I EXTENDED LEAD PACKAGE . e ¢ BACKGROUND
OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON _7@9?3 i nvention ™
"relates to electrical connection and nechani cal attachﬁ;g( of an
rintegrated circuit element and the |leads of a |ead franme and nore
particularly to a |lead frane having extended | eads. (2) DESCRI PTI ON OF
THE RELATED ART Conventiondl |ead franes are attached to the
i nput / out put pads of integr aEBRENDEBULEAPhPAEKAGRese i nterconnections

provi de el ectrical connection but do not provide a significant therma

conduction path for renoving heat energy fromthe chip. u. S
Pat. No. 5,583,378 to Marrs et al. describes an integrated circuit package
having a ball grid array and includes a thermal conductor. 990259-

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This invention relates to electrical connection
and mechanical attachment of an integrated circuit element
and the leads of a lead frame and more particularly to a

lead frame having extended leads.

(2) DESCRIPTION OF THE RELATED ART

Conventional lead frames are attached to the
input/output pads of integrated circuit chips. These
interconnections provide electrical connection but do not
provide a significant thermal conduction path for removing

heat energy from the chip.
U.S. Pat. No. 5,583,378 to Marrs et al. describes

an integrated circuit package having a ball grid array and

includes a thermal conductor.
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02 JUN 1999 - 2 U S. Pat.
No. 5,598,034 to Wakefield describes a plastic package for integrated
circuit chips which includes thermally conductive heat transfer bodies to
extend fromthe circuit chip to or near the surface of the package.
U S. Pat. No. 5,700,697 to Dl ugokecki describes a reconstructed package
for an integrated circuit chip. 2 U S Pat. No. 5,638,596 to
McCor mi ck descri bedUeh RatectNoni% 398,034 Yysdakefiedhd describese of
conductive |ayers and enploying a | ead frane. . )
3 plastic pac dntpgratefkehngyit chips which dnekudefes are
frequentl usqufo make el ectrical . connection to inte ratedﬂgircuit chi ps
i

because t Y PRRSELve et ARSIRT hediRs kR xR FRIR thed

frame 10 circuit chip to or near the surface of the package.

‘U.S. Pat. No. 5,700,697 to Dlugokecki describes a

reconstructed package for an integrated circuit chip.

U.S. Pat. No. 5,638,596 to McCormick describes an
electronic circuit package having a number of conductive

layérs and employing a lead frame.



the integrated circuit chip input/output pads are available. A typical

| ead frame 10 is shown in Fig. 1 which shows the conductive leads 12 in a
formfactor which will provide for easy interconnection to the integrated
circuit chip. Fig. 2 shows a plan view of the integrated circuit chip 14
joined to the conductive |leads 12 of the lead frame 10. Fig. 3 shows a
cross section view-of the chip 14 joined to the lead 12 of the lead frane.

The i nput/out put pads 18 ofgidMahigr Tk aneyeNrond to the conductive | eads
12 of the lead frane by a netal pad 16 such as a sol der pad, or the |iKke.

The assenbly is then encapsul at ed. One of the problens with
this nmethod of making interconnection to the chip is the problem of
renoval of heat ganeddt®rhdne tare of segudrctdly apsditic male tdlke et cal O t en
a thermal conduction path nust be provided by attaching a heat spreader or
slug to tdmuberctiai tdelntegratetbticihowt chipsrmaavsmttheerage fiam t he
chip resulting in added cost and processi ng conplexity

4 cost tand & mumbey P& tighiques gfo tinin |’qrmariteaﬂn frameyrewi de a

met hod of attaching an integrated circuit chip to a lead frame which wll
provi de dhrdnirgrated mikeuite chip input/output pads are available.

A typical lead frame 10 is shown in Fig. 1 which shows the
conductive leads 12 in a form factor which will provide for
easy interconnection to the integrated ciréuit chip. Fig. 2
shows a plan view of the integrated circuit chip 14 joined
to the conductive leads 12 of the lead frame 10. Fig. 3
shows a cross section view of the chip 14 joined to thé lead
12 of the lead frame. The input/output pads 18 of the chip
14 are joined to the conductive leads 12 of the lead frame

by a metal pad 16 such as a solder pad, or the like. The

assembly is then encapsulated.

One of the problems with this method of making
interconnection to the bhip is the problem of removal of
heat generated by the electrical operation of the chip.
Often a thermal conduction path must be provided by
attaching a heat spreader or slug to the back of the chip,
not shown, to remove heat energy from the chip resulting in

added cost and processing complexity.



renove heat energy fromthe chip. It is another principle
objective of this invention to provide a package conprising an integrated
circuit chip attached to a lead frame which will provide added thernmal
conduction to renove heat energy fromthe chip. These

obj ectives are achieved by using an extended |ead package. In the extended
| ead package all or any nunber of the l4eads of the | ead frane have added

| ength and the | edds isxisepdimidelel objeatdive of dhishiinvehtdomhitp i S
supported by the |leads with added | ength. The back side of the chipis
bonded t @rdve dextae medthdde axfs addianhingb@ndiimfegrated aingwiich ghdpyitdes
thermal conductivity but is an electrical insulator. Wre bonds are then
used to malkead|fxaneg «diichowiddt pFevidenaddedhdherpal/ sensctisms tef t he
chip and the |l eads of the lead frane. The extended | eads bonded to the
back si dFeFOY eI FaRESY Feom (& 1P -conduction path to renove heat
energy fromthe chip. The assenbly can then be encapsul ated using standard
encapsul ati on techni ques. 5

It is another principle objective of this
invention to provide a package comprising an integrated
circuit chip attached to a lead frame which will provide
added thermal conduction to remove heat energy from the

chip.

These objectives are achieved by using an extended
lead package. In the extended lead package all or any
number of the leads of the lead frame have added length and
the leads extend under the back side of chip. The chip is
supported by the leads with added length. The back side of
the chip is bonded to the extended leads using a bonding
material which provides thermal conductivity but is an
electrical insulator. Wire bonds are then used to make
electrical connectioﬂ between the input/output pads of the
chip and the leads of the lead frame. The extended leads
bonded to the back side of the chip provide a thermal
conduction path to remove heat energy from the ﬁhip. The
assembly can then be encapsulated using standard

encapsulation techniques.



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a top view of a
conventional lead frane. Fig. 2 shows a top view of a
conventional lead frame with an integrated circuit chip attached.

Fig. 3 shows a cross section view of a conventional |ead frame chip

assenbly taken along line 3-3' of Fig.s2. _ Fig. 4 shows a top
view of the extended 'BﬁiE?rBEECﬁ?%T&BN?OF”¥ﬁﬁtbﬁHWIN s Fig. S
shows a top view of an Integrated circuit chip joined to the extended | ead
frame of this invention. Fig. 6 shows a cross section view of

an integrated circuit chip joined to the extended | ead franme of this

i nvention taken al gng) iNesKows #tdp Gridw of a conventFohl A&REWs a cross
section view of an encapsul ated assenbly.

frame.

Fig. 2 shows a top view of a conventional lead

frame with an integrated circuit chip attached.

Fig. 3 shows a cross section view of a
conventional lead frame chip assembly taken along line 3-3°

of Fig. 2.

Fig. 4 shows a top view of the extended lead frame

of this invention.

Fig. 5 shows a top view of an integrated circuit

chip joined to the extended lead frame of this invention.

Fig. 6 shows a cross section view of an integrated
circuit chip joined to the extended lead frame of this

invention taken along line 6-6' of Fig. 5.

Fig. 7 shows a cross section view of an

encapsulated assembly.



6 . . DESCRI PTI ON OF THE PREFERRED EMBODI MENTS _ Ref er now
to Figs. 4-6 for a description of the extended |ead frane and net hod of
attaching a chip to the extended |ead frame of this invention. Fig. 4
shows a top view of the extended |ead frame 20. The extended |ead frame

20 has a nunmber of extended |eads 24 whgch will extend under the bottom

side of the integrapedcRIPSLON GF OMEE!PREFERRED NEMSODIMENSBsattached to the
| ead frame. The periphery of the space the integrated circuit el enent will

occupy when it is attached is shown by the dotted line 26 in Fig. 4.

There can also be a nunber of shorter leads 22 in the lead frame which

will not extend undreféhenbwttonFisgsle 946 tfier a ndegeriptionrefii thel ement.

The extended | eads 24 are not necessarily all of the sane | ength and sone

can ext enexténdefieleaddfranaeandt nebhed def cattaching egyrchip torthet

el ement than others. Next the integrated circuit el ement 28,

havi ng a extgndpdeland frametof thie, intertioRhedfFig- t heshaWRndcloPead

frame as shown in Figs. 5 and 6. Fig. 5 shows a top view of_ the_ integrated
hteadt g’ﬁ

circuit evVémBnPfathachsgended EFRfY #Qad Theapptended beadofkamecr oss
clement atbabRBds PBAPRE gk BALEROPEaIEtIa Rt MRTCRONALE He#FEed SPERE 6 t he
the bottom side of the integrated circuit element or chip
when it is attached to the lead frame. The periphery of the
space the integrated circuit element will occupy when it is
attached is shown by the dotted line 26 in Fig. 4. There
can also be a number of shorter leads 22 in the lead frame
which will not extend under the bottom side of the
integrated circuit element. The extended leads 24 are not
necessarily all of the'same length and some can extend
farther under the bottom side of the integrated circuit

element than others.

Next the intégrated circuit element 28, having a
top side and a bottom side, is attached to the extended lead
frame as shown in Figs. 5 and 6. Fig. 5 shows a top view of
the integrated circuitlelement attached to the extended lead
frame. Fig. 6 shows a cross section view, taken along line
6—6"' 6f Fig. 5, of the integrated circuit element attached
to the extended lead frame. As shown in Figs. 5 and 6 the

extended leads 24 of the extended lead frame extend under



extended | eads 24 of the extended |ead frame extend under

7 the bottomside of the integrated circuit elenment 28 and support the
integrated circuit el enent. As shown in Fig. 6 the extended
| eads 24 are attached to the bottomside of the integrated circuit

el ement 28 using a bonding material 32. Jhe bonding material 32 is chosen

to be a thgenBbttomdsiter oZnghanintkgehtbaakirbaitabementic28xkanded | eads
24 contact a relatively large area of the integrated circuit el enment and

provi de asgppdrthehenhinteggaebdonipauitt elenanyre heat energy fromthe
integrated circuit element 28. The bonding material 32 can be a materi al

such as polyimde tape having an adhesive, such as an epoxy, on one or
both sides of the tape. OQther electrically non conductive tape having an
adhesi ve such as anAepshpwor int Fég.a6htbevexbandad deadlst R4 srdes of the
tape can al so be used. The integrated circuit elenent 28 is then attached
to the exkéitachedei@sthe hothgm shidepefidthg Aategrateg2cinguitchani cal
pressure, and/or _other means such. as cuanﬂ. Dependi ng on the adhesive
used heaftlemerky 28apsirgoapbonddng: Bateriah fle | ARBGPERBANTC rcuit
el emrent 28 to the extended | eads 24. oo
ma%er%ai %é ?s cgosen to be a thermal conductor and an
electrical insulator. The extended leads 24 contact a
relatively large area of the integrated circuit element and
provide a good thermal conduction path to remove heat energy
from the integrated circuit element 28. The bonding
material 32 can be a material such as polyimide tape having
an adhesive, such as an epocxy, on one or both sides of the
tape. Other electrically non conductive tape having an
adhesive such as an epoxy or other adhesive on one or both
sides of the tape can also be used. The integrated circuit
element 28 is then attached to the extended leads 24 using
the bonding material 32 and mechanical pressure, and/or
- other means such as curing. Depending on the adhesive used
heat energy may also be usedﬁto attach the integrated

circuit element 28 to the extended leads 24.

The input/output pads 29 of the integrated circuit
element 28 are then electrically connected to the extended
leads 24 and the shorter leads 22 of the extended lead frame

using wire bonds 30 and standard wire bonding techniques.



The input/out put pads 29 of the integrated circuit elenent 28 are then
el'ectrically connected to the extended |eads 24 and the shorter |eads 22
of the extended lead frame using wire bonds 30 and standard wi re bondi ng

t echni ques. 8 As can be seen in Fig.
6 the extended | eads 24 nmay be bent t® extend under the bottom side of the

i ntegrat ad @lanCWel seRiICTRNFigd $0 thealextbaded Nkadt Rhlembeapel baf t o which
the wre bonds 30 are attached is in nearly the sanme plane as the top

surface @b ekt end egidiired e bottomelsddenof28he integrated climctiits
assenbly, shown in Figs. 5 and 6, the wire bonds 30 provide the electrical
connect | @l elrente@8 tsve thedd $heapo inlte oifn e/ depdutf rpags tRwhfi chhéhe
integrated.circuit elenment or chip 28. The bonding naterial 32 which

at t aches wiiriee bomdsg 3 &reciatdgiched dgedn pgardy: kbe samef PAAPe @Sectrical ly

I nsul ates the | eads of the |lead frane frgmthe _Q:gﬁ si de gf the integrated
circuit &hemdep surEassh@thfhendndeszatesd caecHd FEER& “Conduct or

provides a thermal path to renove thermal energy fromthe integrated
circuit elenent 28. The |eads, 22 and 24, can be a material such as

copper . or Lhe |1ke, M8 Mgkl MhA® s FigASS 86 Dbt TR
bonds 30 provide the electrical connection between the leads
and the input/output pads 29 of the integrated circuit
element or'chip 28. The bonding material 32 which attaches
the integrated circuit element 28 to the lead frame
electrically insulates the leads of the lead frame from the
back side of the integrated circuit element. The bonding
material 32, being a thermal conductor, prdvides a thermal
path to remove thermal energy from the integrafed circuit
element 28. The leads, 22 and 24, can be a material such as

copper, or the like. The wires forming the wire bonds can

be a material such as gold, or the like.

Next the assembly can be encapsulated, as shown in
Fig. 7. This example shows a plastic package 40
encapsulation however other encapsulation packages can be
used. In this invention it is not necessary to rely on the
encapsulation 40 to conduct the heat energy away from the
integrated circuit element 28 because thé extended leads 24

bonded to the back side of the integrated circuit element 28



Next the assenbly can be encapsul ated, as shown in Fig. 7. This exanple
shows a plastic package 40 encapsul ati on however ot her encapsul ation
packages can be wused. In this invention it is not necessary to rely on the
encapsul ation 40 to conduct the heat energy away fromthe integrated
circuit elenent 28 because the extended | eads 24 bonded to the back side
of the integrated circuit el enent 28

9 provi dezpvide rul thermpktcandyction path. Wil e the invention has
been particularly shown and described with reference to the preferred
enbodi mrents thereof, it will be understood by those skilled in the art
that various changes in faormand details nmay be nade mﬁthoutﬁgﬂg&grting

fromthe spirit and”%’c’cﬁ)_etl?ﬁ jtrh‘éex?‘?ﬁfghtq%. een partlcullanég_lm
10 1. A ngipod o, ARGKAN A9 SLASIEN G G i SYBY | RGeSt ePS Of:
thereof, it will be understood by those skilled in the art

that various changes in form and details may be made without

departing from the spirit and scope of the invention.



providing an integrated circuit element having & first - surf-ace,~ a second

surface, and input output/pads on said first s viding a _
plurality of electrically conducting |eads, V\Amﬁm(!mrmuﬂﬂgone of said
electrically conducting | eads extend under said seécomnd sur of said :
integrated circuit el enent; placggg bondi ng material between said

second surfacddAd¥S said integrated circaft .el epent .and said parts of said
'eIectricaPPyACHﬁ&HEFiﬁ% P@&Sggéﬁﬂeﬁ PRGTORAE CLEFHIEEe 0 FIMPLISARGe TR sai d

integrategtcircuiL el ement, wherein said bonding material is a therma
conduct or S*5R§ 8f el ectrical non- conduct or; attaching said second

surface of said_int CLI I 1.0 ' a . a
electrically g&ﬁ&h@?%%g%ﬁeéggeégkgﬁ i%ggg%égreé%h%é@e%%%&BEU%fgggﬁgf said
| nt egr at edygirhed, t 20l@MRRlg Yairtaced AnROREbIE BRLPUIIbaddNdn saia forning:
el ectrical connections between sai | nput / out put "pads on said first

surface ofjgahdghidia@eated circuit el ement and said conducting |eads.
2. The nethod of claim1l wherein said bonding material is a thermally

conductive andploRGi@ingald p1uea1aesdvst electaneallyyicondudhasiovd eadsgne or
both sides of said tape.
wherein a part of some of said electrically conducting leads
extend under said second surface of said integrated circuit
element;
placing bonding material between said second surface of
said integrated circuit elemént and said parts of said
electrically conducting leads extending under said second
surface of said integrated circuit element, wherein said
bonding matefial is a thermal conductor, and an electrical
non-conductor; '
attaching said second surface of said integrated
circuit element to said parts_of said electrically
conducting leads extending under said second surface of said
integrated circuit eleﬁent using said bonding material;'an@
forming electrical connections between said

input/output pads on said first surface of said integrated

circuit element and said conducting leads.

2. The method of claim 1 wherein said bonding material is a
thermally conductive and electrically non-conductive tape

having adhesive on one or both sides of said tape{

T



3. The, method of claim 1l wherein said bonding rlses
pol yi m de, epoxy paste, or polyimde and epoxy ’éﬂ' rret hod of
claiml1l wherein said electrically conducting le 5. The

met hod of claim 1 wherein said electrlcally conductlng Ieads are copper.
6. The nethod of claim1 wherein sald fectrically conducting leads are

gol d e net of. c a|n1 rther risi enca sula ing said
|ntegratea'cFBEUWthpgnﬁﬁt ?&Wd EEFFFBaFFgH b 5389i98 orm ng

el ectrical _connectign en sald t t d a|d first
surface oF°EBFaSFﬁt88iXE €ei PROFY ngﬁéht gngggggg SnauéteRﬁxﬁéads sai d
bondi ng %grial, and that part of said electrically conducting |eads

ext endi ng=u ' said second surface of said integrated circuit el enent
usi ng encapsul ating materi al . 8. The method of claim7 wherein said
encapsul ating material is plastic.

4. The method of claim 1 wherein said electrically

conducting leads are metal.

5. The method of claim 1 wherein said electrically

conducting leads are copper.

6. The method of claim 1 wherein said electrically

conducting leads are gold.

7. The method of claim 1 further comprising encapsulating
said integrated circuit element, said electrically
conductive wire forming electrical connections between said
input/output pads on said first surface of said integrated
circuit element and said conducting leads, said bonding
material, and that parf of said electrically conducting
leads extending under said second surface of said integrated

circuit element using encapsulating material.

8. The method of claim 7 wherein said encapsulating material

is plastic.



12 9. The nmethod of claim 1l wherein said electrical connections conprise

gold wire. 10. The nmethod of claim1l wherein said electrical -
connections conprise al um num or sol der. 11. An electronic circuit
package, conpri sing: an integrated circuit elenent having a first

surface, a second surface, and input output/pads on said first surface;

a pluraligy vheehethodcek! ylapmducwhegeirasisid wekeetnieal paohnettions of

said electrically conducting | eads extend under said second surface of

sai d i nt egompeilsei goldt wiekenent ; bondi ng nmaterial between said

second surface of said integrated circuit elenment and said parts of said
electrically conducting | eads extending under said second surface of said
integrated circuit element, wherein said, bonding material is a thernal
conduct or 10anTheeethed| ofnghaiBngurhereinnte i@t aLREsT46RY second surface

of said integrated circuit elepent to said Pgrts of said--eleetrically — .

conduct i n§OPREAEIERERAMRE1GRJBLUBAPURSRE PR 98 r f ace of Sai Gyl r
circuit elenent; and el ectrical connections forned betmlmnmlmlﬂml " '"l
I nput / out put * ¢ L N s

11. An electronic circuit package, comprising:

an integrated circuit element having a first surface, a
second surface, and input output/pads on said first surface;

a plurality of electricallf conducting leads, wherein a
part of some of,said electrically condﬁcting leads extend
under said second surface of said integrated circuit
element;

bonding material between said second surface of said
integrated circuit element and said parts of said
electrically conducting leads extending under said second
surface of said integrated circuit element, wherein said
bonding material is a thermal conductor, an electrical

- non~conductor, and attaches said second surface of said

integrated circuit element to said parts of said
electriéally conducting leads extending under said second
surface of said integrated circuit element; and

electrical connections formed between said input/output
pads on said first surface of said integrated circuit

element and said conducting leads.



pads on said first surface of said integrated circui | enent  and sai d

u
conducti ng | eads. Uli' m |1H Ill IU!'&I
el ectronic circuit package of claim 11l wherein said; al is a

thermal |y conductive and electrically non-conductive tape having adhesive
on both sides of said tape. 13. The ejsectronic circuit package of claim

11 wher ei ai bong i | ' i1 4€ .1 e R Pas ta i @
pol yi m deriazrsfd Ife:i’b%xy pa%?oem e&f‘%u%f?gg ecC rgﬁ cdlzzgll?lgu%]’t packéaige ofl claim

11 wh [ ' I QUG | &aifa : .call
el ect re{:)ﬁ: g’%ﬁ%‘tﬁ ﬁ%géci%%% io%/ éc;:l alm 151%& el n g’f’ glﬁiecetlreicctillﬁllc;/am

conductin -atgén havithg Bheé B Idivoi IFidds [ kagea of ¢l ai m-
11 wher ei gnésrgi %@%ﬁ?gﬁ?@ c%ndu%ti ng | eads are gol d. 17. The

el ectroni ceghe cuit package of claim 1l further conprising an encapsul ating
material covering said integrated circuit elenent, said electrically
conductive
13. The electronic circuit package of claim 11 wherein said
bonding material comprises polyimide, epoxy paste, or

polyimide and epoxy paste.

14. The electronic circuit package of claim 11 wherein said

electrically conducting leads are metal.

15. The electronic circuit package of claim 11 wherein said

electrically conducting leads are copper.

16. The electronic circuit package of claim 11 wherein said

electrically conducting leads are gold.

17. The electronic circﬁit package of claim 11 further
comprising an encapsulating material covering said
integrated circuit element, said electrically conductive
wire forming electricai connections between said
input/output pads on said first surface of said integrated
circuit element and said conduéting leads, said bonding |
material, and that part of said electrically conducting

leads extending under said second surface of said integrated

L.



wire formng electrical connections between said input/output pads on said
first surface of said integrated circuit element and said conducting

| eads, said bonding material, and that part of said electrically
conducting |eads extending under said second surface of said integrated

g: ;lmr%l EL?eé\fgggé_ég&gen@pcapsullgti nglﬁg'?g??afl :agt E)Ioglsllllﬂ' “mH“u?ﬁmmﬂe 4

electronic circuit package of claim 11 wherein said &l ettricdl Eonfiections
conprise gold wire. 20. The electrical circuit package of claim 11
wherein said electrical connections conprise alum num or sol der.

18. The electronic circuit package of claim 17 wherein said

encapsulating material is plastic.

19. The electronic circuit package of claim 11 wherein said

electrical connections comprise gold wire.

20. The electrical circuit package of claim 11 wherein said

electrical connections comprise aluminum or solder.
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