
2F1 11 364JSP DESCRIPTION Title of Invention SHEET FOR PROTECTING SURFACE
OF SEMICONDUCTOR WAFER, SEMICONDUCTOR DEVICE MANUFACTURING METHOD AND
SEMICONDUCTOR WAFER PROTECTION METHOD USING SHEET. Technical Field [0001]
The present invention relates to a semiconductor wafer surface protection
sheet, a method of protecting a semiconductor wafer using 10the same, and a
method of manufacturing a semiconductor device using the same. Background
Art [0002]During the grinding step of the non-patte n d surface of a 15
semiconductor 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 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 waler results in a uneven distribution of stress across
the surface of the semiconductor wafer upon grinding of  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. [00041For 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.2005-191296 15 [PTL 2]Japanese Patent Application
Laid-Open  No.2004-363139 [PTL 3] Japanese Patent Application LaId-Open
No.2005-243909 [PTL 4] W02006/088074 Summary of Invention 20Technical
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,some cases, a circuit protection film having
2111136-13S-P porous structure or asperities is formed prevously 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,l. p.83-88 jan.2006). This is to make the
circuit protection layer porous for reduced perni.ittivity, in order to
reduce transmission delay of high-frequency signals along with 10increasing
transmission speed and frequency of electrical signals. 



Whenabove 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 15 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 20peeling of the semiconductor
wafer surface protection sheet difficult after grinding. [0008] The present
invention has been made in view of the foregoing circumstances,An object of
the present invention is to provide a semiconductor wafer surface
protection sheet that has good adhesion to 25 irregularities 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 3  210.1 1, 6 sheet.Another object of the present
invention is to provide a semiconductor wafer surface protection sheet that
may have good peelability 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 10elastic modulus
than resin A has high peelability while ensuring adjustabilityto
irregularities onthe patterned surface of a semiconductor wafer. The
inventors have also established that high adjustability to surface
irregularities and high peelability can be achieved at the same time by
adjusting the balance of tensile elasticity and thickness between resin
layer A. and resin layer B.The present has been made based on these
findings. [0010]Specifically, a first aspect of the present invention
relates to a semiconductor wafer surface protection sheet, [1]A
semiconductor wafer surface protection sheet including: 20a base layer
having a tensile elasticity at 25C, E(25), of 1 GPa or more;
ayer A that satisfies the condition EA(60) / 3425 <0.1,
where EA(25) is a tensile elasticity at 25C and EA(60) is a tensile
elasticity at 60T, the EA(60) ranging from 0.005 MPa to 1 MPa; and
a resift layer having a tensile elasticity at 60C Eg(60), of 1 MPa or more
and having a thickness of 0.1 Hu to less than 100 um, the En(60) being
larger than the EA(60) of the resin layer A, 4  



P2F11136-US-P ayer A is disposed between the base layer and the resin layer
B.  [2]The semiconductorrface protection sheet according to      [1],
wherein the resit layer B is disposed at an outermost surface of the
5semiconductor wafer surface protection [3]The semiconductor wafer surface
protection sheet according to [1] or [2], wherein the resin layer A.
contains an olelin copolymer.     [4] The semiconductor wafer surface
protection sheet according to any one of [1] to [3], wherein the resin
layer A has a density of 800 10kg/m3 to 890 kg/  [5] The scm conductor
wafer surface protection sheet according to any one of [1] to [4], wherein
the resin layer B contains at least one resin selected from the group
consisting of polyethylene elastomer and polystyrene elastt 15[6]The
semiconductor wafer surface protection sheet according to any one of 1] to
[5], wherein the base film is at least one layer selected from the group
consisting of a polyolefin a polyester film,and a laminate film of
polyolefin layer and polyester layer [7]The semiconductor wafer surface
protection sheet according to 20 any one of [1] to [6], wherein thickness
tA of the resin layer A is larger than a difference in level on a patterned
surface of a semiconductor wafer. [0011]A second aspect of the present
invention relates to a method of       protecting a semiconductor wafer
using the semiconductor wafer 25surface protection sheet. A method of
protecting a semiconductor wafer including: a first step of attaching the
semetor wafer surface 



27E7,-11136-U8-P protection sheet according to 1.11 to a patterned
semiconductor wafer at 40T to 80C under a pressure of 0.3 NI Pa to 0.5 MPa;
a second. step of grinding a non-patterned surface of the 5semiconductor
wafer to which the semiconductor wale protection sheet is attached;
a third step of processing the non-patterned surface of the semiconductor
wafer fief grinding; and a fourth step of peeling the semiconductor wafer
surface 10prot [9]The method according to [8], wherein the patterned
surface of the semiconductor wafer has a difference in level of 200 pm or
higher. The method according to [8] or [9], wherein the semiconductor
lades a porous circuit protection layer attached to the 15patterned
surface.  [11] The method according to any one of [8] to [10], wherein he
third step inciudes at least one step selected from the group consi of
metal sputtering step, plating step, and heating step.    [0012] A third
aspect of the present invention relates to a method of 20manufacturing a
semiconductor device using the semiconductor wafer surface protection
sheet. [12] A. method of manufacturing a semiconductor device including: a
first step of attaching the semiconductor wafer surface  protection sheet
according to 



to a patterned surface of a  25semiconductor wafer at 40'C to SOt under
pressure of 0.3 MPa to 0.5 MPa;  2F1. I f364J3 semiconductor wafer to which
theconductor wafer surface tection sheet is attached; a third step of
processpatterned surface of the semiconductor wafergrinding; and 5a fourth
step of peeling the semiconductor wafer surface protection [131The method
accord lug to [12] wherein the patterned surface of theonductor wafer has a
difference in level of 200 Rrn or higher.
[14]Themethodaccordto[12]or[13],whereinthe 10semiconductor wafer further
includes a porous circuit protection layer attached to the patterned
surface.         The method according to any one of 1.2 to [14], wherein
the third step includes at least one step selected from. the group
consisting of metal sputtering step, plating step, and heating step, 15 



Effects of Invention [0013] 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 peel billy after
grinding. Further, a 20semiconductor wafer surface protection sheet of the
present invention may have good peelability from a porous circuit
protection layer. Brief Description of Dra in gs [001.4] 25F10.1 shows an
example of a semiconductor water surface protection sheet; and F1a2 shows
an example of a step of attaching a semiconductor  2FIJ, wafer surface
protection sheet. Description of Embodiments [0015]1. Semiconductor Wafer
Surface Protection Sheet         A 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 B. [0016]When attaching the sheet under warming
the resin layer A 10preferably 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 plastic deformation. Thus,tensile elasticity at 25C, 15EA(25), and
tensi.le elasticity at 60C, EA(60), preferably satisfy the condition EA(60)
/ EA(25) < 0.1.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) / EA(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 I MPa to 10 MPa, more preferably 2 MPa to 9 MPa.When tensile
elasticity EA (60) falls         the range, resin layer A becomes {towable
when attaching the sheet under warming and thus can well adjust to surface
irregularities. 25On the other hand, when tensile elasticity EA(25) falls
wittiin the       layer A can retain its shape at'e after sheet attachment
and thus can ensure adhesion during processing.  2FI1136- (00181Tensile
elasticity of the resin can be measured in the proceure:  



I) As a specimerexample, a sample film with an initial     dimension of 140
Film length, 10 mm width and 75 pm to 100 tun thick 5is provided;
2) Tensile test is then conducted under the following conditions  to
measure elongation (mm) of the sample: measurement temperature = 25C,
distance between chucks = 100 mm and tensile speed = 50 nun/min; and 103)
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. 1001 91The density of resin layer. A is preferably 800 kg/m3 to
890 15 kg/m3, more preferably 830 kg/-m3 to 890 kg/rn further preferably
850 kg/in3 to 890 kg/m3, When the density of resin layer A is less than 800
kg/u13, 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. [00201There is o particular limitationthe resins
used for resin layer A as long as the above conditions for ten,lasticity
are satisfied; olefin copolymer are preferable,copolym have C2_12 0,-01main
component units are preferable. 25[0021]Examples of the C7,12 a-olefins
include ethylene, propylene, 1-butene, 1-pentene, 3-n qhyl-l-hutene,
1-hexe4-methyl-1-pentene, 3-mehyl-l-pentene, 1-heptene, 1-octeneand
1-dodecene, 9  21411 l33US [002partitheirhighadjustabilitytosurfac 



egularities upon attaching, ethylene-a-o]efin copolymers such
ethylene-propylenecopolymer, ethylene-l-butcnecopolymer,  terpolymers of
ethylene-propylene-C412 a-olefins; and terpolymers of propylene-l-butene
copolymer-05_12 R-01 fins are preferable, with ethylene-propylene copolymer
being more preferable because propylene proves hot melt property of olefin.
copolymers.Commercial ly available a-olefin copolymers include
TAFMERmanufactured by Mitsui Chemicals, Inc, 10[0023]The tensile elasticity
of resin layer A is adjus ted by the monomer type, comonomer ratio,
modification, etc., of the olefin copolymer.Reduction of the tensi e
elasticity at 60C of the olefin copolymer is accomplished by, for example,
increasing propylene modifying the olefin copolymer carboxylic acid, and so
forth. 15[0024]Resin layer A may contain additional resin or additives as
long as such characteris as good adhesion or 0 or from semiconductor wafers
do not deteriorate. Examples of such additives :include UV absorbers,
antioxidants, heat stabilizers, lubricants, softening agents, and adhesion
improvers. 2010025]There is :no particular limitation on thickness tA of
resin layer A as long as it can fully accommodate(including semiconductor
bumps) on the patterned surface of a semiconductor  



wafer.       of the order 25pit to 200 pm. [0026]For increased pc
preferable that resin layer B do  21-11' unlike resin layer A, iesin layer
B do    iibit hot melt property upon sheetient under svarmii undergo
elastic deformation at least in the Pater-described step of attachinu a
SCIDICorfsurface protection sh 100271Thus, tensile elasticity at 60C of
resin layer B, EB(60 preferably higherile elasticity at 60C of resin layer
A, EA(60). However,should be noted that preferably tensile elasticity
EB(60) of resin layer B is not excessively iigh so as not to cause
significant reductionintheresinlayerA'sabilityofadjustabilityto
10(accommodating ability) surface irregularities. [0028] Tensile elasticity
-n(60) of resin layer B isably 1 MPa or more, but is preferably lower than
the tensile elasticity at 60Cof the base layer.Tensile elasticity Bu(60) of
resin layer B is preferably 1 MPa to 10 MPa, more preferably 1 MPa to 7
MPit.When tensile 



elasticity BB(60) of resin layer B iMPa, resin layer B is glued to a
semiconductor wafer more than necessary upon sheet attachment and thus
peeling becomes difficult.On the other when tensile elasticity EB(60) of
resin layer B is excessively high, the resin layer becomes so hard that
adjustability to surface irregularities 20decreases. [0029] There is no
particular limitation on the resin used for resin layer B as long as the
above conditions for tensileicily are satisfied; thermoplastic elastomers
are preferable.Examples of the thermoplastic elastomers include polystyrene
ela.stomers, polyolefin 25elastomer, polyurethane elastomers, and polyester
Listons.Among Ihem, polystyrene elastomers and polyolefin elastomers are
preferable view of the easiness withto adjust adhesiveness and  21111130
flex ibil 100301The polystyrene elastomers include styt
blockcopolymer(SIS),styrei e-ethy ne-butylene-styreneblock copolymer
(SEBS), styrene-ethylene-p dpylene-styrene block copolymer (SEPS), and
other styrene-diene block copotymers and hydrogenated products thereof
(e.g., hydrogenated styrene-butadiene rubber (11SBR)). 100311 The
polyolefin elastorners include block copolymers of crystalline polyolefin
blocks and non-crystalline monomer copolymer blocks. Specific ex am pl es
thereof in 10 olefin-ethylene-butylene-olefin .)ck co poi ymers,
polypropylen--polyethylen oxide-polypropylene block copolymers, and
polyprop ylene-polyolefin -polypropy [ene block copolymers.
CommerciallyavailablepolyolefinelastomersincEudeNotio(r) 



manufactured by Mitsui Chemicals, Inc, 1001321Thickness t0 of resin layer B
is preferably high enough not to cause reduction in the adjustability to
surface irregularities.For this, thickness tB of resin layer B is
preferably 0.1 jm to less than 100 ttra, more preferably 1 pm to less than
100 kn. When thickness t0 of resin layer B is less than 0.1 p.m, it become
difficult to exert resin layer B1 s 20 peelatdility. On the other hand,
when thickness tut of resin layer B is 100 p.m or more, resin layer A's
adjustability to surface roughness tends to decrease. {00331The base layer
preferably has rigidity in order to suppress warpage or deformation of a
semiconductor wafer.For this, the tensile 25elasticity at 5C1 of the base
layer, F(25), is preferably I 011'a or more. [0034]Such a base layer is
preferably a polyolefin film, a polyester film, OT a laminate film of
putyolefin layer and polyester layer, for  2Fi 1136-FS-P example.
[0035]Examples of the polyotefin film include poly/puppy Examples of the
polyesterelude polyethylene terephthalate film and pal yete ne n aphtha l
ate film [0036]The thickness of the base layer is preferably aboutto 



about 250 urn, more preferably 12 fun to 100 p.m. The total thickness
iconductor wafer surface protection sheet is preferably 1,000
c preferably 700 pm or less, in order to avoid poor workability upon sheet
attachment or peeling. 10[0037] The semiconductor wafer surface protection
sheet may include additional layer(s) as needed.The additional layers
include adhesive layer, sepetc. The adhesive layer is not particularly forp
e, the adhesive layer may be ADMER(r) manufactured by Mitsui
Chemicals,Inc.The separation film is not particularly 15limited; for
example, a polyethylene terephhalate film subjected to releaseatment may be
employed, [00381As described above, theonductor 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 20resin layer
B.For its function of increasing peelability, resin layer B is preferably
disposed at the outermost surfacethe one on the base layer side) of the
semiconductor wafer surface protection sheet, [0039]layer A may be a
mono-layer or a multiple-layer.In order tore adhesion between resin layer A
and base layer, an 25adhesive layer may be additionally dispesed between
resin layer A and base layer. [0040] FIG.l shows an example of a
configuration of a semiconductor 



2F11136- US-1/ waferace protection sheet.As illustrated in FIG.!,
semiconductor wafer surface protection sheet 10 includesorder,se layer 12,
resin layer A 14, and resin layer B 16. Semiconductor wafer surface
protection sheet 10 is attached on the resin layer B 16 side to a patterned
surface of a semiconductor wafer. [00711/A semiconductor wafer surface
protection heel of the present invention can be manufactured by any
method.For example, the semiconductor wafer surface protection sheet can be
manufactured by: coextmnsion in which the base film, resin layer A and
resin layer B 10are co-extruded or in which resin layer A and resin layer B
are co-extruded onto the base 2) lamination in which the 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 eeded.
For increased adhesion between Iertace 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 be produced 20by, for example, extrusion molding. [0043]
2. Method of Protecting Semiconductor Wafer 



One example of a method of protect/e:mico:nwafer using a semiconductor
wafer surface protection sheet of the present invention: 1) a first step of
attaching a semiconductor wafer 25surface protection sheet to a patterned
surface of a semiconductor wafer under wart 2) a second step of grinding a
non-patterned surface of  2Fl 111184P protection sheet is atta hi 1:3) a
third step of processing the non-patterned surface of the SCI conductor
wafer after grinding; and 4) a fourth step of peeling the
semiconductor.face protection sheet.'These stops 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]II is only
necessary that the circuit protection layer is made of insulating resin;
for example, the circuit protection layer may be made 



of polyirnicle or polybenzoxazo Moreover, in order to reduce  transmission
delay of high-frequency signals the circuit protection layer may be made
porous for reduced permittivity. [00461 F1(3.2 shows an example of a step
of attaching a semiconductor wafer surface protection sheet. As illustrated
in FIG.2, in the first step (attaching step), semiconductor wafer surface
protection sheet 10 is attached to semiconductor wafer 20 under warming
such that resin 20 layer 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
formed on the patterned surface of semiconductor wafer 20. [0047] Sheet
attaching temperature may be set to 40C to 80C, and 25 sheet attaching
pressure may be set to 0.3 M.Pa to 0.5 Nita. When the sheet attaching
temperature is below 40C', the elasticity of resin layer A is less likely
to decrease and thus adjustability to surface  21,11l36-US-P
irregularitiesd'Cre'Ontheotherhand,sheetattaching temperature exceeding 80C
is not preferable as process temperature. Attachment of the semiconductor
wafer surface protection sheet can be aecottiplislied us y known tape
laminator. 5[0048]In the second step (grinding step), the non-patterned
surface (back fa f the semiconductor wafer is ground to a given thickness
with the semiconductor wafer surface protection sheet being attached to the
patterned surface of the semiconductor wafer. The thickness of the
semiconductor wafer after grinding may be, for 10example, 300 p.m or less.
Grinding is mechanical grinding by means of a grinding wheel. The grinding
method is lot particularly limited; grinding may be effected with a known
grinding method such as through-feed grinding or feed grinding. In the
second step (grinding step), generally, the temperature of the
semiconductor wafer 15 and the temperature of the semiconductor wafer
surface protection sheet attached thereto are both within the range from
25C to less than 40C. [0049] In the third step (processing step), a step
selected from the group consisting of metal sputtering, plating and heating
may be conducted on the no 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. 



[00501In. the fourth step (peeling step), the semiconductor wafer surface
protection sheet is peeled at ambient temperature. The method of peeling
the semiconductor wafer surface protection sheet is not 25particularly
Limited; peeling can be accomplished using any known taper remover, [00511A
semiconductor wafer surface protection sheet of the present  invcnton
includes resin layer A that exhibits hot ins,     the firststep (attaching
step),ased inF1G.2B, semiconductor wafer surface protection sheet can well
adjust to relatively large irregularities(e.g., semiconductor bumps of 200
pm diametermore) on the patterned surface of a semiconductor 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 he ensured in the subsequent second step (grinding
step) and third step (processing step) as well.Moreover, 10since resin
layer B of the semiconductor wafer surface protection sheet    in contact
with the irregula s on the patterned surface of the semiconductor wafer
(see FI0.213), in the fourth step (peeling step), no adhesive residue is
left on the patterned surface of the semiconductor wafer and therefore easy
peeling can be realized. 15[0052]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 Flan, even when the
semiconductor wafer surface protection sheet of the present invention is
attached to a porous circuit protection film, it is possible to prevent the
materials of resin 



20layer A and resin layer B from flowing into the pores and thereby to
achieve good peelability. Examples [0053] (Examand 2) 251 Measurement of
Tensile Elasticity of Respective 1....ayers         As a base film, a
polyethylene terephthalate film (thickness: 75 urn) is provided. As a film
for resin layer A, a 100 pm-thick film is 17  217I 136-US-P provided which
is obtained by extrusion molding of TAFMER P0275(r) (Mitsui Chemicals,
Inc., density = 861 kg/m3 ). As a film for resin layer 13, a 100 um-thick
film is provided which is obtained by extrusion molding of Natio PN 3560
manufactured by Mitsui Chemicals, Inc. 5Tensile elasticity is measured for
these films in the procedure described below. [00541The films are each cut
into a piece with an initial dimension of 14 cm length and lcrin 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 iniMmin. 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 15elasticity. [0055]2. Fabrication of Semiconductor Wafer
Surface Protection Sheet 



As a base film, a 75 um-thick polyethylene terephthalate (PET) film is
provided. TAFIVIER P0275(r) (Mitsui Chemicals, Inc., density 20861 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 urn, 480 um, and
3 um, respectively. [0056]3. Evaluation of Semiconductor Wafer Surface
Protection Sheet  :-.11S-P        700 pm-thick semiconductor wafers having
250 gm-diameter solder hall humps formed on the patterned surface are
provided. Specifically, two semiconductor wafers are provided, one for
Example 1 in which bump-to-bump interval is 250 um, and the other for
Example 2 in which hump-to-bump interval is 150 um. [0057]Using a tape
laminator (LINTEC RA[) 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 MPa, roller laminate speed = 2
mm/second. [00581 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 klal    [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. 1006111) 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  2H1S no void is evaluated as (3, [0062]2) Thickness
Li niforrnity across Wafer after Grinding         Using a micrometer
(Mitutoyo 227-101), total thickness variation (ETV) of t le semiconductor
wafer after grinding is measured in accordance with JIS 137502 at 23C", 50%
RU. Specifically, wafer thickness is measured at 11 points, and the
difference between the maximum and minim 1 values of thickness is measured
to find TTV. The wafer with a TTV of not greater than 15 p.m is evaluated
as 0, and the wafer with a TTV exceeding 15 p.m is evaluated as X. [0063]3)
Peelability          Using a tape remover (RINTEC RAD3010), it is evaluated
as whether or not the semiconductor wafer surface protection sheethe peeled
from the patterned surface of the semiconductor wafer by 180 degree peel
testing.Measurement is made at 23C", 50% RU, and peeling speed of 300
mm/see.The sheet that can be successfully peeled is evaluated as 0, and the
sheet that cannot be peeled or cannot be easily peeled is evaluated as X.
[0064] 4) Adhesive Residue                The patterned surface of the
semiconductor wafer from which 20dueirface protection sheet has been peeled
is 



observeda microscope at 50-10th magnification. The wafer or which no
adhesive residue is od is evaluated as 0, and the wafer on which adhesive
residue is confirmed is evaluated as X. [0065] (Examples 3 and 4) 25Instead
of the semiconductor waferd in Example semiconductor wafers having a porous
circuIt protection layer formed on the patterned surface are provided.The
porous circuit protection 20  2E11 I PP-US-P layer is preparedrocedu re
described below. [0066]1)SynthesisofPelyhydroxyamide(Pelybenzooxazol Free a
rsor)        27.0 g (0.2 awl) of 1-hydroxybenzotriazol (KUROGANE KASEI Co.,
Ltd., HST) is dissolved in 150 mL of N,N-dimethylacetylacetamide (Wake Pure
Chem Industries,MAc), and the solution is cooled to -1.0C.20,2 g (0.2 niol)
of triethylamine (Wako Pure Chem Indsutries, Ltd.) is added to the
solution. [0067]29.5 g (0.1 awl) of 4,4'-chearbonylchloride diphenyl ether
10(NIRO NOHYAKU Co., Ltd., DEC) is dissolved in 150 mL of acetone, 



after which this solution is added dropwise to the above-prepared
solution of HBT, DMAc and triethylamine while keeping the liquid
temperature below OC. The solution is stirred for 2 hours at -10C", warmed
to room temperature, and stirred for a further 1 hour. 15After
stirring,ethylamine hydrochloride is filtered and the filtrate IS charged
into 21_, 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 Hill ester of DEC.
20[0068]18.3g(0.05mot)of bis(3-amino-4-hydro yphenyOhexallueropiropane
(Bis-APAF, Central Glass Co,, Ltd.) is dissolved in 200 ml of DMA.c. To
this solution is added 24.6 g (0.05 rnol) of liBT ester of DEC and reacted
for 6 hours at 50C" to yield polyhydroxyamide in which Bis-APAE and DEC are
joined 25by an amide bond (polybenzeoxazol precursor).This solution is
charged into 2L of waler.A white polymer precipitate is collected by
filtration and washed with- polymer50C'  I vacuum drier for 48 hours to
yield polyhydroxyamide powder. 1006912) S'hotosensA 42,4inol)of 4,4'-i [4-
(4-hydroxyplienyl)-1-rnethylethyl]phenyliethylidenelhisph. cool (Tris-PPA,
Honshu Chemical Indsutry, Co., Ltd.) is dissolved hi 600 ml of 1,4-dioxane
(Wako Pure Chem Industries, Ltd.). This
solutioniswarmedCo40Cand67.1g(0.25mot)of 5-naphthoquino- ediazide sulfonyl
chloride (NAC-5, Toyo Gosei Ltd.) is added.To this solution is added
dropwise 25.3 g (0.25ol) of 



triethyla1,4-dioxane while keeping the temperature below 45C.After
addition, the solution is stirred for 2 hours at 40C'.The solution is then
cooled to room temperature, triethylauiine hydrochloride is filtered, and
the filtrate is dinged into o yield a yellow precipitate,his precipitate is
collected 15by fith 1% hydrochloride aqueous solution (1L) and then with
water (3L).The yellow precipitate is dried in a 50C vacuum drier for 48
hours to yield photosensitizer A. [0070]3) Preparation of Photosensitive
Polybenzooxazol Precursor Solution 2020 g of the above polyhydroxyarnide
powder, 4.6 g of the -1) ve photosensand A,7.0gof
4,41-(1-(2-(4-hydroxypheny1)-2-pr ipyl)phenylethylidene)bisphenol (Tris-PA,
Honshu Chemical Indsutry, Co., Ltd.) are dissolved in 60 mIL of
y-butyrolaetone (Mitsubishi Chemical Corporation),The resultant 25solution
is100 ml-syringe and filtrated through a 0.45 p.m pore diameter
polytetrafluoroethylene filter (Advantech Co., yield a photosensitive
polybenzooxazol precursor solution.  2FI ll36- l00711iation of Porous
Protection Layer         Using a spreading/developing device (Clean Track
Mark7, Tokyo Electron Ltd.), the photosensitive pot ybeuzooxazol precursor
solution is applied onto a. 6-inch wafer such that film thickness after 



5 hot plate baking is 7.8 iw. After hot plate baking, using i-fine stepper
(DSW-8750, OCA), the entire surface of the wafer is exposed at a dose of
3,000 Iicm2 through a mask with a pattern of 100 pm x 100 nu) square
apertures. After exposure, using the developing device of Mark-7, the
formed film is developed by puddle development for 90  10 seconds with
2.35% tetramethyl ammonium hydroxide solution (ELM-D, Mitsubishi Gas
Chemicals Co., Inc.). The developed polybenzooxazol precursor f.1w is 7.1
Em in thickness.     [00721 The silicon wafer on which the polybenzooxazol
precuisor film is formed is placed in an inert oven (INFI-21C, Koyo Thermo
Systems 15Co., Ltd.), and heated at 140C for 30 minutes and, after raising
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 rs
thensubjected to plasma treatment (reactive ion etching) for utes using a
reactive etching apparatus (R1E-10, SAMCO) 20under the following condition:
gas = CF,i, gas flow rate = 50 seem, pressure = 0.6 Ton, output = 280W.Tn
this way a porous circuit protection layer is obtained.     1_00731 700
Em-thick semiconductor wafers having 250 pin-diameter solder ball bumps
formed on the circuit protection layer are provided. 25Specifically, two
semiconductor wafers are provided, one for Example 3 I.bump interval is 250
pm, and the other for Example 4 hich bump-to-bump interval is 150 unUsing
the semiconductor  211111136-US-P wafers thus prepare( and
semiconductorface protection sheets prepared isiinptc 1, evaluations are
made for the semiconductor wafer surface protection sheets and the wafers
after grinding.  100741(Exainplc 5)         A semiconductor wafer surface
protect.on sheet is obtained in the same manner as in Example 1 except that
the thickness of resin layer B is changed to 20 p.m. Evaluations for the
semiconductor wafer surface protection sheet and a wafer after grinding are
made in the same manner as in :Fix ',pie 3. 10[0075] (Example 



A semiconductor wafer surface protection sheet is obtained in the same
manner as in Example 3 except that, as resin for resin layer B, Noll
PN3560(Mitsui Chemicals, Inc.) is changed to Notio PN0040 (Mitsui
Chemicals, Inc.). Evaluations for the semiconductor wafer 15surface
protection sheet and a wafergrinding are made in the same manner as in
Example 3. [0076] (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, tnc,)
is changed to Notio 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] (Exa pl 25A semiconductor
wafer surface protection-I: is obtained in the same manner as in Example 3
except that, as resin for resin layer 13, Notio PN3560 (Mitsui Chemicals,
Inc.) is changed to hydrogenated  2F:11136-U8-P styrene-butadiene rubber
(Evaluations for the semiconductor wafer surface protection sheet and a
wafer after grinding are made in the same rnani.ter as in Example 3. [0078]
(Example 9)         A semiconductor wafer surface protection sheet is
obtained in the same manner as in Example 3 except that resin prepared by
adding 5wl% polypropylene (Pt') to Not'o PN3560 (Mitsuals, Inc.) is used as
resin, for resin layer B.Evaluations for the semiconductor wafer surface
protection sheet and a wafer after grindingmade in 



10the same manner as in Example 3. [0079] (Example 10) A semiconductor
waferaprotection sheet is obtained in the same manner as in Exatc pt that a
20 p.m-thick polyole layer (ADMER, Mitsui Chemicals, Inc.) is laminated
onto a 75-pm thick 15 polyethylene terephthalate 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 manner as 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 pm-thick ethylene-vinyl
acetate copolymer (EVA) layer is laminated onto a 75-pm thick polyethylene
le phthalate layer for use as a base layer. Evaluations for e sem r wafer
surface protection sheet and a afterwafer grinding are made in the same
manner as in Example 3, 25[0081] (Comparative Example 1) A setd ctor wafer
surface protecton sheetobtained in the same manner as in Example 3 except
that an ethylene-vinyl acetate  2.17.1.113o-U, ' copolymer (EVA) layer .ccl
onto a 75-in thick polyethylene terephthalate layer for use as a base layer
and Hat resin layer 13 is not formed.Evaluations for the s n iconductor
wafer surface protection sheet and a wafer after grindingmade in the same
manner as in 



Example 3. [0082] (Comparative Example 2)         A semiconductor wafer
surface protection sheet is obtained in the same manner as in Example 3
except that thickness of resin layer B is changed to 100 i_rm.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 anethylene-vinyl acetate copolymer (EVAELEX
EV420, DuPont-Mitsui Polychemicals, Co., Ltd.) layer having a thickness of
480 um. Evaluations for the semiconductor wafer surface protection sheet
and a 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, Not o PN3560 (Mitsui Chemicals,
Inc.) is changed to a DV curable adhesive prepared in the procedure
described below.  21111136,t1S-P Co mnarative Example 5. [ 0851 Preparation
of Adhesive Polymer A monomer mixture of 30 weight parts of ethyl acrylate,
40 parts of 2-ethylhexyl acrylate, 10 weight parts of vJ  5 acryhate and 20
weight parts of glycidyl methacrylaft 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 polyme
ation initiator (NYPER BMT-K40, NOF Corporation) which is an initiator of
0,32 weight p After the  10 completion of reaction, the resulant solution
is cooled, 100 weight parts of xyleue, 10 parts weight of acrylic acid and
0.3 weight parts of tetradecyldimethylbenzylammonium chloride (Cation
M2-100, NOF Corporation) are added and reacted for 50 hours at 85C with air
bubbling. In this way an acrylic adhesive polymer solution (adhesive 15main
gent) is obtained. 



[0086] 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 berizyl
dimethyl ketal (IRGACURE 651,  20 Nihon Ciba-Geigy K.K.) as a cleavable
photoinitiator, 0.3 weight parts of a mixture of dipentaerythrito,1
hexaacrylate and dipentaerythritot monohydroxypentaacrylate (ARON1X M-400,
Toagosei Chemical Industry Co., Ltd.) as mo..omers having a polymerizable
carbon-carbon double bond in the molecule, and 1.35 weight parts of an
isocyanate  25 ere-slinking ageut (OLESTER P49-75-5, Mitsui Toatso
Chemicals, Inc.) (1 weight part as a thermal crossiinking agent) to produce
a UV curable ad h es iv C.  2F11136-liti-P [0087]Evaluation results of Ittx
IT les 1 to 11 areTable 1, and evaluation results of Comparative Examples t
to 5 are. given.in Table 2.      21;.1S-P [00S8JAs cahorn Tableii conwater
suit protection sheets of Examples 1 to IIcan well accommodate irreguin 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 1 to 11 have good
peelability from the patterned surface, particularly from the porous
circuit protection film, out 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 bump-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 13, has good irregularity accommodation
ability and grinding stability; but has insufficient peelability. It can
also be seen that the semiconductor -afer surface protection sheet of
Comparative Example 2, xyhich has too thick resin layer B, less adjusts to
surface irregularities and thus has low 20 irregularity accommodation
ability and low grinding stability. As demonstrated in Comparative Example
3, it can be seen that the semiconductor wafer surface protection sheet in
which resin having E(60)/E(25) of 0.1 or more is used for resin
constituting resin layer A less adjusts to surface irregularitieslow
irregularity accommodation abilit.y and low grinding stability,also be seen
that the semiconductor wafer surface protection sheets'o p rative Examples
4 and 5, where tensile elasticity of resin layer B is less than  0.1 NIPa,
generate adhesiveresidue upon peeling arid thus are less peelahia.
Industrial Applicability [0090]A semiconductor wafer surface protection
sheet of the present invention has good adhesion togulaon the patterned
surface of a ductor wafer, and good peelability after grinding. Further, a
semiconductor wafer surface protection sheet of the present invention may
have good pe,elahility from a poro 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 20A
Patterned surface 22Circuit protection film 2024 Solder bump  CLAIMS
Asemiconductorfaceprotection COis in g        a base layer having a tensile
elasticity at 25C, E(25), of 1 GPa Or more; a resine A that satisfies at-
condition EA(60) / EA(25) < where EA(25) is a tensile elasticity at 25C and
EA(60) is a tensile elasticity at 60`C, the FA(60) ranging from 0.005 MPa
to 1 MPa; and a resin layer B baying a tensile elasticity at 60C, ER(60),
of I 10MPa or more and haying a thickness of 0,1 pm to less than 100 pm,
the EB(60) being larger than the EA(60) of the esin layer A,        wherein
the resin layer A is disposed between the base layer and the resin layer B.
15Claim 2The semiconductorsurface protection sheet 



according to claim I, wherein the resin layer B is disposed at an outermost
surface of the semiconductor wafer surface protection skeet. Claim 3The
semiconductor wafer surface protection 20according to claim 1, wherein the
resin layer A contains an olefin copolymer, Claim 4The scrniconductor wafer
surface protection sheet       according to claim 1, wherein the resin
layer A has a density of 800 25kg/m3 to 890 kg/r 3 Claim 5The semiconductor
wafer surface protection sheet  2131 I l361US-P accordinthe resin layer B
contains at least one resin selected from the group consisting of
polyethylene elastorner and polystyrene elastorner. Claim 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, 15Clai.m 8A method of protecting a semiconductorwafer coin pr is in
g:         a first step of attaching the semiconductor wafer surface
protection sheet according to claim 1 to a patterned surface of the
semiconductor wafer at 40"C to 80`C under a pressure of 0.3 MPa to 0.5 20
MPa; 



a second stepg a non-patterned surface of the semiconductor wafer to which
the semiconductor wafer surface protection sheetattached;              a
third step of processing the non-patterned surface of the 25semiconductor
wafer after grinding; and         a fourth step of peeling the scm
iconductor wafer surface protection sheet.  I 36-11S-1' Claim 9The. method
according to claim 8, wherein the patterned surface of the semiconductor
wafer has a difference or higher. 5 Claim 10The method according to claim
8, whereinthe 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 at least one step
selected from the group consisting of metal sputtering step, plating step,
and heating step. ClaimA 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 semiconductor
wafer at 40C to 80C under a pressure of 0.3 MPa to 0,5 MPa; 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-patterned
surface of the semiconductor wafer after grinding; and 25a fourth step of
peeling the semiconductor wafer surface protection sheet.  2F1.1 ,qh-U.S-P
Claim 13The method according to claim 12, wherein the patterned surface of
the semiconductor wafer has a difference in level of 200 un 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. 




