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SEN] CONDUCTOR DEVI CE - This invention relates in general to
a sem conductor | ead package system and, nore particularly, to a
multi-layer lead frame for decoupling the power supply to an 15

I ntegrated circuit chip. A sem conductor integrated circuit
(10 packaged device (part) generally i ncludes an 1 C chip (die)

bei ng connected to inner |eads of a |lead frane by bond wires. The

chip, bond wires, and inner |leads are conpletely encapsul ated for 20
protection wth a substance, such as plastic. Quter |eads commnicate with

t he i nner | eads of the lead franme, but the outer |eads typically
remai - exposed for nounting of the packaged devjce to external
circuitry, such as a printed circuit board. In a " conventional IC

packaged device, a sem conductor die is placed on and bonded to a

center die paddle of a lead frame for support. Inner |ead fingers of the
|l ead frame 25 are di sposed proximate to the paddl e but. do not contact
or communi cate with the Rat her, bond w res conmuni cate

fingers of 1% | ad MEFEEAVER LERmFEARE FOR A SERNGONBHCIGR pEVICE
the fingers. The bond wires allow for the transm ssion of the electrical

signal s -' between the die and the lead franme. 30 The
recent production of three (3) volt IC chips has created the need for

b . y Vol . '
Sl | spikes, 011 ¢ chod NS itvebtBR s i BERrin 5 b ilicPffhotn B8 botindblsp oo,
"distortions") omoré panicuatlystopp multi-tayepiead frame for lde¢otipling thecpower sipplyto an

in these 3-volt parts than In five (5 voIt arts which have a
50 Pntegrated c?rcuxt chip. () P

A semiconductor integrated circuit (IC) packaged device (part) generally
includes an IC chip (die) ”being connected to inner leads of a lead frame by bond
wires. The chip, bond wires, and inner leads are completely encapsulated for

20  protection with a _substanée, such as plastic. Outer leads communicate with the inner
leads of the lead frame, but the outer leads typically remain exposed for mounting of
the packaged ,devicé to external circuitry, such as a printed circuit board. In a
conventional IC packaged device, a semiconductor die.is plaéed on and bonded to a
center dxe paddle of a lead frame for support. Inner lead fingers.of the lead frame

25 proxxmate to the paddle but do not contact or communicate with the
| R’ather, bond wires communicate between contact pads (terminals) on the die
and ‘e mnef Imd fingers of the lead frame by spanning the gap between the die and
the fi ngers The bond wires allow for the transmission. of the electrical signals

between the dle and the lead frame.

30
' The recent production of three (3) volt IC chips has created thé-need for better
power supply stability when testing and using the parts. Small spikes, glitches,
bounces, noise, or the hke (collectlvely "dtstomons ") on the power supply is more
likely to cause failure in these 3-volt parts than in five (5) volt parts which have a
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better margin of error for power supply distortions. Nanely, a given ¥
distortion at 3 volts is a higker percentage of the over all.

vol tage than that at 5 volts. In effort to resolve
potential failure fromvoltage distortions, decoupling 5 capacitors
have been nount ed externally to the part on a board, or nounted on a

handl er during testing, in order to ensure a cleaner voltage supply to the
part. 'ﬂ%ﬁ : I q@,?ﬁ& t ted as
close to t?}%ttegart iggdfeﬁ& f°pﬁ%%’§‘gﬁ%?§pa‘bsﬁt&‘?"§ ef or?’ ?gl@nﬁiﬁgoggggci tor
cl ose to avqltsris a highenpegeentdgacifshe overl all/voltage than that 8t velts. exanpl e, a
capaci tor can be enbodied on a die, but this takes up valuable 10  and
limited die space. Also, when testing a part in‘a handler, it is difficult
to mount P effoRA® Fé¥bive! pétentaid Oflltire! frofn) Qolbdet distbrsérawdéeo@hn
reasonabl e ampunt of decoupl |a’g Thus, in attenp

provi de poGapacitarp haye eabmgun emmalw & theoparkn & boarda or Tounteddons gi patlon

Frame. wher By SBAAE: i, brdts g R BB ED VOBERS sEBAIL' ) B et

t hrough a However, for best ldacwplmﬁml chireitor st B¢ nvanrd BUedeytoand pﬁftqund
connections is sug plied_throu second | ayer. For exarrp Uni ted
Yyt

Stat es Pat DI, Bt BOFfaskie MOYwCCaPaCiiarISIoR teA Part, otfer drawlasks usvallyy 2,
o ¢ 0> RE ik cfdnple, aURcitof cAROL BRGdiED YR i e, thl s B P ShpghiE

requires t use o con uctlve ates overlayi’'ng eac or power
and glOoundand limited dxeespamctAlsel yvhemmttlag aenaarmtaéahdled. it isdi€ficultctol moumg t he’

| at es for re bo uch the solutign is und rabl
Dol ox. N fagitor (igse Ginugh ta the. part 36 Srovidka Esanable amount of dechURE: he t wo

pl at es and Iead frane, one plate nust have a center portion “punched
out for placenent of the die and for wire bonding the die with the plates, :
and 25 speci al tabs must be placed in precise locations on the plates !

rame, e thus, in e P REMAhGNRE sfprl) Golbidh aff b P 1

i ssudd to diesipmion%ndaélectﬁéhl performanide| doRAs 663:1 khB@Aa, todls&@ MuRblager lead
sem conduct or package with a-. roundqﬁl ane. . However, - in this _case, the

adapt at i orfrarme Yhetein one of nawed SupRly aehgoupd %}nemensemnp&w grougihayfirst
there are 13k, Wil tREBAEALF pbwel Sibphy and Bthd YoRAOKORE' TS AipBHES utBEgFE" ' OnS:

- second layer. For example, United States Patent No. 4,891,687 issued to Mallik et

al. on January 2, 1990, discloses a multi-layer IC package. H'_o:Wever.,' this disclosure

20 requires the use of two conductive plates 0ver1ayihg each ot'hes for deer and ground,

'respeetlvely, and a separate lead frame over!aymg the plates for wire bonding. As

i&e:solutlon is undesirably complex. Namely, two separate layers of adhesive

xiid the two plates and lead frame, one plate must have a center portion

'punci‘red out for plaeement of the die and for wire bondmg the die Wwith the plates, and

25 speclal tabs must be placed in precise Tocations on _the plates for electneally
connectmg the plates with lead ﬁngers of the lead frame.

- Similarly, United States Patent No. 4,965,654, issued to Karner et al. on

~ October 23, 1990, disélos’es a semiconductor paekage witha ground plane. However,
30 - in this case, the adaptanon is only for a Lead Over Chxp (LOC) 1mplementanon, and
' there are not two separate plates for power supply and ground connections, but rather
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ovegl ayi ng the ground pl ane. Consequently, t he decoupling capacitive
effect is not .as conplete. Furthernore, the g'r3ound pl ane . is actually

two separate plates overlaying the die andfproxi mate the bondi ng pads.

This is necessary in order to allow for wre bonding of the |lead fingers
with the 5 centrally | ocated pads on the die. Mreover, the ground

pl ane has special, small, cut™ away portions on a surface for wire
bondi ng wi th the glilga ground plane and a leadfrafie dvieflaging elyd promng pldiec "Eonsequently,
associated wth existing art and_techniques, obj ects of the present

invention are. to e dorapliag sapaciibiecRftachis A8 cﬁﬁ@i@&@e ﬂggtip@ﬁrgg.the grRERd plane
rov e 5000, S04y 0 pERFTR it 0 e Y

simplified nulti-Tayer
of the present i rPints aecdssary iih orgercfocaliow ferrivinti bonding of the lead fingets withythe

| ead frame faqr decouplipg a power suppl 0o a sem condyctor die 15
el utioe oved! ay cegtrhily [itaiba paduen e dies s McreaveE. e Groad e s Specils el fut

di sposed t },eag.y drfate fRavite BORIIRE With tR@did | nger ext endi ng
from each body. T:ﬁgé bo IﬁgfiseGn gg aect as a capl)lggéi tor tol decoupl e the power
supply to the die. One of the bodies and respective finger provides:

one of power supply and. ground connections for wire . . .bondi n ith the
e, “and the ‘ot ner of GhEn ghE TeSERRE AraBlETs oS vin pistne 80 AR Eobalel
and ground Cof‘ne?éti[jé&‘ssoif fhie piedefit fBittiondaréiid prévide &lsémiconductor lead packagesystem
to further pri nC|t§ es of the present invention, the first body includes

a di e paddl d0f or thaipprowides oo edegpuplingnel aHrowescwpplybiedg semigondueion dis with. 2

The paddl e . avs,.. th |at {th the insulator disposed in
bet ween the paddlsémgﬁﬁ%@?té'ﬁaygﬁg?gﬁ% providing an el ectri cal

decoupl i ng effect therebetween upon supplying power and ground
connections respectively. According to further principles

of the present inventi Agpordingge BSHCiBFS of the pregrat Wﬁﬂ?%i“a'tﬁamﬂw@m@t:
di sol osed her el n.* TRARTENE 168 Hafue Rir echubie w DR supBly, o RSB Uie
of a power dBgnalinelndesaoveriaying firsnamd sécond tead tfremel bediehhaving) an fmsulatersdisposed
:38?-? US95/ 14 5\é\g 96t‘xéLrgge5t\5ween and at least one main lead finger extending from each body. The bodies
act as a capacitor to decouple the power supply to the die. One of the bodies and
respective finger provides one of power supply and ground connections for wire
bonding with the die, and the other of the bodies provides the other of power supply

20 and ground connections for wire bonding with the die. |

Aeéording to further principies of the present invention, the first body includes

a‘gjg pad Je for supporting the die, and the second body includes a plate. The paddle
overlays the plate With the insulator disposed in between the paddle and plate, thereby

2 pr?yiding an electrical decoupling effect therebetween upon supplying power and
ground connections respectively. '

According to further principles of the- present invention, a method of
decoupling a power supply is disclosed for a semiconductor die using a multi-layer
. 30 lead frame as disclosed herein. The method comprises the steps of (1) supplying one

of a power signal and a ground connection to the die through the first main lead



-4- finger extending fromone of the paddle and plate, and

wher ew 96/158850 W r e communi cat es between the fi rpeT/ospsnaseead fi nger
and one of a power and ground termnals of the die, and (2) ¥
supplying the other of the power signad- and ground N connection to the

- di e through the second main | ead finger extending fromthe other . 5  of
the paddl e and plate, and wherein a bond wire comruni cates between the i
second main | ead finger and the other of the power. and ground , ;
termnals of the die. The aforenmentioned principles of the

resent i tL Vi.de I BDE OV ' Cald Gha . |.ec r for '

8ecoup| i ngx O\I\gfl’)tggdl]é I'iir/g'?oarz‘ib ggﬁ#‘gon S]cet (a)Irld cﬁlét}l’ gl?]e»?l){%n ga%l)nj eéwt%,

advant ageeommﬁdicgupahtmiehi the firkt tﬂaicfix lead Senger iand @nti afna \poWer and @isundor e

apparent as t scription proceeds. o ~ Figure.1is a :

per spect i ‘Fé’“fﬂaiﬁl\l’gfheaﬂge?ﬁﬂ c(g)sa“l?ﬂiﬂf‘lst_@?nogﬁ'cﬂf ‘_B? Roter '518%31 and ggRdnent of

the preseginrefiidiitd (8 dié Ttbfigth HRAERRCdn efl ApbO SRR HORPheinkC 15
ead frame.

chip and the present invention nmulti-layer 1€ al

Fi gurle 2 ofthe patidie andplatef anshwhereimr nbond wirecdmmunicatés between thesecondnvent i on
multi-layer.lead frame.. .2 . Figure | S.a.Crpss-section view of
T packng iaineas fnge Hid b itoey ofishe power andlgofind perjufelf pEfFe BEre. of tho.
present invention. Figure 1 is a perspective view of an

expl oded representation of one enbodi ment of the present invention
showi ng t he sp&he aforementianed pringipinstaldhe prasentdnyention pravide @aiigipravdand t he

present i ' & - e g f 20 d fr. . conpri ses
first con@\ég{lliakgpf%gﬁ?éa% %%é@ﬂ% é‘logl\rﬁl? nség%ly (lflgé sﬁad%f@ugvgrfibﬁ‘ Qﬁlbeﬁorti ng
the Wi e, objectsit advahtigesnand icapubilitiis nofl thedpfeseiy einvétitionowilli ecdrhé gorei t h t he
paddl e. Lead frane 20 further conprises a second conducting |ead
frame bocBPPAtENk A% thegdescription progesse 45 and at | east one second main | ead
finger 50 communicating with the plate. 30 In the preferred enbodi nent, -,
each main lead finger 35 and 50 is fornmed as a part of t he paddl e

and pl ate, resPigote \leliy,a cperspectivey vidverafl annexphodbdl ecpieseatatioh agf agueat e 45
WO 96/ 1555 . S L C .
PCT/ US95 /ejﬁgcggment of the present invention showmg the spacial relationship between an IC

15 = - chip and 'the-'presen't- invention multi-layer lead frame.

_~ Figure 2 is a plan view of an alternate embodiment of the present invention
multi-layer lead frame. | '

20 Figure 3 is a cross-section view of a packaged-IC device embodying the

multi-layer lead frame of the present invention.

w } is a perspective view of an exploded” réprésentaﬁbh of one

: embodiment of the present invention showing the spacial relationship between an IC
25 chip (die) 10 and the present invention multi*-layér:leﬁdé.ffame 20. Lead frame 20
com}:rises first conducting lead frame body 25 ‘having: a-die paddie'30 for supporting

the die, and at least one first main lead finger 35 communicating with the paddle.

" Lead frame 20 further comprises a second conducting lead frame body 40 having a

plate 45 and at least one second main lead finger 50 communicating with' the plate.

30 In the preferred embodiment, each main lead finger 35 and S0 is formed as a part of
the paddle and plate, respectively, extending therefrom. Paddle 30 overlays plate 45



(or it could be said plate 45 overl ays paddl e 30), and insulator 55 is

di sposed WO 96{15855c bet ween. : One of paddl e 3CPGHAESISI14562
45, 3and respective main lead finger 35 and 50 5 provi des one of power
supply and ground connections for wire bondiﬁ% wi th one of | power and
ground termnals 85 and 90 of die 10. The other of the paddle and plate,
and respective communicating main | ead finger, provides the other of power

suppl y and ground conpections for wire bondi-ng with the respective
power and ground “termnals 85 and 90 of the die. 10

Die 10 is suppor {oxbit ecodid def daich ipldeé aﬁaév&'la?'ﬁ grddie03mf aﬁadiﬁkﬂaﬁﬁ,SSaMdBﬁosed
second pl anar surface 65 (not visible) of the paddl e opposite the
first planar sur therebetwseay | ays- plate 45 with insulator 55 di sposed
t her ebet ween. 15 in its preferred enbodi nent, paddle 30 is of
a shape and di nensi on substantially sinmilar to tie 10. Nanely, a
circunferential di nen@nerofqfaddled3ll and3plates45, and respective thaire teaddfinger 35 and 50,
substantially simlar to a_circunferentjal dinmensiqn of di.e '

0. .. .
Li kewi se, pliate BIOVIGSa ong of pawsr supplyand ground caanecti oai%émﬂmg with one of
substantially sim . 0
preferred enbodi ﬁ%dvn?raﬁdr%rw%q fgﬁn@@&?gsie% oOu %l-e slio'('tle'lc.ihet?’uﬂéerrrr(t,)fstfaﬂt‘= ??%déé‘ ahd Plate, _
or thernopl ast i cambifespéctive commanmiqatihg inainl deatli finget,t prpeifes theadthersoft power Sopply

nder the trade nanme Dupont. Kapton, ar a rayed on. pol yi m de, or
othor high di el c#d gEound connectiang fon Wire pRading it sae’ SeERtive PORAT| &ndsgrqupd

plate 45 and pr ofepmirld &€ and ggm%die_ el ectrically shorting wth each
ot her. First body 25 further includes, optionally, one or

nmore signallQead fingers 70, each having a tip disposed proximte to

and separate from padgdle.30 for w.he haongi -y I wih

bondi ng pads (term naﬁéﬁ l‘gbs ?prmbliaf' {f?rﬁga}agg sug‘é‘éghg%ggﬁéfﬁgga?ﬁ“éa second
further includespiafdrtsuefade 65 (nod WRibK) dfahepaddl\eppositéithe firftgtartar érfaceq oberhlys O
havi ng a tip disposed proximate to and separate fromplate 45 for
wire bondi ng si gplate 4 with insulator SHdispesed3hepsbetween.

PCT/ US95/ 14569 - 6-

15 | - In its preferred embodiment, paddle 30 is of a shape and dimension
substantially similar to die 10. Namely,. a circumferential dimension of paddle 30 is
of a dimension substantially similar to a circumferential- dimension of die 10.
Likewise, plate 45 and insulator 55 are of a shape and dimension substantially similar
to paddie 30.

20

. Also.in its preferred embodiment, insulator 55 is a double-sided thermosetting

-o_p_lastic_ adhesive coated polyimide film (tape), such as that sold under the
_:""e-""‘Du].)onitz Kapton, or a sprayed bn'poly.imi"de OF dther' high dielectric
matenal Insulator 55 adheres paddie 30 to plate 45. and _’profects them from
25  electrically shorting with each other. |

First body 25 further includes, optionally, one or more signal lead fingers 70,

each having a tip disposed proximate to and separate from paddle 30 for wire bonding

signal leads with bonding pads (terminals) 80 of die. 10. Likewise, second body 40

30 fuﬁher includes, obtionally, one or more signal lead fingers 75, each also having a
tip disposed proximate to and separate from plate 45 for wire bonding signal leads



L

W|th termnals 80 of die 10. Signal |ead flngers 70 and 75 are terned

"opt | VIOeH671SSSS because either first body 25! or sedOTASISH4S6%0 nay have
signal lead fingers in a ' mut ual |y excl uSive manner, or both may ¢
" have signal |ead fingers concurrently-&-n any . manner deened best '
suited for a particular die used in conjunction;with the lead 5 frame.
See Figure 2 for further alternate enbodi nent details. It
shoul d be noted here that |ead finger bar suppofts 95 are not pertinent to
t he i nvention other than for supporting the |lead fingers as part of -

the | ead #RABRALIOBOLST die 10. s@hn&aelﬂ%em Chid qs%ems-wmbh 4n of the

die as is well known in the art athouhnot sho in-the
drawi ng, because either fiesthodyIR5, tarceeonss basyd4h amay lzavclslgnah lqaueﬁngers inaart that

an insul at or edls ed b addl e sapr riate,
dependi ngmngﬁagx‘?%‘ée riqr oﬁgﬁgt\ﬁeﬁﬂs@ﬂ'e sxgna?%a@?%gers concqrﬁ EP‘Eﬁce to an
exanpl e frasnrieRideemed Vst Suifed For tahpamaue:naieomedaassmrknbﬁthﬂﬁme leg@i n | ead
finger 35 of paddle 30 is designated to receive a power supply, and

ternPnal fgamer See Figwreilsfon durtbaraliematsembediment defgiif.y term nal . Assune al so
t hat second nmain lead finger 50 of plate 45 is designated as a
ground connection finger, and termnal 90 is a ground connection

terninal for dishcld bé Rotelliherecthavtpadfinderibat supports 95 ars motlperithehi 0gRE 35
woul d be wire bonded to_power term nal gS of die 1 and. 20 second mai n

| ead fi ngByension qthardhancfayisHPasng ihe lead Bresn as pait of i learhframe grier 1)

Any ot her I t nal s 80
~of die beﬁiggagdgeﬁ Q-I?Pﬁﬁ&ﬂ eﬁ&?ﬁg@#‘g{ %ﬁ%n e‘ﬁf%'i%}.vgfefl tﬁqmqﬁeadspr aﬁ%smbod

r esd@ct i \adthpugh fioti shown in the drambing)ait isoundatstandsbyt thesepaﬂdtdmaaryn akilil iatthe t 0 act’

rore o odt hhed fubaist By ph isRHEberueey, poncid B b e 1058 Spfroptid, " "0

Thi s exargependifi bh Ghe B/peOF di¢ BéingsEIIStrates the si rrpl i ci ty of the present. -
invention in providing a clean power supply to a die. Nanely, (1) a

separate | ead frane does not overlay the paddle and plate for wire

b cr oat oa | n IPHERteR o8 basbd 571pis ouBRER ot o WOGER, Bbioh 070 "TRC

Ui 45 ar inaif Bpad ingee G5 1 pdtte 306 deaighiedcd eceibe aCpoRe Gapply oBkd VO
PCT/ US95/te55ad) 85 of die 10 is designated as a power supply terminal. .Assume alsa that o

on the pfeaegina T 1@#@%&% &f ﬁﬁﬁrwﬁ' de\é;gﬁaea‘asta Gg?g gﬂ‘&;}m%ﬁdh fivgd, fingers

of the | as Inthe prior art; no speci al® nbt ched
port i ons andderniipalp?Q iscal groundheonnection terminal for dxe 10. In this example, first

main lead finger 35 would be wire bonded to power terminal 85 of die 10, and

20 second main lead finger 50 would be wire bonded to ground terminal 90 of die 10.
Any other. sngmtlE connections are properly wire bonded between terminals 80 of die
lédd fingers 70 -and 75 of euher lead frame: body respectively. This

: y allows the paddle and plate to act as a capacitor to decouple the power
supply to: the die, ensuring a more clean and stable voltage signal supply to the die.

“This example configuration also demonstrates the "siniplicity of the present
.invention in providing a clean power supply to a die. Namely, 85) a ‘separate lead
frame does not overlay the paddle and plate for wire bonding as in the prior art; (2)
30 no.special punched out portions need be created in the paddle or plate for placement
of .the die as in the prior art; (3) no special tabs need be placed in precise locations



paddl e and plate for w re bonding with the | ead fingers as in the prior

art . 5 WO096/1555§ Referring nowto Figure 2, a plan view oPCHUSYVMEMNnat e
lemQodi ment of the present invention nulti-layer lead frane is

ldepl cted. Al though shown separately in -7-this drawing, first lead
frarre body 102 i ncludes paddl e 105 which overlays plate 110 - of
second | ead frane body 112 accordlng to principles of the present

i nvention, and an insulator is disposed therebetween (not shown) .

First main lead finger 115 extends 10 from paddl e 105 for supplying one
of power and gr @gmnfe ?Qdﬂlé(ihﬂ Pitite foriectSCaMyonnecting sieh Wxthelédﬁ fihgeds bf theQead
extends fromplate 110 for supplyi ng t he ot her of power_ and gr ound

connections. | n frameasirotheipriontart; and (¥ ne special gotahed partions nged be PMPE the

rat hor than " peadie B il Sor e SpoBRe Bl pie bad B0 s8 i e ane
second body 112. 15 Although Fi gures 1 and 2 depict two

exanpl es of how the paddl e and plate are ? and how and vvh
the main | edd finger Refewing row éo Figure 2, tﬂquaBa‘ﬂW o @,qoaltemate embpgdiment

paddre ang pi at SreRnPeat P ol BYE af Sft Ruefich? &2“%2*‘*&*%%‘** in
configurations ahiglddawing?first leadsffaine Dcmy myinciudésqmddre nosadueh ogerlaysqﬂmrb e
enpl oyed, in coordination with th re bonded

with the |ead f M@owdﬁ%ﬁaw&|@dyulﬂ2epmrﬂ@82° H?&leffsélaf&he present 'PY“rﬂj'BPsa'ﬁ5
and 120 could c

respective padd%@qgﬁﬁ (}&t 15%%05%?1 g&@gﬁﬂi&gg@%)ggiﬁﬁﬁ{rﬂeﬁ gg%?l léﬁ eg%engsne
of signal 10 fromqmddienmsr ﬁarlsiaﬁplwmg onehef gewemand grouad conrectionsit angnsecond

curront 1y r ef or dFRiBAeH) TiEa exiands gh plate 110 vor,SHieR i J65 HieoF pier and
over|aying plat grdddd ca:mécta&%y HchisSerh&icﬁﬁ:EﬁlC%l‘l of e BigAalelead fin c;,-,erslws are

However, if body 112 were to overl ay body 102, then reference 110 woul d be

consi dered the hsposes proximatogomaddle k05eascpast offirst desdcframe dody 303, tatherishan

(I;(C):[I]'/S Iuggirfg 4569 somerbeupg é‘* sposeg proxlmateV}Q ﬁg{e ]156523 part of second body llg

Figure 3 igsa cross-section view of a packaged | C device 130 enbodyi ng the
multi-layer lead frane of the present invention. Die paddl e 135 su orts

di e 140 and oMihaugh Fignres & and 2 dgpichtwaexamplesiof how the paddl H‘P plate are
t her ebet ween. r

of power supply a?%?dg and hgw and Wfierf célﬁé;@gw %%? gge%ogiga%&ngl n%'avfnﬂ %/ OneteE#
power and groundldtes andmdm andl where fhéQngnal lead fingers coulichbe dispashd ppaxdniate tartbe

plate provides tpr;?idlgtarr]lg rpla?tg 1??smbrv1osu%%) an?rr]lgm erof sqlapes and configurations could be

20 used, and any number of lead fingers could be employed, in coordination with the die
that is.to.be. wire bonded with the lead frame. For example, in Figure 2, main lead

15 and 120: could connect at any location around the periphery of the

Aiye: paddle-and plate 105 and 110. Specifically, the location of one of signal
lead ﬁngers 125 could be designated as the location for the connection of main lead

25 fingelj 115. Likewise, body 102 is currently referenced with paddie 105 for -
supporting the die and overlaying plate 110, and body 112 is referenced with plate
1110. However, if body 112 were to overlay body 102, then reference 110 would be
considered the paddie for supporting the die, and reference 105 wo‘uld be considered
the plate. | |

30



connections for wire bonding with the respective power and ground term nal s

of thwo9oenssss die. 10 Bond wires 155 and B¢T/usssngseni cat e
between term nals 160 and 165 of die 140. and main | ead fingers 170 ¥
and 175, respectively. Although not di-8¢i ngui shable fromthis view,

one.of termnals 160 and 165 may be a power term nal, and the other

may be a ground terninal. Likew se, although not distinguishable fromthis
view, 15 one of lead fingers 170 and 175 may- provi de the power supply,
and the ot her may provi de the ground connection for die 140. Signal
| ead fingers V\A]:}EIHE - t pl ate
for w're bondi né ar?ﬁg crgssssegﬁbﬁgwgfgﬂﬁ&ag&ﬁm IaE‘hg\e/vlggeﬁﬁ’ey op gﬂbgl sposed
"behi nd" mmilti-layesn deaidi fraype of thé(prmnlt ibvéntion. Adie paddle 135 supparss die! 040 and
supportabl e on a first planar, surfac 180 addl e 135, and a

second pl V&2 Y§Lﬂj‘|‘t§c®%1‘§‘§‘ ”55’6‘5’&1[5@‘? ﬁ?{&ﬁ & r surface of the paddl e,
overl ays plate 145 with insul ator 150 di sposed t her ebet ween.

I nsul at or 150 adheres paddl e 135 to plate 145 and protects them from
el ect¥ical ly siOnetofrpaddle h35cand platenb43 proviies one of power supplyand grourider red

nbodi t _of t | d f
car ryi ng. GeRneEliaR iR, pRRAE el Btk oF BPuPn iy el Weininale af G TAGS ng
within  The othdteofSthensadale édﬂeﬂlhtél provides tid 8iheF of Powes sapply anll gréund
under stood that the scope of i nvention i s not to belTimted

except as CORNEEHORSSIOr yre mndsns withthe: respegtiyg power and ground terminals of the

-9 - CLA|VS: 1. Anmulti-layer lead-frame for a sem conductor -
di e, conprising: (a) a first conductl ng | ead frame body having a
di e Haddl e for supporting the die, - .~ .and at ‘'l east one first

ZEASULS?ﬁgf | o Bond SHESLSS hzx%.%%ﬁnﬁyﬂe :E%S%é%ama@s 160 and 63 Ga dte.
mai n | ead g Eﬁfhaﬁ:?'i@ﬁurﬁr{‘g%}é {*ﬁ%ém& 74 Wéfﬁ&ﬁ&é&  Athol ﬁrn‘a axshhg‘%lgﬁﬂpa Ce

overl ays the nsul'at or bet ween
and the pfmmathlsmdw, one of termindls drl6§mayhngpm&eﬂteaﬂmﬁl :age the athemect ed

ith he f b h
S gnal T Y e round Etminl; LRI, slbavel uo distingSRltip drom il view,”
sepamte bROBT 168 RRRPEFI0 Xiji PPSidag ;ﬁbvi@b%@p&%r pr%' %a%@m&% he die.

The multi-layer |ead frame acCcordi ng to claim I wherein one oOf the
paddl e anBrovide dhe graund:onnedtivn farrdienildft i nSjgnali leade Bagers nwhich preovi des .

one of DORhodHRIY pRikiintte AHE Haddle 6 plgtdPor ire Bohding 3¢'h6Ovilibld Hoka™® 1 ©

and wher el . _
_ thxs view as they are disposed “behind" main lead fingers 170 and 175.

20 Die 140.is supportable on a first planar surface: 180 of paddle 135, and a
second: planar surface 185, opposite the: first planar surfaée of the paddle, overlays
plajs .imth msulator 150 disposed therebetween. - Insulator 150 adheres paddle 135

&S '-_and protects-them from electrically. shomng with each other.

25 - thle a preferred embodiment of the invention- has been disclosed, various
, modes of carrying out the principles disclosed herein are: contemplated as being within -
the scope of the following claims. Therefore, it is understood that the scope of the
invention is not to be limited 'except as other\.wise'- set forth inthe claims.



pl ate, and respective connunicating:nain | ead finger, provid r of
power suppl WOR6d4538ound connections for wire bonding with th%s’qw

3.4 The nulti-I|ayer—teat—++rane—aceordi ng tB claim| wherein the die is

'supportabl e on a. fis st of thé”paddl e, and | anar
surface of the paddl Ilmamuﬂ ﬂ[l mrst pl anar surface, dﬂﬁﬁlsaffg]- EEN
pl at e. er lead franme accoring tﬂEF‘I_A@ &q
wherein the paddi-e |s of a shape and di nmensi on substanti al Ty STftak

di e. 5.. The mul ti-layer |ead franme according to claiml whereln
the plate is of GLAIMS8e and di nension substantially simlar to the paddle.
6. The multi-layer |ead frane according to claim1l wherein each main

| ead finger communicating with the paddle and the plate is formed as a part
of the paddle and plgte r%ﬂﬂﬁ{l'lz}kﬁﬂead fra eforasemlconcﬂlctor dlé”‘t.%nfﬁﬂsiﬂg'| ayer
| ead frame according to claim erern t e Insulator is a polyimde.

8. The nmulti-layer |lead frame according to claim1 wherein the insulator

is selected_fromthe group gonsistin f spr.axe ol.yi m .
doubl e- si de? adhesi vd apd !l first m"d“m“%ﬁad ?mﬂ'%lb@ﬁ&%ﬂggﬁggdégsl{/ysdg Pgl#p?)grtmg
sem conductor die, conpri Shélgie, and at least e ﬁrﬁrﬁalﬂiféadmgéﬂcémmﬂnkm with riee
body having a die paddle for supporting the di and at

| east one first main | ead paddiger ext endi ng from t he paddle for provi di ng
one of power supply and ground connections, whereinn the paddle is of a

shape and circunferential dimension substantiall y simlar to
the die; - (b)  (bp secsarend eortueting feal cfedind bod;ehbmg/aWBmgdatméaat ene
and at | east one second main | ead f Wi er}ﬂl ng H]
plate for pPoviding the otsaeandomaindged finger °°mm““‘°a“ t"ﬁ 5‘?‘{) WAgrem

connectlon_s and wherein ttgg&g&rdg%m %gﬁ%ﬁla&ﬁ“ﬁn@add' e and

the plate is of a shape an I mensi on substantially simlar
to t he paddl e; (c) an insul ator di sposed bet ween

t he paddl e and the pl | east , one ond re,conmuni cating
between the main | eada}l ng"é'rl“ﬁﬂla‘egg sapse% between the pach plaﬁ_e. -

15
2. The multi-layer lead frame according to claim 1 wherein one of the
paddle and plate, and respective communicating main lead finger, provides one of
power supply and ground connections for wire bonding with the die, and wherein the
other of the paddle and plate, and respective communicating main lead finger,
20 - provides the other of power supply and ground connections for wire bonding with the |

die.__ L

o 3. The multi-layer lead frame according to claim* 1 wherein the die is
25 supportable on.a first planar surface of the paddle, and a second planar surface of the
.paddle, opposite the first planar surface, overlays the plate.

4, The multi-layer lead frame according to claim 1 wherein the paddle is
of a shape and dimension substantially similar to the die.
30
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the paddl e and plate providing the power supply, and a power _ter-_m' nal of
the WO96/15555 _ _die- and; —e) at | east one bBEEHUSPYIAS6Y

conmuni cat i ng bet j o finger of the ot her of ¢
vaﬁ |Iii"‘|ﬂllt“ grotdd c AT ound . E
LM s giHiS SHERE HASBE

t he paddl e and pl
term-nat--of the di'e, i sposed over
~a.surface of the paddl e opposite the insul ator. REPLACED 10. | The |ead
packageisyst em.aceerding to claim9 whereinte—nsotaror—t3a pol yi ni de.
11+ “"The | ead package system according to claim9 wherein the insulator is

a doubl e si ded ;adhesTheemuBPRyer lead frame dctording Reclafind WhéreRDMepIaeasN
according to claim9 wherein the first body further includes one or nore-

si gnal | e arshapeard dimension-subsiantially; similacioobe pagdlexi nat e t o, approaching,
and separate fromthe paddle.for wire bonding signal |eads with the die.

13. The | ead package system according to claim 9 wherein the second body -
further includes one or nore signal |lead fingers, each having a tip

di spoged proxinate tQ, a aching,. and separate fromthe plate for wire -.
bongi gg s!ognal rg?é_ads'rol\ﬁ {"ﬁﬂ{‘%é(e’aieég frame acco?gim-_to_ CE%!?“ { ipeach- bl ing a |
power sup ' : A m’ t ' gae%fl f - having |
the die d?‘gdgogg%f?ggﬁgﬁujléeﬁggdmt%‘ a f%?{slitjmgolﬂggg% ?‘{’/r(la"Ii bo ygggntoggﬁ?ead i
franme, an paddielandplatelirespectb@lyover the paddl e on a surface opposite the die,
and a plate of a second conductive body of the |ead franme di sposed over the"

i nsul ator, the method conprising the steps of: (a) suppl yi ng one

of a power signal and a ground connection to the die through a

first main |ead finger extending fromone of the paddle and plate, and
wher é0n 7. - Theamultiniayerilead frammaseardinggoisiaimelwherein therinsulater n | ead

finger ang %ﬁ ?fh% . power and ground terminals of the die;
(b) sup ?gi 8"[" ‘ot her of the power signal and ground connection to the
die through a second main lead finger extending fromthe ¢

ot her of the paddle and pl ate, and wherein a bond wre
comuni cat es between the second nmin| ead finger and the other

of the power ard gr el o and. . (G) - ire

bondi ng bet Weerr?qt hqullgcejmglﬁdl Hg&?!a%i f)}%mg? @nggrgxg tgr'%igmgi lg%vgﬁrefn(eg‘g lﬁ“%‘e’#

conné®t edis selented frawt thergroup consistingrofta sprayedesropelyimide ahd andoubledsided t he
bei ng di sposed proximate to and separ ate fromthe

tip .
respect i v8IDESVEI BPSNG i ate.

9. The multi-layer lead frame according to claim-1 ‘wherein the first body
20 further includes one or more signal lead fingers, each having a tip disposed proximate
to and separate from the paddie for wire bonding signal leads with the die. -

| o 10 - The muiti-layer lead frame according to claim 1 wherein the second
25 body..'_further. iincludes one or more signal lead fingers; each having a tip disposed
prox'imate to and separate from the plate for wire bonding signal leads with the die.

-
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15! The met hod according to claim14 wherein the shape and :
ici r cunf er enWIO6/18%8ensi ons of the paddl e and plate are subst HAHEHIPAIS69

sigilar, and wherein the plate is di ed over the paddle in a
substanti al | y ati-gn ion to provide amldtectrical capacitive

sszﬁ;p'fL:'Q:L’Lﬁfzoazﬁgmﬂgﬁmlmu\mi\!l\ g (o iR SR dheeken
a e e .

| ead frame body havin ‘paddl & for supporting the di

Sl

and defining a perineter, = (b) a first main |lead finger depending
fromsaid die paddle, a first |ead finger bar dependi ng
solely fromsaid first main |ead finger and supporting a first .
plurality of lead fidders Ajeadpackagersyssemdiar g SFF‘F@E‘dl’&%d‘Fi ROBPIIHAE: t o
proxi mate a first portion of said perineter; (c) a
second conducting | ead franme body having a pl ate; (d) a second

mai n | ead finger depgadi na firspeondactihgilead frame bedy having aatie fpaddlerfobsupporting
depending solely fromsaid second nain | ead hi ng&rj and Eug$orti ng a SeC(t)hnd
plurality o |ead fingers thsdiendind ftieashoae; first dpajp deads Hnger extending, from, the
roxi mte a second portio SEH i I'a : AR or
P P ?(ile ?drq)rﬁﬁgigg?rﬁ of p%ﬂl%r supply and $round®RohnEeHom;

di sposed between and in contact w't i e ‘paddl e "ahd sai d

pl at e. 17. The lead frame of claim 16, further including a

seni conductor die attached to said die ddl.e an i re.bond to,sajd first
and second main | ead® ngé‘r?“%‘?@c%“ﬂt"féa%g f% g‘t‘:‘&oﬁﬂyl?ﬁ_ ﬁrpiﬁf??dﬁﬁiﬁta e
fingers. _ 18. Theeddatmhinolehd Fingét extendidg firlhe e Plateife providimel tee
and said first main | ead finger provide a power supply connection for wre

bondi ng wi 1® sai d -seri condther ®f power aunply andigrsiuad connegtions, @nd avherein teg plate
| ead finger provide a ground,suppl nnection for wre bonding with said
sem conduct or die. _ ovel:l@fs tﬁ?ﬁa&ﬁg’ad frame of c¢laim 18, wherein said
first main lead finger, said first lead finger bar, and said first '
plurality of lead fingers are formed as part of_ said die paddl|e.

20. The 1ead frame of€k| aiaminsilatondispesed bgtweendhe paddie and F'Pa@lﬁ?;r?g‘ér, sai d
second |l ead finger bar, and said second plurality of |lead fingers are
formed as part of said plate. ' 21. The lead frane of claim 16,

wher ei n sal$l i nsul at @d) i s boad witesfcommumichiting detween: ' o

@) the main lead finger of one of the paddle and plate providing
the power supply, and a power terminal of the die; and,

20 ~ (e) at least one bond wire communicating between the main lead finger of
. the other of the paddle and plate providing the ground connection, and
a ground terminal of the die; and, '

wherein the die is disposed over a surface of the paddle opposite the
25 ~insulator.. . o =

12. The lead package system according to claim 11 wherein the paddle is of
a shape and circumferential dimension substantially similar to the die.

30
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mat eri al . | 22. The lead frame of claim 16, wherein said first
mai n Iv&ﬁ‘#%er and said second main |ead finger extenBCHP8INI4NOI die
on_ opposite sides of sai d perlneter '3

23. The. Jead 2 whererl-sai d firLst—mai# 'K ger, said
second -fai n I mﬂi’g %ﬁ’fl rst |ead fingel THQSH@%TH 5358 | ead
finger bar, sat I LS ty of lead fingefs, arREPLAD plurality
of | ead flngers each.lie in substantially diffé P anes sald

substantial 'y difféfent planes each being substantially perpendicular to a
pl ane defined M3, aThe/fead patkag sysioharesrding tbatamofl wabkinihe add 6f a

24. The lead franme of claim 23, wherein. said second conducting |lead franme"
body is shane#nd eirqunfereatial dimensign substantially singilardadhe paddlead frame body
rotated approximately 180 degrees in said plane defined by said

"~ substantially planar surface. 25. The l‘'ead frane of .claim 16,
wherein said plate and said die paddle are substantlal ly simlar i n
circugferential, size and shape to said senj conductor. die. A
mul ti21 ayer | edd-fr lead padkage sYSisTn agcqrding to ciaim 1 ‘E"Be'é“s@\%lémm or
die, conprig gnmlde. - (a) a first lead frame segnent including a first
body deflnlné)B perimeter, a first ' mai n | ead finger
depending fromsaid first body, a first |ead finger bar

depending solely fromsaid first main lead finger and supporting a first
plurality of |ead fingers extending fromsaid first lead finger bar to
proximate a 15,  The lead pidkhéé s rﬁ'a@ébr@ihgsté'cﬁuﬂeﬁ' Wﬁéx%{) n the insulatok ©) @
second | ead frame segnent Including a second | ead finger bar supporting a.
secod@ pl is aldouhlesidedeadhiesivetppes ext endi ng from sai d second |ead finger bar

to _ proxi mate a second portion-of said perineter, ' (c)
a second bady; (d) a second main | ead finger depending fromsaid
second body; and (e) an insul ator di sposed between and in contact.
with said first bod and said - second body.

-14 - 16. e lead package system according to claim 11 wherein the first body

further includes one or more signal lead fingers, each having a tip disposed proximate
15 to, approachmg, ‘and separate from the paddle for wire bonding signal leads with the
die. o ' '

17.  The lead package system according to claim 11 wherein the second
. 20 ~ body further includes one or more signal lead fingers, each having a tip disposed

'..proxi_m,at__e to, approaching, and separate from the plate for wire bonding signal leads

25 | 18. ~ A method of decoupling a powei' supply.in a lead frame for a |
sem%conductor die, the lm'.d' frame_ having the die disbosed' on a die paddle of a first
conductive body of the lead frame, an insulator disposed over the paddle on a surface
opposite the die, and a plate of a second conductive body of the lead frame dnsposed

over the insulator, the method compnsmg the steps .of:
30 : is Sheet Has Been Reﬂlaced
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27. The lead frame of claim 26, further including a sem conductor die
attached tGVQaﬁtﬁsﬁirst—Jaedy—and"W"r‘é‘bBﬁa'ed to said first anBCHUSYYS69

plgrality of lead fi nger and second mai n | gae—fngeLs
28. The | ead frame of cl %ﬂi\ $H| MLal- iBfirst body ang TH#S SHEET $1ASTBEEN
lead finger provide a p csUppl'y conrrection for wire bongli ng VRERLASED

'sem conductor die and said second body and said second nmai m I ead-fTmger
provi de a ground supply connection for wire bonding with said sem conduct or
di e. 29. The | ead frame of claim28, wherein said first main | ead

finger, said first |qgd fsdwg&néjaﬁe oﬂa%s@ttaxghalrafd zpbtb’uﬂh' bdnnei:uéxeaﬂme die
fingers are formed as part said first . The lead frane

of claim 26, wherein sai dthil‘ti’l-!ahlaaﬁtst main k@ﬁl rfmger pm@nmfmemewkthna@dleand

sai d second main Tead {1 ngai 850 SR BRoRE Wire oonThurBlfs tetfer 4B Bt
body, respectively, on opRagfingersandesne0df £ powerid grolund terminals of thedie; ahde
| ead frame of claim 31, wherein said first main | ead finger, said second

min |lead P nger, said first |ead finger bar, said second |ead finger bar,

Pigers et aube @t | LERHiS R e W&%@Wﬁ%ﬁ@”%&ﬁ'&“éﬁi SfpéercniiBne
pl anes each bei ng substanmeahﬂougmarsemmdlmaihaéadtM@rpktamhngﬁdnnﬂltdﬂyeraofthe

substantially planar surface of said firs ead
frame of claim 32, whereiPRASl§ %Pdsﬁ?:‘&nﬁﬂ‘b h?’e"‘s%?"éfe?@%ﬁﬂ"mnww

sai d second nmin lead fi "gbnd) Hiain A8 Figer 384 e diﬁéiréf the plbvet %4 aa&frs

are each substantially identic rotated approxinmately 180°degrees Tn said
pl ane defil®ed by said subterramlsaoﬂtyepieanar surf ace, to said first body,
said first main lead finger, said first Ieadfinger bar, and said first
plurality of lead fingers, respectively. =
-15- 34. The lead frane of claim 26, wherein said first body and said

second body are substantially simlar in circunferential size and shape to
sai d sem conductor dl%. The method according to claim 18 wherein the shape and

circumferential dimensions of the paddle and plate are substantially similar, and
15 wherein the plate is disposed over the paddle in a substantially aligned fashion to
~ provide an electrical capacitive decoupling effect therebetween.

20. The method according to claim 18 further including the step of wire
20 bonding signal leads between the die and a tip of at least a third lead finger of one
of the first and second lead frame bodies, the tip being disposed proximate to and

it from the respective paddle and plate.
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