DUAL ROW LEADFRAME AND FABRICATION METHOD TECHNICAL
FIELD The present invention relates generally to semiconductor packages,
and more particularly to a method and apparatus for a semiconductor
package having a dual row leadframe. BACKGROUND ART In the
electronics industry, the tendency has been to reduce the size of electronic
devices suchBAICROVOIdeADERA piE talNie FlephonasorieinE@hsing
performance and speed. Integrated circuit packages for complex systems
typically are comprised of a multiplicity of interconnected integrated circuit
chips. The integrated circuit chips usually are made from a semiconductor
material such as silicon or galiingdrE¥$€Aid€Tdmiconductor devices are
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including integrated circuit chips typically have numerous external pins that

leadlramschanically attached by solder or a variety of other known techniques to
conductor patterns on the printed wiring board. Typically, the packages on
which these integrated semiconductor chips are mounted include a substrate
or other chip mounting devicé%@@m%guch a substrate is a
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e integr circuit packaging industry
Packages including integrated circuit chips typically have numerous external pins that

are mechanically attached by solder or a variety of other known techniques to conductor
patterns on the printed wiring board.

Typically, the packages on which these integrated semiconductor chips are mounted
include a substrate or other chip mounting device. One example of such a substrate is a
leadframe. High performance leadframes typically are multi-layer structures including
power, ground, and signal planes.

Leadframes also typically include at least an area on which an integrated circuit chip
is mounted and a plurality of power, ground, and/or signal leads to which power, ground,
and/or signal sites of the integrated semiconductor chip are electronically attached.
Semiconductor integrated chips may be attached to the leadframe using adhesive or any other
techniques for attaching such chips to a leadframe which are commonly known to those
skilled in the art, such as soldering. The power, ground and signal sites on the chip may then
be electrically connected to selected power, ground and signal plane or individual leads of the

leadframe.



mainly because of their low manufacturing cost and high reliability.
Leadframe packages remain a cost-effective solution for packaging
integrated circuits despite the introduction of various leadless packages in
recent years. Typical leadframe packages include a die attach paddle, or
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paddle using a conductive adhesive such as silver epoxy. The conductive
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_accordance with the particular design of the semiconductor package. One
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improve the performance of the semiconductor package thus restricting
Oﬂéﬂﬂgﬂlﬁ&ﬂ]ﬁl\eﬂ;@ given size. The dual row leadframe includes an inner row of leads and an

outer row of leads surrounding a pad to which the integrated circuit die is attached. The
contact pads on the integrated circuit are connected to the inner and the outer rows of leads
with bonding wires in accordance with the particular design of the semiconductor package.
One problem that persists with dual row leadframes is that the length of the bonding
wires to the inner row of leads is shorter than the length of the bonding wires to the outer row
of leads. The length of the bonding wires can effect the electrical performance of the
semiconductor package. Connections that are considered critical to the operation of the
semiconductor package usually need to be positioned to use the shorter bonding wire length
to improve the performance of the semiconductor package thus restricting flexibility in the

design of the integrated circuit.



design of the integrated circuit. 2 Additionally, dual row leadframes have a tie
bar located at the corners of the leadframe to temporarily attach the leads to
the die attach paddle. During encapsulation and singulation of the dies, the

corner tie bar can be dislocated from the mold creating a path for moisture or
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number of inner leads. A die is attached to the die attach paddle. A number
therperbfdgWiedtts used to connect the die to the number of inner leads and
the number of outer leads. An encapsulant is formed over the leadframe and
the die to complete the semiconductor package. The present invention
provides a dual row leHRGRSHREIRET %ngégﬁﬂ(ﬁgxibility by facilitating

the use of bonding wires that are substantially the same length thereby
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by facilitating the use of bonding wires that are substantially the same length thereby
enhancing the electrical performance of the semiconductor package.

Additionally, the present invention provides a leadframe with tie bars fused to one of
the leads intermediate the corners of the leadframe to increase the potential number of leads
in the leadframe.

Also, the present invention provides a locking mechanism to reduce the chances of
delamination during the encapsulation and singulation processes thereby increasing the
reliability of semiconductor packages.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art

from a reading of the following detailed description when taken with reference to the

accompanying drawings.



3 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a plan view of a
leadframe manufactured in accordance with one embodiment of the present
invention; FIG. 2 is an enlarged view of a corner portion of the structure of
FIG. 1 after wire bonding an integrated circuit to the leadframe; FIG. 3 is a
plan view of a leadFBAE REARE R KAGH IR HBONE B the leads of the
leadframe manufactured in accordance with another embodiment of the
preséiifinvertich;PRIGYEYs ah anleadfedinieNBrRCBIFfEripotfittinase vith one
cHbbiveaff leprdsafienvéigoonding an integrated circuit to the leadframe;
FIG. 5 is g cross sectional. view.of a semiconductor package at .
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is an enlarged view of the leads shown in FIGs. 5-7; and FIG. 9 is a flow
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to the conventional plane or surface of the leadframe, regardless of its

orientation. The term "vertical" refers to a
BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known system configurations and process steps are not disclosed in detail.

Likewise, the drawings showing embodiments of the present invention are semi-
diagrammatic and not to scale and, particularly, some of the dimensions are for the clarity of
presentation and are shown greatly exaggerated in the FIGs. Generally, the device can be
operated in any orientation. Also, where multiple embodiments are disclosed and described
having some features in common, for clarity and ease of illustration and description thereof
like features one to another will ordinarily be described with like reference numerals.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the leadframe, regardless of its orientation. The term “vertical” refers to a
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direction perpendicular to the horizontal as just defined. Terms, such as “on”, "above",
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direction perpendicular to the horizontal as just defined. Terms, such as "on",
"above", 4 "below", "bottom", "top", "side" (as in "sidewall"), "higher", "lower",
"over", and "under"”, are defined with respect to the horizontal plane. The
term "processing"” as used herein includes deposition of material or
" rediitopatiepningsidxpisuire, désmapmanghetchilyyeieanisy, . and/omder”,
2#FERANBS Vith e pateriahenphelRiesistas required in forming a described
structure. Referring now to FIG. 1, therein is shown plan view of a leadframe
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die attach paddle 102. A number of inner leads 104 is positioned around the
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106 has.a number of extended lead tips 108 attached thereto., The number
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tie bars 110 located at each corner of the leadframe 1 e number of
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i8S PEGIRd to the number of corner tie bars 110. Referring now to FIG. 2,
therein is shown an enlarged view of a corner portion of the structure of FIG.
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e mEe SRR 2oRi e comeest o e
bawrhBersofsedter heatghd 0Gdiyagne in place during subsequent molding and singulation
operations. An outer leadframe 112 surrounds the number of inner leads 104 and the number
of outer leads 106. The outer leadframe 112 is connected to the number of corner tie bars
110.

Referring now to FIG. 2, therein is shown an enlarged view of a corner portion of the
structure of FIG. 1 after wire bonding an integrated circuit, or a die 200, to the leadframe 100.
The die 200 has a number of bonding pads 202 around the periphery of the die 200.

The number of bonding pads 202 is electrically connected to the number of inner
leads 104 and the number of extended lead tips 108 on the number of outer leads 106 by a
number of bonding wires 204. Each of the number of bonding wires 204 is a fine, conductive
wire, such as gold (Au), aluminum (Al), or other conductive wire. The number of bonding
wires 204 is attached between the number of bonding pads 202 on one hand, and the number

of inner leads 104 and the extended lead tips 108 on the number of outer leads 106 on the
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number of bonding wires 204. Each of the number of bonding wires 204 is a
fine, conductive wire, such as gold (Au), aluminum (Al), or other conductive
wire. The number of bonding wires 204 is attached between the number of
bonding pads 202 on one hand, and the number of inner leads 104 and the
odixtehded |esiddipron1G8smehevmembadofomrertsstds 186 o thiéirdatseponding,
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The half-etched portion 303 serves as a locking feature for a moldin
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the innermost edges of the number of extended lead tips 308 are
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. dis attachpaddle 302 and one of the number of inner leads 304.

Each of the number of tie bars 301 is located intermediate the corners of the die attach
paddle 302. The number of tie bars 301 connects the number of inner leads 304 and the
number of outer leads 306 to the die attach paddle 302. Each of the number of tie bars 301 is
connected between the die attach paddle 302 and one of the number of inner leads 304.

The elimination of the number of corner tie bars 110 shown in FIG. 1 provides
additional space that can be used to add more leads to the leadframe 300. Additionally, the
leadframe 300 has a number of corner bars 312 located at each corner of the leadframe 300.
Each of the number of corner bars 312 has an anchor hole 314. The anchor hole 314 is used
to provide a locking mechanism to hold the leadframe 300 in place during subsequent

molding and singulation operations. It has been discovered that the leadframe 300 using the

number of corner bars 312 having the anchor hole 314 reduces the chances of delamination of
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The elimination of the number of corner tie bars 110 shown in FIG. 1 provides
additional space that can be used to add more leads to the leadframe 300.
Additionally, the leadframe 300 has a number of corner bars 312 located at
each corner of the leadframe 300. Each of the number of corner bars 312
ahagharraiatoficole B 4leTthisanecHOP hdiwizd 4sibiesaantonrioide andoskirgglation
ofReERARIsm to hold the leadframe 300 in place during subsequent molding
and singulation operations. It has been discovered that the leadframe 300
using'thelAtiaBET YYD AR S radiFgnthe! AR HERe S1autkre naer
lcabianoesiad delamination afted Raderoapsitaniitonibtdeadiramedt2dediagthe
subsg%?%molding and singulation operations. The leadframe 300 also has
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bbmhuiinspiWinesgd Odoib s b sthitimithrequeal. Thus, each of the number of
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enhancing the electrical performance of the resultant semiconductor package

cach gbMhpdientey Liainevirit Hukbaiot nakBIh Ayl Brasiin aarpsaarre
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on the die 400 to specific ones of the number of bonding pads 402 is increased due to the
substantially equal length of the number of bonding wires 404, because there is less need to
be concerned with the varying parasitic capacitance associated with bonding wires of
different lengths.

Referring now to FIG. 5, therein is shown a cross sectional view of a semiconductor
package 500 at an intermediate stage of manufacture in accordance with an embodiment of
the present invention. The semiconductor package 500 includes a leadframe 502
representative of the leadframe 100 shown in FIG. 1, or the leadframe 300 shown in FIG. 3.
The leadframe 502 includes a die attach paddle 504, a number of inner leads 506, and a
number of outer leads 508. The number of outer leads has a number of extended lead tips

510. An adhesive layer 512 has been applied to the die attach paddle 504 in a conventional

manner such as by applying an adhesive tape or dispensing an adhesive liquid or paste that is
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be concerned with the varying parasitic capacitance associated with bonding
wires of different lengths. Referring now to FIG. 5, therein is shown a cross
sectional view of a semiconductor package 500 at an intermediate stage of
manufacture in accordance with an embodiment of the present invention.

supegyertic sndctdmpatsiiagie s BYdh el eanabie adiirarple O ke ppadeeitstive opn-
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The leadframe 502 includes a die attach paddle 504, a number of inner leads
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760NN SAlE5INoMBRAL SRRIRRYPHR PG IR U RIRNG I SON ARG RANRMES ing

readily available in the semiconductor industry. Referring now to FIG. 7,
MRS IBR i th e R Berksigs Ao r ShtapainerbisiGip&age S00 can be
uSeNTigoshdetae Rackagetda0o Thesitecitireval fltzd Gristeseapsulateddnvantional

encapsulant 700, such as an epoxy mold compound or other suitable
manner.. . . . . .

Material, using conventional molding equipment to form the semiconductor

pack&gécBOQ Mive tedHicFhdhcton patiageabGilergebperasad forvaséquentber

of ANNEGURR 13 RANEA GlteUt fosIH(MQkshwn) A LAMVEHORAL A0 is

Referring now to FIG. 8, therein is shown an enlarged perspective view of a

TORFHIIERI N HABF reaBReB0S Aner LAtMNErdramet [85ts Boad Fner dbfvertst of

inh&erelerdsn8Ohdsyi epresentativedofi thesiwimher okinnamiaads diléd ShWRM is
FIGs. 1 and 2, or the humber of inner leads 304 s nin FIGs. 3 and 4.
P R I Bed 204 S i

TeBITARY & MRS Shar e Ag BON0 S PaRt ARt Ve B the R RIS ©f
ogtdeddadi¥ s06vehmvitGe. Bl®d.41 and 2, or the number of

The number of outer leads 804 has a number of extended lead tips 806, which is
representative of the number of extended lead tips 108 shown in FIGs. 1 and 2, or the number
of extended lead tips 308 shown in FIGs. 3 and 4. The number of extended lead tips 806
extends inwardly from the number of outer leads 804 to the inner edge of the number of inner
leads 802. A number of bonding wires 810 is wire bonded between the number of inner leads
802 and a die (not shown), such as the die 200 shown in FIG.2, or the die 400 shown in FIG.
4.

Referring now to FIG. 9, therein is shown a flow chart of a method 900 for
manufacturing a semiconductor package comprising: providing a leadframe comprising: a die
attach paddle; a number of inner leads; a number of outer leads; a number of extended lead

tips on the number of outer leads to extend the inner edges of the number of outer leads in

substantial alignment with the inner edges of the number of inner leads, in a block 902;
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outer leads 306 shown in FIGs. 3 and 4. The number of outer leads 804 has

a number of extended lead tips 806, which is representative of the number of

extended lead tips 108 shown in FIGs. 1 and 2, or the number of extended

lead tips 308 shown in FIGs. 3 and 4. The number of extended lead tips 806
agadieing g iHwvirdly dropitthle paddiban eftdeste Pldadsigtndingdhipdisrte degenomipas of
il BRI AhiNRe hURBRES B eABNRE! b RORSENhWERS BL D is e 1BRREREE and

between the number of inner leads 802 and a die (not shown), such as the
thgidio atrshsaddin et die 400 shown in FIG. 4. Referring now to

FIG. Phiketehaddshiowscaviay _tti_aathefna:qm_ethﬂd AArtons mﬁmﬁfp\@;ﬁﬁn @h@ention
rgicandusior Packane. sompriing: proyiding acadirame pomprisipora dis,

attach pan) e; a number of inner leads; a number of outer feaaé; Aumber of
adwreingiedite adanigecorritiie ansambemdicdotaraikkads tolextehehdiirmeil belgesslohg
piB& QUIPEL A AIBEASAAS dnaisHistaatiRl Rligament witdiheidnagr ﬁggﬁsv%ame,

the number of inner leads, in a block 902; 8 attaching a die to the die attach_
ansh GRS aUB ot SRR BRIt el s FRiiBer Hiednie Mastiactine
séhecordubier picautes tRadsd il ploatp20e anch encapsotalingibedeadisameesses

aéwt%cflrl]]elgieegattach paddle, in a block 908. Thus, it has been discovered that
MMhe“method and apparatus of the present invention furnish important and

heretdfbrie thedvaditisie kol btiondecapabilities)andifonetibaapadiabtsgasdort is
(JIRHIAGERY AR SMIRPAAMARNPackAgR LsIDE: 2dRRdlAMEnsT RAIrGSUlliPZent to

process and configurations are straightforward, economical, uncomplicated,
thergniliVedsinitee ahin drebbeidheidererite ARRIRIEhAGKAYRREENY réntprded to
efigaglily Suie tofemamuacadimgasiemicanduciaipackages Wahiaraéwlppe of the
. C tible with conventional manufactyring processes, and technologies. .
IR e A Bel A e o Wt o SoBb A g yine
drmnwtlgs iristabdiatempdeestoodh thias matiny aldermatives ngredifications, and

variations will be apparent to those skilled in the art in light of the foregoing

description. Accordingly, it is intended to embrace all such alternatives,

modifications, and variations that fall within the scope of the included claims.

All matters heretofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense. 9



THE INVENTION CLAIMED IS: 1. A method of manufacturing a
semiconductor package comprising: providing a leadframe comprising: a die
attach paddle; a number of inner leads; a number of outer leads interleaved
between the number of inner leads; a number of extended lead tips narrower

THEARNENAEPNeab4 BAERd Yiumber of outer leads to extend the inner edges
of the number of outer leads. in substantial alignment with the inner edges of
the ndmber ofiFREF 9 RACUEELHIRG SCENS WHLOGR AtSR S PHIE Ewire
bondimgvildengdieltadhrenmuraiperighinner leads and the number extended lead
tips; and eng%?eswagﬂ J%ﬁeleadframe and the die. 2. The method of
manufacturing a semiconductor package as claimed in claim 1, wherein:
providing a léadfrdsiebranvitheads; leadframe comprising a number of tie bars

connecting the gigattacheatdls tndthentmierhaaeneisiet tiedsadiame.

3. The method of manufacturing a semiconductor package as claimed in
claim 1, whé‘rE}H’El'b%?ﬁo‘iﬁtﬁné“fEe\&??a?ﬁé SR SR e R BtitiR g gnber
number of tie bars «fannadinds thweetliendttke impaddig:toatieashtems ofitdideads

number of inner Ieadss.u b4tam%rgaethod fW rlrgﬁr&tlJfacturln as(%rmg%gn %tro(gfinner

. 17. 1gNn1men . 1NNEr €
package as claimed in iaim 1, ‘wherein: prowglng a leadirame provides a
leadframe comprisitégdan anchor hole for locking the leadframe in position

while gnegRsulating thedragfiamaand the die. 5. The method of
semiconductor package as claimed in claim 1, wherein:

manufacturing a _
providiHg '%\%%%ﬁr%é“‘p?%&‘?aé&“ﬁ’m BBl g Urkr e ihlsdriend tips:

outer leads &iaving a number of extended lead tips, wherein:

encapsulating the leadframe and the die.

2. The method of manufacturing a semiconductor package as claimed in claim 1,
wherein:
providing a leadframe provides a leadframe comprising a number of tie bars

connecting the die attach paddle to the number of corners of the leadframe.

3. The method of manufacturing a semiconductor package as claimed in claim 1,
wherein:
providing a leadframe provides a leadframe comprising a number of tie bars

connecting the die attach paddle to at least some of the number of inner leads.

4. The method of manufacturing a semiconductor package as claimed in claim 1,
wherein:
providing a leadframe provides a leadframe comprising an anchor hole for locking the

leadframe in position while encapsulating the leadframe and the die.

5. The method of manufacturing a semiconductor package as claimed in claim 1,
wherein:
providing a leadframe provides:
a number of inner leads; and

a number of outer leads having a number of extended lead tips, wherein:

10



10 the number of inner leads and the number of extended lead tips are
substantially the same distance from the die attach paddle. 6. A method of
manufacturing a leadframe comprising: providing a die attach paddle;
providing a number of inner leads around the periphery of the die attach

paddle; provigingabeintiemngtoltedicant droundnitve périptiergedf thrd ditps are

attach paddle intergaygd:befwrenthanumbaraf meekdeads piayiding a
number of extended lead tips narrower than the inner leads to the outer

leadss.wherainidinedwimbanat exiendeaddeachdipsngpdeingd:inwardly toward the
Ege inner edges of the number of inner leads and

die attach ,.paddle; whereb
the inl?{g\rﬂgl éeasdcl)? %\ﬁg&n z}%{%ef of extended lead tips are substantially in

alignipremiding The mbetddnof nheade factud e adcabiérsvic sdidaitac paddlaim
6, FUriEYi ERIMPHRINGPIRVIRIRE R MREH QT HE c?@rﬁﬁ}fé?ﬁ%@‘%ﬂ@%f@%@i@h paddle

attach paddle to a number of corners of the leadframe. 8. The method of
manufacturifif Acresdaiecadha anmearinl divh 82Rirther comprising:
provigiagidinumhenisirtie bakscannradting herdieaitachteaddle tenad teast outer
some of thelen mblcjeerrglfni.nner leads. 9. The method of manufacturing a

leadframe a$‘claimed in claim 6, further comprising: providing an anchor

hole for lockithg tierfectdffamecinlel nealdl tigsl extend inwardly toward the die attach
paddle;

whereby the inner edges of the number of inner leads and the inner edges of the

number of extended lead tips are substantially in alignment.

7. The method of manufacturing a leadframe as claimed in claim 6, further
comprising:
providing a number of tie bars connecting the die attach paddle to a number of corners

of the leadframe.

8. The method of manufacturing a leadframe as claimed in claim 6, further
comprising:
providing a number of tie bars connecting the die attach paddle to at least some of the

number of inner leads.

9. The method of manufacturing a leadframe as claimed in claim 6, further
comprising:

providing an anchor hole for locking the leadframe in a mold.
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