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METHOD OF IN-SITU CLEANING AND 
DEPOSITION OF DEVICE STRUCTURES IN A 
HIGH DENSITY PLASMA ENVIRONMENT 

FIELD OF THE INVENTION 

[0001] The present invention is directed to a method of 
in-situ cleaning and deposition of device structures in a high 
density plasma environment. 

BACKGROUND OF THE INVENTION 

[0002] Plasma cleaning or etching is a process Whereby a 
gas is subject to a radio frequency electric ?eld in a reaction 
chamber to form a plasma. Aplasma is a gas Which contains 
positive, negative and neutral atoms, electrons and/or mol 
ecules including radicals and a “gas” of emitted photons. A 
chemically inert gas, such as argon, is ioniZed to form the 
plasma and accelerated to impinge on a device structure so 
that material is removed from the surface of the device 
structure by momentum transfer, a process similar to sand 
blasting. The ions/radicals interact With the surface of the 
atoms or molecules Within the material to be cleaned or 
etched and in some circumstances forming a volatile by 
product Which is subsequently removed from the reaction 
chamber. 

[0003] One form of cleaning uses a high density plasma 
source for bombarding the device structure. High density 
plasma cleaning utiliZes a loWer direct current (DC) offset 
voltage to accelerate the ioniZed particles toWard the device 
structure than conventional plasma cleaning techniques. The 
loWer offset voltage allows for cleaning With less chance of 
device damage often caused by high energy ion impacts. 

[0004] Sputter deposition refers to a mechanism in Which 
atoms are dislodged from a target material by collision With 
high energy particles. The sputtering process involves gen 
erating and directing ions at a target. The momentum of ions 
incident on the target is transferred to the surface atoms of 
the target material, causing their ejection. A portion of the 
ejected sputtered species from the target are accelerated in 
an electric ?eld toWard a device structure, although the vast 
majority of the sputtered species are neutral. The ejected 
atoms from the target condense on the surface of the device 
structure to form the desired ?lm. 

[0005] Cleaning and sputter deposition are typically per 
formed in separate chambers requiring the device structures 
to be moved from chamber to chamber. Handling of the 
device structures may eXpose them to contamination, the 
formation of native oXide thereon, or damage, and generally 
requires an eXtra chamber. 

SUMMARY OF THE INVENTION 

[0006] The present invention a method for in-situ plasma 
cleaning and sputter deposition in a single high density 
plasma chamber during the processing of a device structure. 
The present method is particularly useful for cleaning high 
aspect ratio device structures. 

[0007] A device structure is located in a reaction chamber 
containing a sputter target. Ahigh density plasma containing 
ioniZed gas particles is generated in the reaction chamber. 
The ioniZed gas particles are accelerated toWard the device 
structure during a cleaning phase. At least a portion of 
by-products produced during the cleaning phase are evacu 
ated from the reaction chamber. The ioniZed gas particles are 
then accelerated toWard the sputter target during a deposi 
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tion phase so that a layer of sputter target material is 
deposited on at least a portion of the device structure. 

[0008] The cleaning phase may be divided into a ?rst 
cleaning phase during Which no poWer is applied to the 
sputter target and a second cleaning phase during Which 
poWer is supplied to the sputter target sufficient to remove at 
least a portion of by-products deposited on the sputter target 
during the ?rst cleaning phase. The step of providing poWer 
to a sputter target preferably includes the step of providing 
poWer at a level that results in substantially no deposition of 
the sputter target material on the device structure. PoWer of 
about 0-1 Watt/cm2 is typically provided to a sputter target 
during the second cleaning phase. 

[0009] In an alternate embodiment, the ion containing gas 
used during the cleaning phase is different from the ion 
containing gas used during deposition phase. 

[0010] LoW poWer in the range of about 0 to 1 Watt/cm2 
may be applied to the sputter target during a second cleaning 
phase. Pressure Within the reaction chamber is preferably 
maintained in the range of about 10 to 100 mtorr during the 
cleaning phase. The step of biasing the device structure 
includes the step of providing a bias in the range of about 50 
to 150 volts. The high density plasma generally has at least 
1011 particles per cubic centimeters. The sputter target is 
generally selected from the group consisting of Ti, Pt, Mo, 
W, Au, Ni, Co, Al, Ta, Si and combinations thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic illustration of a reaction 
chamber suitable for both high density plasma cleaning and 
sputter deposition; and 

[0012] FIG. 2 is a schematic illustration of a pair of 
adjacent high aspect ratio contacts being sputter cleaned 
during a cleaning phase. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0013] As used in this application: By-products refers to 
material removed from the surface of the device structure 
during cleaning or non-chemically reactive dry etching; loW 
density plasma refers to a particle density of less than 1011 
particles per cubic centimeter; high density plasma refers to 
a particle density of greater then or equal to 1011 particles per 
cubic centimeter; target species refers to atoms or ions 
ejected from a sputter target; substrate structure refers to the 
base silicon Wafer, one or more semiconductor layers or 
structures that may include active or operable portions of 
semiconductor devices; device structure refers to a substrate 
structure and any other layers or ?lms for forming features 
including Without limit trenches, vias, holes, depressions, 
interconnects and the like. 

[0014] The present method contemplates any dry cleaning 
process using any knoWn plasma containing gas. During the 
cleaning phase, the high density plasma cleaning occurs 
With little or no sputter target (cathode) discharge. Alterna 
tively, loW poWer may be applied to the sputter target during 
a portion of the cleaning phase so that a small amount of 
sputtering occurs at the target to minimiZe the build-up of 
by-products removed from the device structure during clean 
ing. The cleaning may involve selective removal of mate 
rials, such as at a contact or exposed metal surface, or 
cleaning of the entire surface of the device structure. The 
cleaning is preferably performed in-situ prior to deposition 
so as to minimiZe handling of the device structure. The 



US 2001/0001190 A1 

composition of the ionized gas particles can vary from the 
cleaning phase to the deposition phase. 

[0015] In a high density plasma environment, about 
tWenty percent or more of the target species are ioniZed, as 
opposed to about ?ve percent or less using standard sputter 
deposition. The ioniZed target species are more effectively 
draWn perpendicular to the surface of the device structures 
by the bias on the table. Consequently, the present high 
plasma environment is particularly Well suited for cleaning 
and deposition at the bottom of surface features, and par 
ticularly at the bottom of high aspect ratio surface features. 
It Will be understood, hoWever, that cleaning a planar 
surface, as opposed to a high aspect ratio device structure, 
may also be performed using the present method. 

[0016] FIG. 1 is a schematic illustration of a reactor 10 
suitable for use With the present in-situ cleaning method 
using a high density plasma deposition chamber. A conduc 
tive substrate table 14 containing device structure 12, such 
as a silicon Wafer, is located in a reaction chamber 16. The 
table 14 is connected to a poWer source 24 for supplying an 
RF voltage. The poWer source 24 typically operates in a 
range of about 400 kHZ to 60 MHZ. The RF voltage 
provides a bias on device structures having insulating layers, 
such as native oXide layers. In an alternate embodiment, a 
DC poWer source may be used to bias the table 14. A sWitch 
21 is provided to permit selection of the RF voltage source 
24 or the DC poWer source 28. 

[0017] A gas inlet 18 is provided for introduction of a 
plasma gas, such as argon or oxygen, into the chamber 16. 
An inductive coil 20 connected to a poWer source 27 is 
located in the chamber 16. The inductive coil 20 provides an 
electromagnetic ?eld that ignites the plasma gas to form 
high density plasma 22. The poWer source 27 typically 
provides an RF voltage in a range of about 400 kHZ to 60 
MHZ. The high density plasma 22 preferably contains at 
least 1011 particles per cubic centimeter. A sputter target 26 
connected to a DC poWer source 28 is located in the chamber 
16. The sputter target 26 is typically constructed from Ti, Pt, 
Mo, W, Au, Ni, Co, Al, Ta, Si or combinations thereof. 
Reaction by-products are draWn from the reaction chamber 
16 through a vent 29 by a vacuum pump (not shoWn). 

[0018] In a ?rst embodiment of the cleaning process, no 
voltage is applied to sputter target 26 by poWer source 28. 
An inert gas is ignited by coil 20 to produce the high density 
plasma 22, Without sputtering the sputter target 26. Gas ions 
are draWn toWard the device structure 12 from the high 
density plasma 22 by a bias on the conductive substrate table 
14. The substrate table 14 is typically maintained at a 
negative voltage of 50-150 volts With respect to ground so 
that the ions in the plasma are pulled toWard the biased 
substrate table 14. The gas ions have energies in the range 
of about 0 to 50 eV in the plasma. The combination loW 
energy plasma ions and no target poWer minimiZes the 
quantity of plasma ions that reach the sputter target 26. The 
gas ions clean the surface of the device structure 12 and 
cause the ejection of by-products. The by-products miX With 
the plasma gas and can be removed through the vent 29. 
Some of the by-products may adhere to the Walls of the 
reaction chamber 16. 

[0019] The high density plasma 22 of the present embodi 
ment provides the advantage of loW ion energy bombard 
ment of the device structure 12 With minimal simultaneous 
discharge of target species or premature deposition on the 
device structure 12. The loWer energy ions of the plasma 22 
(for a given poWer level) alloW for cleaning With less chance 
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of damage to devices on the device structure 12 and provides 
a higher ion current for the same poWer level. 

[0020] It is possible that material removed from the device 
structure may reach the sputter target 26 and contaminate its 
surface. In an alternate embodiment, the cleaning phase is 
divided into a ?rst cleaning phase and a second cleaning 
phase. During the ?rst cleaning phase, poWer is not applied 
to the sputter target. During the second cleaning phase, very 
loW poWer in the range of about 0 to 1 Watt/cm2 is applied 
to the sputter target 26 to cause a small quantity of sputtering 
of the sputter target 26. Sputtering the sputter target 26 
during the second cleaning phase removes some of the 
contamination that may accumulate. It Will be understood 
that the poWer applied to the sputter target 26 Will vary 
depending upon the pressure and dimensions of the reaction 
chamber 16. 

[0021] The reaction chamber 16 is preferably maintained 
in the range of about 10 to 100 mtorr during the cleaning 
phases. Aportion of the sputtered by-products are removed 
from the chamber 16 along With the inert gas evacuated 
through the vent 29 and a portion adheres to the interior 
Walls of the reaction chamber 16. 

[0022] In an alternate embodiment, the cleaning phase 
may be operated at high pressure (in the range of 50'3 torr) 
to cause severe gas phase scattering. Since the chamber 
Walls represent the greatest surface area in the system, the 
gas phase collisions should cause deposition of the material 
sputtered from the device structure 12 onto the Walls of the 
chamber 16. It Will be understood that loW poWer on the 
sputter target 26 and high pressure in the chamber 16 may 
be used separately or in combination during any portion of 
the cleaning phase to minimiZe deposition of by-products on 
the device structure 12. 

[0023] During the deposition phase, the reactor 10 of FIG. 
1 may operate as a simple diode DC sputtering chamber, as 
discussed above. Electrons and ions are accelerated in the 
electric ?eld created by a DC poWer source 28 betWeen the 
conductive substrate table 14 (anode) and a sputter target 26 
(cathode). The same plasma containing gas used during the 
cleaning phase may be utiliZed during the deposition phase. 
In an alternate embodiment, the chamber 16 is evacuated 
and a different plasma containing gas is introduced through 
the gas inlet 18 for the deposition phase. For example, the 
cleaning phase may utiliZe oXygen and the deposition phase 
argon. In an embodiment in Which argon is used to form the 
plasma for the deposition phase, the accelerated electrons 
collide With argon atoms, causing their ioniZation and gen 
erating secondary electrons. The neW electrons acquire 
suf?cient energy from the electric ?eld to ioniZe neW argon 
atoms, forming the plasma 22 near the eXposed surface of 
the sputter target 26. The argon ions are accelerated to the 
negatively charged sputter target 26 by poWer source 28 
Where they sputter surface atoms of the sputter target 26 by 
momentum transfer. The sputtered target species are then 
ioniZed and draWn to the device structure 12 and the 
substrate table 14 by a bias generated by RF poWer source 
24 or DC poWer source 28. 

[0024] The incident ion energy must be large enough to 
dislodge target atoms, but loW enough to minimiZe penetra 
tion of ions into the target material (ion implantation). 
Sputtering ion energies are typically in the range of about 50 
eV to 2 keV. Sputtered atoms typically have energies of 
about 0 to 10 eV. It is desirable that as many of these 
sputtered atoms as possible be deposited upon the device 
structures and form the speci?ed ?lm. To accomplish this 
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goal, the sputter target 26 and device structure 12 are closely 
spaced, typical about 5-15 cm apart. 

[0025] Sputtering yield generally refers to the number of 
target atoms ejected per incident ion, typically in the range 
of about 0.5-1.5. Sputtering yield largely determines the rate 
of sputter deposition. Sputtering yield depends on a number 
of factors besides the direction of incident ions, including 
target material, mass of bombarding ions, the energy of the 
bombarding ions, dose, crystal state and surface binding 
energy. 

[0026] FIG. 2 illustrates a high aspect ratio device struc 
ture 30 in a borophosphosilicate glass (BPSG) layer 31 on a 
silicon substrate 34 having an opening 32. A doped silicon 
region 36 at bottom 37 of the device structure 30 is covered 
by a native oxide layer 38. The device structure 30 has a 
Width “W” and a depth “D”, yielding an aspect ratio of D:W. 

[0027] The movement of plasma gas ions 40 is indicated 
by doWnWard arroWs 42 toWard the bottom surface 37 of the 
device structure 30. Movement of the plasma gas ions 40 is 
anisotropic in nature. The anisotropic movement of the 
plasma gas ions 40 is useful for cleaning or non-chemically 
reactive dry etching high aspect ratio features on the device 
structure. Reaction by-products 44 are indicated by the 
circles. If the by-products 44 are thermaliZed by collisions in 
a high pressure environment (such as pressure >50 mtorr), 
thermally random diffusion Will result. The net diffusion is 
upWard through the opening 32 of the device structure 30 as 
indicated by upWard arroWs 46. The by-products 44 are 
evacuated from the chamber 16 through the vent 29 or 
otherWise adhere to the Wall of the reaction chamber 16. 

[0028] High aspect ratio device structures, such as device 
structure 30, may fall in the range of about 1:1 to about 5:1, 
and more likely in a range of about 1:1 to about 20:1, 
although it Will be understood that aspect ratios in the range 
of about 1:1 to about 40:1 are possible. The present high 
density plasma cleaning method is Well suited for use on 
device structures having one or more lateral dimensions W 
of less than about 2 microns, although device structures less 
than about 0.5 micron may be cleaned. 

EXAMPLE 

[0029] A Wide body deposition chamber obtained from 
Applied Materials, Inc. of Santa Clara, Calif. under product 
designation Endura 5500 PVD tool Was modi?ed to add a 
Water cooled, three-turn titanium coil. The coil, also avail 
able from Applied Material, Inc., Was con?gured With an 
inside diameter of about 22.9 cm (9 inches) and arranged 
concentrically over the 20.3 cm (8 inch) Wafer table in the 
reaction chamber. The coil tubing had a 6.35 mm (0.25 inch) 
diameter. 

[0030] A blank silicon Wafer With a 200-300 angstrom 
thick layer of TEOS Was located on the Wafer table in the 
reaction chamber. During the ?rst portion of the cleaning 
phase, no poWer Was applied to the titanium target. The 
target Was spaced 15 cm above the Wafer table. The chamber 
Was maintained at approximately 50 mtorr. The coil Was 
operated for 30-45 seconds at 2 MHZ at a poWer level of 
1200 Watts. The Wafer table Was operated at about 75 volts 

(250 Watts). 
[0031] During the second portion of the cleaning phase, 
500 Watts of poWer Was applied to the titanium target to keep 
it clean. The chamber Was maintained at approximately 50 
mtorr. The coil Was operated for 30-45 seconds at 2 MHZ at 
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a poWer level of 1000 Watts. The Wafer table Was operated 
at about 100 volts (300 Watts). Virtually no deposition 
occurred on the Wafer. 

[0032] During the deposition phase, 6000 Watts of poWer 
Was applied to the titanium target. The chamber Was main 
tained at approximately 30 mtorr. The coil Was operated for 
45 seconds at 2 MHZ at a poWer level of 1500 Watts. The 
Wafer table Was operated at about 200 Watts (250° C.). 
Secondary Ion Mass Spectrometer (SIMS) analysis Was 
performed on the test Wafer to evaluate the presence of 
contaminants. The impurities found in the Wafer Were 
believed to be the result of impurities in the coil. 

[0033] The present invention has noW been described With 
reference to several embodiments described herein, particu 
larly With respect to articles having device structures. It Will 
be apparent to those skilled in the art that many changes can 
be made in the embodiments Without departing from the 
scope of the invention. Thus, the scope of the present 
invention should not be limited to the structures described 
herein, but only to structures described by the language of 
the claims and the equivalents to those structures. 

What is claimed is: 
1. A method of in-situ cleaning and deposition of a device 

structure, comprising the steps of: 

locating the device structure in a reaction chamber con 
taining a sputter target; 

generating a high density plasma containing ioniZed gas 
particles in the reaction chamber; 

accelerating the ioniZed gas particles toWard the device 
structure during a cleaning phase; 

evacuating at least a portion of by-products produced 
during the cleaning phase from the reaction chamber; 
and 

accelerating ioniZed gas particles toWard the sputter target 
during a deposition phase so that a layer of sputter 
target material is deposited on at least a portion of the 
device structure. 

2. A method of in-situ cleaning and deposition of a device 
structure, comprising the steps of: 

locating the device structure in a reaction chamber con 
taining a sputter target; 

generating a high density plasma containing ioniZed gas 
particles in the reaction chamber; 

accelerating the ioniZed gas particles toWard the device 
structure during a ?rst cleaning phase; 

providing poWer to the sputter target during a second 
cleaning phase suf?cient to remove at least a portion of 
by-products deposited on the sputter target; 

evacuating at least a portion of the by-products produced 
during the cleaning phases from the reaction chamber; 
and 

accelerating ioniZed gas particles toWard the sputter target 
during a deposition phase so that a layer of sputter 
target material is deposited on at least a portion of the 
device structure. 

3. The method of claim 2, further comprising the step of 
applying a voltage to the sputter target in the range of about 
0 to 1 Watt/cm2 during the cleaning phase. 
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4. The method of claim 2, wherein the step of providing 
power to the sputter target comprises the step of providing 
poWer at a level that results in substantially no deposition of 
the sputter target material on the device structure. 

5. The method of claim 1 further comprising the step of 
maintaining a pressure Within the reaction chamber in the 
range of about 10 to 100 mtorr during the cleaning phase. 

6. The method of claim 1 Wherein the step of biasing the 
device structure comprises the step of providing a bias in the 
range of about 50 to 150 volts. 

7. The method of claim 1 Wherein the device structure 
comprises a silicon Wafer. 

8. The method of claim 1 Wherein the sputter target is 
selected from the group consisting of Ti, Pt, Mo, W, Au, Ni, 
Co, Al, Ta, Si and combinations thereof. 

9. The method of claim 1 Wherein the step of generating 
comprises the step of generating a high density plasma 
comprising at least 1011 particles per cubic centimeters. 

10. The method of claim 1 Wherein the step of generating 
a plasma comprises the step of eXposing a gas located in the 
reaction chamber to an RF voltage. 

11. The method of claim 1 further comprises the step of 
generating a plasma prior to the deposition phase. 

12. The method of claim 1 Wherein the device structure 
comprises a high aspect ratio device structure. 

13. A method of in-situ cleaning and deposition of a 
device structure, comprising the steps of: 

locating the device structure in a reaction chamber con 
taining a sputter target; 

generating a high density plasma containing ioniZed gas 
particles comprising at least 1011 particles per cubic 
centimeters in the reaction chamber; 

accelerating the ioniZed gas particles toWard the device 
structure during a ?rst cleaning phase; 

providing poWer of about 0-1 Watt/cm2 to the sputter 
target during a second cleaning phase; 

evacuating at least a portion of the by-products produced 
during the ?rst and second cleaning phases from the 
reaction chamber; and 

accelerating ioniZed gas particles toWard the sputter target 
during a deposition phase so that a layer of sputter 
target material is deposited on at least a portion of the 
device structure. 

14. A method of in-situ cleaning and deposition of a 
device structure, comprising the steps of: 

locating the device structure in a reaction chamber con 
taining a sputter target; 

introducing a ?rst ion containing gas into the reaction 
chamber; 

generating a high density plasma containing ioniZed gas 
particles from the ?rst ion containing gas; 

accelerating the ioniZed gas particles toWard the device 
structure during a cleaning phase; 

substantially evacuating the reaction chamber; 

introducing a second ion containing gas into the reaction 
chamber; 

generating a high density plasma containing ioniZed gas 
particles from the second ion containing gas; and 
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accelerating ioniZed gas particles toWard the sputter target 
during a deposition phase so that a layer of sputter 
target material is deposited on at least a portion of the 
device structure. 

15. A method of in-situ cleaning and deposition of a 
device structure, comprising the steps of: 

locating the device structure in a reaction chamber con 
taining a sputter target; 

introducing a ?rst ion containing gas into the reaction 
chamber; 

generating a high density plasma containing ioniZed gas 
particles from the ?rst ion containing gas; 

accelerating the ioniZed gas particles toWard the device 
structure during a cleaning phase; 

providing poWer to the sputter target during the cleaning 
phase suf?cient to remove at least a portion of by 
products deposited on the sputter target; 

substantially evacuating the reaction chamber; 

introducing a second ion containing gas into the reaction 
chamber; 

generating a high density plasma containing ioniZed gas 
particles from the second ion containing gas; and 

accelerating ioniZed gas particles toWard the sputter target 
during a deposition phase so that a layer of sputter 
target material is deposited on at least a portion of the 
device structure. 

16. Amethod of in-situ cleaning and deposition, compris 
mg: 

locating a device structure in a reaction chamber contain 
ing a sputter target; 

generating a high density plasma containing ioniZed gas 
particles in the reaction chamber during a cleaning 
phase to clean at least a portion of the device structure, 
and providing poWer to the sputter target at a level 
suf?cient to remove at least some of any by-products 
deposited on the sputter target during the cleaning 
phase and at a level that results in substantially no 
deposition of sputter target material on the device 
structure; and 

evacuating at least a portion of the by-products produced 
during the cleaning phase from the reaction chamber. 

17. The method of claim 16, Wherein the method further 
comprises accelerating ioniZed gas particles toWard the 
sputter target during a deposition phase so that sputter target 
material is deposited on at least a portion of the device 
structure, Wherein the cleaning phase is completed prior to 
the deposition phase. 

18. Amethod of in-situ cleaning and deposition, compris 
mg: 

locating a device structure in a reaction chamber contain 
ing a sputter target; 

generating a high density plasma containing ioniZed gas 
particles in the reaction chamber during a ?rst cleaning 
phase to clean at least a portion of the device structure, 
Wherein the device structure is cleaned and by-products 
are produced from contact betWeen the ioniZed gas 
particles and the device structure; 
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providing power to the sputter target during a second 
cleaning phase sufficient to remove at least a portion of 
any of the by-products deposited on the sputter target 
during the ?rst cleaning phase, the poWer provided at a 
level that results in substantially no deposition of 
sputter target material on the device structure; and 

evacuating at least a portion of the by-products from the 
reaction chamber. 

19. The method of claim 18, Wherein the method further 
comprises accelerating ioniZed gas particles toWard the 
sputter target during a deposition phase so that sputter target 
material is deposited on at least a portion of the device 
structure, Wherein the deposition phase occurs after the 
completion of the second cleaning phase. 

20. The method of claim 18, further comprising applying 
poWer to the sputter target in the range of about 0 to 1 
Watt/crn during the second cleaning phase. 

21. The method of claim 16, further comprising main 
taining a pressure Within the reaction chamber in the range 
of about 10 to 100 rntorr during the cleaning phase. 

22. The method of claim 16, further comprising providing 
a negative voltage bias Within a range of about 50 to 150 
volts to the device structure during at least a portion of the 
cleaning phase. 

23. The method of claim 16, Wherein generating the high 
density plasrna containing ioniZed gas particles during the 
cleaning phase cornprises generating ioniZed gas particles 
having energies in the range of about 0 to 50 eV. 

24. The method of claim 16, Wherein the sputter target is 
selected from the group consisting of Ti, Pt, Mo, W, Au, Ni, 
Co, Al, Ta, Si and combinations thereof. 

25. The method of claim 16, Wherein the high density 
plasrna comprises at least 1011 particles per cubic centimeter. 

26. The method of claim 17, further comprising generat 
ing plasrna prior to the deposition phase. 

27. The method of claim 26, Wherein generating plasrna 
prior to the deposition phase cornprises generating plasrna 
containing ioniZed gas particles having energies in the range 
of about 50 eV to 2 keV. 

28. The method of claim 16, Wherein the device structure 
comprises a high aspect ratio device structure. 

29. A method of in-situ cleaning and deposition, the 
method comprising: 

providing an opening de?ned in a device structure; 

locating the device structure in a reaction chamber con 
taining a sputter target; 

generating a high density plasrna containing ioniZed gas 
particles in the reaction chamber during a cleaning 
phase to clean at least a portion of the de?ned opening, 
and providing poWer to the sputter target at a level 
suf?cient to remove at least some of any by-products 
deposited on the sputter target during the cleaning 
phase and at a level that results in substantially no 
deposition of sputter target material on the device 
structure; and 

evacuating at least a portion of the by-products produced 
during the cleaning phase from the reaction chamber. 

30. The method of claim 29, Wherein the method further 
comprises accelerating ioniZed gas particles toWard the 
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sputter target during a deposition phase so that sputter target 
material is deposited in at least a portion of the de?ned 
opening, Wherein the cleaning phase is completed prior to 
the deposition phase. 

31. The method of claim 29, Wherein the de?ned opening 
comprises one or more of a trench, via, hole, depression, or 
interconnect. 

32. A method of in-situ cleaning and deposition, the 
method comprising: 

providing an opening de?ned in a device structure; 

locating the device structure in a reaction chamber con 
taining a sputter target; 

generating a high density plasrna containing ioniZed gas 
particles in the reaction chamber during a cleaning 
phase to clean at least the de?ned opening, and pro 
viding poWer to the sputter target at a level suf?cient to 
remove at least some of any by-products deposited on 
the sputter target during the cleaning phase and at a 
level that results in substantially no deposition of 
sputter target material on the device structure; 

evacuating at least a portion of the by-products produced 
during the cleaning phase from the reaction chamber; 
and 

accelerating ioniZed gas particles toWard the sputter target 
during a deposition phase so that sputter target material 
is deposited in at least a portion of the de?ned opening, 
Wherein the cleaning phase is completed prior to the 
deposition phase. 

33. The method of claim 32, further comprising main 
taining a pressure Within the reaction chamber in the range 
of about 10 to 100 rntorr during the cleaning phase. 

34. The method of claim 32, further comprising providing 
a negative voltage bias Within a range of about 50 to 150 
volts to the device structure during at least a portion of the 
cleaning phase. 

35. The method of claim 32, Wherein generating the high 
density plasrna containing ioniZed gas particles during the 
cleaning phase cornprises generating ioniZed gas particles 
having energies in the range of about 0 to 50 eV. 

36. The method of claim 32, Wherein the sputter target is 
selected from the group consisting of Ti, Pt, Mo, W, Au, Ni, 
Co, Al, Ta, Si and combinations thereof. 

37. The method of claim 32, Wherein the high density 
plasrna comprises at least 1011 particles per cubic centimeter. 

38. The method of claim 32, further comprising generat 
ing plasrna prior to the deposition phase. 

39. The method of claim 38, Wherein generating plasrna 
prior to the deposition phase cornprises generating plasrna 
containing ioniZed gas particles having energies in the range 
of about 50 eV to 2 keV. 

40. The method of claim 32, Wherein the device structure 
comprises a high aspect ratio device structure. 

41. The method of claim 32, Wherein the de?ned opening 
comprises one or more of a trench, via, hole, depression, or 
interconnect formed in the structure. 


