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PCT/ US96/ 13104 . COVPONENT _CARRI ER_TAPE HAVI NG STATI C
D¥SSTPATTVE 5 PROPERTI ES
BACKGROUND OF THE | NVENTI ON | . Technical Field.

This i nvent i wo9omeieésd es generally to carrier tapes for storpecmusssazins oni c 10
conponents and for supplying those conponents seriatimto a machi ne. Mire
specifically, this invention relates to carrier tapes having static

di ssi pative properties. 2. Description of the Rel ated
Art. 15 In general, carrier tapes that are used to transport
conponents froma conponent manufacturer to a different manufacturer

t hat assenbl es the PP@WP ' wn. For
exanple, in the figoolvl 0 %%@'ﬁﬂ?ﬁ%gwlﬁ@%ﬁﬁgﬂc ronic
conponents ase often carried froma PROPERPIES of such conponents to a
specific location on a circuit board for 20 attachnment thereto. The

conponents may be of several different types, including surface nmount

conmponents. Particul ar exanp ' B INVE N I nt egrated

circuit chips, resis} o[rs, po]n]gelctors, ual 1 n-l1ne processors, capacitors,
. 1 .

This invention relates generally to carrier tapes for storing electronic
10 components and for supplying those components seriatim to a machine. More
specifically, this invention relates to carrier tapes having static dissipative

properties.

2. Description of the Related Art.

15 In general, carrier tapes that are used to transport components from a
component manufacturer to a different manufacturer that assembles the
components into new products are well known. For example, in the field of -
electronic circuit assembly, electronic components are often carried from a
supply of such components to a specific location on a circuit board for

20 attachment thereto. The components may be of several different types, including
surface mount components. Particular examples include memory chips,
integrated circuit chips, resistors, connectors, dual in-line processors, capacitors,
gate arrays, etc. Such components are typically affixed to a circuit board that
may later be incorporated into an electronic device.

25 Rather than manually affixing each individual electronic component to a
circuit board, the electronics industry makes extensive use of robotic placement
machines, sometimes known as "pick-and-place” machines, which grasp a
component at a specific location (the supply) and place it at another specific

location (the circuit board). To ensure the sustained operation of the robotic

fumished to the machine.

307 placement thachine, 3 continiuois supply of electronic components mustbe ~ e T



gate arrays, etc. Such conponents are typically affixed to a circuit board
t hat* may | ater be incorporated into an el ectronic device. 25

Rat her than manual |y affixing each individual electronic conponent to a
circuit board, the electronics industry makes extensive use of robotic

pl acement WO nes, sonetinmes known as "pi ck- and- pl At IS HPes,

whi ch grasp a conponent at a specific location (the supply) and pl ace
it at another specific | ocation (the circuit board). To ensure the
sust ai ned oper at i onOp¢ was to provide p coBmuousupply of plectranictomponents togont i nuous

supply of el eChLgRl o LARPRIS B M . Converithdlcal¥EP ub sehalfChi ne-

PCT/ US96/ 13104 comprise an elongated plahie swipy (often pefavedito as thecatriefuhatchas appl y of
el ectronic corrponen}s i red,l ocation %’S"Qiyo use .a cajrier tape.

t d .
Conventi onal c& 158 #a'ﬁ%@méﬂéf%{m%? at predetergyped, pud Ppesddaeralspl astic

strip (often rglofg iRdedgth a6thé BifipC Aheipdtkets 1@ Bediimed @ receive ans@EdudhicOf
i dentical pockets formed at predetermned, uniformy spaced intervals 5

al ong the | engeempanentseA sentingousaquerfgiienieiertaddo aea ryrepelds reRiEve an
Cover tape) i s Eall DGREaI st CA0RIHE LmERLRE il 8% bl 1Rk et Bipd® ©
conponents i n fisfed pothkeototic placersent maehing thakestrips the continuous cover tape from
the carrier and removes the components from the pockets and places them onto
10 the circuit board.

Vibrations that occur during transport of the carrier tape may cause the
stored components to contact the cover tape and/or the walls of the pocket. The
resulting friction can generate static electricity. Removing the cover tape can
also generate static electricity. Unfortunately, however, the mere presence of a

15 static electric field as well as subsequent electrostatic discharge can be extremely
detrimental to sensitive electronic parts. This is particularly true of modern
semiconductors and integrated circuits which may be degraded or destroyed by
the build-up of static electricity in the workplace. Especially sensitive
components can be severely affected by an electrical potential as small as 50

20 volts, yet the simple act of walking has been shown to triboelectrically generate a
potential of 30,000 volts or more.

Various techniques have been developed in an attempt to address this
probiem. For example, carbon black, metal oxides and other antistatic agents
have been incorporated into the polymer resin from which the carrier is formed.

25 Some of these agents may reduce the transparency of the carrier. However, it is
often desirable to have a transparent carrier so that the stored components can be

visually inspected without removing the cover tape. Incorporated antistatic

agents often function by migrating, blooming or bleeding to the surface.

... However, qver time, the effectiveness of. these-agents-may diminish, .- - = 77500 Torroms ot

30 Another technique that has been developed is to apply a static dissipative

“¢oating to the Carrier or the cover tape. For example, Japanese Kokai Patent

2-



Is fed to the robotic placenent machine that strips the continuous cover

tape from the carrier and renoves the conponents fromthe pockets and
pl'aces themonto 10 the circuit board. Vi brations that occur
during transport of the carrier tape may cause the stored conponents

to contact tWO9H0683 t ape and/or the walls of the pocket. HIRUSI6/13104
resulting friction can generate static electricity. Renoving the cover tape
can al so generat e static electricity. Unfortunately, however, the
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carrier so that imhasesﬁldlamjartdcadpamy\affeccmedbﬂnymformlaw bond beswerntthal

W thout re VI n cov(ﬂp e | ncorporated antistatic agents often
function by SN or bl eedi ng to the surface. However,

over tine, the effecxapma@mka@fpakmﬁmnaamtm ”594/2969Hisﬂb§é§a 3D8,8-
Anot her techni que that has been developed is to apply a static dissi pative

coating to the @Hﬁ‘iﬂaéﬁ’quéﬂ"d!%h%\‘i%d“ﬁé‘ffef"eFGFSP%T Iaé acrylip hinderdoKok ai

Pat ent provide a transparent conductive coating for a plastic carrier tipé base sheet

(e.g., vinyl chloride, polystyrene or polyethylene).

15 For a static dissipative cover tape to be most effective, the static
dissipative coating should be applied to the inside surface; i.e., the surface which
faces the interior of the component-carrying pocket. This surface usually carries
an adhesive so as to form an adhesive bond with the carrier. U.S. Patent No.
4,902,573 (Jonas et al.) notes that applying an antistatic material to the adhesive

20  may cause a loss of adhesion. Jonas et al. further observe that the adhesive 1s
often heat-activated and that the heat which is used to form a bond with the
carrier may reduce the antistatic properties.

According to Jonas et al., “Hitherto, these plastic films which are
provided with an adhesive thermoplastic coating have not had an antistatic finish,

25 since it was feared that the adhesive thermoplastic coatings would lose their

adhesiveness owing to antistatic finishing or that the adhesiveness would be at
least too severely impaired. In addition, experience with the moderate thermal
stability of the antistatics hitherto used for the antistatic finishing of plastics

““aflows us to expect that the antistatic finishing, if it dos not become lost owing ~~

30 to the temperatures customarily used in heat-sealing (fusion), then is surely at

least strongly reduced.” Jonas et al. propose coating the adhesive with a solution
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PCT/ US96/ 13104 . Application No. 4-214339 discloses a transparent
conductive coating for a . carrier. The coating conprises tin oxide
anti nony i ”\ﬁoﬂrﬁgﬁr resin based on a vinyl chlori dgﬁ%&b“%?et ate
copolynmer resin and an acrylic resin. Plastics used 0 nake e

h
carrier are polystyrene, polyvinyl chloride and pol yethylene. The 5
carrier may be used in copjunction wth a cover tape that  includes a base
sheet corﬁg?ti"%tﬁ'“ﬁf‘%HJdﬁro?'vlﬁ‘t%ma“%fﬁﬁ the oxidativ menzaiop ¢fak OF 6tonpri sed

of a ethyl ene- membered/lefitbcyehi€Edthoubd:d ahd/ thew trééi‘i%% the rRAOMiIMEDadig Wil an
antistatic agent such as a noni oni ¢ surfactant. The presence of the

tin oxi de conpdehtion afthe heterocyslic compound, Hesever, ithe preseaceofd hetereatora| v af f ect

the ability to the carrier.
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tape base sheeta"d?“'&her (’%‘Q hat clegline %ﬁ‘f‘g?riq?fg,waﬂé)tq'&sat i}?bé?‘lgg 10,50 PSRy | ene) .
15 Fas diFficilat AcoftiigSoMiyhmbtoD e “ThapatistAickfeatiimt faftheect i ve, the
static di ssi pative coating should be applied to the inside surface;

i .e., the surf dorer§pifacs of the cover i.enibe pdfiesipn lyersf theeoveniaperanhe carryi ng
pocket. This s L bfasi Adpen .0 m an
adhesi ve bond vts? {eﬁgfhgé%gréﬁﬁé&{ﬁbs O'I‘Dg{ aenn?'ﬁ%ad. ﬁtl&le%ﬁgtgg:ﬁ%%@e%g%nas et
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cause a | oss Ofi"tgq&?dgﬁﬁm'%g{}q@ﬁgfeﬂ%? t&ﬁﬂhﬂes{lrf%%sogél\'e%&vgﬁl% th% adhesive is

often heat-activate ea I's UsS BF 2 bond with
t he carri énviredynstabdeisealinghandaninysitaubles dpe wipeot sealing; moreover, the
According to Jonas et "Hi thert ese plastic filnms which are

| ..,
provi ded with éﬂ"%ﬁé"ﬁ%@‘é‘af Aesreas 3{8{’ F'{FWER?&P fige s besrogreatlypfiented BY i st at i ¢

finish, 25 siRgecdnkiiéRSurdePWRith thAackdpe wadli@ai ¥&, tehlefpRbasd i C coatings
woul d | ose their adhesi veness owing to antistatic finishing or that

t he adhesi vidnedwmigdity, gartieularly bumidity, and has significantly decreased under a low
humidity such as 10% R.H.; thus, no sufficient effect has been obtained.

Meanwhile, the incorporation of a conductive material into an adhesion layer has
been technically difficult, because the adhesion layer has been formed by
laminating an extruded film or the like to an outer layer; moreover, the

20 incorporation has significantly reduced the transparency of the resulting cover
tape, making the cover tape usability questionable. The coating of a conductive
material on an adhesion layer has not been effected in fact, because the selection
of a binder stably bondable to the carrier tape has been difficult, and because the
adhesion layer is covered and hidden by the coating.”

25 Miyamoto et al. disclose a multilayer cover tape in which a biaxially
oriented polyester, polypropylene or nylon layer is adhesively bonded to a
polyolefin intermediate layer. The opposite surface of the polyolefin layer is
coated with a conductive powder-loaded, transparent, thermoplastic, heat-sealing

.. adhesion layer that bonds to the carrier... When the cover tape is removed from-

30 the carrier, the polyolefin intermediate layer fails cohesively, a portion of it

remaining adhesively bonded to the carrier. The residue that remains on the
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into the adhesion I"ayer has bled onto the inner surface of the cover tape

and i nvi t dhat aheatdondableccovemigpegnyidheadhened ihthe santige at alogenr seal i ng;
nor eover, t i i a | th t I e of tine,
has been gr ggt I §/emeﬁe & g{'}% 'e_? @% aﬁhe%fo‘cr\%%rgﬂ@?&%‘%?? F’%hg‘%%ﬁ‘\é%r%&glﬁ c?ﬁ@ package

was used, i.e., ldosspematurelg withch 18 of theusiordd compenentsi dfithaahesion dactéasgs, and

has significantly decreased u r.a low hum dit uch.as 10% R H.;
thus, no suffi cf’g"ﬁt"“é?'f"e@?y h%&?ﬁcé'é‘r{o SBPaye fhg cover tape tromh the arrier.

Similarly, there should be no significant loss of static dissipative properties over

time and under typical manufacturing and storage conditions. The entire
15  construction should also remain sufficiently transparent that the electronic

components transported by the carrier tape are visible without removing the

cover tape.
UMMARY OF THE INVENTION
20 The invention relates to a flexible carrier tape for storage and delivery of

electronic components by an advancement mechanism. The carrier tape comprises a
static dissipative strip portion having a top surface, a bottom surface opposite the top
surface, a plurality of aligned pockets for carrying the components, the pockets being
spaced along the strip portion and opening through the top surface thereof.
25 The pockets generally include at least one side wall that adjoins and
extends downwardly from the strip portion, and a bottom wall that adjoins the
side wall. The pockets more preferably include four side walls each at generally
right angles with respect to each adjacent side wall. Typically, each of the
" pockets is essentially identical and are equally spaced along the strip portion. The

30 strip portion further has first and second parallel longitudinal edge surfaces, and =~
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Meanwhi | e, the incorporation of a conductive material into an adhesion

| ayer’ has been technically difficult, because the adhesion | ayer has
been fornmed by | am nating an extruded filmor the like to an outer

| ayer; noreo 20 incorporation has significantly reduced the
transpar ency of the resulting cover tape, making the"TEVRRF3%%,e
usability questionable. The coating of a conductive material on an
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PCT/ US96/ 13104  The crrien rperalsodigliless eqvatiprefirably enechas issiatic dissipative)nant s
P 0uL . TS, b i ke pord SR o B RS,

10 extends atong the strip portion, and covers the pockets.

In preferred embodiments, the strip portion is formed from polycarbonate,
the cover is formed from polyester, and the adhesive that bonds the cover to the strip
portion is a heat bondable material such as an ethylene-vinyl acetate copolymer or a
styrene-butadiene block copolymer.

15 The static dissipative coating used on the strip portion does not adversely
affect adhesion to the cover, even under strenuous conditions of high temperature and
humidity. Quite surprisingly and unexpectedly, the static dissipative material actually
promotes adhesion to a heat bondable cover and, as a result, permits such a cover to
be bonded to the strip portion at lower temperatures than could be used if no static

20 dissipative coating were present or if other static dissipative materials were used.
Even with the static dissipative coating, the carrier tape remains sufficiently
transparent to permit visual inspection of components carried by the carrier tape
without removing the cover.

Thus, the invention also relates to a method of reducing the temperature at

25 which a heat bondable cover is bonded 1o a polycarbonate carrier by using a layer of
the acrylic polymer on the strip portion. The invention additionally relates to a
method of usingthe acrylic polymer to both render a strip portion of a polycarbonate
carrier tape static dissipative and to reduce the temperature at which the strip portion

__._can be heat bonded to a cover-having a heat bondable adhesive. - ...
30
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di ssipative carrier and an adhe5|vely bonded cover tape which preferably is

also 5 static dissipative. . r.incl di t

cdating, 1t should not reduce or |rrpa|r adhesion to the cover tape.

| deal |y, the static dissipative coating will pronote adhesion to the

cover tape sWOlMMdE the cover tape adheres firmy tRCT/USI6/E3I04 | er

w t hout a significant change in adhesion over tine, and such that a

heat bondabl e cover tape could be adhered to the carrier at a | ower 10

tenperature. If the adhesi BRIEROESEROSTIONOFITHE DRAWINGYEr tape coul d cone

| oose prematurely with a loss of the stored caonponents. If the adhesion

i ncr eases over The igentipe wilhbe merefully aprrpeiated; with seforeneeria theover t ape

fromthe carri Cfoowing drawingd inAihith sifléf RrHARE nEmBAIS Ry gﬁagﬁ,ﬁe gant loss of

static dissipative p opert es over tine an n yp! cal

manuf act uri ng amtlagbusagwomandthroughmmifﬁm whichre 15 construction should

al so remai n suffici Y, .t arent t hat. the el ectronic rrponents
B CHE TR

transported by the e'?;ﬁ‘réf RETSRFEIVE ViE™ &ﬁa"u"‘émﬁaﬁ‘é’fihﬂé‘
cover tape. the invention with a poruon of a static dissipatViyRbR(inghavilifEbéd\feRidlddN 20

The invention relates to a flexible carrier tape for storage and delivery

of ‘el ect r@rhewbsWiSHRING coRstruction aners cleathiandwithahe eqyer q‘ﬁ@of:ar rier
tape conprises Kaving been ﬁﬁrﬁﬁﬂfreﬂ-l&éd B%bé(v%o&b&ﬁeﬁts&ﬁfr&d Qﬁhnh%@ I% F
surface, a bottom sur ace opposite the top surface, ura y of

al i gned pocket salﬂvonglcd\moymngmnmawmmmd ﬁommelepdiokpo@ebm mqprto spaced
along the s | DpBOr i © th the top surface thereof. 25

The pocketsggene alti'éfl "P%%qg’(fjge“%j{&%ga {J@ﬁ%ﬂr side wall that adjoins and
extends downwardly fFIGN2t fsen ssttionpl Wew tdkem aloagting bAi@IGWY | t hat adj oi ns

t he side wall. e_pockets npore preferabl ncl ude f side walls
each at generally ﬂiE q'ﬁﬁfe}‘gﬂ‘@"‘ég]" 'H"Pég‘ﬂ)ee%f’ P‘@f%am'-'%eﬁ"a%ﬁt si de

wal | . Typi cal | Yoar@@GhpeQdccdrig to the ilRAlGH;S 1S essentially identical and are
equal |y spaced al ongrﬂt he strl portion. The 30 strip portion further has
r

first and second parlF0. dlisa mmmwnwllwg@ngsmw acazier iapriaccording to the
15  invention may be loaded with components followed by the application of the

cover; and
FIG. 5 is a schematic view illustrating a robotic machine removing

components from a carrier tape according to the invention.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Turning now to the drawings, a carrier tape according to the invention is
shown in FIGS. 1 and 2. The illustrated carrier tape is useful for the storage and
delivery of components (especially electronic components) by an advancement
mechanism. More specifically, a flexible carrier tape 100 has a carrier or strip

25 portion 102 defining a top surface and a bottom surface opposite the top surface.
Strip portion 102 includes longitudinal edge surfaces 104 and 106, and a row of
aligned advancement holes 108 and 110 formed in and extending along one, and
preferably both, edge surfaces. Advancement holes 108 and 110 provide a
means for receiving an advaricément mechanism ‘such as the teeth of a.sprocket

30 drive for advancing carrier tape 100 toward a predetermined location.
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PCT/ US96/ 13104 preferably at |east one of the edge surfaces
isncludes a plurality of equally spaced hol es for receiving the
advancenent hsm (for exanple, a sprocket).

gﬂm@dﬂ& strip

portion further 1 ncludes thereon a static dissipatingly erfective
anount of a static dissipative material. The static dissipative nateri al

Coroferably butyl " a&gnenatpobists Biaisfimed T abspaesl Aoma stinasrisneabl y et hy!
met hacryl ate), ud\sheRets bpefink throp BTG apRuRfakd SFanédtsy bortion. Witk Bgfel! at e

(preferably 2-(trimethyl anmonium chloride) ethyl nethacrylate).
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di ssi pative) . [ I ' d fhe top
surface of theTg?'ﬁly?g%yta?eo{H?é"%mgf %ﬁtﬁ@er%ﬂ%ﬁ@aﬁéﬁaﬁ%ﬁéﬁbﬁﬁ%n, and
covers the poclihisgated embodiment, each pbekepineludes four sidebwallsniddf éachtahe strip
portion is fornmed from pol ycarhonat e .the cover. is fqr from

pol yester, and gf"??é“‘é’d??é‘gﬂéest‘ﬁ‘gl 'WH@‘?%%%W?‘O%%N&?%ESW“ portion
I's a heat bondahd exemitddwndardly flomathe fip sbcL! F MR- g Ydriidk ShPddjoifs OPO! Yer or
a styrene-but adi ene bl ock copol yner. 15 ) The static

di ssi pative co&etterywalidd6 enformepogkat il b2.pBpttany wall d &6 israsnerallly, plarasiand

af fect_adnes ofRadafal e e of sFHSRArACRD. SHBRNLOERNALILI0SRbe o1

tenperature an Ite surprisin and unex y, the
static di sgipamialid 1omtaginchidezaptaperturg or throughpplenid 7 dlwat isidfessizertot o a heat

bondabl e cover s a resul.t rmis su a cover, tq .. be bonded to
Che strip. port AaRmoRRe R heEnaita s n4fohe Jminatle) ddusiivee reol af o 20
di ssi pative coaf edigponeitd 1 P{ueR as abéledtionit dotipodng ithat idlieet Rpdcke fRt eri al s

wer e used. Even wth the static dissipative coating, the carrier tape

, g
remai ns suf fi cAPREY 117 may al‘Pé’_ﬁé‘&Qr‘E’rﬁ“ qpé‘“ﬂé?@'i'_f’?’ 10 delgel the preprage Plon of
components car ghgeeBf alcdfmpbritint Withinladh Given keW.fn%Hﬁioﬁ?iB@Khﬁqly%gfover :

Thus, the invention also relates to a nmethod of reducing the tenpérature at
25  whi ch 1& hbeausefid ieammlying 8 vaguunstosmphelietito permiongreafficier laadingrof i er by
using a layer ﬂ're pockets' with components.
Pockets 112 may be designed to conform to the size and shape of the

components that they are intended to receive. Although not specifically
illustrated, the pockets may have more or less side walls than the four that are
20 shown in the preferred embodiment. In general, each pocket includes at least

one side wall that adjoins and extends downwardly from strip portion 102, and a

bottom wall that adjoins the side wall to form the pocket. Thus, the pockets may

be circular, oval, triangular, pentagonal, or have other shapes in outline. Each

side wall may also be formed with a slight draft (i.e., a 2° to 12° slant toward
25 the center of the pocket) in order to facilitate insertion of the component, and to

assist in releasing the pocket from a mold or forming die during fabrication of

the carrier tape. The depth of the pocket can also vary depending on the

component that the pocket is intended to receive. In addition, the interior of the

pocket may be formed with ledges, ribs, pedestals, bars,. rails, appurtenances, -~ - -
30 and other similar structural features to better accommodate or support particular

components. Although a single column of pockets is illustrated in the drawings,

8-



the acrylic polyner on the strip portion. The invention additionally

relates to a net hod of using the acrvlic polyner to both render a
strip portion of a polycarbonate carrier tape static dissipative and
to reduce the tenperature at which the strip portion can be heat
bonded to a W@e¥K6xvi ng a heat bondabl e adhesive. 30 PCT/US96/13104

- 6- WD 97/ 10693

PCT/ US96/ 13104 BRI EF DESCRI PTI ON OF THE DRAW NGS

The invention Wwd orliforéRbRninkibf MligeaIpocke @alldlid be fofmddelei the ldnBth
following drawings in which simlar r_efer«ﬁnc_e nuner al s. desi qnat_e i ke or
I

anal ogous conpd®dhe ErpReBingHe grdeniofasiltalg the simultaneous delivery of gyltigle; 5 5

fragmentary pergpgiohints Hii§¥kpeéedthfPthe cOILmh@BEPREGS WAlIA Delafranged  t he
i nvention with a portion (;f allﬁs%atic di ssi pati;\)/o’eéﬁcoati ng ha\"/ligng been

rempved t parallebto eagk othatiwith pockgtsdn ang ealemn beingrinraligaedorawsywithathel wi t h

t he cover thereof . havi artially renoved to show conponents
stored withi'n t%k%%?"rﬁh&agj?éfgg?&&g&sf al t hough t he conponent has been

onmtted fromthe | edsliipgofion H62 may be fetared o adyOpolpheriv mhiteridl nkahaod of the
F?rcllégt Zfr?rzei rC]| Eq%r&lie{q\t gauge and ﬂexibilityFtlo%en%it Iitsto%esw%%é zct)bno%lt th\élh%glotfgken al ong
storage reel. Preferably, strip portion 102 is optically clear by which it is meant
that it is sufficiently transparent to permit components stored within the pockets
10  to be visually inspected without removing elongated cover 120 (described more
fully hereinbelow). A variety of polymeric materials may be used including,
but not limited to. polyester (e.g., glycol-modified polyethylene terephthalate),
polycarbonate, polypropylene, polystyrene, and acrylonitrile-butadiene-styrene.
However, the use of polycarbonate is particularly preferred because of its
15 excellent transparency, low haze, good heat resistance, and good mechanical
properties.

Advantageously, strip portion 102 includes a layer or coating of a static
dissipative material 119. The static dissipative coating allows an electric charge
to dissipate throughout the carrier tape and preferably to the ground. This feature

20  helps prevent damage to components contained within the carrier tape due to an
accumulated static electric charge. Static dissipative coating 119 is applied to the
interior surfaces of pocket side walls 114 and pocket bottom walls 116; i.e., the
surfaces which face the component carried by pocket 112. Static dissipative
coating 119 may also be (and preferably is) applied to longitudinal edge surfaces

25 104 and 106 of strip portion 102. Static dissipative coating 119 may also be
applied to the bottom surface of strip portion 102 (e.g., the exterior surfaces of
the pocket side walls and bottom wall). The coating, should also be dry (i.e.,

non-tacky) to the touch.

T g isative voating 1191 iS provided by a satic-dissipative matsmal; < T

30 Those materials which are useful in the invention may be described as polymeric '

surfactants. A particularly preferred example is a polymer (e.g., a terpolymer)



FIG 3 is a schematic illustration of one nethod for manufacturing a
carrier tape according to the invention; FIG 4 is a schematic
view illustrating how a carrier tape according to the 15 invention may be

| oaded vvithw?%ﬁé?nts foll owed by the application of thepﬂ%wgﬁxgr; and

FIG 5is a ic viewillustrating a robotic machi ne Tenoving
conponents froma carrier tape according to the invention. 20

DETAI LED DESCRI PTI ON OF THE PREFERRED ENBCDI S Tur ni ng now
to the draw ng8f amalkyacryiate (e, o UL YRRk ap 3kl methatryatei(e8--.imethyl  shown in

FIGS. | and 2. mEife tahey,szinaaatiﬁgrkfﬁs.ﬁmﬁmmaﬁqéaﬂkmﬁm&rymé elglezst orage and
del i very of corrponerxts (especially el ectronic conponents) by an advancenent

mechani sm Mor érigyethyl &mmanibp chlorideksthyl inectiasriaedy A ugry usefol ¢ommercially ri er or
i Po2®, P il ol OB AT B, LA AL 7P L
104 and 1065 apmsstransition femperaturalof goat 200G, and mesntfadeaksistivith 8f aboait 110 f or med
0 20 X008 S 8902 g 58 PR Pt 1, C0g2 s aces
advancement nechani pra gaiehis3patiemheRillis Spicallysproidéein 1B formfiave for
advancing carrier t afpe 100 toward a predeterm ne(il_ | ocati on. .
-7- solution for easy application to the carrier. Solvents for forming the solution
should be ones in which the static dissipative material will dissolve or can be
10 emulsified. The solvents should also wet the strip portion. While
water/methanol solvent systems may be used, water/ethanol solvent systems are
particularly preferred, useful examples of which contain about 80 - 95% ethanol
and, correspondingly about 20 - 5% water. The static dissipative material is
added to the solvent so as to provide a static dissipatingly effective amount
15 thereof, preferably about 1.0 to 3.0 wt. % static dissipative material, more
preferably about 1.2 t0 2.0 wt. %. Once dried, the layer of static dissipative
material is preferably about 0.1 to 1.0 um thick, more preferably about 0.2 to
0.4 pm thick. ‘
The unitary carrier tape 100 also includes an elongate cover 120
20  (sometimes referred to herein as a cover tape). Cover 120 is applied over the -
pockets of the carrier tapé to retain the components therein. Cover 120 can also
protect the components from dirt and other contaminants that could invade the
pockets. As best shown in FIGS. | and 2, cover 120 is flexible, overlies part or
all of pockets 112, and is disposed between the rows of advancement holes 108
25 and 110 along the length of strip portion 102. Cover 120 is releasably secured
to the top surface of strip portion 102 so thﬁt it can be subsequently removed to
access the stored components. As illustrated, cover 120 includes parallel
longitudinal bonding portions 122 and 124 that are bonded to longitudinal edge
... .. surfaces 104 and 106, respectively, of strip.portion-102. -For-example, a . -~ s
30 pressure sensitive adhesive such as an acrylate material, or a heat-activated

adhesive such as an ethylene-viny! acétate copolymer or a styrene-butadiene =~

-10-
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PCT/ US96/ 13104 A series of pockets 112 is forned in and
spaced along strip portion 102, t he pockets opening through the top
surface of the strip portion. Wthin a given carrier tape, each

pocket is usW@97t0@3sentially identical to the ot her pockePETUSINING
Typically, they are aligned with each other and equally spaced apart. In

the 5 il lustrated enbodi nent, each pocket includes four side walls 114,
each at 0 8RRk 8bpoyynidrOiay aagiee 30 Wilicke the sPRE to édge sadites tipoaiioenal | .
Side walls 114 adjoin and extend _downwardly fromthe top surface of

the strip porti auplaﬂadmvsltmckness is abit 38 wdihe u @%'&F“f‘@ﬁ‘#’f?‘ﬁ@éﬁ'@ﬁw&lz

Bottomwal | 116.; t e of
strip portion 1642&’%3?‘? + *O?E& %néj SI rseﬁt@ﬂ{e%trhﬁﬂmr{:?no 4i}ﬁ!\/\?a ‘é‘t1116 may
i ncl.ude an apermyeetpnrmdlnwp@mmdbesiqmoftthaadltsve)hyq tgitheecover.

acconmmpdat e C i.cal ush- u e.q. to facili.tate
renoval $ (r)TF’ %ﬂﬂgﬁh‘@ﬁ I?E’B’eﬁlgg%ffﬂ)ﬂ Stgﬁ%ghg)cq %Wﬁ‘ bﬁ%ﬂ)gf?emy) s[“H%lt i's
stored in pockeadhdide or other kifkpof fesidee dnlthe smip portion. [Buchi sesitiuby could fpidical

scanner to detect the presence or ngy,eacﬁ ugf a co onent thin any
gi ven pocket. H'rh‘aronthqr&ﬁnta'awl@a%cq&&dz" it gxficylido recye ‘?FP"&E}' ing a
vacuumto the pagket to pernmit nore efficient |oading of t he pockets
Wi th conponents. Pockets 112 may be designed to conformto the

size and shape of t hia order to Dmvpbmeqamertmthat mefplly siati¢ dissipative, cayer Bei ve.

AL hough 0%, SPSRId Blbded o tel S BB CE: PRCKE] BellBYa Jae ™7 O

| ess side wall are e pre
enbodi ment. | n grsipaiat mamh spdciseﬁarhondilukl,e&anmepambxlde or asuefactate wal |

t hat adj oi ns ang extends dy fro ter |on d a
bottom wal | t haﬂ‘ahﬁjeﬁFﬁén'FﬁBe’\é\ﬁ% '(VA&F'F' nb'“?eﬁ‘tcrﬁ‘ ﬂb@l?é'? ﬂ& cogtgd,
pockets may omaehe%nraulﬂ{e suméadlsslpw\»eamﬂ%aanmymtbeg rated infih@ Ot her

shapes in outline. Each wal | may also"be formed with a slight
draft (i.e., a -3dhegvethakhonds CQ‘GW&?‘H‘WP poTEoR: K% sorlorg as ihdogsaket ) i n or der
to facilita | f el asi ng
t he pocket ?fom@fr%bé@fe& g%?n?nng I e l},rlﬁﬁ,g cg}(lrggtblegﬁﬁéafl S, daﬂspﬁfeh?

carrier tape. Tisdishmssed fafstrifnporion k@2, Caver d2@ may be Jorded ofidiwide varietyhe
_g?”{’gg?”t t hat tthpolyoerll(ce:%ater?alls.r}}\c ll;] r(\agdthtoge vrvﬁclﬂn\a/l}?be usedqg%}c;vkcpe strip i he interior

portion 102, Polyesters (in particular, polyethylene terephthalate based

polyesters) are especially preferred. An example of a useful, commercially

20 available static dissipative cover tape is DENKA ALS-AS (Denki Kagaku Kogyo
Co. L., Japan). Typical cover thicknesses (not including any adhesive) are
about 25 pm.
In general, the carrier tapes of the invention are made by shaping the

pockets in a sheet of polymeric material and winding the carrier tape onto a reel

N
L

to form a roll. More specifically, and with reference to the schematic view of
FIG. 3 as an example, a web 200 of a flexible thermoplastic polymer is supplied
as a preformed roll, as a preformed sheet, by direct extrusion, or by continuous
injection molding to a mold or die 204 (which may be a pair of matched male
“afid female dies) that thermoform ‘the web. Mold 204 thermoforins the pockets

30 to the desired size and shape (allowing for any subsequent shrinkage upon



pocket may be formed with | edges, ribs, pedestals, bars, rails,
appurtenances, 30 and other simlar structural features to better

accommodat e or support parti Tul ar conponents. Al though a single colum
of pockets i trated i hTHISSHEBIIASBEEN Yo 97/ 10693
PCT/ US96/ 131 %H/Jok!ﬁ Rg}?«mcgm nor ¢ col ums of mﬂﬁ’éﬂ lﬁ‘l)cket S

could al so be forned along Ce—tergth of the strip portion

in order to faciljtate the sinultaneous delivery of nult

conmponents. |t @S"’@kp@%ﬁ‘@ﬂ‘eﬂms‘?ﬁ@'EW“U%EO'HT‘“EO\Y%WQ' Wdfﬁ'@mm?déh anged
parallel to ea ng in aligned rows
Mth the o o e BugEgdhidh BABSElrfil BpORe i) SRBR 0 S).

Strip portion 102 miy Bbemmfww @hd Ztheripefprrming | tsmmea process that rdlies a

SUI 1l ent” GRugs a5gl s 4 sl bR B e "2, 12,1

cl ear by whisch tielit may begmovided by the mold nself a prél’mater 202, icﬁ aﬁ %itfrﬁdé'r giot | Y
transparent to ermt conponents stored within the p

10
to be visual |y SoNphEReciEgallyd Ao asy $¥eRb PPiYgeEs Uﬁ'@&%ﬁ 'E%'%P“ﬂl"i'e"‘b'd@scrl bed

hor e permit thertofotinR STIRI BRGLaNte m/x\mva;rth@wyﬁaénp%w HRGige Materials
may be used including, not limted to, polyester

(e.g., glycol - heded vasies guerachmgd mnge (lér-eﬁbﬁ'etﬁapéﬁ@)ﬂ depending on the gauge
pol ycar bonat e,

acrylonitrile. 5‘8? a%g gﬁﬁ?ﬁle?ﬂ?thap 9 Ib¥|§§ YeRRGtormddths wellﬁg \}\Iléevs‘;)??d ?fhtge use of
pol ycar bonatwe uﬁanpﬁcmrmglhac | Theapplied peslsukaasa-fﬂenemftoiptﬂmt a high quality 15
excel | ent LT ansBaSiemsr the Mol o e St 4pd M@gg@.&% by, @%g@?ﬁ%gm cal

properties.

i ncludes a | ayqérce theGRgi bﬂé}tsproﬁl\»&bQDO When the mold closes, or by tHé a§plieaionV e
material 119. The static dissi gat ive coating allows an €électric charge
of a vacuum that urges the web to deform over a male die or draws the web into

a female die (i.e., vacuum thermoforming). ‘Web 200 is typically cooled after
15 thermoforming, which can be accomplished by air cooling, fans, a water bath or
a cooling oven until the thermoplastic polymer solidifies.

In general, thermoforming is a process that is familiar to those of
ordinary skill in the art and is described in various references such as
Encyclopedia of Polymer Science and Engineering, volume 16, second edition,

20 published by John Wiley & Sons, 1989, which discusses different thermoforming
processes and the use of roll-fed, sheet-fed, in-line extrusion, and continuous
web-fed systems. All of these can be employed to manufacture the carrier tapes
of the invention, as can different thermoforming tools that are described in the
technical literature, such as flat forming and rotary devices, these devices being

25 available for use with various thermoforming techniques such as matched mold
forming, plug-assist forming, basic vacuum forming, and pressure forming.

The advancement holes are subsequently formed in a separate operation

such as punching by punch 205.

30  applied by a variety of techniques including dipping, brushing or spraying (e.g.,

air spraying or ultrasonic spraying), spraying being illustrated schemati'calljr in

-12-
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to di ssipate throughout the carrier tape and preferably to the ground. This

feature 20  hel ps_prevent dammge to_copponents contained within

the carrier tape due to an accurul ated static electric

charge. Static dissipative coating 119 is applied to the

interior suwmemesaf pocket side walls 114 and pocket bot tREFUSE/13304116;

I.e., the surfaces which face the conponent carried by

pocket 112. Static dissipative coating 119 nay al so be

(‘and pref erabl yi453 2@RRidneibe! ©rce fidl sdiidi disdipatetosdating 28 ®8én applied, 25

104 and 106 of strip portion 102. Static dissipative coating 119 may. al so

 be coated wein P00 shquld berdried Bba tegipematire apdiopp tigle SUFIGRAL I on 102
(e.g., the exterior e Tiani t ' ll's and

bottomwal |). ?Hzg)ogaéez |yfn%,f‘%§tﬁ§hﬁfngﬁ l%%m?fesoc? rs 3t/° {olrweah?y EQﬁﬁﬁtonsth@@el‘{‘.’a

non-tacky) to tThi danbe kasilPlaedonplisied byi passing/the comed wep thdobigh asiryinpovated by a

static dissipative material.’ 30 Those materials which are

useful in the #Alention may be described as pol yneric

surfactants. A partirgalbafibdiap i€ hihvesin@ Xélthet eoricentiic DoleyveTB¥indifgsy aboud

t er pol yner) WD 97/ 10693 ) ) .

PCT/ US96/ 13104 the core of rgel 208 te forpy a spply roll dog gorgee unty thecaier fapsds)  an al kyl

met hacryl ate ( I , : rgya : ni um

hal i de al kyl ni‘%‘*ﬁa"c?"?ﬁtg?*é*’?"éf"gst 1&1{%?.&89&13{ ’ ?‘P?Fé’éf‘ﬂﬁﬁ“*é%m”ﬁ?‘n"%ﬁ?fgﬁ de)

et hyl net hacr yhfitredarriok taper PO donmedc o eomparient Jogder 210 may §illpopkets Kk erial i s

RS-811 fraom N ppon ukazi..Co. . i ka l.ass
transition lf'enﬁ'gr?‘aff) "‘H‘?S Qt?oﬁ?"%%fj E,&liﬂeg&l;?rglur rg@ez l?é%‘fssef?r\??tb 8 a;ﬁ)lf about
10[ err] ohms/ sgpsiicator 1L @e idngitudinall effeXsurfatestof v cattier dipe strip portion,

The static dissipative material js ty

] | picaIIyProvieegﬁéi in the formof a
sol ution for e&Rdthelended sarrightapeispyaung about a,corecyreel 2{ @ IQTSIOTRE%9F g ¢ he

sol ution delivery. In the case of a cover that provides a heat-activated bond, the

_ applicator is heated. Preferably a bond can be formed at a temperature between
15 room temperature (about 25° C) and about 220° C, more preferably between
room temperature and about 200° C, and most preferably between room
temperature and about 180° C. Carrier tape 100 is advanced by sprockets 209
and 211.
In use, the carrier tape is unloaded as shown in the schematic example of
20  FIG. 5, which illustrates a carrier tape 100 in combination with a robotic
placement machine 218. Supply reel 216 provides carrier tape 100. A stripper
assembly 220 peels cover 120 from carrier tape 100 around a stripper block 222,
which assists in preventing the stripper assembly from pulling the carrier tape
away from its designated path. Carrier tape 100 is advanced by a sprocket 224,
25 to move the carrier tape toward robotic plécement machine 218. As each
successive component reaches the desired pick-up point, the robotic placement
machine grasps the component (either mamially or by suction) and places it, for
example, on a circuit board in the appropriate location.

3

Pt

»  industry for transporting and delivering surface mount electronic components

such as memory chips, integrated circuit chips, resistors, connectors, dual in-line

13-
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shoul d be ones in which the static dissipative material wll dissolve or
can be 10 enulsified. The soI vents should also wet the strip portion.

VWi | e wat er / met hanol s %E g 7" ..D be used, water/ et hanol

sol vent sysgg r;g I'C F?,Eg . useful e‘gﬁgﬁgﬁ f which
contai n about 6 95 %eth correspondl ngl y abou 2 - 5%
water. The static dissipative materl al |s '~ added to the solvent so as

to provide a static dissipati n%Fég_effect ive amount 15 thereof, preferably

about 1.0 to 3PYCEREOrs. %ag‘!%‘f’fscg RY5a £ty dlONEVer, the carries fapes may ?)P‘@Fer abl y
about 1.2 to 2;ratkporfGthéPtompoiidnBtuch AesnalVpringdf chigsahidChe ks pati ve
material is preferably about 0.1 to 1.0 [err]mthick, nore preferably about
0.2 to 0.4 [ er Fheninyentior will be more fully appregiated, with zeforcaen toithe t ape 100

al so incl udes 20 . (sonetines referred to herein as a
cover tape). Cga\r)g?ln tlﬁmﬁﬁ%?’{a over the pockets of the carrier
tape to ret&ain the conponents thet(hinaralﬂnparatkﬁﬂ can al so protect the

components fromdirf and other contam nants that, coul d. invade the
pockets. As best sh%‘%’f; ﬁ?ﬁs TPALIYE SUTIP POFfIPNS were Rreparc fty ’}pggﬂge%(i bl e, overlies

part or whier/SibotdP SHBidh o hstatia Miksipativéi idie e t bghP@eﬂmhhﬁwh pws of
advancenent hol es 108 25 and 110 along the length of strip portion 102.

Cover 120 is reQmenpsem pgcksiscanddgmoving the §Olver. Nﬂieéﬂﬂ"fﬁfé’éy @stalicr i p portion
102 so that it p\‘efﬁ't ed
conponents. Asdl ﬁlggﬁﬁpgﬁﬁm@% S&II‘B‘X%Pr gggal’f)‘g Pgﬁéém{]ﬂ?ﬁ %Plgt udi nal
bondi ng ponti ofissoligobyaweightaf R$:81 1 Grp@lmdﬁmpomNbldagiitﬁmhpaay. Ietd.ge

surfaces 104 a R | Lp.portion 1 rexapple, a 30
o cseur o sensi LPOR A elF HOOIE 1%y Bkl PGl drils pleartpaid VRSP

heat - act i vat ed(3M brand #zl(heswe()mpmiy 86 Padl, Mimesatemedsining SafitialeRrscopol yner

or a styrene-butadie
y (mm) w1de and 0.25 mm thick, and then drying at 65° C for two minutes. (The

water used to prepare the water/ethanol mixture was first purified by ion
15 exchange.) The thickness of the dried coating was calculated to be about 0.3 um
(microns).

A cover tape was sealed to the strip portion using heat and pressure to
form a carrier tape. More specifically, a static dissipative, adhesive-coated cover
tape, DENKA ALS-AS (Denki Kagaku Kogyo Co., Ltd., Japan), was adhered to

20 a strip portion using a MT-30 Taper (Systemation Engineered Products, Inc.,
New Berlin, Wisconsin) operating in the reciprocating mode with pressure of 10
psi, 2.5 strikes, a dwell time of 0.4 seconds per strike, and a temperature of
180° C (indexing 32 mm of carrier tape per strike). The cover tape was 5.4 mm
wide.

25

Test Methods

Surface Resistivity

The static dissipative properties of the strip portions prepared as

L ___dg‘_s_g[:ihcgi_jn_ the “General Preparation™ were evaluated by measuring surface. ...--= . .

30 | resistivity. More specifically, surface resistivity was measured by Japanese

Industrial Standard test method J1S-K-6911 except using a two pin probe (40 x

13-
. This Sheet Has Been Reﬁlaced
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PCT/ US96/ 13104 bl ock_copolyner. may be used to adhere the cover to
edge surfaces 104 and 106. Typi cal adhesi ve thickness is about 30
[err]m The use of a heat-activated adhesive Is especially preferred

for form ng woguud9xseal to the strip portion. The cover PCTAUSSBIBE pri ned
‘to pronote adhesion of the adhesive |ayer to the cover. 5 Pref erably,
cover 120 renoves fromstrip portion 102 wi thout |eaving any visible

adhesi ve or ot hgy x b Rfin)Having el s (dlithetdr ' 12 RAY) bbsiione@20nh @pardues coul d

attract dirt or other contam nants and could make it difficult to
recycl e the car(iestafsgjies probe. typg fife model # MCP-HTPI, framgWianbishhCheigalde a

carrier tape t kg%rglt'ls,glygbl *hgﬁuggv&%siggg§ O Golt€ OFiR t%gorlign walggg d be

nodified to be ssi patl ve. 0O may I nc a static
di ssi pati ve matmillimétersdongh perniging bormedsarsinents inbeiinade. Sempleswvdee, or a

or 1 o subseduerePytg Bl 2 nolhGh BRECCH o8 el R WRBL IR, T

material may althén {ested MC 23 PCraal 68% RHO A Bfface resistadcdufdess thaniE10bonds cover
120 to strip portion 102 so_long as it dogs not élé—': adversel y affect
adhesi on. 1t i <Okmysquats igdesijablenwith 3 yalue of lessthap $EL Qhing/squars,Being ot

as di scussed fgirefé yp portion 102. Cover 120 nmay be forned of a w de

vari ety T polymeric materials, including those which may be used to
provide strip portion 102. Polyesters (in particular, polyethylene

t er epht hal af e based Transpare ol% 3% rs) are especially preferred. An exanple
of a useful, comrer | abl e static dissipative cover tape is
DENKA ALS- AS (Denki Hegespaténgy and haze of §ieip pottibns préparadas debyribed aboweover

t hi cknesses (nqt Jin di any .adhesi ve), ar .about 25 Jerrlm
I nI general , 'Ehé“é'i‘fr&r:éi;"g‘fewgﬁ@@%fﬂ n tﬂﬁje?éﬁ%)%?qeﬁr?e’éf@"ﬁglfg 519935@{1%{6%9 t he
pockets in a shgghl ﬂﬁp&ﬁryﬁwﬁédﬁregmiﬂb#uﬁ]emﬁf!ﬂg ‘ﬂ’ism&d?ﬁm?])h@p;ﬂi@d EOWRE dpepehont 0

areel 25 to formaroll. re specifically, and with reference to the
schemati ¢ vi ew Mere specifiqlly; the transparenesianddiage warepagsurethusing lapanessi bl e

ther mopl ast{sc RRAKETS slaha Rl infflod Jis-k 3307 EEHET Mk £l lgg1iasaa P ef or red
sheet, by direct extrusion, or by continuou I njection nolding to a
nmol d or di e 204rafisgarenay nalye begraeateathan 85 % rimdesived] withl evalue of greater than

90% being preferred. A haze value of less than 5% is desired, with a value of

less than 1% being preferred.

20 Static Build-up
The susceptibility of carrier tapes to the build-up of static charge was
evaluated. More specifically, a strip portion was loaded with 100 ceramic
capacitor chips (measuring 0.16 mm x 0.08 mm), with one chip per pocket, and
sealed with DENKA ALS-AS cover tape as described in the “General
25 Preparation.” The loaded and sealed carrier tape was placed on a shaker and
- shaken (oscillation distance = 40 mm one way) at a frequency of 200/minute for
70 hours at 23° C and 65% RH. After 70 hours, the carrier tape was removed

from the shaker, held upside down,



and femal e dies) that thernoformthe web Ml d 204 thernoforns the pockets
30 to the desired size and shape (allow ng for any subsequent shrinkage

upon cooling). The dinensions—of the incomng polyneric web
will be det by ‘WH% SHEBE HASBBENIL h of the ca ge that is
to be for g.fdﬂ-;ﬂﬁ&s By "tmemmekpr ns” pnd "therrmfg‘?*m %}l 'S meant a
process that relies o] heat and pressure to deform a

t her nopl astic materlal The 5 at. may_ be prowded the nold itself,
a preheater 208nd G‘FcﬁYFféﬁﬂerslﬂi‘éYa'(%@fef“"Y W‘@W&W\ ¥ hard fl'yl"d}l!"}PFfO fn any

event, polymer bﬁﬁ@ﬁﬁt refaired uhﬁ@tpﬁﬂ(e&l!ffflﬂecdtﬁﬁbérﬁoﬁ Bue to the bd?ﬁ[ df

therm)formng The tenperature to which the polynmeric web nust be
heat ed vari es oatg charger wasdheragnyoted The mualmm{ oR2ipgBehipsrshanld be less than

(200-550[err] F uge and type of material that is
bei ng t her nof o)r‘??gﬁaﬁg%g scmm}“thﬁl%Zpeed of the 10 manufacturing line. The
applied pressure is sufficient to permt a high quality replication of
the mold or die pattern and nmay be provided by, for exanple, the

force the nold exerMﬁ—%b 200 when the mold closes, or by the

appl i cation ofrhafote@teqmrédhatpemmvémpenﬁbmtmh aﬁﬁa&ﬁbﬁw a male die
or draws the web into femal e die (i.e., vacuum _thernoformng). Vb
200 is typi cal mpasguses ngﬁt’@ﬁsellsd“{fﬁéﬁm%ﬁ’ ﬁﬂsh'@e‘h%ﬂ&p -8806 (publisheconpl i shed
by air coolingy, il the

t her nopl astic popg‘ﬂ:‘l 199 c‘B@érmaQ peeled from‘:‘ihéfm};g&%gfr?\é ﬂ’#gfeerdrmform ng is

a process tlhat 18(15‘ zftamohmamus ped mfsd 390 millimetersimdnuner Flvelsarhples werehe art and
is described in S erences Enc edi g of Pol yner
Sci ence and En&? ‘fﬂ'ﬁ resplF Wi uigd °§8@8ﬁ%‘ B AYSragg Pe @dﬁé)s’p?ﬂbﬁi’shed by John
Wley & Sons, g&&an apéet hdlidsion of $&R 70 drims forbe i laesimbledWith M 10 60  pr ocesses
and the use of roll-fed, sheet-fed, in-line extrusion, and continuous

grams force being preferred. The cover tape should remove uniformly. A raspy

peel (i.e., areas of high and low adhesion) is undesirable. The cover tape should

15  also remove without leaving visible adhesive residue on the strip portion

Aging Studies
The properties of surface resistivity, peel adhesion, and static build-up
were also measured after various aging protocols for some samples. The aging
20  protocols included one or more of the following conditions: A) aging at 23° C;
B) aging at 40° C: C) aging at 60° C; D) aging at 40° C/ 80% RH; and E) aging
at 50° C/95% RH. For surface resistivity measurements, the strip portion, free
of electronic components and cover tape, was aged and then tested as described
above. For peel adhesion measurements, the strip portion with the cover tape
25 sealed to it was aged and then tested as described above. For static build-up
‘measurements, the strip portion,-free of electronic-components and cover tape,
was aged and then loaded with electronic chips. The cover tape was then sealed
to the strip portion. The loaded, sealed carrier tape was then tested as described
vzt nnn . o QDOVEL e e |
30 For surface resistivity, preferred (and more preferred) values are as

follows: for either 1000 hours at condition A or 100 hours at condition C: less

=16~ —
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web-fed systens. All of these can be enpl oyed to manufacture the carrier

t apes of the invention as.can.different theropfornmng tools that are
déscribed in the technical literature, such as flat form ng and
rotary devices, these devices being 25 avai l abl e for use with vari ous

t her nof or ni IwobdwYie ques sudhpfs seEehed ggm\pl f or m nFCTHSGNIAGE| st
form ng, basic vacuum form ng, an Eﬂﬁ g,ure Dr m ng . The
advancenent hol es are subsequently_formed-in-& separate operation

such asdputnﬁhl 'MmeEIFPdlmﬁﬂlﬁﬁﬁ'e (less than 3E10 OhméXafiare);d dar 200eioutsat been
prepare e static dissipative coating ed by a variet

of techniques iconditen Rgless &B‘F Agl1 Qhpypaudee 6‘%/‘ %Pj%lhgﬁg'é)sﬂg“am) Y air Y
spraying or ul tr asoief s prefeRied Yirdndie phertdd) Yésare s febbRgRt i cal | v
97/ 10693 for 1000 hours at condition A: 10 to 70 grams force (20 to 60 grams force); for

i ssi pat 1 ve Scod®P g ateasdiin g fo Bank Blee b &' Rl Tl o o e

dried at a tenpopabutsat eoiditfonD:a0ttb M0 geants foriePD td 60 grams force). evapor at e
any solvents or carrier liquids so as to forma dry coating on the web.
This can be easily acconplished by passing the coated web through a drying
oven 5 207. Example'e carrier tape is then wound
(either concentric or |evel w ndings) about

A static dissipative strip portion was prepared as described above in the

10 “General Preparation.” The strip portion was tested as described above for
surface resistivity, both initially and after various aging protocols, and for initial

transparency and haze. The results are shown below in Table 1.

Comparative Example 1
15 In comparative example (C.E.) | the strip portion of example 1 was
prepared but without using a static dissipative coating. The strip portion was
tested as described above for example 1 and with the results are shown below in
Table 1.

20 Comparative Example 2
To prepare comparative example 2, the strip portion of comparative

example | was spray coated with a dispersion of tin oxide (available as ELCOM
P-3537, 25% solids (by weight) in methyl ethyl ketone; Shokubaikasei Kogyo
Company, Ltd., Japan) that had been diluted to 5% solids (by weight) with

25  additional methyl ethyl ketone, and then dried at 65° C for 2 minutes to a
calculated thickness of about 0.2 um. The strip portion was tested for surface
resistivity, both initially and after various aging protocols, and for initial

transparency and haze with the results shown below in Table 1.

-17-
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the core of reel 208 to forma supply roll for storage until the carrier

tape'is | oaded with conponents. Alternatively, and as shown in
FIG 4, immediately after carrier tape 100, is forned, a
conponent | O may fill pockets 112 10 vmthﬂ_cl%ga s 118,
cover 120 i@aﬁ{?ﬂ;}%red froma roll 212 and secured by an orsiol

applicator 214 to the |ongitudinal edge surfaces of the carrier tape strip
portion, and the lo ded car pe is wound about a core or
reel 216 for storage or °mp e\é’?"’q:ﬁ the case of a cover that
provides a heat - act t:Bﬁ’tBﬁganQmpfehfwas prepared by sprayadbmmgclﬁé %p'p%nﬂﬁat ed.

Preferably a bond can be forned at a terrperature bet wee room
t enper at ure (abbeammBftize etangle i withaasaliyl sadiuncsul fasate (Wéﬂdﬁ" a&)AWRbbT ween

room tenperat une and 1

tenperature anﬁ‘ga]%ou%@%%ﬁdes@?wgghgag%? I#%ﬁ&éi’%&%h&%c?lgvan by Sprockets
209 5  Japaa)tbathdd been diluted to 4% solids (by wexght) witiea It hwaneaethmt tape is
unl oaded as shown in t emat G 5, which
illustrates a wtvree?"$§ﬁb3wm gt ﬁgcgﬁgﬁa’(“?% tWFFFc'é]aﬁegHB‘flﬁ"Ess of

pl acement ”achhmtébﬁm Smaoétap g&‘ﬁbn %@w&@m&eﬁa&%ﬁtﬁny}:ﬁm?m}&ﬂ A
stripper eel s cover 120 fromcarrier tape 100
around a stri pp@tafmmm@zgmg protocols, and for\ipjtial iragsparescy andhhage.eThait i ng t he
stripper asse I rrier tape away fromits
desi gnat ed pa??ésm&aarrr%meorw*t%h%g%ﬁleg?advanced by a sprocket 224, 25
to nove thaoscarrier tape toward robotic placenment nmachine 218. As each
successi ve conponent reaches the de5|{r§§!‘@10 k-up point, the robotic

pl acenent machi ne grasps ﬁrponent (ei t her manual |y or by

suction) and praces 11, ToOr[ Aging AgingeXanpl e, ON Bapipid Ul T board]in the
appropriate | ¢cation. The chrrrer lapes of|.the inventi are particlilarly
useful in th¢ el dropentyi cs | Protocol 30 Timedust dy | &&.E danshEr 2i|nG-Eadd
delivering sujface nount electroniqd o[lwlpﬁ)n;ents sych as penory
chips, integrated circuit chips, rés ,.conhectors dual [in-ling
A 2E9 | >1EI3 | 4E8 2E8
Surface 1000 3E9 NT NT NT
Resistivity C 0 2E9 | >1EI13 4E8 2E8
(Ohms/square) 100 2E9 NT 4E8 1E9
' D 0 2E9 | >1E13 | 4E8 2E8
100 9ES NT 3E8 2E8
200 2E10 NT NT NT
Transparency (%) A 0 93 94 86 93
Haze (%) A 0 0.5 0.4 6.0 0.5

NT = Not tested.
Table | shows that static dissipative strip portions prepared according to
the invention exhibit no significant loss of transparency or increase in haze when

15 compared to strip portions that do not include a static dissipative coating

(example | vs. C.E. I) However the stnp pomon of ‘example 1 when e

Y e e v T

compared to the ;tnp pomon of comparatwe example 1, showed dramatlcally

. reduced surface resistivity. .Strip portions.prepared according to the invention - - -+ e

give comparable or better performance for surface resistivity, transparency and

-l 8-



processors, capacitors, gate arrays, etc. However, the carrier tapes nmay be

used to transport other conponents such as small springs, clips, and
the like. The invention will be nore fully appreciated with
reference to the following non-limting exanples. 5

Gener al Pr e P¥0 3110693 Static dissipative stri PQraiseé/psnet wer e
prepared by applying a wat er/ al cohol solution of a static dissipative
material to a strip portion having conponent pockets and renoving the

sol vent. More si@e whés adrhparedtoStrif poFtions that iféofpordd@EdnVEntithill sfatiOr t i 0N was
prepared by spray, cgating a solution conprising 1.5 10 % sol i ds by

wei ght of RS-81d'¥'HaBY$)BP'3WE'Ft5-.(.Ni ppon Nyukazai Conpany, Ltd., Japan)
in a water:ethanol (1:10 ww solvent m xture onto a pol ycarbonate web

(3M brand #2703, 3M Conpany, St. Paul, M nnesota) nmeasuring 8 mllineters
(mm wide and 0.25 nmthick, and therExdample’) at 65 C for two minutes. (The

wat er used to prepar 1 e s. first purified by ion
15 exchangﬁ.) The fﬁ%@ﬁﬂ%@éﬁ%%ﬂgpﬁh ég&é{:dg“%ﬁoﬁge \R/&%""@HI“%&P% to be
aE\OUt 0. 3 [ err]using the stat(dhﬂissiphﬁeéd strip portion of exampléAl Q@BEN‘]@DR[B@ES sealed to
the strip portion usin eat an ressure to forma carrier tape.
More specifi calW'.‘%Pesagé’ché}bﬁél%‘f‘gan’FWI Prepaskicnc- Exapple 2owsdestedas ¢ gpe,
DENKA ALS- AS ( [R&fibed@svk Yo @it bufti@-up ahd Hith _th@ﬁﬁﬂ&zshﬂ@?bﬂ&g%‘?ﬂbl 9 20 a

strip portion using a MI-30 Taper (Systemation engi neere ducts, Inc.,
New Berlin, Wsconsin) operating in the reciprocating node with pressure of

4. 78N cnferf] (10 psi), 2.5 striéﬁﬁmg%ﬂ%néiege of 0.4 seconds per
rnae

strike, and a tenperature of I'ng 32 nm of carrier tape

per strike). The coWmmpaspice exene 4 wasprepared ad @sted 25described in
Test Met hods ‘%‘EF@E’& e Resi stivi The static

L . ty. . .
di ssi pative pr 5pUPRSHE8 with FXGeRi aFne Hﬁsa/"ﬁﬂ B‘Bﬁ?'éﬁf cmparative gescri bed in
the "General Plegfiaglalliafda cofdrlapR\seAlnaiefipeituRRRA20¢ 00 THeEQRS are0
resistivity. More specificall g surface resistivity was neasured by
Japanese shRytspelow in Tableidar d test nethod JIS-K-69 11 except using a
two pin proge (40 x
Compz_trative Example §
Comparative example 5 was prepared and tested as described in'
conjunction with example 2 except using the strip portion of comparative
example 2 and a cover tape sealing temperature of 220° C. The results are

20  shown below in Table 2.

Commmlive Example 6
Comparative example 6 was prcpared: and tested as described in
conjunction with example 2 except using the strip portion of comparative
25 example 3 and a cover

tape sealing temperature of 220° C. The results are shown below in Table 2.

-19.
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PCT/ US96/ 13104 30 x 42 mm having the two pins (dianmeter = 2 nm
positi oned 20 nm apart (Hiresta series probe, type HA, nodel #

MCP- HTPI, from ubi shi Chemi cal Corp., Japan). T | ied vol tage
was 500 Vol E‘?”%f{ggst rip portion was 500 mllimet erE&'@%&m%r mtting
ten nmeasurenents to be nade. Sanples were 5 conditioned for about 2-4

preferred. 10

Tr
transparency and haz¢ gifg rj pTR t fons prepamgrgingle described above
in the "General Preparation”{were eyaluated-to-determpetheldr suitability

hours at 23[err] C and 65%relative humdity (RH) and then tested at

23[err] C and 65% RH. A surface resistTA&ESf | ess than 1E10

Ohns/ square is desir W g va : 3 - squar e being
S‘Ba'f' n¢YPaR G HED (# o Chips Retain The

f or vi sual insj efdving GEs@lfsequent | y
appl i ed cover tape. rucg'rrS' and haze were
measur ed usi ng Japan test—Apthga—| S- K- 7105
(publ i shed March 1, } vaidie bt Bradter than 85%
is desired, with a vg NT N

0 o

NT NT

NT = Not tested.
The carrier tape of example 2 showed dramatically improved resistance to
5 static build-up when compared to comparative example 4 having no static
dissipative coating. The resistance to static build-up for example 2 was
comparable to carrier tapes incorporating conventional static dissipative

treatments.

10 Example 3
A static dissipative carrier tape according to the invention was prepared
as described in conjunction with example 2 except that a cover tape sealing
temperature of 190°C was employed. Example 3 was tested for peel adhesion
both initially and after various aging protocols as described above and with the

15 results shown below in Table 3.

Example 4
A static dissipative carrier tape according fo the invention was prepared
as described in conjunction with example 2 except using 3M brand Conductive
20 Pressure Sensitive Cover Tape # 2666 applied at 23° C and 10 psi pressure
rather than DENKA ALS-AS cover tape. Example 4 ‘was tested for peel
. adhesion both initially and after various aging protocols as described above and ..
w:th -ihe resuits shown in Table %

... -Also shown in Table:3 are comparative examples 4-6.

=20~



90% bei ng preferred. A haze value of less than 5%is desired, with a val ue
of | ess than 1 % being preferred. 20 Static Build-up

The susceptibility of carrier tapes to the build-up of static charge was
eval uated. More specifically, a strip portion was |oaded with 100 ceramc
capaci tor chwpsmeseasuring 0.16 nmx 0.08 mMm), with one chpgrmpsswniposket ,

and seal ed with DENKA ALS-AS cover tape as described in the "CGeneral
25 Preparation." The | oaded and seal ed carrier tape was placed on a
shaker and shaken (oscillation digagpges= 40 nmone way) at a
frequency of 200/ m nute for 70 hours at 23[err] C and 65% RH. After 70
hours, the carripr Lol[JETVV?ADinI ETpved f ' nde down,
and the cover tgpe, sl ow y1§n(§ C . nber of
chi ps that remmijnc® M {he! Pcklet-s—pt—the—stri £ | on—due tothelbuil d-up
of stati o m&.gn_a&mdd $he hiboked (CES L 6H 6 Hips
shoul d be | ess tfhanA Q per tRAdusdnd 28 es$ t28an 0. AN 5
Peel Adhesion 100 Thie f34ce [redst redl t28 pdel NThe| coNar tlape from
the-strip portign was 200 mejasuged 4si myp Japamgsse (| nNgst [ 1 aNTSt gndar d
~test nethod JI S{C- 0806 (pukhg shied 3¢ Jenualy 76  199r [NEN§OVEr Wwas
peeled fromthe|strip poryj U agz angre f 027 lﬁﬁfﬁﬁﬂ ACNF © nti nuous
peel rate of 30(~mtHrmetersrmrot 13'3 =t vcfﬁnup cizgl e . —estq4d and
the results werq us€ed t ¢—eatetHate—t-hetaveragerped—agahesi-oh- 15
100 36 28 33 NT NT
200 40 29 36 NT NT
500 40 34 36 NT NT
1000 38 31 35 NT NT
C 0 33 28 29 9 2
100 50 45 58 NT NT
200 50 49 64 NT NT
500 64 NT 60 NT NT
1000 62 NT 59 NT NT
D 0 33 28 29 9 2
100 33 42 24 NT NT
200 36 45 26 NT NT
500 34 42 18 NT NT
1000 33 43 28 NT NT
E 0 33 28 29 9 2
100 34 53 24 NT NT
200 37 56 25 NT NT
500 43 NT 28 NT NT
1000 36 NT 33 NT NT

NT = Not tested.
The static dissipative carrier tapes of the invention maintain peel adhesion
characteristics comparable to those of carrier tapes not having a static dissipative
5 -coating. (Examples 3 and 4 vs. C.E. 4.) Thus the static dissipative coating does
not adversely affect peel adhesion, even under a variety of strenuous
environmental conditions. Further, such advantageous behavior is observed with

_ different cover tapes, including those which are applied at clevated sealing

temperatures as well as those which are applied at room temperature.' In
. e wnzn. 0. addition, the static dissipative carrier. tapes of the.invention show significantly. . - +...c . . .

improved cover tape to strip portion adhesion as compared to the adhesion

«2]-



general, a peel adhesion of 0.1-0.69 Ncnferr] (10 to 70 grams force)is

desirable, with 0.2-0.59 Ncnferr] (20 to 60 grans force)being
preferred. The cover tape should renmove uniformy. A raspy peel
(i.e., are of, h and | ow adhesion) is undesirable. The cover tape

shoul d 156\% aﬂ’ggdggerrove wi t hout | eaving visible adhesi veP TP t he
strip portion Agi ng Studi es The properties of
surface resistivity, peel adhesion, and static build-up were al so

measur ed af t erobzin¢dowRen-aibenccagventiond) |siatic dissipesive caaings are emplayedigi ng 20
rot ocol s incl r okhowi ng conditions: A) aging at
: oS 8 4 TGRS e L%y 01 My

23[err] C aging at 60 C, D) aging at 40 C
80% RH, and E) aging at 50[err] C/ 95% RH. For surface resistivity
measurenents, the strip portion, freng‘g of el ectronic conponents and
cover tape, was aged and then tested mMPL&3ri bed above. For peel

adhesi on measur emenA Seridsf siati¢ digsipiive ctierapds dcbRdif® utthe irliMiokdwas seal ed to
it. was aged and then tested as descri bed above. For_static buil d-up

measur ement s, RYERAred as; described aboye 15 eenjunghion. with FFW’%ZM%% ﬁ’cf@"eahd cover
tape, V‘Bsgalﬁ%qgmﬁé}gtuf'ég e 'Exhlﬂ?lg Sy teg?eoei}o? QJHeﬁox? Eﬁ'é?tg hI al 2§°(§ over tape

was t hen seal e to the strip portion. carrier tape
was then test ewsingsthelprocedubedescribed abaneand w1th0he results shown BelowsnTakle e
resistivity, p{]eferred (and nore preferred) values are as foll ows: for
either 1000 holirs at condition A or 100 hours at condition C. |ess

16 10 '

Comparative Example 7
A series of carrier tapes was prepared according to comparative example
4 but using different sealing temperatures. Comparative example 4 was tested
for peel adhesion strength at 23°C using the procedure described above and with

15 the results shown below in Table 4.

TABLE 4
Peel Adhesion (average grams force)
Sealing Example
Temperature (°C) 5 CE. 7
180 25 NT
190 3l 8
200 42 12
210 49 19
220 56 26

NT = Not tested because a bond did not form.
.Acceptable peel adhesion was obtained with the invention even at
20 temperatures as low as 180° C. For comparatwe example 7 however. an
T acceptable bond of similar peel adhesion was not achieved untll the seahng |
_ temperature had been increased more than 20% (40° C) 10220°.C. At 180°C, - ...

comparative example 7 did not even bond to the polycarbonate carrier.
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than 1E1 1 Ohns/square (less than 3E10 Ohns/square); and for 200 hours at
condition D. | ess than 3E11 Ohns/square (less than |El | OChns/square).
For peel adhesion, preferred (and nore preferred) values are as foll ows:
for 1000 hours at condition A: 0.10 to 0.69N (10 to 70 grans force)
(0.20 to O0.5¥m9720980 60 grans force)); for 100 hours at BCT/USAUIBE0N C
0.10 to 0.78N (10 to 80 grans force) (0.20 to 0.69N (20 to 70 grans
force)); and for 200 hours at condition D: 0.10 to 0.69N (10 to 70
grams force) (0.E@mpRs 6f MBMhverfbn! Ring KHab&Elable covdr@ipe@bild all be
Exanple 1 A static dissipative strip portion was prepared as
descri bed above sheressfidly bppded o statia dissipatiyerpolcaonaterepsriesiat fMRSHYEDN was
tested as descri o . ; | St LRktially and
after various aé’? %gwg?g g%%%yhg%ge?gﬁg@%ﬁ?ﬁgﬁ&ﬁﬁﬂh F%’éan p%{‘é%’gybgn haze.
The results areaspzotrC.bel ow in Table 1.
Conparative Exanple 1 15 . I n. conparatiye . exanple (C.E ) 1 the strip
portion of efanple | Thginvention ugexpeciedly Olgs BN ‘?fg‘}???g aoygrfape.and
di ssi pative coabidgier iifie 3t the RarOfihé Mhdb@g the carriet Aatfcissan e SPhisDaR above
for exanple 1 and wth the results are shown below in Tabl e 1. 20
Conpar at i ve Exapiestign surprisingly permity thepise phlowet seajieg lgmperatusesdabprd 2, t he
strip portion of r.at : cimatl . SPh A ]
i Spor oi on of ¢ A s ssspyi€ BVBlBorgye"nch L BkeF Qi el it

are advantageous because they reduce the risk of deforming the cover tape or the

10 carrier, reduce manufacturing cost, and are safer. Furthermore, as the width of
the carrier increases, the temperature at which the cover is sealed thereto usually
increases. However, if a high sealing temperature is already required for narrow
width carrier, it may be difficult to manufacture wider widths.

The present invention has now been described with reference to several

15 embodiments thereof. It will be apparent to those skilled in the art that many
changes can be made in the embodiments described without departing from the
scope of the invention. Hence, the scope of the present invention shall not be
limited by the structures described herein, but only by structures described by the

language of the claims and the equivalents of those structures.



Conpany, Ltd:,
25 additional

P-3537, 25%solids (by weight) in nmethyl ethyl ketone; @I @“ﬁl

a cal

met hyl et hyl ke bd at 65
%3, st i ckness of ﬁ%ﬁeﬁﬁm The strj
tested for sur ace resi sttivii Lnitiplly and a er var| ous

agi ng protocols, and for initial transparency and haze wth the

Japan) that had been diluted to 5% soli ds

results shown below in Table 1.
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The embodiments for which an exclusive propefiWar rivilkge EERIMLE 3
Conparative exanple 3 was prepared by spray coating the Stl’l p portion

of conpar at i ve aexdefined as folfows’ an al kyl . sodi um sul fonate (avail abl e as

PCT/ US96/ 13104

ATRAI'T

5

10

. strip portion, rextending'-along the strip portion, and covering the plurality of pockets.

15

20

25

30

1. A flexible carrier tape for storage and delivery of electronic components
by an advancement mechanism, the carrier tape comprising:

(a) a static dissipative strip portion having a top surface, a botiom
surface opposite the top surface, a plurality of aligned pockets for carrying the
components, the pockets being spaced along the strip portion and opening through
the top surface thereof, and a static dissipatingly effective amount of a static
dissipative material on the strip portion, the static dissipative material comprising a
polymer of an alkyl acrylate, an alkyl methacrylate, and a trialkyl ammonium halide
alkyl methacrylate; and _

(b) a cover releasably, adhesively bonded to the top surface of the

2. A flexible carrier tape according to claim 1 wherein each pocket
comprises:

(i) four side walls each at generally right angles with respect to each
adjacent side wall, the side walls adjoining and extending downwardly from the
strip portion; and

(ii) a bottom wall adjoining the side walls to form the pocket.

3. A flexible carrier tape according to claim 1 wherein each of the

pockets is essentially identical and are equally spaced along the strip portion.

4. A flexible carrier tape according to claim 1 wherein the plurality of
pockets includes more than one aligned column of pockets extending -along the

length of the strip portion.

5. A flexible carrier tape according to claim 1 wherein the strip portion has

* first'and sécorid paraiiel longitudinal edge Surfaces and at least one of the edge

24-
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wdt er: et hanol m xture, and then dry| ng. at 65 Cfor 2 mrutés to

cal cul ated t hi ckness of - ,___I_UIIJIII he strip portion was tested
for surface wesRedyity, both m{& gfl‘? af t er var POLASISN3104)
protocols, and for initial trapspar 6#@1 haz . The results are
shown below in Table 1. 10 ' TABLE |

Agi ng Agi ng ; i t ocol
Al I sucr{a%es. includes a Pluaalny'-:dfc. %&E. i&i?}? spaced holes for rEéeRIY the/ advanceréd?

(Hour s) mechanism. A 0 2E9 > 1E13 4E8
2E8 Surface 1000 3E9 NT NT

NT Resistivity C 0 2E9 > 1E13  4E8 2E8
(Chns/ squar e) 6. A flexible carfi€Gape accoRfiig to clairiT wherein the 818yl acrylafiei®

D 0 s 2E9lt > 1E13 4E8 2E8

100  9E9 butgpciylate. - 5pg 2E8

200  2E10 NT NT NT Transparency (% A 0
93 94 86 (9.

0.5 0.4 6. 07- A ﬂegrh!; carrier tape\mcgdnglto ¢laigy bwyherein the alkyt methacngiype |
shows that statis &H M4, Strip portions prepared according to t he

i nvention exh|b|t n S|gn| I cant | oss of transparency or increase in haze
when 15 conpared to strip portions that do not I nclude a static .
di ssi pati ve coating (exanple | vs. However, the strip portion

of exanple ly when g Afeszvspacamérapescta% g ddamnpmhé}an%tﬁagiar ative

exanple 1, showed dramatic surface resistivity. Strip
portions preparattnanmnrhdhdegﬂltyblmﬂmrylateesrﬁ4tmmethyl ammgining chtorideyetiyl e or better
per f or mance formézHMrﬁ%:S resistivity, transparency and

8. A flexible carrier tape according to claim 1 wherein the strip portion is

15 formed from polycarbonate.

10. A flexible carrier tape according to claim 1 wherein the cover is formed

from polyester.

20 11. A flexible carrier tape according to claim 1 that is sufficiently transparent
to permit visual inspection of components carried by the carrier tape without

removing the cover.

12. A flexible carrier tape according to claim 1 further including an

25  electronic component in at least one of the pockets.

13. A static dissipative, flexible carrier tape for storage and delivery of
.. electronic components by an advancement. mechanism,. the carrier tape comprising: ... . . -

(a) a strip portion formed of polycarbonate and having a top surface,

30 a bottom surface opposite thie top surface; first and second parallel longitudinaledge ~~

surfaces, at least one of the edge surfaces having a plurality of equally spaced

-25-
This Sheet Has Been RT

VR




\Ié\gT?ZJ/SEIJg??glo4 haze Wnen conpared to strip porti onlllllmmlu I“"“ “ILI “ |!II

i-ncor porate conventional static : di ssi pative treatnents.

Exanpl e 2 A stayig cgessipatiygTarrier tape r di to the
i nvention wa“',sli)%flg‘ggr ed usi r]%'“ g','. 't t7c| di ssi pat i vepgf'ﬁ? %J@?t i on of
éxanple | and DENKA ALS- AS cuvelr’-Yape ak described in the "General

Preparation.” ample 2 was tested as descri bed above for static

bui | d-up and i DRSS 8 e T B B imFchagistme and a statig gissipatingly

Conpar ati ve Exadfietiie4mount of an static dissipstREB&IiAE bY the 3Fp Foh@n nd\@aicPr epared and
tested as described in conjunction with exanple 2 except using the

strip portion ofissipatingeatingwemprising a terpelprreof| buiyl dcrylaieo methyk mgtkaceyiatd, i ng
Lomer 2t T o 88 Beim Famih S peperpuior B0 |1 Ta0LE 2 19
tested as described in (b) aplonjiynf aligned packéls fox aarpfing tRe eledtopit usi ng t he
strip portion OJomggn tasr 1t:eipé)/c(?«zts being equally spaced along the strip portion and opening
through the top surface thereof, each pocket comprising
(i) four side walls each at generally right angles with
respect to each adjacent side wall, the side walls adjoining and extending
10 downwardly from the strip portion; and
(ii) a bottom wall adjoining the side walls to form the
pocket; and
(c) a static dissipative polyester cover releasably bonded to the top
surface of the strip portion by a heat bonding adhesive, the cover extending along the
15 strip portion and covering the plurality of pockets;
wherein the carrier tape is sufficiently transparent to permit visual inspection

of components carried by the carrier tape without removing the cover.

14. A static dissipative flexible carrier tape according to claim 13 wherein
20 the heat bonding adhesive is an ethylene-vinyl acetate copolymer or a styrene-
butadiene block copolymer.

15. A flexible carrier tape for storage and delivery of electronic components

by an advancement mechanism, the carrier tape comprising:
25 (a) a polycarbonate strip portion having a top surface, a bottom

surface opposite the top surface, a plurality of aligned pockets for carrying the

components, the pockets being spaced along the strip portion and opening through

the top surface thereof’,
| v v .. (0)_acover releasably attached to the top surface of the strip-portion : =
30 by a heat bonding adhesive, the cover extending along the strip portion, and

covering the plurality of pockets; and ~ ~

-26-
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re 50° ehoan betow in Tanie 2 o torrerettre of 22otert N MR A

ComparatTve Exanple 6 Conpar ati ve exanpl & 6°wds pPreparéd
and tested as described in copjunction wth exanple 2 except using
the strip pova$messdf conpar at) VS2GHEET HAS BEEN PCT/US96/13104ex anpl e

3 and a cover
shown bel ow in Tabl e 2.

W97/ 10693 (¢ a layer of 2 material on the stri ion, the material comprisin
PCT/ US96/ 13104 © y P port prising

-19.

10

15

20

30

tape sealijng teRpPLACRD e of [220[err] C. The results are

a polymer of an alky] acrylate, an alkyl methacrylate, and a trialkyl ammonium
halide alkyl methacrylate, wherein the material promotes the adhesion of the cover to
the strip portion and renders the strip portion static dissipative.

16. A flexible carrier tape according to claim 15 wherein the cover is
polyester and the heat bonding adhesive is an ethylene-vinyl acetate copolymer or a
styrene-butadiene block copolymer.

17. A flexible carrier tape according to claim 15 wherein the material is a
terpolymer of butyl acrylate, methyl methacrylate, and 2-(trimethyl ammonium
chioride) ethyl methacrylate.

18. In a flexible carrier tape for storing and delivering electronic components
by an advancement mechanism wherein the carrier tape comprises a polycarbonate
strip portion having a plurality of pockets for carrying the components, and a cover
releasably attached to the top surface of the strip portion by a heat bonding adhesive
and covering the plurality of pockets, a method of reducing the temperature for
bonding the cover to the strip portion, the method comprising the steps of:

(a) providing a cover having a heat bondable adhesive thereon;

(b) providing a polycarbonate strip portion having a plurality of pockets for
carrying the components, and a layer of material for reducing the temperature at
which the cover can be heat bonded to the strip portion, the material comprising a
terpolymer of an alkyl acrylate, an alkyl methacrylate, and a trialkyl ammonium
halide alkyl methacrylate; and

(c) heat bonding the cover to the strip portion with the heat bondable

adhesive.

19." A ‘method according to claim 18 wherein the cover is bonded o the stiip

portion at a temperature of about 18010 190°C.

27-
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-IR-’Q? ;Fntzad-) Agi ng %glngg Statie Bull diunmmmumlsnfllll
A

Protocol (Hours) 2 CE 4 CE 5 CE 6

8 lgowoswmézgg 8 THIS SHEET HAS BEENQ 0 P‘q""s"’iﬂﬂ‘ ° NT
KT D o REPLACED ¢ 100 0 0

100 O 100 NT . NT _NT = Not tested.
The carrier tape of 28x#npsteodaceording tp aimdiwhezein the pesiadhesion bepwser thgnce to 5

static build-u (A=Y POy 87 ' 4. ' atic
di ssi pative co%’t"?ﬁ%ﬁd @ﬁgﬁ?(gg?’g{’ ;&nce to 'ﬁ?ﬁ%ﬁﬁ%ﬁ?s@b@é@gﬁ@ 2 was
conpar abl e t o ctiprpostiontas greanglerof d 8Qoand at aguteraf I0@ milliwetents/niouie.i ¢ di ssi pati ve
treatnents. 10 Exampl e 3 A
static dissipative carrier tape according to the invention was prepared

as described in conRundi a flexible tdnriertapeoratating wabqelivdring eleatraniti®mpbiag seal i ng

tenperature of 190[err] C was | oyed.. Exanple 3 was tested for peel
adhesion el Y?P%‘?"!ﬁ‘ﬁ Wﬁﬁﬁs"ﬁw‘%ﬁ%ﬁé mﬂ‘b?W“ﬁ‘&thﬁ’g‘"ﬁ descri bed
above and wi t h sirfpepohion Hadifiglh blrahtyOFpoekels Fo¥ daftyingthe @omponents, and a cover

Exanpl e 4 A static dissipative carrier tape according to the

i nvention was peleasalyaftached to the topsyrfagerns theistripaertion by 8 iheat bonding adhesivs| e 2
except using 3W pE&afind e Phdflity'd? pockets, a method of rendering the strip portion static
10 dissipative and reducing the temperature for bonding the cover to the strip portion,
the method comprising the steps of:
{a) providing a cover having a heat bondable adhesive thereon;
(b) providing a polycarbonate strip portion having a plurality of pockets for
- carrying the components, and-a Jayer of material for both rendering the strip portion
15 static dissipative and reducing the temperature at which the cover can be heat bonded
to the strip portion, the material comprising a polymer of an alkyl acrylate, an alkyl
methacrylate, and a trialkyl ammonium halide alkyl methacrylate; and
(¢} heat bonding the cover to the strip portion with the heat bondable
adhesive.

20

«28-
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20 Pressure Sensitive Cover Tape # 2666 applled at 23[err] C and 10 psi
KA \ ' Ex

pressure rat le 4 was tested for
peel adhesion both initially and after various agi ng protocols as
descri bed above and with the results shown in Table 3.

Al so shown | WOIEIBE33 are conparative exanpl es 4-6. PCT/US96/13104

- 20- WO 97/ 10693

PCT/ US96/ 13104 TABLE 3

Agi ng Peel Adhesion (aver) granms force) Agi ng

Ti me Exanpf e Protocol (Hours) 3
4 CE 4 CE 5 CE 6 0 33

28 29 100 34

29 28 200 36

32 . 28 36

33 26

34 27
28 29
28 33




200 40 29 36 NT NT

500 - 40 34 36 NT NT

1000 38 31 35 NT NT C
0 33 28 29 9 2

1Q0 50v0 97710693 45 58 NT NT PCT/US96/13104
200 50 49 64 NT NT

500 - 64 NT 60 NT NT

1000 62 NT 59;943 NT NT D
0 33 28 29 9 -

100 33 42 24 NT

200 36 45 26 o NT

500 34 42 18 ONT

1000 33 43 28 RN E
0 33 28 29 9 ©
100 34 53 24 NT 53
200 37 56 E§5 NT

500 43 NT 8 = 1000
36 NT 33 NT™N - NT = Not tested.
The static dissipative carrier ta Hre ifthvention maintain peel

adhesi on characteristics\e =
having a static dissipative 5 coat i ng.
4.) Thus the static dissipative coating does
peel adhesion, even under a variety Q
conditions. Further, such advant aged
di fferent cover tapes, including
seal i ng t enperat ures as e
tenperature. In 10 addition, tH¥ static dif
i nvention show significantly i mprovégd cover tapq,bo strip portion
adhesi on as conpared to the adhesion oo

-21-

(Exanmples 3 and 4 vs. C. E.
not adversely affect
envi ronment al
is observed with
re applied at el evated
whi ch are applied at room

204

]
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WO 97/ 10693
PCT/ US96/ 13104 obt ai ned when.other . conventional static dissipative
coat1 ngs are enpl oyed. (Exanples 3 and 4 vs. CE. 5 and C.E 6.)
Exanple 5 5 A series of static dissipative carrier tapes according
ta the i nvenwoomesss prepared as described above in ceciusssaiton with
exanpl e 2, but using different seal ing tenperatures. Exanple 5 was
tested for peel adhesion strength at 23[err]C usi ng the procedure
descri bed above and with the results€y¢yW|belom1in Tabl e 4,
Conmpar ati ve Exanmple 7 A §eTies of carrier tapes was prepared
according to conparative exanple 4 but using different sealing
tenperatures. Conparative exanple 4 wa f%sted for peel adhesion
strength at 23[err]C using the procedure descri bed above and with 15 the
results shown bel ow in Table 4.
TABLE 4

Seal i ng Exanpl g

AJhesi on (average grans force)

210




Terrperature ([err] O 5 CE 7 : . Tr ewes

180 . | 25 NT - 1900 - 3G
31 8 200 - 42 I
12 o 210 - 49

220

: est ed- pbecause a
bond did not fwg) The dimensions 91?!6%&0881’%» B%’dﬂ‘e&&mé%lﬁ BH‘%’a %’ER‘EMEBH wi th
t he invention &9, For conparative
exanpl e 7, hov@é@rﬁu a'gpw]diiﬁggg%g%g%ﬁ%%% éﬂ‘é’t@?leﬁﬁn&} peel adhesi on was
not achi eved unti | Bhe“tha—aidfmgns" and ttearpmfatmmg”hamdasempmaeysethaerdhesrmre

fhan 20% (40[ err ? 220[err] C. At 180[err]C onparative exanple -
7 did not ever®b ?8 I8 hsal ydpressuEs o delerm értﬁermoplastw material. The

-22-

pCT) Usos) 13104 93{3}“”9%2““*?" 5 fe RS isklerh PR 30 ARSI W e cover

tape coul d al |she@n specnﬁsalmes%uy EVelhomlgdaehe v&bﬂwlb%eﬁb@%fﬁ@iehu?to
pol ycarbonate carrier at tenperatures of about 180-190[err] C while

t he corr espondiengitdberpmfeniivg. 'Ebmteplp@satmtg Vdut}@ig@ polymerie webofust b§ C.
heated varies over a broad range (i.e., about(200-550°F))dependmg on the gauge
and type of material that is being thermoformed as well as the speed of the

10 manufacturing line. The applied préssure is sufficient to permit a high quality
- replication of the mold or die pattern and may be provided by, for example, the
force the mold exerts upon web 200 when the mold closes, or by the app]'i'éation
of a vacuum that urges the web to deform over a male die or draws the web into
a female die (i.e., vécuum thermofo.rming). Web 200 is typically cooled after
15 thermoforming, which can be 'a¢c0111plislmed by air cooling, fans, a water bath or
a cooling oven until the thermopiastic polymer solidifies.
In general, thermoforming is a process that is familiar to those of

ordinary skill in the art and is described in various references such as

'Encyclopedia of Polymer Science and Engineering, volume 16, 's_econ_d edition,
20 published by John Wiley & Sons; 1989, which discusses different thermotorming
processes and the use of roll-fed, sheet-fed, in-line extrusion, and continuous
1' - web-fed systems. All of these can be employed to manufacture'the carrier tapes
of the invention, as can different thermoforming tools that are described in the
technical literature, such as flat forming and rotary devices, these devices being
25  available for use with various thermoforming techniques such as matched mold
- forming, plug-assist forming, basic vacuum f_drming, and pressure forming. -
The advancement holes are subsequently formed in a separate opér:uion
such as punching by punch 205. _
Once the carrier has been prepared, the static dissipative coating may b.e
30 apphed by a vanety of techmques including dipping, brushing or spraying (e.g.,

air spraymo or ultrasomc sprayma), spraying being illustrated schematlcallv in

REPLACEMENT SHEET
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5 The invention unexpectedly prormt es adhesi on between a cover. tapg sees

and - ' acarrier while at the same time rendering the carrier static- i RN
di ssi pative. Thus, the i nvention surprisingly permts the use of Iovver, !
sealing tenperatures to bond cover tape to stati.c dissipative .

pol ycar bonat e qaocessars, dapastors, ealel argyseetperidweves, the carrizr eapes vaaytbegesed:s
because they reduce the BISk of defarm ng

tqe cover taptﬂaﬁ)r the 10
carrier, reducd® HaRIAORCRIF SRPROGENS SUHLASTRAILIIEES: EHRSt ALt HEHEKS- as the
wi dth of the ca-r Hd i‘ﬁ(/eﬂtfbﬁr\gmsﬁesmo};ehﬁo&gggfécﬁrt#f \Qltﬁ}emneg d g cover is

seal ed thereto usual I nCreases h sea I ng
tenperature is falllas\emgmoneqmtmgdxzimplenarrow - width carrier, it may be
difficult to manufacture wi der w dths. The present i nvention

has now beef described with referentenergl Peeparations  enbodi nents t her eof .

It will be apparent . -i |l e a changes can
be made in the enbo ‘%%‘I@gaﬁae‘ﬁ)érFb"eﬂm&mg{‘%u’?}feQ&B%@?tbxg%%é‘}ﬁ?he scope
of the inventi QpaerfeuHel sdlifors60PRaté dIsEi@atWeeﬁﬁt@hal ovedttip partidmefdvidgot be
limted by the structures described herein, but only by Structures

descri bed by t kemponent packgtscape removing tbeaolﬁentarMotm@eequk}'ﬁlaemtm of those
structures.
dissipative strip portion was prepared by spray coating a solution comprising 1.5
10 % solids by weight of RS-811 terpolymer (Nippon Nyukazai Company, Ltd.,
Japan) in a water:ethanol (1:10 w/w) solvent mixture onto a polycarbonate web
A (3M brand #2703, 3M Company, St. Paul, Minnesota) measuring 8 millimeters
" (mm) wide and 0.25 mm thick, and then drying at 65° C for two minutes. (The

water used to prepare the water/ethanol mixture was first purified by ion

—
n

exchange.) The thickness of the dried coating was calculated to be about 0.3 um
(microns). |
A cover tape was sealed to the strip portion using heat and pressure to
form a carrier tape. More specifically, a static dissipative, adhesive-coated cover
tape, DENKA ALS-AS (Denki Kagaku Kogyo Co., Ltd., Japan), was adhered to
20 a stnp portion using a MT-30 Taper (Systemauon x:ngmeerea Products, Inc., '
New Berlin, Wisconsin) operating in the rec1procatmg mode with pressure of {6/ Heﬂkh

(1o psi). 2.5 strikes, a dwell time of 0.4 seconds per strike, and a temperature of

P 1a’N

180° C (indexing 32 mm of carrier tape per strike). The cover tape was 5.4 mm

wide.

Test Methods
The static dissipative propertiés of the strip portions prepared as
described in the “General Preparation“ were evaluated by measuring surface
30 - resistivity. More specifically, surface resistivity was measured by Japanese

Industrial Standard test method JIS-K-6911 except using a two pin probe (40 x

REPLACEMENT SHEET
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-23- CLAI M S.._...,

1." - A'flexible carrier tape for storage and delivery of electronic - : -
" conponents by an advancenent mechanism the carrier tape conprising: . L
(a) = a static dissipative strip portion having a top surface, a bottom

‘surface opposiane thenmveolape siofdy end earpfullltyapeietesi agfaydlyi ipmdd Theaketter D61
carrying the co ents, .th ock bei.ng space along the strip portion
and openi ng thGH']éﬁt[ afﬁeé"?lﬂﬁfgh‘{gﬂ?e f ng”‘gﬂ?f“&" dug 19 the ']§§1 tive
material on thegnagé thddg @WaE bR, COK!F@ ﬁlIE funfbes OF P 1n¥5’c %1 b& RHPtHay' N9
the reaction product of an alkyl acrylate, an a acrylate, and a
trial kyl ammonil per Housahd (lesb khan OTE%I)ac_ryI ate; - and (b) a
cover rel easably, adhesively bonded to the top surface of the strip
portion, extending along the strip portion, and covering the plurality of
pockets. . 2. p%an&szmne carrier tape accord| ng to claim1 wherein

each pocket conpri
The torce requlred to peel the cover tape from the strip portion was

measured using Japanese Industrial Standard test method JIS-C-0806 (published
January 1, 1990). The cover was peeled from the strip portion at an ahgle of
10 180° at a continuous peel rate of 300 millimeters/minute. Five samples were
tested and the results were used to calculate the average peel adhesion. In
£ O 4= Nfcmd 0,1~ 0,59 M}
N general, a peel adhesion of (10 to 70 grams force)is desirable, with(20 to 60
grams force)being preferred. The cover tape should remove uniformly. A raspy
péel (i.e., areas of high and low adhésion) is undesirable. The cover tape should

15 also remove without leaving visible adhesive residue on the strip portion

Aging Studies
The properﬁes of surface resistivity, peel adhesion, and static build-up

were also measured after various aging protocols for some samples. The aging

2v  protocols included one or more of the tollowmg condiuons: A) aging at 23° C;
B) aging at 40° C; C) agmo at 60° C; D) aging at 40° C/ 80% RH; and E) aging
at.50° C/95% RH. For surface resistivity measurements, the strip portion, free
of e]ectromc components and cover tape, was aged and then tested as described
above. For peel adhesnon measurements, the strip portion with the cover tape

25 sealed to it was aged and then tested as described above. For static build-up
measuremenfs, the strip portion, free of electronic components and cover tape,
was aged and then loaded with electronic'chips; The cover tape was then sealed
to the strip portion. The loaded, sealed carrier tapé was then tested as described
above.

30 For surface resistivity, preferred (and more preferred) values are as

“follows: for exther 1000 hours at condition A or 100 hours at condmon C: less

REPLACEMENT SHEET
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(|) four side walls each at generally right angles with respect to each

TYVRe

adj acent side wall, the side walls adjoining and extendi ng downwardly from: .
the strip portion; and (ii) a bottomwall adjoining the siide "' :
walls to formthe pocket. 3. Aflexible carrier tape according to

cl.aim 1 wherei g ai“é] lﬁhlﬁ%{ﬂlﬂl‘?@Elgsslhbr?%EF@@Mﬁs%q 1¥r25 dﬁ,ra;plog?(él)%f}e C%e

equal |y spaced arrier
t ape accor di ngccbrtmm:aDtrﬂélsstr’HIlﬂ OhesRyuarakietsythaf 1BOL KOS/ dquateldes nore

t han one aligned coI urm of pockets extending along the length of the strip
portion. Fonpeg e@dlhéff]@"»dﬁlﬁfeﬂ@ﬂ (anthprose prsfITady velyeg argianfollgWsr ei n

the strip portﬂ&n f@@ofhbﬁksa&@ SRSRICE R ah L eb . hengiot udigwd edgersurbagesms
and at |east Gudd) the Ao GIfacesi nd Weg i Woldd)y ,0ffcaquall Yours at - -
- spaced hol es chfnd’lﬁtC‘a’.Q:lrylmg ot.hé advangenentoneehenigrams force) 6.0 A ltexiohleoN
carrier tape acoond MY igrapdspiforkaier eind tiver @ooy lhoanrsylaat eondliltdopl D: 0.10
acryl ate. to 0.69N (10 to 70 grams force) (0.20 to 0.59N (20 to 60 grams

force)).

Exampile 1
A static dissipative strip pdrtion was prepared as described above in the
10 “General Preparation.™ The strip portion was tested as described above for
surface resistivity, both initially and after various aging protocols, and for initial

transparency and haze. The results are shown below in Table 1.

C0n1par;1tive Example 1

15 In E:omparative example (C.E.) 1 the strip portibn of example 1 was
prepared but without using a static dissipative coating. The strip portion was
tested as described above for example 1 and with the results are shown below in

Table 1.

20 ' Comparative Exar_nple 2
To prepare comparative example 2, the strip portion of comparative

example 1 was spray coated with a dispersion of tin oxfde (available as ELCOM
P-3537, 25% solids (by weight) in me[h'y] ethyl ketone, Shokubaik.asei Kogyo
Company, Ltd:, Japan) that had been diluted to 5% solids (by weight) with |

25  additional methyl’ ethyl ketone, and then dried at 65° C for 2 minutes to a
calculated thickness of about 0.2 m. The strip portion was tested for surfc.cé
resistivity, both initially and after various aging protocol.s, and for initia!

transparency and haze with the results shown bel_bw in Table 1.

REPLACEMENT SHEET
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st e s 0 0 | .

tape- according to claim1l wherein the trial kyI * afmohi uh Hal i'de al ky[ -
met hacryl ate is 2- (trimethyl ammonium chloride) ethyl met hacryl at e.
9..Aflexible carrier tape according to claim1 wherein the strip portion
S formed from pol ycarbonat e. 10. A flexible carrier tape
according to claim 1 wherei'n the cover £sbifr&el¥ S from pol yester.

171, A flexible carrier tape according To clraim L, wherein conponents
~carried by the carrier tape are visible wthout renoving the cover.

- I2. Aflexible carrier tape according tg claim further includin an

el ectroni c donporfexitiscamier apg for stasagesnd delyerypf elepteonic components by ajr
statlcmmaﬁmeehanfsheobebdmerdaperqompnstage for stor age and delivery of

el ectronic conmpongnt s mnaalmmmnmonhwmmmsu m&@ﬂomuﬁl@pe

conpri &al okets for partyin tamponentgfthepol ycar bonat e
‘and has"lp ﬁgsneé:; S apluraht)( mgﬁé @éo@g)ﬁé‘gﬁﬁs&g; theof wiid ace, first
and secOTm Fﬁ I AEant tef the edge
sur f ac #E2UA $HRR Vﬁ eﬂ qnqt'r?]atc’ it ﬁ%%%&M&sg ﬁfen%&gﬂwsm Be I €CEI Vi Ng

the  reactionpn
- alkyl n_\ethacxylate and

()  acover releasably, adhesively bonded to the top surface of the strip
portion, extending along the strip portion, and covering the plurality of pockets.
2. A flexible carrier tape according to claim 1 wherein each pocket
comprises:
(i) four side walls each at generally right angles with respect to each
adjacent side wall, the side walls adjoining and extending downwardly from the
strip portion; and

(i) a bpltom wall adjoining the side walls to form the pocket.

3. A flexible carrier tape according to claim 1 wherein each of the

pockets is essentially identical and are equally spacf;d along the strip portion.

4. A flexible carrier tape according to claim 1 wherein the plurality of
pockets includes more than one laligne_d column of pockets extending along the

length of the strip portion.

5. A flexible carrier tape according to claim | wherein the strip portion has

first and second parallel longitudinal edge surfaces and at least one of the edge

surfaces -includes a plurality of equally spaced holes for receiving the advancement

mechanism.

- 6. A flexible carrier tape according to claim | wherein the alkyl acrylate is

buty[ acry]ate. ] REPLACEMENT SHEET

17 SEP 1997
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advancenent nechanism_and a static dissipati I strip
porti'on, the static dissipative coating corrprrmlmmlleumm Hn' product - of - -
butyl acrylate, nethyl nethacrylate, and 2-(tri'nethyt dhmdni im chtoride): . = .:
_ethyl nethacryl at e; (b) a plurality of aligned pockets o
for*carrying the el ectronic conponents, the pockets being equally spaced
along the strip portion and opening through the top surface thereof, each
pocket conpfi ¢ fexible carrier tape according to claim { jwherei hgallky] methagrylate each at
general | i;i qht angles with respect to each adjacent side wall, the side
wal | s &df‘/‘ﬂ HiMgPaRdExt endi ng downwardly fromthe strip portion; and

(i) a bottomwall adjoining the side walls to formthe pocket; and

(c) a static dissipative polyester. cover rel easably bonded to the top
surface ofthe strip portion by a heat bondi ng adhesive, the cover extending
al ong t he s8rifpflpoble camientage scopedingity claien pherein the tadlkylocket s;

wher ei n conponent.s ried-by the carrjer tape are. visi W t hout renovin
t he co?f’@l”.o‘q’]?‘m halide afkyl methacrythte *iirﬂ'}?ﬂ’%@twﬂ ’E'gi%mdsie‘%ﬁexi ble carrier °
t ape a&%%g'kg%to claim 13 -wherein the heat bonding adhesive is an

et hyl ene-vinyl acetate copolyner or a styrene- but adi ene bl ock

copol yner. 15, - A flexible carrier tape for storage and

delivery of electronic conmponents by an advancement nechanism the
carrier tap® ofigxitlecarger tape according to claim 1 wheremn the strip portion is

formed from polycarbonate.

10. A flexible carrier tape according to claim 1 wherein the cover is formed

from polyester.

11. A flexible carrier tape according to claim 1, wherein components carried by the

jer tape are visible without removing the cover.
camer tape AT Vs e REPLACEMENT SHEET

12. A flexible carrier tape according to claim 1 further including an

17 SEP %97

electronic component in at least one of the pockets.

13. A static dissipative, flexible carrier tape for storage and delivery of electronic
components by an advancement mechanism, the carrier tape comprising:

(a) a strip portion formed of polycarbonate and having a top surface, a
bottom surface opposite the top surface, first and second parallel longitudinal edge surfaces, at
least one of the edge surfaces having a plurality of equally spaced through holes for receiving the
advancement mechanism, and a static dissipative coating on the strip portion, the static
dissipative coating comprising the reaction product of butyl acrylate, methyl methacrylate, an
2+(trimethyl ammonium chloride) ethyl methacrylate; '

_ (b)  aplurality of aligned pockets for carrying the electronic components,
‘the pockets being equally spaced along the strip portion and opening through the top surface
thereof, each pocket comprising ' '

)] four side walls each at generally right angles with respect to
each adjacent side wall, the side walls adjoining and extending downwardly from the strip
portion; and : .

(i)  abottom wall adjoining the side walls to form the pocket; and -
(c)  astatic dissipative polyester cover releasably bonded to the top surface
of the strip portion by a heat bonding adhesive, the cover extending along the strip portion and
covering the plurality of pockets; _ ' '
' wherein components carried by the carrier tape are visible without removing
the cover. ' .
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(a) a polycarbonate strip portion having a t ll ﬂ tom surface
opposite the top surface, a plurality of ali gneglmmm m'"w“ mryi ng the.," . **:
conponents, .t he pockets bei ng spaced al ong the*stfip pdrtifon*and apenj ng=-; "
t hrough the top surface thereof; (b) a cover releasably -
attached to the top surface of the strip portion by a heat bondi ng '
adhesi ve, the cover extending along the 'strip portion, and covering the
plurality ofy ARREKSiSHafdiexible carrier ta accordind(tﬁ)claim 13 wiR¥gy of a material

on the strip portlon,.P%e materl al o rising the réactlon product of an

al kyl @6 hydt dbedingadhekike Is anesttydenewimtl acetad dopoifiméradrieystyredgroni um hal i de

al kyl methacrylate, wherein -the matéerial pronmotes the adhesion of the cover

t o t hebusadigns tPpHYMeand renders the strip portion static dissipative.

16. A flexible carrier tape according to claim 15 wherein the cover is

ol yester and th i.n ' \ Ne- Vi ate

opol yror b SyiRabl R 1afrioR OB 8 AP obUtbbofE antbdenis3p5h

fl exi b@“ﬂw AR HET HPe MBS 15 vvhereri*n the materjial is a

terpol ymer of buf®)l atPQlyeibonatgstipportiophavng & fopsurface aibostom surlags 1y |

amoni epposite:the tap Kidycecs plyralityof Rligned pegkets for cartying the components, ﬁ’?ﬁ?ﬂ%¥3f or

r educi being dpecedainng thetstripepdirtion dndrogemng thravgh the topsuafase thefgoforti on  of a

flexi bl e carri er(b)apea over micasablygttadhed to the tap sudfaead ehetstnpepuatiateiyiaser i ng

el ect ryguat Bondef@ tthe Eoveektading ARATER stripesmivh, &1 covirin luglitytofipe

corrpriglt;ggﬁ:aanggla%gre’t}o%ate stri pg pog:mi&cﬁ\_ havi ng a pl urﬁg ofnypockets for

fi[ﬁZ'uP?aieeo?[?%ognii‘ﬁ%“,%??ﬁ#%%ﬁ L w5 bl I&“’J'ﬁ&g‘!ﬁg‘m@%‘%ﬁa@@dcéieﬁ i ng
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(b)  asdaendersithe srippartiemstaticrdisswatier i p portion having a-plurality of pockets

for carrying the conponents, and a | ayer of material for reducing the -

tenper at ur e16at A Wakible cafifer ep¥atcdrding R clamRls RoBRAThE Qovdrgs Strip portion, the
“ material conprising the reaction product of an al kyl acrylate, an al kyl

met ha@olpesteranddheihest boridingadhesivansan @mﬂmbiva'm’l atdate copolymaroykat e:  and

styrene-butadiene block copolymer.

O

17. A flexible carrier tape according to claim 15 wherein the material is a
terpolymer of -butyl acrylate, methyl methacrylate, and 2-(trimethyl ammonium

chloride) ethyl methacrylate.

18. A method for reducing the temperature for bonding a coverto a strip portion
of & flexible carrier tape for storing electronic components and delivering electronic
components by an advancement mechanism, the carrier tape comprising a polycarbonate strip
portion having a plurality of pockets for carrying the components, and the cover being
releasably attached to the top surface of the strip portion by a heat bonding adhesive and
covering the plurality of pockets, the method comprising the steps of: _

(8  providing a cover having a_heat bondable adhesive thereon;

_ (b)  providing a polycarbonate strip portion having a plurality of pockets
for carrying the components, and a layer of material for reducing the temperature at which the
cover can be heat bonded to the strip portion, the material comprising the reaction product of
an alkyl acrylate, an alkyl methacrylate, and a trialkyl ammonium halide alkyl methacrylate; and

(c)  heat bonding the cover to the strip portion with the heat bondable
adhesive.
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(c) heat bonding the cover to the strip pormm‘mﬂ I‘Ilﬂ) |L1m1 bondabl e-- -...
adhesi ve. 19. A nethod a 18 wherein: .

the cover is bonded to the strip portion at & tenperature of about -180..% :
*to 190[err] C. 20. A nethod according to claim19 wherein the
peel adhesion between the cover and the strip portion is 20-70 grans
force when the cover is renoved fromthe . strip portion at an angle of
180[err] and at a rate of 300 ml|'linmeters/ mnute. 21. A

met hod. for réndarmebodacsbiding QAR Wherdn thedvbl 8 boRII 1§ hlfRE Static
di ssipative and for reducing the tenperature for bonding a cover to the

strip Pt a emeerairg ofebout t8pe 18@7 Gg capabl e of storing el ectronic

conponents and delivering electronlc conmponent s by an advancenent

mechani sm ti}% carrier tape ri S|€g a pol ycarbonate strip portion having
of

a pluralit A Bsthedagcyr Pvé%\ TRy ”‘thﬁ@“b@ﬁ]%ﬁ@ﬁb%%“ahwqeh@ecover bei ng
rel easabyy, r%& ﬂférk?rﬂ;dﬁ(ﬂ-uéhfs 20- ‘RP ﬁ‘ik'[fg e Ih?:]; tr{erb%vér 1%5";3%?0 ' an ?%t ﬁogeat

bondi ng ad eslive covering

conpr i Sistip: portion at an angle of 180° an(iat) a ratébt)gﬂ)@ilﬂmn’éte@g#ﬁ{u@aw ng a heat

bondabl e adhesi ve thereon; (b) providing a

pol ycarbonate strip portion having a plurality of pockets

21." A method for rendering a strip portion of a flexible carrier tape static

dissipative and for reducing the temperature for bonding a cover to the strip portion, the carrier
tape being capable of storing electronic components and delivering electronic components by
an advancement mechanism, the carrier tape comprising a polycarbonate strip portion having a
plurality of pockets for carrying the components, and the cover being releasably attached to the
top surface of the strip portion by a heat bonding adhesive and covering the plurality of
pockets, the method comprising:

() providing a cover having a heat bondable adhesive thereon;

(b).  providing a polycarbonate strip portion having a plurality of pockets
for can'ymg the components, and a layer of material for both rendering the strip portion static
dissipative and reducing the temperature at which the cover can be heat bonded to the strip
portion, the material comprising the reaction product of an alky! acrylate, an alkyl methacrylate,
and a trialkyl ammonium halide alkyl methacrylate; and

_ (¢).  heat bonding the cover to the strip portion with the heat bondable
adhesive.

22. A flexble carrier t : g Iy .-
than 85%. ape according to claim’] having a transparency value greater
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(57) Abstract

A fiexible carrier tape for storage and delivery of components by an advancement mechanism, comprises a strip portion, a plurality

. of aligned pockets spaced along the strip portion for carrying the components, a layer of a static dissipative acrylic polymer on the strip
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