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1 | C*PACKAG NG LEAD FRAME FOR REDUCI NG CHI P STRESS AND DEFORMATI ON 5

Field of the Invention The present invention relates to a |lead frane design
for' FC packaging to reduce chip stress and deformation and to i nprove nold
filling. The die-pad is split into several sections which are joined
toget her by flexible expansion joints. The split die-pad 10 allows

rel ati ve notion between the pad and the chip during die attach cure. This

at  achedtr BARECSEINGS relpl rrli® BB, REBOGRRR et shilall plr? dadiritaeron

magni t ude of coefficient-of-thermal expansion (CTE) m smatch and out of
pl ane deformation of the 15 assenbly, resulting in lower chip stress

angl defpydpd | 0 el +APEPVESh Package nol dabi lity. Background of the
| nvent ion conventronal package for a sem conductor chip is provided 20

with a | ead fi@nBresdhe LfeentisAtrelatednNitbaay 1ad cirte Wikshgs ofpFi 3€S A
plurality of |eads and a die pad onto which the sem conductor chip (al so
known a;]Saélt@gi j 9 re’lutelehdp. stTbes| @ud defommatsiorldndsd hepcove meld
encapsul ated in a nol di ng. conpound. A conventional lead franme is

i || ust red Etfingy. Fi @hel.did+ppd 1i85 splishomta sepephdn@mechionsofwhieh| axe
frame. The lead frame 100 of Fi g 1is of unitary construction and

conpri sisinedi eogathexn byThdesiblpagxpansion fiimys anafherenlsh dAarcRache
sem conductor chip is 2 eventually mounted (see_Fi g 23 'é is a ..
[ﬂﬂti(nﬁ%#owﬁsﬁﬁ@éﬁﬂaﬁemOtlon betweén the pad and the chip during die

attach cure. This also breaks down the total die pad area (and
length) that is rigidly attached to the chip into smaller sections.
These two factors reduce the magnitude of cqefficient-ofﬂthermal
expansion .(CTE) mismatch and out of plane deformation of t_hé-
15 assembly, resulting in lower chip stress and deformation and

improved packagé moldability.

Background of the Invention
A conventional package for a semiconductor chip is provided
20 with a iead frame. The lead frame is a unitary structure which
comprises a plurality of leads and a die pad onto which the
semiconductor chip (also known as the "die‘;) is mounted. The lead
frame as well as the chip is encapsulated in a molding compound.
A conventional lead frame is illustrated in Fig. 1. Fig. 1
25 shows a top planar view of the lead frame.  The lead frame 100 of
Fig. 1 is of unitary construction and cémprises a die pad 14. The

die pad 14 is a flat planar area on which the semiconductor chip is
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of the conventional lead frame that the die pad 14 is a single continuous
pl anar area. The reason for this disadvantage will be discussed bel ow.

The edie pad 14 is illustratively 14mm by 14nm 5 with a thickness of
0.2mM eMenthedd ff niomnt) @ed Fianpri)ses E plairalpdnt dulamedi sadvisntidge and
a plurality of outer |eads 16b, each outer |ead 16b being connected to one
i nner loffadciaconvénsionalbdengerframe i gha thepidia Ipad ha4i dsera | iniglaca
are located in a plane which is above 10 the plane of the die pad 14 and
t he outemtiguums] ahlanax |axea od The xgasore for dhis disadvantrge| whbl dpet he
die pad 14, in the final mEi‘ackaged I C.). The lead franme 100 al so caonprises

ri ght sHequaged pelo¥r andFhgodieopad slans uppéuskrativgdy JAW BY oHpmm
portions, 17 which are 15 continuous to the right and left outer franme
pdt t i ofEtls i iciinge Qf (het®r t hogonal ly.  The di e pad suspension .

19 di 1 h ' f f b '
ond ert andE dsad i oYy fardd ddifptind &1 AOMRLIA TR Mnd Dt 2odlt
i ded t f t K th
Pore oathd i (Efa DD TofML SOTREIHE Feb, oddh GHER 10481006 peofly! he

ortio T id Ss r oW gled t | kLY ERSL I sijdurg; a
P beri]r?é}:ted ES(,?%ie[bengxIZef" ?eag ‘éleéjf. qQaL! dY ebat resses idurpiRg ap,

encapsul ation step scusse | ow) which takes place at an el evated

t enper aiy fea e d1Rdd el el P6aFhfe lodstd@riFE@ plapeewhich W8I sbove 25
part of "a strip. Adj acent lead frane units in the strip have continuous

upper afkk lphvdie fdrdhe @ild @ad 14. andhehepentegsla@8ds016b are pooateddihor
transportation or positioning in the | ongitudinal
a plane which is below the plane of the die pad 14, in the final
packaged IC.)
The lead frame 100 also comprises right and left outer ﬁrame
portions 15 and upper and lower outer frame portions 17 which are
15 continuous to the right and left outer frame portions 15 and
intersect them.orthogonally. The die pad suspension straps 19
"connect the die pad 14 to the unitary frame formed by the right and
left and upper and lower frame portions 15, 17.
Thé dam bars 25 are provided to dam the flow of mold compound
20 to prevent leakage from the mold cavity during encapsulation and
also to support the outer lead portions 16b. . The slits 27 are
provided to relieve stresses during an encapsulation step (to be
discussed below) which takes place at an elevated temperature.
The lead frame 100 of Fig. 1 is formed as one unit which is

25 part of a strip. Adjacent lead frame units in the strip have

continuous upper and lower frame portions 17. The openings 28/30

I
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direction of the strip during the automated assenbly of a

sem sonductor chip package. Illustratively, the lead frame 100 is nade of a
precipitation 5 har deni ng copper material which contains 0.05-0.15%
zirconi yWe pFBGiBaHANE6L DLANSPEPOREION or Pusi tiRSrEimchlirhahen loingyi teiddctali c
conductivity as well as a high tensile strength and i1s especially suitable
for theqarkaehonnt off thadi sgripreduring beheli sauswetdk| @gsendtly of a
Fig. 2 schematically.illustrates a sem conductor chip package 10 forned

usi ng t bemieatdixcawr tBApopakEkggel. The | C package 10 conprises the |ead
frame 100 of Fig. 1. As discussed above, the |ead frame 100 includes the
die pad 14, TAdustmetivedys tbe dead: fzamete0|adadePf arprecipitation

sem conductor chip (die) 20 is attached to 15 ., the top of_the die pad 14
by Sneanbagtesiiadat eeRPERJIRaSerdals Whigh Gogtadssyil o™ 4t 1‘3% h %Plﬁ“h'ce

at 160[err]. .The inner |eads 16a of t | ead {rane,10Q are then baonded .to-
bond pad¥hendalansm)PehngnHcoPRe ?20 h'g‘ﬁ'h B3kt hgL Q‘P 321’115% "'Cibe"et i
wires are ttog%h\%% as foll.qws: Aﬁ al | uit% ?Tl %t%g o % éﬂﬁ 3 ° o.ndjlng
{Dﬁndl ntgtc\ﬁq%é‘h Ve 75 ¥&vpifald %Wde 5F gglE or n%?um num %Tﬁsggbcaaai i%s
en attache r 0 ' | OBt o RiS P Yivs | t '
to a bEHdR 1%(1%%% ﬁe (?%E %sa&‘g%isﬁggl aﬁr{o procé;ggglgggusg?? gé;&iﬁlgtéhééps

bondi ng yuiyifnt 0 the inner lead 16b. This process is done at 260[err]. 25
The entire assenbly is then encapsul ated (nol ded) using a thernoset '

AR B2, SR pemmpuetom el subosatagper st amdubesdoniin pakase
10 formed using the lead frame 100 of Fig. 1. The IC package 10
comprises the lead frame 100 of Fig. 1. As discussed above,'the
lead frame 100 includes the die pad 14, the inner ieads l6a and the
outer leads 16b. The IC semiconductor chip (die) 20 is attached. to

15 the top of the @ie pad 14 by means of die attach adhesive 18. The
process of die attach takes place at_1GQ°C.

-The inner leads 16a of the lead frame 100 are then bonded to
bond pads (not shown) on the chip 20 using.bonding'wires 22. The
bonding wires are attached as follows: A ball is formed at one end

.20 of a bonding wire 22 which is typically made of gold or aluminum.
This ball is then attaqhed by thermocompression jointly employing
ultrasonic vibrations to a bonding pad on the éhip. A similar

process is used to attach the bonding wire to the inner lead 16b.

This process is done at 260°C.

25 The entire assembly is then encapsulated (molded] using a
thermoset compound 24. This compound may be a low temperature
3
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approximately 160[err] for about 1-3 mnutes. Upper and |ower nold

cavi ties (not shown) are used to contain the resin as it hardens. The

nol ded packages are then subjected to a curing process at 5 el evat ed

t enper ahwdeningpi rediy ehithe iy daardengd0[atr r i fuypismiler abmpevasure orfier
for the thernoset conpound to conplete the cross- |inking of the polyneric
chai ns apprexiaat edtye 16020 ricancabbastm bp2rainohesi s Upperi andhd dwexl Mokdre
100 by renoving the left and right frame portions 15, the 10,  upper and

| over ~ foeanit igsr t(nots shpwndn@reh aisgsntisneemRin the gafin jas tite haxdens.-
encapsul at ed sem conduct or devi ce package, 10 of Fig. 2. The packaged

seni cofdect®rldrd packegrsy arrnthen Jarted atPr Ant S RY cBFOCFEEr A% not

S8 A et o3 S 5 TS i
j g it bot h ' | it b d
bort | oMU Gt Ve i end oEnBRRRRER EpibHkhal el Colblere” cid Rrogad |
sol der lt. ]&g&g%q tghee %%G.L:ﬁﬁr%@'fcp ctlﬁen&r.i nted circuit board. 20 A
pf ari se

nunmber "0 I"ens” ma In connection with the process for formng the

semi conduct efh Gy e AaGKafeEr - anéNEoPhOBpEFAL S ohlat sMeicS trtfitn e arkkeed e
to the lead frame 100 and/g?rbe %%sorged mFthin t he nol di ng conpound during

a st or ggandt ey aby PrbRbvifigaithec iert #id t hegkti pramnekggetions @S Ntielde
circuit board. This 25 noi sture has a tendency to concentrate at the
i1t er f agpdictandelowbe fpdmespdet Ddng he7 diandatheadam baxrsoR8i. ngTeempasmbt and

Vaporlai thésresin encapsulated semiconductor device package 10 of Fig.

2. |
The packaged semiconductor device 10 may then be mounted on a
printed circuit board (not shown) by connecting the outer leads 16b

15 to the printed circuit board using a vapor-phase reflow process.
In the wvapor ph;se reflow process, a solder is deposited on both
the printed circuit board and the outer lead portions 16b of the
package 10. A heat treatment is carried out to use the solder to
attach the package to the printed circuit board.

20 A number of pr&blemé may arise in connection with the process
for forming the semiconductor device package 10. One problem is
that moisture may adhere to the lead frame 100 and/or be absorbed
within the molding compound during a storage interval prior to
attachment of the chip package to a printed circuit board. This

25 moisture has a tendency to coﬁcentfate at the interface between the

underside of the die pad and the molding compound and vaporize
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during the vapor-phase refl ow process. The pressure of this water vapor
tends to cause the die pad to separate fromthe nolding conpound and to
formcracks in the nolding conpound. Solutions to this problemare

di scl osadringUtRe ¥apertphaseSréfPowIProtess.5 The Ratesdun oty 46 erand
U S. Patent No. 5,150,193, the contents of which are incorporated herein by
r ef er envaporTHeends utoomause theofiie magyi e ngeppratagstyam t Rhedimolsing o
i nprove its adhesion to the nold conpound. Another problem which arises
during compeusduandotooformecuacks ipntheMRedHg FIPPIRAagfIMtGONE §° 2

is as follows. Th terjal whi ch ' h
1 for 1 RiGoPTORI Ot 3761 IARAIRRS DG G (PIESTE oMt 9 FEReFPlA (b e

CTE m tch th | m . h '
et )
orned of_ sil.icon_an E 2. ' ] . i
out of - A SrinorbRsprahed pes el By rereldrbec Lalle TR dcipt 4 1 1
exposed . ' . . i i o

ot Pacn. Ardlvd PRI el YT RHA M pacd K sEpriid 4 MRUHSA on

refers JdP eddéno1d r%daﬁdz.o_ per pendi cular to the plane of the die pad.
The deformation is shown in Figs. 3A, 3B and 3C. Fig. 3A shows a '

non- def or med @AsstEY Yprobidm dBishowkridus dahoingt ithe aprodwerienpefatthe

after die attach cure. Fig. 3C shows the deformation during wire
bamdi ng.sedficonductorThehilpl gaakagen Loswf sFig.st2 essesasn fidldad p willeh
I ncrease in direct proportion to the magnitude of the deformation. For

materials which constitute the package 10 have differing
coefficients of thermal expansion (CTE) éommonly referred to as CTE
mismatch or thermal mismatch. The lead frame 100, as mentioned
above, is formed from copper, which has alCTE of 17x10°%/oC. The
15 chip 20 is formed of silicon and has a CTE of 2.6x10°%/0oC. This CTE
mismatch results in out-of-plane deformation of the chip and die
pad assembly when it is exposed to elevated processing

temperatures, such as during the die attach process and during wire

bonding. The term "out-of-plane" refers to the direction
20 perpendicular to the plane of the die pad. The deformation is
shown in Figs. 3A, 3B and 3C. Fig. 3A shows a non-deformed

assembly. Fig. 3B shows the deformation at room temperature after
die attach cure. | Fig. 3C shows the deformation during wire
bonding. |

25 The deformation results in stresses in the chip which increase

in direct proportion to the magnitude of the deformation. For

5
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6 |arge chip sizes, the stress in the chip is sonetines so severe that

subsequent processing involving application of pressure/force (e.g. trim

and -form operation) or tenperature changes in application result in
cracki Rg e t&?}.(# hipzesAddhbi @Rl ihaSe SchipShikesdhretThesla agevéhe
el ectrical™ per mance of the chip even though physical fracture has not
t aken RRe subddyusdite piraeessing 9avatiyingNapptisatiefnofiiSrésslitr&f orce
i mMedi ately after die attach cure and in the worst case the entire chip

fract ur@s.g Thecgah or sAdi ofoaihsooparaesohhe iort endaperativureon aiandms chip 10

and | ead franme assenbly within the upper and lower nold cavities to be

al t er echpysl isdetviron nrésyil eidAcmadkiiy ofis ther ahilpt. t Heddidt idinal Ini ckhese
flow in the top and bottom nold cavities beconmes unbal anced.

Seci f istatdgges manedegradef thenehedtracadd pexfloxgances ofhdhe i ghip geven,

the distance x (fromthe top of the chip 20 15 to the top of the nolding

mat er i dthough | phygacali nEratturgubrst P9hetakenaR¥Ase (f r ol t FEMSot FIRTBY

the die pad 14 to the bottomof the nolding /mterial 24. n t case. of
def or mEULGERKERKS adls SHLEFQR 2ES (Y '%ﬁ%émémweébégeEXtégﬁﬁﬁ &ﬁ%
di stance y. Wen the distances x and ar reatly dj r fl ow of
the 20 até’a}ﬁ)‘? oc%‘?rp%‘b‘ﬁdub%}?%d”??% e %Sd%sﬁ?%t?o l% oét::lfé:{sé ?is]é%%‘%{]%%f anced,
i.e., the flgwi f er tsl ' S :
resul t, |t et facefori o AU esldly (WY, theokaBls BpRTcihiar CiS Bni
g [ ORd Nk Hrlained B sl y CAUERINUORE S QP i1dvelzNmb@ Ehoiehed co
package. I n packages (appfoximately 1lmmor |ess 25 I n thickness) are

especi ahd Ya bRt 48! Snédnt Mh St l@hLst4an dndt4BY As a result the molding
material flow in the top and bottom mold cavities becomes
unbalanced. Specifically, in the case of a non-deformed package,
as shown in Fig. 4A, the distance x (from the top bf the chip 20
15 to the top of the molding material 24) is approximately equal to
the distance y (from the bottom of the die pad 14 to the bottom of
the molding material 24.) In the case of a deformed package, as
shown in Fig. 4B, the distance x does not equal the distance vy.
When the distances x and y are gre.atly different, the flow of the
20 mold compound during the encapsulation process is not balanced,
i.e. ,- the flow in x may be faster than that in y or vice versa. As
a result, the faster flowing section will tend to block the
evacuation of air from the cavity and this causes undesirable voids
in the finished package. Thin packages (app'roximately lmm or less

25 in thickness) are especially susceptible to this defect. Tilting
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7 of the die pad caused by the unbal anced flow of the nol ding conpound
further aggravates the problem In view of the foregoing, It is an object
of the invention to provide a | ead . franme which overcones the sem conduct or
packagi nef 5the pdbel @asd dravgededybbhe. Bihaidnead | flowt ©f dheobjreiting
the invention to provide a | ead franme which overcones the problens
resultin@PW?%M&%.gﬁ?ﬁb?én%@9¥ﬁvéﬁé$f¢h¢éﬁ¥°hﬁemhernal expansion in the
materials used to, forma semn conductor chi,p package. 10 Supmary of the

| nventi on ThelRVieW ioh the Loregaingy fdtadk® aBsPhdeqki ef whe ip¥aptdopngo

out - of - pl ane, deforpati,on of the .chip and di e-pad assenbl The t hey nal,
Got o L PEIVICS, Sunted. Lranel WG vareatsy e, HerICoadustor parkagLne:

of the | schip_asse ly is i nproved. As opposed to the conventiona
si ngl e- f%%%i%‘?%‘s Fo e 0o n%?‘é%Sign utilizes a split die-pad. The die-pad
Is split int : sectikgn | r e . :
expansi on | o?srlé%\elf){l%%?%ﬁi p??sif'gat ?g\é\ﬁ}é’gg'?g gﬁg%g%aﬁgﬁ%r}d%e&g;% g%%ﬁ”é%é é
but 20  1c4@trithd HAIPHBISIEBmES Ehe prIblcind i Sidflifddm Q- 81 AREr8REEON
bet ween the segnmented die-pad and chip due to the difference 1n the

coefficipitcOeffieisRt SKPENSTRAL dxSAyEdRdin CHRE R té £5aByClis@8 €8r E88m
the die attach cure and wire bonding processes. The sliding notion takes

pl aces 4 hsemidondpanst ochdp packageti on of the 25 expansi on joi nts,
which are not rigidly attached to the chip. The sliding notion alleviates
t h®0 bui | d-up of stress in the chip/die

' Summary of the Invention

The invention is a new lead frame design which will reduce the.
out-of-plane deformation of the chip and die-pad assembly. The
thermal deformation is reduced, as is the stress in the chip, and

15 moldability of the lead frame-chip assembly is improved.

As opposea to the conventional.single—piece die-pad, the new
design utilizes a split die-pad. The die-pad is split into two or
more sections which are connected to each other by expansion
joints. The chip is attached to thé smaller die-pad sectigns, but

20 not to the expansion joints. This allows sliding in-plane motion
between the segmented die-pad and chip due to the difference in the
coefficient of thermal expansion at elevated. temperatures such és
during the die attach cure and wire bonaing processes. The sliding
motion takes places through expansion or contraction of the

25 expansion joints, which are not rigidly attached to the chip. The

sliding motion alleviates the build-up of stress in the chip/die

7
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8 pad assenbly. The snaller die-pad sections also break down the total

| engtsh (and area) of the pad that is rigidly attached to the chip. The
maxi mum conti nuous | ength and area that is available for thernmal expansion
M smat ghad Sabbemblor e MMicataller die-padhseettivhsf aalsy i<kl downedhee
t he out-of -pl ane deformation of the | eadfrane assenbly during the various
assenbl yopabclb=sgish (dred raackeck i the q@eid dhagl dse rdgfidlyatittachedbénethei al
because it proportionately decreases the stress in the chip thereby

i nproviclip he The mabiimum cohtinvopackegeth and awea |tdwts itso ayalidebde foyw
in 10 the nol ding cavitiés, thepebg reducing the possibility of voids in
t he nol deerpatkeyeansionfmignatcht isnthereferer nefiugedig. 1 is a planar
view of a conventional_|lead franme_in which 15 the die_pad is_fornmedas a

sitgl e uni t aF§e8e o Higrtors Gandiia xedrcel thet PHEsStaPLRNs pefrEpatigPned
i th d,f f Figq. Fi .. 3A. 3B d 3Cill te th

dof of e o1 LERALEBNTe AESMELYIRg (i YAStRiR y2RerPRLY| BFREEFER®0! a

paCkagg%ﬁg frﬁlgc?&dféﬁ ei&fou@%gj-}pﬁ@}}ec *aef%xgn%t i”aﬁs %a%d péﬁeg'i'g Shl 8k&a %}&hgk}e

posi ti e pad and Thi'p Th a package 1 ere ecause o

def or ' f ' t a 0 Leall
11 st ot LEEHRALATy A0t edbed HF dekods U cHE oHEg ER g2 S0y 2BEV G L
accor di e tRe1bi IVEPtdPthe package. It also leads to balanced flow in

10 the molding cavities, thereby reducing the possibility of voids in

the molded package.

Brief Description of the Drawin

Fig. 1 is a planar view of a conventional lead frame in which
15 the die pad is formed as a single unitary area.
Fig. 2 schematically illustrates a chip package formed using
the lead frame of Fig. 1.
' Figs. 3A, 3B, and 3C illustrate the deformation of the
conventional die pad/chip assembly during formation of a package
20 because of CTE mismatch.
Figs. 4A and 4B illustrate how the position of the die pad and
chip in a package is altered because of the deformation resulting
from CTE mismatch.

Figs. 5A, SB and S5C schematically illustrate lead frames in

25 which the die pad is divided into sections according to the
invention.
8
_\\\\\\\\\\\\\\\\\\
This She, '

Wi



9 Detailed Description of the Invention A lead frame according to an
illustrative enbodi ment of the invention is shown in Fig. 5A Like the |ead
frame 100 of Fig. 1, the inventive lead frane 5 200 of Fig. BA, is a

singl e patadnad Waderiptilon FFHhee Invreditdiomad 14, inner |ead portions 16a,
outer |lead portions 16b, and dam bars 25. The right and left frame portions
15 and t he uppdreaahdEtameradccndipprtooan iYlhstratiuvai eabpdimemt of the
structure. The slits 27 are provided to relieve stress.. The openings

28/ 29 arimvemdiiched s eholh in tRHigns|5d.t ati on and positioning of a strip
conprising a plurality of lead frames having contiguous upper and | ower

| ead frane pddtkieorihe |keadbrframe 100t®aE Edgveh:i bhal invgativendepsb rans g.
1, wherein the die pad 14 fornms a single contiguous solid area, th,die ad
14 Sof t ROQ @édFﬂsangAzoas(ﬂ gingle Antegralsueil phich cePpasses JrdeRIns

l4a, 14b. .Th [ 14a, 14 db | | Ol 0..Th

e pad Mecdfee 1PR0RATEARNS, 1980nABERBA RS RO CTPRa SR o ATY A Dazs
t t f d.by.th d [ f '

ST UET g T . U U Al e P

of the i \,{a\‘?rg% Q- SRA ibnfgm'a%ié% %&%ﬂ%?@t%@:h%s. 148e sifbsds® are

"L-shape t1ons ich " tTace one a he L-shaped sections 1l4a,

and eXp?ﬁﬂrHéd)iﬂB SrePidfE stP¥Bsi N gheabpendfyai kei/RoFlate Provit for

expansi olnts 30 are 25 strips. [Illustrafively, these strips are
ahut 1.«&5HRd at i AndXpaBs t9Bnji AGNG£ H Igtiriips compirdedngnacpllira®ity of

sections. first
lead frames having contiguous upper and lower lead frame portions.
In contrast to the conventional lead frame 100 of Fig. 1,
wherein the die pad 14 forms a single contiguous solid area, the
die pad i4 of the lead frame 200.of Fig. SA comprises a plurality
15 of sections 1l4a, 14b. The sections l4a, 1l4b are connected by
expansion joints 30.
The die pad sections 14a and 14b are connected to the unitary.
lead frame structure, formed by the upper and lower and right and
left frame portidns 15, 17, by the die pad suspension straps 19.
20 In the embodiment of the invention shown in Fig. 5A, the die
pad sections 14a, 14b are "L-shaped" sections which face one
énother.
The L-shaped sections 14a, 14b and expansion joints 30 are

shown in greater detail in Fig. 5B. The expansion joints 30 are

25 strips. Illustratively, these strips are about 1.6mm long. Each
expansion joint strip is divided into three sections. A first
9
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10 strip section 31 is integral with die pad section 14a, a second strip
secti-on 32 is integral with die pad section 14b. A third strip section 33
i s orthogonal to and connects with the strip sections 31 and 32. 5

An al t estweip veeetbori BRntisofintwytalvewitondie phdwsedtiory. 1460 al seFogd
5C, the lead frame 200" is illustrated. 1In the |lead frame 200', the die
pad i s stphp asedtiono3Rous sipteraralecwitinsdPdapaddisec2ion 24k - ' FAckhigd
the square sections has an edge length which is about 3.5mm  The square
secti oretyip, segbiops33 24 Srthagonalohfe@ndd FNRRRES oMiED he hetrip
expansion joints_30'" which are in the formof strips. |Illustratively,

t hese s???¢%9%§e3¥ #h $8ng. The strips which make up the expansion joints

o 2L§ A %%fa% FE8es BhkopRaehtn, of: (the TR R thott, 2he Fi8°
t

oo ol B Lo C L e 8RE £ amsséﬁﬁakég Lpagbtacied - Orh end SoB8C

no die aitachds anfld e d g,ahhgy £'dJ ﬂﬁﬁ%odqg @e;%] add'@etlions 24a,

expansion joints ‘are not grd dto Is permts relative
slidi ngx®! i oachetween thgcH %fartdiet hs%de\fe Padct 9ohaktal ane dagéndehbeh
subsequent processing steps at el eva tenperatures. The sliding notion
caused i €K pagsaeeueng . s@nt r atheosqohréhsedbions 24a, 24b,ezpansikad are
joints. 2. A wire bonding process takes place (as descri bed above at
260[ er r¢dnhectadt aoheaghbottieny by rde texpdresicin pjeimks 030 hewhich are in

S

the form of strips. Illustratively, these strips are l.6mm long.
The strips which make up the expansion joints 30 are divided into
three sections (like the expansion joints 30 of Figs. SA and 5B).

In accordance with the invention, an ic package is made

15 according to the following steps.

-

1. The die is attached to the die pad sections using die
attach. This process takes place at 1600C. However, no
: die attach is applied to the expansion joints. Thus, the
20 expansion joints are not rigidly attached to the die.
This permits relative sliding motion between the die and
the die pad to take place during the subsequent
' processing steps at elevated temperatures. The sliding
motion is caused by expansion and contraction of the
25 expansion joints.

2. A wire bonding process takes place (as described above at
2600C) for attaching bonding wires to the chip and to the
leads of the lead frame.

30 '

3. An encapsulation process takes places (as described
above) whereby the die and lead frame are encapsulated in
a molding compound.

10
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| eads of the lead frame. 30 3. An encapsul ati on process takes pl aces
descri bed above) whereby the die and | ead franme are encapsulated in a
nol di-ng conpound. 4. A trimand formoperation is used to renove the
upper and | ovler arfd Hrdm agddferghepexation risiigas toonsmovet hbe| GRECT rame
and the tie bars. pwer and left and pighte RUtshfepae prrbdgRsUSE bretlrad

i nventive |ead frdi@ne afdkihe &R Parsme inprovenent is summarized by
the follow ng table which conpares the solid die pad of Fig. 1 with the die
pad. of Fig. .10 . i p..and _Di g, Pad . '

B reos (Moa) TS pUORERYATeRF c2phicked; Shroudh fihion, Eneatnyeniive 1ded,
Die Aft { r t g ondi . . B ' : [gLr]

(260[ er r%[aa/g §£6%?§$%ﬁcan§. (%[ e%??@g%ﬁlgﬁtules ng\%%g-l(zléﬁo ?gho%\%ei n
0.0705 £o11dkilid 2able whilh d dofid dile Do BRIFPhYi degi tntn
Four Square Fable, whith fompazes Lhd-sofid dile Palt BROERLYI S0 e

Secti ongg{suM o Fig. scC.

(as

10 Chip and Die Pad Chip Stress (MPa)
Warpage (mm)
Die Pad . .
Desi After Die | After Wire | After Die | After Wire
gn . . .
Attach Bonding Attach Bonding
(1600C) (2600) (1600C) (2600) |
i
Solid Die Pad
15 (shown in 0.0705 0.1312 65.1 121.1
Fig 1)
Die Pad
Divided Into
Four Square 0.0512 0.0637- _47.3 58.8
20 Sections
(shown in
Fig. 5C)
% Improvement 27.38% _51.45% . 27.38% _51.45%
25 - _
Significant improvements are achieved using the die pad of
Fig. S5A as well. Note that warpage is a measure of the deformation
of the chip and die pad assembly in a direction perpendicular to
the plane of the die pad. The split die pad of Fig. 5C results in
30 a 27% improvement in warpage after die attach and 51% improvement

in warpage after die attach and wire bonding. The warpage was .

measured using optical methods. The chip stress is determined from

the warpage using the Euler beam bending formula.

11
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Fig. -5C) % | nprovenent 27.38%. 51. 45% 27. 38% 51. 45% 25
Significant inprovements are achieved using the die pad of Fig. 5A as well.
Not e -t hat warpage is a neasure of the deformation of the chip and die pad
assenbl y in Btdisealponsperpénancuhar tablehshpkakbeowirre bondipgd propess
split die pad of Fig. SC results in 30 a 27% i nprovenent in warpage

after. d%ua%?ﬁdwrsa bodefnrmation afhther EHQB ?élﬂ@%ﬁ%&%ﬂm Qriee

bondi ng. The war e vvas asured usin tical nethods,. . The chi R, st reiss

i s det eT‘mln%]BoY?f a Jn el %}bm??ﬁ%%nd.%% drsh‘lﬁrh
Ll &1 o B r@m %ﬁﬂeeeh h, patarialads, 2@%%"%5%%15%3 SR
afgsed 8y £H§ phs a& as@ nﬁ?é‘f gh' Stha geaéeg %oszf t}'n% de? '&% L

ach mater 'S a cure I e-attac
Processae e HiguE§8EEN tkortﬁémvf'é’é&éf@éti’@ hatakkr 'o@té{lé eqi8-hB€ach which
vi scoel astic nature of the die-attach which results in higher stress after

subsequgabulbsr T RIFKESSeerakst UM AL siBSefh8Ae! tHemdnepLbeeatbachit
cure tenperature. For the solid pad design, the wire bonding process

resul t stempépabafesdOhigheéACt k@ ethe dlind -Qittddlo icurdidernpenratiunse SplEdr dile
pad of this invention, the increase is only 24%. ndicating that the latter
desi gn selsdpgradrdeasigrgatihey wheeddiondieny apretkest wédsulis dii ant 6%
material. In short, a novel.lead frame for use in a_sem conductor chip
10 increase in deformation, while for the split die pad of this
invention, the increase is only 24% indicating that the latter
design is superior in negating the detrimental effect of the die-
attach material.
In short, a novel lead frame for use in a semiconductor chip
15 package has been disclosed. Finally, the above described
embodiments of the invention are intended to be illustrative only.
Numerous alternative embodiments may be devised by those skilled in
the art without departing from the spirit and scope of the

following claims.

20
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15 - package has been disclosed. Finally, the above described
enbodi nents of the invention are intended to be illustrative only. Numerous
al ternative enbodi nents may be devised by those skilled inthe art mﬁfhout

departing fromthe spirit and scope of the follow ng
CLAI M5 . 1. A lead frame for a sem conductor die “ ““ﬁ“l lls't
CLAIMS ie ad ar

construction and conprising a die pad! ane surrounding tsam
connected to said die pad by one or nore die pad suspension.straps, and a
plurality of | eads capable of being connected to a sem - 10 conduct or

die, said | eads g rned pte rall ai.d fr.ame re| S
pad |s cf‘ I Vi d% | %t%d1 fﬁ?‘ﬂ‘?al % c“{ é}‘lc r céiﬂ‘te oﬁg P tRe ‘gré%: ?oﬁs
being ¢ ﬁfb@ﬁ’or@‘tar{c?aéémﬁﬁes anS| on jOI nt 15 2. The | ead frame of

claim1l erel n sald expansion ] ol is fornmed integrally with said die pad
sections. 3. 5 Jfe d£pd frame of cIa|n11 wherein said die pad has a square
20 shape and sai'd square shaped die pad is divided into four square

shaped secti Eraad auetouddingObal 86456 UsHE 1P RAANSRE D RS BRLAIdie pad
connected by an expansi on joint.
by one or more die pad suspension straps, and
a plurality of leads capable of being connected to a semi-
10 - conductor die,
said leads being formed integrally with said frame,
wherein said die pad is divided into a plurality of sections,
adjacent ones of the sections being connected by at least one
expansion joint. .
15

2. The lead frame of claim 1 wherein said expansion joint is

formed integrally with said die pad sectionmns.

3. The lead frame of claim 1 wherein said die pad has a square
20 shape and said squafe shaped die pad is divided into four square
shaped sections, adjacenﬁ ones of the square shaped sections being

connected by an expansion joint.

4. The lead frame of claim 1 wherein said die pad has a square
25 shape and wherein said square shaped die pad is divided into two

L-shaped sections connected by said at least one expansion joint.

13
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4. The lead frame of claim1l wherein said die

shape and wherein said square shaped die pad is Hmm;mmﬂ"ﬂﬂmuﬂh shaped
sections connected by said at |east one expansion®jofnt: " 14 5. The

| ead frone ofhel diead Viremei nofactlaimparisi whefeint eacipr iesgmns fon stjcsimt p
section connected to first die pad section, a second strip section
connectcomppises ex dHrah Stxip sectilon, ceanactpsto afitrste 'pad BgcEdemons
bei ng parallel(é and,a third strip 5 section orthogonal to said first, and

second %t?%ogdc%%m %mrkfmn%t%%.@ﬁ rseﬁc(;&’f% ¢ amal i@ﬁt&%cﬁa&ﬁ’s
6. A

ol ural | E578F a7 C%%éog@ Epﬁacdh gtigﬁ% b%éﬁ 3@?%3153 oRB P deﬁwgﬁé’fﬁm on
R SR R gt P L S o s
plurali é! it ea s&i’ ne¢lgg Qﬁdbgggbﬂg %H:‘ig chg%ﬁsd' e, 15 and

encapsul a Fion ma erla surroundr ng sail I"'eads, and bondi ng
wres. 7. The package of claim®6 wherein said expansion joint conprises
20 astrip whichis formed integrally with first and second die pad
sections, 8.A sémieaflahetse anEpspatkageuebmpribipgassenbly conprising a
| ead frame conprising a die pad and | eads, said die pad 25 conprising at
| east two seat idies paterdividedednno aa eplarslny of die pad sections
10 interconnected by one or more expansion joints,

a semiconductor die adhered to said die pad by an adhesive

" which is applied to said die pad sections but not to said expansion
joints,

a plurality of leads connected by bonding wires to said die,

15 and

encapsulation material surrounding said die pad, die, leads,

and bonding wires.

7. The package of claim 6 wherein said expansion joint comprises
20 a strip which is formed integrally with first and second die pad

sections.

8. A lead frame and semiconductor chip assembly comprising
a lead frame comprising a die pad and leads, said die pad

25. comprising at least two sections interconnected by an expansion

joint, and

14
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joint, and a sem conductor chip which is “E!L‘“ﬂ“w“m“mljl e pad by an

adheS| ve which is applied to said die pad sect nnot¢ sai d expansi on

joint, said die pad and chi ej ng able to undergo._sliding tlo
relative to &1@‘%‘?& ‘? t ’e&dﬁl?ﬂs‘?l'bn"%rﬁlt%‘r‘ﬁ ke FRH ’a?dpﬁipla}ﬁs?ﬁn

wher ci n SR B e“ﬁmﬁ"rte Badih R ors PafnBacEARES Ay T Hoaan,

di e pad es, é)#ﬁn %c? . The assenbly of claim8 further conprising
bondi ng Wres Ghnect i ng said leads to said chip and encapsul ati on

material for £NCAPGHLaphAd % Gl Béthg CabPe t8aUhdeddd RN IHY Wb€Son

5 relative to one another due to expansion and contraction of said

expansion joint when subjected to temperature change.

9. The assembly of claim 8 wherein said expansion joint comprises
a strip formed integrally with said die pad sections. |

10
10. The assembly of claim 8 further comprising bonding wires for
connecting said leads to said chip and encapsulation material for

encapsulating said die pad, chip, leads, and bonding wires.
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