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to prevent high electrostatic potentials from building up

20 across pins of the integrated circuits and damaging internal
components. Humidity is controlled by drawing a vacuum in
the aluminized bag and sealing the bag to prevent moisture
from entering.

Residual moisture within the aluminized bag is

25 controlled by a granular or powdered desiccant such as silica
gel, which is placed in a nylon bag and inserted in the
aluminized bag with the reel assembly prior to vacuum
sealing. The desiccant bags are placed in strategic
locations within the aluminized bag to limit damage.

30 Placement is often performed manually, which is time
consuming and expensive. For example, in some packaging
systems, the desiccant bag is placed over the reel assembly
and held in place by the vacuum seal. A problem with such
systems is that the desiccant bag creates a bulge in the

35 aluminized bag which creates uneven pressure on the reel
assembly. During shipment, the uneven pressure can deform
the reel and damage the integrated circuit leads.
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banding strip 108 includes an end clip (not shown) for holding in place

around the circunference of reel 20 102.
Brief Description of the Drawings

20 FIG. 1 is an exploded isometric view of a device
transport apparatus;
FIG. 2 illustrates a detail of an alternate embodlment
of a device transport apparatus;
FIG. 3 is a bottom view of a lid of a device transport
25 apparatus;
FIG. 4 illustrates a detail of a banding strip; and
FIG. 5 is a top view of a packaging system; and
FIG. 6 is a cross—-sectional side view of an open
packaging system;
30 FIG. 7 is a cross-sectional side view of a closed
packaging system with vacuum drawn.



Reel 102 is made froma plastic such as pol ystyrene i npregnated wi th carbon
black to provide ESD protection to devices 106. Further ESD protection is
provi ded by applying a topical anti-static coating to reel 102. Reel 102
includes 25 a hub 114 which connects sideg 110 and 112 to define a storage
region within reel 102 for wnding carrief tape 104. Cavities 116 are
created in hub 114 to retqin; d Is protective
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heati ng wedges_118 in a drying oven to,renove nolsiure. The sides of
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car bon bleackio@.provi de additional ESD protection. Additional noisture
protection is pro&Egid

18&tgs made from a plastic such as polystyrene
impregnated with carbon black to provide ESD protection to
devices 106. Further ESD protection is provided by applying
a topical anti-static coating to reel 102, Reel 102 includes

25 a hub 114 which connects sides 110 and 112 to define a
storage region within reel 102 for winding carrier tape 104.
Cavities 116 are created in hub 114 to retain molded wedges
118 of a device protective material such as a desiccant.
Wedges 118 can also be made with a static intercept material

30 that emits copper ions to protect integrated circuit leads
from corrosion. In order for wedges 118 to provide a
protective function for devices 106, a number of apertures
120 are formed in hub 114 to provide a vapor path between the
storage region and cavities 116. For example, where wedges

35 118 comprise a molded desiccant, apertures 120 are drilled,
bored, molded, etc., to provide a moisture path from devices
106 to wedges 118, which allows the desiccant to draw
moisture from devices 106.



25 nol ded pellets of a device protective material that are | odged in
recesses nolded into banding strip 108. Device transport apparatus 100

t hereby conprises an integrated assenbly for storing and protecting devices
106 that includes reel 102, carrier tape ‘¥4, banding strip 108 30 and the
nol ded device protective material . An advantage of providing a protective
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whi ch i s int epeadiediatalit wediies nicdBiddodeisigeahtotanbe® cavsdd dsy hkatiwedges

128 are for f_a;sha ugh that |id, 13 b [ -fitted and

retai ned inngggg?lse%féjlg‘? aiﬁrﬁdntn r?zﬁ%nvgf)ygeﬁ?gelgﬁggg‘?%%hes to hub 114 by
neans of a retainThg sidpsorf stanitresmddifarioper( Aowasdbynowaxd cdre be seen
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of devices 10 130 typically 1s used as an_alternati've to | ndividual
wedges 118, vedges 11§y G Once singeydiadomwede®Sol 1B are 3ve e fibm an
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desi ccanOmat eri aBanding strip 108 is a flexible plastic strip which _
circumscribes the outer perimeter of reel 102 to enclose the
storage region. Banding strip 108 is formed from polystyrene
impregnated with carbon black to provide additional ESD
protection. Additional moisture protection is provided with
25 molded pellets of a device protective material that are
lodged in recesses molded into banding strip 108.
Device transport apparatus 100 thereby comprises an
integrated assembly for storing and protecting devices 106
that includes reel 102, carrier tape 104, banding strip 108
30 and the molded device protective material. An advantage of
providing a protective function by integrating wedges 118 in
cavities 116 such that wedges 118 and reel 102 are handled as
a single assembly is that such an integral unit is easier to
handle and less costly than prior art systems. Wedges 118
35 are retained in predefined locations within a shipping bag
such that desiccant does not contribute to deforming the
leads of devices 106. Moreover, the structure of cavities
116 ensures that wedges 118 are not sealed off from devices



Banding strip 108 is fabricated from pol ystyrene inpregnated 30 with carbon
bl ack for ESD protection. The nunber of recesses 142 into which pellets 140
are inserted can be varied to set the level of protection desired for

devi ces 106. For exanple, when maxi mum protection is desired, pellets 140
are placed in each recess 142 of banding StTip 108. Wen a 35 | esser degree

f t ect fi s en _devi c 106 . are.i nherently
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strip 108 is_flexible, so that the opening of recess nds to receive
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pressure &xedimpdobydt Ardi cyet did apeiuceld.edge 148. Alternatively, pellets
140 are held in p;[%(r:rgpln tecesses 142 with a.,tab or simlar_retaining

devi ce (not shown Ged PRESS na tsgthaHIT@S P 83kf Felkeancm2 10
By | odgi ng palimber paovide reumeslsas fidiztlionged i n bandi ng strip 108, pellets
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that 15 pel | eBs. 14ﬁeand1wcgﬁm&f52a%raeeéﬂ%eé 88o%e S| U 1Bapsenbly is
t hat such an unit-is egg r.to hg e and | ess costly than prior

art systems. °B& Fg§gslidn%}%9r§ﬂ ANt BAEFPERR £ F Kol pRediabove a
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pellets 140 are not sea om devi cés
are col | apsed3Un@8R backEessSikitash and egtainadsénbeyviteine dslor eI | ni nat es
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can be i neer toR purs DrobdeCith i MiyiBesTaRE, “phe OF R 1% 108 to
function as H58€| #5| dekakeerratiad &0 thadvidval neetaesi B strip 108 in
20 FIG. 3 is a bottom view of 1lid 130 shown from an
isometric perspective. Wedges 128 and 1lid 130 are molded as
an integral unit from a device protective material, as shown
in the figure. Openings 132 are formed in wedges 128 and/or
1id 130 to increase surface area of the protective material
25 to provide a more effective protective function.
FIG. 4 is a detailed view of banding strip 108,
including recesses 142 which are molded into banding strip
108 for housing molded pellets 140 of a desiccant material.
Banding strip 108 is fabricated from polystyrene impregnated
30 with carbon black for ESD protection. The number of recesses
142 into which pellets 140 are inserted can be varied to set
the level of protection desired for devices 106. For
example, when maximum protection is desired, pellets 140 are
placed in each recess 142 of banding strip 108. When a
35 lesser degree of protection is sufficient, such as when
devices 106 are inherently resistant to moisture damage,

pellets 140 can be inserted in only a portion of recesses
142.
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position around the perinmeter of reel 102. Such a structure reduces the
cost of banding strip 108 by elimnating the need 35 for an additional

| ocki ng mechanism FIGs. 5 and 6 are a top view and a cross-sectional side
view, respectively, of an open packagi ng s¥stem 500 including an inflatable
envel ope 50 into which is inserted reel 102 -7- housing a plurality of
integrated circui tAdeestsergonriél pakapnshroaghyia arecasss d4ge éhCYialk si de
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that pellets 140 are not sealed off from devices 106 when the
sides of the bag are collapsed under vacuum. Such an
integral assembly reduces or eliminates the need for
expensive manual placement of desiccant at strategic

25 locations within the vacuum bag. Hence, reliability is
improved and cost is reduced.

It is seen in FIG. 4 that each recess 142 on the inside
surface of banding strip 108 forms a protrusion 146 on the
outside surface. The inward taper of cross-section 144 can

30 be tailored such that a protrusion 146 can be inserted into a
recess 142 from another part of banding strip 108 to function
as a self-locking mechanism that retains banding strip 108 in
position around the perimeter of reel 102. Such a structure
reduces the cost of banding strip 108 by eliminating the need

35 for an additional locking mechanism.

FIGs. 5'and 6 are a top view and a cross-sectional side
view, respectively, of an open packaging system 500 including
an inflatable envelope 50 into which is inserted reel 102



the cost and creates a source for vacuum | eaks at the seam forned between
the view wi ndow and the alum ni zed package. The nyl on/ pol yol efin
material used to fabricate inflatable envel ope 50 is transparent, so that
interior regions of inflatable envel ope 507are typically human readabl e.
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restrict nmoveRit, PlsHie8ind02 Wi thin storage pocket 59. 30 To renove
reel 102, air cetqgg S%Q‘ZI(E)grl(Ia}gjélefIat ed and inflatable envel ope 50 is opened by

cutting o¥f the hdaelsddiedspdnspohedfis|apst@sgeOpodketes9(abt shown) on
flaps 58 can iher1u3emhilo cnRdieptesyhengr f{AnmA8 s%'&(?.\éhdtQ]?PSHEe To pronote

reuse and reduce the cost, of .1nfl atable envel ope 50, 35 flaps 58 are
fabricated to-™¥9 SoEFREFefleviceHakdP ddy & FRUYEs epMireapRntg whil e
al | owi ng rendilrepyariniodzihg bent&stwdterbn AFtEAin eOYhge pe€ket 0F9.

inflatable enualopk Pddide’ 85UE0°0uLR bAG: 1O RS STHECBY! 2 VSTl s 1O

20 of air cells 52 as shown. Prior to shipping, air cells are
inflated through a valve 54 with air, nitrogen, or another
gas. Inflatable envelope 50 comprises a nylon/polyolefin
mixture which is coated with a topical antistatic solution to
prevent ESD damage. The polyolefin provides air and wvacuum

25 retention while nylon adds durability to inflatable envelope
50.

It is important that label 152 be readable in order to
ensure that the enclosed integrated circuit devices are not
misidentified. Prior art packaging systems often house

30 devices in vacuum—sealed aluminized bags. Such bags are
opaque, so that once the devices are sealed within the bags
the devices cannot be identified without opening the bags and
releasing the vacuum. Aluminized bags can be formed with
transparent view windows, but the windows are made from a

35 different material than that of the aluminized bags. Bonding
the window material to the aluminized bag material increases
the cost and creates a source for vacuum leaks at the seam
formed between the view window and the aluminized package.



-9- another reel and begins a new shipping cycle. Inflatable envel ope 50
can be reused until flaps 58 are too short to all ow storage pocket 59 to be
seal ed. In one enbodinent, flaps 58 are made with sufficient |length for
using inflatable 5 envel ope 50 at |least fe@r tines. Integrated circuit
devices are manufactured through a series of steps that result in the
fabrication of phyfiediylan/pelycdefon materdabrmed dro fiabsticate. Many such

steps are deslm%a:ameoreem%pghsodfyl%égmrﬁdvgosech%%eegeaka' 10
i nfl uences such as contam nation, corrosi on and ESD ften result in

premature failSHens ofedfidatrBleapnyeliqpers Qrﬁr%é%ﬁpé@uifhh%i@ﬁout t he
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carrier tape, t € carrier tape on a reel, enclo e carrier
tape wWith a l?eﬁﬁm% pn ﬁaﬁéahgblﬁee@vﬂm 58 hyamedingl a heatcaealingf

the reel or &y %Q?ﬁ&raqfenﬁzhﬁrgéegbnﬁosﬁéﬁcﬁ’loﬁﬁ@é&rﬂﬁ St aRs! o%5§§9bb¥11£‘ an

aration is inportant for naintaining

I nfl at abI e b
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shi p]E)i ng dev|smsrafgra)mdmketrrssuffacmule@mﬂl@.ca_tamd& &:g@t !ﬁ@iloﬁr/pf)l Hlébi?n
manuf act ur er an end _user exa i nfegrated.cir

encapsul at ednlga%' oné g‘csat%:“% nsAﬁ’dg E%g}gnf%a]:ﬁ%t ﬁ%ﬁ’oégltbfag 1&%? F%Qt

are housed |rsqﬂnnadnhhn@ugacWagwspont@r@@entThﬁn&ddihﬁamaalcdanagé 30
Simlarly, d S n egtl Ve package Le p t

end user. Aseﬁdilecgﬁrl SIab(eﬁIl %eh §g%: Sa;(tégl n% st%ln c%fe%%}f%l% P’gggn?b?g\sle% |on
reduces r%ﬁuﬂﬁﬁﬁgﬂﬁﬁﬁﬁﬁewaﬁa ﬁrééﬁﬁ 8 herktse %ﬂﬁjRﬁqggssdéﬁpmnénméterlal

(rjraterl al sffL ARANteY Id&ttlﬁ@ogngiﬁﬂibllf;ﬂm%wté%el tdpR &od Utgﬁénr 866§ 35
evi ces o [ q and reliabilit now it oy e appreciate
Chat ‘an advaeiietsY e’ gRaemn ol Avereidiy ML MaNed by REBSED: Fig o

devi ce pr ot ectanfeommatter imlelvmlﬂﬁ,awhed:hnmﬂucﬁs tihe fadedgidigtapsteto

Integrating inGlidss e ”Qoaf%kﬁﬁ{?ag@%&?ﬂ{g aﬁicf"e(i%\@t&%ngf Eggnﬁﬁ% or

in a recessed area o resent 1nven
provi des % i3t efiaedraddenblly for packagl ng int egrat ed circuit devices in

an environnent For shipping, reel 102 is inserted into inflatable
envelope 50 when air cells 52 are deflated. Inflatable
envelope is placed in a vacuum chamber to draw a vacuum in
storage pocket 59. Flaps 58 are heat sealed to maintain the

25 vacuum. Prior to shipping, air cells 52 are inflated through
valve 54 to provide cushioning for reel 102 and its enclosed
integrated circuit devices. When inflated, air cells 52
expand to restrict movement of reel 102 within storage pocket
59.

30 To remove reel 102, air cells 52 are deflated and
inflatable envelope 50 is opened by cutting off the heat
sealed portion of flaps 58. Cut lines (not shown) on flaps
58 can be used to indicate where flaps 58 should be cut. To
promote reuse and reduce the cost of inflatable envelope 50,

35 flaps 58 are fabricated to a length sufficient to make
several cuts in flaps 58 while allowing remaining portions to
be resealed. After removing reel 102, inflatable envelope 50
is returned to the integrated circuit vendor, who inserts



5 that prevents nmechani cal and corrosi on damage. The devi ces are housed on
a carrier tape that is wound in a storage region of a reel enclosed with a
bandi ng strip. Residual npisture is drawmn fromthe devices by a desiccant
that is nolded for housing in cavities formed in a hub of the reel. 10
Apertures are forned in the hub between the cavities and the st orage region
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si de connest Gyt i ik rremd8ht 881 Ag SEKE agsnilRMidietber mAeEeiAY. t he devi ce,
wherein a cavity is fornmed in th d an aperture is tornegPln t he hub

t he hub an
bet ween the cavit yF¥hdPHePErSIPRgRT LYFEHa GVt deYiE6eEctPYe materi al
di sposed in tdre et s Parthefdele cerodesd afmmbnufaetaringhe device is

formed from 4 56 CONANG| O AREEL! A ncRuaillf HRUEHE g chbabhB Foethpreln the
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carrier tape, winding the carrier tape on a reel, enclosing

20 the carrier tape with a banding strip, housing the protective
material in a cavity of the reel or a recess of the banding
strip, placing the reel assembly in an inflatable bag, etc.
Such preparation is important for maintaining the quality of
devices received by an end user and is performed when

25 shipping devices from one manufacturing location to another
or from the manufacturer to an end user. As an example,
integrated circuits that are encapsulated in one location and
shipped to another location for testing are housed in
protective packages to prevent environmental damage.

30 Similarly, devices are housed in protective packages before
shipping to an end user. As described above, the packaging
system of the present invention reduces handling damage and
prevents moisture and other detrimental materials from
entering the devices. Consequently, the end user receives

35 devices of higher quality and reliability.

By now it should be appreciated that an advantage of the
present invention is achieved by integrating a device
protective material with an element of the packaging system.



retaining a first nol ded desiccant for drawi ng vapor fromthe storage
regi on through the aperture. 4. The device of claim 3, wherein the first

nol ded desiccant includes silica gel. 5. The device of claim1, further
conprising a carrier tape for housing t helBevi ce and for w nding on the hub
within the storage region. 6. The device of claim1, further conprising an
i nflatabl e ehRbe@patHagi ML HdasHhays1sec Remolded dleptasant the ACAVELY

transport apparghdSrédl o an N syeddarefebE m@tb&u&fﬁ nscAie device
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The device of Clarm conprising e enve o
di sposi ng th@régen‘éemwmry@rwﬂdpiparaatamrm@ rhekehnthaly eowlgp, remvelrteum t he

inflatabl e epygl gogi bBghtIdESEnr Sdéﬁ@ﬁ&an@oeksebetz%lﬂg SPOS1 died h@rcq@vdrfee
transport apparatus and the banding strip in,a vacuupny an air cell for

inflati n& t 0 CYLAPENVEER FeVATEN r3a9n§d:§tatteéipfy&r LRgsStrmRrIt PRl ng stri p;
and a vi ew padditoonsl embhgtiingimrstddtdiemnndls peovhided by a banding strip

which encloses the devices within the reel and houses pellets
of desiccant. The devices are thereby enclosed in a storage
region of the reel which is surrounded by desiccant to

20 prevent moisture from entering.

The reel is inserted in the storage pocket of an
inflatable envelope. A vacuum is created and sealed within
the storage pocket. The storage pocket is cushioned by air
cells integrated in the inflatable envelope. The air cells

25 are inflated after the storage pocket is evacuated, thereby
expanding the air cells to restrict movement of the reel
assembly within the storage pocket. The cushioning and
motion restricting effects of the air cells buffer the
devices from mechanical damage during shipment.

30 Identification information enclosed in the storage pocket is
viewed or electrically scanned through view ports formed in
the inflatable envelope by bonding together opposing surfaces
of the air cells.



i nfl at abl e envel ope. 16. A packagi ng system for transpo

conprising: a device transport apparatus having a hub t m,mmﬁ mlﬂmg”",rst
side and a second side of the device transport apparatus*totdefire &

storage region for housing the device; _1414- a banding strip for

encl osing the device within the storage region; and a device protective

mat eri al housed in a cavity of the device transport apparatus. 17. The
packagi ng system of claim 16, wherein t |ce conpri ses a sem conduct or
device. 18. The packagi ng system of cl ai mherein the hub and the first
and second sides are included in a reel of the devi ce transport apparatus,
and the cavity is @imed bﬂa&ﬂ@dhyﬁ 19. The packagi ng system of claim 18,
wherein an aperture is forned in the hub between the cavity and the storage
region. 200 The packagi ng system of claim16, wherein the device protective

materi al conprisesi.a @lﬁ@dcéeﬁbﬁ§é@tlxhwwbkdblﬁﬁe g@‘l‘,bﬁtﬁ $RErS{AVE K
vapor fromthe tora e reglon t1rog?h thel pert e packagi ng

system of cl &% uPYReF e oYt rFQﬁBOFBraPEﬁEﬁ?EFthe
devi ce and f(havmn@dﬁngubnthhe huhnawﬁ&uﬁlndteamhosagendegi@@s-BQ dettide a
ackagi ng s f i nf Ie e elo
packaging sy siifale ¢ogiBhlfor! HELLAL ig G He3i0d gl af (26 AP Dy C18 THERRE

havi ng a storage_ pocket dIS oSl n evic ranspo
vacuuntaﬁH)aﬂfaFP€b§PP ?Hﬁtréﬁéhmkﬁ$ g Klevas @§°¢ﬁ§ﬁ$ﬁ©rmaegpaabuus when
the air cell is inflated. 23. The packagi ng system of claim 22, wherein

a view port is for the.infl | e envel ope for V|emnng regi ons
internal to the |ﬁ?e T@ﬁige¥ﬁ9§|8 CLym i&[ﬁﬂﬂ&%ﬁpn Gheydegiteots formed
transportiru;ﬁxo@ewnsemlconpubsbngmatenﬂam.ce transport apparatus having a
hub that connects a first side and a second side of the device

15 3. The device of claim 1, wherein an aperture is formed
in the hub between the cavity and the storage region.

4. The device of claim 3, wherein the device protective
material comprises a first molded desiccant for drawing wvapor
20 from the storage region through the aperture.

5. A device housed in a packaging system, wherein the
packaging system comprises:
a device transport apparatus having a storage region for
25 housing the device:;
a banding strip for enclosing the storage region, where
the banding strip houses a device protective material.

6. The device of claim 5, wherein the device protective
30 material is lodged in a recessed area of the banding strip.

7. The device of claim 6, wherein the device transport
apparatus includes a reel, further comprising a carrier tape
for housing the device and for winding on the reel within the

35 storage region. '
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transport apparatus to define a storage region for housi

banding strip for enclosing the device within the st oraggmmmumlﬂamlum
device protective material |odged in a recess of the bandrngestwip 25.*T
packagi ng system of claim 24, wherein the-xevice protective material is

| odged in a recess of the banding strip, and the banding strip is disposed
around first and skcorithepeaewieeeps olaimeSJ‘iflsttlmrd corpariginigdaa of the

devi ce 1 ansgrt AMALALYE18o8NELOSEL LRSS LA R doBBeLbgobhE otorage

regi on. Ing S enlo urt er conpris

|nflatable eaﬁRﬁﬁﬁﬂiU$a@mﬁgt esb@ndg@gp@bkxnffwhenﬁhmpabengnﬁhetdbwece
transport appafwibpd And1vi@edym and an air cell that cushions the device
transport apparatus when the air cell is inflated. 27. A nmethod of

manuf act uri ng a sehi THRIE: BOCHESi Eor ORI LIR thadesics sFrapApegkating a
devi ce prot ecipperataiseiangl thet baadigg! sthnd itotese;saddm sem conduct or

devi ce. - 16 - 28._ .The od o Lm 27, wh re he st e
i ntegrating |ncIud?é%i"st&r){":aL Eofe%ﬁFg?ﬁbnghgbdé egﬁl&genaterlal in
a cavity of thmansgpeirt 2@paThtuseshddting hﬂndxng&ﬁtﬂh@nthed conprising a step

of providing a vapp t n Y ngduct or devi ce.
30. The net hod of clalnlgog%MEggeYEQ? hg fé%(ﬁﬁgprOV| |ng%% 3§%or pat h

i ncl udes ¥ stidpfIgrtadlaniengersrst ur e fron1the sem conduct or devi ce t hrough
the vapor path. 31. The method of claim27, wherein the step of integrating

i ncludes a step of_|od evice_protective materi i.n a bandi ng
strip of the reel 98219?W&hﬁgtﬁ%dmﬁﬁu 5?“?%39 FHEHGP toreFe¥ECPodgi ng
the device pradmgotiisimgraher isékepi of aibbegiaigisg rd pdvideugestdcsphosi ng a
mol ded desi cqats 1112 1185235 ¢ded’ ERaPL nd i PAMY MerdiddBuctor device.
15
10. The method of claim 9, wherein the step of
integrating includes a step of lodging the device protective
material in a banding strip of the reel.

This Sheet Has Been Re[ilaced

IIIIII Tl




