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METHOD OF MANUFACTURING ENHANCED
FINISH SPUTTERING TARGETS -

_ .
This invention relates to a process for manufacturing sputtering targets
with an enhanced finish, and more particularly to a process for chemically
etching the surface of sputter targets to achieve an enhanced finish.
In the manufacture of sputtering targets used in the semi-conductor
industry, it is desirable to produce a target with a sputter surface that will

provide film uniformity and minimal particle generation during sputtering onto a

'semi-conductor wafer. The typical manufacturing processes for sputter targets
-~ result in targets with surface defects. Additionally, the materials comprising the

sputter targets, such as titanium, aluminum, tantalum, nickel, chromium, cobalt
and alloys thereof, have inherently problematic characteristics (i.e., particle size

and uniformity and bum-in time requirements) that are a result of the machining
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process. These inherent defects and characteristics may have an adverse effect
on the end user of the sputter target product. _

Among the undesirable effects of sputter target manufacture is the
lengthy burn-in time for a new sputter target at the customer site. Typically,
sputter targets, such as titanium targets, exhibit poor film uniformity and high
particle counts during the early stages of target use. As a result, a burn-in cycle,
which eliminates the surface defects of the target, must be performed for as long

as 30 kWh before the target surface will produce high quality thin film wafers.
It is not uncommen for a standard target to go through about 50 wafers during
the burn-in cycle before it produces high quality wafers, which is equivalent to
about 6.7 kWh. Deposiﬁbn without this bum-in. cyclé would result in a

relatively high reject rate of poor quality wafers. Thus, the bm'n-m cycleis
requn'ed to achieve a sputter surface that will provide the desired film uniformity.
and particle generation, but it requu'es a customer to waste valuable processing -
time and materials. By way of example, for titanium targets, 0.75-1.0% film

uniformity is desirable, and 10 particles or less generated per 8 inch wafer is

~ Various attempts have been made to reduce, eliminate or control the

inherently undesirable characteristics resuiting from the manufacturing process

| for sputter targets. For example, grinding, lapping, fine machining, lathes, and

hand polishing have been used to remove the surface material of the target.
These methods of material removal are time consuming, labor intensive, costly,
dirty and provide inconsistent results. While polishing to a mirror finish may

provide a good surface finish, it requires extensive preparation and time, usually
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20-60 hours, which is unsuitable for a production environment, and there is no
guarantee the same result may be obtained consistently for subsequent targets.
Furthermore, sputter targets of marginal acceptability due to defects from
unaccountable variances in manufacturing cannot be salvaged by the above
techniques.

There is thus a need to provide a method for manufacturing sputter
targets that provides a consistent finish with low particle counts and minimal

surface defects, thereby reducing or eliminating burn-in time prior to use.

The present invention provides a method for achieving a sputter target
with a surface roughness of about 10-30 pin., good film uniformity and low

particle counts during initial use, thus significantly reducing burn-in time

requirements. The sputter target surface is achieved by chemically etchingthe - - -~

surface prior to use. Advantageously, the surface is etched with a first acid

" solution, rinsed with water, etched in a second acid solution, rinsed with water,

- rinsed with an alcohol solution, and dried. Although acids are the preferred

etchants, other basic chemicals may be used as the etchant for the present

-invention. The acids or other etching chemicals used in the present invention

 are advantageously selected from the following: hydrofluoric acid, nitric acid,

phosphoric acid, sulfuric acid, hydrochloric acid, acetic acid, lactic acid,
ammonium hydroxide, chromic oxide, hydrogen peroxide, potassium
ferricyanide and sodium hydroxide. The first and second etching solutions
advantageously contain about 1-10% and about 20-60% ctchant, respectively.

More advantageously, the second solution contains about 1-10% of a first
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~ etchant and about 20-50% of a second etchant. The etching is advantageously

performed for 1-15 minutes with each solution, and more advantageously, the
etching is performed while the solution is agitated, either intermittently or
constantly. |

| In one embodiment of the present invention, 2 method is provided for
finishing the surface of a titanium sputter target. To this end, the surface is
etched with a solution of hydfoﬂuoric acid, rinsed with water, etched with a
solution of hydrofluoric acid and nitric acid, rinsed with water, rinsed with an

alcohol solution, and dried. In a preferred method, the titanium sputter target

 surface is advantageously etched first with a 1-8% hydrofluoric acid solution for

about 1-10 minutes, and second (after rinsing) is etched with a 1-6%
hydrofluoric acid/25-45% nitric acid solution for about 2-10 minutes.

These and other obj ects and deantages of the present invention shall

.- become more apparent from the accompanying description thereof.

The sputter targets suitable for finishing by the present invention may be
targets of any metal, alloy or composition that are suitable for use as a sputter
target, such as titanium, aluminum, tantalum, nickel, chromium or cobalt targets
or alloys therecof. Especially suitable for the present invention are targets made
from HCP (hexagonal close packed) metals.

After manufacture, a sputter target surface is initially finished by
abrading and polishing on a lathe, grinding, lapping or by other similar
techniques, all of which are well known in the art, Finishing on a lathe is

preferred. The initial finishing step is performed until a surface roughness (R,-5

\
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arithmetic average roughness) of less than 25 pin. is achieved, Thereafter, the
sputter target is finished to a R, of about 10-30 pin. by the chemical etching
technique of the present invention. In the first step of th:la present invention, the
surface of the target is immersed in a first etching solution, such as an acid and
water solution. The etchants useful in the present invention include, but in no
way are limited to: hydrofinoric acid, nitric acid, phosphoric acid, sulfuric acid,
hydrochloric acid, acetic acid, lactic acid, ammonium hydroxide, chromic oxide,
hydrogen peroxide, potassium ferricyanide and sodium hydroxide. The water
may be regular or deionized water. The first etching solution preferably
contains about 10% etchant (e.g. acid) or less, and preferably about 1-10%, with
the -bd@ce being water. ‘One skilled in the art will appreciate that the particular
etchant and the solution concentration may be modified to provide optimum
results for the specific target material. - For titanium targets, the etchant is
preferably hydrofluoric acid in an amount of about 1-8%, and more preferably -

about 2.5%. It may also be advantageous in the present invention to agitate the

- solution during etching. This agitation may be intermittent or constant, and may
~ be effected by any means known to one skilled in the art. There may also exist

- some inherent agitation in the solution due to percolation or entrapped air

bubbles.

In step two of the present invention, the surface of the target is rinsed
with water to remove the etching solution from step one. Asa general
precaution, the water may be deionized water. This rinsing step preferably

occurs immediately after removal of the surface from the first etching solution

This Sheet Has Been Replaced -
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and continues until all etchant is removed from the surface to prevent
discoloration of the target surface.

In step three of the present invention, the surface of the target is
immersed in a second etching solution, such as an acid and water solution. The
etchants useful for this step are the same as those described for the first etching
solution, but are in no way limited thereto. The water may be regular or
deionized water. The second etching solution preferably contains about 60%
etchant (e.g. acid) or less, and preferably about 20-60%, with the balance being
water. The etchant for the second solution is preferably comprised of two or
more acids, depending on the target material. One skilled in the art willl '

appreciate that the particular etchant(s) and the solution concentrations may be

- modified to provide optimum results for the specific target material. For

example, for titanium targets, the etchant is preferably hydrofluoric acid in

amount of about 1-6% and nitric acid in an amount of about 25-45%, and more

- preferably about 3.5% hydrofluoric acid and 35% nitric acid. For aluminum or-

chromium targets, the etchant may advantageously include hydrochloric acid in

addition to hydrofluoric and nitric acids. For tantalum targets, the etchant may

advantageously include sulfuric acid in addition to hydrofluoric and nitric acids.

It may also be advantageous in the present invention fo agitate the solution
during etching, Agitation in this etching step may prevent acid streaks on the
surface of the target due to an uneven mixture flowing on the surface. This
agitation may be intermittent or constant, and may be effected by any means

known to one skilled in the art, For example, lifting up and tilting the solution

PCT/US99/20241

container every 30 seconds has proven usefil.
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. In step four of the present invention, the surface of the target is rinsed
with water to remove the etching solution from step three. Asa general-
precaution, the water may be deionized water. This rinsing step preferably
occurs immediately after removal of the surface from the second etching
solution and continues until all etchant is removed from the surface to prevent
discoloration of the target surface. - |

In step five of the present invention, the surface of the target is rinsed
with a solution of alcohol and water. The alcohol solution preferably contains
about 20-80% alcohol, and more preferably about 50% alcohol. Too little or too
much alcohol in the solution may cause water staining on the target surface. As
a general precaution, the water may be deionized water.

In step six of the present invention, the surface of the target is dried.
This is preferably achieved by a forced flow of dry nitrogen, dry argon, or clean, -
dry, compressed air. For example, the forced flow may comé from an air nozzle
on a hose, or any type of air line, placed about one inch from the target surface
at an angle.

The result of the above method for finishing a sputter target resultsina
surface free of mechanical deformation and with a R, of about 10-30 pin. The
method relieves residual stresses in the target material resulting from
manufacturing and stabilizes the target assembly allowing for a consistent
product. The burn-in time necessary in the prior art is significantly decreased, if
not eliminated. It is believed that a target with the enhanced finish of the
present invention will require only 6 wafers or less for burn-in, which is

equivalent to 1 kWh or less. There are no known adverse effects of the chemical
_\

— -
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etching technique of the present invention, and the method may be easily
adapted to the manufacturing process. For example, the method may be used for

small special order targets, or may be adapted into an automated line for mass

-production.

While the present invention has been illustrated by the description of an
embodiment thereof, and while the embodiment has been described in
considerable detail, it is not intended to restrict or in any way. limit the scope of
the appended claims to such detail. Additional advantages and modifications
will readily appear to those skilled in the art. The invention in its broader
aspects is therefore not limited to the specific details and method and illustrative
examples described. Accordingly, departures may be made from such details
without departing from the scope or spirit of applicant’s general inventive

concept. .

WHAT IS CLAIMEDIS: -
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1. _ A method of finishing a sputter target surface to achieve a surface

roughness of about 10 to about 30 pin., comprising immersing the surface in an

etching solution one or more times with intermediate rinsing in water.

2, The method of claim 1, wherein the etching solution is agitated

while the surface is immersed.

3. The method of claim 1, wherein the etching solution is comprised
of water and an etchant selected from the group comprised of: hydrofluoric acid,
nitric acid, phosphoric acid, sulfuric acid, hydrochloric acid, acetic acid, lactic
-acid, ammonium hydroxide, chromic oxide, hydrogen peroxide, potassium

5 ferricyanide and sodium hydroxide, and mixtures thereof.
I
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4, A method of finishing a sputter surface of a sputter target,
comprising the steps of::

immersing the sputter surface in a first solution of an etchant and water;

rinsing the sputter surface with water;

immersing the sputter surface in a second solution of an etchant and
water;

rinsing the sputter surface with water;

rinsing the sputter surface with a third solution of alcohol and water; and

Iy lllll U] Ill |

5. ‘The method of claim 4, wherein the first solution and the second

- drying the sputter surface.

solution are comprised of at least one etchant selected from the group comprised
of: hydrofluoric acid, nitric acid, phosphoric acid, sulfuric acid, hydrochloric : -
acid, acetic acid, lactic acid, ammonium hydroxide, chromic oxide, hydrogen

peroxide, potassium ferricyanide and sodium hydroxide, and mixtures thereof. =~

6. ‘The inethod of claim 5, wherein the first solution is comprised of

an etchant at a concentration of about 1% to about 10%.

7. The method of claim 6, wherein the spuﬁer surface is immersed

in the first solution for about 1 minute to about 15 minutes.

This Sheet Has Been Replaced
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8. : The 'iﬁethod of claim 5, wherein the sec;md solution is comprised
of a first etchant at a concentration of about 1% to about 10% and a second

etchant at a concentration of about 20% to about 50%.

9. The method of claim 8, wherein the sputter surface is immersed

in the second solution for about 1 minute to about 15 minutes.

sbout 20% o sbont 80% slohal. H"I"I IIIIII | I"

in the first and second solutions while the solutions are subjected to at least

intermittent agitation.

12. . The method of claim 4, wherein the sputter surface is dried by a
forced flow of a dry gas selected from the group comprised of: air, argon or

nitrogen.

This Sheet Has Been Rep:
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.13, A method of finishing a sputter surface of a sputter target,

comprising the steps of:

immersing the sputter surface in a first etchant in water solution having
an etchant concentration of up to 10%;

rinsing the sputter surface with water;

1mmersmg the sputter surface in a second etchant in water solution
baving an etchant concentration of up to 60%;

rinsing the sputter surface with water;

rinsing the sputter surface with an alcohol in water solution having an

alcohol concentration of about 20% to about 80%; and

e
o . . . S * C L M s.*

14. The method of claim 13, wherein the first etchiant in water

solution and the second etchant in water solution are comprised of at least one
etchant selected from the group comprised of: hydrofluoric acid, nitric acid,
phosphoric acid, sulfuric acid, hydrochloric acid, acetic acid, lactic acid,
ammonium hydroxide, chromic oxide, hydrogen peroxide, potassium

ferricyanide and sodium hydroxide, and mixtures thereof.

15. The method of claim 14, wherein the sputter surface is immersed

in the first etchant in water solution and the second etchant in water solution for

abouf 1 minute to about 15 minutes each.
This Sheet Has Been Repl
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16, “The method of claim 13, wherein the sputter surface is immersed

' in the first and second etchant in water solutions while the solutions are

g N

17. The method of claim 13, wherein the sputter surface is dried by a |

subjected to at least intermittent agitation.

forced flow of a dry gas selected from the group comprised of: air, argon or
nitrogen. : -
This Sheet Has Been Ry
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18. . A method of finishing a sputter surface of a titanium sputter
target, comprising the steps of:

immersing the sputter surface in a first solution of hydrofluoric acid in
walter;

rinsing the sputter surface with water to remove the hydrofluoric acid;

immersing the sputter surface in a second solution of hydrofluoric acid
and nitric acid in water with at least intermittent agitation;

rinsing the sputter surface with water to remove the hydrofluoric acid
and the nitric acid;

rinsing the sputter surface with a third solution of alcohol in water; and

drying the sputter surface with a forced flow of dry gas.

19. The method of claim 18, wherein the first solution has a -
basa 00

hydrofluoric acid entration of about 1% to about 8%.
LT
20. The method of claim 19, wherein the sputter surface is immersed

in the first solution for about 1 minute to about 10 minutes.

21. The method of claim 18, wherein the second solution has a
hydrofluoric acid concentration of about 1% to about 6% and a nitric acid

concentration of about 25% to about 45%.

22, The method of claim 21, wherein the sputter surface is immersed

in the second solution for about 2 minutes to about 10 minutes.
.This Sheet Has Been Rep
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23.  The method of claim 18, wherein the third solution has an

alcohol concentration of about 20% to about 80%.

* C L H [ *
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24, A method of etching a sputter surface of a sputter target to
achieve a final surface roughness between abont 10-30 pin., co@ﬁshg the
" steps of:
-immersing the sputter surface having an initial surface roughness of
5 about 10 pin. or less in a first solution of at least one acid in water;
rinsing the sputter surface with water to remove the acid;
‘immersing the sputter surface in a second solution of at least one acid in

.water for 5 minutes with at least intermittent agitation; - | | : “","J llll[lllljllllllllllll

rinsing the sputter surface with water to remove the acid;

10 rinsing the sputter surface with a third solution of alcohol in water; and
drying the sputter surface with a forced flow of dry gas. - S
\\
This Sheet H;
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25. A sputter target having a sputter surface with a surface rouéhness

of about 10 to about 30 pin., finished by immersing the surface in an etching

solution one or more times with intermediate rinsing in water. i - o
A
26. A sputter target having a sputter surface finished by the process
~of: | | |
immersing the sputhet surface in a first solution of an etchant in water;
rinsing the sputter surface W1th water; |
immersing the sputter surface ina second solution of an etchant in water;
rinsing the sputter surface with water;
rinsing the sputter surface with a third solution of alcohol in water; and

- h\\
drying the sputter surface. g
' This Sheet Has Been
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freceived by the International Bureau on 23 February 2000 (23.02.00);
original claims 1, 4, 13, 18 and 24-26 amended;
remaining claims unchanged (6 pages)]

| . A method of finishing a sputter target su:;face to achieve a
reduced burn-in time during sputtering, comprising immersing a sputter target
having a surface finish of less than about 25 pin. in an etching solution one or
more times with intermediate rinsing in water, wherein the etched sputter target

has a surface roughness of about 10 to about 30 pin.

2. - The method of claim 1, wherein the etching solution is agitated

while the surface is immersed.

3. The method of claim 1, wherein the cté_hing solution is comprised
of water and an etchant selected from the group comprised of: hydrofluoric acid,.
nitric acid, phosphoric acid, sulfuric acid, hydrochloric acid, acetic acid, lactic
acid, ammonium hydroxide, chromic oxide, hydrogen peroxide, potassium

ferricyanide and sodium hydroxide, and mixtures thereof.

AMENDED SHEET (ARTICLE 19§
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4, A method of finishing a ;puﬁer surface of a sputter target to
achieve a reduced burn-in time during sputtering, comprising the steps of:

immersing a sputter sur_fa_ce having a surfaée roughness of less than
about 25 pin. in a first solution of an etchant and water;

rinsing the sputter surface with water;

immersing the sputter surface in a second solution of an etchant and

water;

0y g ] IIII insing hesputer sufae with wte

10

g the sputter surface with a third solution of alcohol and water; and

drying the sputter surface, wherein the sputter surface has a surface

roughness of about 10 to about .30 p.ih.

5. The method of claim 4, wherein the first solution and the second

solution are comprised of at least one etchant selected from the group comprised.

‘oft hydrofluoric acid, nitric acid, phosphoric acid, sulfuric acid, hydrochloric

acid, acetic acid, lactic_acid, ammonium hydroxide, chromic oxide, hydrogen

peroxide, potassium fetricyanide and sodium hydroxide, and mixtures thereof.

6. The method of claim 5, wherein the first solution is comprised of

an etchant at a concentration of about 1% to about 10%.

7. The method of claim 6, wherein the sputter surface is immersed

in the first solution for about 1 minute to about 15 minutes.

AMENDED SHEET (ARTICLE 19)
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13. A method of finishing a sputter surface of a sputter target to
achieve a reduced bum-in time during sputtering, comprising the steps of:
immersing a sputter surface having a surface roughness of less than
about 25 pin. in a first etchant in water solution having an etchant concentration
of up to 10%;
" rinsing the sputter surface with water,

immersing the sputter surface in a second etchant in water solution

|

rinsing the sputter surface with an alcohol in water solution having an

having an etchant concentration of up to 60%;

rinsing the sputter surface with water;

alcohol concentration of about 20% to about 80%; and

drying the sputter surface wherein the sputter surface has a surface

‘roughness of about 10 to about 30 pin.

14. The method of claim 13, wherein the first etchant in water
solution and the second etchant in water solution are comprised of at least one
etchant selected from the group comprised of: hydroftuoric acid, nitric acid,
phosphoric acid, sulfuric acid, hydrochloric acid, acetic acid, lactic acid,
ammonium hydroxide, chromic oxide, hydrogen peroxide, potassium

ferricyanide and sodium hydroxide, and mixtures thereof. .

15. The method of claim 14, wherein the sputter surface is immersed
in the first etchant in water solution and the second etchant in water solution for

about 1 minute to about 15 minutes each.

AMENDED SHEET (ARTICLE 19)
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18. 8 A method of finishing a sputter surface of a titanium sputter target
to achieve a reduced burn-in time during sputter_ing, comprising the steps of:

immt_:rsing a sputter surface having a surface roughness of less than about
25 pin. in a first solution of hydrofluoric acid in water;

rinsing the sputter surface with water to remove the hydrofluoric acid; .

immérsing the sputter surface in a second soluﬁon of hydrofluoric acid
and nitric acid in water with at least intermittent agitation;

rinsing the sputter surface with water to remove the hydrofluoric acid and
the nitric acid;

rinsing the sputter surface with a third solution of alcohol in watecr; and

drying the sputtetf surface with a forced flow of dry gas wherein the

- sputter surface has a surfax_:e roughness of about 10 to about 30 pin.

 TMRIIMIMITN oo et s i o s i

hydrofluoric acid concentration of about 1% to about 8%.

20. The method of claim 19, wherein the sputter surface is immersed

in the first solution for about 1 minute to about 10 minutes.

21. . The method of claim 18, wherein the second solution has a
hydrofluoric acid concentration of about 1% to about 6% and a nitric acid

.concentration of about 25% to about 45%.

AMENDED SHEET (ARTICLE 19)
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24, =!‘A method of etching a sputter siiffiice of a sputter target to achieve
a final surface roughness between about 10-30 pin., comprising the steps of:

immersing the sputter surface having an initial surface roughness of about
10 pin. or less in a first solution of at least one acid in water;

5 rinsing the sputter surface with water to remove the acid;

immoersing the sputter surface in a second solution of at least one acid in

water for 5 minutes with at least intermittent agitation;

-
nsing the sputter surface w1th water to remove the acid;

’ ""m m'” "l" ”", " Im rinsing the sputter surface with a third solution of alcohol in water; and

10 drying the sputter surface with a forced flow of dry gas wherein the

sputter surface has a surface roughness of about 10 to about 30 pin.

AMENDED SHEET (ARTICLE 19)
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25, A sputter target having a sputter surface, prior to sputtering, with
a surface roughness of about .10 to about 30 pin., finished by immersing a surface
having a surface roughness of less than about 10 pin. in an etching solution one

or more times with intermediate rinsing in water.

26. : A sputter target having a sputter surface, prior to sputtering, with
a surface roughness of about 10 to about 30 pin., finished by the process of:

immersing a sputter surface having a surface roughness of less than about
25 pin. in a first solution of an etchant in water;

5 - - rinsing the sputter surface with water;

{ ' I |II|I|| "II" III" "III" IIII immersing the sputter surface in a second solution of an etchant in water;
-7 ¢ v W S % rinsing the sputter surface with water;

rinsing the sputter surface with a third solution of alcohol in water; and

drying the sputter surface.

'AMENDED SHEET (ARTICLE 19)




