METHOD OF PRODUCING A SEMICONDUCTOR PACKAGE CROSS
REFERENCES TO RELATED APPLICATIONS [0001] This Application
claims benefit of co-pending U.S. Provisional Application Nos. 60/840,951

and 60RA&0, BEAD O Hifed Do AWB sA 3B MOCH MDIST FERITEADKIAGE
herein by reference. FIELD OF THE INVENTION [0002] The present

invention relgRO$S REFERENC ARMIRELADEDSRARCOCAHTIONSackage
and in particular, a multi-row quad flat non-leaded (QFN) package.

[0001 PESTh$PAREIN 06N Tt BereTiE Bf AGpelOG]1 NS Real fhid mad A jgmidation Nos.
(QFN) package is a semiconductor package that is generally used in
60/84698hcadtetedBicbtdniitet ouitdgsiy8s, J00S Qithackauwghoestatdherein by
have external leads extending out of the package, and instead has
referemtegrated leads arranged along periphery of the die pad area at the
bottom surface of the package body. Advantageously, such a form of
leads can shorten the traRHPhiDaDEET iEtHNUEBTdDRNCce reduce
resistance to improve signal transmission. Multi-row QFN packages have
[0002two arhapreseonis vdritad setataoiontzibdtieo pedapiiaciuirie stenjpaddusar package
[0004] One currently available multi-row QFN package is a thin array
and inglagtiou (@rAfRnydaetaag qudkhfiat aiopleatiadP (Q&dKppopedYes described in FIG.
1. FIG. 1 describes a QFN package 10 having a die pad 12 and a plurality
of rows of leads 14 BESCRKIEINO th©Hig IHRREL. AN EPmiBdnductor die 16 is
attached to the upper surface of the die pad 12 using an epoxy adhesive
[0003]1.8. TAesahilabndiudtadeti QBNY packagetechtse thiedaddsidripackdeitiavisegenerally
20 extending from the die 16 to the upper surface of the leads 14. The die
used id Bytfeedencisniet et titoa b @irdwitidesig0saréhe Qi patadagk idoasmotdave external
compound 24. The bottom surface of each of the leads has terminals 22
leads éxtengsenmndutrtifehe pacicegtonsd fimserd s éntegrated eadingy tangedradoad periphery of
circuit board (PCB). [0005] However, there are several limitations to the
the dieTpde prealaidie Bott@rantides af theepackage body. Advantageously, such a form of

leads can shorten the transmittance distance and hence reduce resistance to improve signal
transmission. Multi-row QFN packages have two or more rows of leads surrounding the
periphery of the die pad area.

[0004] One currently available multi-row QFN package is a thin array plastic (TAP)
package. An example TAP package 10 is described in FIG. 1. FIG. 1 describes a QFN package
10 having a die pad 12 and a plurality of rows of leads 14 surrounding the die pad 12. A
semiconductor die 16 is attached to the upper surface of the die pad 12 using an epoxy adhesive
18. The semiconductor die 16 is connected to the leads 14 via bond wires 20 extending from the
die 16 to the upper surface of the leads 14. The die 16, the leads 14 and the bond wires 20 are
encapsulated in a mold compound 24. The bottom surface of each of the leads has terminals 22
for use in further connections, for example, for connecting to a printed circuit board (PCB).
[0005] However, there are several limitations to the TAP package. For example, as the

number of input/outputs (1/0s) or rows of leads increases, space for the additional rows of leads
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number of input/outputs (1/0Os) or rows of leads increases, space for the
additional rows of leads 1 would have to be taken from the die pad area
thereby requiring the size of the die to be decreased in order to

wouldaeserunedake itfeoatithtoiwpsdweetiesds. MGuiathensizzobthretickade decreased
can be increased to maintain the die size and to accommodate the

in ordadditiocarhrovdaieftlepatklitimralaswg oflegoackapdesine siaa dfahensiekiigblean be
as it may increase manufacturing costs and may affect the circuit design.

increaf@0@6 hidiGtathshe iz Higetam\teuccdrtineod AR thackidirtodsl. idwsIbbeadyedcreasing
that the bond wires 20 connecting the die 16 to the leads 14 are longer

the paekahegizdapmberenaissirabkuds of they mdeitisnalarafsnfrirgdsstsladd0na) bfifect the
addition, as the leads 14 in the assembled package 10 are isolated from

circuiteigmother, electrolytic solder plating of the exposed leads 14 for further
processing of the package is not possible. [0008] There is therefore a

[0006 heedRiGp Poshdevsaitheatipodd ef miathe fagte pagkageetiictngil ther npeddhgethe bond
that can overcome or at least ameliorate one or more of the above

wires Rthdarioetsin Gt /AR Y dQRe TedEs| MVEAIDIQR! 0008} eNaemiredisreamrtolt of the
the method of manufacturing a lead frame includes the following steps:

additidgalmawschin deads diéctrically conductive layer having a plurality of holes at a
top surface, wherein the plurality of holes form a structure of leads and a

[0007Hie padaddisaiy &¢lotrleadly 14onductsehayled (byKdiad Gherepisotaliegd &fom one
holes with a non-conductive material; (c) attaching an electrically

anotharoalidatiiv ifosodare tdatom sifrfieeexpbted E@isiddidy foahduptneedsipgradribe package
the non-conductive epoxy material; and (d) etching the electrically

is not posedlietive foil to create a network of leads, die pad,

[0008] There is therefore a need to provide a method of manufacturing a semiconductor

package that can overcome or at least ameliorate one or more of the above limitations.
SUMMARY OF THE INVENTION

[0009] An embodiment of the method of manufacturing a lead frame includes the following

steps:

@) providing an electrically conductive layer having a plurality of holes at a top
surface, wherein the plurality of holes form a structure of leads and a die pad on said electrically
conductive layer;

(b) filling the plurality of holes with a non-conductive material,

() attaching an electrically conductive foil on the top surface of the electrically
conductive layer and the non-conductive epoxy material; and

(d) etching the electrically conductive foil to create a network of leads, die pad,
bus lines, dam bars and tie lines, wherein the bus lines connect the leads to the dam bar, the dam

bar is connected to the tie line and the tie line is connected to the die pad.



bus lines, dam bars and tie lines, wherein the bus lines connect the leads
to the dam bar, the dam bar is connected to the tie line and the tie line is
connected to the die pad. 2 [0010] Another embodiment of the method of

[0010Mmanwactheingribdeiddnaotatiochetdasitbeniaiigfadng istepdcattrasteinelides the
above: attaching a solder mask to selected areas of the electrically

followdngetept\eftévisiapddhabpoe- conductive epoxy material, wherein the solder
mask covers at least one inner row of leads, and the solder mask has a

phitathingfacddingmikad exleotsl atdesisf teeelzateicatiy ahldasdis/aficil and the non-
expose portions of the bus lines, that are connected to said inner row of

condulg i paspyrxtemialneheeér row of leads. [0011] An embodiment of a
method of manufacturing a semiconductor package according to the
inhenbtoeimeiskesvead pirteastingeainrelecivicafljeads)dudtive layer having a
plurality of holes at a top surface; (b) filling the plurality of holes with a
nte-soliduotbsk hatephlrdl)yadfemienongsitiede expeat\aclzastumieveufter! mwtbeleads and
top surface of the electrically conductive layer and the non-conductive
exposerataicals (dtieddhingibe tletcdricatiyneoteditotbaidfointy treeaté laadshawdly dfom the
leads, die pad, bus lines, dam bars and tie lines, wherein the bus lines
inner conpédddtie leads to the dam bar, the dam bar is connected to the tie line
and the tie line is connected to the die pad; (e) attaching a semiconductor
[0011Hie tAthencheadn(fiedchiatbod bbttamufactiavegaf shemietstivcaliypackage according to
conductive layer to isolate the leads from each other. [0012] Another
the inemitiardinedindest a method of manufacturing a semiconductor package

@) providing an electrically conductive layer having a plurality of holes at a top
surface;

(b) filling the plurality of holes with a non-conductive material,

(©) attaching an electrically conductive foil on the top surface of the electrically
conductive layer and the non-conductive material;

(d) etching the electrically conductive foil to create a network of leads, die pad,
bus lines, dam bars and tie lines, wherein the bus lines connect the leads to the dam bar, the dam
bar is connected to the tie line and the tie line is connected to the die pad;

(e) attaching a semiconductor die to the die pad;

(f etching a bottom surface of the electrically conductive layer to isolate the
leads from each other.

[0012] Another embodiment of a method of manufacturing a semiconductor package
according to the invention includes after step (d) above:
attaching a solder mask to selected areas of the electrically conductive foil and the non-

conductive material, wherein

the solder mask covers one at least one inner row of leads, and
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according to the invention includes after step (d) above: attaching a solder
mask to selected areas of the electrically conductive foil and the non-
conductive material, wherein the solder mask covers one at least one

inhesodierahsidmsanslumhing sobgenimgeskdtaspoptLapldasvbapeniagdinaf leads and
expose at least one outer row of leads and expose portions of the bus

expostipestithaiofithecioumibotediiattive tunaecky ©f teaitimeavay dfdsadbeavingerom the
row of leads. [0013] An embodiment of a semiconductor package

inner @ycofdagldo the invention includes: an electrically conductive layer
having a plurality of holes at a top surface, wherein the plurality of holes

[0013pre filedmiibdinmem-ciomskmivendoateripdcRigelextoicifly tothduatreation ioludes:
the top surface of the electrically conductive layer and the non-conductive
nmuateleatricdl by eonthetdle dhyeatwviag duysitival itgibE ledés sisanepvsarkaod, wherein the
leads, die pad, bus lines, dam bars and tie lines, wherein the bus lines

pluralitpoféctabh erteidsdtovitreadam-b@rduitieye amatddaljs connected to the tie line
and the tie line is connected to the die pad; and a semiconductor die
attaeheett ica thyecdrel petole 66i1 4 h Areotbye s efabe dinttent le€ tai s picomtloties layer and
package according to the invention includes: an electrically conductive

the nolagenthating agtéuiallity o biol e & ectogalyréacdyetivertil theatpdurabityvork of leads,
holes are filled with a non-conductive material; an electrically conductive

die pathiboslihes dprsindescandftib & redg ciriheadiy conductivesagenan dhdéheads to the dam bar,
non-conductive material, wherein the electrically conductive foil creates a

the damebaoikoohteatks) tditagted linashicddse tahmbassamttiediteet)evdiepait tne
bus lines connect the leads to the dam bar, the dam bar is connected to
threestmigoadunibtitidiattnbeld toahaelitgado said die pad; and a solder mask
attached to selected areas of the electrically conductive foil and the non-

[0014] Another embodiment of a semiconductor package according to the invention

includes:

an electrically conductive layer having a plurality of holes at a top surface, wherein the
plurality of holes are filled with a non-conductive material,

an electrically conductive foil on the top surface of the electrically conductive layer and
the non-conductive material, wherein the electrically conductive foil creates a network of leads,
die pad, bus lines, dam bars and tie lines, wherein the bus lines connect the leads to the dam bar,
the dam bar is connected to the tie line and the tie line is connected to said die pad; and

a solder mask attached to selected areas of the electrically conductive foil and the non-
conductive material, wherein

the solder mask covers at least one inner row of leads, and

the solder mask has a plurality of openings that expose at least one outer row of leads and
expose portions of the bus lines, that are connected to the inner row of leads, away from the

inner row of leads;



conductive material, wherein the solder mask covers at least one inner
row of leads, and the solder mask has a plurality of openings that expose
at least one outer row of leads and expose portions of the bus lines, that

asecontunsotadaierinbonvelecest afeleasisthawdysticfatdhyf tiendesoivadfieadsuctive
4 a conductor material on selected areas of the top surface of the

layer; @tettrically conductive layer; and a semiconductor die attached to
portions of the conductor material and the solder mask. BRIEF

DESE@RBNTCMNrQR AttHcHORABWYOINIG s [OOthe |dbtatuye s peattsiaf 4he the solder mask.
invention can be better understood with reference to the following
drawings. The coBRIERDIEIC IS TIaN Qs THE MR AVCH$SHily to scale,
emphasis instead being placed upon clearly illustrating the principles of
[0015the présgnadpseatidhdoventien, can tiecbdtewimgierdiked efererferenom ey aie
designate corresponding parts throughout the several views. [0016]
followrngurewishewshe congsesentsanahvigravaihgsihne aotaeqdssstidy T§ehle, emphasis
package. [0017] Figure 2 shows a top view of the TAP package of Figure
instead bEd0] 8] deeylupsrBdedNy illhsnaténg the irottsles aftimgpiesentamizationemiloreover,
of the present invention, for producing a multi-row QFN package. [0019]
in the Brgwiags dikevsfarEiedlmackatpedesigoats damespithirg fistsaibeongteut the several
embodiment of the present invention. [0020] Figures 5A-5I illustrate a
viewsmethod, according to a second alternate embodiment of the present
invention, for producing a multi-row QFN package. [0021] Figures 6A-6F
[0016]llustFatpice hetbhod, sacossdieditma thaw aftethatarayuastret AP package.
present invention, for producing a multi-row QFN package.
[0017] Figure 2 shows a top view of the TAP package of Figure 1.

[0018] Figures 3A-3M illustrate a method, according to an embodiment of the present
invention, for producing a multi-row QFN package.

[0019] Figure 4 shows a QFN package in accordance with a first alternate embodiment of the
present invention.

[0020] Figures 5A-51 illustrate a method, according to a second alternate embodiment of the
present invention, for producing a multi-row QFN package.

[0021] Figures 6A-6F illustrate a method, according to a third alternate embodiment of the
present invention, for producing a multi-row QFN package.

[0022] Figures 7A-7D illustrate a method, according to a fourth alternate embodiment of the

present invention, for producing a multi-row QFN package.



[0022] Figures 7A-7D illustrate a method, according to a fourth alternate
embodiment of the present invention, for producing a multi-row QFN
package. 5 DETAILED DESCRIPTION OF THE INVENTION [0023]
Hereinafter, the present invention will be described in detail by way of

exemplary embedimrIED \WHEERFENGNOHhE dEINWEN Ti@eNlescribed
exemplary embodiments are intended to assist in the understanding of
[00231he investiaificatteapessott imendis Wil tescaibeparodethit iywenyioh dremplary
any way. Throughout the drawings for explaining the exemplary
embodimbadiwigmtsfetbosetcthepivawiigshaMiegléderbicc eRenatianserabodihents are
same reference numerals for which duplicate explanations will be
intendeditteski§002dleAimdenstinding ehtiohveativof @ndwthoot iatdeduicatingiathe scope of
semiconductor package is described below with reference to Figures 3A
the invendivh Asashiavay .inTRQugks BAhartiadBngs fesiskpldai g e matadiary kothodiments,
the top and bottom sides of a base copper layer 100. The resist 102 is
those claviptorats tachegidentinalskundiere tamynidg e e ddnand andalpdor 1dtch
as shown in Figure 3C can be formed in a subsequent etching process.
duplicpa@2%p lan&iignsendIT hthentitise. copper layer 100 is half-etched to form
terminals/leads 104 and die pad 106. It will be appreciated that the base
[0024FoppArraydmiidid gamibed paecially &obtoddarfybdestinegl sesaentamidaieepackage is
not be limited to being half-etched as described in this embodiment. The
describedibe bR vstthexfiestnpp talFoffues 8vetd aNalAeittschbasegropp@A layeBB, a resist
100 having a structure of formed terminal/leads 104 and a die pad 106, in
102 isvdmihatedrasdatbdtiead airhboftanpidiesob ithasestopprrrkyssh@ivnTire resist 102 is
Figure 3D(i). Figure 3D(ii) shows a top view of a portion of the half- etched
develdpesd@omaty dayeskl@0e© 02 6]i Rdsdeddg 104Rgd eeddEpatd Gbeashhanvwefagure 3C
half-etched are filled with a non- conductive material such as epoxy 108. A
can bectopped finlalslddsahen etlepositedassiop of the base copper layer 100 and
the non-conductive epoxy 108. The copper foil 110 may be deposited
[0025] In Figure 3C, the base copper layer 100 is half-etched to form terminals/leads 104 and

die pad 106. It will be appreciated that the base copper layer 100 can be partially etched to any
desired extent and need not be limited to being half-etched as described in this embodiment. The
resist 102 is then stripped off to reveal a half-etched base copper layer 100 having a structure of
formed terminal/leads 104 and a die pad 106, in which a cross-sectional view of a portion of the
structure is shown in Figure 3D(i). Figure 3D(ii) shows a top view of a portion of the half-
etched base copper layer 100.

[0026] Referring to Figure 3E, the areas that were half-etched are filled with a non-
conductive material such as epoxy 108. A copper foil 110 is then deposited on top of the base
copper layer 100 and the non-conductive epoxy 108. The copper foil 110 may be deposited
using lamination, hot-press or other conventional methods known to the person skilled in the art.
[0027] Referring to Figure 3F, a resist 112 is laminated on both the top of the copper foil 110

and the bottom of the base copper layer 100. The resist is developed to create a mask where a



using lamination, hot-press or other conventional methods known to the
person skilled in the art. [0027] Referring to Figure 3F, a resist 112 is
laminated on both the top of the copper foil 110 and the bottom of the
netwoblasetenppaiddymis10a, Dinelesistlis, devsicpErd tindréatebaasklavitgrbar 116 as
6 network of terminals/leads 104, bus lines 114, tie bars 118 and dam
showrbiarsiguipieBagipandl36 (# cahdewfiomiet)inasaiséyuandedch{ng grochss.
formed in a subsequent etching process. [0028] Referring to Figures 3G(i)
[0028nd B&feiitierekimses 3B(Ijang 0GR, chpprepdsediidtanes etchedoppertfudl 110 are
resist 112 is subsequently stripped off. Figure 3G(i) shows a
etchedcandstraetipnal 2iagubsaypartipstappedesth et gira GE(H soonprisedsfibeional view
copper base layer 100, the non-conductive epoxy 108 and the copper foil
of a pdrtidn Tfemetchet bedchodicoaprisdteofappeofpidriittdtayeed (D ethe etaveckmfuctive
terminal/leads 104, the bus lines 114, the dam bars 116 and the tie bars
epoxy 08B asdstieveoppefifgpulré 139G (Dhedntwpetohedqidhimed afebestoppimois Slofermed the
in figure 3G(ii), in which section A- A corresponds to section A-A of figure
netwoBGHf)telineial/fesdsxe0plies basdews binthigdens RE(1) 16pdBGEitidhatsie8 as shown
bus line 114a connects inner lead 104a to dam bar 116a. The dam bar
in figutd 8&(§). cArtnpatied tof theaetdbed stithieenid shdemds foguaed @i Yjerbahith&ection A-
The tie bar 118 is connected to the die pad 106. Such a network of bus
A corilespsntit49 dectidveds A b6 figar¢i@B@)s tBraduaexaggdeiddy seeaifitamgigures 3G(i)
electrical communication between the leads 104 and die pad 106 such
and 3@&ta) that tbkebulytclivecesvesisutrals @ dd4alidideso loker 1dl6ding healarbdar 116a is
subsequently carried out on the assembled structure during further
connestedyescoiterrpedskidy afaDapAds shoand theRigurasi3Bl(ifFie idaretéRasiconnected to
structure from Figures 3G(i) and 3G(ii) are further processed to plate a
the diepad li6fivéncate natwadhodidsshiees hlthelkradart A4 Gafdrive barsdl fthamrantageously
120 and to plate a conductive material such as silver on the periphery of
maintaive diecpauhllanoufonatignduetedsoritcalesal L Refdieipgdd Fagunh BHfithe
a resist 124 is first laminated on the etched structure comprised of the
electraypiperdresectagach aOe dutrokytiacsnldercpilati ep @an hoSusentrentkyompeedailit on the
110. The resist 124 is developed to create a mask where the silver plating
assembkaal ssucture during further stages of processing.

[0029] As shown in Figures 3H(i)-(iii), the etched structure from Figures 3G(i) and 3G(ii)
are further processed to plate a conductive material such as silver on the leads 104 to form bond
fingers 120 and to plate a conductive material such as silver on the periphery of the die pad 106
to form ground bond area 122. Referring to Figure 3H(i), a resist 124 is first laminated on the
etched structure comprised of the copper base layer 100, the non-conductive epoxy 108 and the
copper foil 110. The resist 124 is developed to create a mask where the silver plating can be
applied at the leads 104 to form bond fingers 120 and the periphery of the die pad 106 to form
ground bond areas 122. Referring to Figure 3H(ii), silver is plated onto the exposed areas of the
etched structure to thereby form the bond fingers 120 and the ground bond areas 122 when the

resist 124 is removed. The resulting lead frame is shown in Figure 3H(iii).



applied at the leads 104 to form bond fingers 120 and the periphery of the
die pad 106 to form ground bond areas 122. Referring to Figure 3H(ii),
silver is plated onto the exposed areas of the etched structure to thereby

[0030form Re¢ehimglttirkiguse13 Daseehibendiatmcliombasenndi?d withe diepseies using a
124 is removed. The resulting lead frame is shown in Figure 3H(iii). 7

die attHo0IPPReEATING dadigives BB exsminhicondihetdicdiecldGhs altmehald/ keatlel 04, and
die pad 106 using a die attach epoxy 127. Bond wires 128 extend from

the redpectiie 2adstoftihe teirrunaBAenasathed mhethevadirciver@sdbiee die 126 and
wires 128 are attached to the ground bond areas 122 of the die 126 and

the botiteflngecs fil2gars R Wins inanwiig. bDimebuyd Mieebdad vanefot 28anariefde gold or silver
example, be gold or silver bond wires. Referring to Figure 3J, the

bond wires.tiRefeninpris €dgot 483, shestrontinetconipei oo fitie ssomdontestdrdfe 126, the
and the silver plated leads 104 or bond fingers 120 (i.e., the wire-bonded

bond \aies<)2&rendrnbapdutrtpldtedtieadsntid cobupduit)dS3AAD03L) iRefeirérlgotaled areas)
Figure 3K, the bottom of the base copper layer 100 is back-etched until

are entiapsotatechwithrtionodd tieenle@dsl 188.are completely isolated from one
another. The exposed bottom portion of the leads 104 and die pad 106

[0031hre tRefeplisigp tb Witduee SHJ érenbatenmlof 32 dmssicoppeirdymyu@03k hesikgtahed until
electrolytic solder plating process. [0032] A singulation blade 133 as

the bosioawportidrigidrtheSlead LE@tae sorgpleti ytheo Esed intie dnsootoee ifte eapbsed
individual unit. Figure 3M shows the final semiconductor product after it

bottonhasriteeof shegabate 040063 iA fadtlaiemedter pibedimintcbiter pnetseral 132 as
invention includes all of the steps as described above for and as shown in

showrHig &igera Althreing rdéetimlydiceso idstedading poddessplating the exposed
leads 104 and die pad 106 as shown in Figure 3L, solder balls 134 are

[0032httachaiingulthieekpoecB e 004 asFsbowiBinisigesd . JOQBLHtAtbeassainbled
alternate embodiment of the present invention includes all of the steps

structutesotibeatabwlrei for bl tad-ghoe 8 vh Frimusékesdnahseoy boBQUdttm\weadict after it has
instead of continuing

been singulated.

[0033] A first alternate embodiment of the present invention includes all of the steps as
described above for and as shown in Figures 3A through 3K. However, instead of solder plating
the exposed leads 104 and die pad 106 as shown in Figure 3L, solder balls 134 are attached to
the exposed leads 104 as shown in figure 4.

[0034] A second alternate embodiment of the present invention includes all of the steps
described above for and as shown in Figures 3A through 3G. However, instead of continuing
with the steps as described with reference to Figures 3H-3M, the following method as described
with reference to figures 5A to 51 is used. Referring to Figure 5A, a first resist 136a is laminated
on the copper foil 110 and a second resist 136b is laminated at the bottom of copper base layer
100. The first resist 136a is developed to expose only the terminals/leads 104 and the periphery
portion of the die pad 106. The second or bottom resist 136b is also developed to create a

pattern of exposed areas which is a mirror image of the terminals/leads 104.
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with the steps as described with reference to Figures 3H-3M, the following
method as described with reference to figures 5A to 51 is used. Referring
to Figure 5A, a first resist 136a is laminated on the copper foil 110 and a
[0035ecoNdxeatstHR6D iis fgoiraBdtat the dxdqortt eoprallrdaalyeneléOnore
The first resist 136a is developed to expose only the terminals/leads 104

conduativethtpa RSy spertieomickthardigpiddfdNowet & s enodhbobiédirstaatstecond
136b is also developed to create a pattern of exposed areas which is a

resistsni@éar 136gw 6o tinettienstodtafiesatsshodwn8r{GRRod BlextT hs ghldwndniEkglireay be
5B, the exposed portions are plated with one or more conductive

depositedtesisdpala8 kyeisas avkehsnchigolsf, dbdotvetioay debiovad mfuthe iz stTamrcyold layer
second resists 136a, 136b to form the lead frame as shown in figure 5C.

can beTdieogoln taydrrankehensigket |ajeposited asopdppeatd-tryedaEmnple, vodwokl layer can
ratio of about 1:10 to 1:15 or about 1:12. The gold layer can be a bottom

have dayieknew tfabock6ldayercartbeandabelajekeHayaampieethéehgmdoeByafrabout 5
can have a thickness of about 0.4 micrometer and the nickel layer can

microimatez. aTtheckicksk gull eptate d | sads oM dtem Dherdiiicigels ot pladabel @z l1geld plated
form bond fingers 140 and the nickel/gold plated periphery portions of the

periphdiy padié0Sdbtima diepatl 16no aneas b d0dafjaR&A2ring to Figure 5D, a
semiconductor die 126 is attached to the die pad 106 using a die attach

[0036poxReleitiag todrigsines BansbavicesdiZBoe dierid 6rsrattheh etletd 2 thidipad 106 using
terminals/leads 104, and the respective ends of the wires 128 are

a die attablepdxy 18€ gradhebivend ard:asreg 228 ¢ehenlidrbatthedithE2bdodhe
fingers 140 using wire bonding. In one embodiment, gold or silver bond

terminaistsaarel 04 cahdRbbereapgaiavE iguae G dtvel ss 1CRI reecaitagiveskid dfetigeound bond
semiconductor die 126, the bond wires 128, and the nickel/silver plated

areas ldady treldld G2Gartithiérigamd f40) e ldaspsy katedbaittinige frodae embodiment, gold
compound 130. [0037] As shown in figure 5F, the bottom of the base

or silveopped MiG$satsacdedtdRefdrangl ttheiduwetdhn pertitsnobinheolaadsetief tHre
completely isolated from one another. The bumps 144 formed from the

semichudtmtopdietib2bothth bdedsd re9 4 2ih drfedive thighdiésgaer piieareatisvaldpddr bond
after

finger 140 are encapsulated with the mold compound 130.

[0037] As shown in figure 5F, the bottom of the base copper 100 is back-etched until the
bottom portion of the leads 104 are completely isolated from one another. The bumps 144
formed from the bottom portion of the leads 104 and from the die pad 106 are developed after
the etching due to the presence of the nickel/gold plating 138, which acts as a stopper for the
etching solution.

[0038] Referring to figure 5G, the bumps 144 or bottom areas of the leads 104 and the die
pad 106, are plated with solder material 132 by an electrolytic process. The solder plating
process is possible due to the presence of bus lines 114, tie bars 118 and dam bars 116 formed
from the copper foil 110 during the second etching process as described in figures 3E to 3G. It

will be appreciated by that all exposed copper at the bottom side can be plated during the



the etching due to the presence of the nickel/gold plating 138, which acts

as a stopper for the etching solution. [0038] Referring to figure 5G, the

bumps 144 or bottom areas of the leads 104 and the die pad 106, are
electrgligie protissbidensv e el HYeads clecum wtitl proeestdibeatromin frame by

plating process is possible due to the presence of bus lines 114, tie bars

meansldfaranektaonkisfrsub 1 héermedtiébanstihescanrpeariavatsl 016uring the second
etching process as described in figures 3E to 3G. It will be appreciated by

[00391hat &bfxpingad figprelHat dinboliton $itkelcaddie pdatied singokatheadh individual
electrolytic process because the terminals/leads 104 are still connected to

unit. the main frame by means of the network of bus lines 114, tie bars 118
and dam bars 116. [0039] Referring to figure 5H, a singulation blade 133

[0040]s usEdtweshihghtate tadimal divigulate dsgmieoddjdtoy e dictshows the final
singulated semiconductor product. [0041] A third alternate embodiment of

[0041}he preternt aheemdtoririmdeentl oththpresepis mge rdiescimokdl e/ efftiveastebs as
as shown in figures 3A through 3G. However, instead of continuing with

descritied sbheps &3 dedesishovwnitin feferenda torbighras 3HdwSMr, tinstéatlavficantinuing
method is used as described with reference to figures 6A to 6F. First, as

with tisdhetews ias filpacab&iAitlanefda(dg, ta Bajdess Btk IMGthe lEohovaitegoetiibe is used as
top surface, exposing areas that are already in line with the outer leads

describéeMuiti hefesotde torfagk exé@ntisahveFitise asrsboleads figdastBA@bgnd 6A(ii), a solder
creating additional surface area for attachment of the die 126. To enable

mask 146 inhamieatdd d.04e tiofewiaes bexmisthipardss that dverddatyers |intBAdh the outer
the inner leads 104s are created along the outer portion of the bus line

leads 104b ad]diesudddrerespedaudsioner teads dOdadsdddethérgliiersatter addianal
Accordingly, in addition to exposing the areas above the outer leads

surface @uds, threatiatdhenamiaskiiel 8ialb2te xXpoerabth¢ho iteerdeatio d643f tihbebuie bonded to
lines 114 that are in electrical communication with the inner leads 104a to

the didobontdimgdindd fondeSaner destisitOdsearalvmated el yhallmver portiingbthe bus
the die 126 to the

line 114 adjoining the respective inner leads 104a covered by the solder mask. Accordingly, in

addition to exposing the areas above the outer leads 104b, the solder mask 146 also exposes the
outer portions of the bus lines 114 that are in electrical communication with the inner leads 104a
to form bond fingers 148. Such a structure advantageously allows bonding of the die 126 to the
inner leads 104a even when the die 126 is sitting on top of them, and thereby overcomes the
problem of having to reduce die sizes should the number of rows of leads increases.

[0042] Referring to Figure 6B, a resist 150 is laminated on the bottom of copper base layer
100. The resist 150 is developed to create openings that mirror the terminal/leads and die pad
layout on the top surface.

[0043] Referring to Figure 6C, the exposed portions of the top and bottom surfaces are plated
with one or more conductive materials 138 such as nickel and gold and the resist 150 is stripped
off to form the lead frame as shown in figure 6D. The gold and nickel may be deposited as

separate layers in a volume ratio of about 1:10 to 1:15 or about 1:12. The gold layer can be a
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inner leads 104a even when the die 126 is sitting on top of them, and
thereby overcomes the problem of having to reduce die sizes should the
number of rows of leads increases. [0042] Referring to Figure 6B, a resist
botton $dY/és mchthateidken et atagoger. beseclayapld e bl fegisicibBave a
is developed to create openings that mirror the terminal/leads and die pad
thicknigg@ftabouhe. 4apistoiicater §0046¢ Riefeirlagetabnidiue ahihkeespdsddut 5
portions of the top and bottom surfaces are plated with one or more
microgerguctive materials 138 such as nickel and gold and the resist 150 is
stripped off to form the lead frame as shown in figure 6D. The gold and
[0044hickeRenayilg tddfigsitebEaa diefatatieatay ¢nggar ehaohhmsizetid the aliopad 106 area is
1:10 to 1:15 or about 1:12. The gold layer can be a 10 bottom layer and
attachédecanthkeli eyt DadUsing tipdaye.cpoxyexampBunritheviyeddl ey/extend thawetize die 152
thickness of about 0.4 micrometer and the nickel layer can have a
to the thickehemddailatedudube mvadsrb@tbraritiQle beféimomsta 48 @ssectficchvaiied fe2inner
that is larger than the size of the die pad 106 area is attached to the die
leads paxth.106 ars regndes st hsdpexyrpld Romrdontss 2@ extdRefdrany toe-iere 6F, the
152 to the nickel/gold plated outer leads 104b and the bond fingers 148
structassoeigieskavithttieedinriée, Ideds b 4drds hde thmbiokeligoly plated outgolidads 104b
wire bonds are used. Referring to Figure 6F, the structure comprised of
and ththieodtbfirg2r sHd d arecencapsul &8¢ thvemiokitd/gaidpplated 30uter leads 104b
and the bond fingers 148 are encapsulated with mold compound 130.
[0045]004 A sAshalinwnFig g GFe i, ibitobotbiinedfadeecbpser taympdOlisdratReished until
back-etched until the leads 104 are completely isolated from one another.
the ledBart{pbatd 4dioptetel Yrisnlated frottoone portiber oBthapeddd fdnachdrtne thebottom
pad 106 after the etching, are developed due to the presence of the
portionick&ifgletilpHihant IBa (3Bl LObiaferdteatchisthppeddéueltpedtileng the presence
solution. [0046] Next, the bumps 144 formed from the leads 104 and the
of the dickedigdlo® atmpladéd, Wash sulden actaasialsiGpayfantkésttiulygicqutioass.
The solder plating process is possible due to the
[0046] Next, the bumps 144 formed from the leads 104 and the die pad 106 are plated with

solder material 132 by an electrolytic process. The solder plating process is possible due to the
presence of bus lines 114, tie bars 118 and dam bars 116. All exposed copper can be plated
during the electrolytic process because the terminals/leads are still connected to the main frame.
[0047] Next, a singulation blade 133 (not shown) is used to singulated each individual unit to
result in the final semiconductor product as shown in Figure 6F.

[0048] It will be appreciated that the formation of the solder mask 146 as shown in Figures
6A(i) and 6A(ii) can be incorporated into the described embodiment and alternate embodiments.
The solder mask 149 can be applied to the structure as shown in Figure 3G before proceeding
with the described subsequent steps for the above embodiment and alternate embodiments to
overcome the problem of having to reduce die size when the number of rows of leads 104

increases.
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presence of bus lines 114, tie bars 118 and dam bars 116. All exposed
copper can be plated during the electrolytic process because the
terminals/leads are still connected to the main frame. [0047] Next, a

[0049Bingulatiuntb lddenbkiSdnbb simmin pishispadensingoinied iaalthidsdivicliak steps as
unit to result in the final semiconductor product as shown in Figure 6F.

descrif2d48thew e mpgreanatérdtHeatl the dteromibiodi roé ticaboldesxrsskibd thetead of
shown in Figures 6A(i) and 6A(ii) can be incorporated into the described

formirgmliedfromhbdndppte atesgovindi mitg. [ehbie XM ded nirsbad 496 portiens as shown
applied to the structure as shown in Figure 3G before proceeding with the

in FigaessDbedistlsstuettsiefsrinedifeoabihec @ibhaagnesheudsaltscnibiel with
embodiments to overcome the problem of having to reduce die size when

referetice toLFitheeT Aotusy Df. |Eadier g tarfigase3 AldnfDPB 94 fedisttblalidanditeated on the
embodiment of the present invention includes all of the steps as

top anddémttinedidediod tanbasdicoppeatayen 108. alteeriaperevisb bsHneddsedymadeto create a
except that instead of forming a half-etched copper base structure having

mask thatdsjsksaind dreapdior I06ratidrook|eslsi6@/anddidgack13B as siovilain Figures 7C
structure is formed from the following method as described with reference

and 7 [oifrysubseqéend plBXirQgfeocasy. tA\& sipores inA-eyude 7/, aheesigotédi psrtions of Figure
laminated on the top and bottom sides of the base copper layer 100. The

7B ardbatesist thhésod evario petitetve atatariataskcthagt godoosekehenareagpiorl5sa, 1550,
formation of leads 156 and die pad 158 as shown in Figures 7C and 7D in

155c¢ ta thevsmgtornt frlelegpidbessl dis sirbhbBiasKipwe if(Fitheecikpaged removal of the
portions of Figure 7B are plated with one or more conductive materials

resist $bdth Bseguild, nickel amticopppema$ba, debbbited 55 capathatryerformhihgold and
leads 156 and die pad 158 as shown in Figure 7D upon removal of the

nickelriagiats 1hay it depokitediokehahahmombier ahalyobe dep tsitetbas sepdrate?, and the
layers. The gold and nickel layers may be deposited in a volume ratio of

remairibgureind @apperl SToe gblilitay et Zaarhd theottemiapangtheirigkebgyer.cBhdoe an
gold layer can be a bottom layer, the nickel layer can be an intermediate

intermegiatedagetranddppeopagetayandas betopdayayent Wilvbeemprecatetttiat subsequent
subsequent

steps as described above with reference to Figures 3E to 3M, Figure 4, Figures 5A to 51 and

Figures 6A to 6F can be carried out on the structure as shown in Figure 7D.

[0050] It should be emphasized that the above-described embodiments of the present
invention are merely possible examples of implementations, merely set forth for a clear
understanding of the principles of the invention. Many variations and modifications may be
made to the above-described embodiment(s) of the invention without departing substantially
from the spirit and principles of the invention. All such modifications and variations are
intended to be included herein within the scope of this disclosure and the present invention and
protected by the following claims.

[0051] What is claimed is:
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steps as described above with reference to Figures 3E to 3M, Figure 4,
Figures 5A to 51 and Figures 6A to 6F can be carried out on the structure
as shown in Figure 7D. [0050] It should be emphasized that the
above-described embodiments of theAreE:nt invention are merely
possible examples of implementations, merely set forth for a clear
1. uAdestaadinhenahdfeciing plésofthedroeniiinglany variations and
modifications may be made to the above-described embodiment(s) of the
infeg@ntioprovtiting aleprdinigatlybsiacdictilye fager Hagiapiatpaundlpyintitdssat a top
the invention. All such modifications and variations are intended to be
surfac chidgdunaiginfities foensecpeaiithisf déadosie divpdtbopresidrdectrically
invention and protected by the following claims. [0051] What is claimed is:
condut@vElABS 1. A method of manufacturing a lead frame comprising: (a)
providing an electrically conductive layer having a plurality of holes at a
tap) surftitlngssactplunaliity of holes atimeanstrgondectiVéamdie@algl a die pad
on said electrically conductive layer; (b) filling said plurality of holes with a
n¢e)-conattaxthiegaatelsetri(ea) Ipttaot uugienfel botricat ytapsdtatevef faicbelectrically
said top surface of said electrically conductive layer and said
conduntive dayet artivea it atariatnaodtie ettbired; saidl electrically conductive foil to
create a network of leads, die pad, bus lines, dam bars and tie lines,
wagrein etaidngLssiline sotiocal bet sadd deael $oid teaicbatara rtedvy widfdaads bdie pad, bus
is connected to said tie line and said tie line is connected to said die pad.
lines, @armama@ttide Hoesrding¢o cleohbdsflingsscormegd dgid deduisftrsastegniiajar, said dam
applying a resist to said top surface of said electrically conductive layer,
bar is saiheesidtdeintticdéveloptdaid Bepinsd sedantetbdtoasidfdiaihtbp surface;
and

2. The method according to claim 1 further comprising, before step (a):
applying a resist to said top surface of said electrically conductive layer, said resist being

developed to expose selected areas of said top surface; and

etching the exposed areas of said top surface to form said plurality of holes.

3. The method according to claim 1 further comprising, before step (a):
providing a conductor material on selected areas of said top surface of said electrically
conductive layer, the spaces between said selected areas deposited with said conductor material

form said plurality of holes.

4. The method according to claim 3 wherein said conductor material is at least one of silver,

gold, nickel and copper.
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etching the exposed areas of said top surface to form said plurality of
holes. 3. The method according to claim 1 further comprising, before step
(a): providing a conductor material on selected areas of said top surface of
5.  sdideetechidcadbcordinduottleitayieiutherspanassiefwednssichselected areas
deposited with said conductor material form said plurality of holes. 4. The
mepilgthgeoesin taaicl @ikt Bivdligreomdadthveofodl ctid resiteiialrg dévehsied to expose
one of silver, gold, nickel and copper. 13 5. The method according to
selectedairead dfishieretesnjvasingobdiotiwstejl (o) ragplyiigretesikidblsadd, die pad, bus
electrically conductive foil, said resist being developed to expose selected
lines, azealsand sadctiellintically conductive foil to create said network of leads,
die pad, bus lines, dam bars and tie lines. 6. The method according to
claim 1 further comprising, after step (d): attaching a solder mask to
selected areas of said electrically conductive foil and said non- conductive
6. eporynethteriadcovbizrgio shithsbidetherasknpoisarg, afleestp(d)inner row of
leads, and said solder mask has a plurality of openings that expose at
|estsichimg auseid eow ekl éads eeted ancas s Jadutedet ridadlyiddndsidies faiatnd said non-
are connected to said inner row of leads, away from said inner row of
conduladsepoxymeataathodtecemrding to claim 1 further comprising: plating said
leads and at least the periphery of said die pad with a conductor material.
8saditisaitethodsk covaltsgg teastaine ihndneosuo$deddspacilictor material is at
least one of silver, gold, nickel and copper. 9. The method according to
clairth sbfdet measkdmapa pihgaljptha i g Eaagsahthetpote at Rasiooee ausaidow of leads
electrically conductive layer that are opposite
and expose portions of said bus lines, that are connected to said inner row of leads, away from

said inner row of leads.

7. The method according to claim 1 further comprising:

plating said leads and at least the periphery of said die pad with a conductor material.

8. The method according to claim 7 wherein said conductor material is at least one of silver,

gold, nickel and copper.
9. The method according to claim 1 further comprising:
plating areas of the bottom surface of said electrically conductive layer that are opposite

to the leads and the die pad with a conductor material.

10. The method according to claim 1 wherein the electrically conductive foil is copper.
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to the leads and the die pad with a conductor material. 10. The method
according to claim 1 wherein the electrically conductive foil is copper. 14
11. A method of manufacturing a semiconductor package comprising: (a)
11. prvidihgdor ehaatifaetlyringrcienticerdyetohprihadge pbimplitying:holes at a
top surface; (b) filling said plurality of holes with a non-conductive
m@ajerialpfoyiaitarhing eatriekdbtiioaty ctvedagtvadfaih@a phichliop sfuitdesaoh top
said electrically conductive layer and said non-conductive material; (d)
surfacetching said electrically conductive foil to create a network of leads, die
pad, bus lines, dam bars and tie lines, wherein said bus lines connect
sy leadidlingssaid géuraligr o$&isl edawithomnds-condectied teagsidlfie line and
said tie line is connected to said die pad; (e) attaching a semiconductor
die)to saitiadieinzpah aledi(itaiytioglachotdoil surtametop sarfaedasftsairlglectrically
conductive layer to isolate said leads from each other. 12. The method of
conductarmldykefarilsricaroprcaimgudbiioneatdaple), plating said leads and at least
the periphery of said die pad with a conductor material; after step (e),
atchingtehplgrsdity edédinoal lyicesduotives fod thecteatadnietadsk of leads, die pad, bus
encapsulating said die and said plurality of wires; and/or after step (f),
lines, daldibgrsaldktiddities, hdttoemchrbiniddaus. chbBnddiesaitelitad toesaddiagitoar, said dam
claim 12 wherein said solder at the bottom of said leads are solder balls.
bar is tdnndetednietbaid aedimedang taidléeide isvbaredctsdit seldeiepdtp bottom of
said leads is a solder material deposited by solder plating.
(e) attaching a semiconductor die to said die pad; and

) etching a bottom surface of said electrically conductive layer to isolate said leads

from each other.

12. The method of claim 11 further comprising:
before step (e), plating said leads and at least the periphery of said die pad with a
conductor material,
after step (e), attaching a plurality of bond wires from said die to said leads;
encapsulating said die and said plurality of wires; and/or

after step (f), adding solder to the bottom of said leads.

13.  The method according to claim 12 wherein said solder at the bottom of said leads are

solder balls.

14.  The method according to claim 12 wherein said solder at the bottom of said leads is a

solder material deposited by solder plating.
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15 15. The method according to claim 12 wherein said conductor material
is at least one of silver, gold, nickel and copper. 16. The method
according to claim 12 further comprising before step (e) plating areas of

15.  thEhdo@btmvdsaudantiref wadthirteClrivabyetosdd cive dase miaadr il Dqtdesitene of
to the leads and the die pad with a conductor material. 17. The method

silver,apiidrdicgeloanthovppérfurther comprising, before step (a): applying a resist
to said top surface of said electrically conductive layer, said resist being
developed to expose selected areas of said top surface; and etching the
exposed areas of said top surface to form said plurality of holes. 18. The

16. mEibockteebadiogdiagtaivhaih i2-foethepooprgispdisftoe step (@)plating areas of the
providing a conductor material on selected areas of said top surface of

bottonsaiafateabificaityeleotribatiyven et tb dagpattas dre tuppenikaiol thel Bexhadehs die pad
deposited with said conductor material form said plurality of holes. 19.

with aldoaduettradadréalcording to claim 11 further comprising, before step (d):
applying a resist to said electrically conductive foil, said resist being
developed to expose selected areas of said electrically conductive foil to
create said network of leads, die pad, bus lines, dam bars and tie lines.

17. 20h# heethedraodoardogy tormaionclaifaritie fuodhegr isomg pbisfiong, stéte (agtep (d):
attaching a solder mask to selected areas of said electrically conductive
fapplyihgaidesmhiasaid uopserfaeterfaaid/aBancshydcsattietinealsly arpvaicsresist being
one at least one inner row of leads, and 16 said solder mask has a

develqueniabtyxpioopetlruithiae b osiel fdpesastaoaeaodter row of leads and
expose portions of said bus lines, that are connected to said inner row of
leidsing\tizeyefkposed areas of said top surface to form said plurality of holes.

18.  The method according to claim 11 further comprising, before step (a):
providing a conductor material on selected areas of said top surface of said electrically
conductive layer, the spaces between said selected areas deposited with said conductor material

form said plurality of holes.

19. The method of according to claim 11 further comprising, before step (d):
applying a resist to said electrically conductive foil, said resist being developed to expose
selected areas of said electrically conductive foil to create said network of leads, die pad, bus

lines, dam bars and tie lines.

20. The method according to claim 11 further comprising, after step (d):
attaching a solder mask to selected areas of said electrically conductive foil and said non-
conductive material, wherein

said solder mask covers one at least one inner row of leads, and
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said inner row of leads. 21. The method according to claim 11 wherein
said etching step (f) comprises: etching a plurality of holes in a bottom
surface of said copper layer that are opposite to the plurality of holes
etalesbidesaithskm s ufpleaditgaicopeniveys khigeexpsiestricatyvirobatersaid of leads
leads from each other. 22. A semiconductor package comprising: an

and ex@lesipoatlyreostciaddivaddyrs asirgeecphnelityl of batbmatardopafuekae away from
wherein said plurality of holes are filled with a non-conductive material; an

said irglectowedlylegdrductive foil on said top surface of said electrically
conductive layer and said non-conductive material, wherein said
electrically conductive foil creates a network of leads, die pad, bus lines,
dam bars and tie lines, wherein said bus lines connect said leads to said

21. danhebeethesidadandibgtisctimeriebcteinai dietdinagstdseidctenprisets
connected to said die pad; and a semiconductor die attached to said die
peith®) a pleisdityiodhdiestor paokagesoffatziof 22idurdheeclayyprisatgreopposite to
conductor material plating said leads and at least the periphery of said die

the plyratity @pholasistaifcdandaidrep atidatedffsaith cgipedikyer saieldetxits]lgrisolate said
encapsulant covering said die and said plurality of wires; and solder on

leads freenbezttbrotioérsaid leads. 17 24. A semiconductor package comprising: an
electrically conductive layer having a plurality of holes at a top surface,
wherein said plurality of holes are filled with a non-conductive material; an
electrically conductive foil on said top surface of said electrically

22. cénshmcioondagtar padkagdoroprsomuctive material, wherein said
electrically conductive foil creates a network of

an electrically conductive layer having a plurality of holes at a top surface, wherein said

plurality of holes are filled with a non-conductive material;

an electrically conductive foil on said top surface of said electrically conductive layer and
said non-conductive material, wherein said electrically conductive foil creates a network of
leads, die pad, bus lines, dam bars and tie lines, wherein said bus lines connect said leads to said
dam bar, said dam bar is connected to said tie line and said tie line is connected to said die pad;
and

a semiconductor die attached to said die pad.

23.  The semiconductor package of claim 22 further comprising:
a conductor material plating said leads and at least the periphery of said die pad;
a plurality of bond wires attached from said die to said leads;
an encapsulant covering said die and said plurality of wires; and

solder on the bottom of said leads.

17



leads, die pad, bus lines, dam bars and tie lines, wherein said bus lines
connect said leads to said dam bar, said dam bar is connected to said tie
line and said tie line is connected to said die pad; and a solder mask

24. apashmeiddadseteciediagasonhmadihglectrically conductive foil and said non-
conductive material, wherein said solder mask covers at least one inner
raw elbbeack )\acohdauti e ldgsmhasinias uplling bifyhof ez ki ngssinddcx pdseein said
at least one outer row of leads and expose portions of said bus lines, that

pluraliayetbohecediltedaidtinnaonauraficdgdsavesigifrom said inner row of
leads; a conductor material on selected areas of said top surface of said

eectimatygahnchmtigivieyeil; arnshial seprsadackictaridielattaichiy ¢onductive layer and
portions of said conductor material and said solder mask. 25. The
said neeroodoctivtongtarikh gehefeitasai P detricel y compusting: @it aredtes@armnetwork of
material plating said leads and at least the periphery of said die pad; a
leads, plierpdidy misdored, winesbattsaritetieftomes saiok ciin tsa shididd ands;cannect said leads to said
encapsulant covering said die and said plurality of wires; and solder on
dam btneshinttem dbs&ddaaested o said tie line and said tie line is connected to said die pad,;
and
a solder mask attached to selected areas of said electrically conductive foil and said non-
conductive material, wherein
said solder mask covers at least one inner row of leads, and
said solder mask has a plurality of openings that expose at least one outer row of leads
and expose portions of said bus lines, that are connected to said inner row of leads, away from
said inner row of leads;
a conductor material on selected areas of said top surface of said electrically conductive

layer; and

a semiconductor die attached to portions of said conductor material and said solder mask.

25.  The semiconductor package of claim 24 further comprising:
a conductor material plating said leads and at least the periphery of said die pad;
a plurality of bond wires attached from said die to said leads;
an encapsulant covering said die and said plurality of wires; and

solder on the bottom of said leads.
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