1 DESCRIPTION LEAD FRAME SUBSTRATE AND METHOD OF MANUFACTURING THE SAME,
AND SEMICONDUCTOR DEVICE TECHNICAL FIELD [0001] The present invention relates to a
semiconductor package substrate suitable for mounting a semiconductor element, and a
semiconductor device, and more particularly to a leagl frame substrate and a method of manufacturing
the same, and a semiconductor device using the lead frame substrate and the method of
manufacturing the same. This application claims priority to and the benefits of Japanese Patent
Application No. 2008-254312 filed on September 30, 2008, the disclosure of which is incorporated
herein by reference. BACKGROUND ART [0002] In semiconductor packages using a lead frame
represented by a quad flat package (QFP), biiSid&dsTIbOddnnection with a printed circuit board are
disposed on side surfaces of the semiconductor package. Such a lead frame is allowed to obtain a
semiconductor element mounting section, inner leads acting as sections for connection with

semiconductpieigment gl N\ ; Q@% iQn. fixi rming
predetermined photoresigs?ggﬁtﬁn% %ﬁ&géﬁ%du%fc@fs of a metgfa ﬁaﬁeﬁ‘&d?\ggﬁfgg mﬁﬁéﬁjrfaces of

the metal THE SAME, AND SEMICONDUCTOR DEVICE

TECHNICAL FIELD

[0001]

The present invention relates to a semiconductor package
substrate suitable for mounting a semiconductor element, and a
semiconductor device, and more particularly to a lead frame substrate
and a method of manufacturing the same, and a semiconductor device
using the lead frame substrate and the method of manufacturing the
same.

This application claims priority to and the benefits of Japanese
Patent Application No. 2008-254312 filed on September 30, 2008, the

disclosure of which is incorporated herein by reference.

BACKGROUND ART

[0002]

In semiconductor packages using a lead frame represented by a
quad flat package (QFP), outer leads for connection with a printed
circuit board are disposed on side surfaces of the semiconductor
package.

Such a lead frame is allowed to obtain a semiconductor element
mounting section, inner leads acting as sections for connection with
semiconductor element electrodes, outer leads, and an outer frame
section fixing them by forming predetermined photoresist patterns on

both surfaces of a metal plate and etching the both surfaces of the metal



2 plate. Further, these sections can be obtained by punching using a press in addition to the etching
method. In an assembly process of the semiconductor package, the semiconductor element is
die-bonded onto the semiconductor element mounting section, and then the electrodes of the
semiconductor element are electrically connected WE%h the inner leads using, for instance, gold wires.
Afterwards, the surroundings of the semiconductor element including the inner leads are encapsulated
with a resin, and the outer frame section is cut off. If necessary, the outer leads are bent. [0003] In

this way, t er | ISpO an the side surfaces are limited to a range from 200 to 300 pins in a
package sﬁé%ﬁééboeﬁg?%grﬁpmzﬁg%tﬁg %/tlséev%%ir?tagfZb(f)ré)ecbe![saslitrllada%?my% mclféilﬁgriilgt’igﬁ. 2 In
recent yearsr assthe ndahes af Rlegivdesiahibensernis@nductor element increases, a lead frame type
semiconductor package having outer leads on side surfaces thereof cannot have a terminal number
corresponding to thlel@tratis piarhber. ISomesexterdhal tonseotiorotedmitals of afdk examples a ball grid

array (BOA) type. or g land grid array (LGA).type for connection with a printed circuit board are
IO ghal tOtlg Aemals Aé)b%yga‘%ﬁ‘i% A HA) SHATe BHE BOREMCL OB B P hackage

replaced by a semiconductor package dis

substrate. [RROA] tin g TR sUBStEAtes WL bese RAckagas @re generally sonfigurad fo.dull holes

through a glass epoxy substrate having copper bonded on both surfaces thereof, bring a wall of each
hole into cartduetiontbicaidzansooimpiating, wnthfoim termeindksafds coringgtitmrvith theiegddes of the
semiconductor eleme 1%éon one of the surfaces and external connection terminals arranged in an array

shape on th&'bter s EéWI-ang(\)i%vétl}‘?hé‘ﬂﬁéﬂH%@%Hﬂﬁg of tH8 SubsIFdRRNEHGIRE £18WsMblicated
process asiyelaf adiofCconh AndqIpvIdes ayde iRV GompRed t?ééﬁ',er@b%g%ﬂ]@ Whepackage

because the plating iS used to connect interconnections within the substrate.
frame section is cut off. If necessary, the outer leads are bent.

[0003]

In this way, the outer leads disposed on the side surfaces are
limited to a range from 200 to 300 pins in a package size of about 30
mm? from the viewpoint of a processing ability of miniaturization.

In recent years, as the number of electrodes of the
semiconductor element increases, a lead frame type semiconductor
package having outer leads on side surfaces thereof cannot have a
terminal number corresponding to the electrode number. Some
external connection terminals of, for example, a ball grid array (BGA)
type or a land grid array (LGA) type for connection with a printed
circuit board are replaced by a semiconductor package disposed in an
array shape on a bottom surface of a package substrate.

[0004]

The substrates used for these packages are generally configured
to drill holes through a glass epoxy substrate having copper bonded on
both surfaces thereof, bring a wall of each hole into conduction by
means of plating, and form terminals for connection with the electrodes
of the semiconductor element on one of the surfaces and external
connection terminals arranged in an array shape on the other surface.

However, the manufacturing of the substrates requires a



For this reason, a BOA type semiconductor package structure using a lead frame, in which a process
of etching the lead frame from both surfaces is used, is disclosed (e.g., Patent Document 1). [0006]

In this structure, connection terminals for semiconductor element electrode are formed on one surface
and external connection terminals are formed in an array form on the other surface by changing two
photoresist patterns and etching the patterns at the same time or by etching one of the photoresist
patterns, coating a pre-mold resin on the etched surface, and then etching the other photoresist

pattern. [000¢ it PRGDERt - RANPSR RAIRNNG, S04Z9d I RISRHASRE OFf JINRYTION

Problem to be Solved by the Invention [0008] GS. 5A’and 5B are cross-sectional views showing
a conventiorahigad dratue thebtrade fram dntg BOPabpegedskicames wherpthe imgmben of @xgernal
connection terminals 111 increases, an interconnection 110 on the side of each semiconductor
element ele%%agcctoﬁ}f&cf%r’i’{berﬁ?miU@@l@n&%ﬁeﬁ‘é‘ﬂS@% this interconnection is formed by
half-etching a meta 953663 it has a narrow width as well as a thin thickness. Thus, the interconnection
is broken or bent in the prg)cesses following the etching, so that the yield is greatly reduced. 4 (00091

For this reason, a BGA type semiconductor package structure
using a lead frame, in which a process of etching the lead frame from
both surfaces is used, is disclosed (e.g., Patent Document 1).

[0006]

In this structure, connection terminals for semiconductor
element electrode are formed on one surface and external connection
terminals are formed in an array form on the other surface by changing
two photoresist patterns and etching the patterns at the same time or by
etching one of the photoresist patterns, coating a pre-mold resin on the
etched surface, and then etching the other photoresist pattern.

[0007]

Patent Document 1: Japanese Patent No. 3642911

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0008]

FIGS. 5A and 5B are cross-sectional views showing a
conventional lead frame substrate.

In a BGA type lead frame, when the number of external
connection terminals 111 increases, an interconnection 110 on the side
of each semiconductor element electrode connection terminal 109 is
lengthened. Since this interconnection is formed by half-etching a
metal plate, it has a narrow width as well as a thin thickness. Thus,
the interconnection is broken or bent in the processes following the

etching, so that the yield is greatly reduced.



In contrast, it is disclosed, for instance, in Patent Document 1 that, first, half-etching is performed only
on the side of the external connection terminals ill, an electrodeposited polyimide layer 119 is formed
on the etched surface, and the side of the semiconductor element electrode connection terminals 109
is etched so that the lead frame substrate is formed4 Thereby, although the fine interconnections 110
are thin films, the fine interconnections 110 are supported by the polyimide layer 119, so that the
interconnections are prevented from being broken or bent when the lead frame is manufactured.
However, accordingyi@diatent Document 1, when the semiconductor element is mounted on the lead
frame substrate having this structure and then is connected with the semiconductor element electrode
connection terminals kithbyawire ihondidis & avieel cdiorectinriocee imnPhapplicd begauseteach
connection terminal 109 has a hollow lower portion, and connection failures take place. Thus, an

assembly yigfdistigitarkably seahiaa. joonorformedannhile rakhsugiffopdidbesestirpalent
Document élg Qther ¢ sure.of thickening a,resin layer by potting a pre-mo sin instead
of the electro eposﬁhﬁég gglg/%:;gg a;/ieﬁé aalqsloet?a (Lé?r? ?n%gpc%%lgﬁérgt?g&r{l?ﬂi%eco%ﬁ/t%rrmllgla%ulrse is
expected tgqurenant die prabletclyil benging faildraitosme Rxents Hawevasndt i very difficult to
adjust an amount of coating, and it is impossible to entirely avoid the hollow state. For this reason,
when the préemsiatredivciy edatetpom acséeontrsorfacd satld Sonstane hatbuwet Uiy Printingd
technology, the resin layer is formed to a relatiyely uniform thickness. Although the resin Jayer 5 is
ags{rat ﬁu ﬁl’ et ﬂpr eg 6};%

formed on fﬁ%négternsalf connection termitals St'is also i Iléﬁree that aail T2} &s bedfihes easy

due to a unifQURIRLIECkDRSS 1100 e thildOHEYRY, heGAvERtioRahSIEGIWRLfthe external
connection terminals (FIGS. 6A and 6B are a top view and cross-sectional view after first etching is

performed stespectivelpy the extedyahtolméetion tehihinad is cansiderabty tudky as tif dissdi@raeter
ranges from about 2%? r%rrn to ahout 400 rim and its height ranges from_about 100 !.tm to ahout 180
p

rim.Here, JXEOVGME g SHdBonBr MR isCd ridleaHiniBEkRY altSubbiédint B Sedi layer
after printing is, pestormed, and thus there is another risk of remarkably reducing the yield of

production. FIG. 6C shows a state of a thermally cured resin layer around an external connection
terminal after printiblp is peciormed.cAsdichematically sthawn Dk &d¢ throughweke therehis a risk of
air bubbles being fordme%i overléheeextteirsrle}ll%%rglr%%%tio%t%rgiqglaig qfr%rri{llgng %iggggg gggiicr?ted by an
arrow D1). e nductor elemen 0 su g
this structure and then is connected with the semiconductor element
electrode connection terminals 109 by wire bonding, a wire connecting
force is not applied because each connection terminal 109 has a hollow
lower portion, and connection failures take place. Thus, an assembly
yield is remarkably reduced.
[0010]
Meanwhile, (although not disclosed in Patent Document 1),
another countermeasure of thickening a resin layer by potting a
pre-mold resin instead of the electrodeposited polyimide layer is also
taken into consideration. This countermeasure is expected to prevent
the problem with bonding failure to some extent. However, it is very
difficult to adjust an amount of coating, and it is impossible to entirely
avoid the hollow state.
For this reason, when the pre-mold resin is coated on a second

surface at a constant amount using printing technology, the resin layer

is formed to a relatively uniform thickness. Although the resin layer



The present invention has been made in view of the above-described circumstances, and an object of
the invention is to provide a lead frame substrate and a method of manufacturing the same, and a
related semiconductor element, capable of coping well with an increase in the number of electrodes of
a semiconductor element, preventing air bubbles frogn being entrained, providing high reliability, and
performing manufacture and assembly of a semiconductor package in a stable manner. Means for
Solving the Problem [0013] 6 A first aspect of the present invention is a lead frame substrate,
including: & melahpleis hawinodisL A serpRd.sEiRCes:AiRemIcanducer elemeptmoping section.
semiconductor element electrode connection terminals, and a first outer frame séction formed on the
first surfaceeexterahlpoenrectionr termitalaiornded ao theuse€onh stifacerand glagtrically connected
with the semiconductor element electrode connection terminals; a second outer frame section formed
on the second surfé@@;léﬂd a resin layer formed on a gap between the first outer frame and the
second outer fram%ga%@éq eaci‘?1 exttﬁrnal connec%ion telrminal bu[Iried in the rﬁ_'lsin layer has at least

one projection formed on a side surface thecr%%?/&nroluogrh%ut aStsriaeC: %\r/\?erﬁ rtion' 6f t @(ﬁ%flgﬂlrface.

[0014]  Jvsecandeaspest sfithel presentmvention isa method pf manyfactuing,a leadiframe
substrate, the method including: forming photoresist pattern to form a semiconductor element
mounting seEfdr; sserhiearducismelefhent slettesdbicanneaion terminhls; carpot anl veten fralme section
on a first surf%e of.a metal plate; forming external connecti wermi als connected with the

semicondu&tor EiEinent BRetHe chHRENBh {SrfitRidaTR BVoBHiamE ddctibh BRrasiesnd
surface of he.mesatRiaiea ismIng NS A MPIERIRITUYON SRR RALSIS, fheAhgiotesisipattern to
form the external connection terminals including the protrusion-shaped pat#erns; forming, through
etching, noabthraughMblestin atmetab plate &8Posjng sectidteire whinhcheiimetal @late pfittia gecond
surface is ex o%%d; coatrirg]g a liquid pre-mold resin in the holes from the external connection terminals

toward a dif OO prdj&chiors anfihEatihd Bkt Eirh g ihebite ididantiecrdiesia réale fayer; and
etching the fisstsprianeig JP&%E{E'&PQQHCE%?'?H@@ i‘aoééfﬂHPﬁe eFian e semyegndyctor
clement 7 electrode connection terminals electrically connected with the external connectio
terminals, and therqutdrdraied decfipno@@dGbn. A third aspect of the present invention is a

semiconductor device including: a lead frame substrate including a metal plate having first and second
surfaces, a semicohdtct8 cIRARNE Rottating Settibs rsemicosauedrermdavsiearoda dormection

terminals, and 4 fist outst fame,section uiigh arefaimed on the st surfage, extegnal copnection
terminals formed on the second surface and electrically connected with the semiconductor €lement

electrode corinesticiidetiyinalso & seconHI@Er amensection fermeghendhessacongkswiagey and a
resin layer formed on a gap between the first outer frame and the second outer frame, wherein each
external coPHBEEEH tdrehinal BenaEh tRe easithiayeriasnalleastionecpiojectionthimaéd ian a side

surface theé?ﬁrghﬁ ugllnroeucttrilosidﬁilrtl) 1%rapo(!itign of the first igrf ce, wherein a semiconductor element is
mounted on the lead frame substrate anfeleéfr%%l@/ré&% cl1 d with the lead frame substrate by wire

bonding. Effect of thggingention

The present invention has been made in view of the
above-described circumstances, and an object of the invention is to
provide a lead frame substrate and a method of manufacturing the same,
and a related semiconductor element, capable of coping well with an
increase in the number of electrodes of a semiconductor element,
preventing air bubbles from being entrained, providing high reliability,

and performing manufacture and assembly of a semiconductor package

in a stable manner.

Means for Solving the Problem

[0013]



[0016] According to the present invention, external connection terminals for connection with a
printed circuit board can be disposed on the entire rear surface of a lead frame substrate in an array
form, and cope with an increase in the number of pins of a semiconductor element. Further, it is
possible to ensure reliability against thermal stress liecause of a substrate based on a lead frame and
use of no plating interconnections. Meanwhile, when the lead frame substrate is manufactured,
failures such as breaking or bending of the interconnection, as well as 8 the entrainment of air

bubbles are not gereriied. Wspest & wirehROPEING RECGESSn 1R @ BEMICONAUGIRRRASKAGRAssembly
process, is performed, a lower portion of each wire-bonding connection terminal can be stabilized and

connected BEEHLbE preamanetadin fydeis pragiart orfih sasmel plaves as dhe surface of the external
connection termingrll.(FlgltEllf DEISCRIPTION OF THE DRAWINGSELL(I)F(})

.174 FIG. IAE{%
cross-sectional view showing ah 8xahipld 6t HiHE®od* §F MARufatifng aflfé‘é‘atf?émg : Efthte |
according t9]38@0WOdEAL OfihE RESRSHATYERIRNa fir &l GutBriStRaGiRSSSEGIMN AL W Showing

an example of a method of manufacturing a lead frame substrate according to the embodiment of the
- present inventidreifitisé prodess folotwingathab ohEk3i dA. ter mEhGE 1 $TFis m etbssrsationabwidw
showing an ex?mple of i method, of manufacturing a lead frame substrate according to the

nf

embodimerit'dt &€ pfek SRR Y tk?é’BFb‘“c%%"s@foNb\Rﬁhgtﬁf‘at%?WGP?@P“OYFIQ.@FB‘?@%
cross-sectignad MIgWSRBWING AL APRIef@.methed, 85”3?1%@3?}‘2{?}9? %Sﬁ%ﬁ:@ﬁg%ﬁﬁ@w

according to the embodiment of the present invention in the process tollowing t
the second surface; and a resin layer formed on a gap between the first

outer frame and the second outer frame, wherein each external
connection terminal buried in the resin layer has at least one projection
formed on a side surface thereof throughout a side lower portion of the

first surface.

[0014]

A second aspect of the present invention is a method of
manufacturing a lead frame substrate, the method including: forming
photoresist pattern to form a semiconductor element mounting section,
semiconductor element electrode connection terminals, and an outer
frame section on a first surface of a metal plate; forming external
connection terminals connected with the semiconductor element
electrode connection terminals and an outer frame section on a second
surface of the metal plate; forming one or more protrusion-shaped
patterns, the photoresist pattern to form the external connection
terminals including the protrusion-shaped patterns; forming, through
etching, non-through holes in a metal plate exposing section in which
the metal plate of the second surface is exposed; coating a liquid
pre-mold resin in the holes from the external connection terminals
toward a direction of a projection, and heating and curing the pre-mold
resin to form a resin layer; and etching the first surface to form the

semiconductor element mounting section, the semiconductor element



FIG. 1E is a cross-sectional view showing an example of a method of manufacturing a lead frame
substrate according to the embodiment of the present invention in the process following that of FIG.
1D. FIG. 1F is a cross-sectional view showing an example of a 9 method of manufacturing a lead
frame substrate according to the embodiment of the present invention in the process following that of
FIG. 1E. FIG. 2A is a top view showing a photoresist pattern in a lead Frame substrate according
to the embodiment of the present invention. FIG. 2B is a top view after the lead frame substrate is

etched accgr@egr@dw%smpé)&imﬁn{eqfrmﬁmse%%%‘{saf -CF'&GS

Gd3 ASESSmeiong! ipw taken
along line A2-A2 of FIG. 213. FIG. 2D Is a top view after a lea ?rame substrate accor%llng to

another embodiment of ther priseny, inventine iseiehddame fI&id1ds a top view showing an example
or a lead frame substrate according to the embodiment of the present invention, wherein the lead
frame substrate is ipd]éétéd to first etching. FIG. 4A is a cross-sectional view showing an example

of a lead frame subgrq;(;:‘r%ccording 5%@%% embodirpent or Iirilgxpresent invention Wher?iin a

semiconductor element IS m%SLRl?g an S rve\/lsreé- olrr11 ea HE ﬁ%‘ﬁlé%ogr%ggfggc iSnaf View

showing anigxampig ©f the dead frame supstateacoasting # the srebadiment of fhefyesgrt invention

after transfer-molding encapsulation.
and second surfaces, a semiconductor element mounting section,
semiconductor element electrode connection terminals, and a first outer
frame section which are formed on the first surface, external
connection terminals formed on the second surface and electrically
connected with the semiconductor element electrode connection
terminals, a second outer frame section formed on the second surface,
and a resin layer formed on a gap between the first outer frame and the
second outer frame, wherein each external connection terminal buried
in the resin layer has at least one projection formed on a side surface
thereof throughout a side lower portion of the first surface, wherein a

semiconductor element is mounted on the lead frame substrate and

electrically connected with the lead frame substrate by wire bonding.

Effect of the Invention

[0016]

According to the present invention, external connection
terminals for connection with a printed circuit board can be disposed on
the entire rear surface of a lead frame substrate in an array form, and
cope with an increase in the number of pins of a semiconductor
element. Further, it is possible to ensure reliability against thermal
stress because of a substrate based on a lead frame and use of no plating
interconnections.

Meanwhile, when the lead frame substrate is manufactured,

failures such as breaking or bending of the interconnection, as well as



FIG. 5A is a cross-sectional view showing an example of a conventional lead frame substrate.

FIG. 5B is a cross-sectional view showing another example of the conventional lead frame substrate.
FIG. 6A is a top view showing an example of a conventional lead frame substrate after an external
connection terminal is subjected to first etching. FIG. 6B is a cross-sectional view showing an
example of the conventional lead frame substrate af?er the external connection 10 terminal is
subjected to first etching. FIG. 6C is top view showing an example of the conventional lead frame
substrate after the external cg nectian t%né?f I IS subjected to first e%ﬁh&ng and.then a resin layer is

formed. B %@%ﬁn YING ﬁ?ﬁv@ﬁﬁ@ﬁ%éi nIA"ilhrgdﬁﬁ IF are

schematic 6@§§1%%Ct Yigws; showing-a RERLEss Qbmanmtaciying & lead frampesubsirate.
Photoresist patterns 2 are formed on both surfaces of a metal plate 1 used for a lead frame (FIG. 1B).

In FIGS. |Apteirdoigh ¢, aaphttererfqr ar semicohdiactbr wligment mburging sectivnd) dennection
terminals 9 for semicon uctor(%lement electrodes, interconnections 10, and an outer frame section 12

is formed of®&h OHp&f &UHAES ff’t‘ﬁ‘éim%‘?é‘lngﬂéfgﬁi R Aahitetn RSCaRONal HRediotfteriinals 11
and an outer. frame seetipnaisdopmed, on.a lowersuriace.of the mefal plate £, 19049}, e c(iBYS: as

shown in FG 2A, the embodiment of the present invention appropriately forms one or more
protrusionst&8nirireddition to the external connection terminal forming pattern having a desired shape
(in this case, a circular shape).

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1A is a cross-sectional view showing an example of a
method of manufacturing a lead frame substrate according to an
embodiment of the present invention.

FIG. 1B is a cross-sectional view showing an example of a
method of manufacturing a lead frame substrate according to the
embodiment of the present invention in the process following that of
FIG. 1A.

FIG. 1C is a cross-sectional view showing an example of a
method of manufacturing a lead frame substrate according to the
embodiment of the present invention in the process following that of
FIG. 1B.

FIG. 1D is a cross-sectional view showing an example of a
method of manufacturing a lead frame substrate according to the
embodiment of the present invention in the process following that of
FIG. 1C.

FIG. 1E is a cross-sectional view showing an example of a
method of manufacturing a lead frame substrate according to the
embodiment of the present invention in the process following that of

FIG. 1D.

FIG. 1F is a cross-sectional view showing an example of a



The pattern of this protrusion 13 formed of photoresist is designed so that a second metal surface is
not left in subsequent etching. The pattern of the protrusion 13 may be generally set to have a
width of 30 pm or less and a length of 100 p.m or less. However. because the protrusion is influenced
by etching conditions of forming a hole 3 and an angunt of etching. and a metal portion left behind
after the etching is subjected to changes in size and shape, it is necessary to 11 take them into
consideration to optimize the size of the protrusion 13 of the photoresist pattern. [0020] As the

metal platepde eiydnaterial snayrHecusachil ik has-etchability, mesbanical skepgthherpaligenductivity,
coefficient of expansion, and the like suitable for the lead frame. However, an iron-nickel alloy
representedby adiroya2, afcobpep sdiosnin iwhich t earioty tbfenptalcsieméntd awd mgd8uato ifiprove
mechanica&z&;‘e , or the like is often used as the metal plate 1. The metal plate 1 is etched
from the lo surface thereof using an etching solution, such as a ferric chloride solution, which

dissolves the metakglgteaand ihys igles:2 e RrmE(FIC, 151 Theibolsa 7y fipye Redgpth aftr

the holes 3 are etched with a thickness of about 10 pim to about 50 um left such that a fine
interconnectiem easube foamredavhed the metaleplatebis dithjentedfta lsegard ehching &orhothe upper

surface thereof, in order to allow the remainder of the metal plate to bc finally formed into the
interconnection. [0624 2B The xt@al Cotintfdn Rmiradisicimedswin tarfsade ort pdlection 14,

as shown ig@g}%ig "%Bdtﬁ%'embﬁ@m%%‘%sgf’%ea C{]%%ﬁ?;éieg%ﬁ(ggsalong line A2-A2 of FIG. 2B,

wherein the projection 14 i1s tormed lower than a se shows that one projection 14

is formed, and FIGF20.shows thas twes prejactians I4aretiained [0022lne AAftewards; te etched
metal plate is turned upside down, and then a liquid pre-mold resin 5 is coated on an upper surface of

the metal ptdde in a direction of an arrow D5 (FIG. 1D).

FIG. 2D 1s a top view after a lead frame substrate according to
another embodiment of the present invention is etched.

FIG. 3 is a top view showing an example of a lead frame
substrate according to the embodiment of the present invention,
wherein the lead frame substrate is subjected to first etching.

FIG. 4A is a cross-sectional view showing an example of a lead
frame substrate according to the embodiment of the present invention,
wherein a semiconductor element is mounted and then wire-bonded.

FIG. 4B is a cross-sectional view showing an example of the lead
frame substrate according to the embodiment of the present invention
after transfer-molding encapsulation.

FIG. 5A is a cross-sectional view showing an example of a
conventional lead frame substrate.

FIG. 5B is a cross-sectional view showing another example of
the conventional lead frame substrate.

FIG. 6A is a top view showing an example of a conventional lead
frame substrate after an external connection terminal is subjected to
first etching.

FIG. 6B is a cross-sectional view showing an example of the

conventional lead frame substrate after the external connection



Such a coating may apply printing technology, which is 12 generally favorable from the viewpoint of
productivity and quality. As the printing method, any method in which the coating can be done at a
proper thickness may be used. However, screen printing is generally favorable. A printing direction is
set to a direction of an arrow D2 of FIG. 2B, an arroy,,D3 of FIG. 2D, or an arrow D4 of FIG. 2D.
Thereby, it is possible to give directionality to a flow of the pre-mold resin and to prevent air bubbles
from being entrained. After the coating is performed, the pre-mold resin is heated and cured (FIG. 1E).

[0023] @g@ﬁgﬁgpgigtgn&jzgé\{m '3 q?%fsqrm%qjﬁﬁ éesin layer 6 of several microns or so is uniformly

.

formed on the second surface (not shown). As such,’it is necessary to remove this resin layer to

expose the second BlifaceC Tike semaval methothmay bexselgetedhifamedpys atebing omechasical
polishing, chemical polishing, and so on. Furthermore, the opposite surface is etched to form the

semicondudtGtBRmBREHaERHY Tedlien B¢ thensdntiesdiorelépmanindéciroda bbwmiaction terminals
9, and the |@I?Ego%%qth())§n:a”%a.t'menreab%gilée?g%%arr}e %lélk‘f)straée 7 is obtained (FIG. 1F). FIG. 3is a top

view of the side of the e CORNECtoh terminals: it i€ pnégsmle to dispose the external connection

terminals in an array form, and to cope with a tendency to increase the number of pins of the
semiconductor element. [0024] FIG. 4A is a cross-sectional view showing that a semiconductor
element 15 is mountdttand Wile BEnt&R Tha Bénviddhduotbreléré&hi 15viE AdhEGRd by a die attach
material 17, and is igma ted with the semiconductor element electrode connection terminals 9 by
gold wires 16. If necessary, the semiconductor element electrode connection terminals may be

properly subjected toragy one of Rigkelgold plating,, 134in.plating. siver platipg, Jigkel palladium-gold

plating, and so on. Further, when wire bonding is performed, the lead frame substrate is placed on
a heat blockhamdiisghenpedowbileotfeimgnheaied: ritogvaves athdpreranslobrasintbelow the semiconductor
element electrode co%nection,terminals 9 is present on the same plane, and a hollow structure is not

provided, so that it RHOKSISR i Fertenn assertsly WimsH QRishRtBoRbiig saifures, 2 metal
plate 1 used for a lead frame (FIG. 1B). In FIGS. 1A through 1F, a

pattern for a semiconductor element mounting section 8, connection
terminals 9 for semiconductor elemént electrodes, interconnections 10,
and an outer frame section 12 is formed on an upper surface of the
metal plate 1, and a pattern for external connection terminals 11 and an
outer frame section is formed on a lower surface of the metal plate 1.

[0019]

Thus, as shown in FIG. 2A, the embodiment of the present
invention appropriately forms one or more protrusions 13 in addition to
the external connection terminal forming pattern having a desired shape
(in this case, a circular shape).

The pattern of this protrusion 13 formed of photoresist is
designed so that a second metal surface is not left in subsequent
etching.

The pattern of the protrusion 13 may be generally set to have a
width of 30 pum or less and a length of 100 pm or less. However,
because the protrusion is influenced by etching conditions of forming a
hole 3 and an amount of etching, and a metal portion left behind after

the etching is subjected to changes in size and shape, it is necessary to



[0025] Finally, the side of the semiconductor element is encapsulated by transfer-molding or
potting, and then the outer frame section is separated by, for instance, a diamond blade, so that the
lead frame substrate is formed into a small piece (FIG. 4B). In the case of the BOA type, solder
balls are mounted on the external connection terminais, and thus the semiconductor package using
the lead frame substrate is obtained. [Example] [0026] As an example of applying an embodiment
of the present invention, a ball grid array (BGA) type lead frame substrate will be described with

reference ta#k8Shuitinongbdhsideribie Masuaeiwed BAA packagedash 5ize o L) mma: and
includes external connection terminals having an array form of 168 pins on a lower surface thereof.

[0027] ﬁ‘rgtl’zbsoéﬁbWﬁSih FMtam. a metal plate 1 (available from Furukawa Electric Co., Ltd.,
EFTEC64T), which r}mf med of a copper alloy and had a width of 150 rum and a thickness of 200
p.m in a long strip shape, was prepared. Next, as shown in FIG. 1B, photorcsist (available from Tokyo

L4 Ohka Kogyo Lo AklduOFEREANOD NaE coateghon BAIRSHHRCRRY 1Be MEIIPITIC OXfoll coater

so as to have a thickness of 5 p.m, and then was pre-baked at a temperature of 90 C.
etchability, mechanical strength, thermal conductivity, coefficient of

expansion, and the like suitable for the lead frame. However, an
iron-nickel alloy represented by Alloy42, a copper alloy in which a
variety of metal elements are added to improve mechanical strength, or
the like is often used as the metal plate 1.

The metal plate 1 is etched from the lower surface thereof using
an etching solution, such as a ferric chloride solution, which dissolves
the metal plate, and thus holes 3 are formed (FIG. 1C). The holes 3
may have a depth after the holes 3 are etched with a thickness of about
10 um to about 50 pum left such that a fine interconnection can be
formed when the metal plate is subjected to second etching from the
upper surface thereof, in order to allow the remainder of the metal plate
to be finally formed into the interconnection.

[0021]

The external connection terminal is formed with at least one
projection 14, as shown in FIGS. 2B and 2C.

FIG. 2C shows a cross section taken along line A2-A2 of FIG.
2B, wherein the projection 14 is formed lower than a second surface.
FI1G. 2B shows that one projection 14 is formed, and FIG. 2D shows that
two projections 14 are formed.

[0022]

Afterwards, the etched metal plate is turned upside down, and
then a liquid pre-mold resin 5 is coated on an upper surface of the metal
plate in a direction of an arrow D5 (FIG. 1D).

Such a coating may apply printing technology, which is



Then, pattern exposure was performed from both surfaces via a photo mask having a desired pattern.
Afterwards, development was performed using a 1% aqueous sodium carbonate solution, and then
water-cleaning and post-baking were performed. Thereby, photoresist patterns 2 were obtained as
shown FIG. 1B. [0028] As photoresist patterns, a pattern which forms a semiconductor element
mounting section 8, semiconductor element electrodé connection terminals 9, interconnections 10, and
an outer frame section 12 was formed on a first surface of the metal plate, and a pattern which forms

external connectioemer inals ]PJA eaé:rh of which has the protrusion 13 (FIG. 2A), and an outer frame
A 48R0Rd RACEST thEe BRI Mafs! HRAHe hrbtu 19 Wétshaped like

section 12 v@fsnﬁ)rrméa onas

an isosceles\tsiangle yhich Wasdprentact Wittt @4RTaal canReetion Jemingk anskhad awidth of 30

pm and a length of 80 p.m. [0029] Next, the side of the first surface of the metal plate 1 was
protected by qovering th sdokeshsestandt showd). Thbnwiirst etchingemas performed fenethelsecond
surface of the metqgr?late using a ferric chloride solution, and parts of the metal plate exposed from the

photorcsist pAt8FA dfthe <dBIGRHE Betiig 0makte SFdreorddddsacti fiicRiess @5i®vBdlnEIG. IC).
Further, the jestion, 14 ' e ut 40 ould be,for side-surface of the
IreiesPn 14 HayiRarsdeng Iﬁ.ag%é“o a%n%l%é)nvv\lv%iéis%fgﬁ]&nz%. ’lsllfere aKfity of

external connection ferminal. The Used ferric e solu ave a’'specitic gr

1.38 and a teniperaturibdé 50 @i vib 293611 0 na Next: Scedn priptingheoptingM@RiPesiarmed on the
second surface, in which holes were formed by the first etching, using a liquid thermosetting resin

(available frifin BHiHSYsuAEhdmibRles. fram Ima876rAE) I M. printiftewadipedomtiateirom a place
where the projesti s not present toward the direction of the projectio IG. ID). The resin
was again %léeggatrﬂl%é chﬁgr%‘rﬁoﬁlr%?%ﬁg hus %qb?ea}r% & Kl‘éiygruﬁ avZf%l?mlg) The thermosetting

resin was excellent jp ¢ifiahility, and failures including air bubbles were not observed. [0031] Since

a thermosetting resin layer of about 1 )1m was left on the non-etched surfaces of the external
connection terminat4 fte ahb e butir framet Segtionpt2 f trenthdrnaosestingl sgsin faye veas prdcessed

and remO\_/eI(r:I1 if81r~ cglg)glétr?)srgiqtsjtes u wgg;lx? ggﬁﬁ_lou alkarnee solution %fue%gacsesiurrlré ?esrrrz)anganate at 60
C (potassium permanganate of%b‘g?L odCHP AR GRS S6 Y. ( hown).
As such, it is necessary to remove this resin layer to expose the second
surface. The removal method may be selected from dry etching,
mechanical polishing, chemical polishing, and so on.
Furthermore, the opposite surface is etched to form the
semiconductor element mounting section 8, the semiconductor element
electrode connection terminals 9, and the interconnections 10.
Thereby, a lead frame substrate 7 is obtained (FIG. 1F). FIG. 3 is a top
view of the side of the external connection terminals. It is possible to

dispose the external connection terminals in an array form, and to cope

with a tendency to increase the number of pins of the semiconductor

element.

[0024]

FIG.-4A is a cross-sectional view showing that a semiconductor
element 15 is mounted and wire-bonded. The semiconductor element
15 is adhered by a die attach material 17, and is connected with the
semiconductor element electrode connection terminals 9 by gold wires
16. If necessary, the semiconductor element electrode connection

terminals may be properly subjected to any one of nickel-gold plating,



[0032] Next, the back sheet was removed from the side of the first surface, and then the parts of
the metal plate that were exposed from the photoresist pattern by performing second etching from the
side of the first surface of the metal plate, were dissolved and removed by a ferric chloride solution.
Thereby, the semiconductor element mounting sectign 8, the semiconductor element electrode
connection terminals 9, the interconnections 10, and the outer frame section 12 were formed (FIG.
1E). The external connection terminals 11 extend from the semiconductor element electrode

connectiongerminals, 9. <:1,EWriigr. alihg 1S . a back;sheet may be adhered to the side of
the second su:pace when t %ege{i](%[égeééhﬁ%ﬁﬁg %gﬁ%ﬁ;%ﬁﬁ&aﬁgl%bp {0 tplrré:%/’era}lfn ?nrggcgeg'sary etching
from being performedrohdhe sidecaf theilewes sudfiace. [R03gkr forBWiEequantlye e phataresist
pattern 2 of the first surface was stripped, and thus a desired lead frame type I3GA substrate 7 was
obtained (@R gtate isnplacad afetal baadd exdoogad afte biedsidppihgl of Biséphdierdsidt was
subjected t%electrgllytlct@llckel-ggl_d ()I?Hngliesin Tlﬂclfgessgiof the nickel ﬁnd t%orld were 5um and 0.1

um, respec |\(/)e‘1]yezlnofshovsn).% f&H' a Séntidbndutor EiEMERT LS Was moun’i%%l%n the lead

frame type BGAHRStAIE 1% PreseRhinMention ysingea fis Atiach matarialikhandiihen the die

attach material was cured at 150 C for | hour. Further, the electrodes of the semiconductor element
and the seiniddnductoretémentislestrodpreoridections terthinalsto iveneasenhéctes by evife tonding

using gold wires J@ having a diameter of 30 p,m (FIG, 4A). A heating temperature for the wire
bonding wds$ 208 & YAl ¥ gtsﬁ%ﬁé’tﬁ%ft’tﬂa%ﬂésf&ﬁltlﬁléeéide of the semiconductor clement electrode

connection terminglg gvesmeasured to be 9 g or more, and good connection was obtained.

Finally, the side of the semiconductor element is encapsulated
by transfer-molding or potting, and then the outer frame section is
separated by, for instance, a diamond blade, so that the lead frame
substrate is formed into a small piece (FIG. 4B).

In the case of the BGA type, solder balls are mounted on the
external connection terminals, and thus the semiconductor package
using the lead frame substrate is obtained.

[Example]

[0026]

As an example of applying an embodiment of the present
invention, a ball grid array (BGA) type lead frame substrate will be
described with reference to FIGS. 1A through 1F.

The manufactured BGA package has a size of 10 mm?, and
includes external connection terminals having an array form of 168 pins
on a lower surface thereof.

[0027]

First, as shown in FIG. 1A, a metal plate 1 (available from
Furukawa Electric Co., Ltd., EFTEC64T), which was formed of a
copper alloy and had a width of 150 mm and a thickness of 200 um in a
long strip shape, was prepared.

Next, as shown in FIG. 1B, photoresist (available from Tokyo



[0035] Afterwards, as shown in FIG. 4B, an area including the semiconductor element and the
semiconductor element electrode connection terminals was encapsulated by transfer-molding, and
was cut into a small piece, so that the semiconductor package using the lead frame type BGA
substrate was obtained. 17 Industrial Applicability [036] A method of manufacturing a lead
Frame substrate of the present invention is used to be able to reduce failures in manufacture or
assembly of semiconductor packages and to obtain a lead frame substrate with high reliability against

thermal stresskand pagticutasly, i appisEpR Iy Pty RRCk3AE- BT BIeHINALS3RRA! bE stipported for
a lead frame type semiconductor package. Reference Symbols [0037] 1: metal plate 2: photoresist
pattern 3: hoket4! sdaeedeby a roll coater so as to have a thickness of 5 um, and then

was pre-baked at a temperature of 90 °C.

Then, pattern exposure was performed from both surfaces via a
photo mask having a desired pattern. Afterwards, development was
performed using a 1% aqueous sodium carbonate solution, and then
water-cleaning and post-baking were performed. Thereby, photoresist

| patterns 2 were obtained as shown FIG. 1B.

[0028]

As photoresist patterns, a pattern which forms a semiconductor
element mounting section 8, semiconductor element electrode
connection terminals 9, interconnections 10, and an outer frame section
12 was formed on a first surface of the metal plate, and a pattern which
forms external connection terminals 11, each of which has the
protrusion 13 (FIG. 2A), and an outer frame section 12 was formed on a
second surface of the metal plate. Here, the protrusion 13 was shaped
like an isosceles triangle which was in contact with the external
connection terminal and had a width of 30 um and a length of 80 pum.

[0029]

Next, the side of the first surface of the metal plate 1 was
protected by covering a back sheet (not shown). Then, first etching
was performed from the second surface of the metal plate using a ferric
chloride solution, and parts of the metal plate exposed from the
photoresist pattern of the side of the second surface were reduced in
thickness up to 30 um (FIG. 1C).

Further, the projection 14 having a length of about 40 pm could
be formed on a side surface of the external connection terminal. The
used ferric chloride solution was set to have a specific gravity of 1.38

and a temperature of 50 °C.



5: liquid pre-mold resin 6: resin layer 7: lead frame substrate 8: semiconductor element mounting
section 9: semiconductor element electrode connection terminal 10: interconnection 11: external
connection terminal 12: outer frame section 13: photoresist protrusion pattern 14: projection 15:
semiconductor element 16: gold wire 17: die attach 1rglaterial

[0030]

Next, screen printing coating was performed on the second
surface, in which holes were formed by the first etching, using a liquid
thermosetting resin (available from Shin-Etsu Chemical Co., Ltd.,
SMC-376KF1). The printing was performed from a place where the
projection 14 was not present toward the direction of the projection
(FIG. 1D).

The resin was again cured at 180 °C for 3 hours, and thus a
pre-mold layer 13 was formed. The thermosetting resin was excellent
in fillabilify, and failures including air bubbles were not observed.

[0031]

Since a thermosetting resin layer of about 1 um was left on the
non-etched surfaces of the external connection terminals 11 and the
outer frame section 12, the thermosetting resin layer was processed and
removed for about 3 minutes using an aqueous alkaline solution of
potassium permanganate at 60 °C (potassium permanganate of 40 g/L +
sodium hydroxide of 20 g/L).

[0032]

Next, the back sheet was removed from the side of the first
surface, and then the parts of the metal plate that were exposed from the
photoresist pattern by performing second etching from the side of the
first surface of the metal plate, were dissolved and removed by a ferric
chloride solution. Thereby, the semiconductor element mounting
section 8, the semiconductor element electrode connection terminals 9,
the interconnections 10, and the outer frame section 12 were formed
(FIG. 1E). The external connection terminals 11 extend from the
semiconductor element electrode connection terminals 9.

Further, although not shown, a back sheet may be adhered to the

side of the second surface when the second etching is performed so as



18: transfer-molding resin 19: air bubble MCSLLP 19 CLAIMS A lead frame substrate, comprising: a
metal plate having first and second surfaces; 5a semiconductor element mounting section formed on
the first surface; at least one semiconductor element electrode connection terminal; a first outer frame
section formed on the first surface; at least one external connection terminal ‘formed on the
second surface and electrically connected with the ggleast one semiconductor element electrode
connection

to prevent unnecessary etching from being performed on the Side of the

lower surface.

[0033]

Subsequently, the photoresist pattern 2 of the first surface was
stripped, and thus a desired lead frame type BGA substrate 7 was
obtained (FIG. 1F).

Next, the metal surface exposed after the stripping of the
photoresist was subjected to electrolytic nickel-gold plating.

Thicknesses of the‘ nickel and gold were 5 pm and 0.1 pm,
respectively (not shown).

[0034]

Then, a semiconductor element 15 was mounted on the lead
frame type BGA substrate 7 of the present invention using a die attach
material 17, and then the die attach material was cured at 150 °C for 1
hour. Further, the electrodes of the semiconductor element and the
semiconductor element electrode connection terminals 9 were
connected by wire bonding using gold wires 16 having a diameter of 30
uwm (FIG. 4A).

A heating temperature for the wire bonding was 200 °C. An
entire strength of the wires on the side of the semiconductor element
electrode connection terminals was measured to be 9 g or more, and
good connection was obtained.

[0035]

Afterwards, as shown in FIG. 4B, an area including the
semiconductor element and the semiconductor element electrode
connection terminals was encapsulated by transfer-molding, and was
cut into a small piece, so that the semiconductor package using the lead

frame type BGA substrate was obtained.



10terminal; a second outer frame section formed on the second surface; and a resin layer lornied on a
gap between the first outer frame and the second outer frame, wherein the at least one external
connection terminal buried in the resin layer 15 has at least one projection formed on a side surface
thereof, the at least one projection being formed betyeen a side lower portion of the at least one
external connection terminal and a side upper portion of the at least one external connection terminal,
wherein first height between a first point of the at least one projection and a second point of the at
least one prejeGlier is Ig\?gq;gggiqﬁ?cond height of the at least 20one external connection terminal,
and wherein the first point is the most near from the at least one external connection terminal,
and the second poiff @3 thke most far from the at least one external connection terminal. 252.The lead

frame substrate according to claim 1, wherein the more a third point is far from the side upper
portion, the more tHe MSFhedmlisiswm daqt wie ppead frame substrate of the present

invention is used to be able to reduce failures in manufacture or
assembly of semiconductor packages and to obtain a lead frame
substrate with high reliability against thermal stress, and particularly,
is applied to multi-pin package substrates that cannot be supported for

a lead frame type semiconductor package.

Reference Symbols

[0037]

ok

: metal plate

: photoresist pattern

: hole

B S ]

: squeezer

: liquid pre-mold resin
: resin layer

: lead frame substrate

: semiconductor element mounting section

o e 3 Oy L

: semiconductor element electrode connection terminal
10: interconnection

11: external connection terminal

12: outer frame section

13: photoresist protrusion pattern

14: projection

15: semiconductor element

16: gold wire

17: die attach material

18: transfer-molding resin



20 the third point is between the first point and the second point. 3. The lead frame substrate
according to claim 2, wherein the height of the first point is the same height as that of the side
upper 5portion, and the height of the second point is the same height as that of the side lower portion.
4. The lead frame substrate according to claim 3, wherein a first percent of slope between the first
point and a fourth point is different from a second p&scent of slope between the second point and the
fourth point, and wherein the fourth point is between the first point and the second point. 5. A method
of manufacturing a lead frame substrate, the method comprising: forming photoresist pattern to
form a semiconductér. elémienbimizunting section, at least one semiconductor element electrode
connection terminal; and a first outer frame section on a first surface of a metal plate; forming at
least one external connection terminal connected with the at least one semiconductor element
electrode connection terminal and a second outer frame section 20on a second surface of the metal
plate; forming at least one protrusion-shaped pattern, the photoresist pattern to form the at Least
one external connection terminal including the at least one protrusion-shaped pattern; forming, through
etching, at least one non-through hole in a metal plate



25exposing section in which the metal plate of the second surface is exposed; coating a liquid
pre-mold resin in the at least one non-through hole from the at least one external connection terminal
toward a direction of at least one projection, and MCSLLP 21 heating and curing tﬁ‘éqw pre-mold
resin to form a resin layer; and etching the first surface to form the semiconductor element
mounting section, the at least one semiconductor eleméfit electrode connection terminal electrically
connected with the at least one external connection terminal, and the first and second 5outer frame
sections, wherej fir?]{/{éeight between a first point of the at least one projection and a second point of
the at least one projection is lower than a second height of the at least one external connection
terminal, and

. A lead frame substrate, comprising:
a metal plate having first and second surfaces;
5 a semiconductor element mounting section formed on the first surface;
at least one semiconductor element electrode connection terminal;
a first outer frame section formed on the first surface;
at least one external connection terminal formed on the second surface and
electrically connected with the at least one semiconductor element electrode connection
10 terminal;
a second outer frame section formed on the second surface; and
a resin layer formed on a gap between the first outer frame and the second outer
frame,
wherein the at least one external connection terminal buried in the resin layer
15 has at least one projection formed on a side surface thereof, the at least one projection
being formed between a side lower portion of the at least one external connection
terminal and a side upper portion of the at least one external connection terminal,
wherein first height between a first point of the at least one projection and a
second point of the at least one projection is lower than a second height of the at least
20 one external connection terminal, and
wherein the first point is the most near from the at least one external connection
terminal, and the second point is the most far from the at least one external connection

terminal.

25 2. The lead frame substrate according to claim 1,
wherein the more a third point is far from the side upper portion, the more the

first height is low, and



wherein the first point is the most near from the at least one external connection 10terminal, and the

second point is the most far from the at least one external connection terminal. 6.
manufacturing the lead frame substrate according to claim 5, wherein the more a

thod of
nt is far from

the side upper portion, the more the 15first height is low; and the third point is between the first point

and the second point. 7. The method of manufacturingthe lead frame substrate according to claim 6,

wherein the height of the first point is the same height as that of the side upper 20portion, and the

height of the second point is the same height as that of the séd lower %ortion. 8. The method of
S i

¢ SCCon

manufacturing the leadriine RUB5HFREYEED 55 RRATYS

o1nt,
erein a Iri)rstnpercent of slope between

the_ first point and a fourth point is 25different from a second percent of slope between the second
point and the fourth point, and wherein the fourth point is between the first point and the second point.

3. The lead frame substrate according to claim 2,

wherein the height of the first point is the same height as that of the side upper

5  portion, and the height of the second point is the same height as that of the side lower

portion.

4, The lead frame substrate according to claim 3,

wherein a first percent of slope between the first point and a fourth point is

10 different from a second percent of slope between the second point and the fourth point,

and
wherein the fourth point is between the first point and the second point.
5. A method of manufacturing a lead frame substrate, the method comprising:
15 forming photoresist pattern to form a semiconductor element mounting section,

at least one semiconductor element electrode connection terminal, and a first outer

frame section on a first surface of a metal plate;

forming at least one external connection terminal connected with the at least one

semiconductor element electrode connection terminal and a second outer frame section

20  ona second surface of the metal plate;

forming at least one protrusion-shaped pattern, the photoresist pattern to form

the at least one external connection terminal including the at least one protrusion-shaped

pattern;

forming, through etching, at least one non-through hole in a metal plate

95  exposing section in which the metal plate of the second surface is exposed;

coating a liquid pre-mold resin in the at least one non-through hole from the at

least one external connection terminal toward a direction of at least one projection, and



MCSLLP 22 9.A semiconductor device comprising: a lead frame substrate including a metal plate
having first and second surfaces, 5a semiconductor element mounting section formed on the first
surche, at least one semiconductor element electrode connection terminal, and ayfirst. ppter frame
section formed on the first surface, at least one external connection terminal formed on the
second surface and electrically connected with the at $east one semiconductor clement electrode
10c_onnection terminal, a second outer frame section formed on the second surface, and a
resin layer formed on a gap between the first outer fr,amef%nd the seclond outgr frame, wherein the at

least one extedrralies iineethRiHEP LS hEsFRGIR form a resin layer; an

etching the first surface to form the semiconductor element mounting section,
the at least one semiconductor element electrode connection terminal electrically
connected with the at least one external connection terminal, and the first and second
5  outer frame sections,

wherein first height between a first point of the at least one projection and a
second point of the at least one projection is lower than a second height of the at least

one external connection terminal, and
wherein the first point is the most near from the at least one external connection
10 terminal, and the second point is the most far from the at least one external connection

terminal.

6. The method of manufacturing the lead frame substrate according to claim 5,
wherein the more a third point is far from the side upper portion, the more the
15  first height is low, and

the third point is between the first point and the second point.

7. The method of manufacturing the lead frame substrate according to claim 6,
wherein the height of the first point is the same height as that of the side upper
20  portion, and the height of the second point is the same height as that of the side lower

portion.

8. The method of manufacturing the lead frame substrate according to claim 7,
wherein a first percent of slope between the first point and a fourth point is
95  different from a second percent of slope between the second point and the fourth point,
and

wherein the fourth point is between the first point and the second point.



15 layer has at least one projection formed on a side surface thereof, the at least one projection being
I'ormed between a side lower portion of the at least one external connection terminal and a side upper
portion of the at least one external connection terminal, wherein a semiconductor element is
m_ounted on the lead frame substrate and 20electrically connected with the léad lfkdime substrate by
wire bonding, wherein first height between a first ggint of the at least one projection and a second
point of the at least one projection is lower than a second height of the at least one external connection
termlngl, and wherein the first point is the most near from the at least one external connection
25terminal, and the second point is the most far from the at least one external connection terminal.

MCSLLP 23 19. The 2%@%8%89&’&59&%‘%% as6piding to claim 9, wherein the more a third point is far
from the side upper portion he more the first height is low, and the third point is between the first point

and the second point, iddThersemisonductoudasice according to claim 10, wherein the height of the

first point is the same height as that of the side upper portion; and the height of the second point i
same height as that of the sidBfWEIPDRIGHE St and second surfaces, cond pointis the

5 a semiconductor element mounting section formed on the first surface,
at least one semiconductor element electrode connection terminal, and
a first outer frame section formed on the first surface,
at least one external connection terminal formed on the second surface
and electrically connected with the at least one semiconductor element electrode
10  connection terminal,
a second outer frame section formed on the second surface, and
a resin layer formed on a gap between the first outer frame and the
second outer frame,
wherein the at least one external connection terminal buried in the resin
15 layer has at least one projection formed on a side surface thereof, the at least one
projection being formed between a side lower portion of the at least one external
connection terminal and a side upper portion of the at least one external connection
terminal,
wherein a semiconductor element is mounted on the lead frame substrate and
20 electrically connected with the lead frame substrate by wire bonding,
wherein first height between a first point of the at least one projection and a
second point of the at least one projection is lower than a second height of the at least
one external connection terminal, and
wherein the first point is the most near from the at least one external connection
95  terminal, and the second point is the most far from the at least one external connection

terminal.



1_0 12. _The semiconducto_r device according to claim 11, wherein a first percent of slope between the
first point anql a fourth point is different from a second percent of slope between the second point and
the fourth point; and 15wherein the fourth point is between the first point and théCs&ddhd point.

23

10. The semiconductor device according to claim 9,
wherein the more a third point is far from the side upper portion, the more the
first height is low, and

the third point is between the first point and the second point.

5
11. The semiconductor device according to claim 10,
wherein the height of the first point is the same height as that of the side upper
portion, and the height of the second point is the same height as that of the side lower
portion.
10
12.  The semiconductor device according to claim 11,

wherein a first percent of slope between the first point and a fourth point is
different from a second percent of slope between the second point and the fourth point,
and

15 wherein the fourth point is between the first point and the second point.



