HCL, and phosphoric and ammonia fluoride 
based Solutions. Unfortunately, all of these Solutions may 
adversely affect critical dimensions, as described above. 
Accordingly, prior art cleaning techniques are inherently 
problematic in their failure to preserve critical contact hole 
Structures and dimensions. 

SUMMARY OF THE INVENTION 

0012. The present invention overcomes the problems and 
disadvantages in the prior art by providing a process that 



US 2004/0214436A1 

preserves contact hole CDs while allowing removal of 
contaminant contacts from the bottom of the contact hole (or 
other region adjacent a conductive region). Accordingly, the 
present invention improves production yields of dies having 
contact with Small, high aspect ratioS. Further, the present 
invention helps make higher density chips possible. 
0013 In one novel embodiment, the present invention 
provides a method of preparing a contact hole to receive a 
conductive plug comprising: providing a work object having 
a conductive layer adjacent a dielectric layer, and a contact 
hole disposed in the dielectric layer, the contact hole having 
Surfaces that include Sidewalls formed in the dielectric layer 
and a bottom defined by the conductive layer, the contact 
hole having an opening for receiving a conductive plug 
material; and depositing a layer of protective material on at 
least the Surface around the opening of the contact hole, the 
material deposited being sufficient to protect the CDs of the 
contact hole opening during an etch of the contact hole to 
remove any contaminant material disposed over the conduc 
tive layer at the bottom of the contact hole. 
0.014. In another novel embodiment, the present inven 
tion provides a method of forming a conductive plug in a 
contact hole comprising: providing a work object having a 
conductive layer adjacent a dielectric layer, and a contact 
hole disposed in the dielectric layer, the contact hole having 
Surfaces that include Sidewalls formed in the dielectric layer 
and a bottom defined by the conductive layer, the contact 
hole having an opening for receiving a conductive plug 
material; depositing a layer of protective material on at least 
the Surface around the opening of the contact hole, the 
material deposited being sufficient to protect the CDs of the 
contact hole opening during etching of the contact hole to 
remove any contaminant material disposed over the conduc 
tive layer at the bottom of the contact hole, etching the 
protective material at the bottom of the contact hole to 
expose the contaminant material while retaining protective 
material around the opening of the contact hole; and filling 
the contact hole with a conductive material to form a plug. 
0.015. In another novel embodiment, the present inven 
tion provides a method of forming a conductive plug in a 
contact hole comprising: providing a wafer having a con 
ductive layer comprising Silicon adjacent a dielectric layer 
comprising Silicon oxide, and a contact hole disposed in the 
dielectric layer, the contact hole having Surfaces that include 
sidewalls formed in the dielectric layer and a bottom defined 
by the conductive layer, a contaminant material being dis 
posed over at least a portion of the conductive layer defining 
the bottom of the contact hole, the dielectric layer having a 
Surface in which the contact hole terminates in an opening 
opposing the bottom; depositing a layer of a barrier material 
on the work object, the layer having a Substantially uniform 
thickness from the Surface at the opening of the contact hole 
to the bottom of the contact hole; and depositing a layer of 
a protective material barrier around at least the opening of 
the contact hole, etching the material at the bottom of the 
contact hole to expose the contaminant material while 
retaining protective material around the opening of the 
contact hole, etching the contact hole to remove contaminant 
material disposed over the conductive layer at the bottom of 
the contact hole; and filling the contact hole with a conduc 
tive material to form a plug. 
0016. The foregoing novel embodiments may include 
other advantageous features, defining further novel embodi 
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ments. Some Such features are noted below and may be 
added to one or more of the foregoing embodiments alone or 
in combinations. In this regard, the embodiments of the 
present invention may further comprise the Step of depos 
iting a layer of barrier material over the Surfaces of the 
contact hole before deposition of the protective material, and 
etching the barrier layer at the bottom of the contact hole to 
expose any contaminant material, while retaining protective 
material around the opening of the contact hole following 
the etch of the barrier layer. The embodiments of the present 
invention may use a dry etch technique to etch the barrier 
layer at the bottom of the contact hole and a wet etch 
technique to etch any contaminant material exposed follow 
ing the dry etch. The embodiments of the present invention 
may have a barrier layer material comprising a refractory 
metal based compound that extends from the Surface at the 
opening of the contact hole to the bottom of the contact hole. 
The embodiments of the present invention may have a layer 
of protective material that comprises a refractory metal 
based compound extending from the opening of the contact 
hole to a selected depth into the contact hole. The embodi 
ments of the present invention may have a conductive layer 
that comprises a Silicon based material and a dielectric layer 
that comprises a Silicon oxide based material. 
0017. The embodiments of the present invention may use 
a PVD process to deposit the layer of protective material. 
The embodiments of the present invention may use a CVD 
process to deposit the layer of barrier material. The embodi 
ments of the present invention may use a protective material 
that is composed substantially of TiN. 

0018. In the embodiments of the present invention, the 
contact hole may have a high aspect ratio. Further, in the 
embodiments of the present invention the opening of the 
contact hole at the Surface of the dielectric layer may have 
a width of about 2 microns or less. The aspect ratio of the 
contact hole may be about 3:1 or more. 
0019. The embodiments of the present invention may 
include the Step of depositing a layer of a metal on the 
conductive layer at the bottom of the contact hole. The metal 
is deposited Subsequent to the wet etch to remove contami 
nants from the bottom of the contact hole. In certain embodi 
ments, the deposited metal is a refractory metal. The refrac 
tory metal may be Ti. In the embodiments of the present 
invention, it is further contemplated that a barrier layer may 
be deposited over the metal deposited at the bottom of the 
contact. The barrier layer may be TiN. 

0020. In the embodiments of the present invention, con 
ductive plug may be composed Substantially of Ag, Al, Au, 
Cu, or W. Where tungsten is the conductive plug material, a 
preferred barrier layer material is TiN. 

0021. In the embodiments of the present invention, it is 
contemplated that the contact hole may be a via or a 
container for a capacitor. 

0022. The foregoing novel embodiments and features of 
the present invention and other novel embodiments and 
features of the present invention are described below in 
more detail. It should be understood that the description 
contained herein is only illustrative of the invention. Various 
alternatives and modifications can be devised by those 
skilled in the art without departing from the spirit of the 
invention. Accordingly, the present invention is intended to 
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embrace all Such alternatives, modifications and variances 
which fall within the Scope of the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a side sectional view of a portion of a 
device on a wafer with a contact hole for the device etched 
into material on the wafer. 

0024 FIG.2 is the same view of the contact hole in FIG. 
1, now showing a contaminant material formed at the bottom 
of the contact hole, with conductive filler material shown in 
phantom lines. 
0025 FIG.3 is the same view of the contact hole in FIG. 
2, now showing a layer of material deposited over existing 
material, according to the present invention. 
0026 FIG. 4 is the same view of the contact hole of FIG. 
3, now showing a Second layer of protective material depos 
ited over portions of the material shown in FIG.3, according 
to the present invention. 
0027 FIG. 5A is the same view of the contact hole of 
FIG. 4, now showing the contact hole after a selective etch 
to remove certain material at the bottom of the contact hole, 
according to the present invention. 
0028 FIG. 5B is the same view of the contact hole of 
FIG. 5A, now showing the contact hole after a clean and/or 
etch to remove certain material at the bottom of the contact 
hole, according to the present invention. 
0029 FIG. 6 is the same view of the contact hole of FIG. 
5, now showing the contact hole after further processing and 
filling of the hole with conductive material to form a plug 
and a metal line connected thereto, according to the present 
invention. 

0030 FIG. 7 shows a schema for producing a contact 
hole and conductive structures of FIG. 6, according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0031 AS used herein, “work object” means wafers (pro 
duction, dummy, or pmon), chip, die and packaged parts, 
incorporating, in whole or part, Silicon SubStrates, and other 
known or discovered Semiconductor materials, components, 
and assemblies, including, for example, Silicon-on-insulator 
(SOI), silicon-on-Sapphire (SOS), thin film transistor (TFT) 
materials, or germanium, periodic group III-IV materials, 
II-VI materials, hetero-materials (II, III, V, VI), and con 
ductive glasses. 
0032. It will be apparent to persons of skill in the art that 
the present invention is not necessarily limited to any 
particular kind of work object. However, to illustrate the 
principles of the present invention, the following discussion, 
unless otherwise noted, will be in terms of a Silicon-based 
wafer as the work object. 
0033 FIGS. 1-5 show a contact hole 12 for a portion of 
a semiconductor device 10 on a wafer. The contact hole 12 
extends through a layer 14 of a dielectric material. The 
dielectric layer 14 may be silicon dioxide, BPSG, silicon 
nitride, polyimide, or other electrically insulative materials 
used in the art. The contact hole 12 extends to an underlying 
layer or region of a conductive Substrate 16. Typical mate 
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rials for conductive substrate 16 include doped layers or 
regions of Silicon or polysilicon. Generally, Suitable dopants 
include boron, phosphorus, and arsenic. In a common Sce 
nario, contact hole 12 is formed in a Silicon dioxide layer 14 
disposed over a silicon Substrate 16. It is to be understood 
that contact hole 12 in device 10 would normally represent 
one of a plurality of Such structures being formed in asso 
ciation with individual devices on individual dies on a wafer. 

0034) The contact hole 12 is defined by sidewalls 18 and 
bottom 20. As illustrated in the figures and discussed below, 
the width or diameter at the bottom 20 of the contact hole 
may be less than that at the top of the contact hole. Contact 
holes may be broader at the top to facilitate connections of 
the plug formed in the contact hole with the metal lines on 
the Surface of the wafer; a contact hole may be narrower at 
the bottom where the plug connects to conductive aspects of 
the device having relatively Small landing pads. This inven 
tion, however, may apply to other contact hole configuration 
and is not limited to contact holes having a wider top and 
narrower bottom. It could apply, for example, to a contact 
hole having a wider bottom and narrower top. 
0035. For purposes of the present invention, “aspect 
ratio” means the ratio of the depth D or length of the contact 
hole to the width or diameter W, at the top of the contact 
hole. Generally, the critical dimension (CD) of most interest 
is W. at the top opening of contact hole 12. Accordingly, as 
used hereafter, the CD is the allowable range or tolerance for 
W. 
0036) A contact hole 12 with a D of about 2.0 microns 
and a diameter or W of about of 0.3 microns at the top 
opening in the Surface of dielectric layer 14 is one possible 
example of a Small contact hole having a high aspect ratio. 
Due to the tapered nature of the contact hole, the width or 
diameter W, at the bottom of the contact hole might be about 
0.17 microns, for example. A contact hole of Such dimen 
Sions would have an aspect ratio of about 6.67. A contact 
hole with a “Small, high aspect ratio' may be generally 
defined as a contact hole where D is about 2.0 microns or 
less and where W is a number that when divided into the D 
yields an aspect ratio of about 3:1 or greater. 

0037 Persons skilled in the art will understand that other 
dimensions may define high aspect ratios, and that the aspect 
ratio range given above is merely an exemplary. Such 
perSons skilled in the art will also appreciate that the 
principles of the present invention may be employed regard 
less aspect ratios, depending on a given Set of circumstances, 
including, for example, the particular compositions of the 
dielectric and Semiconductor layers; the nature of the 
etchants used; and the conditions under which processing 
occurs. Accordingly, it is contemplated that this invention 
will be generally useful to preserve contact hole CDS during 
etching to remove contaminant material from contact holes 
and Similar holes. 

0038 FIG. 7 shows one possible novel scheme according 
to the present invention that includes Steps for forming a 
contact hole in a device, preparing the contact hole for plug 
formation, and metallizing the device. 
0039 Referring again to FIG. 2, before a plug is formed 
in contact 12, any appreciable amounts of contaminant 
material 24 should be removed from the bottom 20 of 
contact hole 12. If there is any appreciable amount of Such 
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contaminant material 24, it will become interposed between 
conductive layer 16 and conductive material 22. This may 
impede current flow to and from the device 10, preventing 
it from functioning properly. Contaminant material 24 may 
accrete at the bottom of a contact hole as a result of the 
etching process 110 that forms the contact hole. The con 
taminant material 24 may also be a native oxide that forms 
during or between process Steps. 
0040. The etch process 110 used to form contact hole 12 
is typically a dry etch process. However, other etch tech 
niques that produce the desired contact hole Structure may 
also be used. Dry etches are preferably used in forming 
contact holes because they act anisotropically on a Substrate. 
Accordingly, they produce the relatively vertical Sidewalls 
needed for contacts. Dry etch techniques are useful for 
etching pattern sizes of three microns or leSS. In contrast, 
conventional wet etch techniques (including immersion, 
spray and vapor applications) are isotropic, producing 
Sloped Sidewalls. They also are limited to pattern sizes of 
about three microns. 

0041 One form of dry etch, known as a “plasma etch', 
generally refers to an etch using reactive gases energized by 
a plasma field. Dry etch processes are well known in the art. 
For example, they are generally described in P. Van Zant, 
Microchip Fabrication. A Practical Guide To Semiconduc 
tor Processing (3" ed. 1997) McGraw-Hill, New York, 
Chapter 9. 
0.042 A Stripping step 112 for stripping photoresist mate 
rial from the Surface of the wafer is employed following Step 
110. Stripping agents are well known in the art. A wet clean 
may optionally be employed in Step 113 for removing from 
the wafer residual material from the dry etch or other matter. 
Suitable wet cleaning agents include HF-deionized water 
based solutions with or without TMAH; phosphoric acid 
(HPO) and ammonium fluoride (NHF) based solutions, 
as well as other known etching and cleaning Solutions. One 
example of a suitable solution contains about 40 wt.% 
NHF, about 1.0-1.3 wt.% phosphoric acid (HPO), and 
deionized water as the remainder. This optional, but rou 
tinely used, cleaning Step removes contaminants from the 
dry etch process. Also, optionally, the wafer may be 
inspected in Step 114 to determine whether critical dimen 
Sions have been maintained through the dry etch and Strip 
ping/cleaning StepS 112 and 113. 
0043. Following contact hole formation and any clean 
ing/stripping or inspection Steps, a layer of barrier material 
26 is deposited on at least those Structures of the wafer 
whose CDs need to be protected in Subsequent step 124 
aimed at removing any contaminant material 20 from the 
contact hole 12. Barrier layer 26 generally may be any 
material that adheres to the Structures of the wafer and, when 
Subjected to etchants used to remove contaminant material 
24 in step 124, will not be etched or will etch at a lower etch 
rate than the contaminant material 24. 

0044) In one preferred embodiment for forming a barrier 
layer 26, a wafer is Subjected to a process 116 that forms a 
barrier layer 26 over the sidewalls 18 and bottom 20 of 
contact hole 12. A preferred method for doing this is using 
conventional chemical vapor deposition (CVD) techniques. 
CVD processes tend to deposit materials in a uniform 
thickness on all exposed Surfaces. The functions of barrier 
layer 26 include (1) wetting conductive material 22 to the 

Oct. 28, 2004 

sidewalls 18 and bottom 20 of contact hole 12; (2) providing 
a barrier against migration; and (3) protecting the underlying 
oxide (or other dielectric) structure from loss of CDs during 
etching in Subsequent Step 124 to remove contaminant 
material at the bottom of contact hole 12. Barrier layer 26 
may be any material that will adhere to dielectric layer 14 
and to conductive material 22 deposited into the contact hole 
12. Preferably, barrier layer 26 is deposited so as to provide 
about a uniform thickness along the Surfaces that are cov 
ered with the deposited material. 
004.5 Certain refractory metal based compounds are 
known to be suitable as a barrier layer. Titanium nitride 
(TiN) is one example of a suitable refractory metal based 
compound that is a suitable material for barrier layer 26. It 
is particularly Suitable for use where conductive material 22 
is composed of tungsten (W) and the dielectric layer 14 is a 
Silicon oxide. Tungsten does not adhere well to bare oxide. 
Therefore, direct deposit of the tungsten onto the oxide may 
produce Voids in the deposited material. Tungsten does 
adhere well to TiN. Therefore, the TiN barrier layer is used 
to wet the W to the bare oxide, forming a plug. 32. Barrier 
layer 26 also protects a Silicon based conductive layer 16 
from attack by fluorine Species that may be present in the 
process of metallization using tungsten, for example. 
0046. In addition to TiN, other suitable materials con 
templated as barrier layer 26 include other metal nitrides, 
including TaN, CoN, an TuN; and other materials that will 
bond well with dielectric layer 14 and provide conductivity. 
(Conductivity is not important if the barrier layer is not 
deposited on bottom 20 or is cleaned off bottom 20 before 
metallization.) 
0047 For contact holes having a Wb of about 0.3 microns 
and a D of about 0.17 microns, the contact hole being 
formed in Silicon oxide over Silicon, a Suitable thickness for 
a TiN barrier 26 is believed to be about 150 angstroms of 
TiN deposited by CVD process. CVD TiN is preferred 
because it conforms particularly well to Silicon and its 
oxides. This means that sidewalls 18 and bottom 20 of 
contact hole 12 have about the same thickness of material 26 
as that on the wafer surface 28. The process for deposition 
of CVD TN is well known in the art. 

0048. After deposition of barrier layer 26, an anneal step 
118, according to known or available techniques, may 
optionally be performed. It is usually carried out under N 
gas or an inert gas. The anneal Step helps to drive out any 
moisture in barrier layer 26 and to harden the barrier layer 
and other layered materials to improve the integrity of the 
layers. 

0049. After TiN or other material is deposited on the 
wafer surface 28 and in contact hole 12 to provide a barrier 
layer 26, a protective layer 30 is provided. In step 120, the 
protective layer 30 is selectively deposited over at least the 
Structures that need to be protected during etching of con 
taminants 20 in Subsequent step 124. To protect the CDs of 
contact hole 12, step 120 deposits a layer 30 of material at 
the top Surface 28 of the wafer and around the upper portions 
of contact hole 12, as indicated in FIG. 4. The protective 
layer 30 adds thickness and thereby more resistance to 
etchant used in Step 122. Instead of, or in addition to, 
protecting underlying Structure by being a thickened layer 
for etchant to work through, the protective layer 30 could be 
a material that protects by having a lower etch rate than 
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contaminant material 24 when Subjected to the same etchant. 
By either approach, the CDs of contact hole 12 are less 
Vulnerable to change during Subsequent StepS using etchants 
to remove contaminant material 24 at bottom 20. 

0050 Persons skilled in the art will understand that there 
may be situations where the Step of forming barrier layer 26 
is unnecessary. That is, the protective layer 30 may be 
directly deposited over the structures to be protected without 
a barrier layer 26 interposed between the protective layer 30 
and the dielectric layer 14. In Such situations, the protective 
layer 30 may also serve one or more of the functions of 
barrier layer 26. 
0051 Relative to bottom 20, a formation of protective 
material 30 can be formed on the wafer Surface 28 around 
the opening of contact hole 12 by any known or available 
method. A preferred method by is a physical vapor deposi 
tion (PVD) process. In contrast to chemical vapor deposi 
tion, PVD conditions may be controlled to deposit more 
material at top Surfaces 28 and around the top opening of 
contact hole 12 relative to the amounts deposited on Side 
walls 18 and bottom 20. FIG. 4 illustrates that little to no 
material has been deposited onto sidewalls 18 and bottom 20 
of contact hole 20. 

0.052 Preferably, protective layer 30 may be selected 
from the same materials used for barrier layer 26, examples 
of which are listed above. TiN may be deposited by PVD 
over an initial barrier layer 26 of TiN or other compatible 
barrier layer material. It should be noted that this invention 
contemplates that barrier 26 or protective layer 30 material 
may be formed in a Single layering Step or multiple layering 
StepS. 
0053. In one possible embodiment of the invention, a 
contact hole for a DRAM chip has about a diameter of about 
0.3 micron at the top opening. It has a depth of about 2 
microns. It has a bottom diameter of about 0.17 diameters. 
The contact hole is etched in a Silicon dioxide dielectric 
layer 14 over a silicon-based conductive layer 16. Suitable 
thickness of a CVD barrier layer of TiN is about 150 
angstroms. PVD TiN is deposited to about 250 angstroms 
over the CVD TiN at the top surface of the dielectric layer 
around the opening of contact hole 12. 
0054. After protective layer 30 is in place to protect the 
CDs of underlying structure, the wafer may now be etched 
in step 122. The etch process should selectively etch the 
bottom of contact hole 12. The purpose of the etch is to 
expose any contaminant material 24 from any underlying 
barrier layer 26 and/or protective layer 30. The contaminant 
material 24 must be sufficiently exposed so that it may be 
acted upon by etchants in Subsequent etch Step 124. Because 
of their good Surface Selectivity, dry etch techniques are 
preferably used in Step 122-dry etch techniques are aniso 
tropic, acting on Surfaces that are relatively perpendicular to 
the flow of ions. Accordingly, a dry etch may Selectively etch 
material at bottom 20 with relatively little or no etching of 
the sidewalls 18 or barrier or protective layer over the 
sidewalls. The dry etch may be based on various conven 
tional reactants. Fluorine or chlorine based reactants are 
preferred. Suitable fluorine reactants for etching TiN include 
CF, CHF, or CF in combination with Argon or other gas 
used known for use in dry etch methods. The dry etch is 
typically carried out under medium to high vacuum. 
0.055 During the dry etch, protective layer 30 protects 
CDs at the top of the contact hole 12. A dry etch would 
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generally not be used to remove the exposed contaminants 
because the underlying conductive layer is Vulnerable to 
damage if over exposed to reactants used in dry etch 
techniques. 

0056. In the embodiment illustrated in FIG. 5, a portion 
of layer 26 at bottom 20 is removed by the etch step 122. If 
any additional layers are over contaminant material 24, they 
too are removed to expose or to etch through contaminant 
material 24. 

0057. After any contaminant 24 is exposed in step 122, 
the wafer may then be cleaned and/or etched in step 124 to 
remove any contaminant 24. Known techniques may be used 
in this etch step. Suitable cleaning techniques include HF-DI 
based solutions with or without TMAH; phosphoric acid 
(HPO) and ammonium fluoride (NHF) based solutions, 
as well as other known etching and cleaning Solutions. One 
example of a suitable solution contains about 40 wt.% 
NHF, about 1.0-1.3 wt.% phosphoric acid (HPO), and 
deionized water as the remainder. Typically, these Solutions 
are used at about room temperature to about 60° C. 
0058. Using typical wet cleaning or etching techniques, 
the amount of time needed to etch bottom 20 clean is 
typically about Sixty Seconds, but contact hole CDS are 
adversely affected after about thirty seconds. By providing 
protective layer 26 and/or barrier layer 30 over bottom 20, 
an etch using Such wet etch techniques may be as long as 
necessary to remove contaminant 24. The CDs of the contact 
hole 12 are protected through clean or etch step 124 because 
protective layer 30 is deposited around the opening of 
contact hole 12 (or at other desired locations). Following 
clean or etch Step 124, an inspection Step may be optionally 
performed to confirm CDs in the contact hole 12 have been 
maintained. 

0059) The device 10 now may be subject to metallization 
process Steps 125-127 to form conductive plugs, metal lines, 
and other conductive structures in the wafer. In step 125, a 
Suitable metal, Such as titanium, tungsten, or cobalt is 
deposited over the cleaned conductive surface 16 at bottom 
20 of contact hole 12. This forms a silicide that acts as a 
more conductive contact layer to the material for plug. 32. In 
step 126, a barrier layer 29 may be redeposited onto the 
bottom 20 of contact hole 20. For the same reasons given 
above relative to barrier layer 26, a preferred material for 
barrier layer 29 is TiN. The barrier may be interposed 
between plug 32 and conductive substrate 16 to prevent the 
formation of eutectic alloys. The barrier layers 26, 27 plugs 
32, metal lines 34, protective layers, and other conductive 
Structures may be consist of or be based on Al, Au, Cu, Mo, 
Pt, Ta, Ti, W, and polysilicon (preferably doped with boron, 
phosphorous, or arsenic), and Silicides or polycides of the 
foregoing, and/or alloys of two or more of the foregoing. 
The Selection and application of Suitable materials for par 
ticular situations is well within the skill of persons skilled in 
the art. 

0060. In small contact holes having high aspect ratios, 
refractory metals such as Ti, W, Ta, Mo are preferred for use 
in forming plugs and other conductive Structures. Refractory 
metals reduce contact resistance, which is influenced by the 
resistivity, length, thickness, and total contact resistance of 
all metal wafer interconnects. Generally, refractory metals 
may be deposited in contact holes, Vias, and Similar struc 
tures using conventional CVD techniques. 
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0061. In step 127, conductive material 22 is deposited in 
one or more Steps to form plug 32 and metal line 34. 
Referring to FIG. 6, a conductive material 22 may be 
deposited onto the Surface of dielectric layer 14 and into 
contact hole 18 to form conductive plug 32 and metal line 
34. The metallization to form the plugs and metal lines may 
be carried out in a single Step or in multiple StepS according 
to well known techniques in the art. 
0062) While the foregoing principles of the present 
invention are described generally in terms of contact holes, 
they could be readily applied to form other Structures 
involving Small, high aspect ratio holes. For example, the 
principles could be used to form vias. Vias are passages that 
are etched in a dielectric layer and then filled with a 
conductive material. The conductive fill provides connec 
tions between different levels of metal lines on a chip. A via 
may be filled with metals Such as tungsten, aluminum, or 
copper, as well as other conductive material. Since Vias can 
be quite Small, with high aspect ratios, the principles appli 
cable to cleaning contacts of contaminants can advanta 
geously be used to clean Vias of Such contaminants. The 
cleaning will help preserve CDs in the vias. For another 
example, DRAM capacitor containers are cut into an oxide 
down to Silicon Substrate or a polysilicon plug. The holes for 
Such container may also have contaminants after formation. 
Therefore, the present invention may be used to clear 
contaminants from the holes for the containers. Accordingly, 
as used herein the terms “contact hole” and “plug’ generally 
may refer to different kinds of holes formed on a work object 
and the conductive Structures filling or lining Such holes. 

What is claimed: 
1. A method of preparing a contact hole to receive a 

conductive plug comprising: 
providing a work object having a conductive layer adja 

cent a dielectric layer, and a contact hole disposed in 
the dielectric layer, the contact hole having Surfaces 
that include sidewalls formed in the dielectric layer and 
a bottom defined by the conductive layer, the contact 
hole having an opening for receiving a conductive plug 
material; and 

depositing a layer of protective material on at least the 
Surface around the opening of the contact hole, the 
material deposited being sufficient to protect the CDs of 
the contact hole opening during an etch of the contact 
hole to remove any contaminant material disposed over 
the conductive layer at the bottom of the contact hole. 

2. The method of claim 1 further comprising depositing a 
layer of barrier material Over the Surfaces of the contact hole 
before deposition of the protective material, and etching the 
barrier layer at the bottom of the contact hole to expose any 
contaminant material, while retaining protective material 
around the opening of the contact hole following the etch of 
the barrier layer. 

3. The method of claim 2 further wherein a dry etch 
technique is used to etch the barrier layer at the bottom of the 
contact hole and a wet etch technique is used to etch any 
contaminant material exposed following the dry etch. 

4. The method of claim 2 wherein the layer of barrier 
material comprises a refractory metal based compound 
extending from the Surface at the opening of the contact hole 
to the bottom of the contact hole; and the layer of protective 
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material comprises a refractory metal based compound 
extending from the opening of the contact hole to a Selected 
depth into the contact hole. 

5. The method of claim 1 wherein the conductive layer 
comprises a Silicon based material and the dielectric layer 
comprises a Silicon oxide based material. 

6. The method of claim 4 wherein the conductive layer 
comprises a Silicon-based material and the dielectric layer 
comprises a Silicon oxide based material. 

7. The method of claim 2 wherein the layer of protective 
material is deposited by PVD. 

8. The method of claim 7 wherein the layer of barrier 
material is deposited by CVD. 

9. The method of claim 1 wherein the layer of protective 
material comprises TiN. 

10. The method of claim 6 wherein the refractory based 
compound for at least one of the barrier layer and protective 
layer comprises TiN. 

11. The method of claim 4 wherein the layer of protective 
material is deposited by a CVD process and the layer of 
protective material is deposited by a PVD process. 

12. The method of claim 8 wherein the layer of protective 
material is TiN deposited by a CVD process and the layer of 
protective material is TiN deposited by a PVD process. 

13. The method of claim 1 wherein the contact hole has 
a high aspect ratio. 

14. The method of claim 4 wherein the contact hole has 
a high aspect ratio. 

15. The method of claim 13 wherein the opening of the 
contact hole at the Surface of the dielectric layer has a width 
of about 2 microns or less. 

16. The method of claim 14 wherein the opening of the 
contact hole at the Surface of the dielectric layer has a width 
of about 2 microns or less. 

17. The method of claim 15 wherein the aspect ratio of the 
contact hole is about 3:1 or more. 

18. The method of claim 16 wherein the aspect ratio of the 
contact hole is about 3:1 or more. 

19. The method of claim 4 further comprising depositing 
a layer of a refractory metal on the bottom of the contact hole 
Subsequent to the wet etch. 

20. A method of forming a conductive plug in a contact 
hole comprising: 

providing a work object having a conductive layer adja 
cent a dielectric layer, and a contact hole disposed in 
the dielectric layer, the contact hole having Surfaces 
that include sidewalls formed in the dielectric layer and 
a bottom defined by the conductive layer, the contact 
hole having an opening for receiving a conductive plug 
material; 

depositing a layer of protective material on at least the 
Surface around the opening of the contact hole, the 
material deposited being sufficient to protect the CDs of 
the contact hole opening during etching of the contact 
hole to remove any contaminant material disposed over 
the conductive layer at the bottom of the contact hole; 

etching the protective material at the bottom of the contact 
hole to expose the contaminant material while retaining 
protective material around the opening of the contact 
hole; and 

filling the contact hole with a conductive material to form 
a plug. 
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21. The method of claim 20 wherein the conductive layer 
is Silicon based and the dielectric layer is a Silicon oxide. 

22. The method of claim 21 further comprising depositing 
a layer of barrier material over the Surfaces of the contact 
hole before deposition of the protective material, and etch 
ing the barrier layer at the bottom of the contact hole to 
expose any contaminant material, while retaining protective 
material around the opening of the contact hole following 
the etch of the barrier layer. 

23. The method of claim 22 further wherein a dry etch 
technique is used to etch the barrier layer at the bottom of the 
contact hole and a wet etch technique is used to etch any 
contaminant material exposed following the dry etch. 

24. The method of claim 23 wherein the layer of barrier 
material comprises a refractory metal based compound 
extending from the Surface at the opening of the contact hole 
to the bottom of the contact hole; and the layer of protective 
material comprises a refractory metal based compound 
extending from the opening of the contact hole to a Selected 
depth into the contact hole. 

25. The method of claim 22 wherein the layer of protec 
tive material is deposited by PVD. 

26. The method of claim 25 wherein the layer of barrier 
material is deposited by CVD. 

27. The method of claim 25 wherein the layer of protec 
tive material comprises TiN. 

28. The method of claim 24 wherein the refractory based 
compound for at least one of the barrier layer and protective 
layer comprises TiN. 

29. The method of claim 24 wherein the first layer of 
protective material is deposited by a CVD process and the 
second layer of protective material is deposited by a PVD 
proceSS. 

30. The method of claim 24 wherein the first layer of 
protective material is TiN deposited by a CVD process and 
the second layer of protective material is TiN deposited by 
a PVD process. 

31. The method of claim 22 wherein the contact hole has 
a high aspect ratio. 

32. The method of claim 29 wherein the contact hole has 
a high aspect ratio. 

33. The method of claim 31 wherein the opening of the 
contact hole at the Surface of the dielectric layer has a width 
of about 2 microns or less. 

34. The method of claim 32 wherein the opening of the 
contact hole at the Surface of the dielectric layer has a width 
of about 2 microns or less. 

35. The method of claim 33 wherein the aspect ratio of the 
contact hole is about 3:1 or more. 

36. The method of claim 34 wherein the aspect ratio of the 
contact hole is about 3:1 or more. 

37. The method of claim 23 further comprising depositing 
a layer of a refractory metal on the bottom of the contact hole 
Subsequent to the wet etch. 

38. A method of forming a conductive plug in a contact 
hole comprising: 

providing a wafer having a conductive layer comprising 
Silicon adjacent a dielectric layer comprising Silicon 
oxide, and a contact hole disposed in the dielectric 
layer, the contact hole having Surfaces that include 
sidewalls formed in the dielectric layer and a bottom 
defined by the conductive layer, a contaminant material 
being disposed over at least a portion of the conductive 
layer defining the bottom of the contact hole, the 
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dielectric layer having a Surface in which the contact 
hole terminates in an opening opposing the bottom; 

depositing a layer of a barrier material on the work object, 
the layer having a Substantially uniform thickness from 
the Surface at the opening of the contact hole to the 
bottom of the contact hole; and depositing a layer of a 
protective material barrier around at least the opening 
of the contact hole; 

etching the material at the bottom of the contact hole to 
expose the contaminant material while retaining pro 
tective material around the opening of the contact hole; 

etching the contact hole to remove contaminant material 
disposed over the conductive layer at the bottom of the 
contact hole; and 

filling the contact hole with a conductive material to form 
a plug. 

39. The method of claim 38 wherein the opening of the 
contact hole at the Surface of the dielectric layer has a width 
of about 2 microns or less. 

40. The method of claim 39 wherein the aspect ratio of the 
contact hole is about 3:1 or more. 

41. The method of claim 38 wherein a dry etch is used to 
expose protective material over the contaminant material. 

42. The method of claim 41 wherein a wet etch is used to 
remove the contaminant material at the bottom of the contact 
hole. 

43. The method of claim 40 wherein a dry etch is used to 
expose protective material over the contaminant material. 

44. The method of claim 43 wherein a wet etch is used to 
remove the contaminant material at the bottom of the contact 
hole. 

45. The method of claim 38 further comprising depositing 
a metal over the conductive layer prior to filling the contact 
hole with the conductive material to form the plug. 

46. The method of claim 42 further comprising depositing 
a metal over the conductive layer prior to filling the contact 
hole with the conductive material to form the plug. 

47. The method of claim 46 further comprising forming a 
barrier layer over the deposited metal. 

48. The method of claim 46 wherein the metal comprises 
T. 

49. The method of claim 47 wherein the barrier layer 
comprises TiN. 

50. The method of claim 45 wherein the metal comprises 
T. 

51. The method of claim 45 wherein a barrier layer is 
formed over the deposited metal. 

52. The method of claim 20 wherein the conductive plug 
comprises tungsten. 

53. The method of claim 20 wherein the conductive plug 
material comprises Al, Au, Cu, or Ag. 

54. The method of claim 22 further comprising depositing 
a metal over the conductive layer before depositing the 
material for the conductive plug. 

55. The method of claim 54 further comprising depositing 
a barrier layer over the deposited metal before depositing the 
material for the conductive plug. 

56. The method of claim 54 wherein the deposited metal 
comprises Ti. 

57. The method of claim 55 wherein the barrier metal 
comprises TiN. 
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58. The method of claim 57 wherein the conductive plug 60. The method of claim 1 wherein the contact hole 
comprises tungsten. comprises a container for a capacitor. 

59. The method of claim 20 wherein the contact hole 
comprises a via. k . . . . 


