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Cl eaning chem stry Contact angle (deg) Chem cal oxide thickness (A)
BM 74. 4

integrated circuit wafer to prevent or remove a defect resulting from the first cleaning
process.

[0014] Certain embodiments of the invention have other aspects in addition to or in place of
those mentioned or obvious from the above. The aspects will become apparent to those
skilled in the art from a reading of the following detailed description when taken with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a top view of an integrated circuit system in a first embodiment of the
present invention;

[0016] FIG. 2 is the integrated circuit system in a DHF process phase;

[0017] FIG. 3 is the structure of FIG. 2 in a detailed view;

[0018] FIG. 4 is the structure of FIG. 2 in a detailed view;

[0019] FIG. 5 is a top view of an integrated circuit system in a second embodiment of the
present invention;

[0020] FIG. 6 is a chart of active region sheet resistance of the integrated circuit system of
FIG. 1,

[0021] FIG. 7 is a chart of polysilicon sheet resistance of the integrated circuit system of
FIG. 1;

[0022] FIG. 8 is a chart of contact sheet resistance for the integrated circuit system of FIG. 1;
and

[0023] FIG. 9 is a flow chart of an integrated circuit system for manufacturing the integrated

circuit system in an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0024] The following embodiments are described in sufficient detail to enable those skilled in
the art to make and use the invention. It is to be understood that other embodiments would be
evident based on the present disclosure, and that system, process, or mechanical changes may
be made without departing from the scope of the present invention.

[0025] In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may

be practiced without thesc specific details. In order to avoid obscuring the present invention,
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not done

some well-known circuits, system configurations, and process steps are not disclosed in
detail. Likewise, the drawings showing embodiments of the system are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown greatly exaggerated in the drawing FIGs.

[0026] Where multiple embodiments are disclosed and described, having some features in
common, for clarity and ease of illustration, description, and comprehension thereof, similar
and like features one to another will ordinarily be described with like reference numerals.
The embodiments may be numbered first embodiment, second embodiment, etc. as a matter
of descriptive convenience and are not intended to have any other significance or provide
limitations for the present invention.

[0027] For expository purposes, the term “horizontal” as used herein is defined as a plane
parallel to the plane or surface of the invention, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as
"on", “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,
“upper”, “over”, and “under”, are defined with respect to the horizontal plane.

[0028] The term “on” as used herein means and refers to direct contact among elements. The
term “processing” as used herein includes deposition of material, patterning, exposure,
development, etching, cleaning, and/or removal of the material or trimming as required in
forming a described structure. The term “system” as used herein means and refers to the
method and to the apparatus of the present invention in accordance with the context in which
the term is used.

[0029] Referring now to FIG. 1, therein is shown a top view of an integrated circuit system
100 in a first cmbodiment of the present invention. The integrated circuit system 100
preferably includes an integrated circuit wafer 102 having integrated circuit die 104. Defects
106 can also be formed over the integrated circuit wafer 102 or active layers (not shown) over
the integrated circuit wafer 102. The defects 106 can be substantially eliminated over a
significant portion of the integrated circuit wafer 102 or the integrated circuit die 104.

[0030] A first cleaning process such as a dilute acid process including a dilute hydrofluoric
(DHF) process and a second cleaning process such as a Standard Clean-2 (SC2) process can
be applied over a wafer active surface 108 such as silicon, active, or polysilicon surfaces of
the integrated circuit wafer 102. The defects 106 can be formed by a preparation process
such as a pre-silicidation process using a first cleaning solution such as a dilute acid solution

or a DHF solution over the integrated circuit wafer 102. An acid such as hydrofluoric acid
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can provide hydrogen-terminated surfaces susceptible to deposition during or after processing
of organic or carbon-based contaminants such as the defects 106 that can be prevented or
removed by the cleaning process.

[0031] For example, a DHF solution including a dilute hydrofluoric acid (HF) can be applied
to clean an oxide (not shown) as an HF-based wet etch over the wafer active surface 108 and
provide a hydrophobic surface for a subsequent wafer process such as a silicidation process
for annealing a silicide or salicide layet of cobalt (Co) or nickel (Ni). The DHF solution can
leave the defects 106 such as organic defects, carbon-based defects, or arsenic dopant defects
over the wafer active surface 108 of the integrated circuit wafer 102.

[0032] Further to the example, a second cleaning solution, such as an SC2 solution including
hydrochloric acid (HCI), hydrogen peroxide (H,0,), water (H,0), or combinations thereof,
can be applied to prevent or remove the defects 106 and substantially preserve the
hydrophobic surface. The SC2 solution can form a thin, self-limiting chemical oxide (not
shown) rendering a partially hydrophilic surface minimizing deposition of the defects 106.
The SC2 solution can include HCl, H,0,, or H,O in a ratio range of 1:1:1 to 1:1:1000 and be
applied in a temperature range from twenty degrees Celsius (20°C) to eighty degrees Celsius
(80°C).

[0033] Contact angle measurements can quantify the hydrophobic level of the wafer active
surface 108. Table 1 shows examples of contact angles for various cleaning solutions. A
larger value for the contact angle indicates an increased hydrophobic surface while the
converse, a smaller value for the contact angle, indicates an increased hydrophilic surface.
The example contact angle for the SC2 solution is in a range that indicates a substantially
hydrophobic surface. The contact angles for the DHF + SC1 process and the DHF + SPM
process are not shown in part due to the difficulty in measuring small contact angles

particularly when approaching a value of zero.

Cleaning chemistry Contact angle (deg) Chemical oxide thickness (A)
BHF 74.4 not done
DHF 80.6 1.45
DHF+SC2 65.9 2.72
DHF+SC1 cannot be measured 7.96 |
DHF+SPM Cannot be measured 9.59

Table 1: Contact angle and chemical oxide thickness of various cleaning solutions on Si
Surface



80.

6

. 45

[0034] An example of a surface cleaning process can preferably include applying the DHF
solution including dilute HF, a de-ionized water (DIW) rinse, and the SC2 solution including
HCl, H,0,, and H,O. The process sequence can be shown as DHF -> DIW rinse -> SC2 ->
DIW rinse -> Dry. The integrated circuit wafer 102 can include a significantly improved
number of the defects 106. The integrated circuit wafer 102 can also include approximately
three hundred fifty-eight of the integrated circuit die 104.

[0035] The defects 106 can affect significantly less than half of the integrated circuit die 104.
Some number of the integrated circuit die 104 can include more than one of the defects 106
and some number of the integrated circuit die 104 can typically be discarded due to
processing issues near outer extents of the integrated circuit wafer 102. Further, some
number of the defects 106 can be located or formed without affecting any of the integrated
circuit die 104.

[0036] For illustrative purposes, three hundred fifty-eight of the integrated circuit die 104 are
shown although it is understood that any number of the integrated circuit die 104 may be
formed. Further, for illustrative purposes approximately twenty-four or approximately one
fifteenth of the integrated circuit die 104 are shown as discards although it is understood that
any number of the integrated circuit die 104 may be discards.

[0037] It has been unexpectedly discovered that applying the first cleaning process such as
the dilute acid process or the DHF process and the second cleaning process such as the SC2
process of the integrated circuit system 100 provides significantly reduced numbers of the
defects 106 affecting significantly less of the integrated circuit die 104 while rendering the
wafer active surface 108 substantially hydrophobic. The first cleaning process and the
second cleaning process substantially prevent or remove the defects 106 from the wafer
active surface 108 such as silicon, active, or polysilicon surfaces.

[0038] Referring now to FIG. 2, therein is shown the integrated circuit system 100 in a DHF
process phase. The integrated circuit system 100 includes the integrated circuit wafer 102,
the integrated circuit die 104, and the defects 106 over the wafer active surface 108.

[0039] For example, the integrated circuit wafer can include twin-wells (not shown) with
shallow trench isolation (STI) (not shown). Active area implants (not shown) can include
arsenic (As) dosages of approximately one times ten to the fifteenth power atoms per square
centimeter (E15 atom/cm?”) and energies less than fifty thousand electron volts (50keV). The

integrated circuit wafer 102 can also include approximately seven hundred ninety of the
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defects 106. The integrated circuit wafer 102 also includes approximately three hundred
fifty-eight of the integrated circuit die 104.

[0040] The defects 106 can affect many of the integrated circuit die 104. Some number of
the integrated circuit die 104 can include several of the defects 106, though there can be an
average of more than two of the defects 106 per each of the integrated circuit die 104. An
actual yield of the integrated circuit die 104 can also be decreased due to processing issues
near the outer extents of the integrated circuit wafer 102.

[0041] Referring now to FIG. 3, therein is shown the structure of FIG. 2 in a detailed view.
The integrated circuit system 100 includes the integrated circuit wafer 102 and the defects
106 over the wafer active surface 108. For example, the defects 106 are shown as a residue
302 such as an organic or carbon-based residue deposited due to the DHF process.

[0042] The residue 302 can prevent completion or integrity of subsequent processes such as
silicidation over the wafer active surface 108. For illustrative purposes, the residue 302 is
shown having a shape of a string although it is understood that the residue 302 may be of any
shape or dimension.

[0043] Referring now to FIG. 4, therein is shown the structure of FIG. 2 in a detailed view.
The integrated circuit system 100 includes the integrated circuit wafer 102 and the defects
106 over the wafer active surface 108. For example, the defects 106 are shown as a particle
402 such as an organic or carbon-based particle deposited due to the DHF process.

[0044] The particle 402, the residue 302 of FIG. 3, or combinations thereof can prevent
completion or integrity of subsequent processes such as silicidation over the wafer active
surface 108. For illustrative purposes, the particle 402 is shown having a shape of a ball
although it is understood that the particle 402 may be of any shape or dimension.

[0045] Referring now to FIG. 5, therein is shown a top view of an integrated circuit system
500 in a second embodiment of the present invention. The integrated circuit system 500
preferably includes an integrated circuit wafer 502 having integrated circuit die 504. Defects
506 can also be formed over the integrated circuit wafer 502 or active layers (not shown) over
the integrated circuit wafer 502. The defects 506 can be substantially eliminated over a
significant portion of the integrated circuit wafer 502 or the integrated circuit die 504.

[0046] A first cleaning process such as a buffered acid process including a buffered
hydrofluoric (BHF) process and a second cleaning process such as a Standard Clean-2 (SC2)
process can be applied over a wafer active surface 508 of the integrated circuit wafer 502.
The defects 506 can be formed by a preparation process such as a pre-silicidation process
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using a first cleaning solution such as a buffered acid solution or a BHF solution over the
integrated circuit wafer 502. An acid such as hydrofluoric acid can provide hydrogen-
terminated surfaces susceptible to deposition during or after processing of organic or carbon-
based contaminants such as the defects 506 that can be prevented or removed by the cleaning
process.

[0047] For example, a BHF solution including a buffered hydrofluoric acid (HF) can be
applied to clean an oxide (not shown) as an HF-based wet etch over the wafer active surface
508 and provide a hydrophobic surface for a subsequent wafer process such as a silicidation
process for annealing a silicide or salicide layer of cobalt (Co) or nickel (Ni). The BHF
solution can leave the defects 506 such as organic defects, carbon-based defects, or arsenic
dopant defects over the integrated circuit wafer 502.

[0048] Further to the example, a second cleaning solution, such as an SC2 solution including
hydrochloric acid (HCI), hydrogen peroxide (H>O,), water (H,0O) or combinations thereof,
can be applied to prevent or remove the defects 506 and substantially preserve the
hydrophobic surface. The SC2 solution can form a thin, self-limiting chemical oxide (not
shown) rendering a partially hydrophilic surface minimizing deposition of the defects 506.
The SC2 solution can include HCl, H,O,, or H,O in a ratio range of 1:1:1 to 1:1:1000 and be
applied in a temperature range from twenty degrees Celsius (20°C) to eighty degrees Celsius
(80°C).

[0049] An example of a surface cleaning process can preferably include applying the BHF
solution including buffered HF, a de-ionized water (DIW) rinse, and the SC2 solution
including HCI, H,O,, and H,O. The process sequence can be shown as BHF -> DIW rinse ->
SC2 -> DIW rinse -> Dry. The integrated circuit wafer 502 can include a significantly
improved number of thc defects 506. The integrated circuit wafer 502 can also include
approximately three hundred fifty-eight of the integrated circuit die 504.

[0050] The defects 506 can affect significantly less than the total number of the integrated
circuit die 504. Some number of the integrated circuit die 504 can include more than one of
the defects 506 and some number of the integrated circuit die 504 can typically be discarded
due to processing issues near outer extents of the integrated circuit wafer 502. Further, some
number of the defects 506 can be located or formed without affecting any of the integrated
circuit die 504.

[0051] For illustrative purposes, three hundred fifty-eight of the integrated circuit die 504 are

shown although it is understood that any number of the integrated circuit die 504 may be
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cannot be neasured 7.96

formed. Further, for illustrative purposes approximately twenty-four or approximately one
fifteenth of the integrated circuit die 504 are shown as discards although it is understood that
any number of the integrated circuit die 504 may be discards.

[0052] Referring now to FIG. 6, therein is shown a chart of active region sheet resistance 600
of the integrated circuit system 100 of FIG. 1. The chart 600 shows sheet resistance (Rs) for
active regions using various cleaning processes.

[0053] A first Rs 602 results from a sulfuric peroxide mixture (SPM) process including
sulfuric acid (H,S0O4), hydrogen peroxide (H,0,), water (H,O) or combinations thereof, and
the DHF process applied over the integrated circuit wafer 102 of FIG. 1. The SPM + DHF
process provides improved electrical properties with degraded yield.

[0054] A second Rs 604 results from the DHF process, the SPM process, and a Standard
Clean-1 (SC1) process including ammonium hydroxide (NH4OH), hydrogen peroxide
(H,0,), water (H,0) or combinations thereof, applied over the integrated circuit wafer 102.
The DHF + SPM + SC1 process provides degraded electrical properties.

[0055] A third Rs 606 results from the SPM process, the DHF process, the SC1 process, and
the SC2 process applied over the integrated circuit wafer 102. The SPM + DHF + SC1 +
SC2 process provides degraded electrical properties.

[0056] A fourth Rs 608 results from the SPM process, the DHF process with a single wafer
spin processor (not shown) over the integrated circuit wafer 102. The SPM + DHF process
with singlc wafer spin processor provides improved electrical properties at a high cost in both
throughput and equipment.

[0057] A fifth Rs 610 results from the DHF process and the SC2 process applied over the
integrated circuit wafer 102. The DHF + SC2 process provides improved electrical properties
with known technology and materials.

[0058] For example, a wet bench and batch process can be used for each of the cleaning
processes above except for the single wafer spin process that would require a spin tool. Table
2 shows that for the SPM + DHF process above, the defects 106 of FIG. 1 would not be
removed. Table 2 also shows that for each of the other processes above the defects 106

would be prevented or removed.



Cleaning Methods Equipment Type Residues removed?

SPM + DHF wet bench - batch process No
DHF + SPM + SC1 wet bench - batch process Yes
SPM + DHF + SC1 +SC2 | wet bench - batch process Yes
wet bench - batch process (SPM) Yes
Sk + DE (3pia) spin tool - single wafer process
(DHF)
DHF + SC2 wet bench - batch process Yes

Table 2: Summary of various cleaning techniques employed to remove arsenic residues.

[0059] Examples of oxide thickness grown by the cleaning process above are shown in Table
3. For example, the SCI process oxide growth can be approximately 5.85 angstroms or
approximately 5.96 angstroms. For the SC2 process, examples of the oxide growth can be
approximately one and fifty-four hundredths angstroms or approximately one and fifty-five
hundredths angstroms. For the SPM + SC1 process, examples of the oxide growth can be
approximately seven and twenty-one hundredths angstroms or approximately seven and

thirty-eight angstroms.

SC1 SC2 SPM+SCI
Oxide growth (A) 5.96 1.55 7.21
Oxide growth (A) 5.85 1.54 7.38

Table 3: Comparison of oxide thickness grown by SC1, SC2, and SPM + SC1 on bare Si.

[0060] Referring now to FIG. 7, therein is shown a chart of polysilicon sheet resistance 700
of the integrated circuit system 100 of FIG. 1. The chart 700 shows sheet resistance (Rs) for
polysilicon regions using various cleaning processes.

[0061] A first Rs 702 results from the SPM process and the DHF applied over the integrated
circuit wafer 102 of FIG. 1. The SPM + DHF process provides improved electrical properties
with degraded yield.

[0062] A second Rs 704 results from the DHF process, the SPM process, and the SC1
process applied over the integrated circuit wafer 102. The DHF + SPM + SCI process
provides significantly degraded electrical properties.
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Cannot be neasured 9. 59

[0063] A third Rs 706 results from the SPM process, the DHF process, the SC1 process, and
the SC2 process applied over the integrated circuit wafer 102. The SPM + DHF + SC1 +
SC2 process provides degraded electrical properties.

[0064] A fourth Rs 708 results from the SPM process, the DHF process with a single wafer
spin processor (not shown) over the integrated circuit wafer 102. The SPM + DHF process
with single wafer spin processor provides improved electrical properties at a high cost in both
throughput and equipment.

[0065] A fifth Rs 710 results from the DHF process and the SC2 process applied over the
integrated circuit wafer 102. The DHF + SC2 process provides improved electrical propertics
with known technology and materials.

[0066] Referring now to FIG. 8, therein is shown a chart of contact sheet resistance 800 for
the integrated circuit system 100 of FIG. 1. The chart 800 shows sheet resistance (Rs) for an
active contact chain using various cleaning processes.

[0067] A first Rs 802 results from the SPM process and the DHF applied over the integrated
circuit wafer 102 of FIG. 1. The SPM + DHF process provides partially degraded electrical
properties with degraded yield.

[0068] A second Rs 804 results from the DHF process, the SPM process, and the SC1
process applied over the integrated circuit wafer 102. The DHF + SPM + SC1 process
provides significantly degraded electrical properties.

[0069] A third Rs 806 results from the SPM process, the DHF process, the SC1 process, and
the SC2 process applied over the integrated circuit wafer 102. The SPM + DHF + SC1 +
SC2 process provides significantly degraded electrical propetties.

[0070] A fourth Rs 808 results from the SPM process, the DHF process with a single wafer
spin processor (not shown) over the integrated circuit wafer 102. The SPM + DHF process
with single wafer spin processor provides partially degraded electrical properties at a high
cost in both throughput and equipment.

[0071] A fifth Rs 810 results from the DHF process and the SC2 process applied over the
integrated circuit wafer 102. The DHF + SC2 process provides improved electrical properties
with known technology and materials.

[0072] Referring now to FIG. 9, therein is shown a flow chart of an integrated circuit system
900 for manufacturing the integrated circuit system 100 in an embodiment of the present
invention. The system 900 includes providing an integrated circuit wafer in a block 902;

applying a first cleaning solution over the integrated circuit wafer in a block 904; and
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Tabl e 1: Contact angle and chem cal oxide thickness. ous cleaning solutions
on Si Surface [00341 An exanple of a surface cl eaning process can
preferably include applying the DEWsolution including dilute HF, a
de-ioni zed water (D1IW rinse, and the SC2 solution including HClL, 11202,
and H20. The process sequence can be shown as DHF -> MIV rinse -> SC2 DIW
rinse j.-5 Dry. The integrated circuit wafer 102 can include a
significantly inproved nunber of the defects 106. The integrated circuit
waf er 102ampiyingé swondclbandkez syhiooxivereathe intedrated erduitnehf@do bradving oerghivealf t he

integrated circuit die 104, [0035] The .defec 06 can affect significantly
| ess t han&i"ﬁ"‘{'ﬂﬁt fesglfmg ﬁgmit&(i éﬁ? %l?aélHl e T a&’f"é“%i. Sone number of the
i nt egr at e@oT3|riauirtatdi dtali04 S8RRmi PRCHrodide MBS trethdd mndNGpahtud be tidehiRgtated106

and. some .nupber of the integrated. circuit die 104 can typically be
di scar ded“iHHE SYEEh! Yb 853 %bq%gg@égf e RressstinpiioR & APLOTBRd FHETPH egr at ed

ci roui t waf er i10Broy iyl AShtegBRUBIAHTRAE: 1alink A6y AGT6FISuARS, can be | ocat ed
or fornmed without affecting any of the integrated circuit die 104.
2. Applying a first cleaning solution over the wafer active surface.

3. Applying a second cleaning solution over the wafer active surface to prevent or
remove a residue or a particle resulting from the first cleaning solution.
4. Processing a wafer process layer over the wafer active surface having the residue
or the particle substantially eliminated.
[0074] Thus, it has been discovered that the method and apparatus of the present invention
furnish important and heretofore unknown and unavailable solutions, capabilities, and
functional aspects. The resulting processes and configurations are straightforward, cost-
effective, uncomplicated, highly versatile, accurate, sensitive, and effective, and can be
implemented by adapting known components for ready, efficient, and economical
manufacturing, application, and utilization.
[0075] While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations, which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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11) 0361 For illustrative purposes, three hundred fifty-eight: of the
integrated circuit die 104 are shown although it is understood that any
nunber of the integrated circuit die 104 may be forned, Further, for
illustrative purposes approxi mately twenty-four or approxi mately one
fifteen of {ﬁg_g | ntegrated circuit die 104 are shown as discards although
it is upfderise e‘{ﬁat any nunber of the integrated circuit die 104 may be
di scards. [0037] It has been unexpectedly discovered that applying the
first cleanilng proseihodefdnamdaciyengnn igicgraied ¢irqyeyEss WMBEEDHE process
and the secapd. : i . .as the SC2 process of the integrated
circuit systﬂgm@ aa%rlgtgg%éegiccg%gﬁi ?%antly reduced nunbers of the defects
106 af f ecti ngpBiigha fikst alkhuhiyig selationts 4 liguidntvegthatedgraied circhit diafer;1hd whi | e
rendering the wafer active surface 108 substantial]y hydrophobic. The first
cl eani ng pr cPEbaNHASeEqsl cleaung selubian oNg Bredalegrated FEFUh VALY 19 PEPEDRRT or

remve the def ects,mb00s UERM UL RS G HhyClcik3Rel08 such as silicon,

active, or polysilieon surtaces. 381 Referring' nowto FIG 2, thereinis

shown the infegrated cirgujt ] i . .

i ntegrated circui esilnsekhé) i%ﬁﬁ%/rﬁ%:(fﬁnﬁdécgaq?lhg ‘?}rll%?éﬁgé\i %pg)ﬁﬁgﬁlrlgg?‘fso%\%%g%nﬂ%z

t he i ntsepitiaheakladds@pplyind £solftfon @nthg hidratdl@iigerdOde.over the wafer active
surface 108. 100391 For exanple, the integrated circuit wafer can include
twin-well's (310t shvhktiddt s sRghéP tdBMCh WEQkAt Aplyih SR (sB&IndSéleamig
Active area inplants (not shown) can include arsenic (As) dosages of

appr oxisehttiehyngdndestapplying ade-topized evatéririnsent h power at oms per square
centineter (B15 atomler:6 and energies less than fifty thousand el ectron
volts (50keV.. THEhd methgd as eldinséd muslaimnh fwduerel0 2pdpimg dhas first pleinidg solution
approxi.naé&ly seven hyndred ni nef f .the defects 106. The integrated

ci r cui tNGHFSTAPRYANST SQUHMENAY S lﬂ'ﬁﬁ‘f?ﬁ% ‘mately three hundred fifty-ei ght of
the integrated circuit die 104. 100401 The defects 106 can affect many of e
i ntegrated & rcuithednethedas claingd wyghyer | B‘E‘e’f%aﬁ’mi”é‘érﬂﬁ éﬁ”t gleprins solgien 104

can i”%Hqgessa‘f%ﬁfht?%%chgt?&?hgﬂg%@ﬁeré@gcid.t hough there can he an average of

nore than two ect per each of the integrated circuit die

104. An actuyal yi.eld o he . nt egr } i | 8.

decreased dué to p eorggts(s)‘lE ﬁsgdlalsmsetﬁgig %ﬁn%%lrfﬁ%g%%?gé&égﬁo%ﬁggﬂ%g l“tﬁazeer%?on(fegsgr at ed
ci rcui tlayerfoftr the Zntedr@Rd4 tircilefvaferi ng now to FIG 3,, therein is shown the
structure of FIG 2 in a detailed view. The integrated circuit system 100

i ncl udes the i nt egnadiesh &ﬂlﬁ&wféctum%edni Adfcithie sYebeCdompafagover the

waf er active surface 108. For exanple, the defects 106 ate shown as a

resi due 302 moviHingsingntegragesrditcudwaters bonbased resi due deposited due to the

DI E process. 100421 _.The, resi due..$02 can .prevent .co tion integrity of
subsequent paPBB'é%%%grséﬁ]fﬁnlgg Séﬂiuflgxéfl%%ﬁfl o \ffretrl?1 etlrﬁggr}g% ec%r&él(t:t%:é{/eé’ surface
108. For il lpplyimd b\secdidr flesfifg sblufor @stdthe idfbgrdted shaunwakyitogpréveahape of
a string although it is understood that the residue 302 may be of any shape
or di mensi on. 004%moren deteriigsHBne fromrhefirst cleap@gspiitips; adown t he structure
of FIG 2 i [ ' ' Iqr Gl t : ' es
the 1 nt eqr ar BB & Hhths, b6 bohRE Shpafod Gl SR SARMPRRIREDS,
surface 108. For suyaamiatly difdngted.ects 106 are shown as a particle 402 such
as an organi c or carbon-based particle deposited due to the DI E process,
[0044] The partictig ARehodt Be clagtedlwe obm Of witkteid, applyie@thé Rasdndnsledrdieg eof
can prevent conpletion or integrity of subsequent processes such as

si | i ci catution iesledest he wafer active surface i OS. For illustrative purposes,
the particle i ] Vi . r: ] it is

under st ood t?ﬁggﬁéﬁf)%ra%?%lpgedig%e%ﬁ@&?&%o eéﬁtﬁg‘éh&gﬁgj C{éllr? W(.é?’éiln’ensi on. [0045]
Ref erring naptyindh Bydrbchlbhe peioride soltionnver thomtegrated ofrcunwafet;egr at ed
circuit system 500 in a_second enbodinent of the present. inyention. The

i nt egr at ed cﬁppblh‘i'ga%9@@?‘5‘662%‘§$6WWGWV%@FG&§%W§§ IRPE YRteddei 1 cui t

waf er 502 haying j: it die 504. Defects 506 can al so be forned
over the intadé'glﬁi tdéﬁitng%%%(??ir%é‘g&e%w or active |ayers (not shown) over the
integrated circuit wafer 502. The defects 506 can be substantially
elimnated over a significant portion of the integrated circuit wafer 502
or the integrated circuit die 504. 190461 A first cleaning process such as
a buffered acid process including a bdBfered hydrofluoric (B/IF) process
and a second cl eaning process such as a Standard Cl ean-2 (3C2) process can
be applied over a wafer active surface 508 of the integrated circuit wafer
502. The defects 506 can be formed by a preparation process such. as a
pre-si]icidation process 7 wusing a first cleaning solution such as a
buffered acid solution or a BHT: solution over the integrated circuit wafer
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Tabl e 2: Summary of various cleaning techniques enployed to mncri,e
arseni c residues. 100591 Exanpl es of oxide thickness gown by the cleaning
process above are shown in Table 3. For exanple, the SCl process oxide
grow h can be approximately 5.85 angstrons or approxi mately 5.96 angstrons,

and 111y cir  huhil BEIRS 2R GEPFO IR OB 200E AR B TS RBOFPERg el

hundr edfbRidaN@st &g afko%idt BoerSRMntdarS6d cREQERERr. €xanpl es of the oxi de
growt h can be approxi mately seven and twenty-one hundredths angstrons or

appr oxi mat el y, sev Lriy-ei : ide:gr. o (A)
5706 1.55 7. 9% Ox eﬁ’Sﬁ‘Sﬁ c%%‘g‘g?‘g@aq‘?g}’gl{f?%a‘f‘élﬁngqﬁ? ﬁfﬁ%ﬁﬁ‘f’%éﬁ% " oxi de
t hi cknemslugeoapplyiyg 5Ailnte8 GRdrodladriSBd solBGdnon bare Si. [00601 Referring now
to FIG 7, therein is shown a chart of polysilicon sheet resistance 700 of
the. integratied CThEhiethod¥s RO ehint Whetein hpslyligané firdCleahiagSonkiont

resi stance (Rs) for polysilicon regions using various cleaning processes.

[ 006. 1]inpludes applyisg 2 onttered hiydwupdeneidsolgbipnpr ocess and the DI LF appli ed
over the integrated circuit wafer 102 of FIG |. The STM + DHF process
provi des i nptlvedTkd methodaalclapmodar tlaies 7whdneid pgeceswing [le08a}r Prosess danér Rs

704 results from.the | F..process he. SPM.process nd the SCI process
appl i edm8\'71§?s ?WB‘P%?&@EQ{%@“ %YPE%YGEE%’P elgraf%g?lrcflhtew + SPM + SClI process
provi des signjficantl egraded el ectrj cal operties. 100631 Athird Rs
706 results &rom gﬁ’é“%?‘fﬂ’%?’%@g%@?“‘%@Wﬁ%ﬁ%@%ﬁsyﬁ?@%@mﬁﬁ%ess, and the
502 process ﬁBPidﬁr?gjarHﬁ?ergra&&?cikdﬁﬁﬁ%@ﬂ?ﬂir?g 4 Qi a¥Weurt@2. The SPM + DM+

801 HB02 process provides degraded el ectrical properties. [00641 A fourth
Rs 708 r esul applfingafirdielcgivigsoitios o5 a fiquiddyvieFthevadesstivg surfagesi ngl e waf er
spin processorp\ﬁinot shown) .over t e.integr t ed iI’leLit V\%:qgr 102. The SPM
Di-1F proces?® %asf‘ﬁ’ﬁfl‘é q}\%ng}g SPPHOT P8EE Opvaﬁqroﬁ g&s™ t & PECVE ¢trical
properties at a hiegldyve@gbsidut Q1Qtfartidlé %sgm%tﬁ@mﬂlem Reaanig JoDAR] a fin Rs
710 results fromthe UHF process and the 802 process apgl i ed over the

i ntegrated cpreesssingwatveler powessTiagerDgr thegwatep peltvessrfscohpvdas thafssigye @r

el ectrical properties. wth knowy technol ogy and materials. [00661 Raerring
now to FIG 8, thttgF F%messugﬁl:%%lgeg alfl"fc&e(g'f contact sheet resistance 800 for

the int t i it t 100, of FLG.J. .Th hart 800 sh heet
Foci st ance. (1) B ettt i Baigen St clouinl 3, Whertiy SR ing @ R HEang

pr ocess@tutionl @RG/des Aagplying RBtSlbard aSiehd-2 §410i0d MavmBMHRIIOCASS,, aAs0! e
Dill= applied over the Tntegrated circuit wafer 102 of Fla 1, The SPM +

Di ri F prosdusations theretds partial |y degraded el ectrical properties with
degraded yield, [00681 A second Rs 804 results fromthe DI -1F process, the
SPM pr ocess,15and Thenfflbdpasoclessedppklagd v ethetelire applysgr the etcand clgatingaf er
102. The, UHF SPM + 801 .process ptovides,.signific y degra el ectrical
o oper (OOR g WPDRE § Sraoed Bh TRt Mt e AP roL £6Q T Bratior ¢
processansdier ISEh 91ACRRW. and the 802 process applied over the integrated
circuit wafer 102. The SPM DUE 1 801 + 8102 process provides significantly
degr aded el ri QRS ] : 070 fpur, : f ram:t he SPM
process, t hgl%tDEMoglrleo?:ﬁess WIFA% ﬁﬁ%n{s??nlgl éla%fgj ‘i‘%rér?? pa?)gglélggf# Et%%tt El(sg'?ol&g)

(WMt heelutivhdnelad@donning tihd revidbie or the partithefrGRMarbobHifasql anessinmats.h si ngl e
waf er spin processor provides partially denmaded el ectrical properties at a
hi gh cost in7bot hThd hiethighpyitcldmdd egutiai@nt3 wWHEAd |applyidg fthd) firéts cl8dding
results fromthe UHF process and the 802 process applied over the

i nt egr Sobuiogiipdudes fapmiag theyesidyp ar thppattickplon ey aessaicdrplanges i mproved

el ectrical properties with known technol ogy and materials. f0072] Referring
now to FIG 18, thBreimethal ghodimgdfinonlathall vdfeream dpphyeng dhediri elgening

arhoal ranogr e e, PBELHE' 1 b SrisRot FREHE UL B d HT UG, By o

i nt egr afc@idle Sirf#ey hiydMabeterinnatedd|! ock 902; applying a first cleaning solution
over the integrated circuit wafer in a block 904; and applying a second
cleaning lution over he integrated circuit wafer to prevent or renove a
defect resulting fromthe first cleaning process in a block 906. 100731 In
greater detail, a systemto provide the nethod and apparatus of the
integrated circuit system 100, in an enbodi nent of the present invention,
is performed as follows: 1. Providingl4n integrated circuit wafer having a
waf er active surface. 2. Applying a first cleaning solution over the wafer
active surthce, 3. Applying a second cl eaning solution over the wafer
active surthce to prevent or renove a residue or a particle resulting from
the first cleaning solution. 4. Processing a wafer process |ayer over the
waf er active surface having the residue or the particle substantially
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furni sh i nmportant and heretofore unknown and unavail abl e sol uti ons,
capabilities, and functional aspects. The resulting processes and
configurations are straightforward, cost-effective, unconplicated, highly
versatile, accurate, sensitive and effective, and can be inplenmented by

adapti ng kno one ts, for efficjent, and e

nanufacturin@g ﬁg <6han%ﬂ VHE@FPO Vﬂ@&*%lpVﬁ" q%%zﬂﬁnggﬂPP%n has
been d%@aﬂ&%m& g}%mymgtd BHPV\&&lﬁhcﬁl ﬁmqg blFeRE HF mdtx@smﬁngmfeswm t hat
many al ternati ves, frcations, and .variations will be apparent to those
skill eohqtlnesm&caﬂnydrqgenﬂtqhunajéd the afor egoi ng descri pt| on. Accordingly, it
is intended to enbrace ull such alternatives, nodifications, and
variations, 2¢i chTlicmkthed b chithékinsdapel oivhérin proodssidg thechafenprocessllayeat t er s

hlthertofore set forth hereln or sho in_the acco anying drawings are to
be i nt éngludessapriying ojor Nistlicidation oxgid ﬁWﬁfquaﬁtl“f‘i a%ense. \What is clainmed
is: |I.A nmethod of manufacturing an |ntegrated circuit system conpri sing:

providing an integrated circuit wafer; applying a first cleaning solution
as a liquid over the integrated circuit wafer; and applying a second
cl eaning solution over the integrated circuit wafer to prevent or reno), e

a defect resulting fromthe first cleaning process, 2. The nethod as
claimed in claiml wherein applying the second cl eaning solution includes
appl yi ng a sol ution haying hydrochl oric peroxide. 3. The method as
claimed in claim1 wherein applying the second cl eaning sol ution includes
applying a de-ionized water rinse, 4. The nmethod as clained in claim
1 wherein applying the first cleaning solution includes applying a solution
havi ng diluted acid, 5. The method as clained in claim1l wherein
applying the first cleaning solution includes applying a solution having
buffered acid, 6. The nethod as clainmed in claiml further conprising

applying a wafer process |ayer over the integrated circuit wafer. 7. A

met hod of manufacturing an integrated circuit system conprising: providing
an integrated circuit wafer; applying a first cleaning solution as a |liquid
over the integrated circuit wafer; applying a second cl eaning solution over
the integrated circuit wafer to prevent or renove a defect resulting from
the first cleaning solution; and applying a wafer process |ayer over the
integrated circuit wafer having the defect substantially elim nated.

8. The nmethod as clainmed in clai mwherein applying the second cl eani ng
solution includes: applying a first de-ionized water rinse over the
integrated circuit wafer; applying a hydrochloric peroxide solution over
the integrated circuit wafer; applying a second de-ionized water rinse over
the integrated circuit wafer; and drying the integrated circuit wafer.

9. The method as clained in claim7 wherein applying the first cleaning
solution includes wet etching an oxide over the integrated circuit wafer.
10. The method as clainmed in claim7 wherein applying he first cleaning
solution includes applying a diluted hydrofluoric acid solution. 11.
The nethod as clainmed in claim7 wherein applying the first cleaning

sol ution includes applying a buffered hydrofluoric acid sol ution.

12. The method as clained in claim7 wherein processing the wafer process

| ayer includes applying a silicidation |ayer over the integrated circuit
wafer. 13. A nmethod of nmanufacturing an integrated circuit system
conprising: providing an integrated circuit wafer having a wafer active
surface; applying a first cleaning solution as a liquid over the wafer
active surface; applying a second cl eaning solution over the wafer active
surface to prevent or renmove a residue or a particle resulting from
the first cleaning solution; and processing a wafer process |ayer over the
waf er active surface having the residue or the particle substantially

el i m nat ed. 14. The method as clainmed in claim13 wherein applying
t he second cl eani ng solution includes applying a Standard Cl ean-2 sol ution
havi ng HCL, F707, H20, or conbinations thereof 15. The net hod as

claimed in claim213 wherein applying the second cl eaning sol ution includes

appl ying a second cl eaning solution having HCL, H202, and 1-12.0 in a ratio
range of 1:1:1 to 1:1:1000. 16. The method as clained in claim 13 wherein
applying the first cleaning n includd® formng the residue or the particle

from carbon- based contam nants. 17. The method as clained in claim
13 where!n applying the first cleaning solution includes finmng the
residue or the particle froman arsenic inplant. 18. The nethod as

claimed in claim13 wherein applying the first cleaning solution includes
applying a 1)1-1F solution having diluted 1-1F acid resulting in the wafer



