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- particularly, but not by way of limitation, to a semiconductor leadframe and method
- incorporating a reverse-down set portion in a region of the tie bar for its securement
within the semiconductor package.

HISTORY OF RELATED ART
It is conventional in the electronic industry to encapsulate one or more

semiconductor devices, such as integrated circuit dies, or chips, in a semiconductor
package. These plastic packages protect a chip from environmental hazards, and provide
a method of and apparatus for electrically and mechanically attaching the chip to an

- intended device. Recently, such semiconductor packages have included metal lead
frames for supporting an integrated circuit chip which is bonded to a chip paddle region
formed centrally therein. Bond wires which electrically connect pads on the mtegrated
circuit chip to individual leads of the lead frame are then incorporated. A hard plastic
encapsulating material, or encapsulant, which covers the bond wire, the integrated circuit
chip and other components, forms the exterior of the package. A primary focus in this
design is to provide the chip with adequate protection from the external environment in a
reliable and effective manner.

As set forth above, the semiconductor package therein described incorporates a
lead frame as the central supporting structure of such a package. A portion of the lead
frame completely surrounded by the plastic encapsulant is internal to the package.
Portions of the lead frame extend internally from the package and are then used to
connect the package externally. More information relative to lead frame technology may
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23 AUGUST 2004 Repl acenment Sheet : 11 April 2002 be found in Chapter 8 of
tﬁe book Mcro El gctroni cs Packagi ng Handbook (1989), edited &y ARGUSTZIOA
and E. Rymaszewski, incorporated by reference herein. This book is ’
published by Van Nostrand Reinhold, 115 Fifth Avenue, New York, New York.
Once the integrated circuit chips have been produced and encapsulated in
sem conduct or packages described above, they may be used in a wide variety
of electronic appliances. The variety of electronic devices utilizing
sem conduct or packages has grown dramatically in recent years. These
devices include cellular phones, portable conputers, et p.R@h’cﬁnqﬁSﬂlH&se
devices typically include a notherboard on which a significantl Apiit602 of
such sem conduct or packages are secured to provide nultiple electronic
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chip paddl e sfiicondyterroalpisioy 6 mbb@bRAL, HafdsiSn B8si MR 15 BN A dYalf §JTeg, on the
way of example only, such semiconductor packageé may have a size on the order of
1x1mm to 10x10 mm. Examples of such semiconductor packages are referred to as MLF
(micro leadframe) type semiconductor packages and MLP (micro leadframe package)
type semiconductor packages. Both MLF type semiconductor packages and MLP type
semiconductor packages are generally manufactured in the same manner.

In further description of the above-described semiconductor package in Figure 1,
the leadframe 10 is therein shown. The leadframe 10 comprises a plate type leadframe
body 12 typically formed of metal and constructed with tie bars 14 extending from each
of four corners surrounding a chip paddle 16 adapted for supporting an integrated circuit
die also referred to as a “chip.” The chip is not shown in this particular view for purposes
of illustration and will be discussed below. Along and at a distance away from the
perimeter of the chip paddle 16, a plurality of internal leads 18 are radially formed on the
leadframe body 12. From the internal leads 18, external leads 22 are extended with their
terminals being connected to the leadframe body 12. With connection to the leadframe
body 12, dam bars 20 are provided between the internal leads 18 and the external leads 22
in order to prevent an encapsulation material from flowing over the external leads 22
upon encapsulating and to firmly fix the internal leads 18 and the external leads 22 to the
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are to be formed remain uncoated with photoresist while the other areas are coated with

photoresist before an etchant is applied to the leadframe 10. In the leadframe body 12

which is formed in a fabrication process later, chip paddle 16 and the internal leads are

prevented from seceding from the leadframe body 12 horizontally or vertically or

lengthening a passage through which moisture can permeate the chip, so as to restrain the

moisture absorption to the semiconductor package. In addition, the half-etched parts 15

formed in the tie bars 14 interlock the chip paddle 16 and the tie bars 14 with the

leadframe body 12. When mounting the semiconductor package 100 onto a motherboard,

the half-etched parts 15 allow the internal leads 18 to be distant from the tie bars 14 to

prevent the internal leads 18 and the tie bars 14 from forming a short circuit through the

solder that is applied. This will be described in more detail below,

Still referring to FIG. 2, the semiconductor package 100, as shown 'herein,

includes a semiconductor chip 102 mounted to the chip paddle 16. An encapsulation

material 105 is used to coat the semiconductor chip 102 and leadframe 10 to forma -

semiconductor package body 128. It may also be seen that the encapsulation material 105

is also present within the recesses formed by the half-etched parts 15 formed in the tie

bars 14. The semiconductor package 100, as shown herein, comprises the semiconductor

chip 102 described above, having a plurality of bond pads 112 (shown in Fig. 3) disposed
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semiconductor package body 128 whereas the chip paddle 16, the internal leads 18 and
the tie bars 14 are extemally exposed in the downward direction of the semiconductor
package body 128.

As mentioned above, the formation of the half etched parts 15 at the sides and
ends of the internal leads 18 and the chip paddle 16 have advantages of preventing the
internal leads 18 or the chip paddle 16 from seceding from the body horizontally or
vertically as well as allowing the internal leads 18 and the tie bars 14 to be distant from
the bottom surface of the semiconductor package body 128, so as to restrain the formation
of a short circuit through solder upon mounting the package onto the motherboard. In
addition, a half etched part 15 is formed in a predetermined area of the tie bars 14,
interlocking with the semiconductor package body 128. Also, the half etched parts make
the tie bars 14 spaced away from the internal leads 18 so as to prevent the formation of a
circuit between the internal leads 18 and the tie bars 14 via a solder upon the mounting.
This aspect may be seen in the footprint of semiconductor package 100 illustrated in FIG.
4, wherein the tie bar 14 is shown adjacent the internal leads 18 outwardly- of chip paddle
16.

The leadframe described above is one that is formed by chemical etching, Sucha
leadframe is advantageous in that it can be fabricated at a small quantity in a short period
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apply for 14, the tie bars Ily exposed in the direction of the bottom surface of the
‘ semiconductor package. In this condition, the tie bars come into so close contact with the
internal leads 18 that the internal leads 18 and the tie bars 14 may readily form a short

circuit through the solder upon the soldering of the semiconductor package onto the
motherboard.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to semiconductor packages and leadframe
assemblies of improved design and reliability. More particularly, one aspect of the
present invention comprises a semiconductor package leadframe assembly wherein the
leadframe includes a plate type frame body, a plurality of tie bars extending from the
body to the ceniral part of the.leadframe, a chip paddle connected to the tie bars, and a
plurality of internal leads radially formed at regular intervals along the perimeter of the
chip paddle. The chip paddle is the type adapted to receive a semiconductor chip
thereupon, and the tie bars are formed with reverse-down set portions formed in a
predetermined area of each of the tie bars near the chip paddle. In this manner, this
region of the tie bar is not exposed externally from the package body. Instead, the
reverse-down set portion is present within the insulating body interlocking therewith,

.5-




he conventional half etched part formed in the tie bars. For exanple, when
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stress is placed on the tie bars 14 which support the chip paddle 16,
maki ng the chip paddl e 16 bent, oblique or deformed. If the shape such as
the conventional half etched part is absent in the tie bars 14, the tie
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coining par tcsnc%sularﬁgﬁ En a1 \%ﬂllﬁt Cl?lp padcﬁe the t(lae lljarg';[z z?lgdnt%c internal leads are
externally exposed at their bottom surfaces. Each tie bar includes a reverse-down set
portion formed in a predetermined area thereof near the chip paddle to afford security of
the tie bar within the encapsulation material in preventing the tie bar from being exposed
fo conductive portions of the semiconductor package that could cause a short therewith.

In yet a further aspect of the present invention, a method of securing a metal

leadframe within a semiconductor package is set forth. The method includes the steps of
forming a leadframe with a chip paddle generally centrally disposed therein, the chip
paddle being connected to outer frame portions by oppositely disposed tie bars extending
therebetween. An encapsulation material is provided for encasing a semiconductor chip
disposed upon the chip paddle. The tie bars are also formed with reverse-down set
portions between the chip paddle and the leadframe for preventing the tie bars from being
exposed along the lower region of the semiconductor package. The semiconductor chip is
secured to the chip paddle and electrically interconnected to select portions of the lead
frame. The semiconductor chip and leadframe is then encapsulated with the reverse-

- down set portions of the tie bars encapsulated therein so as to prevent lateral movement of
the tie bar relative to the encapsulant.
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Sheet : 11 April 92 BRI EF DESCRI PTI ON OF THE DRAW NGS A nore conpl ete
under st andi ng of  t et AU WRFPEHRE XIS 0l semtieondpetarprckage incorporating

the 1mproved lead frame assembly of the present invention;

Fig. 6 is a top plan view of a metal leadframe structure constructed i n accordance

with the principles of the present invention and illustrating the reverse-down set portlons
of the tie bars thereof;

Fig. 7 is a side elevational, cross-sectional view of the tie bar and paddle
assemnbly of Fig. 6 taken along the lines 7-7 thereof:

Fig. 8 is a side elevational, cross-sectional view of a semiconductor package
utilizing the leadframe of Fig. 6 and taken along lines 8-8 thereof to illustrate the
securement of a semiconductor chip therein and the reverse-down set regions of the tie
bar adjacent thereto; |

Fig. 9 is a side elevational cross-sectional view of the semiconductor package of
Fig, 8 taken along lines 7-7 of the leadframe of Fig. 6;

Fig. 10 is a side elevational, cross-sectional view of the semiconductor package
of Fig. 8 taken along lines 8-8 of the leadframe of Fig. 6;

Fig. 11 is a bottom plan view of the semiconductor package of Fig. 8 illustrating
the footprint thereof: and

Fig. 12 is a flow diagram illustrating the steps of securing a lead frame within a
semiconductor package in accordance with the principles of the present invention.
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[ ion may be obtained by reference to the follow ng detailed

:jg\slgplt p'?i on \>//\/nen taken in %:lonj unction with the acconpanying d2RWUGHEST 2004
wherein: Fig. 1 is a top plan view of a conventional netal |ead Tra_ma _
structure adapted for securenent within a sem conductor package; Fig. 2 is
a side elevational, cross-sectional view of a sem conductor package .
utilizing the lead frame of Fig. | and taken along lines 2-2 thereof; Fig.
3 is a side elevational, cross-secti ona:c V|hevvI of d]E he seg:c cginguc'ltor package
~of Fig. 2, taken along the lines 3-3 of the |eadframe :

iOI I ust?ati ng anot her agpect of the construction of prior Ibepﬂacb:ﬁ&dfﬂhaﬁef
structures; Fig. 4 is a bottomplan view of the sem conductor peskagnoef
Fig. 2 illustrating the footprint thereof; Fig. 5 is a cutaway perspective

view of a seni conduct or IPETAHGED DESCRIFEION'OF THE INVENVRSN | ead framsI
assenbly of the present invention; Fig. 6 is a top plan view of a neta ]
| eadf rame structure constructed in accordance wth the principles of the
present invention Beferrmgmgwite &ig. Agthetads showaraswiatampemptctiventenasta of t he

tie bars theseafconducer chlda e al(ﬁﬂngcﬁp&laﬁﬁ’ ll?%'&?a{me %ﬂﬁ%céﬁ&ay QQ@h?X% ﬁw g‘; ;. the
e b1 o O T il ki oot
pagkage ut i Shewmby vireeloé tntfontawey pbrilh of th6 semibohdkes e &ﬂaﬂt'f&?xﬁn@‘ 8n and
Chereo 1o 1 e SRR YUy A N B 70
tsrlger :Yg\r/;? i gﬁ%’“ i?aéié ﬁge’@?‘? WpaY side efigaelt onanf tb&apiumbt}chfantemahlamdsazge nefy, Fig.
8 -t:aken al onyut donesot tredesedrily hﬁrdt@B@lfe[e%ﬂ‘@pl%d i@ an@ietcgircgu &%dh&n% n?dt%%a
B S T R o B ettt ol
vi ew of the ¥ég 2Yrrxtenddetyrss ksguicofidusiog chip 200 and theaitemg] leidde 18 OMtEHBaBt

ther eof ; and2f4 igalsd Shdven @ el fOMhedi AT AfRvEsL HSHA é‘étlcu 55‘?@%\%‘??@ aHEﬁFCH{' ng a
lead frame wit em conduct or package In ac ance A
princi pl es ofd dﬂﬁ?lgr ng’gﬂg 1q the BressiR of the rcverse-down set part 215, the tie bar 214,

which is exposed from beneath the package body as described below, is further spaced
from the internal leads 218 so that the possibilities of short circuits between the tie bar
214 and the internal leads 218 are reduced. Such a short can be formed by solder when
mountmg the semiconductor package 210 on a motherboard or the like.

Referring now to Fig. 6, there is shown a top plan view of the leadframe 200
constructed in accordance with an embodiment of the present invention. The leadframe
200 is constructed with a plate type leadframe body 212 provided with tie bars 214 as
shown and internally extending from each of the four (or two) comners. At least two tie
bars 214 are typically used in metal leadframe fabrication, and the present invention is
directed to any metal leadframe assembly having tie bars constructed therein. Being in
ccontact with the tie bars 214, a roughly square chip paddle 216 is provided, Along and at

a distance away from the perimeter of the chip paddle 216, a plurality of internal leads
218 are radially formed on the leadframe body 212. From the internal leads 218, external
leads 213 are extended with their terminals being connected to the leadframe body 212.
With connection to the leadframe body 212, dam bars 209 are provided between the
internal leads 218 and the external leads 213 in order to prevent an encapsulation material
from flowing over the external leads 213 upon encapsulating and to firmly fix the internal
leads 218 and the external leads 213 to the leadframe body 212.

Referring now to Figs. 5, 7 and 8 in combination, an embodiment of the present
invention is featured in that a predetermined area of each tie bar 214 which extends

L:
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23 AUGUST 2004 Repl acenent Sheet : |11 April 2002 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Refgrri ng now to Fig. 5 there is shown a cutawa?3 pdiGUETt2004
view of a semiconductor package 210 incorporating a |eadframe 200 in
accordance with one enbodinent of the present invention, within the

sem conduct or package body 204. Shown by virtue of the cutaway portion of
the sem conductor encapsul ant formng sem conductor package body 204 is
chip paddl e 216 disposed adjacent a plurality of internal |eads 218. The
upper side of each one of the plurality of internal |eads 218 may, bu{
does not necessarily have to be, electroplated with an elé%qﬂmnmhﬂﬁhmi.
conductive material such as, but not limted to, gold or sil vErApdl®002
enhance el ectri cal conductivity Conductive wres 201 extend between a

sem conduct ofextehiafly 50 Aesinbtit thed ﬂ@ldlelﬁ@dﬁ § b2h3s o HreibRubfity gﬁég i 2o

Ni3
shown to be for ever se- down set i t he

chip paddl e 318 d(‘if%ﬂ‘.‘@‘ tP(ﬁ"E“P}@ IeyeEsedawe S%ffpaftﬁés (EigePs dsbomn yedetapbthlg 15,
the tie bar 2lthe remi’nee:lmmseemﬂslesds bérd MoBenRRin Ttl'ﬂﬁl tH@El'éﬁ‘tg@f tﬁ@&hﬁg g§ddhat he

doscr bed belattud Syl S99 38 bhaT LR Ol el slands 215 B0 et
Feads 218 ar ély iscdfomesd. bysnmhamcﬁmnpmmrﬂ’hamsfpmdmﬁnmm&adef thehiebarsrmuant i ng

the seni condygmtiry v19ﬂﬁﬁ 8ffhe %éﬂparQEbrﬁerng' e Efﬁg?:ﬁﬂﬂg h (@Qg? édanlrérgedztg I)r%{:%l:gggr now

to Fi 6, theel toppan Vi ew uct ed
in acgordancéevﬂsf: o 8 ﬁent of the present invention. The |eadfrane

200 i s const ruct edAsdethireFips. staad Bypadd ma&ﬁmaned)beémlr%%rt@&?%x?? P HAS)
bars 214 as ﬂn%hf?l‘éﬂlaf“fégds:’ @ﬂ‘ﬁrﬂggﬂﬁ%ﬁ{%’)&“&gp‘i fro{’%ﬁ%@é ?%‘Sl?é{‘%ﬂ?qr or

corners. At |east bar's df rane
fabricati on, laft28ee pdetinner shibeit ends. The caliing parex? 9amaynalscniiet fatmddegd r ane

h ing in contact with the
assenbl y thﬂgethhlﬁg sssca@nsmwﬁbleﬂt&%%%ugli%ﬁfs 3 v dod A ong and ot a

i Stance away fr o NEVBERTFUrah o RoheFrveisp danm beigre S1a ophadeter i
i nternal | eatfdocarignsideandsbinsais ytef intenipckedrwithheseheasinesep dat Ibraat ;zozr!ir 1%21' ts he
bei ng con Liiﬁﬁgﬁﬁ‘%@‘“ﬁﬂﬁ‘ieﬁaﬁﬁﬂé 17y 30 SRR TR e ok s i
| eadframe boBposefio sgxgpcgn@@gorena@agp bod 28, isdutiens spache froirtheinreahal | eads
218 and the lkexd 218)8b t}iaeﬁﬂﬁ)ﬁ?cll%uit BeticEiPihe (i@ bBY EMEAH R inRRGRRAY 4 {:0"
mat eri al reduced. Such shorting can be produced by the solder when mounting the semiconductor
package on the motherboard. This w111 be in more detail described below.
With reference to Figs. 9, 10 and 11 in combination, there is shown the
semlconductor package 210 using the leadframe 200 in cross sectional views and in a
bottom view. As shown therein, the semiconductor package 210 comprises the
semiconductor chip 202 provided with a plurality of bond pads 234, and the chip paddle
216 bonded to the bottom surface of the semiconductor chip 202 via an adhesive. At the
corners of the chip paddle 216 are formed tie bars 214 which externally extend. A
plurality of internal leads 218 are radially located at a distance away from and along the
perimeter of the chip paddle 216. Via conductive wires 201, the bond pads 234 of the
semiconductor chip 202 are electrically connected to the internal leads 218. An upper
surface of each one of internal leads 218 may, but does not necessarily have to be,
electroplated with for example, silver or gold, to enhance electrical conductivity. The
semiconductor chip 202, the conductive wires 201, the chip paddle 216 and the internal
leads 218 are encapsulated by an encapstlation material to create a semiconductor
package body 204 whereas the chip paddle 216, the internal leads 218 and the tie bars 214
are externally exposed in the downward direction of the semiconductor package body

9.




w ng over the external |eads 213 upon encapsulating and to firmy
H)C()mt Llaoi ntgrnal |l eads 218 and the external |eads 213 to the 22AUGUGE 2004
body 212. Referring nowto Figs. 5 7 and 8 in conbination, an enbodi rrenth
of the present invention is featured in that a predeterm ned ar ea of eac
tie bar 214 which extends -8 23 AUGUST 2004 Repl acement Sheet : 11 April
2002 externally froma corner of the chip paddle 216, is _bent to a
predeternmined length in an upward di rection to forma reverse-down set
part 215 (Fig. 7). As shown in detail in Fig. 5, the reverse-down set .part
215 is bent more upwardly than the plane of the chip paddl Bepl@tsenttSheet :
internal lead 218 and the external lead formtogether. This reVeApsl2inan
set part 215 is formed by nechanical stanping. That is, predetern ned

..areas of the 128 Tlhaéﬁcagélﬂanoﬁllﬂ?atém 4y Gl ’ﬂietrﬁ‘noﬁgstitc?& tﬁgtgr?(fsgt r%ﬁr 4 rf?n o 11’.5he AS

O P Rl R et D i civgolacs i ouony e red
at the interexnbsctl padions efwhip peeldic 216ginpeenal featie?189ind ﬁ@b&mm ﬁg}aﬁ%ﬁd@&o@

e caining
1}; 2?'; St gigl Pr;?{egfklsanl ﬁ@v@sto %é%l%ﬁ%pl%g%rf}m c%?r(e?%{f)ﬁt&n%pg%lgg glaaega] fich A% o5 i or

art di scussef*aBpigein ]E@‘? §1H0W1dsrm¢§'te palidainh, yin; bisnRitly. or Simitan enateelabri@ewdawn set
part 215 of tt]maartle bar 214 is Iocated i nsi de gnd 'Ithus |s|![ater -'ng o the
i nterl ocked with a,sem copduct or ebo 204 n resu oW

presence of the re%Zr e 85&%‘ vg'é?“sp? e‘S‘tS "t?yﬁ? RIpsenbiAYerion resides irhthats:

exposed fr ompritetesnined ancal of cash tm&aﬂ@l@ewbmﬁ)&xﬂ:&% cxteﬁrnd‘llyrﬁc{h?g c%gréﬁgﬁé ] : Eg
et wee

: m g: 22: I Lg%@%@%ﬁfss %&h@t e}% @ e Ié“%k“ in tﬁecW%‘gdlﬁ? g’ﬁﬂé‘é@“ﬁ‘)ﬁ YfESes 0l der -

when mount i n§°YHE® té’éﬁz&gnﬁh‘b"tg}er %&’Q@%@Mﬂé%ﬁtmambuarddand'hl s will be

i n nore det aspontiasausibmetrioektOmith tﬁléts&nfceﬁcﬁl"cﬁﬂﬁé‘ckhgb 1&5@82049Adl8}§1|0ﬁ£1ﬂ, &,je in

FELCINERT ST TN I e T e o L

| eadf rane 200 1 n cross sectional
therein, theSYBRIYAQLRACkrEhasly 296, IQ!Le@ucﬁdnﬂm tesels thdwe bae i Faiishi §a0Ed Chi p

202 provi dedamﬁﬂoﬁnﬁigﬁbﬁiﬂgtlﬁteﬁfal hemdhigads 234, and the chip paddie 216

of the sem conductor chip 202 via an adhesi ve.
2,? n? ﬁg tot he bot t\?%nn the se%%gonductor package 210 is mounted on a motherboard, solder is

plated on the bottom surfaces of the internal leads 218 and tie bars 214, which are
externally exposed in the downward direction of the semiconductor package body 204.
The presence of the reverse-down set part has the effect of making smaller the probability
that the tie bars 214 are connected to the internal leads 218 through the solder.

In addition, coining parts 219 are formed at the ends of internal leads 218 near
the chip paddle 216, being inside the semiconductor package body 204. The coining parts
219 are thinner than the remaining areas of internal leads 218, located inside the
semiconductor package body 204. Thus, the internal leads 218 interlock ‘with the
semiconductor package body 204 and are prevented from seceding from the

semiconductor package body 204 horizontally and vertically by virtue of the coining parts
219.

Referring now to Fig. 12, there is shown a flow diagram illustrating the method
of securing a leadframe within a semiconductor package of the type wherein a
semiconductor chip is secured thereon. The method comprises the steps of providing a
leadframe having a chip paddle and a frame region extending around the paddle. The
chip paddle is connected to the frame by oppositely disposed tie bars extending
therebetween. Either two or four tie bars can be utilized, as set forth above. The next

step provides an encapsulant for encasing a semiconductor chip disposed upon and
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rs of the chi addl e 216 are formed tie bars 214 which externally
gg{gﬁd. A pIuraIi?ypof internal leads 218 are radially | ocat ed3 AUGQUST 2004
di stance away from and along the perineter of the chip paddle 216. Via
conductive wres 201, the bond pads 234 of the sem conductor chip 202 areh
electrically connected to the internal |eads 218. An upper surface of eac
one of internal |eads 218 may, but does not necessarily have to be,
el ectroplated with for exanple, silver or gold, to enhance el ectrical ]
conductivity. The sem conductor chip 202, the conductive mn&es 201Sh 2 e
chip paddle 216 and the internal |eads 218 are encapsul atReplasgmant Shee
encapsul ation material to create a sem conductor package bodylRARA! 2062r eas
the chip paddle 216, the internal |eads 218 and the tie bars 214 are

~external |y expasettoitin dﬂppdil@wvﬁfedxediafsﬂﬁé foRRe®ith ?&re&%rﬂggﬂ%g@ﬁ) nSpackage
YOS e

ggggpsgl 521'? i én na;g%rﬁi%%%d&#gg %ﬁ’ ?ﬁg}eﬁﬁrﬁgﬁrﬁt@g ]lﬁrtleth‘iéfrﬁ@s]@!ngreéﬁpm frowiah t ge

thernoset r edower regien efthe sgmibortduniot pidkagd. 4l sémdicomiubios aﬂﬁiis. th@:PﬂB@ﬁtbcg i 80na2nd

epoxi es. The an&%%@ﬁﬁ:@% ﬂfé phd @0 Sndfs e%h‘féa%ﬂlhéégonn?gé%t:g %‘&%ﬁ%ﬁ%ﬁﬁ?@

d wth a
bars 214 not necessarl
E:l)(rarosi on- mi f’m‘?nﬁﬁi’?lﬁg tep paddleandeagiiramepssersbdn inthen enchpsulacsichyiti ihe, goI d,

ni ckel pal i disemicotduntobtlsipyéduredtherinhdhe Eﬁ%ﬁgﬁﬁ%«ﬁ Iscﬁ eir‘]l’{?)ln(h)ﬁf trhrgtsﬁlgg as that

R et Lt TN MRS A U
cor Irc1)er of t hencgpsubant.plordfinsl 8tep, the seniestduttor packﬁgbdeglﬁgﬂht@@&ohﬁﬁgg,ﬁteﬂ n the
upward di r echbr@iond & tﬁ@feﬂf?an{?%é%@%gg ‘JR&"He gl%edpla ong, ?)rorﬁ?fﬁr?ﬁl?swel}%ger | ocks

down_set ocat I nside an
\r/\ne;/ﬁrts ﬁe genP??B‘H& fCGPO‘EdE‘W??@é"%H&EIﬂ%EOMA@h@l’@lnchyarblfex)eme he area of the tie

bar 214, which i s Theposed ixhesnadsibted dbs&ﬁ&dQQW@%Eﬁlatg'e nﬁa‘a&éxﬂ&l@} isttD e

' d tie bars are
Pt hor Soag AR e ilioel Bret S i forbelit Ruaabirot dpiptioneiho
semn conduct oﬁharbaleklatj@mmdﬂang maslifeaidnomdavanetidne robﬂarpebsgxit?hfbﬁhoxh fre PLﬁt :(rzleon
e
the bottom Sptfsﬁlaréeﬁhgﬁt driag de{r@feQ&lnéél rg‘ét&il%%a% ve ?ﬁélhmg g%‘tl?& 8&"“

wnwar d package
géé; ' 28|4| Y &% %rei\lgal y, emlczﬂf) , Or a combination thereof, while the material of which the

leadframe is made can be a good electrical conductor such as copper, aluminum, or other
metals and alloys. The lead frame may also be formed of one material and plated with
another material such as, but not limifed to, for example gold or silver.

In the leadframe and semiconductor package structure of the present invention, as
described hereinbefore, a reverse-down set part is formed in the tie bar supporting the
chip paddle by stamping. Each of the reverse-down set parts are located inside and thus,
interlock with the package body. In addition, owing to the presence of the reverse-down
set part, the tie bar, which is exposed from the package body, is further spaced from the
internal lead, so that a short circuit between the tie bar and the internal lead is greatly
restrained from being formed by the solder when mounting the semiconductor package on
the motherboard. In addition, a coining part is provided to the internal leads, interlocking
them with the body spontaneously.

Consequently, the present invention takes advantage of a stamping technique
with a reduced probability of forming a short circuit between the internal leads and the tie

bars via solder and thus, produces leadframes and semiconductor packages on a large
scale. '
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The presence of the reverse-down set part has the effect of nmaking smaller
the probability that the tie bars 214 are connected to the i n22AKEUSTa2D04
218 through the solder. In addition, coining parts 219 are forned at the
ends of internal |eads 218 near the chip paddle 216, being inside the

sem conduct or package body 204. The coining parts 219 are thinner than the
remai ni ng areas of internal |eads 218, |ocated inside the sem conductor
package body 204. Thus, the internal |eads 218 interlock with the

sem conduct or package body 204 and are prevented from seceding fromthe

semi conduct or package body 204 horizontally and verti cal | yRe¢pjaceinentfheetf: t he
coining parts 219. Referring nowto Fig. 12, there is shown alfApsil 20i0agr am
illustrating the method of securing a | eadfranme within a sem conduct or
package of the typEhadotiorl liGEiGhs HeQY | & | ereon. The
met hod corrpriaé cahgx?ﬁ& ﬁgsﬂgoa?p%vigbng fgk Hflgefggﬁ '{rg%tr?é Sﬁ‘g‘gfi%‘gq%%ﬁfgseﬂfadm e
and a frame region extend NG ErRAIAAC PRECIEeaen @ if whelly erwriteneatitedy havein,
connect ed t o Mqkeding anyeadditionplpoatier dhoprstirspd b eeftreficeésine Xt endi ng

t herebetween. Either two or four tie bars can be utilized, as set forth
above. The next step provides an encapsul ant for encasing a sem conduct or
chi p di sposed upon and -10 23 AUGUST 2004 Repl acenent Sheet : 11 Apri

2002 secured to the chip paddle. The tie bars are forned with reverse-down
set portions between the paddle and the frame for preventing the tie bar
from bei ng exposed froma |ower region of the sem conductor package. A
sem conductor chip is then nounted upon and secured to the paddle and is
electrically interconnected to select portions of the |eadframe. The chip
paddl e and | ead franme assenbly is then encapsulated with the sem conductor
chip secured therein, and the reverse-down set portions of the tie bars
encapsul ated therein so as to prevent lateral novenent of the tie bar
relative to the encapsulant. In a final step, the sem conductor package is
singulated fromthe outer portions of the |leadfrane as set forth and
-described in one or nore of the copending patent applications referenced
and incorporated herein by reference. The present invention has been
described in an illustrative manner, and it is to be
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understood that the term nology used is intended to be in the nature of
description rather than of limtation. Many nodificati ons and2%&UGAUSIN2004
of the present invention are possible in Iight of the above-teachi ngs.
Specifically, the coining can be achieved nechanically, chemcally, or a
conbi nation thereof, while the material of which the |eadfrane is nade can
be a good el ectrical conductor such as copper, alumnum or other netals
and alloys. The lead frame nay al so be fornmed of one material and pl ated
~with another material such as, but not limted to, for exanple gold or
silver. In the | eadfranme and sem conduct or package struct uReplafentdneSlpeesent
invention, as described hereinbefore, a reverse-down set part 1l $pkiopomd in
the tie bar supporting the chip paddle by stanping. Each of the
reverse-down set parts are |located inside and thus, int erI ock with the
package body. || , OW resence—of—the— crse down—-get
part, the tie %ﬁ&?@b i's ex‘%gs:aog‘“}p%ﬁﬁ#f%e package l:ody First Nampethe
spaced fromth ernal lead, so that a short cirecuijt bet Wentarhe ti ¢ bar
and the inter hal drl i o nrna_f_l\l restrained frombeing forned by the
sol der when np ¢ﬂfﬁ$]7‘7¥7he @K’ﬁﬁ"@éﬂamamflwdhdgat on thdIaoHheKRoard. In
addi tion, a cpining part|Sesmigmdu¢toeBackege ind Mathed firl  ||eads, interl ocki Tg
them wi th the[_body spontdiemufsdtyingConsequent |y, the present invention fakes

advant age of p G/68M3310 [tIeGd Fr ot f-ormNg a
short circuit beta‘ggn thednalmgmﬂge ﬁ?&gwléﬁbﬁ%er And

t hus, produces dggad 9 cn 23
AUGUST 2004 Fep(? acer’r%%t %ég?d? CtPhe f ol latHaer kppl i cati pns
are all being filed on t

¢
@&W%@S&%@Wﬁ@%@éﬁtﬂg hppl i cation and all

are incorpor at-ed—bgl_;ef_e jonyYieldw i tt en entirely herein,
i ncl udi ng any| &% &kal Nmﬂbrp Smﬂ&qnommhe«dr Pyckagd er Eo&R TRk ﬁo“ggy

2002—At-t-ornpyv Dockef
AUGUST 2004 FFWQ%R@E%[ i Array S'_itﬁlconductor‘Package Jae HunPKI‘;

09/687,048 | Leadframe and Semiconductor Package Tae Heon Lee
with Improved Solder Joint Strength
09/687,585 | Semiconductor Package Having Reduced | Tae Heon Lee
Thickness '
09/687,049 | Improved Method for Making Young Suk Chung
Semiconductor Packages

It is thus believed that the operation and construction of the present invention
will be apparent from the foregoing description of the preferred exemplary
embodiments. It will be obvious to a person of ordinary skill in the art that various

changes and modifications may be made herein without departing from the spirit and the

scope of the invention.
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No, Title of Application First Naned |nventor 09/687,787 09/687, 331
09/ 687,532 09/ 687,876 09/ 687,536 09/ 687,048 09/ 687, 585 09/ 687, ZXAUGHSd 2004
Thin and Heat Radi ant Sem conductor Package and Method for Manufacturing
Lead Frame for Sem conductor Package and Ml d for Ml ding the Same Met hod
for Making a Sem conductor Package Having |nproved Defect Testing and
I ncreased Production Yield Near Chip Size Sem conductor Package End Gid
Array Sem gonduct or- Package Leadframe and Sem conductor Package with
| rproved So#B¥r Joint Strength Seni conductor Package Havi ng Reduced
Thi ckness | nproved Met hod for Making Sem conductor Packages Jae Hun Ku
Young Suk Chung Tae Heon Lee ‘

- L A semiconductor package comprising:

a quadrangular chip.paddle defining opposed top and bottom surfaces and multiple
corners;

at least one tie bar attached to the chip paddle and extending from a respective one of
the comers thereof, the tie bar including:

an inner portion extending to a respective one of the comers of the chip paddle and
defining opposed top and bottom inner portion surfaces; an outer portion defining
opposed top and bottom outer portion surfaces; and

a downset portion extending between the inner and outer portions and defining opposed
top and bottom downset surfaces;

the top outer portion surface of the tie bar extending in gencrally co-planar relation to
the top surface of the chip paddle, with the top downset surface and the top surface of
the chip paddle extending along respective ones of a spaced, generally parallel pair of
planes;

a plurality of internal leads extending at least partially about the chip paddle in spaced
relation thereto, each of the internal leads defining opposed top and bottom surfaces;

a semiconductor chip mounted to the top surface of the chip paddie and electrically
connected to at least one of the internal leads; and

a package body at least partially encapsulating the semiconductor chip, the chip paddle,
the tie bar, and the internal leads such that at least a portion of the bottom surface of
each of the internal leads and the bottom duter portion surface of the tie bar are exposed

in the package body.

2. The semiconductor package of Claim 1 further comprising a plurality of
conductive wires electrically connecting the semiconductor chip to respective ones of

the internal leads, the conductive wires being encapsulated by the package body:.
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Sean Tinothy Crowl ey Jae Hun Ku Tae Heon Lee Tae Heon Lee Young Suk Chung
It is thus believed that the operation and construction of the2hAtKHAST 2004
invention wll be apparent fromthe foregoing description of the preferred
exenplary enbodinments. It will be obvious to a person of ordinary skill in
the art that various changes and nodifications my be rmade herein w thout
departing fromthe spirit and the scope of the invention. 23 AUGUST 2004

Clains:. 1. A sem conductor. package conprising: a quadrangul ar chip paddl e
defini ng opposed t opfbgn¥mBendyeios paekege 9L {Hdimnl| whenem theobattons downseteast

ing s i  dowmsat
o the o B RE uhfhsbe'rfih Brife'ie baPati B ORH e P B eHERREGE o g

to a respegtdndén parrdly dohfar@ tdltich tofeadth@hehi p paddl e and defining opposed
top and bottominner portion surfaces; an outer portion defining opposed

top and bottom outer -portion surfaces; and a downset portion extending

bet ween t i nner a outer nportions and fining o sed. to nd hottom
downset ngr? faces; tﬁgwtsg%nc G‘ﬁ %?torpgef‘%fi enoggfaflggfewg?reﬁﬁgwﬁo Ogégurg%?? é’ﬁdi ng in
gener al | y t@cHip paiile is@kpbdelin 1R patibebody.sur f ace of the chip paddle, with
the top downset surface and the top surface of the chip paddl e extending

al ong respective ones of a spaced, generally parallel pair of planes; a

plurality of intern | eads ext endi at ast rtiall bout the chip
paddl e i n~spaced r MStSF%hCOPﬁ‘é‘?I%It%?&g%%ﬂf%a“P#ee’ﬁﬁrFE‘rh‘ﬁl)i’q%Bg‘& f°hi ng
opposed t @ik aitfl phadlé, AR Botid S8 Faced of BI¥ iRRAMY fchd, aGM kR BOUIR B6tet fordibe t OP
surface of the chip paddle and electrically connected to at | east one of

t he i nt er saifadeenfdhe outatipertipm ok thydiethnd wxignd ire generablyrcoipdanay relatiaiptowdach i ng t he
sem condu%hl%gr chip, the chip paddle,

6. The semiconductor package of Claim 1 wherein each of the internal
leads defines an inner end disposed proximate to the chip paddle and is configured to

include a region of reduced thickness which extends to the inner end thereof.

7. The semiconductor package of Claim 1 comprising a plurality of tie bars

which extend to respective ones of the corners of the chip paddle.

8. A leadframe for use in the semiconductor package, the leadframe
comprising:

a quadrangular chip paddle defining opposed top and bottom surfaces and multiple
corners;

at least one tie bar attached to the chip paddle and extending from a respective one of
the comers thereof, the tie bar including:

an inner portion extending to a respective one of the comers of the chip paddle and
defining opposed top and bottom inner portion surfaces; an outer portion defining
opposed top and bottom outer portion surfaces; and

a downset portion extending between the inner and outer portions and defining opposed

top and bottom downset surfaces;

15




the tie bar, and the internal |eads such that at |east a portion of the
bottom surface of each of the internal |eads and the bottom &8 AUGIIST 2004
surface of the tie bar are exposed in the package body. 2. The

sem conduct or package of Claim1 further conprising a plurality of
conductive wres electrically connecting the sem conductor chip to
respective ones of the internal |eads, the conductive w res being

encapsul at ﬁd Ctg)ﬂy t he packag bo%y. 14 23 AUGUST 2004 3. The sem conduct or
package oftNefof oiter RFHeR S Tacs of Wer He Rrerisndens ingenerally coplanse rasiondet

ortion of i : OR.: hi ddl e xtend in
gener ally ﬂé%- I%lirn%?p?gwg%ﬂl d}n&? gieég%ﬁlu%%%@sg%&%gfhgéeﬁ?‘g%ﬁg%F acﬁé’ kage of
Cl ai m 1 wihe ehip phbdle botehding alonf aepeaive dnbeothi: %)d%@@l,dgleﬁeﬂaﬁy pXBAREgMAiriof t he

package bO(iiy. 5. The seniconduct or package of aim4 wherein the bottom
surface ofP'#& chip paddl e, the bottom surfaces of the internal |eads, and

the botto I .OR r . of the outer portion .of t .tie bar
extend i nrgg[gﬂlteaﬁgi %ﬁtég%é!l?ﬁgrg L@éﬁgg ia%%aa%‘téa aﬁ%@ﬁ aB@t“ﬁb? ghlg.paﬁlﬂh@ S &MCONduct or
package ofrelation thefeto)eastesfithetdinallledds Aefinih e bpdsed lopasa bdRhmNESHaR, i nner end
di sposed proximate to the chip paddle and 1s configured to include a

regi on of reduced thickness which extends to the inner end thereof. 7. The
sem condugt or packa i m.lconprd sing a pluralit f,.ti.e bars. which
ext end t'o@E espect | vg%ggéeagggﬁwt e(jl%lg}n'ﬁfl’@heégo’fnﬁ SlBﬁia&JT E'cllg‘Tdé” the inlgmal a4t r ame
for use ifeddsdempritaciductail daskageinwaiBy RatfHeahne BEIPIEA%e chip

quadr angul ar _chi p paddl e defini ng opposed top and bottom surfaces and

mul tipl e Paddlpewih the outeraportigmef thediethar cxtending eud being latiactieil ffo teediiiree and
extendi ngpfgPm a respective one of the corners thereof, the tie bar”

i ncluding: an inner portion extending to a respective one of the corners of
the chip paddl e and defining opposed top and bottom i nner portion

surfaces; _an outer portion defining opposed top and bottom outer portion
surf aces: 1 nd e leadframe of Claim 8 wherein the bottom downset surface of the

downset portion of the tie bar and the top surface of the chip paddle extend in generally

co-planar relation to each other.

11. The leadframe of Claim 8 wherein the bottom surface of the chip paddle,
the bottom surfaces of the internal leads, and the bottom outer portion surface of the

outer portion of the tie bar extend in generally co-planar relation to each other.

12. The leadframe of Claim 8 wherein each of the internal leads defines an inner
end disposed proximate to the chip paddle and is configured to include a region of

reduced thickness which extends to the inner end thereof.

13. The leadframe of Claim 8 comprising a plurality of tie bars which extend

to respective ones of the comers of the chip paddle.
14, A method of fabricating a semiconductor package, comprising the steps

of’:

a) providing a leadframe which includes:
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a downset portion extending between the inner and outer portions and

defi ni ng opposed top and bottom downset surfaces; 15 23 AUGUSB AUGLSH004
top outer portion surface of the tie bar extending in generally co-planar
relation to the top surface of the chip paddle, with the top downset
surface and the top surface of the chip paddl e extending along respective
ones of the spaced, generally parallel pair of planes; a plurality of

internal |eads extending at |east parfially about the chi addl e _in spaced
relation thereto, eatA"HIansy iciﬂpegf?‘f%{]e ﬁéé‘égg BP9sSH figp éﬁﬁg’sgﬂmt Bistaged
bottom surfaces. 9. Jﬂemluﬁ%ﬂejfir 8fRrOfa ﬁggélfﬂ/ %ffig{ehﬁ?rle @&éﬁ\%&?af‘%’efa%tane

body, the internal |eads ng atfac to and extending I n romthe
frane body toward t hmrtidliypabopathei ehyip wiatitilet inespactderelation tth@stopfeadthef thee bar

extendi ng and bei ng ,attache o.the fra body. 10. The | eadfranme of Caim
8 wherein the bottoﬂf‘@ﬂ%@ﬁg‘@gs’ é‘iﬁ"fl%%%pﬂf’ls‘gga?% anéi’«m@tsuﬁwmwieaﬁw@eu e bar
and the top surface i . i real -.Rl anar
relation to each ot ﬁéﬂ{be&%@a&{% goﬁlzggjt[@ a’i’%galotr‘]’ﬂ %Iegtle%&gg\?h%éﬁr éir%s%g ?ltgveboéltetom
surface of the chip qfalksiéeners theeedfothe timbatiinch@es; B inhdrottiinesialdidggeds, and

the bottom outer portion surface of the outer portion of the tie bar
extend in general | y &6Spsciaeng of teicomerpoidthe shigtnsddle and definag|oppefedane of

Claim 8 wherein eac i . fi n.in .end di sposed
proxi mate to the ch!}%ﬁ%%%%ﬁ%ﬁ%?@rgéﬁgﬁgﬁggﬁh ?) gﬁllr?g?{t%e °§mr"§§nl’8?1s°§f
reduced thickness whomndbstemd sutep pohidni suffeceseidl 4 BeweeRt pordidn exgdingadf r ame

of Claim8 conpri si %g a plurality of tie bars which extend to respeéctive
ones of the corners 9%5fWeeAehe Hpperpangly pater portions adrerfingis pppased dop igda

ST sonaueL S PR BS E, B48 ofL o ) B o
opposed top and bot tgemersliy t@phsar relation to the top surface of the chip paddle, with
the top downset surface and the top surface of the chip paddle extending
along respective ones of the spaced, generally parallel pair of planes;
b) mounting a semiconductor chip to the top surface of the chip paddle;
c) electrically connecting the semiconductor chip to at least one of the
internal leads; and
d) at least partially encapsulating the semiconductor chip, the chip paddle,
the tie bar, and the internal leads with the package body such that at least
a portion of the bottom surface of each of the internal leads and the
bottom outer portion surface of the tie bar are exposed in the package
body. . |

15. The method of Claim 14 wherein step (c) comprises electrically
connecting the semiconductor chip to respective ones of the internal leads via a

plurality of conductive wires.

16. The method of Claim' 14 wherein step (d) comprises forming the
package body such that the bottom surface of the chip paddle is exposed therein.
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and nmultiple corners, a plurality of internal |eads extending at | east
partially about the chip paddle in spaced relation thereto, eaZhAUGUST 2004
internal |eads defining opposed top and bottom surfaces, and at | east one
tie bar attached to the chip paddle and extending froma respective one of
the corners thereof, the tie bar including an inner portion extending to a
respective one of the corners of the chip paddl e and defining opposed top
and bottomj nner porfion-surfaces,, an outer portion defining opposed top
and bottoﬂp)out er porﬁ?"oﬁ?eéllﬂdf Qgéil,ambﬂ&_ FeHimiaP (r comaprises ¢ forEInggthepet ween
the inner anfr- 4t &lchRRA O Bﬁtt&ﬂ%o%%étrk’upﬁcg Bpgm?%vénga 92fon Qf fhtecﬁg gaunset

surfaces, the top outer portion surface extending in . ‘genetally co-planar

rel ati on tandtthe toppurfacefeake ohipt paddlehéxperiaitidgeterallly tdd-plidae rél@ford et
surface agghthe top surface of the chip paddl e extending along respective
ones of t 9paced, generally parallel pair of planes; b) nounting a

sem conductor chip to the top surface of the chip paddle; c) electrically
connecting the sem conductor chip to at | east one of the internal |eads;

and d) at l8east par tTiel etiedcaphiat 1149 whbirs &fEpC @) dettigises tofning M@eChi p
paddle, the tie bar, and the internal |eads with the package bo such

that at | deadframe sush thas thebotigm spdtcech the chisamddle, tedietiom suscesnefethaal
| eads and: i f f.Lhe tie b d i
e packads el RS 9 L 86 ohle? BoRU AffeObr Ittoukes Sl S Gl ces”

el ect ri calektend dwpareedliyrg-pliver sdarionad @ue stherchi p to respective ones of the

internal leads via a plurality of conductive wires. 16. The nethod of
Claim 14 wherein step (d) conprises formng the package body such that the

bott om surpace of t i e | erein,. 23 Al 2004 17.
The met hoébbf d ai mkqlﬁ ﬂgordg@&g elil)g(ggépeg%%?@é?@gﬁerﬁ%ﬁﬁn?lﬁgg%gﬁ?r ame
such t hat intemabédationo dofins eh iswu:feadedispostd prelammeeto Merchipadific Lhe 161 e bar

and the top_ surface of the chi ;l)mpaddl.e extend in generally co-planar
rel ation iRt egion of reduced thickness which extends to the inner end thereof,

20. The method of Claim 14 wherein step (a) comprises forming the

leadframe to include a plurality of tie bars which extend to respective ones of the -

corners of the chip paddle.
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other. 18. The nethod of Cl aim 14 wherein step (a) conprises formng the

| eadf rane such that the bottom surface of the chip paddle, the2balGUST 2004
surfaces of the internal |eads, and the bottom outer portion surface of
the outer portion of the tie bar . extend in generally co-planar relation to
each other. 19. The nethod of C aim 14 wherein step (a) conprises formng
each of the internal |eads to define an inner end di sposed proximte to
the chip paddle and to include a region of reduced thickness which extends -
to the inner end thereof. 20. The nethod of C aim 14 wherein step’(a)
conprises forming the leadframe to include a plurality ofReplasemantsShatti:ch
extend to respective ones of the corners of the chip paddl e. 1BApril2002
SEM CONDUCTOR PACKAGE LEADFRAME ASSEMBLY AND METHOD OF MANUFACTURE

ABSTRACT A seni conSERTOONPALKEQRE PATK A GE LEaastf ame i
reverse-down set part formed in the 6%5;?%53 r%%@ﬁg%ﬁ#%%gpe

The reverse-down set part of the tie med by a nechani ca
stanpi ng process in such a way that it is present wthin the insulating
body, interlocking therewith. This featusg @kggnfacilitates the prevention
of a short circuit between the tie bar tha§ I's exposed externally fromthe
package body and the exposed internal |ead through solder upon the nounting

of a sem conduct drsepimikdgtorgatitgd ahPthR 2503 theEéf@*ﬁ%ni areverse-down set
‘ part formed in thf; tie bar supporting the chip paddle. The reverse-down set part of the tie
bar may be formed by a mechanical stamping process in such a way that it is present
within the insulating body, interlocking therewith. This feature also facilitates the
prevention of a short circuit between the tie bar that is exposed externally from the

package body and the exposed internal lead through solder upon the mounting of
semiconductor package onto a motherboard.

FIGURE 5

-19.




