SPECIFICATION ELECTRONIC COMPONENT PACKAGING SHEET, AND FORMED ARTICLE
THEREOF TECHNICAL FIELD [0001]The present invention relates to a sheet for packaging electronic
components such as IC's, LED's, connectors and capacitors, a method for production thereof, and a
formed article formed from said sheet. BACKGROUND ART [0002]Generally, carrier tapes are used to
store and transport compact electronic components stieh as IC's. In particular, polystyrene (PS) sheets
are excellent in transparency and have good thermoforming properties, so they are widely used for
being able to provide carrier tapes of good pocket shape (see, e.g., Patent Documents 1 and 2).
[0003]On the other hand, when transporting IC's, the buildup of static electricity due to friction between
the carrier tape and the content, or generated ﬁﬁ&ﬁ‘ﬁb"e‘hﬂ Sbver tape adhered to the top surface of
the carrier tape, can result in destruction of the IC circuits. Additionally, in the case of very small

components, the components can aﬁher to the caver tape, causing problems when mounting them to
electronic devices, In ordeFt]oE&g\% P&lﬁﬁ?&ﬂﬁélﬂfé\é R&Q%ﬁﬁiﬁ&ﬁ%—r‘%@ is often subjected to

an anti-static treatment (see, e.qg., PEEAHSIRMIEA A BEHILE HHGREEF when treated with a normal

anti-static agent, the surface resistance can become higher, and the anti-static effect can be
insufficient. Therefore, methods of preventing the buildup of static electricity by providing a conductive
layer comprising a conductive material such as carbon black or a metallic powder are known (e.g.,
Patent DocumentIB BN EEEESe, it is difficult to obtain sufficient transparency to read letters
inscribed on the compact electronic components that are contained inside through the tape or to

inspect thgoproducts as @%@&Qﬁ@eﬁ@&ma}{t@% acrentable.dQe0dlAdditinnRallnRsami-static
treatments for the surface of films in general, processes of coating the surface of a substrate film
consisting of poly&kfts&te (BR, ?9Bf§?é{ﬂﬂ?lé?£c€é’?éﬁﬁfﬁélﬁt%ﬂt‘?fﬁ?‘)Pﬁtﬂyﬁlﬁ’bﬂ}éﬁef(ﬁfﬁ)aor the like and
forming a conduciive dayefidarngea eertaiiadeesee of transparency have been proposed for various
applications (see, e.g., Patent Documents 6 and 7). [0005]However, sheets and films coated with
various types of conductive agents and conductive compositions on their surfaces as disclosed in
Patent DocumenBAC&RGROENDSARBIT that the materials of the substrate films are mainly composed of
PC, PET and PP substrates, and no specific examples have been disclosed in the technical field of the
present ifyggion of a fayorabl anangement whereln (e surface of 4 £5 shest s caated. Additionally
when forming pockets in carrler){’ape using a sheet having fhie strface of the substrate sheet of the
material coated witmpooenidgetives #gent[rtiper§ anfac edlgsisterd@D ke conductivet layer can rise,
reducing the effect of, preventing, the build,of electrostatic.charge, Evirthermare, when a raw sheet is
stored in a wound state, patticularly ina hlgh-temperaﬁﬁre high-humidity environment, blocking and
separation of the kebrglaldtivedeyedauaity bleskingaiasedet shafOBO6 [PatBrieD bagmentts! Patent
Document 2: Patgnpg Bocument 3: Patent Document 4: Patent Document 5: Patent Document 6: Patent
Document 7: JP 2003-55526 A JP 2005-23268 A JP 2003-253069 A JP 2003-320605 A JP H9-76424
A JP 20080888733 A JP Q00 2thraamd vaem iRy tOF I B EheNVIEINT RONR[OGIPITHE Present
invention was achigyegoinpdewealitbe.ahaussdessiRed citrl Biancasd and:has e Ryipary purpose of

offering an electronic component packaging sheet capable of retaining good thermoforming ability due

to use of a polystifirsbprey tee sometrines shbecantfeans 8 transgareriey done fstlfeteriorate after

forming even whenqiayidingi@iSiiiace weRsHGl verlayeil abk jbeesurtacedspisiancesapHg maintained
at a satisfactory level. Additionally, the present invention has another purpose of offering an
electronic compoleRt SREKAYTAG BRE RIAH SR HE BIBLRFHY G ShastE R aiiSst Hb separation of
the conductive layededuepi@iackitgrouble, Hertheranaiahtharpre sentiintentionatse tas the purpose of
offering a method stl,l_itgttlletforagrogycin ths tafOtI’ mentiop%d eclle4§trol[iic comp neqt ?%kagLng sheet
and a formed artifl:]ilelﬁrab1 ucet t%lln(‘Szjefhe'gdfoa}eerrhenotf(l)lﬁné2 glettronic cé’r%%vgﬁe“r’] eﬁaf; aaeglr‘f‘(f; sheet.
[0008]The antistatisoefiieciris-siahiiagedtitha cafsier¢siperhavindagonbigbtiverddyer onithetisurface by
dispersing static electricity, generated by. friction with the contents duying transpert or the like as
doscribed above, I Ghs BT e Lorae A S baesy B ot e R B e e he
present inventorseperfoimeyd mitigéng resedctiaieyeonpusitiops whérefivd¢hesuifacslresistance
measured at standgigipiavals iAo AeAndRIL Iaveloress MG VansRAeRGYda otained
even after pocket formation, whereupon they discovered fhat an electronic component packaging
sheet capable of ¥dhiittctheioebirdblaffisicaricrnviparansiostrerst itEeki iy obtdeos etoreridting in
separation of the gonduictivelavencande.Qbianed huapalving.Gaman. saNPibes [R.a substrate sheet
using a polystyrene (PS) type resin composition, wherein each resin has a molecular weight in a
specific range. [0009]In other words, according to a first aspect, the present invention offers an
electronic component packaging sheet having a surface conductive layer formed on a surface on at
least one side of a substrate sheet, wherein the substrate sheet comprises a styrene-conjugated diene
block copolymer (A), a polystyrene resin (B), and a high impact polystyrene resin (C), the components
having the following weight-average molecular weights (Mw): component (A): Mw = 80,000 to
220,000; component (B): Mw = 200,000 to 400,000; component (C): Mw = 150,000 to 210,000; and

the crirface condiictivve laver combpricina an acrvlie connolvmer recin (DY and carbon nanotitbhec (F)



Fig. 2 shows standards for evaluation of thermoforming properties of an electronic component
packaging sheet according to examples of the present invention. Fig. 3 shows a method of
measurement of surface resistance of a carrier tape formed article according to an example of the
present invention. MODES FOR CARRYING OUT THE INVENTION [0016]Herebelow, modes for
carrying out the present invention will be described in-gletail. [0017]The electronic component
packaging sheet according to an embodiment of the present invention has a surface conductive layer

formed on the sugm@pagtdaasgtme,lsjgetm}ﬂa& 39@&5@1@, sheet. The substrate sheet is formed from
aresin comémsition containing the respective components, i.e. a styrene-conjugated diene block

copolym&lPtA), a polystyretid HRa(B) “aiia 4 R TP BIg Sty rEET ([©51e8bectively having
specific weight-ayesage-moleaulas tweightse andsthetsiiciaee casisigiiveplayersamprises an acrylic
copolymer resin (D), and carbon otu (5). 0018]The styrene-conjugated diene block copolymer
(A) is a polymer i(ﬁc ﬁ%tzﬂﬁ'g?r}%tﬁrse%%%%fﬁ?%l Rer bl ger{%?{@ %Sgﬁ%r%‘%% Viéric monomers and
polymer blocks mainlyconipyisingvoeugaiedddigacomonspaais.ybxaamptepofsigeficvaranemers

include styrene, %-mﬁtgp((l)%%/ ene, ggget Oté‘rr%ggt,sg-atnelét- _utylgtyrene, 1,3-dimethylstyre_ne,
a-methylstyrene, \ﬁﬁyfnapt thalen&, vinylanthracene and 1,1-diphenylethylene. In a particularly

preferredf@ﬁﬁbodimer_lt oftthedrrresitiets ,amiefiﬁn@mgamiw’ahefmamlyygwmmenmi@ﬂ egentarove other
components ma}’clé?ﬁdkﬁ'&wéj?oqna%%sﬁ%%‘é GOmRPNents. [QQRQIGanIaaled BgNs, menomers,are

compounds having conjugated double bonds in their structure. Examples include 1,3-butadiene
(butadiene), 2-metisplthagth madteinls fisbp rabeyat Blyhnwtmpinly, Sapumsdierid’ CL Fpenddtiene,

1,3-hexadiene and gameihyiRERHIBRE Mo Mbich HHiadIENs ANFSQRIAEHRIE fi@ierred. One or
more types of conjugated diene monomers may be used. The polymer blocks mainly comprising

styrenic monomePESFERE SRR YaAHerPRERaEsRERtIL BIbIy sstifactafad B errrb i fR3tRdstyrenic

monomers and mlarm@&%ah?pmgomiﬁ@go&@mE@&i@ﬁwgqsﬁ%m SHMWERIGIBOROMEESIBran amount of
at least 50 mass%. The polymer blocks mainly comprising conjugated diene monomers refer to both

polymer blocks cAffsEher brarTy EiRfcRACEHEPRBY HEN LOhfigRtetp it MoREMETS A polymer
blocks comprisingstiesHiestienived demgonjugateddigne snpromears aniddmpunt of at least 50
mass%. The conjugated diene content jn the styrene-conjugated diene block copolymer (A), for every
100 parts by mass SFeSRISSAYRE (A) ERTTG rofaTABT B T 16 SESH RO id of the mechanical
properties of the pubrirhigysheeicheteptheconijyigated digreconienitrefetsitg ihe @papardional mass of
structures derive% ff{ gwoc%n'l%%g%degi 2ne monomers inogpe entire copolymer. [0020]One or more types
of the styrene-conjugafea iene bloc copo ymerg(f&"f%ayuﬁe used. In the present invention, when the
conjugatédienelsdrtdclienentor gXa00p1853eAstyrene-conjugated diene block copolymer may be
either a styrene-%tt%dti?g)%u SB E):ip rona %tyrene-butadiene-styrene (SBS) terpolymer, and may
be a resin composed of a plurality of blocks, with three or more styrene blocks and two or more
butadiene blocks PRentHérmora! it mEl2# v @&bAcalled tapered block structure wherein the
component ratio @f sturgp&,ARg: hutadigne Blaeks continuously changes between respective blocks.
Additionally, the styrene-conjugated diene block copolymer may be one that is commercially available
used as is. [0021]ixtarid seprepr-gorfubatéddiéne block copolymer (A) used in the present invention,
the polymer blocksof, ShyeRicN@NGMRKSs Kb gomponent preferably have a peak molecular weight
as measured by GPC in the range of 30,000 to 120,000, and the molecular weight distribution curve of
the styrenic mondrierbIeeREPteferdbi)Hds 4} -width in the range of 0.8 to 1 25, more preferably
1.05 to 1 25 Use of those in this range enables good formability to be achieved. The molecular weight
distribution curve of the styrene blocks in component (A) can be determined by the following method.
First, component%}ﬂmy UL IDNENNE leavage by chloroform using osmium tetroxide as a
catalyst, in accordance with the method described in I. M. Kolthoff, et al., J. Polym. Sci., 1, 429 (1946),
then the f@suajting styrenatolpeksraradissalvesd Hahgetett ahyidrotidtas sokemisanckaneasured by GPC.
The molecular Weéght curve candtlp‘entﬁ)e used to determg'(rgf the styr nte-converted Jat?ak molecular
weight using standarc Bgﬂfsetgy?élne mon %ﬁ%%r%%“)?‘“fﬁ% &enﬁlaeagﬁferf)ﬁlécn gmnl?gr)} Be in accordance
with conventionalpiekhgiiguésevithatheoiainmeasuemenioéonditipndglineihg asifelidws: Column
temperature:40 C Detection method:differential refractometry Mobile se:tetrahydrofuran Sample
concenration:2 roLegl b e A B e A oI Te
half-width can beadtetdemimekusingthismmodacgiteruviaigrirdistfibutiger cud hdontheestpremechlocks.
Specifically, when the maleculag g\(gigmsﬁcpggpﬁgegn the horizontal axis using a logarithmic scale with
the range of 1000 to 1,000,000 being 15 cm, and the concentration (mass ratio) is placed on the
vertical axis at an arbitrary height, the width of the peak on the horizontal axis at a height of 50% of the
peak top is the half-width. In this case, the height of the peak top should be that perpendicular to the
horizontal axis, and the width of the peak at 50% of the height should be parallel to the horizontal axis.
The half-width of the molecular weight distribution curve of the styrene blocks correlates with the

molecular weight distribution of the block copolymer. While the method of adjusting the molecular
weaeiaht dicetribiition iec not narticiilarlvy rectricted bhlock conolvvmere nof differeant moleciilar weinahte can he



mixer such as a tumbler, then kneaded in an extruder to form pellet-shaped compounds. These
pellet-shaped compounds can then be extruded using a F 65 mm extruder with a T-die to produce
substrate sheets. Additionally, so-called "ear" portions formed during the substrate sheet extrusion
process can be pulverized and returned to the substrate sheet within a range not greatly affecting the
strength of the substrate sheet and the formed article-&fter forming. While the thickness of the
substrate sheet is not particularly limited, when considering the application, it should be from 50 m to 3

mm, preferably 100 m to Aqmnsnaing iRgre Rrefarabipd R &R [APBAH he suiface craduetive layer
formed on the surface of at least one side of the substrate sheet comprises carbon nanotubes and an
acrylic copolymer PBSIANPhRELHBIR TSROt Bl prdlarking HiRrAT L aMsr RARTRIBEL (MWCNT).
MWCNT is compesed @htikaseaensigting oialphgrality of tubular carbon walls of different diameter
bundled into multiple Iay?rs l:%wound central axis, tthe carbon t\ﬁ/alls bein% fgl{ ed from acpexagonal
mesh structure of carbon. THe" rrﬁsae?tnlgvﬁ?rrlﬁg with the Earbon walls it a Ml ilayered helical
structure. The MBI i prefetally toé af dypeenherenltheooarbonpualts preagidgtehdd dayers, more
preferably 2 to 15 layers. Use of such a MWCNT greatly improves the transparengy of the resulting
Conductie transpata T Ao SoL R Al SRR o d e D b Ao B lonoth 0.5 1 3
m should preferabigdbe used. The MWCNT may be dispersed in the aqueous composition such as to
be indivighyglly separatedqr ey, mayhe, dizRereadwith.A PRI AEING huncled igaether. [0031]The
acrylic copolymer resin should preferably be used as a binder in the form of an aquéous dispersion,
and should prefethbBptizsed n penticlagsipd(Hectbiviyagrapataichy Sizdonerdlishtheontadiatvdiameter
value) of 80 to 350,np, MQEPERESIARAOR 1R AROAML Y Using dhrse, withi pattisla siag.n the range
of 80 to 350 nm, the coefficient of static friction and the coefficient of kinetic friction can be adjusted to
at least 0.85 and Bti#fSgeIs50 W hilectriertdhe perssAbi ymétre satipgred diti Fsatirferasdatdy using an
acrylic copolymercsagiBswithsa/Raiicl@ sizerRt Irss dhan RAam dthersis.arisk.ebiths iogtficient of static
friction and the coefficient of kinetic friction becoming less than 0.85, resulting in blocking and
separation of the L¥HBELIRE Gy ISP e tBeSTERIBAG "B st e Btk KRAHCTREkEMEIRRY D static friction
and the coefficientiaf-kipeticHriction cavithhe saised-by  sektingthepadicle sizetohfhsasrylic
copolymer resin to at least 350 nm, but that may reduce the transparency and make it insufficient.
Additionally, the GRASSHARSHRSROENEMEUITE T8 e A8 RopoRIT F e NG HolR B rably be 25
to 80 C in order tofanequdielyvidtgit, ihe bosstuekviby aftel ihecaafomiogtaetsheabafdihe present
invention. [OOSZ]TEetsur.face con uctiv&,&z){er com rising ctarborllnanotu es an# an acrylic copolymer
resin can be formed on the stbstrate sheet’durface Clj)é?ﬁgsél Hown method such as those described in
the above-mentionekdatenti goounspatidcamtzdP 2005-290045 A. [0033]In a preferred embodiment of
the pres?wog]vention, a %iéqurdvivs rgsrsggcr(l) ofc (pgﬁrgt%goégbglsé arnegegg%@,iecn(s:lg 0%@%5 resin is obtained
by preparing a carbon nanotube dispersion IB§ primary oﬁsp'ersm?n in a bead mill of carbon nanotubes in
an aqueous solutitgstofrecsotfonitaigdcdpgegiserbarinhavinteromdticy ilave feroledalez and
secondary dispergigndn anulirasenis sispgtainn.andmixing herenith.an.aguseus-gisaersion of an
acrylic copolymer as a binder. Next, this mixed dispersion is applied to the surface on at least one side
of the substrate sHeEdycagralrdréesaterorpyike, them riviedy terfoieria(Bluate Eehaoeiiie layer.
[0034]By forming shesubsirate.steeh iom R resinGomPeRiHAR CAIPRIEINGRSIRGARRANRENtS (A) to (C)
of specific weight-average molecular weights and forming a surface conductive layer comprising
carbon nanotube@’f@§rﬁ¥‘éfﬁ acrylic copolymer resin (D) on the surface thereof, it is possible to obtain
a sheet for packaging elegti@pieaqrPoReNtsssoh@sBE@Nbossed carrier tape, with excellent
thermoforming properties, wherein the transparency will not be reduced after forming, and the surface
resistance is maintained Q% L&A evaT U D XU when a carrier tape or the like is
thermoformed from a subshigtasheer hawing frmetheremn.asurface conductive layer comprising
preferably 3 to 10 masso/t%of c?rbon ndang,tu es, particularly MW?NT, [(eferabl}/ gg}diaﬁpeter 3to 15
nm and length 0.5 to 3 m, i thé SUFfACE condlictive RAyErs the formabiity 'of the Surfate conductive
layer is very good@hchthensuifec@)conductive layer will exhibit good transparency even after forming.

EXAMP -12- packagjng electronic components of the present inyention shall he explajined with
referencltFables 1 to ART EIpee 1105, TOUBATF /e o TSP REIS S S Ths L heiiions for
each component A} (B yapdy@) irldtie résiyraompositiorns of theysulsstrateisingbe used of the examples
and comparative gxampless oo, oA HaNows e welshtaveings melesylar weight (Mw) and
butadiene/styrene mass% ratio of the compositions of the styréne-conjugated diene block copolymer
(A), and the peak molecular weight of the styrene blocks and peak half-width of the styrene blocks in
component (A). Table 1-2 shows the weight-average molecular weight (Mw) of the compositions of the
polystyrene resin (B). Table 1-3 shows the weight-average molecular weight (Mw), graft rubber part
(mass%) and graft rubber average particle size (m) of the compositions of the high impact polystyrene
resin (C). [0037][Table 1-1] Weight Average Molecular Weight (Mw) Butadiene/ Styrene (Mass%)

Styrene Block Peak Molecular Weight Styrene Block Peak Half-width (cm) Styrene-Conjugated Diene
Connlvmear (AY A1 1E0 000 20/20 A0 000 1 11 A-2 140 000 24/76 100 00N 0O 04 A-2 20 000D 148/24



0.70 A-6 70,000 40/60 15,000 1.30 [Table 1-2] Weight Average Molecular Weight (Mw) B-1
330,000 B-2 290,000 B-3 210,000 Polystyrene (B) B-4 370,000 B-5 470,000 B-6 120,000 -13-
[Table 1-3] Weight Average Molecular Graft Rubber Part (mass%) Graft Rubber Average Particle
Size Weight (Mw) (m) C-1 180,000 8.6 2.5 C-2

[0011]

[0012]

[0013]

-4-

polymer blocks of the styrenic monomers is in the range of 0.8 to 1.25. The rubber
component in a graft rubber in component (C) is preferably a diene rubber monomer
chosen from the group consisting of 1,3-butadiene (butadiene), 2-methyl-1,3-butadiene
(isoprene), 2,3-dimethyl-1,3-butadiene, 1,3-pentadiene, 1,3-hexadiene and
2-methylpentadiene, or a thermoplastic elastomer of a styrene-conjugated diene block
copolymer wherein the diene component is at least 50 mass%. In one example, the
particle size of the graft rubber in component (C) is ¢ 2.0 to 3.0 pm, and the proportion of
rubber in the graft rubber in the substrate sheet is 0.75 to 1.90 mass%.

In another embodiment, the substrate sheet is formed of a resin composition
comprising 29 to 65 mass% component (A), 51 to 15 mass% component (B) and 20 to 9
mass% component (C), and the melt tension of the substrate sheet at 220 °C is 10 to 30
mN.

In yet another embodiment of the present invention, the carbon nanotubes in
the surface conductive layer are multiwall carbon nanotubes of diameter 3 to 15 nm and
length 0.5 to 3 um, and the amount of the multiwall carbon nanotubes contained in the
surface conductive layer is 3 to 10 mass%.

The particle size in an aqueous dispersion of the acrylic copolymer resin (D) in
the surface conductive layer is 80 to 350 nm and the glass transition temperature Tg of
the acrylic copolymer resin (D) in the surface conductive layer is 25 to 80 °C.
Additionally, in a preferred embodiment, the surface resistance of a formed article with a
draw ratio for thermoforming of 1.5 to 3 times is on the order of 10° Q to 107 Q.
Additionally, the coefficient of static friction of the conductive layer formed on the
surface of the substrate sheet is preferably at least 0.85 and at most 2.50, and the
coefficient of kinetic friction is preferably at least 0.85 and at most 2.50.

In another embodiment, the present invention offers a method for producing
the aforementioned electronic component packaging sheet, comprising steps of
preparing a mixed dispersion by mixing the aqueous dispersion of an acrylic copolymer
with a dispersion of carbon nanotubes obtained by primary dispersion in a bead mill of
carbon nanotubes in an aqueous solution of a sulfonic acid dispersant having aromatics
in the molecule, and secondary dispersion in an ultrasonic dispersion; and applying the
mixed dispersion onto at least one surface of the substrate sheet.

In yet another embodiment, the present invention offers a formed article formed



190,000 7.9 2.0 High-Impact C-3 150,000 8.8 2.3 Polystyrene (C) C-4 200,000 7.4 2.3 C-5 100,000
6.1 1.8 C-6 250,000 7.3 2.8 [0038]Table 2-1 and Table 2-2 show the specs for components (D) and
(E) in the surface conductive layer used for the examples and the comparative examples. Table
2-1 shows the compositions (mass%) of the acrylic copolymer resin (D) as well as the glass transition
point (C) and average particle size (nm) of the resins,-&nd Table 2-2 shows the shapes of the carbon
nanotubes (CNT) (E), among which NC 7000 in E-1 is an MWCNT produced by Nanocyl, and

Graphistrength CAP@énfofarisias MUGNTproduced by A keman00 38T ahlesked] Notiomposition in
Resin (mass%) Glass Transition Point (C) Average Particle Size (nm) Methyl Methacrylate Butyl

Acrylate Butyl Mefias s e gl RS IR th AT A SR OBy EEEBiymer Resin (D) D-1 40 41 8 11 40
130 D-2[d84 8 11 75 218cBd8nfGo the present invention, by using a polystyrene (PS) type substrate

sheet, it is possible to obtain an electronic component packaging sheet that maintains
good thermoforming properties, wherein the transparency after forming does not
deteriorate even when providing a surface conductive layer, and the surface resistance
can be retained at a satisfactory level. Additionally, the sheet almost never undergoes

blocking or separation of the conductive layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 shows a formed article formed by thermoforming an electronic
component packaging sheet in a pressure-forming machine according to an example of
the present invention.

Fig. 2 shows standards for evaluation of thermoforming properties of an
electronic component packaging sheet according to examples of the present invention.
Fig. 3 shows a method of measurement of surface resistance of a carrier tape

formed article according to an example of the present invention.

MODES FOR CARRYING OUT THE INVENTION

[0016] Herebelow, modes for carrying out the present invention will be described in
detail.

[0017] The electronic component packaging sheet according to an embodiment of the
present invention has a surface conductive layer formed on the surface on at least one
side of the substrate sheet. The substrate sheet is formed from a resin composition
containing the respective components, i.e. a styrene-conjugated diene block copolymer
(A), a polystyrene resin (B), and a high impact polystyrene resin (C), respectively having
specific weight-average molecular weights, and the surface conductive layer comprises
an acrylic copolymer resin (D), and carbon nanotubes (E).

[0018] The styrene-conjugated diene block copolymer (A) is a polymer including, in its
structure, polymer blocks mainly comprising styrenic monomers and polymer blocks

mainly comprising conjugated diene monomers. Examples of styrenic monomers



771185870 D-481441190230 D-5403514117070 [Table 2-2] Sha-De Note diameter (nm)
length (pm) CNT (E) E-1 9.5 1.5 NC-7000 (Nanocyl) E-2 12.0 5.0 Graphistrength C100 (Arkema)
[0040]Table 3 shows the component ratios by mass% of the components (A), (B) and (C) used in
Examples 1 to 18 and Comparative Example 1 to 7, and the graft rubber content in the substrate
sheet, and Table 4 shows the melt tension measured-&t winding speeds of 10, 30 and 50 mm/min for
the resin composition of the substrate sheet. The method of measuring melt tension will be discussed

below. [0041] [Tﬁbﬂ@dg]styrene, o-methylstyrene, p-methylstyrene, p-tert-butylstyrene,
1,3-dimethylstyrene, a-methylstyrene, vinylnapththalene, vinylanthracene and
1,1-diphenylethylene. In a particularly preferred embodiment of the invention, the
monomers are mainly styrene, but one or more other components may be included as
trace components.

[0019] Conjugated diene monomers are compounds having conjugated double bonds
in their structure. Examples include 1,3-butadiene (butadiene), 2-methyl-1,3-butadiene
(isoprene), 2,3-dimethyl-1,3-butadiene, 1,3-pentadiene, 1,3-hexadiene and
2-methylpentadiene, among which butadiene and isoprene are preferred. One or more
types of conjugated diene monomers may be used. The polymer blocks mainly
comprising styrenic monomers refer to both polymer blocks consisting of only structures
derived from styrenic monomers and polymer blocks comprising structures derived
from styrenic monomers in an amount of at least 50 mass%. The polymer blocks mainly
comprising conjugated diene monomers refer to both polymer blocks consisting of only
structures derived from conjugated diene monomers and polymer blocks comprising
structures derived from conjugated diene monomers in an amount of at least 50 mass%.
The conjugated diene content in the styrene-conjugated diene block copolymer (A), for
every 100 parts by mass of component (A), should preferably be 10 to 25 mass% in view
of the mechanical properties of the substrate sheet. Here, the conjugated diene content
refers to the proportional mass of structures derived from conjugated diene monomers in
the entire copolymer.

[0020] One or more types of the styrene-conjugated diene block copolymer (A) may be
used. In the present invention, when the conjugated diene is butadiene, for example,
the styrene-conjugated diene block copolymer may be either a styrene-butadiene (SB)
bipolymer or a styrene-butadiene-styrene (SBS) terpolymer, and may be a resin
composed of a plurality of blocks, with three or more styrene blocks and two or more
butadiene blocks. Furthermore, it may have a so-called tapered block structure wherein
the component ratio of styrene and butadiene blocks continuously changes between
respective blocks. Additionally, the styrene-conjugated diene block copolymer may be
one that is commercially available used as is.

[0021] In the styrene-conjugated diene block copolymer (A) used in the present

invention, the polymer blocks of styrenic monomers in the component preferably have a



[0022]

[0023]

-7-

peak molecular weight as measured by GPC in the range of 30,000 to 120,000, and the
molecular weight distribution curve of the styrenic monomer blocks preferably has a
half-width in the range of 0.8 to 1.25, more preferably 1.05 to 1.25. Use of those in this
range enables good formability to be achieved. The molecular weight distribution
curve of the styrene blocks in component (A) can be determined by the following
method. First, component (A) is subjected to oxidative cleavage by chloroform using
osmium tetroxide as a catalyst, in accordance with the method described in I. M. Kolthoff,
et al., J. Polym. Sci., 1, 429 (1946), then the resulting styrene blocks are dissolved in a
tetrahydrofuran solvent and measured by GPC. The molecular weight curve can then
be used to determine the styrene-converted peak molecular weight using standard
polystyrene (monodisperse). The GPC measurements may be in accordance with

conventional techniques, with the main measurement conditions being as follows:

Column temperature: 40 °C

Detection method: differential refractometry

Mobile phase: tetrahydrofuran

Sample concentration: 2 mass%

Calibration curve: from standard polystyrene (monodisperse)

The half-width can be determined using this molecular weight distribution
curve for the styrene blocks. Specifically, when the molecular weight is placed on the
horizontal axis using a logarithmic scale with the range of 1000 to 1,000,000 being 15 cm,
and the concentration (mass ratio) is placed on the vertical axis at an arbitrary height, the
width of the peak on the horizontal axis at a height of 50% of the peak top is the
half-width. In this case, the height of the peak top should be that perpendicular to the
horizontal axis, and the width of the peak at 50% of the height should be parallel to the
horizontal axis. The half-width of the molecular weight distribution curve of the
styrene blocks correlates with the molecular weight distribution of the block copolymer.
While the method of adjusting the molecular weight distribution is not particularly
restricted, block copolymers of different molecular weights can be obtained by methods
such as adjusting the time of addition of the initiator during the polymerization of
styrene block parts in component (A).

The polystyrene resin (B) is a resin generally known as a GPPS, mainly

comprising styrenic monomers, but may contain one or more aromatic vinyl compounds
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such as o-methylstyrene, p-methylstyrene, p-tert-butylstyrene, 1,3-dimethylstyrene,
a-methylstyrene, vinylnaphthalene, vinylanthracene and 1,1-diphenylethylene as a trace
component, and a commercially available resin may be used.

The high impact polystyrene resin (C) is a resin generally known as a HIPS, and
is a polystyrene resin comprising microparticulate graft rubber to which styrenic
monomers have been grafted. Graft rubber is a type of rubber wherein styrenic
monomers have been graft-copolymerized to a rubber component as described below to
form graft branches. The graft rubber content in component (C) can be determined by
dissolving in a mixed solvent of MEK and acetone at a mass ratio of 50/50, recovering the
undissolved portion by centrifugation, and calculating from the mass thereof.

Examples of the rubber components in the graft rubber include, for example, diene
rubbers with 1,3-butadiene (butadiene), 2-methyl-1,3-butadiene (isoprene),
2,3-dimethyl-1,3-butadiene, 1,3-pentadiene, 1,3-hexadiene and 2-methylpentadiene as
monomers. Additionally, a thermoplastic elastomer which is a styrene-conjugated
diene block copolymer wherein the diene component takes up at least 50 mass% may be
used. Among these, polybutadiene and styrene-butadiene block copolymers are
preferred.

With the graft rubber in component (C), having a particle size in the range of at
least ¢ 2.0 pm and at most ¢ 3.0 um, preferably at least ¢ 2.3 um and at most ¢ 2.7 um,
the substrate sheet excels in transparency and strength properties. The graft rubber
particle size here refers to the average particle size of the graft rubber component
measured by a laser diffraction type particle analyzer. Additionally, in the substrate
sheet of the present invention, the graft rubber content derived from component (C) in
the substrate sheet when the substrate sheet is defined as 100 mass% should be 0.75 to
1.90 mass% in order to achieve balance between impact resistance and transparency of
the substrate sheet. The graft rubber content in component (C) and the proportional
content of component (C) in the substrate sheet should be adjusted to put the graft
rubber content of the substrate sheet in the above-indicated ranges.

The substrate sheet of the present invention is formed of a resin composition
containing 29 to 65 mass% of component (A), 51 to 15 mass% of component (B), and 20 to
9 mass% of component (C), with (A) to (C) totaling 100 mass%. By setting the

composition in these ranges, a substrate sheet that is satisfactory in strength properties,
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impact resistance and transparency can be obtained.

The substrate sheet for an electronic component packaging sheet according to
one embodiment of the present invention is preferably a resin wherein the
weight-average molecular weights (Mw) of the respective components (A) to (C) are in
the following ranges:

Component (A): Mw = 80,000 to 220,000

Component (B): Mw = 200,000 to 400,000

Component (C): Mw = 150,000 to 210,000

Here, the weight-average molecular weight (Mw) can be determined from a
standard polystyrene-converted molecular weight distribution curve determined by
conventional methods using GPC.

By using resins in such ranges of weight-average molecular weight, not only
does it become possible to adjust the appropriate range of melt tension for this resin
composition as described below, but also a sheet with a good balance of strength
properties and transparency can be obtained, with very good formability when
thermoforming the resulting substrate sheets into carrier tape or the like, enabling good
pocket formation even for deep draw forming.

Here, the melt tension is a value (mN) measured using a melt tension
measuring apparatus with an orifice diameter of 1.0 mm ¢, and orifice length of 10 mm
and winding speeds of 10, 30 and 50 m/min. By using components (A) to (C) with
weight-average molecular weights in the above-described ranges, and adjusting the
blending ratio of the components (A) to (C) as needed, the melt tension at 220 °C of the
resulting resin composition can be adjusted, preferably to the range of 10 to 30 mN.
When the melt tension is in this range, a substrate sheet with particularly good forming
properties can be obtained when thermoforming the substrate sheet to obtain a container.
When the melt tension is less than 10 mN, holes may form when thermoforming the
substrate sheet, and when exceeding 30 mN, the formativeness (sharpness) of the
pockets of the formed articles may be deficient.

The method of producing the substrate sheet of the present invention using the
resin composition comprising the above components (A) to (C) is not particularly limited
and the sheet may be produced by a common method. For example, the components

(A) to (C) can be blended in a predetermined ratio and mixed using a commonly used
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mixer such as a tumbler, then kneaded in an extruder to form pellet-shaped compounds.
These pellet-shaped compounds can then be extruded using a ¢ 65 mm extruder with a
T-die to produce substrate sheets. ~Additionally, so-called “ear” portions formed during
the substrate sheet extrusion process can be pulverized and returned to the substrate
sheet within a range not greatly affecting the strength of the substrate sheet and the
formed article after forming.

While the thickness of the substrate sheet is not particularly limited, when
considering the application, it should be from 50 um to 3 mm, preferably 100 um to 1
mm, and more preferably 150 to 600 pm.

The surface conductive layer formed on the surface of at least one side of the
substrate sheet comprises carbon nanotubes and an acrylic copolymer resin. The
carbon nanotubes are preferably multiwall carbon nanotubes (MWCNT). MWCNT is
composed of tubes consisting of a plurality of tubular carbon walls of different diameter
bundled into multiple layers around a central axis, the carbon walls being formed from a
hexagonal mesh structure of carbon. The MWCNT may be formed with the carbon
walls in a multilayered helical structure. The MWCNT is preferably of a type wherein
the carbon walls are in 2 to 30 layers, more preferably 2 to 15 layers. Use of such a
MWCNT greatly improves the transparency of the resulting conductive transparent film.
More specifically, a MWCNT of diameter ¢ 3 to 15 nm and length 0.5 to 3 um should
preferably be used. The MWCNT may be dispersed in the aqueous composition such
as to be individually separated, or they may be dispersed with a plurality being bundled
together.

The acrylic copolymer resin should preferably be used as a binder in the form of
an aqueous dispersion, and should preferably have a particle size (the average particle
size here is the median diameter value) of 80 to 350 nm, more preferably 100 to 250 nm.
By using those with a particle size in the range of 80 to 350 nm, the coefficient of static
friction and the coefficient of kinetic friction can be adjusted to at least 0.85 and at most
2.50. While the transparency after coating could be increased by using an acrylic
copolymer resin with a particle size of less than 80 nm, there is a risk of the coefficient of
static friction and the coefficient of kinetic friction becoming less than 0.85, resulting in
blocking and separation of the conductive layer due to blocking. On the other hand, the

coefficient of static friction and the coefficient of kinetic friction could be raised by
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setting the particle size of the acrylic copolymer resin to at least 350 nm, but that may
reduce the transparency and make it insufficient. ~Additionally, the glass transition
temperature Tg of the acrylic copolymer resin should preferably be 25 to 80 °C in order
to adequately retain the conductivity after thermoforming the sheet of the present
invention.

The surface conductive layer comprising carbon nanotubes and an acrylic
copolymer resin can be formed on the substrate sheet surface using a known method
such as those described in the above-mentioned Patent Document 4 and JP 2005-290045
A.

In a preferred embodiment of the present invention, a mixed dispersion of
carbon nanotubes and acrylic copolymer resin is obtained by preparing a carbon
nanotube dispersion by primary dispersion in a bead mill of carbon nanotubes in an
aqueous solution of a sulfonic acid type dispersant having aromatics in the molecule,
and secondary dispersion in an ultrasonic dispersion, and mixing therewith an aqueous
dispersion of an acrylic copolymer as a binder. Next, this mixed dispersion is applied
to the surface on at least one side of the substrate sheet by a gravure coater or the like,
then dried to form a surface conductive layer.

By forming the substrate sheet from a resin composition comprising resin
components (A) to (C) of specific weight-average molecular weights and forming a
surface conductive layer comprising carbon nanotubes (E) and an acrylic copolymer
resin (D) on the surface thereof, it is possible to obtain a sheet for packaging electronic
components such as an embossed carrier tape, with excellent thermoforming properties,
wherein the transparency will not be reduced after forming, and the surface resistance is
maintained at a satisfactory level. In particular, when a carrier tape or the like is
thermoformed from a substrate sheet having formed thereon a surface conductive layer
comprising preferably 3 to 10 mass% of carbon nanotubes, particularly MWCNT,
preferably of diameter ¢» 3 to 15 nm and length 0.5 to 3 um, in the surface conductive
layer, the formability of the surface conductive layer is very good and the surface

conductive layer will exhibit good transparency even after forming.

EXAMPLES

Herebelow, Examples 1 to 18 and Comparative Examples 1 to 7 of the sheet for
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packaging electronic components of the present invention shall be explained with
reference to Tables 1 to 6 and Figs. 1 to 3.

Table 1-1 to Table 1-3 show the specifications for each component (A), (B) and
(C) in the resin composition of the substrate sheet used in the examples and comparative
examples.

Table 1-1 shows the weight-average molecular weight (Mw) and
butadiene/styrene mass% ratio of the compositions of the styrene-conjugated diene block
copolymer (A), and the peak molecular weight of the styrene blocks and peak half-width
of the styrene blocks in component (A). Table 1-2 shows the weight-average molecular
weight (Mw) of the compositions of the polystyrene resin (B). Table 1-3 shows the

weight-average molecular weight (Mw), graft rubber part (mass%) and graft rubber

average particle size (um) of the compositions of the high impact polystyrene resin (C).

[Table 1-1]
Weight . Styrene Block | Styrene Block
Average Bga?;rée’ Peak Peak
Molecular (Mgsso/) Molecular Half-width
Weight (Mw) ° Weight (cm)
A-1 150,000 20/80 40,000 111
A-2 140,000 24/76 109,000 0.94
Styrene-Conjugated A-3 80,000 16/84 34,000 0.98
Diene Copolymer (A) A-4 220,000 17/83 77,000 1.09
A-5 280,000 18/82 140,000 0.70
A-6 70,000 40/60 15,000 1.30
[Table 1-2]
Weight
Average
Molecular
Weight (Mw)
B-1 330,000
B-2 290,000
B-3 210,000
Polystyrene (B) B-4 370,000
B-5 470,000
B-6 120,000
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[Table 1-3]
Weight Graft Rubber
Average Graft Rubber Average
Molecular Part (mass%o) Particle Size
Weight (Mw) (pm)
C1 180,000 8.6 25
C2 190,000 7.9 2.0
High-Impact C-3 150,000 8.8 23
Polystyrene (C) C-4 200,000 7.4 2.3
C5 100,000 6.1 1.8
C-6 250,000 7.3 2.8

Table 2-1 and Table 2-2 show the specs for components (D) and (E) in the surface
conductive layer used for the examples and the comparative examples.

Table 2-1 shows the compositions (mass%) of the acrylic copolymer resin (D) as
well as the glass transition point (°C) and average particle size (nm) of the resins, and
Table 2-2 shows the shapes of the carbon nanotubes (CNT) (E), among which NC 7000 in
E-1is an MWCNT produced by Nanocyl, and Graphistrength C100 in E-2 is an MWCNT

produced by Arkema.
[Table 2-1]
Composition in Resin (mass%) Glass Average
No Methyl Butyl Butyl Cyclohexyl | Transition Pearticle
Methacrylate | Acrylate | Methacrylate | Methacrylate | Point (°C) [ Size (nm)
D-1 40 41 8 11 40 130
Acrylic D-2 73 8 8 11 75 210
Copolymer | D-3 75 7 7 11 85 870
Resin (D) D-4 81 4 4 11 90 230
D-5 40 35 14 11 70 70
[Table 2-2]
Shape
diameter (nm) | length (um) Note
CNT (B) E-1 9.5 15 NC-7000 (Nanocyl)
E-2 12.0 5.0 Graphistrength C100 (Arkema)

Table 3 shows the component ratios by mass% of the components (A), (B) and
(C) used in Examples 1 to 18 and Comparative Example 1 to 7, and the graft rubber
content in the substrate sheet, and Table 4 shows the melt tension measured at winding
speeds of 10, 30 and 50 mm/min for the resin composition of the substrate sheet. The

method of measuring melt tension will be discussed below.
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[0042]  [Table 4]

Melt Tension Melt Tension Melt Tension
(10 m/min) (30 m/min) (50 m/min)

mN mN mN
Example 1 18 20 21
Example 2 15 17 18
Example 3 14 15 16
Example 4 19 21 22
Example 5 19 20 22
Example 6 20 21 22
Example 7 17 18 19
Example 8 26 30 31
Example 9 22 26 27
Example 10 18 20 21
Example 11 18 20 21
Example 12 18 20 21
Example 13 18 20 21
Example 14 18 20 21
Example 15 18 20 21
Example 16 18 20 21
Example 17 18 20 21
Example 18 18 20 21
Comp. Example 1 18 20 21
Comp. Example 2 18 20 21
Comp. Example 3 31 33 34
Comp. Example 4 8 10 11
Comp. Example 5 10 11 13
Comp. Example 6 14 15 15
Comp. Example 7 18 20 21

[0043] Table 5 shows the component ratios by mass% of the acrylic copolymer resin (D)

and the carbon nanotubes (E) in the surface conductive layer formed on the substrate
sheets of Examples 1 to 18 and Comparative Examples 1 to 7. In Comparative Example
2, tin oxide with a particle size of ¢ 10 nm was used instead of the carbon nanotubes.
Additionally, in Comparative Example 7, an aqueous dispersion of a water-soluble epoxy
resin (bisphenol A) was used as a binder instead of an aqueous dispersion of an acrylic

copolymer resin.
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14 15 15 Comp. Example 7 18 20 21 [0043]Table 5 shows the component ratios by mass% of the
acrylic copolymer resin (D) and the carbon nanotubes (E) in the surface conductive layer formed on
the substrate sheets of Examples 1 to 18 and Comparative Examples 1 to 7. In Comparative Example
2, tin oxide with a particle size of (75 10 nm was usedliastead of the carbon nanotubes. Additionally, in
Comparative Example 7, an aqueous dispersion of a water-soluble epoxy resin (bisphenol A) was
used as phimder ingirag of an aqueous dispersion of an acrylic copolymer resin. -1 6- [0044][Table 5]

@r_R_%m_GD)_maQQOA—\(‘NT{I:\mQQQOA—\ D-1 D-2D3D4D5E-1E2FE
écryllc Copolym 9 AC%“ 5 UPS xample 195 5
xample 295 |5 Example 3 9 3( 313( massY%
D-1 | D-2 | D3| D4 | D-5 E-1 E-2

Example 1 95 5

Example 2 95 5

Example 3 95 5

Example 4 95 5

Example 5 95 5

Example 6 95 5

Example 7 95 5

Example 8 95 5

Example 9 95 5

Example 10 95 5

Example 11 97 3

Example 12 90 10

Example 13 95 5

Example 14 95 5

Example 15 95 5

Example 16 95 5

Example 17 95 5

Example 18 95 5

Comp. Example1 | 100

Comp. Example2 | 85 15 (*1

Comp. Example 3 95 5

Comp. Example 4 95 5

Comp. Example 5 95 5

Comp. Example 6 95 5

Comp. Example 7 95 (*?) 5

Note: (*1) Tin oxide, particle size 10 nm
(*2) Epoxy binder
[0045] <Example 1>

As shown in Table 3, 58 mass% of the styrene-butadiene block copolymer (A) of
A-1in Table 1-1 (Mw: 150,000; butadiene content 20 mass%), 33 mass% of the
polystyrene resin (B) of B-1 in Table 1-2 (Mw: 330,000) and 9 mass% of the high impact
polystyrene resin (C) of C-1 in Table 1-3 (Mw: 180,000; rubber particle size 2.5 pm) were
dry-blended and formed into a film by a ¢ 40 mm extruder (L/D = 26) and 600 mm wide
T-dice, resulting in a substrate sheet of thickness 250 um. Additionally, 5 parts by mass
of an aqueous dispersion of the multiwall carbon nanotubes (MWCNT) (E) of E-1 shown
in Table 2-2 (fiber diameter 9.5 nm, fiber length 1.5 pm) and 95 parts by mass of an
aqueous dispersion of the acrylic copolymer (D) of D-1 shown in Table 2-1 (glass
transition point: 40 °C) were mixed together to obtain a mixed dispersion wherein the
component ratios in a conductive layer formed on the surface of a substrate sheet is 5
mass%/95 mass% as shown in Table 5. Next, this mixed dispersion was coated onto the

surface of a corona-treated substrate sheet in a gravure coater using a gravure roll, then
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dried at 90 °C to form a surface conductive layer of average thickness 3 um after drying.
The results of evaluation tests of a substrate sheet on which this surface conductive layer
was formed are shown in Table 6.

[0046]  <Examples 2 to 18 and Comparative Examples 1 to 7>

Substrate sheets having surface conductive layers formed thereon were

obtained in the same manner as Example 1, aside from the fact that as the resin
components (A) to (C), resins chosen from A-1 to A-6 in Table 1-1, B-1 to B-6 in Table 1-2
and C-1 to C-6 in Table 1-3 were used and blended at the mass ratios shown in Table 3 to
prepare the substrate sheet, and a mixed aqueous dispersion of components (D) and (E)
chosen from D-1 to D-5 shown in Table 2-1 and E-1 and E-2 shown in Table 2-2 as shown
in Table 5.

[0047] Of Examples 1 to 18, only Example 10 used E-2 shown in Table 2-2 as the
MWCNT. Example 15 used D-4 as the acrylic copolymer and Example 16 used D-5 as
the acrylic copolymer.

[0048] Of Comparative Examples 1 to 7, Comparative Example 1 does not contain a
MWCNT. In Comparative Example 2, tin oxide of particle size ¢ 10 nm was used
instead of a MWCNT. In Comparative Example 3, the polystyrene of B-5 shown in
Table 1-2 (weight-average molecular weight Mw: 470,000) was used as component (B),
and in Comparative Example 4, B-6 (Mw: 120,000) shown in Table 1-2 was used as
component (B) and the high impact polystyrene of C-5 shown in Table 1-3
(weight-average molecular weight Mw: 100,000) was used as component (C).
Comparative Example 5 contained neither component (B) nor component (C), and
Comparative Example 6 did not contain component (B). In Comparative Example 7, an
aqueous dispersion of a water-soluble epoxy resin (bisphenol A) was used as a binder
instead of the aqueous dispersion of an acrylic copolymer resin.

[0049] The evaluation results for the examples and comparative examples are shown

together in Table 6.
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[Table 6]

[0050]
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<Measurement and Evaluation>

[0051]

The raw material resins used in Examples 1 to 18 and Comparative Examples 1
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95 (*2) 5 Note: (*1) Tin oxide, particle size 10 = (*2) Epoxy binder [0045]<Example 1> As shown
in Table 3, 58 mass% of the styrene-butadiene block copolymer (A) of A-1 in Table 1-1 (Mw: 150,000;
butadiene content 20 mass%), 33 mass% of the polystyrene resin (B) of B-1 in Table 1-2 (Mw:
330,000) and 9 mass% of the high impact polystyrena%esin (C) of C-1 in Table 1-3 (Mw: 180,000;
rubber particle size 2.5 lim) were dry-blended and formed into a film by a (75 40 mm extruder (LID =
26) and 600 mm wideJtdicRecsesHiliRg bhasubstiatasheal-olthickness 296 [ntrdgitiarally, 5 parts
by mass of an aqueous dispersion of the multiwall carbon nanotubes (MVVCNT) (E) of E-1 shown in
Table 2-2 (fiber df4RIERT B HRTeRHSH BAGH TS imTalig 05 5RiL6) THReE BafiStueous dispersion
of the acrylic copelyrae{Dy afedeloshowdirdableuZehdglassHsansition point: 40 C) were mixed
together tain @ mixed dispersion wherein the component ratios in a conductive layer formed on
the surfa@%? ‘J %I{er%'té‘rsgr\l’gégﬁg MasSigy lng%g%m as shown in Table 5. Next, this mixed dispersion
was coated onto the surfaieenoilergiaroniggtrisatebesubistiratersiesidnid Hramiecoadereusingda gravure
roll then -17- dried,af.90.12.foum & surface conduclive Javer, of yerage ickness, 3. Lp.after drying.
The results of evaiuation tests of d substrate sheet on which this surface onduc iverféyer was formed
are shown in Tablgebp{00ehbcEkarmplegr2piyy 18 EradliGdmparative ExdrmplesnicteuringSubstrate sheets
having sw&gﬁe CQ%%@A%A%%MQM&%‘M&*%&RP were obtained in the same marmer as Example 1,
aside from the fact that as the resin components (A) to (C), resins chosen from A-1 to A-6 in Table 1-1,
B-1 to B-6 in Table 1-2 afer @it tensio (miFabks nIsweadussec amdt blevidlca s ivasaasarehitios shown
in Table 3 to preq%%otl@aﬁyma}eoﬁ%@@aﬁme@ Spixed AgLsRYs Aisparaan Af campenepts (D) and (E)
chosen from D-1 to D-5 shown in Table 2-1 and E-1 and E-2 shown in Table 2-2 as shown in Table S.
[0047]0f Exampléeesderi ) shRpEXampE todsediely GsmirTaiid’ 32 as the MWCNT. Example
15 used [dodspis theiasrvligsapotumptand-exampla.dbinsedii-5 as the acrylic copolymer. [0048]Of
Comparative Examples 1 to 7, Comparative Example 1 does not contain a MWCNT. In Comparative

Example 2, tin oxide of pAfieRs &ioe RMey B VALY HERSE BrAERs FORMIBThssiative Example
3, the polystyreneavaf &idashowrTir Tablank iweighicaveragemolecidan weighbMve 470,000) was
used as component (B), and in Comparative Example 4, B-6 (Mw: 120,000) shown in Table 1-2 was

used as compondht (B} Bher TR TGH I B BSRTSHyreRE 8 O dHETH THT B L% (weight-average

molecular weight dutinl&6; 00O wasdses $15.component (C). Comparative Example 5 contained
@Bz nar compone C(ﬂ, and Comparative Example 6 did not contain component
|gle 17 y

neither ¢ ne
(B). 1n OO B S SRS el B s

xample 7, an aqueous spt%lrn ion of a water-soluble epoxy resin (bisphenol A)
was used as a binder instdacrivh theatjtfectisndispersignypt aaradedicecipolymer resiur¢0049]The
evaluation resultst 55 z&(laxgv@rgl%s an corzré%arative t%%lrre}(%lgns Are h Wgstgggtp)e&i(re] Table 6. -18-
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[0056] (Coefficient of Friction Measurement)

The coefficient of static friction and the coefficient of kinetic friction were
measured in accordance with JIS-7125 using a friction measurer (Toyo Seiki). The
measurements were made with a sample size of 63 mm % 63 mm, a load of 200 g and a
speed of 500 mm/min. Additionally, the coefficient of static friction and the coefficient
of kinetic friction were the coefficients of friction between conductive layers.

[0057] (Blocking)

Substrate sheets coated on both sides were slit into sheet samples 44 mm wide
to produce 200 m wound slit raw sheets (winding tension 1.0 kgf). The slit raw sheets
were stored for one week at 52 °C x 95% RH. After one week, the slit raw sheets were
extracted and the sheets were wound out. After unwinding, they were inspected for the

presence or absence of blocking between the conductive layers on the surfaces of
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overlapping substrate sheets, and separation of the conductive layer due to blocking was
evaluated by measuring the surface resistance between overlapping conductive layers at
23 °C x 50% RH in accordance with JIS K6911, and observing whether the surface
resistance increased.

[0058] (Formability of Sheets)

Using a pressure-forming machine on substrate sheets having a surface
conductive layer formed on each example and comparative example, pockets were
formed of draw ratio 1.8 (pocket depth 3.0 mm), draw ratio 2.8 (pocket depth 6.0 mm),
draw ratio 3.2 (pocket depth 9.0 mm) and draw ratio 4.0 (pocket depth 12.0 mm) and
their formativeness was evaluated by evaluating the “sharpness” of the formed articles
into five grades. Additionally, the pockets were visually inspected for the presence or
absence of holes due to formation. The surface conductive layers were visually
inspected for the presence or absence of cracks in the bottom surfaces of the pockets.
Fig. 1 shows a formed article obtained by molding with a pressure-forming machine.

The draw ratio was calculated using the below-given formula based on the
dimensions of the formed article. Additionally, in these formed articles, the area of the
bottom surface of the pockets was roughly equal to the area of the mouth portions of the
pockets (areas enclosed by the solid lines).

Method of calculating draw ratio:

Draw Ratio = pocket area (bottom area + four side areas)/pocket mouth area

=(XxY)+2x(XxZ)+2%x (XXY)/(X%XY)

(where X is the formed article advancement direction, Y is the direction
perpendicular to the formed article advancement direction and Z is the pocket depth).
<Forming Conditions>

Pressure forming: heater temperature 220 °C
<Evaluation Standards of Formativeness>

As shown in Fig. 2, the pocket corners 11 of the formed articles 10 having
pockets 20 formed therein were inspected, and their “sharpness” was visually evaluated
into five grades in accordance with the samples 1 to 5 shown in Fig. 2.

[0059] (Transparency of Formed Articles)
The pocket side surfaces of the formed articles obtained by forming in a

pressure-forming machine were cut out, clamped between black plates with holes of ¢ 6
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mm (28.26 mm?), and the bottom surfaces of the formed articles were measured for their
haze and total light transmittance in accordance with the ASTM D1044 standard using a
Haze-gard plus from BYK Gardner of Germany. The standard haze value was such that
the haze was 15% or less at the bottom surface of the formed article in order to provide
transparency enabling components placed in the formed articles to be visually
confirmed.

[0060] (Surface Resistance of Formed Article)

Measurements were made at 23 °C x 50% RH. The surface resistance was
measured using a Mitsubishi Chemical Hiresta with a two-terminal probe (UA) as the
probe. Additionally, the surface resistance of the entire pocket of the formed article was
measured by a method as shown in Fig. 3. Additionally, the conductive layers on the
pocket bottom surfaces and side surfaces were inspected by eye for the presence or
absence of cracks during formation. Measurements were made by bringing a
two-terminal probe into contact with the probe terminal contact positions 50a and 50b on
the flanges 12a and 12b on both ends of the pocket. At this time, if the seal portions 13a
and 13b of the carrier tape formed article 10 remain, then the conductive circuit 40 is
formed on the seal portions 13a, 13b, so the entire pocket 20 cannot be measured.
Therefore, as shown in Fig. 3, the seal portions 13a, 13b were cut along the dashed lines
at cut positions 30a, 30b, the pocket side surfaces 60a, 60b were further cut away, and
measurements were made while clamped in a jig of insulating material. The standard
surface resistance value was on the order of 105 or less in a formed body with a draw
ratio of 1.5 to 3 when thermoforming, and on the order of 107 or less for the formed
article.

[0061] (Buckle Strength of Formed Article)

A Strograph (Toyo Seiki) was used to measure the strength of the pocket bottom
surface portion of a formed article obtained by molding in a pressure-forming machine
with the pocket mouth portion facing down, when compressed by 1.5 mm in the depth
direction for a formed article of draw ratio 1.8 (pocket depth 3.0 mm), 3.0 mm for a
formed article of draw ratio 2.8 (pocket depth 6.0 mm), 4.5 mm for a formed article of
draw ratio 3.2 (pocket depth 9.0 mm) and 6.0 mm for a formed article of draw ratio 4.0
(pocket depth 12.0 mm), and this was recorded as the buckle strength. In the event of a

buckle strength of 15 N or more, the formed article is viable for use as a container.
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[0062] The results shown in Table 6 revealed the following.

(1) Examples 1 to 18 using polystyrene type resin compositions of weight-average
molecular weights in the predetermined ranges for the substrate sheet exhibited
excellent formability, formativeness and sufficient buckle strength. In contrast,
Comparative Example 3 using B-5 having a weight-average molecular weight of 470,000
Mw for the polystyrene resin (B) of the substrate sheet and C-6 having a weight-average
molecular weight of 250,000 Mw as the high impact polystyrene resin (C) had problems
in the formativeness. Additionally, Comparative Example 4 using A-6 having a
weight-average molecular weight of 70,000 Mw as the styrene-conjugated diene
copolymer (A) in the substrate sheet and C-5 having a weight-average molecular weight
of 100,000 Mw as the high impact polystyrene (C), Comparative Example 5 having a
substrate sheet consisting only of the styrene-conjugated diene copolymer (A), and
Comparative Example 6 not containing the polystyrene resin (B) all exhibited low buckle
strength.

(ii) Examples 1 to 18 using polystyrene type resin compositions of weight-average
molecular weights in the predetermined ranges for the substrate sheet and an acrylic
copolymer resin (D) together with the carbon nanotubes (E) for the surface conductive
layer exhibited relatively low surface resistances as both sheets and formed articles. In
contrast, the surface resistance of Comparative Example 1 not containing a MWCNT in
the surface conductive layer was high, on the order of 10' Q for both sheet and formed
article, and Comparative Example 2 using tin oxide instead of a MWCNT in the surface
conductive layer and Comparative Example 7 using an epoxy as the binder in the surface
conductive layer both had high surface resistances on the order of 10* Q for the formed
article, and resulted in cracking of the conductive layer in the formed article.

[0063] While the present invention has been explained by referring to embodiments
above, the technical scope of the present invention is naturally not limited to the scope
described by the above embodiments. Those skilled in the art will recognize that
various modifications and improvements could be made to the above-described
embodiments. Additionally, the fact that embodiments including such modifications or
improvements can still be contained within the technical scope of the present invention

will be readily apparent from the recitations of the claims.
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INDUSTRIAL APPLICABILITY

[0064] By making use of known methods for forming (thermoforming) sheets such as
vacuum forming, pressure forming and press forming on the sheets for packaging
electronic components of the present invention, it is possible to obtain electronic
component packaging containers of any shape such as carrier tapes (embossed carrier
tapes) and trays. Using the sheets for packaging electronic components of the present
invention, it is possible to form packaging containers of large container depth, and
packaging containers of excellent strength can be obtained. In particular, they are very
useful for embossment of carrier tape. After placing electronic components in the
receptacle portions, the embossed carrier tape is covered by cover tape and wound into
reels to form carrier tape bodies, which can then be used to store and transport electronic
components. Carrier tape bodies contain electronic components inside a carrier tape.
There are no particular limitations on the electronic components to be packaged, and
examples include IC’s, LED’s (light emitting diodes), resistors and capacitors.
Additionally, they can be used for packaging intermediary products or final products

using such electronic components.

DESCRIPTION OF REFERENCE NUMBERS

[0065] 10 formed article
11 pocket corner
12a, 12b flange
13a, 13b seal portion
20 pocket
30a, 30b cut position
40 conductive circuit
50a, 50b probe terminal contact position

60a, 60b pocket side surface
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CLAIMS
[1] An electronic component packaging sheet having a surface conductive layer

formed on a surface on at least one side of a substrate sheet, wherein

the substrate sheet comprises a styrene-conjugated diene block copolymer (A), a
polystyrene resin (B), and a high impact polystyrene resin (C), the components having
the following weight-average molecular weights (Mw):

component (A): Mw = 80,000 to 220,000;

component (B):  Mw = 200,000 to 400,000;

component (C): Mw = 150,000 to 210,000; and

the surface conductive layer comprising an acrylic copolymer resin (D) and

carbon nanotubes (E).

[2] The electronic component packaging sheet of claim 1, wherein the peak
molecular weight by GPC of polymer blocks of styrenic monomers in component (A) is
in the range of 30,000 to 120,000; and a half-width of a molecular weight distribution

curve of the polymer blocks of the styrenic monomers is in the range of 0.8 to 1.25.

[3] The electronic component packaging sheet of claim 1 or 2, wherein the rubber
component in a graft rubber in component (C) is a diene rubber monomer chosen from
the group consisting of 1,3-butadiene (butadiene), 2-methyl-1,3-butadiene (isoprene),
2,3-dimethyl-1,3-butadiene, 1,3-pentadiene, 1,3-hexadiene and 2-methylpentadiene, or a
thermoplastic elastomer of a styrene-conjugated diene block copolymer wherein the

diene component is at least 50 mass%.

(4] The electronic component packaging sheet of any one of claims 1 to 3, wherein
the particle size of the graft rubber in component (C) is ¢ 2.0 to 3.0 um, and the

proportion of rubber in the graft rubber in the substrate sheet is 0.75 to 1.90 mass%.

[5] The electronic component packaging sheet of any one of claims 1 to 4, wherein
the substrate sheet is formed of a resin composition comprising 29 to 65 mass%

component (A), 51 to 15 mass% component (B) and 20 to 9 mass% component (C).



Example 5 Example 6 Example 7 Example 8 Example 9 Example 10 TT otdmuxH Example 12
Example 13 Example 14 Example 15 Example 16 Example 17 Example 18 Comp. Example 1 Comp.
Example 2 Comp. Example 3 Comp. Example 4 Comp. Example 5 Comp. Example 6 Comp. Example
7 -19-to 7, and formed articles obtained by forming &Surface conductive film on the surfaces of
substrate sheets prepared from these raw material resins, then embossing, were evaluated by the
below-described measurement methods. [0052](Molecular Weight of Raw Material Resin) The
molecular weights of the resin raw materials of (A) to (C) were determined as a standard
polystyrene-converted weight-average molecular weight (Mw) using GPC (gel permeation
chromatégraphy). Tetrahy BT S RSBE AR A5 NE SEE M NG L8 I0RNT RIBST M TisHEdn of Raw
Material Resin) the nldierdnetintensiosnpenii uiasteasuced winganmelt tension measuring apparatus
(Toyo Seiki) with an orifice diameter of F 1.0 mm, an orifice length of 10 mm, windup speeds of 10, 30
and 50 m/min and a cylinder temperature of 220 C. [0054](Glass Transition Temperature of Raw
Material REesin) A dispersiorcioruprsinghapraggegubdispersioneaff ahiacrylic copelymer resin was
dried at 90 C x 1 jnm and formed into a thin film to create samples for use as measuring samples,
hich were measi el LS & DR Lot A Sotu s S By I SRR e
[0055](Particle Sidenétaciyiid CopatiresREsin) 3 um, Alideribhdaserdiffrigbt on/Boadterngptype particle
size distribution meashrer LA:920,(Ihg average. partisle size Nese was fg;median diameter) was used
to take measurements. [0056](Coefficient of Friction Measurement) The coefficient of static
friction and the coefficient of kinetic friction were measured in accordance with JIS-7125 using a
friction mgasurer (Toyo %ﬁwegaﬁi%m%mﬁ;a@agﬁ%esm@p& Wigh 2 Samalesi2e,0f A mm x 63 mm,
a load of 200 g and a speed of 500 mm/min. Additionally, the coefficient of static friction and the
coefficient of kineffi¢ RMEihsFe e thaseticiERtsSHNPs A beinoen roRtITE@ Ay &ie.
[0057](Blocking) surfacobhisitRieSRSES soaieshmboth sides were slit into sheet samples 44 mm wide
to produce 200 m wound slit raw sheets (winding tension 1.0 kgf). The slit raw sheets were stored for
one week at 52 C x 95% RH. After one week, the slit raw sheets were extracted and the sheets were
wound opfy After unwinding, dkeyonerespestgdlosthespresancs eralisenae 0bBlackinghbetween the
conductive layers on the surfaces of -20- overla Eing substrate sheets, and separation of the
conductive layer St HIGERN WAPE iR led ‘SS/ PRERYG AR B S IR AL AR A Setween
overlapping condustivetayersaiks 23 €80 0% RH in accordance with JIS K6911, and observing
whether the surface resistance increased. [0058](Formability of Sheets) Using a pressure-forming
machine on substrate sheets having a surface conductive layer formed on each example and
comparativé example, pdtketsivere fonmpeakof ehdagiadichdeBofpogkeat dédting. 0 ttPniyiatraiv ratio 2.8
(pocket depth 6.0l iAW (alio.2 (RoskeL.ASnih. 3,0.mm) and draw 3o A0 packet depth 12.0
mm) and their formativeness was evaluated y evaluating the s arpness” of the Tormed articles into
five grades. Additiorally otHbepodkets Wekao/18U8lly inspected for the presence or absence of holes due
to formation. The surface conductive layers were visually inspected for the presence or absence of
cracks in the bottom surfaces of the pockets. Fig. 1 shows a formed article obtained by molding with a
pressurelfdrming machingwe electrprie rappraticooskactz chested usinteiclpowigilfeivhsraifula based

on the dimensiong,ofihe fermediatticienédditionalivuiniibesefmed articles the arga of the bottom
surface of the pockets was roughlé/%?qual to the area of the mouth portions of the pockets (areas

enclosed by the sufided)eatietidd o Sardatimy dravt) b radfiRate S PsER St dieL{Bottom area +
four side areas)/pesketsauthrarea =50X X Y) + 2 X (XX Z2) + 2 X (X X Y)/(X X Y) (where X is the
formed article advancement direction, Y is the direction perpendicular to the formed article
advancement direction and Z is the pocket depth). <Forming Conditions> Pressure forming: heater
temperatupg 220 C <Evaluation Standasasief fhemralivebessponent paskspioyshietithng, dfe pocket
corners 11 of the fpr 1ed i’;\trtiilles 10 havinsq Boc}gets 20 formed therein were inspected, and their
"sharpness" was Visually evaluatedrinio fivé'grades in accordance with the samples 1 to 5 shown in
Fig. 2. [0059](Transparepeypafitpymeddittiplesipd be ipooket sidqisorfatgsefdhef formediarticles
obtained by forming in a pressure-forming machine were cut out, clamped between black plates with
oles of F & 21 A e e e B S B R R s Remauredt for
their haze and totadalighiltré nsimttancetiheadcondaneenyvithutive ASTEM D1 Oaidgtamedbnekssirig a
Haze-gard plus fiom BYK Gardnerof Germany, Jhe standard hazs yalie was sughihatshe haze was
15% or less at the bottom surface of the formed article in‘order to provide transparency enabling
components placed in the formed articles to be visually confirmed. [0060](Surface Resistance of
Formed Article) Measurements were made at 23 C x 50% RH. The surface resistance was
measured using a Mitsubishi Chemical Hiresta with a two-terminal probe (UA) as the probe.
Additionally, the surface resistance of the entire pocket of the formed article was measured by a
method as shown in Fig. 3. Additionally, the conductive layers on the pocket bottom surfaces and side

surfaces were inspected by eye for the presence or absence of cracks during formation.
Meaciiremente ware made by hrinaina a two-terminal nrobe into contact with the nrobe terminal



above, the technical scope of the present invention is naturally not limited to the scope described by
the above embodiments. Those skilled in the art will recognize that various modifications and
improvements could be made to the above-described embodiments. Additionally, the fact that
embodiments including such modifications or improvetstents can still be contained within the technical
scope of the present invention will be readily apparent from the recitations of the claims. -23-
INDUSTRIAL APPLICABILITY [0064]By making use of known methods for forming (thermoforming)
sheets such as vaggum forming, pressure forming and press forming on the sheets for packaging
electronic components of the present invention, it is possible to obtain electronic component packaging
containers of any shape SRH % RaisF 45 ws TR BB Y deas s tafss PAE Tﬂ%?ﬁ%ﬁﬁ&t'the sheets for
packaging electronic components of the present invention, it is possible to form packaging containers
of large tainer depth, and kagjng, caontainers of excellent strength can be obtained, In particular,
they are Uely useful for éBBRSHEHY 5T Ba] PABE: RASHBIZE G QioLtani BaMSBhents in the
receptacle portiopscithgreyslessédhgarer thpmdd eoViered by cover tape and wound into reels to form
carrier tape bodies, which can then be used to store and transport electronic components. Carrier tape
bodies contain electronic components inside a carrier tape. There are no particular limitations on the
electronitl¢bmponents tdbefpackbgtde ahdexdh plésthinedent@'sed ED's1(tiglet emitting diodes),
resistors and capacitors. Additionally, they can be used for packaging intermediary products or final
products using such electronic components. DESCRIPTION OF REFERENCE NUMBERS
[0065]10formed article 11pocket corner 12a, 12bflange 13a, 13bseal portion 20pocket 30a, 30bcut
position 40conductive circuit 50a, 50bprobe terminal contact position 60a, 60bpocket side surface -24-
CLAIMS An electronic component packaging sheet having a surface conductive layer formed on a
surface on at least one side of a substrate sheet, wherein the substrate sheet comprises a
styrene-conjugated diene block copolymer (A), a polystyrene resin (B), and a high impact polystyrene
resin (C), the components having the following weight-average molecular weights (Mw): component
(A): Mw = 80,000 to 220,000; component (B): Mw = 200,000 to 400,000; component (C): Mw =
150,000 to 210,000; and the surface conductive layer comprising an acrylic copolymer resin (D)
and carbon nanotubes (E). The electronic component packaging sheet of claim 1, wherein the
peak molecular weight by GPC of polymer blocks of styrenic monomers in component (A) is in the
range of 30,000 to 120,000; and a half-width of a molecular weight distribution curve of the polymer
blocks of the styrenic monomers is in the range of 0.8 to 1.25. The electronic component
packaging sheet of claim 1 or 2, wherein the rubber component in a graft rubber in component (C) is a
diene rubber monomer chosen from the group consisting of 1,3-butadiene (butadiene),
2-methyl-1,3-butadiene (isoprene), 2,3-dimethy1-1,3-butadiene, 1,3-pentadiene, 1,3-hexadiene and
2-methylpentadiene, or a thermoplastic elastomer of a styrene-conjugated diene block copolymer
wherein the diene component is at least 50 mass%. The electronic component packaging sheet of
any one of claims 1 to 3, wherein the particle size of the graft rubber in component (C) is F 2.0 to 3.0
m, and the proportion of rubber in the graft rubber in the substrate sheet is 0.75 to 1.90 mass%.

The electronic component packaging sheet of any one of claims 1 to 4, wherein the substrate sheet is
formed of a resin composition comprising 29 to 65 mass% component (A), 51 to 15 mass%
component (B) and 20 to 9 mass% component (C). -25- [6] The electronic component packaging
sheet of any one of claims 1 to 5, wherein the melt tension of the substrate sheet at 220 C is 10 to 30
mN. [7] The electronic component packaging sheet of any one of claims 1 to 6, wherein the carbon
nanotubes in the surface conductive layer are multiwall carbon nanotubes of diameter 3 to 15 nm and
length 0.5 to 3 m, wherein the amount of the multiwall carbon nanotubes contained in the surface
conductive layer is 3 to 10 mass%. [8] The electronic component packaging sheet of any one of claims
1 to 7, wherein the particle size in an aqueous dispersion of the acrylic copolymer resin (D) in the
surface conductive layer is 80 to 350 nm. [9] The electronic component packaging sheet of any one of
claims 1 to 8, wherein the glass transition temperature Tg of the acrylic copolymer resin (D) in the
surface conductive layer is 25 to 80 C. [10] The electronic component packaging sheet of any one of
claims 1 to 9, wherein the surface resistance of a formed article with a draw ratio for thermoforming of
1.5 to 3 times is on the order of 105 O to 107 O. The electronic component packaging sheet of
any one of claims 1 to 10, wherein the coefficient of static friction of the conductive layer formed on the
surface of the substrate sheet is at least 0.85 and at most 2.50, and the coefficient of kinetic friction is
at least 0.85 and at most 2.50. [12]A method for producing the electronic component packaging sheet
of any one of claims 1 to 11, comprising steps of: preparing a mixed dispersion by mixing the
aqueous dispersion of an acrylic copolymer with a dispersion of carbon nanotubes obtained by primary
dispersion in a bead mill of carbon nanotubes in an aqueous solution of a sulfonic acid type dispersant
having aromatics in the molecule, and secondary dispersion in an ultrasonic dispersion; -26- and

applying the mixed dispersion onto at least one surface of the substrate sheet. [13] A formed article
nhtained by thermofarmina the electronic comnonent nackanina cheet of any one of claime 1 to 11



