" ENCAPSULATI ON FOR SEM CONDUCTOR | NTEGRATED CIRCU T CHIP This invention
rel at‘es to encapsul ati ons for sem conductor integrated circuit chips. 5
Sem conductor chi ps are encapsul ated both for protection and for

conveni ence in interconnecting the chip circuits wth ter msmunti ng
medi a such as printed circuit boards. Encapsul ation al so f i
10

testing and the automatic assenbly of chips into apparatus. .. There is a
&ensi derabl e variety of integrated circuit chip packages, but of chief

i pterest are the nonhernetic, post-noulded plastic types known as the

dual -in-1ine package and the chi.p carrier type. Standards exist or are
under devel opnent for packages of these types which 15 prescri be general
di mensi ons, types of external- contacts, and contact spacing. However, the
encapsul ati on of sem conductor devices constitutes a considerable
proportion of the total cost of a conpleted device. Accordingly, thereis
20 a continuing effort to devel op packages and encapsul ati on techni ques
whi ch reduce cost, provide high reliability, and which are conpact in size.
Automatic fabrication, test, and assenbly techniques contribute to | ower
cost and higher reliability. It is desirable also, that a 25 particul ar
package design accommbdate, with little or no change in that design, a
variety of different sem conductor chipd. As a consequence, the total
nunber 28 of package sizes required for all chip sizes ig mnimzed. -
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connected to €l ect rmgEs Divéntidionélatde ©6 eheapbubadfidnkerornate 5 in
contacts external to.the noul ded astics encapsul ating body. A separate
netal menber ?%@+%ﬁéﬁ?%ﬁ°folﬁ€8$¥8te€hﬁ}ﬁﬁvl oﬁﬁégﬁ‘to'the backsi de of the
chip and 50 provi deSemitondeatosughips areoencapsutatednhotbnfor
protection and for convenience in interconnecting the
~chip circuits with terminals on mounting media such as
printed circuit boards. Encapsulation also facilitates
testing and the automatic assembly of chips into apparatus.
10 There is a considerable variety of integrated circuit
chip packages, but of chief interest are the nonhermetic,
post-moulded plastic types known as the dual-in-line
package and the chip carrier type. Standards exist or are
under development for packages of these types which
15 prescribe general dimensions, types of external contacts,
and contact spacing. '
However, the encapsulation of semiconductor
devices constitutes a considerable proportion of the
~ total cost of a_compléted'device. Accordingly, there is
* 20 a continuing effort to develop packages-ahd encapsulation
techniqués which reduce cost, provide high reliability,
and which are compact in size. Automatic fabrication,
test, and assembly techniques contribute to lower cost
and higher reliability. It is desirable also, that a
25 particular'package_design-accommodate, with little or
no change in that design, a variety of different
semiconductor chips. As a consequence, the total number
28 of package sizes required for all chip sizes is minimized.
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Noul ded pl astics body. The |ead nenbers can .be 10 formed from a
gl e piece of metal foil, such as a beamtape, but the necessity for the

=;sep rate nmetal nenber conpllcates ‘the e éapsulation.process. In the present
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mechanical support during processing are provided by
unitary lead members integral with large-area tab

members in contact with the backside of the chip.

_ This form of encapsulatlon lends itself partlcularly
‘'well to reel-to-reel beam tape processing since all the
lead members and the tab members can be formed from a
single sheet of metal foil.

An embodiment of the invention will now be descrlbed
by way of example with reference to the accompanying
drawings in which:- _

FIG. 1 is a perspective view, partially cut away
and sectioned of an encapsulation accordlng to the
invention; _

'FIG. 2 is a plan view of a single lead frame shaped
in a portlon of a beam tape durlng the manufacture of the
encapsulatlon of FIG. 1-"' _ : )

FIG. 3 is a: perspectlve detail view of the inmer
end of one of the front-side beam members of the
encapsulatlon of FIG. 1;

FIG. 4 shows a varlant form of the detail of
FIG. 3 and : '

FIG. 5 is a perspective view, partially cut_away
and sectioned, showing several ehcapsﬁlatibns;in
accordance with this invention in a stick type of magazine.
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arrangenent of the various elenments within the noul ded plastic body rrenb.er.,
10.- The sem conductor chip 11 is disposed within the 10 body nenber 10..7
In the drawing, the front or active face of the chip is uppernost and has
thereon a plurality of electrodes 15 consPsttng of nmetal areas for making

clgnnectlon tp the seﬁﬁI@onﬂusthl,niﬂgﬁé\i@ﬂeétiﬁé“ ta éH%ﬁrﬁQ;BBfGi-' on bet ween
the electrodes and t he externa
Contacts 13 i s Pfs{%é %r@°?§a‘a° fﬁﬁgl‘bnb?%xs peghers 3Cewhichne
chip, inter nthQ 5 h%h@a*cka:g@;stenbemends nefibthe dRcapsulasioni infi nger
portions 14, for dlng to a
chip el ect rode Z?é%ﬁmﬁf%%&gl ng(f ?P?‘Z%cgg%l ?ﬁgéﬁgmagg Peknown
means of. @aKi rﬁjl%%tf% sticktvre haedlin@geqbipment.r c¢thei cardiep,

t hermal conpr egsi Qeut h&w&gasﬂ[llge@e@% étf@sm&%pgggéngh eutectic

and conductlve a he5| ve boq]g , erin razi.n vari ous forns
of wel di ng. %y"al@mﬁ] %%Ph%n%?%lqzth@rmﬂh@edl n

ext er nal cont@ﬂastﬁh bnﬁgnmﬁhﬁéw 10ki ng contact to. tern1na| areas on

i nt er connecting C|r |nclud| th| .and t |ln1ceran1c
eleements and rigid anc#f?eg@ragb%&j%t c’r‘?c }SPPRSS dgl hig Bheont act s
may relyléh p'hqdwg membhan . bo'hmm dmmmg;, thesfni‘mm:lcmg aétivh@ugh shown
in this enmbodifgay Q%g&g f 12 _and
contacts 13 co .as weI‘Ts apt (ﬁ%réézﬁlo ﬂ?y%ﬁ%ﬁe % eéf‘l‘%ﬂl %%r 35
exanple, by i er‘% estnades i consistingims r@etimhmeas\lmrmkmy, t he

| eads 12 and edmeretdicmoadife FemRiodEidiy :lxi‘t:éé&"aiﬁ’e&‘l?0@?5.1‘;I Suf[ection
with respect to 38 the or| ent ation of the onductor c Thi s
results - 4 - &ﬁﬁ’f@’(ﬁ &fekertradRs r?ﬁie%nl‘ﬁn%n t he

senm conddét or sehnwohﬁuctdme:hm MMandrdes exttediel i cretaotgers g wyrcuit

appar at us “‘tgaﬁoo&h%%%ﬁﬁead members 12. On the front face of the
chip, internal to the package, the lead members 12

-~ terminate in finger portions 14, the tips of which

include an area adapted for bonding to a chip electrode

20 15 where: "bonding" intended to encompass all known
means of making conductive attachment including, but
not restricted to, thermal compression bonding,
thermosonic and ultrasonic bonding, eutectic and
conductive adhesive bonding, soldering, brazing, and

25 various forms of welding. External to the body 10,
the lead members 12 terminate in external contacts 13,
adapted for making contact to terminal areas on
interconnecting circuit apparatus, including thick and

- thin film ceramic elements and rigid and flexible

30 printed circuit boards. Such cdntaéts'may“rélyfbﬁ?’”
spring pressure, bonding,-welding;'or“eoldering.
Although shown in this embodiment as L-shaped feet for
surface mounting, the leads 12 and contacts 13 could as
well be adapted for another type of connection, for

35 example, by insertion into holes in a mounting member.
Alternatively, the leads 12 and external contacts 13
may be bent in the opposite direction with respect to

38 ~ the orientation of the semiconductor chip. This results




t he sem conductor chip. Inportantly, each lead 5 menber 12 is one

; gl e continuous elenent fromthe frontside finger portion 14 to the _
e¥ternal contact 13. There are no internmedi ate connections which would tend
0 add to the cost and reduce reliabilTtyT The under or backside of the

.sem conduct din chimpidfor iMage conhactidnbyff the edkatiodeg NS ge .
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semni conduct aso (ﬂdd) td\l tee ned stehyd pedacearedigbiddty.of backsi de contacts

formed integrally %o @gﬂfhgﬁdb%&g’fn%gaé‘fbﬁh@segi?? %or 'ggﬂpnurrber',

shape, and di sposi ron1t shown. %
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adapted for transpol
the semicondu uctor chip 11, as well as thermal contact

and electr;cal,cqntact thereto, if the latter is desired.
Typically, the tab members 16 are bonded conductively

20 to the backface of the chip 11 and provide for heat
dissipation by both convection and conduction and by the
spreadlng of heat within the silicon semiconductor chlp.

‘Alternatively, other arrangements of backside

contacts formed integrally from the lead frame may be

25 arraﬁged. The number, shape, and disposition of the tab
members 16 may differ from that shown. For example,
another-arrangement may have two tab members disposed
centrally on opposite sides of the.chip rather than at the %
corners. Likewise, a considerable variety of arrangements

30 - of lead members: for-the tab members: may be used.

Further'featﬁres of the chip carrier structure of

FIG. 1 will become apparent from the manner in which the
encapsulation isimade. In particular, the unitary
structure of each contact lead 12 for the front side

25 contacts andsof each contact lead 17 for the backside
contacts stems from the way in which the lead frame is
produced and assembled. FIG. 2 shows a portion 20 of one

38 beam tape of the type adapted for transporting,
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reél-;o-reél wi th precise positioning at work stations. For this pur pose, (%%z
the tape is furnished with sprocket holes 22. The triangular hole 31 is an {;
idéntification and orientation mark. The tape 21 typically is a gold- 5

pl ated copper foil having a thickness typically of about 0.1 mm (.004

inch). Alternpatively, the copper foil ﬂay5be‘of ot her thicknesses and may

e plated withreébetorrédl swithhpasciss, positaunkaguap! abel sthkevhse,
other conducthf 10 netal s.- such,as al um nu and.gﬁﬁﬁabLg ferrou%F%lloys,
may_be used i nstead bf R3RRePes ofie FaRe s hUnRipheEd jWiER,FPEECERT: e
tape, shaped thwohesv2de tBeel triafgaheradndlas3enbbedn hiehbifiocgtion a

sem conduct or ' ocC | e | e n the
provi sion of the H%é%??%%€¥§%Sﬁ?ﬁ%'agggﬁgﬁﬁﬁéhgam£$h§é¥§?§zig giééﬁgaf al |
an etch-red stkkatediskoprer of ol baving aapbicknessi higpicapdyi of cabout
configuration ®fqthme {oockf{ae®), This mask defines the various frontside

contact | ead menbers 24 and {he. contact Iead'nenbgrs 26. 20 to the backside
contact tabs 27. TrAlberRatikelBnithe ¢apReD7LQLl maybenafcQthATr: he tape

:n g hfe vaca_nci'lﬁﬁiéi&@ésdé@eaﬁ@rwsb@fplﬂﬁedeﬁﬂtlﬁrl&ﬁ&e?aﬁﬁeﬁms 8108, t.ﬂe

. lead franme is patierned in the tape,i si e pl ane conpLises._the
array of I|ead %)Ra 5 %% W%ﬂ‘éﬁﬁ]ﬂﬁ?@* 25fg#ﬁ"$’PBnt8%8%8%3‘33?5}"?%(1
menbers 230mimgtaks, usuckedas aatuhingm nendesgifablbi farreusi akleysy t he
backsi de t abs ; f 2 area of contact

bet ween. . eachnogy- ﬁe&%éa%ﬁg%gg%béf%ggﬁ%rtﬁéigécksi de of the 30 _chip 23
i s about twenty percdBH¥- 02 shewstheperbien, 20r0f theytapeschhaped al I

four tabs 27. ﬁalrzﬁmd@ t1E 18ad  PRafd daf@r 4586mY1e@] Byf bOR&ShES €BNHACt
| ead 24 pf FIG 2 is shown turned ver in order to show he.bondlgg'ead 43
at the tip of 9REoadUSOn chib 23 SATERPTPCRSESNE! SEERE ARUSrVene

cr oss- sectligon. befiweer ckie grurarioiomfodotigse rigesm ebapadandédtnedassendly
2r eront g ot St g2 25 TFOY 8P°0 0Tad FhonREstabas ndiR 130
: formed on the tape to define a specific configuration of
the lead frame. This mask defines the various frontside
. contact lead members 24 and the contact lead members 26
20 to the backside contact tabs 27. The backside contact
tabs 27 also are shaped in the tape in the vacancies 30
at the corners of the lead frame pattern. Thus, the lead
frame is patterned in the tape in a single plane and
comprises the array of lead members 24 which terminate
25 1in frontside contacts, lead members 25 which are unused,
and lead members 26 which terminate in the backside.
tabs 27. '
N . As can be seen from FIG. 2 the area of contact
between each of- the backside tabs 27 and the backside of .the
30 chip 23% is gbout twenty percent of the backside .area,. . ..
or eighty percent for all four tabs 27.

Turning to FIG. 3, the end portion 41 of a
‘frontside contact lead 24 of FIG. 2 is shown turned over
in order to show the bonding pad 43 at the tip of the

25 1eéd.and the adjbining portion 42 of reduced cross-section.
This configuration of bonding area and reduced cross-
“section pbrtion likewise is formed by means of a

38 specialized masking and etching operation. The adjoining
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section provides strain relief for thermally

rifon 42 of reduced cross- |
ingficed stresses to avoid attachment failures at the contact on the
S

¥conductor chip. 5
portion 51 of the frontside contact lgad_is shown in FIG 4.° .In this
configuration, it is advant
seni'conduct oPOFRLAN: & 2nKifc Fedne esy €xosB-eqtion @upvidemmtxain Strain .

relief is 10reliBFoYbéedhlymalng tindmded afirididly gdaRenging area 53 in

both of which, the, cro s se tion i duced. After the lead, frane is formed )
in the beam B % g é& ﬁi
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f fourteen
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on the sentcnndbothrofhwhlbh.ehbecmahsaseuhﬂnn igHavedirsed not all | eads
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enhance nech@ﬂiﬁaia§55§ngghm@@glpach@gﬁ URineONEaay £ é‘ menbers such as
d ﬁ:c 3 -

the |l e
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desi gn needs.

| at er depen |ng on speci

e Teqnoye
d%z &Oghﬁleﬁedl é&dCQEtE}P&vFa@ Ad &emiconducher ship 25 with
the tips of the frontside contact lead members 24 over
electrode members 28 on the semiconductor chip. A tool

oo

25

30.

35

_ then is_applied to attach the bonding pads 43 to the

chip electrodes 28. The lead frame shown.in FIG. 2

comprises a standard array of fourteen lead members

on each of four sides,. thus totaling 56. This is one
specific conf;guratlon-ln a family of lead frames of
similar sizé-ahd shape. A4s shown, the end lead members
26, totaling eight in number, are used for making
external contacts for the backside contact tabs 27.
The remaining frontside contact leads are available for
connecting-elecﬁrodes on the semiconductor chip to
external circuiés. However, not all leads, such as the
lead 25, are necessarily used in a particular
'semlconductor chlp de51gn.u—All of the lead portions

comprlslng the

external contacts are fabricated and.

retained within the moulded body to enhance mechanical
strength and package uniformity. Unused members such

" as the lead 25
design needs.

may be removed later depending on specific

The_tab 32 on the one lead 24 provides

hidentification; _

38
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this lead frame arrangenent. Sinple changes in the etch nmask design can
produce a variety of |ead menber configurations enabling 5 accommodation to
a wde variety of electrode patterns on the frontside of the sem conductor
chip 23. The.frontside contact |ead_mpnpers 24 may have a variety of
configurations at the_frontside | ead ends and.var{ ous Ie en may be
oMtted to adapt to vhFiWkdlaPeaABRRERLETEE dha FF&Hei € he front
sug face of thgeshin. fléxdbsiies, orhehbscKeadefmn%aérrhalgem%hml so may be

I di h I bed.
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to the el eTtro I's reele up,
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sem lCOBFUC]EOrcsr{itaétaleaallﬁaﬁﬂéﬁd by A9 nhvechedardedy ofd Ithertel;1 ore ?re
available for ¢ anln r ess n e e entire
reel may be b%?%ﬁlﬁ?ﬁ tiong ﬁ§ tﬁﬁe §98ﬁsgﬁe IEPgaﬁPa B&?HBBF“PPEatnent in
a bake oven. Péad ends magubecqmiitéd, tbhadapmetosvhcdountaraanghmenﬂnrk :

ot el SFrebackabags! 28 BRIRAES sRond! Bubdafll ot kIRMBY 9% o05 O

pliace th & Or Fent ati on rndi-cat &d Al |y dot t ed
outlines. Thu@esiepdbstbarbaeuSéGe 99nt§§¢ ﬁebﬁsZVoaBéﬁdm@NébPaﬂlﬁﬁﬁﬁﬁﬁs in

the 30 area 29nt BRAREY chQﬁQMhdeoﬁ P%Eamig Sﬁﬂ%keagnﬁhabb%v&%ddl%

t hi ckness of he S ond Thus e .cont act tabs 27
make subst ant %?nygéénarxi% F1§F H!tﬁ@mﬁaEE SHFf§@8k§Fth8
seni conduct ortabs p27 Thaybbekondetedyt and their2respecitdveoleads 268 mals -

attached by %Y Ghed"Box biHEcREAR"cB" Bh2UShinBIE Bilp' d1ectrodes
- 28,

-7 -1t wll be ap'preciatéd t.haf herein lies the design flexibility of

-~ After the frontside contact leads 24 have been _
bonded to the electrodes 28 on the semiconductor chip 23,
the tape is reeled up, advantageously with an interleaving
20 member which ensures that the semiconductor-chips are
- suspended by the attached leads and therefore are
available for cleaning or other processing. Thus, for
example, the entire reel may be batch processed by immersion
- in a cleaning bath or treatment in a bake oven. '
25 Subsequently, the tape is fed into another work
station, and the backside tab members 27 are folded through
180 degrees to place them in the orientation indicated in
FIG. 2 by the partially dotted outlines. This step is
carried out by tool means to bend the tab members in the ..
30 area 29 thereby to provide a clearance equal generally to
the thickness of the semiconductor chip 23. Thus the
backside contact tabs 27 make substantially plénar contact
with the back surface of the semiconductor chip. _
| The backside contact tabs 27 may be conductively
35 attached by any of the various means previously'ascribed'to
the term "bonding" to produce electrical or thermal contact
between the tabs and chip. If a conductive epoxy is used,
38 41t is usually cured in an oven. As previously indicated,

w



term "bondi ng" to produce electrical or thermal contact between the

and chip. If a conductive epoxy is used, 38 it is usually cured in an

. As previously indicated, 8 thermal or electrical interconnection,
both, to the backside contact tabs 27 is nmade ultimtely through the

| ead nmenbers 26. Next, the tape portion 20 which remains a part of 5 a

reel, with the sen1conductor chip coft acted both front and back as :;
descri bed abheemalsoi'edlemtmiaaﬂcodmmmemtﬁm.pIsttbQ:thmijethe)ody 10 is

produced asnsbEuiabcBhEact thbsoOT 13 St ia By MAUHEN BIPOLS

before the ly a protective coat active
surface 10 1®$dtnem§9ﬁﬁcgﬁductor Chlp This may be confornal coating

.material such-as anNéﬁier ORheatape onQﬁ.%nr PO WhidH Tendimsird Zpﬁirﬁtofoom
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urther reel -tpo-reel processing,
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Thermoplastic material generally doesﬂnot require a post-
moulding cure peériod, and the moulding process may be
‘accomplished.: in a time of the order of seconds. typically
from about six to twenty seconds. '

20 The injection moulded body 10 may be formed at a
plurality of tape sites simultaneously,'and.the moulding
apparatus may accommodate more than one tape. Next, in
further reel-to-reel prdcéssing, the moulded packages are
deflashed to remove excess moulding material and cleaned.

25 Finally, in further reel-to-reel_prbcessing. éach:moulded
package is excised from the tape, and the external leads
are formed and trimmed. The individual packages then are
fed automatically in uniform orientation into a stick-type
magazine. One féature of the excising, trimming, and

30 bending operatiogs{iS'that'they are pérformed:subséquently
to the package moulding step. Thus, there is inherent
mechanical support for the lead frame assembly during those
operations. The use of special Jigs or other supports to

- prevent deflection or distortion of the lead frame assembly

35 during the metaiAworking steps is avoided.

Referring to FIG. 5, a portion 61 ‘of a stick
‘magazine is- shown containing several packages 62, 63, 64.
38 The plastics body of each of the packages 62, 63, 64 bears
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operations. The use of special jigs or other supports to prevent ' ,
defl ect-ion or distortion of the |lead frane assenbly 35 during the
nmet al -working steps is avoided. Referring to FIG 5, a portion 61 of a
stick magazi ne i s shown containing several packages 62, 63, 64. 38 The

pl asti cs body of each of the packages 62~ 63, 64'bears - 9 - on the
iknternal rails 66-67, 72-73, 74-75.  _These_rails enS|o of the
packages in t@® §bﬁcﬁntﬁr§ﬁghr§1%ﬁyspﬁg§’tﬁ@' wrer 1 ﬁ‘eagép
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CLAIMS 1. An enc tion glgenlco quc r inte 3®%%¢% it e t he
chip having a PYS@@ 5 8 Sxﬁﬁfﬁa gadsy, P@ﬁt Eéah He Fﬁ%%s
t her eon, one package do not contact those of an adaacent package or
-~ 10 the side rails 72-73. '
' The packages are most advantageously handled when
~ loaded into sticks from which they may be fed and
‘reinserted during various testing, aging, and other
~ operations.
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5 the encapsul ati on conprising a noul ded body menber encI05|ng the chlp,
1' unitory | ead nenbers connected to respective ones of the said
| &6t

d rodes and having integral contact portions e I Iug dy nemnber
aRd-second unitary | ead nenbers integral with 10 mmwm "aluua" H nbers in
- contact with the back side of the chipy 2. An encapsutatior! as craimed in

claim| wherein the second unitary |ead nenbers include at |east one S
“integral contact portion external tGLARMSbody nermber 15 for.each of the '

tab menbers. 3. AT ecankil ghtgPsAtatish Rdr A Seiliddnddlohal I 2 vherein

the body nenber is gehera an u an outline an

cor ner por t i oHttegra b%@?c%ﬁbéhlps ojthet Chﬁ-@rrhﬁﬁénlsoey fmemte ando ar ot ect
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oS S o B RS EbR - BapBRE b, pcporiAet, B el £ o of ¢he
tab nmenbers.e&losing theSchiﬁ@ tipspsuhdtopy dead aemdérish any of the
menber s ar o SPBeSPRA IS bbb Tl c0talche Spel B4R PR AN Bnd 0
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10 large-area tab members in contact with the back side é
of the. chip. ' ' |

2. An encapsulation as claimed in claim 1
wherein the second unitary lead members include at least
one integral contact portion external to the body member

15 for each of the tab members.

3. An encapsulation as claimed in claim 1 or
claim 2 wherein the body member is generally rectangular
in plan outline and the corner portions of the body
member project from the body member to protect the

20 external contact portions of the lead members.

4. An encapsulation as claimed in claim 3
wherein the pair of external contact portions adjacent.
to each corner are integrally connected to a respective
one of the tab members.

25 5. An encapsulation as claimed in any of the
preceding claims wherein the first and second lead members
and the tab members are all formed from a single-sheet_
of metal foil. _

_ 6. An encapsulation for a semiconductor integrated g

30 circuit chip substantially as herein described with

reference to the accompanying drawings.
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