EVALUATION METHOD OF DEVICE WAFER

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an eveloahethod for evaluating the gettering
capability of a device wafer on which plural dew@e formed on a surface.

Description of the Related Art

In small-size, light-weight electronic apgas typified by mobile phones, a
device chip having a device such as an IC is aengis$ configuration. The device chip
is manufactured by partitioning a surface of a watemposed of a material such as silicon
by plural planned dividing lines called streets &mining a device in each region and then
dividing the wafer along the streets, for example.

In recent years, there are increasing dppities to process a wafer on which
devices have been formed (hereinafter, device Waier a thin wafer for the purpose of
size reduction, weight reduction, and so forthref tlevice chip. However, for example
when the device wafer is polished to be thinnetd@um or thinner, the gettering effect to
suppress the movement of metal elements harmfilet@evices is lowered and operation
failure of the device frequently occurs. To sothes problem, a processing method in
which a gettering layer that captures metal elemenformed in a device wafer has been
proposed (refer to e.g. Japanese Patent Laid-oper2009-94326). In this processing
method, the device wafer is ground under predetexdhconditions to form the gettering
layer including predetermined grinding distortiohile keeping the flexural strength of the

device wafer.

SUMMARY OF THE INVENTION

However, the gettering layer formed by #imve-described processing method
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does not always exhibit favorable gettering capgbil For evaluation of the gettering
capability of the gettering layer, a method of aijucontaminating the device wafer with
metal elements can be used for example. Howavéhjs case, it becomes impossible to
obtain a device chip as a non-defective productatTs, with this evaluation method, the
device wafer to become a product cannot be evaluate

Therefore, an object of the present inwents to provide an evaluation method
by which the gettering capability can be evaluat@gtiout contaminating a device wafer.

In accordance with an aspect of the presargntion, there is provided an
evaluation method of a device wafer on which aglity of devices are formed on a front
surface and inside which a gettering layer is fatmeThe evaluation method includes
radiating electromagnetic waves toward a back sarfd# the device wafer and radiating
excitation light to generate excess carriers, atdrchining the gettering capability of the
gettering layer formed in the device wafer on tlasi® of the damping time of reflected
electromagnetic waves.

In the present invention, the wavelengthhaf excitation light may be 904 nm
and the device wafer in which the damping timegsat to or shorter than 94% of the
damping time in a wafer inside which a getteringetais not formed may be determined to
have gettering capability.

Furthermore, in the present invention, wa&elength of the excitation light may
be 532 nm and the device wafer in which the damping is equal to or shorter than 75%
of the damping time in a wafer inside which a gatte layer is not formed may be
determined to have gettering capability.

Moreover, in the present invention, the glaugth of the excitation light may be
349 nm and the device wafer in which the dampingetis equal to or shorter than 45% of
the damping time in a wafer inside which a gettgriayer is not formed may be

determined to have gettering capability.
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In the evaluation method of a device wafsrording to the present invention, by
utilizing such a relationship that the lifetimetbe excess carriers generated by irradiation
with the excitation light is shorter when the gettg capability of the gettering layer is
higher, the gettering capability is evaluated oe thasis of the damping time of the
reflected electromagnetic waves equivalent to ifle¢irhe of the carriers. Therefore, the
gettering capability can be evaluated without hguwm contaminate the device wafer with
metal elements differently from the evaluation noetf the related art.

The above and other objects, features avdraages of the present invention
and the manner of realizing them will become maeaaent, and the invention itself will
best be understood from a study of the followingadigtion and appended claims with

reference to the attached drawings showing a pegfeambodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a perspective view schematicalhowing a device wafer before a
gettering layer is formed,;

FIG. 1B is a perspective view schematicaltpwing how a protective member
is stuck to the front surface side of the devicéewa

FIG. 2 is a perspective view schematicalipwing how the back surface side of
the device wafer is ground to form the getteringta

FIG. 3 is a perspective view schematicalipwing how the back surface side of
the device wafer is polished to partly remove gngdlistortion (stress); and

FIG. 4 is a partially sectional side vieshematically showing an evaluation

method of the device wafer according to an embodime

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of the present invention Wil described with reference to the
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accompanying drawings. First, a device wafer atrget of an evaluation method
according to the present embodiment will be desdiib FIG. 1A is a perspective view
schematically showing a device wafer before a gatidayer is formed. As shown in

FIG. 1A, a device wafer 11 is formed of a disk-stthvafer composed of a material such
as silicon for example and a front surface 1lavisléd into a device region 13 as a central
region and a peripheral surplus region 15 surrcumtie device region 13. The device
region 13 is further partitioned into plural regsohy streets (planned dividing lines) 17
arranged in a lattice manner and a device 19 sachnalC is formed in each region.
Outer circumference 11c of the device wafer llulgected to chamfering processing and
is slightly rounded.

On the side of a back surface 11b of tlegick wafer 11, a gettering layer is
formed by using a gettering layer forming methocdbeodescribed next. The gettering
layer forming method according to the present enrbedt includes a protective member
sticking step, a gettering layer forming step, argdress removing step for example.

First, the protective member sticking sbéfsticking a protective member to the
side of the front surface 1la of the device waférid carried out. FIG. 1B is a
perspective view schematically showing the protecthember sticking step. As shown
in 1B, a protective member 21 is formed into sultst#ly the same disk shape as the
device wafer 11 and an adhesive layer is providethe side of the front surface 21a. As
the protective member 21, e.g. an adhesive tapesia substrate, a semiconductor wafer,
etc. can be used. In the protective member stickiap, the side of the front surface 11a
of the device wafer 11 is made to face the sidéheffront surface 21a of the protective
member 21 and the device wafer 11 and the protectiember 21 are overlapped with
each other. This causes the protective membeio Zdetstuck to the side of the front
surface 11a of the device wafer 11 with the intehiawgy of the adhesive layer.

Next, the gettering layer forming step ofnmiing a gettering layer by grinding
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the side of the back surface 11b of the device wafeis carried out. FIG. 2 is a
perspective view schematically showing the gettetayer forming step. This gettering
layer forming step is carried out by grinding agpas 2 shown in FIG. 2 for example.
The grinding apparatus 2 includes a chuck tableatifiolds the device wafer 11 by suction.
This chuck table 4 is joined to a rotational dreairce (not shown) such as a motor and
rotates around a rotating axis extending alongvéracal direction. The upper surface of
the chuck table 4 serves as a holding surface la the device wafer 11 by suction. A
negative pressure by a suction source (not shoets)an the holding surface via a flow
path formed inside the chuck table 4. A spindiefring as a rotating shaft is supposed
over the chuck table 4. This spindle 6 is movedug down by an elevating mechanism
(not shown). A rotational drive source (not showagh as a motor is joined to the upper
end side of the spindle 6. A wheel mount 8 hawardjsk shape is fixed to the lower end
side of the spindle 6. A grinding wheel 10 haveuipstantially the same diameter as the
wheel mount 8 is mounted to the lower surface efvtheel mount 8. The grinding wheel
10 includes a wheel base 12 formed of a metal mahteuch as stainless steel. Plural
grinding stones 14 are fixed to the circular-ritgysed lower surface of the wheel base 12
across the whole circumference. For example, thedigg stones 14 made by binding
diamond abrasive grains whose grain size is at thost by a vitrified bond can be used.
This can form a favorable gettering layer while giag the flexural strength of the device
wafer 11.

In the gettering layer forming step, firfte side of the back surface 21b of the
protective member 21 stuck to the device wafersldrought into contact with the holding
surface of the chuck table 4 and the negative predsy the suction source is made to act
on the back surface 21b. Thereby, the device wHfeis held by suction by the chuck
table 4 with the intermediary of the protective nbem21 and the side of the back surface

11b is exposed to the upper side. Next, the grmdiheel 10 is lowered while the chuck
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table 4 and the spindle 6 are each rotated in depgamined direction, and the grinding
stones 14 are brought into contact with the sidih@foack surface 11b of the device wafer
11 while a grinding solution such as purified wasesupplied. This can grind the side of
the back surface 11b of the device wafer 11 anoh fargettering layer 23 (see FIG. 4)
including predetermined grinding distortion (stjessConditions such as the rotating
speed of the chuck table 4, the rotating speechefspindle 6, the grinding feed rate
(lowering rate) of the grinding wheel 10, the rafesupply of the grinding solution are

adjusted in ranges suitable for the formation ef gettering layer 23. For example, it is
preferable to adjust these conditions in the follmwanges: 100 (rpm) to 400 (rpm) about
the rotating speed of the chuck table 4; 1000 (rmr§000 (rpm) about the rotating speed
of the spindle 6; 0.05u(/s) to 0.5 um/s) about the grinding feed rate (lowering rate) o
the grinding wheel 10; and 2 (L/min) to 10 (L/mad)out the rate of supply of the grinding
solution.

Next, the stress removing step of polisiiygically CMP) the side of the back
surface 11b of the device wafer 11 to partly remineegrinding distortion (stress) of the
gettering layer 23 is carried out. FIG. 3 is aspective view schematically showing the
stress removing step. This stress removing stearised out by polishing apparatus 22
shown in FIG. 3 for example. The configurationtloé polishing apparatus 22 is similar
to that of the grinding apparatus 2. Specificalhg polishing apparatus 22 includes a
chuck table 24 that holds the device wafer 11 bstisn. A spindle 26 serving as a
rotating shaft is supposed over the chuck table Z4wheel mount 28 having a disk shape
is fixed to the lower end side of the spindle 2@ polishing wheel 30 having substantially
the same diameter as the wheel mount 28 is mountéde lower surface of the wheel
mount 28. The polishing wheel 30 includes a whesle 32 formed of a metal material
such as stainless steel. A polishing pad 34 hasirdjsk shape is fixed to the lower

surface of the wheel base 32.



In the stress removing step, first, theeswf the back surface 21b of the
protective member 21 stuck to the device wafersldrought into contact with the holding
surface of the chuck table 24 and a negative pressua suction source is made to act on
the back surface 21b. Thereby, the device wafas hkeld by suction by the chuck table
24 with the intermediary of the protective membgrad the side of the back surface 11b
is exposed to the upper side. Next, the polishihgel 30 is lowered while the chuck
table 24 and the spindle 26 are each rotated ne@epermined direction, and the polishing
pad 34 is brought into contact with the side oflbhek surface 11b of the device wafer 11
while a polishing solution is supplied. This cadligh the side of the back surface 11b of
the device wafer 11 and partly remove the grindiisgortion (stress) of the gettering layer
23. In this stress removing step, the side obthek surface 11b of the device wafer 11 is
so polished that a certain level of grinding distor remains. This can keep the flexural
strength of the device wafer 11 while ensuringghttering capability. In e.g. the case in
which the grinding distortion of the device wafek does not need to be removed, the
stress removing step can be omitted.

Next, the evaluation method for evaluatithg gettering capability of the
above-described device wafer 11 will be describddG. 4 is a partially sectional side
view schematically showing the evaluation methodaoflevice wafer according to the
present embodiment. As shown in FIG. 4, the evi@monamethod of the present
embodiment is carried out by using an evaluatiovicde42. As shown in FIG. 4, the
evaluation device 42 includes a placement tabled#hich the device wafer 11 is placed.
Above the placement table 44, a laser beam iriadiatnit 46 that irradiates the device
wafer 11 with a pulse laser beam (excitation light)aving a predetermined wavelength
(e.g. 904 nm, 532 nm, 349 nm, etc.) is positionedear the laser beam irradiating unit 46,
a microwave transmitting/receiving unit 48 that nsmits (radiates) microwaves

(electromagnetic waves) M1 toward the device walér and receives microwaves
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(electromagnetic waves) M2 reflected by the deweafer 11 is disposed. By this
microwave transmitting/receiving unit 48, changehe intensity of the microwaves M2
reflected by the device wafer 11 can be detected.

In the evaluation method according to thespnt embodiment, first, the device
wafer 11 is placed on the upper surface of thegptemt table 44, with the side of the back
surface 11b of the device wafer 11 exposed to fheemside. Next, the microwaves
(electromagnetic waves) M1 are transmitted (radjatefrom the microwave
transmitting/receiving unit 48 toward the back aod 11b of the device wafer 11. When,
in this state, the region irradiated with the micaves M1 is irradiated with the pulse laser
beam L from the laser beam irradiating unit 46, essccarriers (electrons, holes) are
generated on the side of the back surface 11beofi¢wice wafer 11 and the reflectance of
the microwaves M1 increases. That is, the intgrsitthe microwaves M2 received by
the microwave transmitting/receiving unit 48 becentegher. Thereafter, during the
period when the pulse laser beam L is not radidtedreflectance of the microwaves M1
gradually decreases in association with the recoatioin of the carriers. That is, the
microwaves M2 are gradually damped.

As a result of strenuous studies, the mteseventor has found such a
relationship that the lifetime of the carriers getted by the irradiation with the pulse laser
beam L (time from generation of carriers to recambon) is shorter when the gettering
capability of the gettering layer 23 is higher. efRhthe present inventor has completed
the present invention based on an idea that thergef capability can be evaluated by
measuring the damping time of the microwaves M2esponding to the lifetime of the
carriers. Specifically, the damping time of thecrawvaves M2 about the device wafer 11
as the evaluation target is measured and the ipetteapability is evaluated by comparing
this damping time with a predetermined referenceeti As the reference time, the

damping time of the microwaves M2 about a wafewimch the gettering layer 23 is not
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formed (bare wafer) can be used for example.

If this reference time is used and the wexvgth of the pulse laser beam L is set
to 904 nm, the device wafer 11 whose damping tsregual to or shorter than 94% of the
reference time is evaluated as having getteringlméify. Furthermore, if the wavelength
of the pulse laser beam L is set to 532 nm, thecdewafer 11 whose damping time is
equal to or shorter than 75% of the reference tim@valuated as having gettering
capability. Moreover, if the wavelength of the gmillaser beam L is set to 349 nm, the
device wafer 11 whose damping time is equal tohorter than 45% of the reference time
is evaluated as having gettering capability. Haoavethe wavelength of the pulse laser
beam L that can be used for this evaluation methotbt limited to the above-described
904 nm, 532 nm, and 349 nm.

Furthermore, it is also possible to evauthte flexural strength of the device
wafer 11 by a similar method. If the above-desatibbeference time is used and the
wavelength of the pulse laser beam L is set torifidthe device wafer 11 whose damping
time is equal to or longer than 85% of the refeeetime is evaluated as having favorable
flexural strength. Furthermore, if the wavelengtithe pulse laser beam L is set to 532
nm, the device wafer 11 whose damping time is edqoabr longer than 55% of the
reference time is evaluated as having favorablgufld strength. Moreover, if the
wavelength of the pulse laser beam L is set tor8d9the device wafer 11 whose damping
time is equal to or longer than 20% of the refeeetime is evaluated as having favorable
flexural strength. Also in the case of evaluating flexural strength of the device wafer
11, the pulse laser beam L having a different wervgth from the above-described 904 nm,
532 nm, and 349 nm can be used.

Next, a description will be made about apegziment carried out in order to
confirm the validity of the above-described evaluat

(Experiment)



In this experiment, the above-described mag time, the resistance against
metal contamination, and the flexural strength warecked about the device wafers 11 in
which the gettering layer 23 was formed under comaé different from each other
(condition 1 to condition 10). The wavelengthstwé pulse laser beam L radiated to the
device wafers 11 were three kinds of wavelengtbd, ®m, 532 nm, and 349 nm. The
experimental result obtained when the wavelengtih@fpulse laser beam L was 904 nm is
shown in table 1. The experimental result obtainden the wavelength of the pulse
laser beam L was 532 nm is shown in table 2. Kpermental result obtained when the
wavelength of the pulse laser beam L was 349 rshasvn in table 3. In each table, “OK”
represents the favorable state and “NG” represthietsdefective state. Furthermore, in
each table, the experimental result of a wafer hictv the gettering layer 23 was not

formed (bare wafer) is shown as a reference.

(Table 1)
Damping Metal
Flexural Strength

Time (%) Contamination
Reference 100 NG OK
Condition 1 87.4 OK OK
Condition 2 88.46 OK OK
Condition 3 88.46 OK OK
Condition 4 91.58 OK OK
Condition 5 90.24 OK OK
Condition 6 89.79 OK OK
Condition 7 94.04 NG OK
Condition 8 90.13 OK OK
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Condition 9 105.12 NG OK
Condition 10 84.8 OK NG
(Table 2)
Damping Metal
Flexural Strength
Time (%) Contamination
Reference 100 NG OK
Condition 1 73.34 OK OK
Condition 2 61.02 OK OK
Condition 3 60.52 OK OK
Condition 4 62.88 OK OK
Condition 5 62.76 OK OK
Condition 6 60.14 OK OK
Condition 7 75.43 NG OK
Condition 8 57.65 OK OK
Condition 9 125.03 NG OK
Condition 10 54.72 OK NG
(Table 3)
Damping Metal
Flexural Strength
Time (%) Contamination
Reference 100 NG OK
Condition 1 21.59 OK OK
Condition 2 30.75 OK OK
Condition 3 35.21 OK OK
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Condition 4 43.42 OK OK
Condition 5 42.95 OK OK
Condition 6 42.01 OK OK
Condition 7 45.12 NG OK
Condition 8 36.38 OK OK
Condition 9 114.7 NG OK
Condition 10 19.38 OK NG

From the respective tables, it can be cordd that the above-described
evaluation is valid. For example, to ensure bbthdettering capability and the flexural
strength, the device wafer 11 is processed tofgdkie following condition. Specifically,
when the wavelength is 904 nm, the damping tim@&5kb to 94% of the reference time.
When the wavelength is 532 nm, the damping time5bkb to 75% of the reference time.
When the wavelength is 349 nm, the damping tin29% to 45% of the reference time.

As described above, in the evaluation netbibthe device wafer according to
the present embodiment, by utilizing such a retetigp that the lifetime of excess carriers
generated by irradiation with the pulse laser béaxcitation light) L is shorter when the
gettering capability of the gettering layer 23 igher, the gettering capability is evaluated
on the basis of the damping time of the microwgvelected electromagnetic waves) M2
equivalent to the lifetime of the carriers. Theref the gettering capability can be
evaluated without having to contaminate the deweafer 11 with metal elements
differently from the evaluation method of the rethart.

The present invention is not limited to thescription of the above embodiment
and can be carried out with various changes. FKamele, in the above embodiment, the
damping time of the microwaves M2 about a wafewimch the gettering layer 23 is not

formed (bare wafer) is used as the reference tinawever, the reference time can be
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arbitrarily changed. For example, the damping tioheéhe microwaves M2 about the
device wafer 11 whose gettering capability is opted may be used as the reference time.
Furthermore, in the above embodiment, the microwtmaasmitting/receiving unit 48
integrally including the transmitting part that rismits (radiates) the microwaves M1
toward the device wafer 11 and the receiving padt treceives the microwaves
(electromagnetic waves) M2 reflected by the deweder 11 is described. However, the
transmitting part and the receiving part of the nmicave transmitting/receiving unit may
be separate parts.

The present invention is not limited to tHetails of the above described
preferred embodiment. The scope of the invensatefiined by the appended claims and
all changes and modifications as fall within theligglence of the scope of the claims are

therefore to be embraced by the invention.
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CLAIMS

1. An evaluation method of a device wafer on Wwraglurality of devices are
formed on a front surface and inside which a geigelayer is formed, the evaluation
method comprising:
radiating electromagnetic waves toward a bactase of the device wafer
and radiating excitation light to generate excessers; and
determining gettering capability of the getteriagdr formed in the device
wafer on the basis of a damping time of reflectiedteomagnetic waves.
2. The evaluation method of a device wafer adgogrtb claim 1, wherein
a wavelength of the excitation light is 904 nm, and
the device wafer in which the damping time is edqoair shorter than 94%
of the damping time in a wafer inside which a gettglayer is not formed is
determined to have gettering capability.
3. The evaluation method of a device wafer adgogrtb claim 1, wherein
a wavelength of the excitation light is 532 nm, and
the device wafer in which the damping time is edqoaair shorter than 75%
of the damping time in a wafer inside which a gettglayer is not formed is
determined to have gettering capability.
4. The evaluation method of a device wafer aagagrtb claim 1, wherein
a wavelength of the excitation light is 349 nm, and
the device wafer in which the damping time is edqoair shorter than 45%
of the damping time in a wafer inside which a gettglayer is not formed is

determined to have gettering capability.
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