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GRI D ARRAY ASSEMBLY AND METHOD OF MAKI NG RELATED APPLI CATI ON

This application relates to conmonly assigned U S. 5 Patent Application
Serial No. 08/214,339 filed 03/16/94 in the name of Bruce J. Freyman
et al. and the WQ9ie6sly assi gned and concurrently filed BCHUSHA6EIR
Appl i cation Serial No. 08/637,578 filed 24 April 1996 in the nane

of Bruce J. Freynman and t sclo e of which
concurrently filed appli cggié @%gsmwﬁ g"gﬁﬁﬁér%ﬂﬁ@ﬂ%f erence.
BACKGROUND OF THE | NVENTI ON 1. Field of the Invention 15

This invention relﬁ@mmlj;@g@goﬁri d array assenbl i es including
integrated circuit chi net hod of Ki n
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2. Related Art nte r at ed g%;g#uts Q,ave geg rrﬁ a
need has arisen fo?s%lﬁhﬁﬁi%@gdcf’ FRpFaT >3 FPREEP gA%P}%ﬁi)gP%nber
of high density, re¢r¥iel dlo. 08/637ehRal fph@d(eajemﬂewponsn the irsame so

desijrafl e tlo SABMIR Iar Fr Hgﬁkﬂgeﬂ%lﬁl&ﬁ&f@tredoﬁk%uh& %Ordmrg
.conductive | ayers si gnal rou an rovi.si on round an
power metalliz%tid "t‘f%&%’é‘ tﬁ‘é%‘é tr?é’etﬁlthEPBé?"g atieny if ray
has been developednngprporated herein by reference.
ACKGROUND_OF E_JINVENTION
1. Field of the Invention
15 This invention relates to packaged grid array

assemblies including integrated circuit chips or dies
and a method of making such assemblies. More
particularly, the invention relates to a method and
resultant article which utilizes standard packaging
20 equipment and maximizes the yield of manufactured
product at a low cost.
2. Related Art
As integrated circuits have become more complex, a
need has arisen for a packaged integrated circuit
25 having a large number of high density, reliable
external package connections. It is also desirable to
include in a packaged integrated circuit one or more
conductive layers for signal routing and provision for
ground and power metallization traces. To meet these
30 needs, the ball grid array has been developed as
illustrated in Fig. 1 of the related application Serial
No. 08/214,339.
A typical ball grid array includes a semiconductor
die, sometimes called herein an integrated circuit (IC)
35 or chip, attached to a die attach surface on a printed
circuit board (PCB) with adhesive. Electrically
conductive bond pads on the die are connected by
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illustrated in Fig. 1 of the related application Serial No.

08/ 214, 339. A typical ball grid array includes a sem conductor
die, sonetines called herein an integrated circuit (1C 35 or chip,
attached to a die attach surface on a printed circuit board (PCB) with
adhesi ve. El estodminésy conductive bond pads on the _di e BFFUSHAR¥Et ed
by . WO 97/ 40651 _ PCT/ US97/ 06370
el ectrically conductive bond wires to electrically conductive traces
and/or electrically conductive regions formed on or adjacent to the die

“attach surface elegftrilraldybopnduetivedeand diriep &onalectvicadyy are 5
formed through thgRitivet erheesd &h@/éfaérﬁctﬁrwaqny condggtHwe on the die

attach surface to a npunt ur f ace e at S the die
attach surface. Hrgions é E@Fﬁ en %%%%%qtl’ 3"e %?'acéé‘ f%‘?ﬁe@g : ihr’n?'
mount i ng sur feft dhex sabgtirateo| d@le@waﬂdmnéncmsenﬁmuw 10

surface. Solgler sy ane rreﬁeoausgefh@ ﬁ:hﬁn thledefaces idifor The

| der b f d t b
ons d. Aﬁ”ﬁﬁciéié%io%“se%%m“ S AR R il

seni conduct or oflitthe tmsmmdtev\pppesahd theotie @tterht furfaceqt t'%kﬁh 15
surface of the SL@T@&&?fﬁdﬂTﬁ WndlctRet Ofaddi fidraeds on theaﬁgﬁﬁilﬁ

gi ons.
The vias are shown OUtSI caps but can e insi f
encapsul ant. The SUr¥ a"eﬁ'n@:i‘ﬁfﬁﬁaﬁf’ Fgfﬁgf’éq‘ﬂ% n{? 5 i NP8 1”?)?1 or
transfer nol #ong surtace.onsaidernkings| drengftaqm%mteazb oft'eh¢0$¢44¢te
encapsul ant over thgs di epe bRl biipd are reflowed to attach the

substrate to a larger mother board. An encapsulant
such as plastic is formed to enclose the semiconductor
die, the bond wires and a portion of the die attach

15 surface of the substrate including most of the traces
and/or regions. The vias are shown outside the
encapsulant but can be inside the encapsulant. The
encapsulant is frequently formed by injection or
transfer molding or by conventional molding equipment

20 to form the encapsulant over the die in a ball grid
array. Liquid (glob top) encapsulant also can be used.

Recent related art is seen in the illustration of

a wire bond TBGA (Tape Ball Grid Array) 1-Metal
Microflex Circuit published by the Electronic Product

25 Division of 3M where an IC chip is adhered to a
stiffener/heatsink with a polyimide tape first surface
containing metallization, wire bonded to the chip and
providing conductive vias, outside of a central
encapsulant over the chip and bond wires, to solder

30 balls on an opposite surface of the tape.

Currently, molded plastic BGAs are assembled using

a printed circuit board (PCB) strip containing multiple
BGA (ball grid array) circuits that is rectangular in
shape. A single unit BGA image is step and repeated on

35 the PCB strip in order to maximize productivity during
assembly. In this way, several BGAs are processed at
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array. Liquid (glob top) encapsul ant al so can be used. Recent

related art is seen in the illustration of a wire bond TBGA (Tape Bal |
Gid Array) 1-Metal Mcroflex Grcuit published by the Electronic
Product 25 Division of 3Mwhere an IC chip is adhered to a
stiffener/heat SWART#66h a polyinide tape first surface .  cOATAISATARI™
netallization, wire bonded to the chip and providing conductive vias,
outside of a central encapsul ant over the chip and bond wires, to

solder 30 balls on an opposite ,surface of the t Currently,
mol ded pl astic BGAEPSr dIMR 48 Bapy ot the f?ﬁ#‘fﬁ%’d PEOCESPEShoat e ( PCB)
strip containing ne¢Bistmip fornm@GAalbeal heyps dt@rredycec matertialt hasdl sng

rectangul ar in SERRE- 11 otindd! 8rulkt oBGohd MBS gad thpeated on
35 the PCB strip |e’r‘1 order to maximn zeagr oduct Lvi ty da?rs}p%gc assenbl y.

In this way, severSPeERYR At #PoEIEEe
-2- W0597/ 406510one of the problems with procuring PCBs li?ﬁ:Tétﬁﬁ?/ 06370

the same tine in %%4&%@%%@5&9&%@5&&%% imageS“Ps St x}r?é”m
also helps to reduce rratmrl al ense | N other areas of the

assenbly process thS® Ve tBngﬁﬂT’§Id§|Jt %t9994 updts gn the PCRye (f
the problens with gtnmrrsmg;lﬁch:hrenassemply facility tdomis hatepsbe@sand

repeated BGA i ”ngﬁbA&" tMté he If thePGBnHSPd&E ﬂf«%iﬂ maéﬁﬂ 70 good
units on the PCB | gthe ass acl 0es no ocess
"bad" units. M t h@PFEN (ﬁahlrr} 8EBAAR ‘thgfm’m and includes a

bad BGA image, all of the remalnlng good BGA images on
the strip have to be thrown away. If the BGA assembly
facility accepts bad BGA images on each strip, then the
throughput of certain assembly processes is reduced

15 because "bad" units are being processed. Also, the
cost of the PCBs increases if the vendor cannot ship
PCB strips that contain bad units.

An obvious method of using only "good" units in

the BGA assembly process is to have the PCB vendor

20 supply all good PCBs in single unit format instead of
in a strip format. The problem with processing singles
in the BGA assenmbly process is that almost all of the
off the shelf assembly equipment used by industry today
is configured to run PCBs in the strip format. The

.25 other drawback of processing single unit PCBs is that
the resultant throughput of many of the assembly
processes is reduced as compared to throughput in PCB
strip processing.

In the manufacture of related art devices by

30 molding operations, it is well recognized that during
encapsulation and subsequent removal of a molding die
section, that the package encapsulant not only encloses
the die and die bonds but also extends along the
surface of the die-mounting substrate where a mold

35 runner is located leading to a molten encapsulant
supply pot. The excess encapsulant sometimes called

-—F -



10 operation fabricates BGAs in strip formand includes a bad BGA

I mge, all of the remaining good BGA i nages on the strip have to be
thrown away. |f the BGA assenbly facility accepts bad BGA i nages on
each strip, then the t hroughput of certain assenbly processes is
reduced 15 bawaemasstbad” units are being processed. Al so, PC®USI063WOSt
of the PCBs increases if the vendor cannot ship PCB strips that
contain bad units. An obvi ous nethod of using only "good" units
in the BGA assenbly process is to have the PCB vendor 20 supply all

good PCBs in sindt&lash™ okofirdeedhist ol ofencapsulang othep thamethatThe
plrobl em wi t hf PrOGRRHG f'%?'hﬁﬁc%]ols? tHke t:ﬂeel B aasem?asprxgﬁﬁé%ﬁ%tpat
almost all o 0 e shelf asse equi pnrent use I pdustry
Codey ' Ts cot® MY  HAVBPRE. [Vah&na AXTeRE, RUFSDTRARS 4R her
drawback of procasslef awayl Eromi th&€GBsbstxratimisurface| htheecentcapsilant

Lhr oughput - of g M alrdd €oA8RETBLYs Erate RAATERSS thist el Cfle a8 compared to
t hroughput in PCB strlﬁeproce Si Int manuf act ur e of
I

rel ated art devi BPHFasE and| §ray %ggﬁtmﬁi"ﬁ the, 8pbstEa%Rni zed t hat
during encapsaxfadegn thetebybcaysing dewagenitoothe patkiaged device.
section, that thenpACiRGRqRNEARSHE 28bshiti ONe). £ 1hPS¢Rg of thde die and
di e bonds but al so extends al gqng f he urfgce of thé die-npunting
substrate where FYRFFaLS sf’ﬁ%ﬁg?) i%n‘?/o?:%tfzﬂ‘qtéé’&iaﬁg(f*oga Foretpring
encapsul ant 10 cfipiey sphistrahe; edestsuaticapofl &he sdectrieslhynl | ed
- 3- WO 97&mive traces on the substrate surface; tefqu;(éJsgw 06370
' away of the solder mask on the substrate surface to

undesirably expose, for instance, copper, and/or

weakening or breaking of the seal between the

15 encapsulant and the substrate surface).

Further, in production, it is desirable to
integrally form a plurality of substrates in a strip
having alignment holes that are located so as to be
captured by toocling pins of a fixture, allowing the

20 packaging process (including encapsulation) to be
automated. The excess encapsulant must be removed from
the strip prior to further processing since, if left
attached to the strip, the excess encapsulant extends
past the edge of the strip prohibiting automated

25 handling in subsequent processes. Adherence of the
excess encapsulant to the substrate during removal of
the excess encapsulant may cause torquing of the strip
that distorts the strip and renders the strip unusable
for further processing. In the first related

30 application, a novel degating region with noble metal
plating is formed at each runner or gate location such
that the molding compound (encapsulant) bonds weakly
with the plated runner area on the PCB substrate
allowing removal of excess encapsulant without damaging

35 the remainder of the package assembly.



"flash" or "bleed", i.e., encapsul ant other than that necessary to
encl ose the die and di e bonds, must then be renoved. However, when the
excess encapsulant is peel ed away fromthe substrate surface, the
encapsul ant 5 adheres to the substrate surface, twi sting the substrate
and tearing or WOBT#65ing t he substrate surface, thereby FSTSISAYEHEge
to the packaged devi ce. Thi s damage can be cosnetic (e.g. marring of

t he substrate surface) and/or functional (e.g. fracturing 10 of the
substrate; destruction of the electrically conductive traces on the
substrate surface; SRR, OF THE INVENTIONho 5ol der mask on the substrate
surface to undesi radsorddngote, ther presémincmvertiipar,, thadppoblem of

weakeni ng or br eakhige e ey vk Eehweﬁmre.ﬂa'sstﬁgcwspkag the

substrate surface). I n production, It Irable to
integral |y form a SPHF A998, "6’f1t§u5§t popingles fomatyis solygd h)j al i gnment
hol es that aresl oce¢esivvingaonly heod singhetunits Brdmoehengcpi venddr or

fixture, allowing §NgagFachictig BInPOREFRSI drd il LRIncRERRAKIAL O 1

be aut omat ed. e excess encapsul a ¢ i
strip prior to fur ?l\é’r"?brt&’@eé’?l“ﬂﬁrsﬁﬁé"h) fonkyf t"good" acrgphed PPt he
strip, the excess emilzpsid andispbsable or reamakles catgtesl sthep StHdtp

profibi ting aut ol £ it 1830 L3Gn! By PUBECEHE HouRlaR5888 R0 AUDLSTY® O

t he excess enca ant to e substrate d
excess encapstfantP sS8fse tTGFqEFﬁg“B-}t? @r%tgref;erablyt farmed semra s t he
strip and renders téﬂeatsiwelg tthisabhpproximdtely w.heo REBGESELO0m | N the

first related 30 oxel ﬁgﬁ'ﬁ 50 t nmet al
plating is forned at each rtﬁlgrlggrg o %5' ait(#%rg g%chgem P%%:?ﬂf%

nol di ng conpound (HRStFaRe M) Bsoﬁagxweame/ther flgxiRleneipraitd rtheer
area on the PCB sulnsitsatere attaghkdwkagtiiemamilpheiryexgeassentédset ant

wi thout damagyBg 3gpaddif dpeftuRds iff thd A AIEe33580RMY eirmly hela
in a position overlying a respective one of the carrier
strip apertures.
An IC die(s) is attached to the PCB and

appropriate wire bonding performed. The invention

20 specifically allows for standard automoclding of the BGA
PCBs in the carrier strip. The carrier strip is
configured so that the molding runner will sit normally
on the top surface of the carrier strip. The BGA mold
cavity of a single molding die, clamps on the top side

25 of the carrier strip. Mold compound is transferred
over the surface of the carrier strip into the mold
cavity. The mold cavity sits inside the aperture in
the carrier strip. The dimensions of the cavity are
slightly larger (approximately 0.5 mm) than the

30 resultant molded body dimensions and basically has the
same peripheral shape as the desired molded body. A
hardenably mold compound flows into the opening of the
carrier strip onto each of the single unit PCB attached
to the carrier strip forming the molded encapsulant

35 body around the die, the die bonds and the
metallization on the PCB's. After the mold compound
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SUWWARY OF THE | NVENTI ON According to the present invention, the

pr obl em of processing "bad" PCB units on a strip or processing

only good units in a singles format is solved by 5 receiving only good
single units fmwaondessaPCB vendor or a manufacturer's OWNPOCIYES¥0E3T0S
and then attaching (or havi ng the vendor attach) only "good" accepted
PCB units to a disposable or re-usable carrier sftrip that™ S
conpatible with all of the downstream BGA assenbly 10 processes. The PCB
units are preferamqrdeu-rsnmheomoading diel|openss| aridhiin, aappparavately 0.2 to

about 1.0 nm 1£P0>&}Se%6§§ pﬁnml yign&%.o%a%raﬁntnéléﬁlbi&
substrate or BT-epox of other fl I rcyit L%X upits ar

attached to the peﬁ?‘é&ﬁ)‘r&?"& apf ’@8 li%ﬂﬁfc PEpdP: Br A8 ‘i’?\t’t?ﬁa
carrier strip and dpexdtidm| dThe mcld auquw tisomodv eell}-aghered specthere one

of, the carrier Aid sAR{EL Ur es. An I C die(s) is attached to
5

the PCB and a%aprolprnloate 3 re bondi n%q performed The invention 20

specifically allows forth& M&P& ofit BAHE ckagese ageatranspex¥ed i n t he

carrier strip. Thethrougterthet riepti 6f the pxnﬁa@ﬂgequetsbatmihe iwltheng

il it t Th
ngmranr)l ‘(’j“ Sl caC| t{/@ojf% stri on REF %ﬂgeéqééeﬁﬁ: grﬁ@egﬁéé' S| #e P. €

of the carrier strR9f "‘%Hidd ﬁb‘gunﬂaﬁl’f? r “"‘Pb\?ﬁra{-’ﬁe surface
of the carrierost ragcompldshied whiille the melded/ pabkageplid stivil yatstdchedsi de

the aperture in ¢4 the strip carrier. The final major operation in the

BGA assembly process of the invention is singulation of
the single units from the carrier strip. This can be
accomplished in several novel manners. 1In one

15 embodiment a v-cut edged, single unit PCB that had been
originally attached to the carrier strip is manually
detached from the carrier strip by exerting a downward
force on the top of the molded package body while
holding the two sides of the PCB which were attached to

20 the carrier strip. This creates a force on the v-cut
edge of the PCB which results in detachment of the
fully assembled single unit BGA from the carrier strip.
A portion of the PCB which had been attached to the
carrier strip remains behind the carrier strip.

.25 Another method of singulating the individual finished
BGA from the carrier strip is to use a saw. The saw is
used to cut off the excess PCB material which has been
attached to the carrier strip. After sawing through
the PCB the finished BGA package is removed from the

30 carrier strip. Still another method of removing the
BGA from the carrier strip is to punch through the
carrier strip and PCB at the same time. After punching
the remaining carrier strip can be removed from the
singulated BGA. If desired, the normal metallic (e.qg.

35 copper) carrier strip material can be permanently left
on the BGA PCB to improve the thermal performance of

-6~



the carrier strip. The dinmensions of the cavity are slightly Iarger
(approximately 0.5 nm than the 30 resultant nol ded body di nensions and
basically has the sanme peripheral shape as the desired nol ded body. A
har denably nold conpound flows into the opening of the carrier strip
onto each of tHO8T4#E%e unit PCB attached to the carrier PEFUSEA6310 ng
t he nol ded encapsul ant 35 body around the die, the die bonds. _and the
netal lization on the PCB's. After the nold conpound WO 97/ 40651

PCT/ US97/ 06370 har dens e _nol di die opens, .and_in _a.separate

operation, the nol'®P§ Lﬁﬁ%e'r :}é’ %gﬁﬁvsﬂg?ag'ﬁ??ﬁe {Wem Pgﬁ?‘b&gﬂff ace
and nol ded packagepdndiypetveend&hgaPFhgand thyperarmiion. sThdpnbsdnaderat s
not well-adhered tgnhd R8ime t3R' PR’ i8t At€ached to thelkRAr$¢eiestp{p | ded

packages are transpaqrted t hrough the yest qf, th ackagi n r ocess
Whiletin the | cofher mathods sRPfl Bp g CaRR ISR B SES QTR LA
post-nol d curi g, may kenempisyed.der bunping are 10 acconplished while the

mbl ded package is stillpal 4ath@d of mhRiAd Srid 30y GEsedBfy i nal major
operation in the nventi.on 1S Sjngul ation

. assenbl, rocess of 1he
P O nate iR TRA 3y ERhERR FErult nourn, dbheaingpe nul £HpLE
acconpl i shed i n seetecirivaleicirgnitssintiudes the shepodfnpnoviding s edged,

single unit PCB thgériadl Jie@R intedObifbadt | Nostlds2GHed ubenhBok@ind e;;aa}%ri p
is manual |y det ached f.ram the carrle%,st%kfrp exertlngha downwar

qQ
force on the t8Bp ofn¢ e %iééiggEkﬁﬂeab S ace ofioPAFR PP 3R si des
of the PCB whi ch weomdwtttiaehedasoin the board extending to a second

opposite second surface of the board, the second
surface containing an array of contact pads in contact
with the vias, which boards have been tested and
15 determined to be accepted boards. The ensuing steps
include providing an elongated carrier strip having a
series of aligned apertures extending longitudinally
along the strip for mounting individual accepted
boards; attaching an individual accepted board in each
20 aperture; mounting an integrated circuit die including
die conductive pads, on the first surface; bonding wire
bonds from the die conductive pads to the board bonding
pads; encapsulating the die and the wire bonds against
a portion of the first surface of the boards; and then
25 after any other finishing operations including forming
interconnection ball bumps, removing a completed grid
array assenbly, including the printed circuit board and
die assembly from the carrier strip.
An article of manufacture is disclosed comprising
30 a series of pre-tested and pre-accepted printed circuit
'~ boards mounted in seriatim in apertures extending
longitudinally along an elongated carrier strip, each
of the circuit boards having an outer peripheral edge
connected to an inner peripheral edge of the carrier
35 strip bounding the apertures in the carrier strip, the
carrier and the circuit boards being adapted for use in
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20 the carrier strip. This creates a force on the v-cut edge of the
PCB whi ch results in detachnent of the fully assenbled single unit BGA
fromthe carrier strip. A portion of the PCB which had been attached
to the carrier strip remains behind the carrier strip. 25 Another

met hod of si ngWO2PMee§1 t he i ndi vi dual fini shed BGA from tRCI/GR1/P6320
stripis to use a saw. The saw i s used to cut off the excess PCB

mat eri al whi ch has been attached to the carrier strip. After saw ng

t hr ough the PCB the finished BGA package is renoved fromthe 30
carrier strip. Sessembhangcthemids hqéﬁgﬁlﬁQtPhﬁrld arIRyA Packagese

carrier strip is eQcRUPAB1IARINY Gh tiitegrate@atir8ai€) MrixebrideBaali ke
sanme tinme. After QH? pggg the remaining carrier strip can be renoved
a %‘gA

fromthe si ngu If desired, the normal nmetallic (e.g. 35
copper) carrier strip material can be permanently | ef t on the BGA PCB
to i nprove the t hgrRYBF ¢ APFI®E O T - 6-

WO 97/ 40651 CT/ 7/ 0 t he
BGA. In this enbodi manF“'Lg pe+ rehen °°kerf| &:epéﬁgrgm °%J§§fbe %@n t he PCB

and the carrier sPFPprﬂanatk an embcdltﬂmﬂtt ofe thaciPamnt omtfioac fetmingt he
carrier strip. a ggaaearﬁayhgggaﬂu@h as a tape which Ioses I ts adhesion

5 may be enpl oyed. .Of k|n array assenbly

including a printed ci F&8rt2 b%%r%lnPloafﬂ A5, é’ i g?’fﬁger strig sbewipg
circuits inclifdesonhthst opokt pidsialimelded grid array package therein.

Fig. 3 is a plan view of a carrier strip section
showing an obverse side of a mounted printed circuit
board prior to die mounting, wire bonding and
encapsulation.

15 Fig. 4 is a plan view of a strip section showing a
reverse side of two printed circuit boards prior to
forming ball bonds on an array of contact pads.

Fig. 5 is a schematic side partial view of a
molding die and cavity for encapsulating the grid array

20 die and wire bonds.

Fig. 6 is a schematic side view partially in
cross-section showing the start of automolding
operation of encapsulating a mounted die and wire
bonds.

.25 Fig. 7 is a schematic side view partially in
cross-section showing the encapsulated die and wire
bonds.

DETAILED DESCRIPTION
30
According to the invention, a substrate-based
packaged electronic device, such as a ball grid array
including an IC die, is produced by an automolding
process. A series of conforming (the same) generally
35 planar printed circuit boards (PCB) are manufactured
with suitable conductive traces (metallization), an IC
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series of printed circuit boards including bonding pads 10 and
metallization on a first surface of each board and conductive vias in
t he board extending to a second opposite second surface of the board,
t he second surface containing an array of contact pads in contact
with the vias, WH74P65boar ds have been tested and 15 det er m nBgl/PE79E370
accept ed boards The ensui ng steps I ncl ude providing an el ongated
carrier strip having a series of aligned apertures extending

| ongi tudinal ly al ong the str|£ for nmounting |nd|V|duaI accept ed

boards; attachi ng%® Pﬁ&??hdﬁﬁ?a b banddng PAdgaeh 2tr suifadqsapd
nounti ng an i nt egram attrayr ofii tonitact mAdsdiongan oppdsite omiktfdces arids, on

the first surfaceioiagdeddeoiss exte m%sf;%gngaaemgf&ﬁ%%vo% ds to

t he board bondi ng pads; enca e and e W re bonds
agai nst a por"t’!eoﬁ“S’FaFﬂet‘Pl? Péfist A8 BhererPoSHE t hen 25
after any ot hes fisursaicey opnrmémtmd adisegibednabgve, PCBYH diad@nnecti on

Dal | bumps. I emoviyadeRnGRuPLEL el il strip PR GERID tout "Gkl N0 1N

printed circuit boar hé carrier’ stri’p.
An article of man®igdEyPE mere; idenkispl. HGR'sspRg Sormed i jsitwpin
pre-tested and pr estadpegbenlapt i Nedthe pxeisient inveatiols, NEelXddngy seriatim

i n apertures exteq,ty acturﬂ\?[‘ jboardrsghrlgé'yalcgngnag gIIQ&g&he&,e |er

strip, each rcu an ou er perip ra &d e
connect ed to ¥h i MHEAPpERLPRER pnkR AxF tﬁ‘F&e@a‘FPl ﬁ!‘s‘%e that iqadho ng

the apertures in treeteaar peesciib¢d détailed pefbrmanéd dspérei fiidatdion. boar ds
bei ng adapted for WO

97/ 40651 W chﬁ not meeting the SPeCifE’aHﬁ@ﬁ% &%%écted.

Those PCB's meeting the specification, herein termed
"accepted" boards, are singulated, if not already in a
15 single form, and then attached to a disposable or re-
usable carrier strip generally in the form of a strong,
semi-flexible web of copper or stainless or other steel
or other material stock of from about 0.2 mm to about
1.0 mm in thickness. The carrier strip is compatible
20 with all the subsequent ball grid array (BGA)
manufacture and assembly steps. Each carrier strip has
a series of spaced apertures over which a single PCB is
attached. The invention specifically allows for
standard automolding of each PCB in the carrier strip.

25 Fig. 1 is a diagram of a process 10 according to
an embodiment of the invention for forming a ball grid
array.

In step 11 the PCB is manufactured with prescribed

metallization including patterned conductive traces of

30 copper or the like, die attach areas, conductive
bonding pads, conductive vias extending from
metallization on one PCB surface to an opposite surface
forming through board interconnections with an array of
contact pads on that opposite surface.

35 In step 20 each PCB is tested to the prescribed
performance specification and those PCB not meeting the
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assenbling the circuit boards into grid array packages each incl udi ng
an integrated circuit, wire bonds and an encapsul ant. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a block flow diagram of the
met hod according to an enbodi nent of the invention for form ng a
grid array assmobi/306s1 Fig. 2 is a plan view of a carrCTAISIEes3T0D
showing 10 on the right side a nolded grid array package therein.

Fig. 3is a plan view of a carrier strip section "showi ng an obverse
side of a nounted printed circuit board prior to die nmounting, wire
bondi ng and specjptidatiom ber®me rejecksg21l4 iThese|POB'si weetfing strip

section showi Ng athe spé&VEISH:daref abvRpRelNbesrdd raaUit boards prior to
form ng ball bonds on 0 aiééayso()f contact.
Vi

schematic side partial Bf*%4 2 Presﬁﬁﬁ&?ﬁgg‘a'r‘%e‘én%f A tl%?%ieﬁ’;elds :
encapsul ati ng t hebgards aarenyatitachtide tondnwiincobimgiscarrier stripFBg. bg is a
schematic side Vi gutomaticlddsdnbly appai@tassghdt BhahpWwiddphe start of
putom! 09 gRECshien of el Bathnd, TRATARG D,
cross-section shosphderinmg eorc dpmi|ldked darginadl wuker periphestal edges
DETAI LED DESCRI PTEeNesfh PCB to eddeC waigiRe 58 &NGakienldeip @
substr at e- based ackaged el ect,roni ¢ device,, such as a ball grid array
including an IC d?B?rg'érT)'r o‘b%c%cf'ﬁ?’b g‘&FSFrBI Wity respech £0.Fig- \240r | s
of conform ngo(t hd BERewitemo adngiz@l pusexr periphexhliadgest whdehdis( PCB)
are manufactured attachable to the carrier strip by adhesive bonding in

the carrier strip aperture may also be used. 1In this

embodiment, the area dimension of the accepted boards

is the same as the area dimension, e.g. 27 mm x 27 mnm,

15 as the singulated assembly described below.

In step 40 incoming semiconductor IC dies 41 are
attached to each accepted PCB in a PCB die attach area
using conventional materials such as epoxy or acrylic
or polyimide adhesive, and by conventional processes.

20 In step 50 the mounted die 41 is wire bonded or
otherwise connected to bonding pads on the PCB to form
an assembly 51.

In step 60, the assembly 51 particularly the die

and wire bonds are encapsulated to enclose the die and

25 any other electronic device and at least a peripheral
portion of the PCB encircling the die attach area, as
explained in detail below.. Briefly a mold die, having
a cavity shaped generally to conform to the to-be-
molded shape of the final BGA package, is positioned

30 against peripheral edges of the carrier strip aperture
and encapsulant transferred into the mold cavity and
through a mold runner area on the carrier strip until
the cavity is filled.

The encapsulant flows around die 41 and the wire

35 bonds and adheres to interior portions of the PCB
including metallization surrounding the die attach



wi th suitable conductive traces (netallization), an IC

- 8- WO 97/ 40651 PCT/ US97/ 06370
die attach area(s) and bonding pads on one surface and an array of
contact pads on an opposite surface with conductive vias extending from
t he nmetal | i zat Mom976065 he one surface to the contact pads BRIURYE063
opposite 5 surface. In the past as descri bed above, PCB's have been
manufactured in strip formso that four, six, ei ght or nore identical
PCB' s are fornmed in situ in strip fornat In the present invention,

fol | owi ng nan@ﬂ&@turWhQ“eFPﬂe?“%ﬁRﬁB%?ﬂﬁ’h@ﬁdﬁﬁé Eg?ﬂﬂ?l |4& 18 10

strip the PCB uni tremdiedt 6gt 6fehéd £NExcedsh@ncapshl #AB (bleemaetis a

prescribed detal | o gk gmﬂgeﬁpﬁe{ag%@mneé\%ﬁ angs é;asgf;tlg,ng the

specification is r s meetin he speci

herein terned J&@Eéﬁt ghergbar dsIt o easidy Eﬁgﬂveﬁiflﬁcﬂ &FPn a 15
single form agd tByeréxarrtan;ed torquelimpannltiensdlder €orce on Lﬁadalmlaar rier
strlp general ly i r , L-fle f copper
or stainless or other stgli:f&gjw"&1 £ ﬂ‘%su er?a e%t'oét %%ﬁq’r'ﬁ&about 0.2
nm to about BXTeFH) Pﬁ%ﬁﬂékﬂ’é%s‘? W%ﬁWPYsFFPB the GaxFderHRRd20

with al :E tEe subseashecpackagk @hcaipsilat (BShout pulBing ashyref ame assenblhy
steps aC carri S C t F I C a
Snore oy ot Hackabeb eiBRpsurads Mudy trtn HRBCELRSRGE ! UL G AP el
standard aut oH®| diBGP &P agckopdmmage i the asylsang; pagkaged electronic '

device, either cosmetically, mechanically or
electrically.

In step 70 interconnection bumps, generally in a
solder ball configuration, are formed.

15 In step 80 each so-formed ball grid array is
singulated from the carrier strip.

Fig. 2 is a plan view of a portion of a carrier
strip 31 showing on the left side an octagonal carrier
strip aperture 32 under which a PCB is to be mounted.

20 The preferably copper carrier strip includes tooling
holes 33 and 34 which, respectively, are used to align
a PCB 22 against the strip in aperture overlying
position and to position the carrier strip on and with
respect to the various apparati of standard

25 manufacturing equipment e.g. the mold or wire bonder,
used in the production of a packaged electronic device
such as a BGA, in accord with this invention. As seen
on the right side of Fig. 2 an accepted PCB 22 having
in one embodiment a 27 mm by 29 mm rectangular size

30 denoted by dashed outline lines 35 is positioned so as
to underlie aperture 32 with the long ends 35a and 35b
of the PCB 22 extending beyond holes 33. The short
ends overlap the side marginal edges 35c and 35d of the
carrier strip aperture 32 by only about 0.5 mm to about

35 0.8 mm. The PCB is attached to the carrier strip at
those four overlaps, or at long end overlaps 35a and

-11~-



25 Fig. 1 is a diagramof a process 10 according to an

enbodi nent of the invention for formng a ball grid array.

In step 11 the PCB is manufactured with prescribed nmetal lization

i ncl udi ng patterned conductive traces of 30 copper or the like, die
attach areas, waopomwkossti ve bondi ng pads, conductive vi as RBREUESRIOAJOf r om
nmetal lization on one PCB surface to an opposite surface form ng

t hrough board interconnections with an array of contact pads on that
opposite surface. 35 In step 20 each PCB is tested to the prescribed
per f ormance speci3Bbcaniyn bydseitaklerE@hesiveesti (§ighes) - The

- 9- WO Qahea§9d may be a double-sided adhesive tape suitable
PCT/ US97/ 06370

speci fication hecone rejects.21..Tho RPCB' s neetin
the specificati ort % ?hﬁcgﬁﬁ?%ﬁsb'b%rﬂv’ffment k5 wgl%’h % e"bﬁgo B prescri beg

nunber of the accapjedted, sbchras Iaasl Jiockchepet Srom Bradwidey @frrier
s, by Dn SIS, RSB ApS bt Chpuieulh Kikeogav:
ko, mar gi mal odter a88R BhoPiFS fitte nesiva: taley eppm PPy SHhar gins of a
carrier strip Aftzgeencapsulatiisstd fsdrher sioddedt hodespectato Fig. 2. 10
the carri or St I A L o e e Amarf r e
may al so be used.bqqg{ 6 gns1ge a moﬂg shut off area 85! e'f'yplcalp rizeq ' €
10 or mold flash 61b is shown extending on the top surface
of the carrier strip 31. Flash 6la may extend anywhere
on this surface. Upon singulation of the BGA from the
carrier strip in step 80 the finished/completed BGA
package will have a 27 mm. by 27 mm. size with or
15 without an attached portion of the carrier strip, as
seen by the multi-dashed lines 64.
Fig. 3 illustrates the mounting of a PCB 22
overlying an aperture 32 of a series of apertures in
the carrier strip 31. A die attach area 36 is provided
20 for mounting the IC die or electronic device.
Metallization traces 37 including gold-plated or other
electrically conductive bonding pads 38 extend over the
top surface of the PCB 22 to vias through one or more
board levels. The standard PCB substrate may be, for
25 example, epoxy-glass or polyimide-glass or BT/epoxy
(bismaleimide-triazine and epoxy). If multilayer PCB's
are used electrically conductive traces or regions
(e.g. ground planes or power planes) can be formed by
conventional photoresist and masking processes, within
. 30 the multilayer substrate and connected to the exterior
opposite surface with conductively plated vias or
through holes formed by well-known technigues including
mechanical or laser drilling and followed by
electroless or electro plating. Annular conductive
35 rings may be provided at the end of the vias and

connected to the adjacent areas containing the contact

-12=-



enbodi nent, the area di nension of the accepted boards I's the sane as
the area dinension, e.g. 27 mmx 27 mm 15 as the singul ated assenbly

descri bed bel ow. In step 40 incom ng sem conductor I1C dies 41 are
attached to each accepted PCB in a PCB die attach area usi ng
conventional naWa4Pe$l such as epoxy or acrylic or polyi nPEEURINEN ve,
and by conventional processes. 20 In step 50 the nounted_die 41 is
wi re bonded or othermﬁse connected to bondi ng pads on thF PFB tﬁ fgrm
an assenbly 51 ep 60, .the assenbly 51 particularly the die
and wire bgnds are°§n§%&gﬁﬁeﬁiﬂftﬂ? @W&FBS%”Fhé"Eﬁ?F%ﬂﬂFQE}°“ EMPPSt Nétl

el ectronic devi ce hadfatrmédastThe Eriiphetafurther phurdtdionaf asha RE6Bd
encireling the di eqgtlagh Hep e ana qus*Bhatieteddl U¥ denobghoBr Bhief !y

| d di h ca enera to conformto
?mlrrged slhgpe g:‘“ tnﬂglﬁlha?l?d\gﬂ%?@xégé’lela BB?FT?%@EFJQ@%Q’QFHSFhﬁeF?%eraI
edges of the.Cﬁrrlhal¥éslﬁBEﬂnﬁt&H(KFlg. sandrenSénandtﬁu: transferred into
the nmold cavity and % fn%ybdg Rl EVEPEL 35%31 Q@ %?rghgr strip
e n

unti | the cavit . e encap su a ows around die
41 and the wire 3535 %ﬂﬁ%e%rﬂF%ﬁHﬁ?rde§°P6di a?ev%vep?m%%mtm Fop 29
I ncl udi ng net al | i zani off € rPCBGineg sieled ByelbhéfcIbs. Vias 42

pol Use7/ 06370 hcdEdonnect, Setallization 37n{Fidr fneSOREREE $295 5
10 39. Interconnect balls or bumps 71 (Fig. 7) are later

formed on contact pads 39. Parallel conductive traces

43 extend from certain bump pads to facilitate -

electroplating.
Fig. 5 illustrates the automolding of a package

15 Dbody 61 by the action of a molding die 68 having a
cavity 64 which clamps against and around the periphery
of the boundary surface edges 65 of the carrier strip
apertures. The inner peripheral edges 66 (Fig. 6) of
the strip aperture act as a stop or dam for the

20 encapsulant with the strip aperture edges 65 acting as
a mechanical shut-off for the liguid molding compound
e.g. Plaskon molding compound, being dispensed into the
molding die cavity. Arrows 67 indicate clamping of the
mold die against the carrier strip 31 which is backed

25 by a fixed mold die-supporting surface 69 during the
clamping and encapsulating operations. When
encapsulant is supplied into the cavity (with the tdp
side of the PCB facing downwardly as shown in Fig. 4) a
mold body 61 with or without a bevelled side edge 62 is

30 formed upon hardening of the mold compound. A mold
runner 6la (Fig. 3) extends from a mold supply inlet
(not shown) to the mold cavity. For illustration
purposes a non-existent gap is seen between the die 68
and the molded body 61. By molding against the carrier

35 strip aperture edges poor adhesion of the molding
compound results and the compound does not tenaciously



renoved or opened. Excess encapsul ant (bleed) is formed on the surface
of the carrier strip and poorly adheres thereto. It is easily renoved
in a later step 5 by exerting a torqueing or tensile force on the nold
runner attached to the strip carrier. This allows excess encapsul ant to
peel cleanly fwolvMdiess carri er and t he package encapsul antPCWUSI706370

pul l'ing any of the package encapsul ant away fromthe PCB nor tw sting
the 10 PCB so as to danmge the resultant packaged el ectronic ~ devi ce,
ei ther cosnetically, nechanically or el ectrically. In step
70 interconnecti ostifhnie REneuzifrpesn ather thas) ¢dy peattiiopsnwighiat i on,

are forned. 15 ¢he :ﬁdwtmayB&ue&ehnaQné%m@camlaltt&rdnd a®ehdy is
singul ated fromthe ca!;.r|er l,an |ewof a

portion of a carrier 19+ & rsg‘ﬁwgltgﬁoﬁfﬁﬁl%rh rt’%etqeeﬂolgl gé aﬁ oct agonal
carrier st ri pugrtiately befongecomplebion REB dlampdngeagadnstdth@0 The

preferably COBpechﬁ!‘iézerstit Bil.NChHBRSciNmpi 15 comisqb%s,d?:é afs84
whi Ch respect ive are Use I nst t%e stri 0] in

ablLg
aperture overlyin arrdsy thﬁpahbi tanS%%?‘?Jﬁ}h t’ﬁe @gleptgfl PFPp on and
Wi th respectca‘oitmeﬁ‘l/ém encapgpiate;dig 4% .anixed b@Bds Fanuthet uri ng

equi pnent e.g. thguead chdgestfethenaetacn adheSBsk ig3 Ta'ﬁ% BhOQHﬁEleP of a

packaged el ectronic d VI su a I n_accor this

i nvention. As seeR®Tt rtion t%etple %FB ?aé E&ﬁlb ) péﬁ"&&‘?&ﬁt 2351 PCB 22

havi ng na onmmdrrém t@e2¢lm59929°m reef tthvegmicddipgz@i€0 denot ed
by dashed outlineagaiest Ind TaR@gek gagg SO as to underl | e aperture 32
with the | ong ends 35 and 35 5 ?élz end| n d hol es
33. The short %ver | “FﬁgagFﬁe % PA¥y of the

carrier strip apere'-émbt@ﬂ’- [frammisgenbdqt namélyym the M@Sof 0 8 mm The
PCB is attached ti?nié‘@c&ﬂ{édtqrngsﬁohknﬁsate g. séISe daQik 94T bAPEneOr at

long end oveagapsconégét pads 39 in electrical connection to vias 42 and
to the metallization 37 on and the die 41 mounted to
the PCB. V-cut edge 25 which aids in the singulation
step 80 may be included around the edge periphery of
PCB 22. The substrate is not adhesively bonded to the
20 carrier strip in the area 56a inside of the V-cut and
is bonded only in area 56b at an interface with the
carrier strip outside of the V-cut, to facilitate the
singulation of each BGA from the carrier strip.
In the singulation step 80 the finished BGA is
25 broken out by pushing on the package to break it out of
the carrier strip along the V-cut or by punching or
sawing off 1.0 mm of the long sides of the original 27
X 29 mm PCB to result in a 27 x 27 mm packaged device.
An annular ring of copper from around the carrier
30 strip aperture may be removed or left on to function as
a heat sink and package stiffener to reduce package
warpage. The carrier strip may be reused if no
permanent damage results from excising the assembly
from the carrier strip.
35 The above description of embodiments of this
invention is intended to be illustrative and not
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only, by suitable adhesive 56 (Fig. 6). The adhesi ve may be a
doubl e- si ded adhesi ve tape suitable for the processing environnent to
which it will be subj ected, such as Lead Lock tape fromBrady Co. of 5
M | waukee, W swWO3Messbr conparabl e tape from Tonbegawa | of PORAIRN/0670
Pyral ux[ err] adhesive tape from DuPont Co. After encapsulation to form
a nol ded body 61, a bevel | ed encapsul ant edge 62 is formed encircling
t he body 61 inside ,a nold shut off_ .area 63. Typical bleed 1Q0_ _or nold

flash 61b is showtiBiEER nPHReE IRPRAGIMentEeE this ipventdamwiild, betr p
31. Flash 6la nmayopxioas toythese skilledn ihhthe sart aixe. vidporosithgul at i on of

the BGA fromthe c i ipin step 80 the finished/ conpleted BGA
package wil | have28°%9 ﬁ%ééféﬁégg?nn size with or 15 wi thout an attached

portion of the carrier strip, as seen by the nulti-dashed |ines 64.
Fig. 3 illustmates the nounting of a PCB 22 overlying an aperture 32
of a series of apertures in the carrier strip 31. A die attach area 36
is provided 20 for nounting the IC die or electronic device.
Metal li zation traces 37 including gold-plated or other electrically
conductive bondi ng pads 38 extend over the top surface of the PCB 22
to vias through one or nore board | evels. The standard PCB substrate
may be, for 25 exanpl e, epoxy-glass or polyimde-glass or BT/ epoxy

(bi smal ei mde-triazine and epoxy). If nultilayer PCB' s are used
electrically conductive traces or regions (e.g. ground planes or power
pl anes) can be forned by conventi onal photoresist and maski ng
processes, within 30 the multilayer substrate and connected to the
exterior opposite surface with conductively plated vias or

t hrough hol es forned by wel | -known techni ques i ncl uding

-15=-



mechani cal or laser drilling and foll owed by el ectrol ess I
pl ati ng. Annul ar conductive 35 rings may be provided at the emlllml ﬂ'“ﬂ"lll"l“l
vias and connected to the adjacent areas containing the c act

-12- WD 97/ 40651

PCT/ US97/ 0637@wo 97140651 or sol der pads on which the interconnecrissvoeanps

w | | be formed. The strip 31 further functions as a nold gate at
area 61b and due to the ease of renoval of any flash 6la Teaves a

cl ean package outline when the nmold 5 halves 68 and 69 (Fig. 5) are

separ at ed. CLAIMB g. 4 shows the reverse or underside of the

attached accepted boar]_d 22A\Aﬂg{:ﬁoahgfe,gg@§,927 GPia0%r28y assedBl f the PCB
are seen by lines 35. Via ercongoect net al | zatlon 3 3)

and contact pads W® “@9“9 PnPEf‘BBﬁ‘ﬁe‘&’tr‘b‘é’rtr %rdbl‘}ﬁfﬁaﬂ“@‘h'@ul 7‘)P]e?re | at er
formed on cont actelpedsig@l Parabité compiuigings traces 43 extend from

certain bunp gﬁads to facil bi‘é%fdlng aeééﬁféé)mfatﬂoagds 1nclud1n Fig. 5
illustrates t

e autonmol di ng of ac dy ion of a
mol di ng di e 68 havi ngPgnd ailg 833? %ﬁ%ﬁlﬁf@%éﬁﬁ °Bgé| ﬁ%YS%rﬁ}‘%d t he
peri phery of the dfoendhr poandfamd eogbstdieoivinbeinathie dvomtd i p
apertures. The inner Eﬁ&%ﬂggﬁal 3d9e§eéﬁhéF%ﬂboé@teogecond é&ﬁg§itrl

aperture act as a stop.or.dam.for 20 encapsul ant W {
aperture edges 65 act g Reard, s3 ‘Pre%ﬁ%?ﬂ%eﬁ“ SPPt?b?l‘P‘hea'h ay

nmol di ng conpoeind of contact pads in contact with the vias, which
boards have been tested and determined to be
accepted boards;
providing an elongated carrier strip having a
series of aligned apertures extending
15 longitudinally along the strip for mounting
individual accepted boards;
attaching an individual accepted board in
each aperture;
mounting an integrated circuit die including
20 die conductive pads, on said first surface;
bonding wire bonds from said die conductive
pads to said bonding pads;
encapsulating said die and said wire bonds
against a portion of said first surface of the
25 boards; and
removing a resultant grid array assembly,
including the printed circuit board and
encapsulated die from the carrier strip.

30 2. The method of Claim 1 in which said attaching
step comprises bonding side edges of the accepted
boards in seriatim in each of said aligned apertures.

3. The method of Claim 2 wherein said

35 encapsulating step comprises providing a molding die
including a molding cavity and a molding runner;
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e.g. Plaskon nol ding conpound, being dispensed into the Im c“
ca\g/i ty. Arrows 67 indicate clanping of the mol d die adel“[mtl II}l“" lI‘I”“I
carrier strip 31 which is backed 25 by a fixed nold di e-supporttimg 8urface
69 during the cl anpi ng and encapsul ati ng operations. Wen
encapsul ant i sSWRHMMBd into the cavity (with the top . siBEVBI70RE0 pCB
facing downwardly as shown in Fig. 4) a nol d body 61 with _or without a
bevel | ed side edge 62 is 30 formed upon hardeni ng of tre nD:d conpou?d.
A nol d runner 6la (Fig. 3), extends froma nold supply inlet not
shown) to the nold cavity. ‘F{ﬁ’g’ﬂq F lapRing th?)d!‘?r’dg'é‘:g &¥fon- exi st ent
gap is seen between thiéndledy the awddihg caviley dediywdikingy rimindirng
against the carrier 3Son 3!pdiigiflsar2degsoPOphe MG AN ffriphe Mol ding
Sy

n he conpound does not tenaclou
?2g?09nd resub&fg$/gogg§erl§q%g said board port?bn;

PCT/ US97/ 0637 stickttanéiainimgfachardehhhletﬁunﬂiﬁg[ummbbﬁﬁa mﬁLhin
t he nol d body surroundk t | gea. . Fi g t he
portion of the nold di %ﬂg% %q*ﬁni%g{gg?eglvg géf?)xr‘%m(':%rﬁﬁle{i%r? %f‘ac%ﬁrrgl ng
against the 5 carrieViE2 PeRds and,pkocFardi Reard ReFtpi®ied agai nst

the carrier strip 31, encapsatderirigs tihej Qéudﬂnbnéﬂnpoundl;?-\ﬂﬂd/ 64 tOh
encapsul ate die 41, wire bagds the attac

adhesi ve 53 and an annul ar %gjritr{gg%n 8°8§H§ﬁé %%?k&%%@sﬁ%as%ﬁr event ed
or 10 mininied by thESEPERYy MICAdRdoFupRer by em ghelistrip carrier.

4. The method of Claim 3 in which said removing
step comprises singulating single grid array assenmblies
from the carrier strip.

15
5. The method of Claim 4 wherein after the
encapsulating step, performing the step of forming
) interconnecting bumps on said array of contact pads.
20 6. The method of Claim 4 wherein the singulating

step comprises providing a V-cut edge on each accepted

board, bonding the accepted board only at an interface

of the accepted board and carrier strip peripherally

outside of the V-cut edge and detaching the accepted
25 board from the carrier strip.

7. The method of Claim 4 wherein the singulating
step comprises punching through an outer periphery of
the accepted board and an inner periphery of said

. . 30 carrier strip around the strip apertures.

8. The method of Claim 4 wherein the singulating
step comprises sawing off an excess peripheral margin
" of the accepted board which has been attached to the
35 carrier strip.
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against the carrier strip. Fig. 7 illustrates the
assenbl y resultant fromstep 70 nanely, the form ng of ” II |Ilm'mﬂmﬂ“|

i nt erconnecting bunps, e.g. solder balls 71, on the 15 contacte¢ pad 9sj n*
el ectrical connection to vias 42 and to the netallization 37 on and t he
di e 41 nount ewotas4e65t t he PCB. V-cut edge 25 which aids in tPEI/HSg6378t i on
step 80 may be included around the edge periphery of PCB 22. The
substrate i s not adhesively bonded to the 20 carrier strip in the area
56a inside of the V-cut and: I s_bonded only in area 56b at an interface
with the carrier9striBheurethpd Gf Haiyw dyinclydingithe ftem B

Slngu:azlon OI ei&ngﬁG ?rQHIiﬂﬁiéﬁHfHMEhntthEa portion of lthd harrier
singul ation step the fin ngq ng on the
package to br eak 5t Bufo éfn&g}%e%%cé’fsrs%%rblgt QREE“PQ& t?ﬁ 8t or
punchi ng or poxtioy neﬂeqt@ heatffnaye alnongegaﬁwg o#sqembldf iagidnal 27

X 29 mm PCB tg0 I @gylrltehl €hé adsenbIy0 packaged devi ce. An annul ar
ring of copper fromaround the carrier 30 strip aperture may be renoved
or left on to function as a heat sink and package stiffener to reduce
package war page. 19he Thermethed rof) Giaimy3d whesednthe@rea permanent

damage results fAmensibhi 88 the #6E&ptdd/ boardsf isNnthéesames rdserthe ri p. 35

The above descrlptlon Qf enbodi ngnt,s_of. thi.s ' nis intended to
be illustrative &%§2,8imension oF éhe sinJﬁlated asEQMEf{é§14_ WO

97/ 40651 10 PCT/ US97/ 06370
11. The method of Claim 1 further comprising

providing an accepted board having a dimension on
spaced opposite sides which is longer than one X-Y
dimension of a finished grid array package and wherein

15 the resultant longer areas attach the accepted board to
the carrier strip.

12. The method of Claim 1 wherein said grid array
assembly is a ball grid array assembly.

20
13. The method of Claim 1 wherein said carrier
strip is a copper strip having a thickness of from
about 0.2 mm to about 1.0 mm.
25 14. The method of Claim 1 wherein said carrier

strip is a steel strip having a thickness of about 0.2
mm to about 1.0 mm.

15. An article of manufacture comprising a series
30 of pre-tested and pre-accepted printed circuit boards
mounted in seriatim in apertures extending
longitudinally along an elongated carrier strip, each
of said circuit boards having an outer peripheral edge
connected to an inner peripheral edge of the carrier
35 strip bounding the apertures in said carrier strip,
said carrier and said circuit boards adapted for use in
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limting. O her enbodiments of this invention wll be
skilled in the art in view of the above di scl osure. ‘lmmml !M(“m“'m
97/ 40651 PCT/U897/06370

1. A nethod of making a grid array assenbly including a pri nted circuit
board cont ai ni W@ 9w#iess pl e el ectrical circuits conprisi ng:PGFUSI706370
providing a series of boards including bondi ng pads and
netallization on a first surface - of each board and conductive

vias in the board extending to a second opposite second surface

of Lhe BEAPRPLING FhScEIRGULL: PABEIE OHIGR M (45 15h S4F Yy 10

of contact pads ipackagexct with the vias, which boards have been
tested and determ ned to be accepted boar ds;

provi di ng an el ongat ed carrler strip havin series _of aligned
apertures extendi ng 156- e agitd PtlﬁdPﬁaF??l‘&l%gf‘{%eﬁ APELPpEingo®At i ng

I ndi vi dual acseptﬁﬂtégzathﬂ circuit die attachédictv raoi ofnéaiddoatcaieept ed

EP‘E‘ESI ][ ndl e incl udl ﬁ?&@ AW §i® having die condudBW¥ PAAs2 ikt GGRALET
to gondlng pads on a first surface of said circuit

boards, and molded encapsulation over said die, said
wire bonds and onto a portion of said first surface.
10
17. The article of Claim 16 further including an
array of contact pads on an opposite second surface of
said circuit boards and conductive vias extending from
said contact pads to metallization on said first
15 surface.

18. The article of Claim 17 wherein a solder ball
extends from each of said contact pads.
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20 di e conductive pads, on said first surface;

bondi ng wire bonds from said die conductive pads to said bonding
pads; encapsul ating said die and said wire bonds

against a portion of said first surface of the 25 boards; and
renmoving a resW@¥MOsHri d array assenbly, i ncl udi ng PERASHHA6310c
circuit board and encapsul ated die fromthe carrier strip. 30
2. The method of Caiml in which said attaching step conpri ses
bondi ng si de edges of the accepted boargyg in seriatimin each of said
al i gned apertures. 3. The nethod of Claim2 wherein said 35
encapsul ating step conprises providing a nolding die i ncluding a
nol di ng cavity and a nol di ng runner; 10 - 16-
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cl osing and cl anpi ng the nol di ng di B i n¢luding the nnldin# cavity

and nol di ng runner on rmlmrécﬂg ce of the carrier/strip

overlying said board portion; ferring a hard bl e
nmol di ng conpound into the nnldin% cavity, around said die and

said 1
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wi re bonds and onto said board portion; har deni ng t he

nol di ng conpound; and uncl anpi ng and openi ng sai d nol di ng
die to 10 renove the nolding runner fromthe strip carrier.

4. The nethod of Caim3 in which said renoving step conpri ses

singul ating si mype/egesid array assenblies fromthe carri ePCHU$97(963705

5. The nethod of Claim4 wherein after the encapsul ati ng step,
perform ng the step of formng i nt erconnecting bunps on said array of
cont act pads. 20 6. The nmethod of 2fgai m4 wherein the singulating
step conprises providing a V-cut edge on each accepted board, bondi ng
the accepted board only at an interface of the accgpted board and
carrier strip perimgerald 31\0utsi de 064~\he V-cut/éﬁg and 8ba&achi ng t he
accepted 25 boar d e—CafAet—St++p- -+ d of
Claim4 wherein the ngul ati ng stepcy J.sn_s_[pun.ch.i.n {d&roughyan

outer periphery of t h® accept ed%oard ajd %n i nner_ le’i_p ery o

30 carrier strip grQun he strip apgrtur net hod
of Claim4 wherein tlhe £ ngul ati ng St excess
peri pheral margin of the accepted bpar che®d to the

35 carrier strip,
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9. The nethod of daim4 including the step of | eaving a sufficient
anount of a portion of the carrier strip on a singul ated assenbly such
that the strip - portion rejects heat froman operating assenbly and 5
stiffens the WOawWI6H1 10. The nethod of O ai m 3 RGFEISATHE3The
ar ea di nensi on of the accepted. boards is the sane as the ar ea
di rensi on of the singul ated assenblies. 10 11. The nethod of
Claim1 further conprising provi di ng an 3i4¢cepted board having a
di mensi on on spaced opposite sides which is | onger than one X-Y
di mension of a finished grid array package and wherein 15 the resultant
| onger areas attach the accepted board to the carrier strip.
12. The nmethod of Claim1l wherein said grid array assenbly is a bal
grid array assenbly. 20 13. The method of Claim1l wherein said
carrier strip is a copper strip having a thickness of from about
0.2 mmto about 1.0 mm 25 14. The net3pd of Caim i, wherein said
carrier strip is a steel gtrip having a thicknéss of abo 0.2 mm
to about 1.0 nm o
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15. An article of manufacture conprising a series 30 of pre-tested and

pre-accepted printed circuit boards nounted in seriatimin apertures
ext endi ng | ongi tudinally along an elongated carrier strip, each

of said circuit boards having an outer peripheral edge connect ed to an
i nner peri pher WOBUYESIof the carrier 35 strip bounding the ZFEUSAOI™,
said carrier strip, said carrier and said circuit boards adapted for
use in C L

M WD 97/ 40651 PCT/ US97/ 06370
assenbling the circuit boards into a grid argmy package.

16. The article of daim15 further including an 5 integrated circuit die
attached to each of said circuit boards, said die having die conductive
pads wi re bonded to bonding pads on a first surface of said circuit
boards, and nol ded encapsul ati on over said die, said wi re bonds and
onto a portion of said first surface. 10 17. The article of Claim
16 further including an array of contact pads on an opposite second
surface of said circuit boards and conductive vias extending from

said contact pads to netallization on said first 15 sugf ace.
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18. The article of Caim1l17 wherein a sol der ball extends frome lo
sai d contact pads. 20 ”2 P?,
- 19_
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(57) Abstract

A grid amay assembly method uses a semi-flexible substrate printed circuit board and includes steps of providing a series of conforming
boards each board including bonding pads and metallization on a first surface and conductive vias in the board extending to a second opposite
surface containing a contact pad amay, testing the boards and determining acceptable boards. A carrier strip with longitudinally aligned
apertures mounts individual accepted boards. The strip with mounted boards is passed to a station where an IC die is mounted on the board
first surface, wire bonds are placed from the die to the bonding pads and the assembly encapsulated by automolding against a board first
surface portion using the strip as the mold gate to form a package body. Subsequently interconnecting balls or bumps are placed on the
contact pads and the assembly is removed from the strip. '




