
DESCRIPTION MANUFACTURING METHOD FOR SEMICONDUCTOR
CHIPS AND SEMICONDUCTOR WAFER Technical Field The
present invention relates to a semiconductor wafer
where semiconductor devices arranged in a plurality of
device-formation-regions defined by dividing regions
and a TEG placed in the dividing regions are formed
and to a manufacturing method for semiconductor chips
each of that includes the semiconductor device
individualized from the semiconductor wafer by
individually dividing the deviceformation- regions
along the dividing regions . Background Art
Conventionally, various methods for manufacturing a
plurality of semiconductor chips by dividing such a
semiconductor wafer have been known. For example, a
method for collectively forming semiconductor devices
in a plurality of device-formation-regions provided on
a wafer of single-crystal silicon or the like,
mechanically cutting (i.e., by dicing) the wafer along
dividing regions located between adjacent
device-formation-regions and manufacturing
semiconductor chips by individualizing the
deviceformation-regions is known. Moreover, in such a
wafer, an evaluation device (test device) that is
called a TEG, or a Test Element Group, 



is formed in the dividing regions. In various
processes of the semiconductor chip manufacturing
process, the actual device characteristics are
monitored by investigating various characteristics by
means of the thus-formed TEG. Moreover, it is often
the case where such a TEG is formed of a material that
contains various kinds of metals and inorganic
substances besides silicon and silicon oxide that are
generally the principal materials of the wafer.
Moreover, the formed TEG becomes unnecessary after the
various characteristics are investigated, and the TEG
is removed by cutting (or dicing) in the stage of
wafer dicing along the dividing regions. Although
shrinkage (narrowing) of the dividing region has been
promoted to increase the number of semiconductor chips
obtainable per a wafer or to expand the
device-formation-regions in recent years, there is a
limitation in narrowing the width of the TEG formation
region from the viewpoint of reliably carrying out
various electrical measurements. Therefore, the
dividing regions are narrowed by reducing a gap
between the edge portion of the TEG formation region
and the edge portion of the dividing regions.On the
other hand, chipping of generating minute fragments or
microcrack of generating minute cracks are easily
caused by impacts during cutting by a blade during 



wafer dicing, and therefore, it is necessary to carry
out the cutting by the blade in a position located
apart from the device-formation-region by some degree.
Therefore, if the narrowing of the dividing regions as
described above is promoted, it is a case where the
TEG cannot completely be removed by the cutting. If
the TEG partially remains unremoved, short circuit or
the like occurs due to the contact of the TEG with the
wiring pattern when the semiconductor chip is mounted,
and it is concerned that the problem of circuit
failure might occur. In order to suppress the
occurrence of the problem, various methods have been
considered as a method for removing the TEG by
cutting, as disclosed in, for example, Japanese
unexamined patent publication No. 2002- 231659 and No.
2001-60568. Disclosure of Invention In recent years,
plasma dicing using plasma etching has attracted
attention as a novel dicing technology for wafer
dividing (refer to, for example, Japanese unexamined
patent publication No. 2004-172365) . However, it is
often the case where the TEG is formed ofvarious
metals and inorganic substances unlike silicon and
silicon oxide. Accordingly, there is a problem that
the TEG cannot completely be removed by the etching
and remains unremoved by the plasma dicing (e.g.,
plasma dicing using a 



fluorine based plasma) that uses a gas for etching the
silicon based material. Therefore, it is considered to
remove the TEG by etching by performing the etching
with the use gas type changed during the plasma
dicing. However, there is a problem that time and
labor for changing the gas type of the etching are
needed in such a case, and the efficiency of the
semiconductor chip manufacturing process is hindered.
An object of the present invention is to solve the
above problems and provide a semiconductor chip
manufacturing method and a semiconductor wafer capable
of dividing a wafer on which a TEG is formed into
individual pieces of semiconductor chips by using
plasma dicing, efficiently removing the TEG and
further increasing the number of semiconductor chips
obtainable per a wafer or expanding the
device-formation-regions. In order to achieve the
above object, the present invention has the following
constitutions. According to a first aspect of the
present invention, there is provided a manufacturing
method for semiconductor chips comprising:forming a
semiconductor device in each of deviceformation-
regions defined by dividing regions and forming a TEG,
or a test element group/ in a TEG-placement portion,
the dividing regions being arranged so as to include
the 



TEG-placement portion where the TEG is arranged and
regionwidth- reduced portions whose region widths are
made smaller than that of the TEG-placement portion on
a first surface of a semiconductor wafer; sticking a
protective sheet onto the first surface of the
semiconductor wafer so that the sheet is brought in
contact with the TEG; placing a mask on a second
surface which is a surface located opposite from the
first surface of the wafer so as to define the
dividing regions; performing plasma etching on the
second surface of_ the wafer in a state that the
protective sheet is stuck to and the mask is placed
on, thereby portions corresponding to the dividing
regions are removed and then the
device-formation-regions are divided into individual
semiconductor chips each of which includes the
individualized semiconductor device; and removing a
remaining portion of the TEG, which remains in the
TEG-placement portion and is stuck to the protective
sheet, together with the protective sheet by peeling
off the protective sheet from the semiconductorchips
divided by the plasma etching, thereby the
individualized semiconductor chips are manufactured.
According to a second aspect of the present invention,
there is provided the manufacturing method for 



the semiconductor chips as defined in the first
aspect, wherein in forming the semiconductor devices
and the TEG, the dividing regions are arranged so as
to include the region-width-reduced portions that have
widths smaller than the width dimension of the TEG and
the TEG-placement portion that has a width dimension
greater than the width dimension of the TEG. According
to a third aspect of the present invention, there is
provided the manufacturing method for the
semiconductor chips as defined in the first aspect,
wherein in forming the semiconductor devices and the
TEG, the dividing regions are arranged so that the
TEG-placement portion is arranged adjacent to a corner
portion of the device-formation-regions. According to
a fourth aspect of the present invention, there is
provided the manufacturing method for the
semiconductor chips as defined in the first aspect,
wherein the device-formation-regions are
rectangularregions, the dividing regions include a
plurality of first dividing regions for dividing
mutually adjacent deviceformation- regions in a first
-direction and a plurality of second dividing regions
for dividing in a second direction 



perpendicular to the first direction as the
region-widthreduced portions, and the dividing regions
are arranged in a manner that the TEG-placement
portion is formed by partially expanding widths of the
first dividing regions and the second dividing regions
so that corner portions of the
device-formation-regions facing an at least one
intersection of the first dividing regions and the
second dividing regions are set back inward. According
to a fifth aspect of the present invention, there is
provided the manufacturing method for the
semiconductor chips as defined in the fourth aspect,
wherein the first dividing regions and the second
dividing regions have width dimensions smaller than
the width dimension of the TEG, and the TEG-placement
portions have width dimensions greater than the width
dimension of the TEG. According to a sixth aspect of
the present invention, there is provided the
manufacturing method for the semiconductor chips as
defined in the fourth aspect, whereinthe TEG-placement
portion is formed so that the corner portions of the
device-formation-regions facing the intersection
become roughly curved convex surface portions.
According to a seventh aspect of the present 



invention, there is provided the manufacturing method
for the semiconductor chips as defined in the fourth
aspect, wherein the TEG-placement portion is formed by
chamfering the corner portions of the
device-formation-regions facing the intersection.
According to an eighth aspect of the present
invention, there is provided a semiconductor wafer
comprising: a substrate that has a
circuit-formation-face on which a plurality of
device-formation-regions and dividing regions for
defining the device-formation-regions are arranged; a
plurality of semiconductor devices placed in the
device-formation-regions, respectively; and a TEG, or
test element group, placed in a TEGplacement portion
of the dividing regions, the dividing regions
including the TEG-placement portion and regionwidth-
reduced portions whose region widths are made smaller
than that of the TEG-placement portion. According to a
ninth aspect of the presentinvention, there is
provided the semiconductor wafer as defined in the
eighth aspect, wherein the dividing regions are formed
so as to include the region-width-reduced portions
that have widths smaller 



than the width dimension of the TEG and the
TEG-placement portion that has a width dimension
greater than the width dimension of the TEG. According
to a tenth aspect of the present invention, there is
provided the semiconductor wafer as defined in the
eighth aspect, wherein the device-formation-regions
are rectangular regions, the dividing regions include
a plurality of first dividing regions for dividing
mutually adjacent deviceformation- regions in a first
direction and a plurality of second dividing regions
for dividing in a second direction perpendicular to
the first direction as the region-widthreduced
portions, and the TEG-placement portion, in which
widths of the first dividing regions and the second
dividing regions are partially expanded so that corner
portions of the deviceformation- regions facing an at
least one intersection of the first dividing regions
and the second dividing regions are set back inward.
According to the aspects of the present invention,by
-manufacturing method for semiconductor chips by
dividing a semiconductor wafer where a TEG is formed
in dividing regions into individual pieces in the
respective deviceformation- regions along the dividing
regions, by forming 



the dividing regions that include the TEG-placement
portion where the TEG is placed and a
region-width-reduced portion of which the region width
is made smaller than the TEGplacement portion, the
region width of the region-widthreduced portion can be
determined by freely reducing the region width without
suffering a restriction on the TEG width. With this
arrangement, the distance between the edge portions of
mutually adjacent device-formation-regions can be
reduced by reducing the region width of the
regionwidth- reduced portion in the dividing region to
the extent that the regions can be divided by plasma
etching. Therefore, a semiconductor chip manufacturing
method capable of reducing the area of the entire
dividing regions, increasing the number of
semiconductor chips obtainable per unit area or
expanding the area of the device-formationregion on
the semiconductor wafer can be provided. Particularly,
by setting a width dimension of the TEG-placement
portion greater than a width dimension of the TEG in
the dividing regions and arranging the dividing
regions so that the region-width-reduced portions
having width dimensions set smaller than the width
dimension ofthe TEG is included, the widths of the
dividing region in the portion where the TEG is not
placed (i.e., widths of the region-width-reduced
portions) can be made smaller than the width of the
TEG, and the region area of the entire 



dividing regions can concretely be reduced. Moreover,
by expanding the widths of the first dividing regions
and the second dividing regions at the intersection of
the first and second dividing regions which are
arranged in the mutually opposite directions, so that
the corner portions of the device-formation-regions
facing the intersection are set back, the
TEG-placement portion can be formed and placed.
Moreover, the effects described above can similarly be
obtained not only by the manufacturing method for the
semiconductor chips but also in the semiconductor
wafer where the semiconductor devices are formed in
the respective device-formation-regions defined by the
arrangement of the dividing regions and the TEG is
formed on in the TEG-placement portion. Moreover, the
TEG, which is formed in the dividing regions during
the semiconductor chip manufacturing process for
characteristic investigation, are formed of the
materials of silicon and silicon oxide that are the
objective materials to be etched by the plasma etching
and also of a material that contains, for example,a
metal or an inorganic substance different from the
materials. Therefore, as a solution to the
conventional problem that the TEG cannot -be removed
depending on the plasma etching for the
individualization of the 



semiconductor chips, by separating the TEG from the
respective semiconductor chips by performing the
plasma etching and subsequently peeling off the
protective sheet for a protection purpose stuck to the
first surface of the semiconductor wafer from the
surface, the TEG that is adhering to the protective
sheet in contact with the sheet can be removed from
the dividing regions located between the respective
semiconductor chips. Therefore, even when the
semiconductor wafer is subjected to the dividing
process by the plasma etching, it is possible to
obviate the need for performing the plasma etching for
the removal of the TEG by purposely changing the gas
type and remove the TEG by only carrying out the
operation of merely peeling off the protective sheet,
allowing the removal of the TEG to be achieved through
efficient operation. Brief Description of Drawings
These and other aspects and features of the present
invention will become clear from the following
description taken in conjunction with the
preferredembodiments thereof with reference to the
accompanying drawings, in which: Fig. 1 is a schematic
view showing the construction of a plasma processing
apparatus according to one embodiment of the present
invention; 



Fig. 2 is a schematic plan view of a semiconductor
wafer handled in the above embodiment; Fig. 3 is a
partially enlarged schematic plan view of the
semiconductor wafer of Fig. 2 ; Fig. 4 is a sectional
view taken along the arrow line A-A of the
semiconductor wafer of Fig. 3 ; Fig. 5 is an enlarged
schematic view of a portion B of the semiconductor
wafer of Fig. 3 ; Fig. 6 is a flow chart showing the
steps of the manufacturing method for the
semiconductor chips of the above embodiment; Figs . 7A
through 7D are schematic explanatory views for
explaining the steps of the flow chart of Fig. 6 :
where Fig. 7A is a view showing a state in which a
protective sheet is stuck to the semiconductor wafer;
Fig. 7B is a view showing a state in which a mask
layer is formed on the semiconductor wafer; Fig. 7C is
a view showing a state in which the formed mask layer
is processed to form mask patterns,and Fig. 7D is a
view showing a state in which plasma dicing is
performed; Figs. 8A through 8C are schematic
explanatory views continued from Fig. 7D for
explaining the steps of 



the flow chart of Fig. 6 : where Fig. 8A is a view
showing a state in which the mask patterns are
removed; Fig. 8B is a view showing a state in which an
adhesive sheet is adhesively placed, and Fig. 8C is a
view showing a state in which TEGs are removed
together with removal of the protective sheet; Fig. 9
is a partially enlarged schematic explanatory view of
a semiconductor wafer for explaining an arrangement
variation of device-formation-regions and dividing
regions according to a modification example of the
above embodiment; Fig. 10 is a partially enlarged
schematic explanatory view of a semiconductor wafer
for explaining an arrangement variation according to
the modification example of Fig. 9 ; Fig. 11 is a
partially enlarged schematic explanatory view of a
semiconductor wafer for explaining an arrangement
variation according to a further modificationexample
of Fig. 10; and Fig. 12 is a schematic view of the
mask patterns of the above embodiment. Best Mode for
Carrying Out the Invention Before the description of
the present invention 



proceeds, it is to b e noted that like parts are
designated by like reference numerals throughout the
accompanying drawings . Hereinbelow, one embodiment of
the present invention is described in detail with
reference to the accompanying drawings . In describing
a manufacturing method for semiconductor chips
according to one embodiment of the present invention,
the constructions of the apparatus used for the
manufacturing method is described first. According to
the manufacturing method of the present embodiment, a
plasma processing apparatus 101 of one example of the
semiconductor chip manufacturing apparatus that
manufactures semiconductor chips by dividing a
semiconductor wafer into a plurality of semiconductor
chips. Fig. 1 shows a schematic structural view for
schematically showing the construction of the plasma
processing apparatus 101. The plasma processing
apparatus 101 is the apparatus that performs plasma
etching on asemiconductor wafer where semiconductor
devices are formed in a plurality of
device-formation-regions to thereby separate the
device-formation-regions into individual pieces of
semiconductor chips that include the respective
semiconductor devices (plasma dicing process) . First
of all, the schematic construction of the plasma
processing 



apparatus 101 is described below with reference to
Fig. 1 . As shown in Fig. 1 , the plasma processing
apparatus 101 has a vacuum vessel 11 that forms
therein a processing chamber 12 of a sealed space for
carrying out plasma processing on the semiconductor
wafer 1 . A lower electrode (first electrode) 13 and
an upper electrode (second electrode) 14 are arranged
parallel oppositely to each other in the vacuum vessel
11. Moreover, a placement surface 13a on which a
roughly disk-shaped semiconductor wafer 1 can be
placed is formed on the illustrated upper surface of
the lower electrode 13. Moreover, the placement
surface 13a has a function to releasably suck and hold
the placed semiconductor wafer 1 by vacuum suction or
electrostatic suction. The lower electrode 13 is
placed in the vacuum vessel 11 via an insulator, and
the lower electrode 13 and the vacuum chamber 11 are
mutually electrically insulated by the insulator.
Moreover, a gas supply hole 14a, which is a passageway
for supplying a gas for generating plasma, isformed
penetrating the inside of the upper electrode 14 in a
space (discharge space) formed between the upper
electrode 14 and the lower electrode 13. Moreover, in
the upper electrode 14, one end of the gas supply hole
14a formed communicating with the outside of the
vacuum vessel 11 is connected to a plasma generation
gas supply unit 17 



provided outside the vacuum vessel 11 and allows a
fluorine based plasma generation gas containing, for
example, carbon tetrafluoride (CF4), sulfur hexaf
luoride (SF6) or the like to be supplied from the
plasma generation gas supply unit 17 into the
processing chamber 12 through the gas supply hole 14a.
It is noted that a gas flow rate regulating unit (not
shown) that regulates the flow rate of the supplied
gas to the desired flow rate is provided partway at
the gas supply passage located between the plasma
generation gas supply unit 17 and the one end of the
gas supply hole 14a. Further, a porous plate 15 is
provided on the illustrated lower surface of the
electrode 14, and the plasma generation gas supplied
through the gas supply hole 14a can be supplied into
the processing chamber 12 so that the gas is uniformly
applied to the semiconductor wafer 1 placed on the
placement surface 13a of the lower electrode 13 via
the porous plate 15. Moreover, the plasma processing
apparatus 101 has an evacuation pump 19 of one example
of the evacuationdevice that reduces the internal
pressure (i.e., evacuates) the processing chamber 12
to the desired pressure by evacuating the inside of
the processing chamber 12. Moreover, a radio-frequency
power supply unit 20 is electrically connected to the
low er electrode 13, allowing a radio-frequency
voltage to be applied to the lower 



electrode 13 by the radio-frequency power supply unit
20. In the plasma processing apparatus 101 of the
above construction, by placing the semiconductor wafer
1 on the placement surface 13a of the lower electrode
13, sealing the vacuum vessel 11, thereafter
evacuating the inside of the processing chamber 12 by
the evacuation pump 19 to produce a vacuum and
applying the radio-frequency voltage to the lower
electrode 13 by driving the radiofrequency power
supply unit 20 in a state in which a prescribed amount
of plasma generation gas is supplied from the plasma
generation gas supply unit 17 into the processing
chamber 12, a fluorine based plasma can be generated
in the discharge space between the upper electrode 14
and the lower electrode 13. By applying the
thus-generated plasma to the surface of the
semiconductor wafer 1 , the surface to which the
plasma is applied can be etched (i.e., plasma etching
is performed). The semiconductor wafer 1 subjected to
a plasma dicing process and the like in the plasma
processingapparatus 101 is described next. For
explanation, Fig. 2 shows a schematic plan view of a
circuit-formation-face (first surface or
device-formation-region surface) Ia of the
semiconductor wafer 1 on which the semiconductor
devices are formed. A s shown in Fig. 2 , a plurality
of deviceformation- 



regions Rl is arranged in a matrix form on the
circuit-formation-face Ia of the semiconductor wafer 1
. The device-formation-regions Rl have a size
determined according to the size of the semiconductor
chips to be manufactured and are arranged in, for
example, rectangular regions. In this case, Fig. 3
shows a partially enlarged schematic plan view of the
circuit-formation-face 1 a of the semiconductor wafer
1 , and Fig. 4 shows a schematic sectional view taken
along the line A-A of the semiconductor wafer 1 of
Fig. 3 . A s shown in Fig. 3 , dividing regions R2,
which are roughly linear (belt-shaped) regions that
have a prescribed width dimension (i.e., a region that
has a width dimension sufficiently smaller than that
in the lengthwise direction thereof) , are arranged
between the mutually adjacent device-formation-regions
Rl. The dividing regions R2 serve as the regions that
are arranged in a roughly grating-like shape on the
circuit-formation-face Ia of the semiconductor wafer 1
defining the device-formation-regionsRl- and also
serve as the frame-shaped regions arranged outside the
peripheries of the device-formation-regions Rl with
regard to the relation thereof to one deviceformation-
region Rl. Further, the dividing regions R2 are
located in dividing positions where the
device-formationregions Rl are separated into
individual pieces in the 



plasma dicing processing described later. Moreover,
each of the semiconductor devices 2 is formed in each
of the device-formation-regions Rl. In concrete, as
shown in Fig. 4 , the semiconductor wafer 1 is formed
of a silicon substrate 51 that has a disk-like shape,
and the semiconductor devices 2 are each formed by
forming a device layer 53 via a silicon oxide 52 in a
portion that corresponds to each deviceformation-
region Rl on the circuit-formation-face Ia. Moreover,
TEGs 3 , that is, "TEG" means "a Test Element Group",
are formed in portions that correspond to the dividing
regions R2 arranged between the mutually adjacent
device-formation-regions Rl via a silicon oxide 54 on
the circuit-formation-face Ia of the semiconductor
wafer 1 . Here, the TEG is the test patterns, which
are designed in conformity to applications so that the
characteristics and the shapes necessary for tests can
be evaluated and arranged in places other than the
device patterns when it is difficult to test the
patterns on the actual devices andserves as the
assembly of a plurality of patterns (test elements) .
Moreover, the TEG is the evaluation device, which is
formed through- the semiconductor chip manufacturing
processes and formed of the materials of silicon and
silicon oxide and also of a material that contains a
metal or an inorganic substance different from 



the materials. For example, the TEG 3 is formed of a
material similar to that of the device layer 53 of the
semiconductor device 2 , the material being
exemplified by Al, AlSi, Al-Si-Cu or the like.
Moreover, as shown in Figs. 3 and 4 , the silicon
oxide 52 in each device-formation-region R l and the
silicon oxide 54 in each dividing region R2 are formed
separated from each other. That is, the semiconductor
devices 2 and the TEGs 3 are formed separated from
each other, and, for example, minute spaces where no
silicon oxide exists are existing between both of
them. Moreover, for example, as shown in Fig. 3 , the
thus-formed TEGs 3 have various shapes, including
those that have a roughly square planar shape and
those that have a rectangular planar shape extending
along the lengthwise direction of the dividing region
R2 . In this case, Fig. 5 shows an enlarged schematic
view of the portion B of the dividing region R2 where
a TEG 3 shown in Fig. 3 is formed. A s shown in Fig. 5
, the dividing region R2, which is a roughly linear
(or roughlybelt-shaped) region, has a TEG-placement
portion R22 that is the region where the TEG 3 is
placed and a region-widthreduced portion (or
region-width-narrowed portion) R21 of which the region
width is reduced with respect to the region width of
the TEG-placement portion R22, and the dividing region
R2 is formed as an integrated region by 



combining these regions of two types. Moreover, as
shown in Fig. 5 , the width dimension d2 of the
TEG-placement portion R22 is greater than the width
dimension dO of the TEG 3 , and conversely, the width
dimension dl of the region-width-reduced portion R21
is smaller than the width dimension d0 of the TEG 3 .
By thus forming the TEG-placement portion R22, the TEG
3 can be placed in the TEG-placement portion R22, and
the distance between the edge portions of the
device-formation-regions Rl, placed via the
region-width-reduced portion R21 can be set short. A s
shown in Fig. 3 , the dividing regions R2, which are
arranged roughly in a matrix form (i.e., arranged in
the lengthwise direction and the sidewise direction) ,
are integrally formed by combining, for example, a
plurality of TEG-placement portions R22 and a
plurality of region-width-reduced portions R21, and
the TEG 3 is placed in each of the respective
TEG-placement portions R22 . Moreover, as shown in
Fig. 3 , when a plurality of kinds of the TEGs 3 of
different shapes and sizes are formed on
thesemiconductor wafer 1 , a plurality of kinds of the
TEGplacement portions R22 are formed in accordance
with the shapes and sizes of the respective TEGs 3 .
Moreover, since the region width of the TEG-placement
portion R22 is expanded with respect to that of the
region-width-reduced portion R21, the portion can also
be referred to as a 



region-width-expanded portion (or a wide-region-width
portion) . Moreover, by thus forming the TEG-placement
portion R22 in the dividing region R2, the
deviceformation- region R l defined by the dividing
region R2 is to be formed so that the roughly
rectangular outer peripheral edge portion thereof is
partially set back inward. Although the shape of the
outer peripheral edge portion of the semiconductor
device 2 formed in the device-formationregion Rl needs
to be conform to the partially setback shape, no
particular problem occurs because of the fact that the
TEG 3 itself is sufficiently smaller than the
semiconductor device 2 and the fact that the shape of
the edge portion of the semiconductor device 2
sufficiently tolerates a deformation to a certain
extent by the arrangement of a circuit to be formed in
the device. The arrangement of the
device-formation-regions Rl and the dividing regions
R2 can be determined by setting, for example, the
width dimensions dl of the device-formationregions Rl
to 1 to 20 mm, setting the width dimensions d2 of the
TEG-placement portions R22 to 30 to 50 mm , setting
the width dimensions dl of the region-width-reduced
portions R21 to 5 to 20 mm and setting the width
dimensions dO of the TEGs 3 to 20 to 30 mm in Figs. 4
and 5 . Moreover, in Fig. 3 , for example, the roughly
rectangular TEGs 3 can 



be formed to have length dimensions of about several
hundred micrometers, and the roughly square TEGs 3 can
be formed to have dimensions of about 1 to 20 mm
square. Next, a sequence of semiconductor chip
manufacturing processes including the dividing process
of the semiconductor wafer 1 carried out by using the
plasma processing apparatus 101 of the above
construction is described below. For explanation, Fig.
6 shows a flow chart showing the procedure of the
semiconductor chip manufacturing processes, and Figs.
7A through 7D and Figs. 8A through 8C show schematic
explanatory views for explaining the procedure. First
of all, in step Sl of the flow chart of Fig. 6 , the
arrangement of the device-formation-regions R l and
the dividing regions R2 are determined on the
circuitformation- face Ia of the semiconductor wafer 1
(region arrangement determining process) . In
concrete, as shown in Figs. 3 and 5 , the size of the
device-formation-regions Rl is determined according to
the size of the semiconductordevices 2 to be formed.
The region-width-reduced portions R21 are arranged by
the width dimension dl calculated on the basis of the
width dimension of the dividing region 3 necessary for
dividing adjacent device-formation-regions Rl by
plasma dicing described later. The TEG-placement
portions R22 are arranged on the basis of the width 



dimensions dO and the sizes (e.g., length dimensions
in the lengthwise direction etc.) of the TEGs 3 to be
formed, determining the arrangement of the dividing
regions R2 . Through these processes, the arrangement
of the deviceformation- regions Rl and the arrangement
of the dividing regions R2 that include the respective
region-width-reduced portions R21 and TEG-placement
portions R22 are determined on the semiconductor wafer
1 . It is noted that the region arrangement
determining process can be performed by executing, for
example, a program for determining the arrangement by
a calculation means of a computer or the like. Next,
by subjecting the circuit-formation-face Ia of the
semiconductor wafer 1 to the processes of film
formation, exposure, etching and so on as shown in
Fig. 4 on the basis of the arrangement data of the
regions Rl and R2 determined as described above, the
semiconductor devices 2 are formed in the respective
device-formation-regions Rl (step S2 : semiconductor
device forming step). Moreover,TEGs 3 are formed in
the respective TEG-placement portions R22 of the
dividing regions R2 through the semiconductor device
forming process. The semiconductor wafer formed as
described above is the semiconductor wafer 1 shown in
Figs. 2 and 3 . In the process of the semiconductor
device forming process as described above, various
characteristics 



of the formed semiconductor devices 2 are inspected by
using the TEGs 3 (inspection process) . Next, as shown
in Fig. 7A, a protective sheet 4 is peelably stuck to
the circuit-formation-face Ia via an adhesive so that
the circuit-formation-face Ia of the semiconductor
wafer 1 , which have completely undergone the
inspection process, does not suffer damages during the
processing subsequently carried out (step S3:
protective sheet sticking process) . Due to the
semiconductor devices 2 and the TEGs 3 formed on the
circuit-formation-face Ia, the protective sheet 4 is
to be stuck onto the illustrated upper surfaces of the
semiconductor devices 2 and the TEGs 3 . It is noted
that the protective sheet 4 to be used is shaped
roughly into the same shape as that of the
externalshape of the semiconductor wafer 1 so as to
cover the entire surface of the circuit-formation-face
Ia and does not protrude outwardly of the edge portion
of the semiconductor wafer 1 . By using the protective
sheet 4 of the shape described above, the possible
occurrence of adamage that the protective sheet 4
protruding from the semiconductor wafer 1 is burnt by
the plasma during the subsequent processing of, for
example, plasma processing can be prevented. Next, in
step S4 of Fig. 6 , a mask layer 5 is formed on a
processing-target-face Ib that is the surface 



(second surface) located opposite from the
circuitformation- face Ia of the semiconductor wafer 1
(step S4: mask layer forming process) . The mask layer
5 is to form a mask patterns to be used in the plasma
dicing processing described later and is formed of a
material that has a resistance to the plasma of a
fluorine based gas, the material being, for example,
aluminum or a resin (e.g., photosensitive resist) .
Fig. 7B shows a state in which the
circuit-formation-face Ia and the
processing-target-face Ib are inverted with respect to
the semiconductor wafer 1 shown in Fig. 7A. Although
the case where the mask layer forming process is
carried out after the protective sheet sticking
process is described in the present embodiment, it may
be a case where a thickness reducing process for
reducing the thickness of the semiconductor wafer 1 is
carried out between both the processes instead of the
above case. When aluminum is used, a method for
forming an aluminum thin film on the
processing-target-face Ib by adeposition process, a
method for sticking a foil-shaped aluminum thin film
or the like is used. Moreover, when a resin is used, a
method for sticking a resin formed in a film-like
shape, a method for forming a mask layer by applying a
resin in a liquid form onto the processingtarget- face
Ib by a spin coating method or the like and 



thereafter additionally carrying out a baking process
or the like can be used. Next, as shown in Fig. 7C,
the mask layer 5 is partially removed by laser
processing to form the desired mask pattern (step S5:
mask pattern forming process) . The partial removal of
the mask layer 5 can be achieved by using, for
example, a laser beam and applying the laser beam to
the mask layer 5 on the basis of the preset desired
patterns. Moreover, patterns such that the mask layer
5 arranged in portions that correspond to the dividing
regions R2 of the semiconductor wafer 1 is removed is
formed as the desired patterns. Particularly, the
dividing region R2 is to have shapes of different
width dimensions depending on the places due to the
existence of the regionwidth- reduced portion R21 and
the TEG-placement portion R22. The mask layer 5 is
removed in conformity to the shapes for the formation
of the desired mask patterns. Moreover, mask removal
portions 5a for the dividing lines are formed by
partially removing the masklayer 5 in the portions
that correspond to the dividing regions R2 as shown in
Fig. 7C by carrying out the mask pattern forming
process. Moreover, masks 5b are formed of the
remaining mask layer 5 from which the mask removal
portions 5a have been removed, and mask patterns 5c
are formed of the masks 5b and the mask removal
portions 5a. 



Here, Fig. 12 shows a planar schematic view of the
thusformed mask patterns 5c. Fig. 12 is a view showing
only the mask patterns 5c taken out of the
semiconductor wafer 1 , and the portions of the mask
5b is hatched. A s shown in Fig. 12, mask removal
portions 5a-2 for the TEG-placement portions that have
shapes corresponding to the shapes of the
TEG-placement portions R22 and mask removal portions
5a-l for the region-width-reduced portions that have
shapes corresponding to the shapes of the
region-width-reduced portions R21 are formed in the
mask patterns 5c, with which dividing line mask
removal portions 5a are integrally formed. Moreover,
such a combinational process of the mask layer forming
process of step S3 and the mask pattern forming
process of step S4 serves as a mask forming process
(step SlO) . When the mask layer 5 is formed of a
photosensitive resin, a method for forming the mask
patterns through exposure and development can also be
adopted. Moreover, it may be a case where a
sheet-shaped mask 5b on which the mask patterns 5c are
formed is placedon -the processing-target-face Ib of
the semiconductor wafer 1 , instead of the case where
the mask patterns 5c are formed by processing the mask
layer 5 as described above. Next, a method for forming
individual pieces of semiconductor chips 10 including
the semiconductor devices 2 by individually separating
the device-formation-regions 



Rl by performing plasma etching on the semiconductor
wafer 1 on which the mask patterns 5c have been thus
formed is described (step S6: plasma dicing process
(or plasma etching process) ). Concretely, in the
plasma processing apparatus 101 shown in Fig. 1 , the
semiconductor wafer 1 is placed on the placement
surface 13a of the lower electrode 13 via the
protective sheet 4 with the processing-target-face Ib
on which the mask patterns 5c are formed served as the
upper surface. Subsequently, the vacuum vessel 11 is
sealed, and the processing chamber 12 is internally
vacuumed (e.g., about 100 Pa) by driving the
evacuation pump 19. In addition, the gas of the
regulated flow rate is supplied from the plasma
generation gas supply unit 17 into the processing
chamber 12 through the gas supply hole 14a and the
porous plate 15. By applying a radio-frequency voltage
to the lower electrode 13 by the radio-frequency power
supply unit 20 in the above state, plasma can be
generated in a discharge space located between the
upper electrode 14and the lower electrode 13. The
plasma generated in the discharge space is applied to
the mask patterns 5c formed on the processingtarget-
face Ib of the semiconductor wafer 1 placed on the
placement surface 13a of the low er electrode 13. By
the plasma application, the plasma is applied to the
surface of 



the processing-target-face Ib that corresponds to the
dividing line mask removal portions 5a, or the exposed
surface on which the mask 5b is not placed. By thus
applying the plasma, the exposed surface of the
processingtarget- face Ib is etched. By performing the
plasma etching on the exposed surface of the
processing-target-face Ib of the semiconductor wafer 1
, the semiconductor wafer 1 is reduced in thickness in
the portion that corresponds to the exposed surface,
and the portion is finally removed. Through this
process, as shown in Fig. 7D, the semiconductor wafer
1 is divided into individual pieces of the
semiconductor chips 10 including the semiconductor
devices 2 along the dividing regions R2 . Moreover, a
plurality of the region-width-reduced portions R21 and
the TEG-placement portions R22 are formed i n the
dividing regions R2 , and there are connecting
portions between the portions R21 and R22 , the
connecting portions are portions for connecting the
portions R21 andR22 which have different region widths
each other. By using the plasma etching as the
dividing means, the deviceformation- regions Rl can b
e divided according to the configuration of the
connecting portions. . For the plasma etching, for
example, fluorine based plasma is used intending to
remove the silicon and 



the silicon oxide. However, a reduced etching rate
results with the TEGs 3 that are formed mainly of the
material including metals and inorganic substances in
the case of the etching using the fluorine based
plasma, and therefore, the TEGs 3 remain unremoved (or
other portion remains as a remaining portion as a
consequence of the partial removal of the TEGs 3 ) .
Therefore, after the plasma etching is performed, as
shown in Fig. 7D, only the TEGs 3 remain separated
from the semiconductor chips 10 in the space between
the semiconductor chips 10 separated into individual
pieces, i.e., in the portion that corresponds the
dividing regions R2, in this case, the TEG-placement
portions R22. That is, the separation of the
deviceformation- regions Rl is achieved by performing
the plasma etching, and the TEGs 3 , which have been
formed on the surface of the silicon substrate 51, are
formed into individual pieces separated from the
silicon substrate 51 as a consequence of removing its
portion where the TEGs have adhered to the silicon
substrate 51. Therefore, theplasma dicing process is
carried out by using the mask pattern 5c formed
capable of concurrently carrying out the separation of
the semiconductor chips 10 and the individualization
of the TEGs 3 . Subsequently, as shown in Fig. 8A, the
mask 5b that remains unremoved on the
processing-target-face Ib of 



each of the separated semiconductor chips 10 is
removed by carrying out, for example, an .ashing
process (step S7: mask layer removing process) . Since
the TEGs 3 are generally formed of a plurality of
kinds of materials, the TEGs 3 are not removed even by
the execution of the mask layer removing process and
remain unremoved. Subsequently, as shown in Fig. 8B,
an adhesive sheet (dicing sheet) 6 is stuck to the
processing-targetface Ib of the semiconductor wafer 1
(step S8: dicing sheet sticking process) . The
adhesive sheet 6 has a size larger than that of the
semiconductor wafer 1 and is fixed by a wafer ring
(jig) (not shown) located at its periphery to hold the
wafer ring, thereby allowing the semiconductor wafer 1
to b e handled. Subsequently, as shown in Fig. 8C, the
protective sheet 4 that has protected the
circuit-formation-face Ia of the semiconductor wafer 1
is peeled off. During the peeloff, the TEGs 3 that
individually remain in the portions that correspond to
the dividing region R2 (TEGplacement portions R22) are
put in a state in which they are supported only by
protective sheet 4 , i.e., stuck to the surface of the
protective -sheet 4 . Therefore, the TEGs 3 are
removed from the respective dividing regions R2
(TEGplacement portions R22) together with the peeloff
of the protective sheet 4 . The process of removing
the TEGs 3 b y 



peeling off the protective sheet 4 as described above
can be referred to as a protective sheet removing
process or a TEG removing process (step S9) .
Moreover, the operation of peeling off the protective
sheet 4 may be carried out manually by an operator or
carried out mechanically by a device of a robot or the
like. A s a result, the semiconductor chips 10 are
separated into individual pieces and arranged on the
adhesive sheet 6 in a state in which no TEG 3 exists.
The semiconductor chip manufacturing process is thus
completed. According to the manufacturing . method of
the semiconductor chips, the arrangement of the
dividing regions R2 for forming the TEGs 3 is not
limited only to the above case, and various other
arrangement variations can b e adopted. The
arrangement variations of the TEGs 3 in the dividing
regions Rl are described below. First of all, Fig. 9
shows a partially enlarged schematic view of the
dividing region Rl of the semiconductor wafer 1 for
explaining an arrangementvariation according to a
first modification example. A s shown in Fig. 9 , a
plurality of first dividing regions R31 that are
roughly linear regions formed extending in the
illustrated vertical direction, that is a first
direction, in a direction along the surface of the
semiconductor wafer 1 and a plurality of second
dividing regions 32 that are 



roughly linear regions formed extending in the
illustrated horizontal direction, that is a second
direction, perpendicular to the first direction are
arranged, for example, at regular interval pitches on
the surface of the semiconductor wafer 1 . By thus
arranging the first dividing regions R31 and the
second dividing regions R32, dividing regions R3 that
have roughly grated frame configurations are formed,
and the device-formation-regions R4 are defined by the
dividing regions R3 . The first dividing regions R31
and the second dividing regions R32 have width
dimensions set as, for example, the width dimensions
dl smaller than the width dimensions d0 of the TEGs 3
and serve as one example of the region-width-reduced
portions. By thus forming the dividing regions R3, a
plurality of intersections 61 at which the first
dividing regions R31 and the second dividing regions
R32 mutually intersect are formed. In this case,
corner portions 62 of mutually adjacent four
device-formation-regions R4 face oneanother. By
setting back the corner portions 62 inwardly of the
device-formation-regions R4, the region area of the
intersections 61 can be expanded (i.e., the region
widths can be expanded) as shown in Fig. 10. The
region widths are expanded so that the widths become
greater than the width dimensions dO of the TEGs 3 . A
s a result, the 



intersections 61 can serve as TEG-placement portions
R33, and the TEGs 3 can be arranged in the respective
TEGplacement portions R33. Moreover, by providing the
setback so that the corner portions 62 of the
device-formation-regions R4 come to have curved convex
surface portions in expanding the region area of the
intersections 61 as shown in Fig. 10, Rportions 63,
that is rounded portions 63, can be formed at the
corner portions 62. With this arrangement, the
rectangular device-formation-regions R4 are formed
into device-formation-regions R40 where the rounded
portions 63 are formed at the corner portions 62. In
the deviceformation- regions R40 having the rounded
portions 63, semiconductor devices 2 corresponding to
the shape are to be formed in arrangement. The thus
formed is the dividing region R30 where the
TEG-placement portions R33 are arranged at the
intersections 61 of the dividing region R3. By thus
adopting the variation of the region arrangement that
TEGs 3 are placed by arranging the TEGplacement
portions R33 at the intersections 61, the
intersections 61 can effectively be utilized without
forming the connecting portions in the side portions
of the rectangular device-formation-regions R3 . In
particular, by conversely forming the corner portions
into the rounded portions instead of making the
connecting portions remain 



existing in the formed semiconductor chips, the
transverse rupture strength of the semiconductor chips
can be improved, and the semiconductor chips that are
hard to damage can be provided. Although the two TEGs
3 are placed in each TEGplacement portion R33 in Fig.
10, the number of TEGs 3 to be placed can freely be
set. Moreover, when a plurality of TEGs 3 are placed
in one TEG-placement portion R33 as described above,
the size of the TEG-placement portion R33 is_
determined by grouping the plurality of TEGs 3 into
one group and taking the size and the width dimension
of the entire group into consideration. Moreover,
although the TEG-placement portions R33 have been
formed so that the rounded portions 63 are formed at
the corner portions 62 of the device-formation-regions
R40 according to the above description, other various
shapes can be adopted with regard to the shape of the
corner portions 62. For example, it may be a case
where chamfered portions 73 are formed at corner
portions 72 ofdevice-formation-regions R50 as shown in
Fig. 11. When the chamfered shape such that the edge
portions of the corner portions 72 are linearly cut
off is adopted as described above, there is an
advantage that the region area of intersections 71 can
be expanded more effectively than when the rounded
portions 63 are formed. 



Moreover, the arrangement of the deviceformation-
regions and the dividing regions as shown in Figs . 10
and 11 can be defined by forming mask patterns that
coincides with the arrangement, and the semiconductor
wafer 1 on which the mask patterns are provided can be
subjected to the plasma dicing process. According to
the embodiment, by determining the arrangement of the
dividing regions R2 by combining the TEG-placement
portions R22 of which the region widths are partially
expanded with the region-width-reduced portions R21
and thereafter placing the TEGs 3 in the TEG-placement
portions R22 of the dividing regions R2 instead of
forming the dividing regions with the constant region
width as in the conventional manner in determining the
arrangement of the device-formation-regions Rl and the
dividing regions R2 on the semiconductor wafer 1 , the
region widths of the region-width-reduced portions R21
can be prevented from being restricted by the width
dimensions of TEGs 3 (i.e., suffering restriction that
the region widths must be formedgreater than the width
dimensions of TEGs 3 as in the conventional case) .
Concretely, in the dividing regions R2, by forming the
partial regions where the TEGs 3 are placed as the
TEG-placement portions R22 that have width dimensions
greater than the width dimensions of the TEGs 3 and
forming 



the regions where the TEGs 3 are not placed as the
regionwidth- reduced portions R21 .that have width
dimensions smaller than the width dimensions of the
TEGs 3 , the distance between the edge portions of
mutually adjacent device-formation-regions R l can be
put closer to each other regardless of the arrangement
of the TEGs 3 on the semiconductor wafer 1 .
Particularly, when the distance between the edge
portions is reduced as described above, the
deviceformation- regions Rl can reliably be divided by
the plasma etching so long as a limit dimension such
that the separation by the plasma etching can be
performed is secured as the distance dimension, and no
influence is exerted on the manufacturing process of
the semiconductor chips 10. Therefore, a semiconductor
wafer and a semiconductor chip manufacturing method
capable of increasing the number of semiconductor
chips obtainable per unit area in comparison with the
conventional semiconductorwafer provided with TEGs can
be provided. Moreover, the TEGs 3 , which are formed
in the dividing regions R2 during the- manufacturing
process of the semiconductor chips 10 for the
characteristic investigation, are formed of, for
example, materials that contain metals and inorganic
substances different from the materials of 



silicon and silicon oxide of the objective materials
to b e etched by the plasma etching besides the
materials. Therefore, with regard to the
conventionally problem that the TEGs 3 cannot b e
removed depending on the plasma etching for the
individualization of the semiconductor chips 10, it is
possible to separate the TEGs 3 from the respective
semiconductor chips 10 by performing the plasma
etching and thereafter remove the TEGs 3 adhesively
stuck to the protective sheet 4 in contact with the
sheet from the respective dividing regions R2 (i.e.,
TEG-placement portions R22) located between the
semiconductor chips 10 by peeling off the protective
sheet 4 adhesively stuck to the circuit-formation-face
Ia of the semiconductor wafer 1 for the protection o f
the surface from the surface. Therefore, even when the
semiconductor wafer 1 is subjected to the dividing
process by using the plasma dicing, it is possible to
eliminate the need for performing the plasma etching
for the removal of the TEGs 3 by purposely changing
the gas type and remove the TEGs 3 byonly carrying out
the operation of merely peeling off the protective
sheet 4 , so that the removal of the TEGs can be
achieved through efficient operation. It is to be
noted that, by properly combining the arbitrary
embodiments of the aforementioned various embodiments,
the effects possessed by them can be produced. 



Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings,
it is to be noted that various changes and
modifications are apparent to those skilled in the
art. Such changes and modifications are to be
understood as included within the scope of the present
invention as defined by the appended claims unless
they depart therefrom. The disclosure of Japanese
Patent Application No,.2005-4860 filed on January 12,
2005 including specification, drawing and claims are
incorporated herein by reference in its
entirety.CLAIMS 1 . A manufacturing method for
semiconductor chips comprising: forming a
semiconductor device in each of deviceformation-
regions defined by dividing regions and forming a TEG,
or a test element group, in a TEG-placement portion,
the dividing regions being arranged so as to include
the TEG-placement portion where the TEG is arranged
and regionwidth- reduced portions whose region widths
are made smaller than that of the TEG-placement
portion on a first surface of a semiconductor wafer;
sticking a protective sheet onto the first surface of
the semiconductor wafer so that the sheet is 



brought in contact with the TEG; placing a mask on a
second surface which is a surface located opposite
from the first surface of the wafer so as to define
the dividing regions; performing plasma etching on the
second surface of the wafer in a state that the
protective sheet is stuck to and the mask is placed
on, thereby portions corresponding to the dividing
regions are removed and then the
device-formation-regions are divided into individual
semiconductor chips each of which includes the
individualized semiconductor device; and removing a
remaining portion of the TEG, whichremains in the
TEG-placement portion and is stuck to the protective
sheet, together with the protective sheet by peeling
off the protective sheet from the semiconductor chips
divided by the plasma etching, thereby the
individualized semiconductor chips are manufactured. 2
. The manufacturing method for the semiconductor chips
as defined in claim 1 , wherein in forming the
semiconductor devices and the TEG, the dividing
regions are arranged so as to include the
region-width-reduced portions that have widths smaller
than the width dimension of the TEG and the
TEG-placement portion that has a width dimension
greater than the width dimension of the TEG. 



3 . The manufacturing method for the semiconductor
chips as defined in claim 1 , wherein in forming the
semiconductor devices and the TEG, the dividing
regions are arranged so that the TEG-placement portion
is arranged adjacent to a corner portion of the
device-f ormation-regions . 4 . The manufacturing
method for the semiconductor chips as defined in claim
1 , wherein the device-formation-regions are
rectangularregions, the dividing regions include a
plurality of first dividing regions for dividing
mutually adjacent deviceformation- regions in a first
direction and a plurality of second dividing regions
for dividing in a second direction perpendicular to
the first direction as the region-widthreduced
portions, and the dividing regions are arranged in a
manner that the TEG-placement portion is formed by
partially expanding widths of the first dividing
regions and the second dividing regions so that corner
portions of the device-formation-regions facing an at
least one intersection of the first dividing regions
and the second dividing regions are set back inward. 5
. The manufacturing method for the semiconductor chips
as defined in claim 4 , wherein the first dividing
regions and the second dividing regions have width
dimensions smaller than the 



width dimension of the TEG, and the TEG-placement
portions have width dimensions greater than the width
dimension of the TEG. 6 . The manufacturing method for
the semiconductor chips as defined in claim 4 ,
wherein the TEG-placement portion is formed so that
the corner portions of the device-formation-regions
facing theintersection become roughly curved convex
surface portions. 7 . The manufacturing method for the
semiconductor chips as defined in claim 4 , wherein
the TEG-placement portion is formed by chamfering the
corner portions of the device-formation-regions facing
the intersection. 8 . A semiconductor wafer
comprising: a substrate that has a
circuit-formation-face on which a plurality of
device-formation-regions and dividing regions for
defining the device-formation-regions are arranged; a
plurality of semiconductor devices placed in the
device-formation-regions, respectively; and a TEG, or
test element group, placed in a TEGplacement portion
of the dividing regions, the dividing regions
including the TEG-placement portion and regionwidth-
reduced portions whose region widths are made smaller
than that of the TEG-placement portion. 



9 . The semiconductor wafer as defined in claim 8 ,
wherein the dividing regions are formed so as to
include the region-width-reduced portions that have
widths smallerthan the width dimension of the TEG and
the TEG-placement portion that has a width dimension
greater than the width dimension of the TEG. 10. The
semiconductor wafer as defined in claim 8 , wherein
the device-formation-regions are rectangular regions,
the dividing regions include a plurality of first
dividing regions for dividing mutually adjacent
deviceformation- regions in a first direction and a
plurality of second dividing regions for dividing in a
second direction perpendicular to the first direction
as the region-widthreduced portions, and the
TEG-placement portion, in which widths of the first
dividing regions and the second dividing regions are
partially expanded so that corner portions of the
deviceformation- regions facing an at least one
intersection of the first dividing regions and the
second dividing regions are set back inward. 




