
2.F11136-IJS-P DESCRIPTION Title of Invention SHEET FOR PROTECTING SURFACE OF
SEMICONDUCTOR WAFER, SEMICONDUCTOR DEVICE MANUFACTURING METHOD AND
SEMICONDUCTOR WAFER PROTECTION METHOD USING SHEET, Technical Field [00011 The
present invention relates to a semiconductor wafer surface protection sheet, a method of protecting a
semiconductor wafer using the same, and a method of manufacturing a semiconductor device using
the same. Background Art [0002]During the grinding step of the non-patterned surface of a 15
semiconductor wafer in a manufacturing process of semiconductor devices from a semiconductor
wafer, a semiconductor wafer surface protection sheet is attached to the patterned surface of the
semiconductor wafer in order to prevent possible damage to the patterned surface. 20[0003]The
patterned surface of a semiconductor wafer has          irregularities that include not only circuits, but
also relatively high differences in level such as semiconductor bumps.Thus when attaching a
semiconductor wafer surface protection sheet to the semiconductor wafer, creation of voids between
the semiconductor 25 wafer surface protection sheet and the irregularity on the patterned surface of
the semiconductor wafer results in a uneven distribution of stress across the surface of the
semiconductor wafer upon grinding of  2141136-US-P its non-patterned surface, making the
semiconductor wafer liable to breakage. To avoid this problem, semiconductor wafer surface
protection sheets have been proposed that can well adjust to surface irregularities. [0004]For example,
Patent Literature 1 proposes a semiconductor wafer surface protection sheet made of particular
elastomer composition. Patent Literatures 2 and 3 proposes a semiconductor wafer surface protection
sheet that includes a base layer, an irregularity absorbing layer, and an adhesive layer. 10 Citation List
Patent Literature [0005] [PTL 1] Japanese Patent Application Laid-Open No.2005 91296 15 [PTL 2]
Japanese Patent Application Laid-Open No.2004-363139 [PTL 3] Japanese Patent Application
Laid-Open No.2005-243909 [PTI., 4] W02006/088074 Summary of invention 20 Technical Problem 



[0006] The semiconductor wafer surface protection sheets disclosed by Patent Literatures 1 to 4 have
somewhat improved adjustability to surface irregularities. However, the semiconductor wafer surface
protection sheets become less, peelable from the semiconductor wafer 25depending on the state of
the patterned surface of the semiconductor wafer. [0007]Specifically, in some cases, a circuit
protection film having  porous structure or asperities  is formed previously on the patterned  surface of
a semiconductor wafer. For example, in some cases, a circuit protection film made of polybenzoxazole
is subjected to plasma treatment (see Japanese Patent Application Laid-Open Nos.2006-124432 and
2004-31565). This causes rise in the number of irregularities on the circuit protection film surface (see
Journal of the society of materials science and Japan Vol.55 No.1 p.83-88 jan.2006). This is to make
the circuit protection layer porous for reduced permittivity, in order to reduce transmission delay of
high-frequency signals along with increasing transmission speed and frequency of electrical signals.
When the above semiconductor wafer surface protection sheet is attached to such a porous circuit
protection layer, the materials of the irregularity absorbing layer and adhesive layer flow into the pores,
making difficult peeling of the semiconductor wafer surface protection sheet after grinding in some
cases. Moreover, with increasing packaging density, the shape of the irregularities on the patterned
surface of a semiconductor wafer is becoming more complex, causing the materials of the irregularity
absorbing layer and adhesive layer to flow into the gaps at the irregularities, which in some cases
makes peeling of the semiconductor wafer surface protection sheet difficult after grinding. [0008]
Embodiments of the present invention have been made in view of the foregoing circumstances.
Embodiments of the present invention provide a semiconductor wafer surface protection sheet that
has good adhesion to irregularities on a patterned surface of a semiconductor wafer and has good
peelability after grinding, and a method of protecting a semiconductor wafer using the semiconductor
wafer surface protection  sheet. Embodiments of the present invention provide a semiconductor wafer
surface protection sheet that may have good peelab i I it y even from a porous circuit protection layer
or from a patterned surface with complex irregularities. Solution to Problem [0009] The inventors have
established that a semiconductor wafer surface protection sheet that includes resin layer A, which is
an irregularity absorbing layer, and resin layer B which has a higher elastic modulus than resin A has
high peelability while ensuring adjustability to irregularities on the patterned surface of a
semiconductor wafer. The inventors have also established that high a dj u s tab i 1 i ty to surface
irregularities and high pee labil 'ty can be achieved at the same time by adjusting the balance of tens
ile elasticity and thickness between resin layer A and resin layer B. Embodiments of the present
invention have been made based on these findings. [0010] According to a first aspect of the present
invention, there is provided a semiconductor wafer surface protection sheet comprising: a base layer
having a tensile elasticity at 25C, E(25), of 1 GPa or more;       a resin layer A that satisfies the
condition EA(60) / EA(25) < 0.1, where EA(25) is a tensile elasticity at 25C and EA(60) is a tensile
elasticity at 60C, the EA(60) ranging from 0.005 MPa to 1 MPa; and       a resin layer B having a
tensile elasticity at 60C, Er,(60), of 1 MPa or more and having a thickness of 0.1 pm to less than 100
gm, the EB(60) being larger than the EB(60) of the resin layer A,      wherein the resin layer A is
disposed between the base layer and the resin layer B. In an embodiment, the re sin layer B may be
disposed at an outennost surface of the semiconductor wafer surface protection sheet. In an
embodiment, the  res n layer A may contain an olefin copolymer. In an embodiment, the resin layer A
may have a density of 800 kg/m3 to 890 kg/m3.      In an embodiment, the resin layer B may contain at
least one resin selected from the group consisting of polyethylene elastomer and polystyrene
elastomer.      In an embodiment, the base film may be at least one layer selected from the group
consisting of a polyolefin film, a polyester film, and a laminate film of polyolefin layer and polyester
layer.    In an embodiment, thickness tA of t h e resin layer A may be larger than a difference in level
on a patterned surface of a semiconductor wafer. [0011] According to a second aspect of the present
invention, there is provided a method of protecting a semiconductor wafer comprising: a first step of
attaching the semiconductor wafer surface  



protection sheet described above to a patterned surface of the semiconductor wafer at 40C to 80C
under a pressure of 0.3 MPa to 0.5 MPa;      a second step of grinding a non-patterned surface of the
semiconductor wafer to which the semiconductor wafer surface protection sheet is attached;      a third
step of processing the non-patterned surface of the semiconductor wafer after grinding; and a fourth
step of peeling the semiconductor wafer surface protection sheet.      In an embodiment, the patterned
surface of the semiconductor wafer may have a difference in level of 200 um or higher.      In an
embodiment, the semiconductor wafer may further include a porous circuit protection layer attached to
the patterned surface.      In an embodiment, the third step may include at least one step selected from
the group consisting of metal sputtering step, plating step, and heating step. [0012] According to a
third aspect of the present invention, there is provided a method of manufacturing a semiconductor
device comprising:       a first step of attaching the semiconductor wafer surface protection sheet
described above to a patterned surface of a semiconductor wafer at 40C to 80C under a pressure of
0.3 MPa to 0.5 MPa; a second step of grinding a non-patterned surface of the  semiconductor wafer to
which the semiconductor water surface  protection sheet is attached;       a third step of processing the
non-patterned surface of the semiconductor wafer after grinding; and       a fourth step of peeling the
semiconductor wafer surface protection sheet.       In an embodiment, the patterned surface of the
semiconductor wafer may have a difference in level of 200 um or higher.       In an embodiment, the
semiconductor wafer may further include a porous circuit protection layer attached to the patterned
surface.       In an embodiment, the third step may include at least one step selected from the group
consisting of metal sputtering step, plating step, and heating step. Effects of Invention [0013] A
semiconductor wafer surface protection sheet according to embodiments of the present invention has
good adhesion to irregularities on the patterned surface of a semiconductor wafer; and good peelability
after grinding. Further, a semiconductor wafer surface protection sheet according to embodiments of
the present invention may have good peelability from porous circuit protection layer. Brief Description
of Drawings [0014] FIG.1shows an example of a semiconductor wafer surface protection sheet; and
FIG.2 shows an example of a step of attaching a semiconductor  2F1 it MS-P 



wafer surface protection sheet. Description of Embodiments [00]5]1. Semiconductor Wafer Surface
Protection Sheet 5A semiconductor wafer surface protection sheet of the present invention includes a
base layer, a resin layer A and a resin layer B, wherein at least one resin layer A is disposed between
the base layer and resin layer [0016]When attaching the sheet under warming the resin layer A
preferably exhibits good adhesion to a patterned surface of a semiconductor wafer while adjusting to
irregularities on the patterned surface, as well as retains (fixes) its shape at ambient temperature after
attached. For this, resin layer A preferably has hot melt property so as to undergo ic deformation.
Thus, tensile elasticity at 25C, 15EA(25), and tensile elasticity at 60C", HA(60), preferably satisfy the
condition EA(60) / EA(25) <In particular, it is more preferable that the condition EA(60) / EA(25) < 0.08
be satisfied, and it is further preferable that the condition EA(60) / Eft(25) < 0.05 be satisfied, [0017]
Tensile elasticity EA (60) of resin layer A is preferably 0.005 20MPa to 1.0 MPa, more preferably 0.01
MPa to 0.5 MPa. Tensile elasticity EA, (25) of resin layer A is preferably 1 MPa to 10 MPa, more
preferably 2 MPa to 9 MPa.When tensile elasticity EA (60) falls the range, rlayer A becomes flowable
when attaching the sheet under warming and thus can well adjust to surface irregularities.  25 On the
other hand, when tensile elasticity EA(25) falls within the range, resin layer A can retain its shape at
ambient temperature after sheet attachment and thus can ensure adhesion during processing.
2F11136-US-P [00181Tensile elasticity ofe resin can be measured in the following  producer:           1)
As a specimen, for example, a sample film with an initial  dimension of 140 mm length, 10 mm width
and 75 um to 100 Rna thick 5is provided;         2) Tensile test is then conducted under the following
conditions to pleasure elongation (mm) of the sample: measurement temperature = 25C, distance
between chucks ;7. 100 mm, and tensile speed = 50 mm/min; and 103) A tangent line is d.rawn to the
initial rising section of the obtained stress-strain curve (S-S curve), and the gradient of the tangent line
is divided by cross sectional area of the sample film to find tensile elastic y. [0019] The density of resin
layer A is preferably 800 kg/m3 to 890 



15  3 e preferably 830 kg/m3 to 890 kg/m3, further preferably 850 kg/m3 to 890 kg/m3, When the
density of resin layer A is less than 800 kg/m3, the elasticity becomes so low that shape retention
ability decreases. On. the other hand, when the density of resin layer A. exceeds 890 kg/m3 elasticity
becomes so high that adjustability to 20surface irregularities decreases.  [0020] There is no particular
limitation on the resins used for resin layer A as long as the above conditions for tensile elasticity are
satisfied; olefin copolymer are preferable.Olefin copolymers that have C.2_11 n-oleftomponent units
are preferable. 25[0021] Examples of the C2.12 a-olefins include ethylene, propylene, 1-pente ,
3-methy1-1-butene, 1-he -ne, 4-methyl-i-pentene. 3-mehyl-l-pentene,11-he tent, 1-octene, 1-decene,
and 1-dodecene. 9  2171S P [002Inparticular,for their highadjustability tosurface irregularities upon
tttaching, ethylene-a-olefin copolyrners such as ethylene-propylene copolymer, ethylene-i-butene copo
yin Cr, terpolymers of ethylene-propylene-C.4.2 a-olefins; and terpolymers of
5prop:done-1410ecopolymer-C:5.2 a-olefins are preferable, with ethylene-propylene copolymer being
more preferable because propylene prhot melt property of olefin copolymers.Commercially available
a-ol efin copolymers include TAFMERmanufactured by Mitsui Chemicals, Inc 10[0023]The tensile
elasticity of resin layer A is adjusted by the monomer type, comonomer ratio, modification, etc., of the
olefin copolymer. Reduction of the tensile elasticity at 60C of the olefin copolymer is accomplished by,
for example increasing propylene ratio, modifying the olefin copolymer carboxylic acid, and so forth.
15 [0024] Resin layer A may contain additional resin or additives as long as such characteristics as
good adhesion or peel.ability to or from semiconductor wafers do not deteriorate. Examples of such
additives include UV absorbers, antioxidants, heat stabilizers, lubricants, softening agents, and
adhesion improvers. 20[0025] There is no particular limitationon thickness tA of resin layer A as long
as it can fully accommodate irregularities (including semiconductor humps) on the patterned surface of
a semiconductor wafer. For x ..ple, when the irregularities have a difference in level of the order of
1.00 pm, thickness tA of resin layer A may be set to 100 25pin to 200 WTI. [0026]For increased
pcelahility, it is preferable thatyet- B do not become excessively flowable upon sheet attachment.
under warming. 



21S For this, unlike resin layer A, it is preferablayer B do not exhibit hot melt property upon sheet
attachment under warming but undergo elastic deIormaton at least in the later-described step of
attaching a semiconductor wafer surface protection sheet. [0027]Thus, tensile elasticity at 60' of resin
layer B, E3(60), is preferably higher than tensile elasticity at 60C of resin layer A, BA(60). However, it
should be noted that preferably tensile elasticity EB(60) of resin layer B is not excessively high So as
not to cause significant reduction in the resin layer A's ability of adjustability to 10(accommodating
ability) surface irregul [0028] Tens5(60) of resin layer Bis preferably 1 fyiPa Or more, but is preferably
lower than the tensile elasticity at 60Cof the base layer.Tensile elasticity En(60) of resin layer B is
preferably 1 MPa to 10 MPa, more preferably -1 MPa to 7 MPa. When tensile 15  elasticity EB(60) of
resin layer B is less than 1 MPa, resin layer B is glued to a semiconductor wafer more than necessary
upon sheet attachment and thus peeling becomes difficult, On the other hand, when tensile elasticity
EB(60) of resin layer B is excessively high, the resin layer becomes so hard that adjBstabiflty to
surface irregularities 20decreases, [0029] There is no particularon on the resin used for resin  layer 13
as long as the above conditions for tensile elasticity are satisfied; thermoplastic elastomers are
preferable.Examples of the thermoplastic elastomers include polystyrene elastomers, nolyolefin 25
elastomer, polyurethane elastomers, and polyester elastomers. Among them, polystyrene elastomers
and polyolefin elastomers are preferable in view of the easiness with which to adjust adhesiveness
and 11  2F11136-US-P 100301The polystyrene elastomersis prene-styrene
blockcopolymer(SIS),styrenc-ethylene-b ylene-styreneblock copolymer (SEBS),
styrene-ethylene-propylene-styrene block copolymer (SEFS), and other styrene-diene block
copolymers and hydrogenated           ereof (e.g., hydrogenated styrene-butadiene rubber (11SBR)).
{0031] The po]yolefin elastomers include block copolymers of crystalline polyolefin blocks and
non-crystalline monomer copolymer blocks. Specific examples thereof include 10 o lefi n-e
thylene-butylene-o I efin block copolymers, polypropylene-polyethyleneoxide-PolyPropylene block
copolymers, and polypropylene-poly/olefin-polypropylene block copolymers. 



CommerciallyavailablepolyokelinelastomersincludeNotio(r) manufactured by Mitsui Chemicals, Inc.
15[0032] Thickness t5 of resin layer B is preferably high enough not to cause reduction in the
adjustability to surface irregularities. For this, thickness t5 of resin layer 13 is preferably 0.1 ism to less
than 100 um, more preferably 1 um to less than 100 p.m. When thickness tB of resin layer B is less
than 0.1 p.m, it become difficult to exert resin layer B s 20 peelability. On the other hand, when
thickness 16 of resin layer 8 is 100 p.m or more, resin layer As adjustahility to surface roughness
tends to decrease. [0033]The base layer preferably has rigidity in order to suppress       warpage or
deformation of a semiconductor waler. For this, the tensile 25elasticity at 25C of the base layer, E(25),
is preferably 1 GPa or more. [0034]Such a base layer is preferably a polyolefin film, a polyester or a
laminate film of polyolefin layer and polyester layer, for  2F11136-US-P ex ample. [0035]Examples of
the polyotefin film includepolypropylene film. Examples of the polyester film include polyethyle.ne
lereplithalate film and polyethylene naphtha.' 5[0036] The thickness of the base layer is preferably
about 5 about 250 um, more preferably 12 jim to 100 urn. The total thici  iconductor wafer surface
protection sheet is preferably 1,000 urn or less, more preferably 700 um or less, in order to avoid poor
workability upon sheet attachment Or peeling. 10[0037] The semicoafer surface protection sheet may
include additional layer(s) as needed.The additional layers include adhesive layer, separation film, etc.
The adhesive layer is not particularly limited; for example, the adhesive layer may be ADMER(')
manufactured by Mitsui Chemicals,The separation film is not particularly 15limited; for example, a
polyethylene terephhalate film subjected to release treatment may be employed, [0038]As described
above, the semiconductor wafer surface    protection sheet includes a base layer, a resin layer A and a
resin layer B, wherein the resin layer A is disposed between the base layer and 20layer B.For its
function of increasing peelability, resin layer B        erably disposed at the outermost surfacethe one on
the base 



layer side) of the semiconductor wafer surface protection sheet. [0039] Resin layer A may be a
mono-layer or a multiple-layer.In order to increase adhesion between resin layer A and base layer, an
25adhesive layer may be additionally disposed between resin layer A and base layer. [0040] MG.].
shows an exampleconfiguration of a semiconductor  13  2F11.136-US-P wafer surface protect ion
sheet,As illustrat             e protection sheet 10 includes, in order, layer A 14, and resin layer 1316.Sem
1, semiconductor se layer 12, resin r wafer surface  protecsheet 10 is attached on the resin layer B 16
side to a patterned surface of a semiconductor wafer. [0041]A semiconductor wafer surface protection
sheet of the present invention can be manufactured by any method.For example, the    semiconductor
wafer surface protection sheet can be manufactured by: 1) co-extrusion in which the base film, resin
layer A and resin layer B 10are co-extruded or in whichlayer A and resin layer B are co-extruded onto
the base film; 2) laminatio he baser film and films of resin layer. A and resin layer B are laminated
together; and so forth, [0042]In the case of lamination, it is preferable to form an 15appropriate
adhesive layer at the interface between the films as needed, For increased adhesion between the
films, the interface between the films may be subjected to surface treatment such as corona discharge.
Lamination may be effected either extrusion lamination or dry lamination. Films of resin layer A and
resin layer B can he produced 20by, for example, extrusion molding. [0043] 2. Method of Protecting
Semiconductor Wafer         One example of a method of protecting a semiconductor  using a
semiconductor wafer surface protection sheet of the present inventionodes: 1) a first step of attaching
a semiconductor Wafer 25surface protection sheet to a patterned surface of a semiconductor wafer 



under warming; 2) a second step ofa non-patterned surface of the semiconductor wafer to which the
semiconductor wafer surface 14  2F11136-US-P protection sheet is,d; 3) a third step of processing the
non-patterned surface of the semiconductor waferand 4) a fourth step of peeling the semiconductor
wafer surface protection sheet.These steps may be followed by a step of dicing the 5semiconductor
wafer into chips, a step of encapsulating the chips, and so forth. [0044] First, a semiconductor wafer
on which circuits are patterned is provided.A circuit protection layer may be provided on the patterned
surface of the semiconductor wafer in order to prevent possible damage 10to the circuits in
subsequent steps. [0045] It is only necessary that the circuit protection layer is made of insulating
resin. for example, the circuit protection layer may be made of polyimide or polybenzoxazole.
Moreover, in order to reduce transmission delay of high-frequency signals, the errcuit protection
15layer may he made porous for reduced permittivity. [0046] FIG.2 shows an example of a step of
attaching a semiconductor wafer surface protection sheet. As illustrated in FIG.2, in step (attaching
step), semiconductor wafer surface protection sheet 10 tached to semiconductorfee 20 under warming
such that res 20layer B 16 comes on the patterned surface of semiconductor wafer 20 on which
semiconductor bumps 24 and the like are formed. As described above, porous circuit protection layer
22 may be foytSthi patterned surface of semiconductor wafer 20. [0047] Sheet attaching temperature
may be set to 40C to 80C, and 25 sheet attaching pressure may he set to 0.3 MPa to 0.5 M.Pa. When
the sheet attaching temperature is below 40C, the elasticity of resin layer A is less likely to decrease
and thus adjustability to surface  2f11 IJS-P irregularitiesdecreases.Ontheotherhand,sheetnfl aching 



temperature exceeding 80C is not preferable as process temperature. Attachment of the
semiconductor wafer surface protection sheet can be accomplished using any known tape laminator.
[0048]In the second step (grinding step), the non-patterned surface (back surface) of the.
semiconductor wafer is ground to a given thickness with the semiconductor wafer surface protection
sheet being attacked to the patterned surface of the semiconductor wafer. The thickness of the
semiconductor wafer after grinding may be, for 10 example, 300 um. UT less. Grinding is mechanical
grinding by means of a grinding Wheel. The grinding method is not particularly limited; grinding may be
effected with a known grinding method such as through-feed grinding Or in-feed grinding. In the
second step (grinding step), generally, the temperature of the semiconductor wafer 15and the
temperature of the semiconductor wafer surface protection sheet attached thereto are both
withinrange from 25C to less than 40C". [0049]third step (processing step), a step selected from the
group consisting of metal sputtering, plating and heating may be conducted on the non-patterned
surface (back surface) of the 20semiconductor wafer may be subjected to Heating step includes, for
example, a step of attaching a die bonding tape under warming. I00501in the fourth step (peelingthe
semiconductor wafer surface protection sheet is peeled at ambient temperature. The method of
peeling the semiconductor wafer surface protection heel is not 25particularly limited; peeling can be
accomplished using any known taper remover, [0051]A semiconductor wafer surface protection sheet
of the present  2F11136-US-P invention includes resin layer A (hat exht r)roper in the first hing step),
as illustrated in F10.28, the seonconductor wafer surface protection sheet can well adjust to relatively
large irregularities (e.g., semiconductor bumps of 200 .trit diameter or more) on the patterned surface
of a se actor wafer, and thus can be in intimate contact with the semiconductor wafer without leaving
any space. Good adhesion to the patterned surface of the semiconductor wafer can be ensured in the
subsequent second step (grinding step) and third step (processing step) as well. Moreover, 10 since
resin layer B of the semiconductor wafer surface protection sheet is in contact with the irregularities on
the patterned surface of the semiconductor wafer (see FIG.213), in the fourth step (peeling step), no
adhesive residue is eft on the patterned surface of the semiconductor wafer d therefore easy peeling
can be realized. 15[00521 A semiconductor wafer surface protection sheet of the present invention
includes resin layer B that does not exhibit hot melt property. Thus, as illustrated in FI0.25, even when
the semiconductor wafer surface protection sheet of present invention is attached to a porous circuit
protection film, it is possible to prevent the materials of resin 20layer A and rosin layer B from flowing
into the pores and thereby to achieve good peelability. Examples 100.531 (Examples 1 and 2) 



251. Measurement of Tensile Elasticity of Respective Layers As a base film, a polyethylene
terephthalate film (s: 75 is provided. As a film for resin layer A, a 100 hut-thick film is 17
2P11136-U3-P provided which is obtained by extrusion molding of TAFMER P0275(r) (Mitsui
Chemicals, Inc., density = 861 kg/rn3 ). As a film for resin layer B, a 100 pm-thick film is provided
which is obtained by extrusion molding of Notio PN 3560 manufactured by Mitsui Chemicals, Inc.
Tensile elasticity is measured for these films in ihe procedure described below. [00541 The films are
each cut into a piece with an initial dimension of 14 cm length and 1cm width to prepare sample films
for measurement. Tensile test is then conducted under the following conditions to 10  measure
elongation (mm) of the sample film: measurement temperature = 25C, distance between chucks = 100
mm, and tensile speed = 50 mm.lmin. A. tangent line is drawn to the initial rising section of the
obtained stress-strain curve (S-S curve), and the gradient of the tangent line is divided by cross
sectional area of the sample film to find tensile elasticity. [0055]2. Fabrication of Semiconductor Wafer
Surface Protection Sheet         As a base film, a 75 p.m-thick polyethylene terephthalate (PET) film is
provided. TAFMER P0275(r) (Mitsui Chemicals, Inc., density = 20  861 kg/m3) and Notio PN 3560
(Mitsui Chemicals, Inc.) are co-extruded onto the polyethylene terephthalate film, laminating thereon
two layers of co-extruded resin formed of resin layers A and B. In this way a semiconductor wafer
surface protection sheet is obtained. The thicknesses of the polyethylene terephthalate film, resin layer
A and 25resin layer B of the semiconductor wafer surface protection sheet are 75 pm, 480 trm, and 3
p.m, respectively. [0056] 3. Evaluation of Semiconductor Wafer Surface Protect]Sheet  2F11136-US-P
700 Mm-thick semiconductor wafers having 250 mm-diameter solder bail humps formed on the
patterned surface are provided. Specifically, two semiconductor wafers are provided, one for Example
1 in which hump-to-bump interval is 250 p.m, and the other for Example 2 5in which bump-to-bump
interval is 150 [0057]Using a tape laminator (LINTEC RAD 3510), the semiconductor wafer surface
protection sheet is attached to the patterned surface of the semiconductor wafer by heat pressing
under the following condition: wafer table temperature = 70C, roller temperature 10= 40C, pressure =
0.5 IttlPa, roller laminate speed = 2 mm/second. 



[0058] The semiconductor wafer is then loaded on a back grinder (DISCO DF08560), and the
non-patterned surface of the semiconductor wafer is ground to a thickness of 300 um.    [0059] Using a
tape remover (RINTEC RAD3010), the semiconductor 15wafer surface protection sheet is peeled from
the patterned surface of the semiconductor wafer at ambient temperature. [0060]In these steps,
irregularity accommodation ability, peelability    and adhesive residue level of the semiconductor wafer
sheet protection sheet, and thickness uniformity across the wafer after grinding are 20evaluated as
described below. [0061) 1) Irregularity Accommodation Ability of Semiconductor Wafer Surface
Protection Sheet        Using a microscope (KEYENCE), the patterned surface of the semiconductor
wafers to which the semiconductor wafer surface  25 protection sheet is attached is observed at
50-100x magnification for the presence of voids between irregularities on the patterned surface. The
sheet that leaves void is evaluated as X, and the sheet that leaves  2E1 no void is evaluated as [0062]
2) Thickness Uniformity across Wafer after sing a micrometer'Mitutoyo227-101),ess variation (ITV) of
the semiconductor wafergrinding is measured  5 in accordance with JIS B7502 at 23C, 50% Rif,
Specifically, wafer thickness is measured at 11 points, and the difference between the maximum c
minimum values of thickness is measured to find ITV. The wafer with a TTV of not greater than 15 urn
is evaluated as 0, and the wafer with a TTV exceeding 15 pm is evaluated as X. ID[006313) Peelability
Using a tape remover (RIM` EC RAD3010), it is evaluated as to whether or not the semiconductor
wafer surface protection sheet can be peeled from the patterned surface of the semiconductor wafer
by 180 degree peel testing. Measurement is made at 23C", 50% RE!, and  15 peeling speed of 300
mm/sec, The sheet that can be successfully peeled is evaluated as 0, and the sheet that cannot he
peeled or cannot be easily peeled is evaluated as X. [0064] 4) Adhesive Residue The patterned
surface of the semiconductor wafer from which  20 the semiconductor wafer surface protection sheet
has been peeled is observed with a microscope at 50-100x magnification. The wafer on which no
adhesive residue is confirmed is evaluated as 0, and the wafer on which adhesive residue is confirmed
is evaluated as X. [0065] (Examples "i and 4) 25Instead of the semiconductor wafer prepared in
Example 1, semiconductor wafers having a porous circuit protection layer formed on the patterned
surface are provided, The porous circuit protection 



2l1 .1 1,30-US-P layer is prepared in the procedure described below.
[0066]SynthesisofPolyhydroxyami(Polyhenzooxazol Precurso 27.0 g (0.2 tool) of
1-hydroxybenzotriazol (KURO ANE KASEI  5 Co., Ltd., FIBT) is dissolved in 150 mL of
N,N-dimethylacetylacetamide (Wako Pure Chem Industries, Ltd., DMAe), and the solution is cooled to
10C. 20.2 g (0.2 mop of triethylainine (Wako Pure Chem Indsutries, Ltd.) is added to the solution.
[0067]29.5 g (0.1 mol) of 4,4'-dicarbonylchloride diphcnyl ether 10 (NJHON NOHYAKU Co., Ltd., DEC)
is dissolved in 150 mL of acetone, icolution is added dropwise, to the above-prepared utio...BT, DMAc
and triethylamine while keeping the    liquid temperature below 0C. The solution is stirred for 2 hours at
-10C, warmed to room temperature, and stirred for a further 1 hour. 15After stirring, triethylamine
hydrochloride is filtered and the filtrate is charged2L of water to yield a white precipitate. The
precipitate is collected by filtration and washed with acetone.Further, the precipitate is dried in a 50C
vacuum drier for 48 hours to yield HI-it ester of DEC. 20[0068]18.3g(0.05mol)of
bis(3-amino-4-hydroxyphenyl)hexafluoropropane (Bis-APAF, Central Glass Co., Ltd.) is dissolved in
200 ml of DMAc. To this solution is added 24.6 g (0.05 mol) of HBT ester of DEC and reacted for 6
hours at 50C to yield polyhydroxyami e in which Bis-APAF and DEC are joined 95by an amide bond
(potybenzooxazol precursor).This solution is charged into 2L of water.A white polymer precipitate is
collected by filtration and washed with water.'Hie polymer is dried in a 50C  21711136-US-P vacuum
drier for 18 hours to yield polyhydroxyamide powder. [0069]2) Synthesis of Photosensitizer A
42.4mol)of 4,4L[1-14Th(4-hydroxyphenyI)-1-m thylethylphenylle,thylideneThisph enol (Tris-PPA,
Honshu Chemical Indsutry, Co., Ltd.) is dissolved in 600 ml of 1,4-dioxane (Wake Pure Chem
Industries, Ltd.), This solutioniswarmedto40C"and67.1g(0.25mot)of 



5-naphthoquinonediazide sulfonyl chloride (NAC-5, Toyo Gosei Co., Ltd.) is added. To this solution is
added dropwise 25.3 g (0.25 m.ol) of 10triethylamine in 100 ml 1,4ane while keeping the internal
temperature below 45C.After addition, the solution is stirred for 2 hours at 40Ce.The solution is then
cooled to room temperature, triethylamine hydrochloride is filtered, and the filtratecharged into      3L of
water to yield a yellow precipitate. This precipitate is collected 15by filtration, washed with 1%
hydrochloride aqueous solution (1L) and then with water (3L).The yellow precipitatedried in a 50C
vacuum drier for 48 hours to yield phetosensitizer A. [0070]3) Preparation of Photosensitive
Polybenzoorazol Precursor Solution 2020 g of the above poiyhydroxyamide powder, 4.6 g of the
above photoseusitizerA,and2.0gof 4,4'-(1-(2-(4-hydroxypheny1)-2-propyl)phenylethylidene)bispheno1
(Tris-PA., Honshu Chemical Indsutry, Co., Ltd.) are dissolved in 60 mild of y-butyrolactone (Mitsubishi
Chemical Corporation). The resultant 25  solution is charged in a 100 mL-syringe and filtrated through
a 0.45 [yr] pore diameter polytetralluoroethylene filter (Advantech Co., ttd.) to yield a photosensitive
polybenzoexazol precursor solution. 22  2E11136- GS-P [0071]4) Format;of Porous Protection Layer
Using a spreading/developing device (Clean Track Mark-7, Tokyo Electron Ltd.), the photosensitive
polybenzooxazol precursor solution is applied onto a. 6-inch wafer such that. film thickness after hot
plate baking is 7,8 um, After hot plate baking, using i-Pine stepper (D8W-8750, GCA), the entire
surface of the wafer is exposed at a dose of 3,000 J/cm2 through a mask with a pattern of 100 tim x
100 p.m square apertures.After exposure, using the developing device of Mark-7, the formed film is
developed by puddle development90 10seconds with 2.35% tetramethyl ammonium hydroxide solution
(ELM-0, Mitsubishi Gas Chemicals Co., Inc.). The developed polybenzooxazol precursor film is 7.1 pm
in. thickness, [0072] The silicon wafer on which the polybenzoi"cazol precursor film is formed is placed
in an inert oven (INH-21C, Koyo Thermo Systems 15Co., Ltd.), and heated at 140C" for 30 minutes
and, after 



temperature to 380C over 1 hour, heated at 380C" for 1 hour. In this way a polybenzooxazol resin film
is obtained. The polybenzooxazol resin film is then subjected to plasma treatment (reactive ion
etching) for 3 minutes using a reactivetching apparatus (RIE-10, SAMCO) 20under the following
condition: gas =gas flow rate = 50 seem, pressure = 0.6 Torr, output = 280W.In this way a porous
circuit protection layer is obtained. [0073] 700 um-thick semiconductor wafers having 250 pm-diameter
solder ball bumps formed on the circuit protection layer are provided. 25  Specifically, two
semiconductor wafers are provided, one for Example 3 in which hump-to-bump interval is 250 um, and
the other for Example 4 in which bump-to-bump interval is 150 uni. Using the semiconductor  2F1
US-P wafersus prepared and sernconductor wafer surface protectio prepared as in Example 1,
evaluations are made for the semiconductor wafer surface protection sheets and the wafers after
grinding. [0074] (Example 5) 5A semiconductor wafer surface protection sheet is obtained in the same
manner as in Example 1 except that the thickness of resin layer B is changed to 20 pm. Evaluations
for the semiconductor wafer surface protection sheet and a wafer after grinding are made in the same
manner as in Example 3. 10[0075] (Example 6)         A semiconductor wafer surface protection sheet
is obtained in the Sallie manner as n Example 3 except that, as resin for resin layer 13, Notio PN3560
(Mitsui Chemicals, Inc.) is changed to Natio "'NOW (Mitsui Chemicals, Inc.). Evaluations for the
semiconductor wafer 15surface protection sheet and a wafer after grinding are made in the same
manner as in Example 3. [00761 (Example 7)           A semiconductor wafer surface protection sheet is
obtained in the same manner as in Example 3 except that, as resin for resin layer B, 20Notio PN3560
(Mitsui Chemicals, inc,) is changed to Noiio PN2060 (Mitsui Chemicals, Inc.). Evaluations for the
'semiconductor wafer surface protection sheet and a wafer after grinding are made in the same
manner as in Example 3 [0077] (Example 8) 25A semiconductor wafer surface protection sheet is
obtained in the same manner as in Example 3 except that, as resin for resin layer 13, Norio PN3560
(Mitsui Chemicals, Inc.) is changed to hydrogenated 



2111136-LIS-P styrene-butadiene rubber (1-1SBR).Evaluations for the semiconductor wafer surface
protectsheet and a wafer after grinding are made in the same man:ner as in Example 3.
[0078]Example 9)         A semiconductor wafer surface protection sheet is obtained the same manner
as in Exampleexcept that resin prepared by adding  5wt% polypropylene (PP) to Not 0 PN3560 (Mitsui
Chemicals, Inc) is used as resin. for resin layer B. Evaluations for the semiconductor wafer surface
protection sheet and a wafer after grinding are made in 10the same manner as in Example [00 79]
(Example 10)        A semiconductor wafer surface protection sheet is obtained in the same manner as
in Example 3 except that a 20 um-thickpolyolefin layer (ADMER, Mitsui Chemicals, Inc.) is laminated
onto a 75-um thick 15 polyethylene terephthalate layer for use as a base layer. Evaluation for the
semiconductor wafer surface protection sheet and a wafer after grinding are made in the same manner
in Example 3. [0080] (Example 11) A semiconductor wafer surface protection sheetobtained in 20 the
same manner as in Example 3 except that a 20 um-thick ethylene-vinyl acetate copolymer (EVA) layer
is laminated onto a 75-km thick polyethylene layer for use as a base layer. Evaluations for the
semiconductor wafer surface protection sheet and a wafer after grinding are made in the same ma  e
as in Example 3. 25[0081] (Comparative Example 1)        A semiconductor wafer surface protection
sheet is obtained in the same manner as in Example 3 except that an ethylene-vinyl acetate
2E111.36-US -P copolymer (EVA) layer is laminated onto a 75-pm thick polyethylene t ,ireplithalitte
layer for use as a base layer and that resin aB is not formed.Evaluations for the semiconductor wafer
surface protection sheet and a wafer after grinding are made in the same manner as ii Example 3.
(0082] (Comparative Example 2) A semiconductor wafer surface protection sheetobtained in the same
manner as in Example 3 except that thickness of resin layer B is changed to 100 ura.Evaluations for
the semiconductor wafer 



10surface protection sheet and a wafer after grinding are made in the same manner as in Example 3,
[0083] (Comparative Example 3)         A semiconductor wafer surface protection sheet is obtained in
the same manner as in Comparative Example 2 except that resin layer A 15 is changed to an
ethylene-vinyl. acetate copolymer (EVAFLEX .EV420, DuPont-Mitsui Polychemicals, Co., Ltd) layer
having a thickness of 480 um, Evaluations for the semiconductor wafer surface protection sheet and a
wafer after grinding are made in the same manner as in Example 3, 20[0084] (Comparative Examples
4 and 5)         Semiconductor wafer surface protection sheets are obtained in the same manner as in
Example 3 except that, as resin used for resin layer B, Notio PN3560 (Mitsui Chemicals, Inc.) is
changed to a UV curable adhesive prepared in the procedure described below. 25 Evaluations for the
semiconductor wafer surface protection sheets and wafers after grinding are made in the same
manner as in Example 3 for Comparative ample 4 and in the same manner as in Example 2 for
11136,1i yComparative Example 5. 100851Preparalion of Adhesive Polymer        A monomer mixture
of 30 weight parts of ethyl acrylate, 40 weight parts of 2-ethylhexyl acrylate, 10 weight parts of methyl
5 acrylate and 20 weight parts of gl.ycidyl metliacryiate is reacted for 10 hours at 80C in a mixture
solvent of 65 weight parts of toluene and 50 weight of ethyl acetate in the presence of 0,8 weight parts
of a benzoylperoxide polymerization initiator (NYPER BMT-1C40, NOF Corporation) which is an
initiator of 0,32 weight parts. After the  10 completion of reaction, the resulant solution is cooled, 100
weight parts of xyLene, 10 parts weight of acrylic acid and 0.3 weight parts of
tetradecyldimethylhenzylammoniuiE chloride (Cation M2-100, NOE Corporation) are added and
reacted for 50 hours at SSC with air bubbling. In this iay an acrylic adhesive polymer solution
(adhesive 15main agent)obtained. [00861 Preparation of UV Curable Adhesive         To the acrylic
adhesive polymer solution (adhesive main agent) is added, based on 100 weight parts of the polymer
solid of the acrylic adhesive, 2 weight parts of benzyL dimethyl ketal GACURE 651, 20Nihon
Ciba-Geigy K.K.) as a cleavable photoin t ator, 0.3parts of a mixture of dipentaerythritol hexaacrylate
and dipentaerythritol  monohydroxypentaaerylate (ARONIX M-400, Toagosei Ch Industry Co., Ltd.) as
monomers having a polymerizable carbon-carbon double bond in the molecule, and 1.35 weight parts
of an isocyanate 25crosslinking agent (OLESTER P49-75-8, Mitsui Toatsu Chemicals,Inc.) it part as a
thermal crosslin.king agent) lo produce a UV curable adhes;v 



2111113( [0087]Evaluation results of Examples 1 to 11 are given in Table 1, and evaluation results of
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2 t $1 ri (.7)z - z Attaching condition Wafer   2111136-11S-P [0088j As can be seen from
Tablesemiconductor wafer surface protection sheets of Examples 1 to 11 can well accommodate
irregularities on the patterned surface of the semiconductor wafers, as    I as exhibit good adhesion
and wafer grinding stability. Moreover, it can be seen that the semiconductor wafer surface protection
sheets of Examples I to 11 have good peclabiLity from the patterned surface, particularly from the
porous circuit protection film, without causing inflow of the adhesive material into the pores leading to
adhesive 10 residue. It can also be seen that these sheets have good peelability even when the
hump-to-bump distance is short or when complex circuits are patterned. [0089]On the other hand; as
can be seen from. Table 2, the semiconductor wafer surface protection sheet of Comparative Example
15 1, which does not have resin layer B, has good irregularity accommodation ability and grinding
stability, but has insufficient peelability. It can also be seen that the semiconductor wafer surface
protection sheet of Comparative Example 2, -which has too thick resin layer B, less adjusts to surface
irregularities and thus has low 20irregularity accommodation ability and low grinding stabilityAs
demonstrated in Comparative Example 3, it can be seen that the semiconductor wafer surface
protection sheet in which resin having E(60)/425) of 0.1 or more is sed for esi constituting resin layer
less adjusts to surface irregularities and thus has low irregularity accommodation ability and low
grinding stability.it can also be seen that the semiconductor wafer surface protection sheets of
Comparative Examples 4 and 5, where tensile elasticity of resin layer B is less than 



211.11.36-US-P 0,1 .MPa, generate adhesive residue upon peeling and thus are less peelable,.
Industrial Applicability 5[0090] A semiconductor wafer surface protection sheet of the present invention
has good. adhesion to irregularities on the patterned surface of a semiconductor wafer, and good
peelability after grinding. Further, a semiconductor wafer surface protection sheet of the present
invention may have good peelability from a porous circuit protection layer. 10 Reference Signs List
[0091] 10 Semiconductor wafer surface protection sheet 12 Base film 1514 Resin layer A 16Resin
layer B 20 Semiconductor wafer 20.A Patterned surface 22 Circuit protection film 2024 Solder bump
2F11136P CLAiMS Claim 1A semiconductorwafersurfaceprotectionsheet prLT:            a base layer
having a tensile elasticity at 25C, E(25), of 1 GPa 5or more;        a resin layer A that satisfies the
condition EA(60) / EA(25) c 0:1, where EA(25) is a tensile elasticity at 25C and EA(60) is a tensile
elasticity at 60C, the EA(60) ranging from 0.005 MPa to 1 MPa; and        a resin layer B having a
tensile elasticity at 60C, EB(60), of 1 MPa or more and having a thickness of 0.1 um to less than 100
um, the EB(60) being larger than the EA(60) of the resin layer A,        wherein the resin layer A is
disposed between the base layer and the resin layer B. 15Claim 2The semiconductor wafer surface
protection sheet according to claim 1, wherein theyer B is disposed at an 



outermost surface of the semiconductor wafer surface protection sheet. Claim 3The semiconductor
waferprotection sheet 20according to claim 1 wherein the resin layer A contains an olefin copolymer.
Claim 4The semiconductor wafer surface protection sheet       according to claim 1, wherein the resin
layer A has a density of 800 25kg/m3 to 890 kg/rn3  2E11136- (S P according to claim 1, wherein the
resin layer 13 contains at least one resin selected from the group consisting of polyeth ylene elaslonier
and polystyrene elastomer. 5Claim 6The semiconductor wafer surface protection sheet according to
claim 1, wherein the base film is at least one layer selected from the group consisting of a polyolefin
film, a polyester film, and a laminate film of polyolefin layer and polyester layer. Claim 7The
semiconductor wafer surface protection sheet according to claim 1, wherein thickness tA of the resin
layer A is larger than a difference in level on a patterned surface of a semiconductor wafer. 15Claim
8A method of protecting a semiconductor wafer comprising: a first step of attaching the semiconductor
wafer surface protection sheet according to claim 1 to a patterned surface of the      semiconductor
wafer at 40C to 80C under a pressure of 0.3 MPa to 0.5 20 MPa;          second step of grinding a
non-patterned surface of the semiconductor wafer to which the semiconductor wafer surface protection
sheet attached;              a third step of processing the non-patterned surface of the 25semiconductor
wafer after grinding; and        a fourth step of peeling the semiconductor wafer surface protection
sheet.  2F11136 JS ' Claim 9The methodcording to cl a im 8, wherein the pattern ed surface of the
semiconductor wafer has a difference in level of 200 idrri or higher. 5 Claim 10The method according
to claim 8, wherein the 



semiconductor wafer further includes a porous circuit protection layer attached to the patterned
surface. 10Claim 11The method according to claim 8, wherein the third step includes atst one step
selected from the group consisting of metal sputtering step, plating step, and heating step. Claim 12A
method of manufacturing a semiconductor device 15comprising:        a first step of attaching the
semiconductor wafer surface protection sheet according to claim 1 to a patterned surface of a
semiconductor wafer at 40C to 80C under a pressure of 0.3 MPa to 0.5 Mra; 20a second step of
grinding a non-patterned surface of the semiconductor wafer to which the semiconductor wafer surface
protection sheet is attached;         a third step of processing the non-pattern.ed surface of the
semiconductor wafer after grinding; and 25a fourth step of peeling the semiconductor wafer surface
protection sheet.  2F11 . I . 36-1,1 Claim 13The method according to claim 12, wherein the patterned
surface of the semiconductor wafer has a difference in level of 200 pin or higher. 5Claim 14The
method according to claim 12, wherein the semiconductor wafer further includes a porous circuit
protection layer attached to the patterned surface. Claim 15The method according to claim 12, wherein
the third step 10includes at least one step selected from the group consisting of metal sputtering step,
plating step, and heating step. 




