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ION EXTRACTION PROCESS AND APPARATUS
FOR SINGLE SIDE WAFERS

Backaground of the invention

This invention relates generally to silicon wafer cleaning, and in
particular to an apparatus and method for determining inorganic ionic
contamination on a single surface of a wafer.

A substantial concern in the manufacture of silicon wafers for
semiconductor chips is surface contamination. Impurities degrade wafer surfaces
allowing a haze to form on the surfaces, and can cause corrosion of metallic
components of semiconductor devices. Among the contaminants that have a
detrimental impact on the quality and reliability of integrated circuit devices are
inorganic anions such as chloride, sulfate, nitrate, and fluoride.

Accurate measurement of silicon wafer surface anion contamination
is crucial to maintain quality control of the manufacturing process. Contamination
levels must be monitored to ensure that products are of a quality necessary for
production of integrated circuit devices. Typically, a small percentage of
production wafers are randomly sampled for testing. If anion concentration
exceeds an allowable level, wafer production may be halted until the
contamination source(s) can be identified and eliminated.

Previous measurement methods have not aliowed testing a single
side of a silicon wafer. Single-side data is of primary importance since integrated
circuit devices are typically mounted 6n|y on one side of the wafer, and only on

that side is contamination a concern. One technique established in the art for
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detection of inorganic ionic contaminants on all surfaces of the wafer is to perform
a water extraction, in which the_wafe_f is. imﬁemed in pUre water for a period of
time to cause a transfer of anions (which are water-soluble) from the wafer
surface to the water. The water is subseqguently analyzed using an ultra trace _
analysis method such as ion c;hromatogr_aphy (IC)or caﬁ_illary electrophoresis
(CE) to determine anion concentrations. .This_ technique provides the average
contamination level of the entire wafer, including both sides, but precludes
measuring contamination on a single surface.

Further, previous measurement methods are subject to inaccuracy
and non-reproducibility. Sampled wafers are exposed to contamination not only
during the manufacturing process but also during the contamination
measurement process. Airborne gas phase species in any open environment
circulate past deionized water used in an extraction._and contaminate it._ Even
class 1 cleanrooms contain aix_'borne molecular spepies cqnt_amin_ants. When IC
or CE test resuits indicate high levels of contamination, uncertainty arises aé to
whether the impurities originate in the manufacturing process or in the

measurement process.

Summary of the Invention

Amdng the several objects and features of the present invention
may be noted the provision of a process and apparatus to extract inorganic ionic

contaminants from a single side of a silicon wafer; the provision of such a process
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and apparatus which provides an accurate sample of ionic inorganic
contaminants on a single side of the wafer; the provision of such a process and
apparatus that minimizes contamination from airborne sources; and the provision
of such a process and apparatus which is economical to use.

Briefly, a process of the present invention for extracting inorganic
jonic contaminants from a front surface of a silicon wafer for chemical analysis
comprises placing the wafer upon a mount that supports the wafer in a generally
level orientation with the front surface of the wafer facing upwardly. The wafer is
isolated to inhibit air circulation over the front surface and a layer of extraction
fluid is deposited upon the front surface of the wafer. The layer of extraction fluid
is held on the front surface of the wafer for a period of time so that contaminants
on the front surface are extracted into the layer bf fluid, and a portion of the layer
of fluid from the front surface is collected for subsequent analysis.

In another aspect, apparatus of the present invention extracts
inorganic ionic contaminants from a front surface of a éilicon wafer. The |
apparatus comprises a container adapted to receive the wafer, and a sampling
device for taking a sample from the layer of extraction fluid on the front surface of
the wafer. The container has a support for holding the wafer in a generally level
orientation with the front surface of the wafer facing upwardly. The container is
further adapted to inhibit air circulation over the front surface of the wafer. The
container has an inlet orifice for introducing the layer of extraction fluid to the front
surface of the wafer. |

Other objects and features of the present invention will be in part

apparent and in part pointed out hereinafter.
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Brief Description o_f the Dl_'awings

FIG. 1 is a cross-sectional view of a container of the present
invention with a silicon wafer suppor.ted. therein; and

FIG. 2 is a schematic of an apparatus of the present invention
including the container, tw)vo sources of ﬂ_uid,_ two syringes, .inlet tubing, outlet
tubing, and a sample collection bottle. |

Corresponding reference characters indicate corresponding parts -

throughout the views of the drawings.

Detailed Description of the Preferred Embodiment

Referring now to the drawings and in particular to Fig. 1, a container
for extracting inorganic ionic contaminants from a single side of silicon wafers is
indicated generally at 10. |

The container 10 is sized and shaped to enclose a single generally
fiat, thin wafer 12 such as those made of silicon in the manufacture of |
semicofxdu_ctor chips for integrated circuit devices. The container 10 has an
elongated rectangular shape, although cylindric or other shapes could work
equally as well. The container 10 includes a generally fiat bottom 14 for
placement on a flat surface such as a table, and a cover 16. In the preferred
embodiment, the bottom 14 and cover 16 are constructed of a suitable, uniform .
thickness, transparent material, such as polymethy! methacrylate (PLEXIGLASS).

The bottom 14 of the container 10 has a ridge 18 projecting

upwardly from a position near an Qut_e'r perimeter of the bottom. The ridge 18

~extends in a closed geometric shape around the bottom 14, and is set back from
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an edge of the perimetéf of the bottom a constant distance approximately equal
to the thickness of the cover 16.

The cover 16 includes a top portion 20 and side walls 22. When
placed over the bottom 14, the side walls 22 of the cover 16 engage the ridge_1 8
near the outer perimeter of the bottom, thereby to close the container 10. The
engagement of the side walls 22 of the cover 16 against the ridge 18 of the
bottom 14 forms a loose seal that prevents substantial air passage into or out of
the container 10, thereby isolating the interior.

A platform 24 attached to the bottom 14 of the container 10 is
substantially centered on the bottom. The platform 24 has a uniform height to
provide a flat and level upper surface 26 of the platform at an elevation generally
in the lower middle of the container. The upper surface 26 of the platform 24 has
a plurality of support nubs 28 attached thereto. The wafer 12 rests on the support
nubs 28. The platform 24 and support nubs 28 hold the wafer 12 in a generally
level orientation with a front surface 27 of the wafer facing upwardly. In thé_
preferred embodiment, there are four support nubs 28 glued to the upper surface
26 of the platform 24, each support nub being constructed of polyurethane.

- Preferably, the container 10 is only as large as needed to receive
the wafer 12 and permit the extraction operation to be carried out, as described
more fully hereinafter. It is advantageous that the container 10 enclose no more
volume of air than necessary, thereby minimizing exposure to airborne
contaminants. Thus, differently sized containers are preferably used for wafers of
different diameter. For extracting 300-mm diameter wafers, inner dimensions of

the container 10 have been 355.6-mm x 355.6-mm x 76.2-mm, with a platform
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size of 177.8-mm x 177.8-mm x 25._4_-mm-. For 200-mm diameter wafers,

container inner dimensions of 254-mm x 254-mm x 76.2-mm and a platform of -

- 127-mm x 127-mm x 25.4-mm have been effective. The smaller dimension in all

cases is the height.

The top portion 20 of the cover 16 of the container 10 has an inlet
orifice 30 formed therein for introducing an extraction fluid into the container. The
orifice 30 is located above the front surface 27 of the wafer 12 when supported on
the platform 24. In the preferred embodimént, the orifice 30 is located near a
center of the top portion 20.

An outlet orifice 32 is formed in.one of the side walls 22 of the cover
16, as seen in Fig. 1, for removing fluid frqm-th_e' container 10. An outlet tube 34
extends through the outlet orifice 32 and is slidingly movable within it to facilitate .
fluid removal. A portioh of the outlet tubé- 34 that extends through the outlet .
orifice 32 and toward the wafer 12 is wrapped in a sleeve tube 35. The outlet
tube 34 is slidingly movable within sieeve tube 35, and the sleeve tube is siidingly :
movable within the outlet orifice 32. itis envisioned that the outlet orifice 32 may
be Ioéted anywhere along the cover 16 or bbttom 14 of the container 10, or may
be combined with the inlet orifice 30, and still be within the scope of this invention.

Referring now to Fig. 2, the contaiﬁer 10 is shown in relation to
other parts of the apparatus for performing the process pf.the present invention.
Means for introducing a layer of extraction fluid éompﬁseS-é source of fluid 36, an
injectiﬁg syringe 38, and inlet tubing 40 feceived through the inlet orifice 30. The
source of fluid 36 is a first supply bottle 42 containing the extraction fiuid and a

gas. The gas fills an entire portion of the first supply bottle 42 that is not occupied
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by fluid, and it is pressurized to a level slightly greater than atmospheric pressure,
such as 15 psi absolute. The pressurized gas prevents the entry of ambient air
into the bottle, and facilitates removal of fluid from the bottle.

In the preferred embodiment, the extraction fluid is deionized water.
Deionized water having a resistivity of 18 MQ (Megohms) has been used with
satisfactory resuits. The gas within the supply bottle 42 is Helium or Argon. The
water and the gas are of high purity to ensure that no ionic inorganic
contaminants are introduced to the water prior to extraction that would corrupt the
test resuits.

Inlet tubing 40 adapted to convey fluid into the container 10 extends
from the first supply bottle 42 to a first valve 44 and then to engagement with the
inlet orifice 30 in the cover 16 of the container. The first valve 44 has a multi-port
switching feature and is further connected by additional inlet tubing 40 to the first
syringe 38. Preferably, the inlet tubing 40 is made of polytetrafluoroethylene
(TEFLON). -

A sampling device for taking a sample from the layer of extraction
fluid includes the outlet tube 34, the sleeve tube 35, a sampling syringe 46, and a
sample collection bottle 48. The outlet tube 34 has a curved sampling head 50 '
on a distal end. The sleeve tube 35 is of a thicker construction and more rigid
than the outlet tube 34, and will more readily hold a shape. The sleeve tube 35
thereby helps the outlet tube 34, which is relatively flexible, to maintain'a stiff and
straight section through the outlet orifice 32 and to maintain the curved form of
sampling head 50. Although the outlet tubing 34 is slidingly movable within the

sleeve tube 35 for the necessary assembly of the apparatus, the tubing normalily
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stays fixed relative to the sieeve tube in the process of the present invention. The
outlet tube 34 and sleeve tube 35 are together slidingly movable in the outlet
orifice 32 relative to the container 10, bgtweén a first position (shown in phantom
in Fig. 1) in which an open end of the sampling head 50 is located over the front
surface 27 of the wafer 12, and a second posit_fon (shown in solid lines in Fig. 1)
in which the open end of the sampling head 50 is not over the front surface yet
remains within the container. The outlet tubing 34 is preferably made of
polytetrafluoroethylene (TEFLON), although othér materials may be used without
departing from the scope of the present invention.

The outlet tubing 34 extends .from the sampling head 50 in the
container to a second valve 52 and then to the. sémple collection bottle 48. The
sample collection bottle 48 functions aé:a receptacle for the sample of fluid. The
second valve 52 has a multi-port switching feature and is further connected by
additional outlet tubing 34 to the s_.amplihg syringe 46 and to a second supply-
bottle 54. After an extraction process is complete, water frbm the second sﬁpply
bottle 54 is provided for rinsing and purifying the apparatus, as hereinafter
described. 1t is envisioned that one supply bottle could fulfiil the purposes of both
the first and second supply bottles, 42 and 54, respectively.

A process of the present invention for extracting inorganic ionic

contaminants from the front surface 27 of the sjlfcon wafer 12 for chemical

analysis begins by transferring the wafer from a conventional cassette. (not
shown) to the container 10. A conventional wafer transfer device (not shown) is

used to place the wafer 12 upon the support nubs.-.28 of fh_e platform 24. The
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front (i.e., finished) sﬁrféce 27 of the wafer, the surface which is to-be extracted,
is generally level and faces upwardly. -

The cover 16 of the container 10 is fitted on the bottom 14, so that
the side walls 22 of the cover engage the ridgé 18 near the outer perimeter of_the
bottom to close the container. Air circulation near the wafer 12 from the
surrounding room is thereby inhibitéd, minimizing the quantity of airborne
contaminants to which the wafer is exposed during the time of the extraction.

The layer of extraction fluid is next deposited upon the front surface
27 of the wafer 12. To do this, a plunger 56 of the injecting syringe 38 is -
extended to creaie a vacuum in the inlet tubing 40 and draw deionized water from
the first supply bottle 42 through the inlet tubing and the first vaive 44 into the
injecting syringe. The first valvé 44 is switched to shut a line of inlet tubing 40
from the first supply bottle 42 and open a line to the container 10. The plunger 56
of the injecting syringe 38 is compressed, forcing the water from the syringe
through the first valve 44 and the inlet orifice 30 into the container 10. The.water
drops onto the front surface 27 of the wafer 12.

A quantity of fluid is deposited- to create a thin layer, preferably
covering all of the front surface 27. In practice, it has been found that for 300mm
diameter wafers, about 40 ml of fluid is effective; for 200mm wafers, about 20 mi
of fluid works well.

The {ayer of extraction fluid rests on the front surface 27 of the wafer
12 for a period of time to extract ion contaminants from the front surface to the
fluid. The water soluble ions that contaminate the front surface 27 are dissolved

into the water. Although a period of about 10 minutes has been successful, a
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period of about 15 minutes is preferable to ensure the effectiveness of the
process. During that time period, i’; is advantageoué to gently roll or shake the
container 10 to agitate the layer of fluid. The agitati_on facilitates the transfer-of
ions from the front surface 27 to thé-ﬂuid and makes the concentration of ions
more uniform throughout the Iayer_.sr Intermittent agitation 'has proven adequate,
such as once every two o three minutes.

When the c_:oniainer 10 is gently shaken, the wafer 12 remains
stationary relative to the container sinbe‘ the plurality of support nubs 28 provide

adequate lateral frictional support to prevent the wafer from sliding on the

‘platform 24. Further, the layer of extraction fluid continues to cover substantially

all of the front surface 27 of the wafer 12. The fiuid is rolled about and
redistributed around the front surface 27, but surface tension keeps the fiuid upon
the front surface and prevents spillage. During e*tracﬁon:,' the outlet tubing 34 is
slid to the second position where the open end of the sampling head 50 remains
away from the wafer 12. - |

After the time period for extraction is oompiete, the sampling head
50 is slidably moved to the first position so that the open end is closely adjacent
the layer of fluid on the front surface 27 of the wafer 12. A portion of the layer of
fiuid from the front surface 27 is collected for subsequent analysis. A plunger 58
of the sampling syringe 46 is extended, creating a vacuum in the outlet tubing 34
and drawing fluid from the front surface 27 through the out!ét tubing, the outlet
orifice 32, and the second valve 52 into the sampling syringe. The container 10
may need to be tilted slightly to bias the layer of extraction fluid toward the open

end of the sampling head 50 for efficient collection. Further, the outlet tubing 34
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may need to be rotated, tilted, slid relative to sieeve tube 35, or otherwise
manipulated to place the open end in a location for water collection. In préctice,
the open end of the sampling head 50 of outiet tbbe 34 often makes contact with
the front surface 27 of the wafer 12.

Atfter fluid has been drawn into the sampling syrinée 46, the second
valve 52 is switched to shut a line of outlet tubing 34 from the container 10 and
open a line to the sample collection botftie 48. The plunger 58 of the sampling
syringe 46 is compressed, forcing the fluid from the syringe through the second
valve 52 into the sampie collection bottle 48. !n practice, the entire layer of fluid
need not be collected, since only about 10mi of fluid are needed for subsequent
analysis. -

The sample collection bottle 48 is removed and the extraction fluid
is delivered for chemical analysis by a suitable ultra trace method such as
conventional ion chromatogréphy (IC) or capillary electrophoresis (CE). That
analysis provides the average concentrations of N H,*, Br, CI, SO,%, NO;, F and
HPO,* that were present on the front surface 27 of the wafer 12. The sampling
head 50 is slid back to the second position, and the wafer 12 is removed from the
container 10.

Pure watér from the second supply bottle 54 is used to rinse and
purify the outlet tubing 34, second valve 52, and sampling syringe 46 in
preparation for an extraction of a new wafer. To do this, the second valve 52 is
switched to open a line of tubing 34 from the second supply bottle 54. The
plunger 58 of the sampling syringe 46 is extended, drawing pure water into the

sampling syringe. The water absorbs residual contaminants within the interior of
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the sampling syringe 46. The plunger 58 _' is f;ompresseq,-forcing water through
the line of outlet tubing 34 that extends tovygrq the sample collection bottie 48,
thereby rinsing the interior of the sqoond _\_lah{e_ 52 and the tubing 34. The bottle
48 has been previously remov_ed. 's_o. that the water flows out of the apparatus for
suitable disposal. |

The second vaive 52 is svv)itch?d to open the line of tubing 34 from
the container 10. The plunger 58 of tlje sampling syringe 46 is further
compressed forcing water toward the @:ontaingf 10, thereby rinsing the interiors of
the second valve 52, the tubing 34, 'aqd_ the c_.:Lilrv.ed. sampling head 50. The water
flows into the bottom of the container 10 and is suitably removed. This rinse
process ensures purification and precludes aﬁy carryovef effect from one wafer
extraction to another. The apparaius_is then ready to be used again.

In view of the above, it will be seen that the several objects of the
invention are act:ieved and other advantag_eous results obtained.

As various changes could bé made in the above without departing
from the scope of the invention, it is i_r_\tended._that all matter contained in the
above description and shown in thé_z gc_comp_anying drawings shall be interpreted

as illustrative and not in a limiting sense.
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WHAT IS CLAIMED IS:
1. A process for extracting inorganic ionic contaminants from a

front surface of a silicon wafer for chemical analysis, comprising:
placing the wafer upon a mount that supports the wafer in a
generally level orientation with the front surface of the wafer facing
5 upwardly;
isolating the wafer to inhibit air circulation over the front surface;
depositing a layer of extraction fiuid only upon the front surface of

the wafer;

holding the layer of extraction fluid on the front surface of the wafer
10 for a period of time so that contaminants on the front surface are extracted
into the layer of fluid; |
collecting a portion of the layer of fluid from the front surface for

- subsequent analysis.

2. A process as set forth in claim 1 wherein the step of
depositing the iayer of extraction fluid upon the front surface of the wafer

comprises covering substantially all of the front surface with extraction fluid.

3. A process as set forth in claim 2 wherein the step of holding
the layer of extraction fluid on the wafer for a period of time includes the step of
agitating the layer of fluid, thereby facilitating extraction of contaminants into the

fluid.

-
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4, A process as set forth in claim 3 whgrein the period of time
the layer of extraction fluid is held on the front surface of the wafer is at least

about 10 minutes.

5. A process as set forth in claim 4 wherein the step of agitating

the layer of extraction fluid is performed intermittently.

6. A process as set forth in claim 3 wherein the step of
collecting the portion of the layer of _ﬂuid further comprises transferring extraction
fluid from the front surface of the wafer to a receptacle while maintaining the

wafer and the fiuid substantially isolated from air circulation.

7. A process as set _for_th in claim 1 wherein the step of
depositing the layer of extraction fluid comprises delivering the extraction fluid
from a location above the front surface of the wafer while maintaining the wafer

and the fluid substantially isolated from'ai_r circulation.

8. Aprocess as set forth in claim 1 wherein the extraction fluid

is deionized water having a resistivity of about 18 MQ.

This Sheet Has Been Replaced
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9. | An ébpara’tus for extracting inorganic ionic contaminants from
a front surface of a silicon wafer, the apparatus comprising:
a container adapted to receive the wafer, the container having a
support for holding the wafer in a generally level orientation with the front
5 surface of the wafer facing upwardly, the container being adapted to inhibit
air circulation over the front surface of the wafer and having an inlet orifice
for introducing a layer of extraction fluid to the front surface of the wafer;
and
a sampling device for taking a sample from the layer of extraction

10 fluid on the front surface of the wafer.

10. An apparatus as set forth in claim 9 wherein the inlet orifice is
located above the front surface of the wafer, and wherein the container has an

outlet orifice formed therein for removing fluid from the container.

11.  Apparatus as set forth in claim 10 wherein the sampling
device comprises an outlet tube exten_ding through the outlet orifice in the
container, the outlet tube being slidingly movable in the outlet orifice relative to
the container between a first position in which a distal end of the outlet tube is

5 located over the front surface, and a second position in which the distal end of the

outlet tube is not over the front surface.
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12.  Apparatus as set forth in claim 11 wherein the sampling
device further comprises a sampling syringe in selective fluid communication with

the outlet tube and a sample collection bottle in selective fluid communication with

the syringe.

13.  An apparatus as set forth in claim 12 further comprising
means for introducing the layer of extraction fiuid, said fluid introducing means
comprising a source of fluid, an injecting syringe, and inlet tubing received

through the inlet orifice to convey the extraction fluid into the container.

14. An apparatus as set forth in claim © wherein the support of
the container comprises a platform having a plurality of support nubs for

supporting the wafer and resisting lateral motion of the wafer.

is Sheet Has Been Replaced.
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