SEM CONDUCTOR COVPONENT AND METHOD OF MANUFACTURE BACKGROUND

[ 0001] The present invention relates, in general, to electronics and,
nore particularly, to sem conductor die packages and nethods for
packagi ng sem conductor die. [0002]1n the past, the sem conductor
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ne example of such a package configuration is disclosed in U.S. Pat. No. 6,650,019

issued to Thomas B. Glenn et al. on November 18, 2003. Another example of an
electronic assembly with stacked integrated circuit die is disclosed in U.S. Pat. No.
7,030,317, issued to Todd P. Oman on April 18, 2006.
[0003] Accordingly, it would be advantageous to have a semiconductor
component and method of stacking semiconductor die to manufacture the
semiconductor component without increasing the footprint of the semiconductor
component. It would be of further advantage for the semiconductor component and

method to be cost and time efficient to implement.
BRIEF DESCRIPTION OF THE DRAWINGS
[0004] The present invention will be better understood from a reading of the

following detailed description, taken in conjunction with the accompanying drawing

figures, in which like reference characters designate like elements and in which:



[O005]FIG 1 is a plan view of a portion of a sem conductor conponent
I n accordance with enbodi nents of the present invention; [0006]FIG 2
Is an isonetric view of a portion of a sem conductor conponent in
accordance W th enmbodi ments of the present invention; [0007]FIG 3 is
a cross- sEG8nal vFKiy lois atrfen weviof e pattiona asemirenénetongonmogentint aken
al ong sect | Lne. 3-3: | |.S: Lsometric view of the

sem gondu% cgihaé%énlﬁgﬁee%{boglggﬁ%%@t%p %ﬁ%ﬁg%g?tl%’l ater stage of

nmanuf act ufe06] 0009] FIGS.2 i§ ah $sometri©siswHatpoatival of\d ewliedndié®r component

sem conduct or conponent of FIG 4 taken al ong section |ine 5-5;
in accordance with embodiments of the present invention;

[0007] FIG. 3 is a cross-sectional view of the semiconductor component of
FIG. 2 taken along section line 3-3;

[0008] FIG. 4 is an isometric view of the semiconductor component of FIGS.
2 and 3 at a later stage of manufacture;

[0009] FIG. 5 is a cross-sectional view of the semiconductor component of
FIG. 4 taken along section line 5-5;

[00010] FIG. 6 is a cross-sectional view of the semiconductor component of
FIG. 4 taken along section line 6-6;

[00011] FIG. 7 is an isometric view of the semiconductor component of FIGS.
4-6 at a later stage of manufacture;

[00012] FIG. 8 is a plan view of a portion of a semiconductor component in
accordance with embodiments of the present invention;

[00013] FIG. 9 is an isometric view of the semiconductor component of FIG. 8
at a later stage of manufacture;

[00014] FIG. 10 is an isometric view of the semiconductor component of FIG.
9 at a later stage of manufacture;

[00015] FIG. 11 is an isometric view of the semiconductor component of FIG.
10 at a later stage of manufacture;

[00016] FIG. 12 is an isometric view of the semiconductor component of FIG.
11 at a later stage of manufacture;

[00017] FIG. 13 is an isometric view of the semiconductor component of FIG.
12 at a later stage of manufacture;

[00018] FIG. 14 is an isometric view of the semiconductor component of FIG.
13 at a later stage of manufacture;

[00019] FIG. 15 is an isometric view of the semiconductor component of FIG.
14 at a later stage of manufacture;

[00020] FIG. 16 is an isometric view of a semiconductor component in

accordance with embodiments of the present invention; and



[00010]FIG 6 is a cross-sectional view of the sem conduct or

component of FIG 4 taken along section line 6-6; [00011]FIG 7 is an
I sonetric view of the sem conductor conponent of FIGS. 4-6 at a |ater
stage of manufacture, [00012]FIG 8 is a plan view of a portion of a
sem condul@®21d onpoFEatl7iip am semetitmaewwil 2 lsemitbodiotermospofienttie pr esent

i nvention; 3]l E i n 4,80 ri.c view of the sem conduct or
conponent a%<>¥39c%8%§@vghgpbgd@etngsrofgﬁ%g%g% mr?’ﬁﬂ‘iﬁ?nacture; [00014]FIG 10

is an isonetric view of the sem conductor conponent of FIG 9 at a
| at er stage of manufacture; [00015]FIG 11 is an isonmetric view of
t he seni conduct or conponent &ETAIEED DESCRIPTION

[00022] Generally, the present invention provides a semiconductor component
and a method for manufacturing the semiconductor component. In accordance with
embodiments of the present invention, a semiconductor component comprises a
substrate having a component receiving area and a plurality of bond pads. A
semiconductor chip 48 is attached to the component receiving area 18. An electrical
connector 62 having ends or contact regions 64 and 68 is coupled to semiconductor
chip 48 and substrate [2. A semiconductor chip 78 is m(.)'lv..lrnltc;d or éttached to end 64
of electrical connector 62 such that end 64 is positioned between semiconductor chips
48 and 78. An electrical connector 92 having ends or contact regions 94 and 98 is
coupled to semiconductor chip 78 and substrate 12. A semiconductor chip 118 is
mounted over or attached to end 94 such that end 94 is between semiconductor chips
78 and 118.

[00023] FIG. 1 is a top view of a portion of a semiconductor component 10 at
an early stage of manufacture in accordance with embodiments of the present
invention. What is shown in FIG. 1 is a support structure 12 such as, for example, a
printed circuit board having a surface 14, a component receiving area 18, a
component contact structure 19 formed in a portion of component receiving area 18,
sets of bond pads 20, 22, 24, and 26, sets of bond pads 28, 30, 32, and 34, and bond
pads 36, 38, 40, and 42. Bond pad set 20 comprises bond pad 20 and bond pads 20s;
bond pad set 22 comprises bond pad 22 and bond pads 225; bond pad set 24
comprises bond pad 24 and bond pads 24s; and bond pad set 26 comprises bond pad
265 and bond pads 26s. Similarly, bond pad set 28 comprises bond pad 28 and bond
pads 28s; bond pad set 30 comprises bond pad 30 and bond pads 30s; bond pad set
32 comprises bond pad 32¢ and bond pads 32s; and bond pad set 34 comprises bond
pad 34 and bond pads 34s. In addition, bond pad 36 is formed between bond pad
sets 20 and 28, bond pad 38 is formed between bond pad sets 22 and 30, bond pad 40
is formed between bond pad sets 24 and 32, and bond pad 42 is formed between bond
pad sets 26 and 34. By way of example, bond pads 20g, 22g, 24, 26, 28¢, 30g, 32,

and 34g serve as bond pads for gate electrodes and may be referred to as gate bond



10 at a later stage of manufacture; [00016]FIG 12 is an isonetric
view of the sem conductor conponent of FIG 11 at a | ater stage of
manuf acture; [00017]FIG 13 is an I sonetric view of the sem conduct or

conponent of FIG 12 at a later ﬁg‘tes of manufacture; [00018]FI G 14
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conmponent in accordance with enbodi ments of the present invention;

and referred to as drain bond pads or drain pads. It should be noted that substrate 12 has’
opposing major surfaces 14 and 16, where surface 16 is shown in FIG. 3.
[00024] Component contact structure 19, bond pad sets 20, 22, 24, 26, 28, 30,
32, and 34, and bond pads 36, 38, 40, and 42 may be comprised of metallization
systems that include one or more layers of an electrically conductive material.
Suitable metals for the metallization systems of component contact structure 19, bond
pad sets 20-34, and bond pads 36-42 include copper, aluminum, alloys of aluminum,
combinations thereof, or the like. Alternatively, support structure 12 can be a
leadframe, a ceramic substrate, a structure comprising a resin, such as epoxy,
polyimide, triazine, or a phenolic resin, an epoxy-glass composite, or the like. The
layout or positioning of bond pads on support substrate 12 is not a limitation of
embodiments of the present invention.
[00025] A component such as, for example, a semiconductor chip 48 having
opposing surfaces 49 and 51 (shown in FIG. 3) is mounted to component contact
structure 19 in component recetving area 18. Semiconductor chip 48 may be attached
to component contact structure 19 using solder, an electrically conductive paste,
conductive film, or the like. Surfaces 49 and 51 are on opposite sides of
semiconductor chip 48. When the component coupled to component contact structure
19 is a semiconductor chip, component receiving area 18 may be referred to as a
semiconductor chip receiving area or a chip receiving area. Semiconductor chip 48
has a gate bond pad 50 which serves as a gate contact and a source bond pad 52 which
serves as a source contact. Gate bond pad 50 is connected to gate bond pad 20g by a
bond wire 54 and source bond pad 52 is connected to source bond pads 205 by
corresponding bond wires 56. Although a plurality of bond wires 56 is shown and
three source bond pads 20s are shown, the number of bond wires 56 and the number
of source bond pads 20s are not limitations of the present invention. There may be
one, two, or more bond wires 56 and one two, three, or more bond pads 20s. It should
be noted that the term bond wires as used throughout the application also may be
referred to as wire bonds or bonding wires.
[00026] FIG. 2 is an isometric view of a semiconductor component 10 shown

in FIG. 1, but at a later stage of manufacture. FIG. 3 is a cross-sectional view of



[00021]FIG 17 is an isonetric view of a sem conductor conponent in
accordance wth enbodi nents of the present invention. DETAI LED
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[ 00024] Conponent” “coh acture
28, 30, example, semiconductor chip 48 comprises an insulated gate semiconductor device in

which surface 51 serves as a drain contact. Thus, the drain contact contacts die attach
material 60. Gate bond pad 50 and source bond pad 52 are formed on or from surface
49,

[00028] FIG. 3 further illustrates support structure 12 having source bond pads
20s, 245, 28s, and 32g and drain bond pads 36 and 40 formed on or from surface 14
and component contact structure 19 connected to heat conductors 21 that extend from
component contact structure 19 to surface 16. Heat conductors 21 serve to remove

heat from components mounted on or over component contact structure 19.
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[00029]FIG 4 is an isonetric view of sem conductor conponent 10 of
FIGS. 2 and 3 at a later stage of manufacture. FIG 5 is a
cross-sectional view of sem conductor conponent 10 taken al ong
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a gate b 120 whi ch, serves as a gate contac nd a source bond
pad 122 RPOAE o7 v dskescinieRBiniER Bompa .18_6%%11 P asemperent
connect ed;tR 2 3h:CcRRPEE, Q%Qn%@ﬁlﬁ%orachﬁpmhé’viﬁgaoé%ﬁng RErRQN rllg &n@gpd pad

122 is connected to source bond pads 26s by correspondi ng bond wres
126. Al t helmgin m FIGuB alsimgunééd foanthpanerd sodi2é strectstmolthinanedipphere sour ce
bond pads 26s. are sltgovw Hﬂe nunber , of bong wres 126 and the nunper
recelving area 18. When the component connected to component contact structure
1s a semiconductor chip, component receiving area 18 may be referred to as a

semiconductor chip receiving area or a chip receiving area. Semiconductor chip 48



[ 00033] Li ke sem conductor conponent 10 shown in FIGS. 1-3, a
conmponent such as, for exanple, a sem conductor chip 48 having

opposi ng surfaces 49 and 51 (shown in FIG 3) is nounted to conponent
cont act structure 19 in conmponent receiving area 18. \Wen the
conponent %ﬁ(ﬁqgﬁé@ tendaqt 50 @pdpopane cewaitaét Gaty ma@t 80 isocongecied to gate

sem condugh of 61, 5 RTBRRGAL. JiS681 400, Ahea S35, v ey el errad o as
ERAY i rl% ? BB

a sem con pTrecerving area or a C

Sem condupmrzoghwamaecthaaa con@Rte 1csgn13@e;va}&£feamp@ él@@tﬁ@ﬂ ofmdclsit 2.
Gate contact. 50 is connected to gate bond pad 20G a bond wire 54

and sour c&3Zbastcgatacbends d 54 anchbed anfl & @Pﬂéféhl?%‘éo%é% Elaa@lcal@@nnworalr&
| ect | 152
E < e BEREEL B ke Bt IR Ly BLEELS o SOINRGHAY

connect or 1362 ayby chrneoedeo sfurtde@nsand2 madbesh aai decaﬁcaeﬂ}emhdm(ﬁﬁrb

connectors 62 and 92. Contact end 154 nay be connected to_ source
cont act  5PeRRTGH dsrfoEPEES &ﬂﬁﬂffry Coptaghiend 1A8 ey ke somnestad ko bend medr

exanpl e sodderoudiPat aeém&n cbRBuARY nbfersR eﬁr@arﬁ@@%ﬁ)@e&* 20s1

t hrough an el ecttically conductive material suc or exanpl e,
sol der. [[M0®34] FI G FHG.i%is an isoswinid vicw aﬂsamcoﬁdmdacmwmpdueﬁtdﬁ%bwmnent

150 sh jn _F but f
similar (Bt GleB e i BB A YR IO S ptcab oy
el ect i CahoRIORRECIPHavd DdeRi A6 B?@l%@t?ﬁ:al%ﬁﬁec%o%l SQ'Tﬂvﬂag%ontﬁét ends

descri bed above, contact end 154 1s electrically conneCted to source
contact 5M4dnd k5§ e%Se@smhfzdlabW@ @mta@temdésﬁrm @tqtlatalb'mhn@cged oepurce
exanpl e, sold

paa 201 SRFET R Ol ey FoRg il ol ekt Bt Ky FQEROLE k"

exanpl e, aﬂﬂtafeﬂdmewcfrﬁ:allﬁam@atté b6l pLAIVIE EHrBiigh dFPledifcdIRS erred
to as interconnects or electrical |nterconnects [00035]FIG 10 is an

i sonet ri ccapdaeiivsrmatensl suehifs fBexawnisosrider. Bood srieswand glepingal 9, but at

a later s !?%gaq&g (4 except
t hat bond(t‘o\?]\ngfg%tglfs andr%g%gﬁggggte%éﬁ&r&g% 32%%’3 ol lfl ‘{:rl €al” connectors
152 and 1[®P036Fs pecFIiGabys arHsemetricoatw oﬁmcbmmfkﬁ 2oihgsndne €50 shown

descri bed h refere ce to FIL.G 8, By f. e l e, electrical
connect or! %? a@teb% tSta@ﬁéIgme‘Afaﬁ‘?'}EF V%ﬁ“! iﬂ éweréﬁ fSKeaphHhal 66,

Cont act %d%ﬁéesr%yanla%s%oasséne[@gﬂaee@wae&n&q%@ﬁéghﬁz1&??@%2 n FIG

5) through an electrically conductive ‘materi al , exanpl e
sol der. Ossneauvelenﬂlem&ahmnnb@onbiﬁrﬁmtbem ﬂ@ct:ba:ﬁjwnhdefmaw ﬂorEIGu&h an

el ectric onducti.ve | al suc Bond
W res anduador PREIE IR pEneRlp 062 RiscoRlastiRE 4T and 68 Blsbhect <
or el ect rden@thl poMi®d CEBINC&HtSot eh@@@ﬁﬁﬂaﬁb@mﬁﬂectea 18 Bour8OBHItAdt 82 \4HRWnOf
sem conduct or conponent 150 shown in " FIG 10, but at a |l ater stage of

manuf act UndlGrF)hropghiag elcirically corsluptics matesinkwish as,Hax exsomde sdldeas 126

ends 174 GRG 6% Sebita oE EbpiERs  BRATEAE R, (Pond il iom: ac

ends 174 @ndudik® mdtaidl 36éh @nﬂ)rkiﬁnp& &Jlég! Boaahlires apmeeedies to bond
pad 26S1 and contact end 174 is connected to source contact 122. Bond

Wi res andopectens iy begstigd toasintragonpects e destagaltipicroniepter connect s
or elect r['O@ﬁl‘?;G] Nt ergPNRe e 5 isometric view of semiconductor component 150 shown

in FIG. 10, but at a later stage of manufacture. FIG. 11 is similar to FIG. 7 except that
bond wires 126 have been replaced by electrical connector 172, which has contact
ends 174 and 178 and a central region 176 that is between contact ends 174 and 178.
Contact end 178 is electrically connected to bond pad 268, and contact end 174 is
connected to source contact 122. Bond wires and electrical connectors may be

referred to as interconnects or electrical interconnects,



[00037]FIG 12 is an isonetric view of a sem conductor conponent 200
in accordance wi th another enbodi nent of the present invention. The
description of FIG 12 continues fromthe description of FIG 7. It
shoul d be noted that the sem conductor conponent of FIGS. 1-7 has
been i denfQG03dd by FEi.d2dmewisemgtricctiew ofe semwpnducéorwmomnt@pamty,
the refer t i on._of m

component “aprieEe i o Sher Ao EREN i R LI EHRE" MR g5,

What is sRIOW2idonfrhss fibn the deBerpitieo lof FIG! 7. Clo Stivadd B¢ nate@ thzetheect i ng
source contact 122 to bond pad 38. Electrical connector 202 has ends

204 and 28gnigemlugtog sprppenent @E}E I61- 2obhastiean Hsatified bypeeferencecharcies 1 &s
an inter [

fwo sem ooadis A HeRE R rcbn it RATIC A ORI A A bor BBRL o
bel ow i nt esmpEsent crfngGomz Ribeen dharyet herefaentexhaciotet 000.cWhat ixajiowe in

positione hove interpaoser region 204. Electrical nnect er. 202 may
be a cli p91§ &n‘?%“GISCtPFﬂH’SHHWF?O%mmF??PnEﬁ%ﬁ? Yémt%‘ﬁn? Eﬂ]l?‘?ﬂ‘ilrﬁaﬁil?’ﬁbon

or the | IEﬁcm%mdcogﬁ&tblszdmg%ﬂdstﬂm%a%e%ﬂd%Q tf'ahli‘ 1204 Oéncﬁm”p' e,
a sol der layer and I nterposer region 2 e co nected

sem condumgpbe oHeqedltdgis by igelpayaregibn Uetmhs::nt niay bmbatmmd banwbem for
exanpl e, lectric I 3 or dielectric er 104 (shown FI G
6. By m@ o 96 RahfsoReFircBibgoer® g ohse A5 e waosHgHrAPeNaped
region. éﬁ&kﬁrmezm%a aﬁ@theﬁéeﬁﬁédﬂdﬁ@tbr 1P ARG IR podRidné Mg e
copper, alumnum netals and netal alloy conhecfors coated with a
preci ous intarpgser xegion Hte dilectragal Gwegffer éépméy be pelip) 4 wirg a lgbh(ml such

silver, all ) :
Co0036] it PR UGB 685 o bie W3, R 08 Ko I bona 69268 o
FIG 12 btitough, for badmgflesd @fder Myefandings pobeeregihal04ibayshosshnedledddG 13
is a sem conductor chip_ 218 havin p05| ng surfaces 219 and 221

nount ed t%s:nm%@tlﬁm&ahlp ddnREaterer 28916 oS BRdU St 2 firexamglenas a

gate bon C ond
pad 222 WiPRRrE e SPaBRENERN AR 10 0akEn RIIATY), Bl SRS

connect edintempcg;a]t mgtmrﬁMpadre&ﬁﬁgblﬁr ghdpod cbgiditr. Su2iddlcamadersaisifor eldotnivdl pad

222 is connected. to rce bon ads 30s correspondi ng. bond res
226. Bond"WPFLY 7Hy 8 ¢ %@F%éﬁ“%&“‘&smﬂaﬂgﬂ&dﬂﬁ? %]PYHBW%FI"HES fiRat %45
Al t hough »@nll?h‘;%&idu%lhé?il ﬂﬁ%@ieewans?s B pb&, @&%nﬁggldt SIRE, YL 6 bond

pads 30s are shown, the nudnber of bond res” 226 t he nunber of
source boaiutnpmﬁsb&@s, adlogs orass, of thatikens of the present invention.

There may, e, t . nore bond.wr nd _one two [ or
more bon o835y . MR a8 bt Bne idh B B EnaRey ShfugrtSs 2006 G,
sem conduct it at K TRRGRERE o Bfinefacink&s What Rdhowt irPFIRY §his $idsitofuctor
manuf acture. What is shown in FIG 14 is an el ectri cal connect or

242 connedip AL bavingepposing surfaces 219 gnddhlimpufed o elggtaeal cpersctor 202.
connect or e%?gongﬁfsto‘? 0fis ﬁﬂ%a?& gat%‘b%né‘ fy Eztfﬁgfcﬁ%éw{ese Ograég c%ntac‘?régd g44
my be reférre O as“an 1 n poser egl on pecause

posi t i oneguhetboré padi2l @hi?ch sbiv@s SEABARGiItaR!l. Glite®dnd bad220 B
sem conductor chip may be pasitioned _bel ow interposer regi on 244 and

anot her s@mNeebigaaly badingd flg by @ bead wtised?ddng sewree peidp rls regi on
244. El h
s, for ooaniit GIOREEHER AR ATEKy aBeBegbpis pipd b ) BHRERirE G
to bond pasy uéreifemadug las wirerboraaombonding wiotsd eXltHoagken panehﬂym:tf bbmbs er

region 244 is caonnected to sem conducto hi 18 through a | ayer of
di el ect r i EIFA20r5 srovg g ¢ esf’B‘iceQ?%Fﬁ'B"l“{-? % ‘%SEEYVFH the puthber ‘stboéiﬁ

di el ect 1 i a@land e ﬁﬁﬂ%fbﬂngé SondBads BY, Xi’@%o%rpﬁé&?&ﬁ'o?thé ftgnposer

region 244 is a rectangul ar shaped region.” Suit e material's for
el ect ri cahvantionedhere n24j2bd el twtg oc oppebondavires 2R6randropt &ive, thred, oret al
al l oy connec orapggsasl ed with a precious netal, tin, steel, alloys of

more
[00039] FIG. 14 is an isometric view of semiconductor component 200 of FIG.

13 but at a later stage of manufacture. What is shown in FIG. 14 is an electrical



14 but at a later stage of manufacture. What is shown in FIG 15 is a
sem conductor chip 258 having surfaces 259 and 261 nounted to

el ectrical connector 242. Sem conductor chip 258 has a gate bond pad
260 which serves as a gate contact and a source bond pad 262 which
serves ascennselgr 8¢2 eomeeittg soteesohianid234d besd pad4Z oblketricaldonnedat e

bond pad b | 64 _and sour ban d 262 is copnect ed
Lo sour ce hontr spaudPoid biard bR RHE HonBRiPEEaS BE R RiR A
may be refi@érpeddr tegi@tbethiie iDRREBe Positasrdibeyesh e RastAlvb RemMEdnductor

plurality of bond wires 266 is shown and three source bond pads 28s

are shownchiphd-en@ipaicopdudierriinimak e pestionnd belnw mterpeser sfgianoifideandbond
s 28 Bet D _ . adis 0
Poa® Fn, Mdindibinl ol AP mal b BSIRORRYvE NGRSO Reich e TBY o€

pads 28s. E[caf4lldohypiteicd42ymaysbeps difg atvive agibbus sudheas( foptexatighefan i S
formed around sem conductaor, chips 48, 78, 118, 218, and 258
el ect ri caPlUBGHTREPBR op she lgks. End248 anonslgd to bord nedid thiongl fom, s,

84, 86, 1&&3{1‘1}:&%@’soﬁﬁélag%&%ﬁ%ﬁpcog%gégg :245313 3’@%3@%{1 E?és%ﬁmo%gu%tﬁlechi

protective structure | 't sho not e at T he
type of pih thodughe layerwf tlielsetricsmamtialasubh bs, fart dxampbd, dicheetriprlagares or

i nvention,. For. exa . Lhe. ective structure may be a lid . cap,
or the Ii@(‘@{.:ecﬂc_t @fﬂﬂb?&@w}l 1{5 ﬁgép@oﬁevc‘m @m‘.’fﬁ‘p {NEPREE OB LR,

[ 00042] FI {gctapBulbSstdped &gns%t Suftable Gt@ialfop SRLERAUIGHQ0CAIRRAGN 300
in accordance w th anotfer enbodi nrent of the present invention.

Seni conduetpper, sbmpowameBond snetdlmllop connectoentaatadduith o precimup oreealt

200, except Fhﬂt lbon(c)% Wi [ &S, 2%& ar eB@on ect ?ld to ql ectri ﬁgalts canduct or
202" r at heP™tH&h YL EPRALC 38 Mo S0 T PR Allpys PLAyRINuDY higsHalloys ¢

of a sem gragguethenikeonponent 320 in accordance with anot her

enbodi nent_of the present invention. Sen conductor conponent 320 is
sinilar tk9084f condii& d¢ izenisemeisc vaop of esreisprducioscompeient20@of BIF. 262

conduct o SR HG5 et maAREHES M0l shAROHBRCR )T E ilibRhuion, o
be appr ecétdp 268 hdahg surfeeed Z39hd A60 mamitginn eldetrivalicansabhpap . f or

manuf acturi ng the sem conduct or conponent have been provided. In
accor danceeHce u@F%Gg]ipr?ésEﬂ@S Bﬁatlet%é’ggi’ &% Whishesrivedes 2 sitaremacigad ar

di e havi nﬂ)wée%on@é%)ﬁbzg}wg&?%fvewst Aboufrd ta%?nh&%ggggpgd 2&i &1 d Effect

Transi stors ( MOSF ornmed 1n a stacked con atron. Thus, a
pl ural i t yconhesehoksate lse ppd 28 by @arbodd evimr 26 4@ad lsagred bomd paddt@tiect i ve
material such as, for example,,.a,nold conpound. . An a age of

mant act (PTG SR BaGE DO P B A MR OO AL B A AER NG ROBHBBER rrent s
of the pragsepé ref@lyRINbiadWitehohhabr bdndfgl Wives. SAIBRIGLAY plFAIRS P hof®r €
sem conductor die, which decreases the footprint of the packaged

sem conduekesr 268 ie shawn aithrdesaurce hend padscSn diecthowngthe nomherf eftonidon as

i ndi vi dual . i r (o eratfe to . f for,.examl e

Conn! eneayiaf 2R s mRe SPSRGEEb i b 2B g T RSt e present,
enbodi merihsertidnAqheredance el Hvd, lbe nidreB&t wireV B dndbneRanffed, be
power capability of the sem conductor conponent using a package with

a smal | ermeisdepH iPAds 28500045] Al t hough speci fic enbodi ments have been
di scl 059({068&?] n, "f’yﬂic.sallg}?erl protective structure (not shown) is formed around

semiconductor chips 48, 78, 118, 218, and 258, electrical connectors 62, 92, 202, and
242, and bond wires 54, 56, 84, 86, 124, 126, 224, 226, 264 and 266. By way of
example, the protective structure is a mold compound. It should be noted that the
type of protective structure is not a limitation of the present invention. For example,
the protective structure may be a lid or cap, or the like. Alternatively, the protective

structure may be absent.
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i ntended that the invention be Iimted to the disclosed enbodi nents.
Those skilled in the art will recognize that nodifications and

vari ations can be made without departing fromthe spirit of the
invention. It is intended that the invention enconpass all such

nodi fi cat [QS}%ZAnd v BFG-lt6i 1s A isgmrefri viewiof Bisemiceadunsarremppneid08 ipended

cl ai ms. a fic sﬁh béthg e%ﬂg%%n&ﬁ ‘of th]e e eﬁ?mv&ﬂﬂ)%u%te% condIRAf nent

COI'TpI’I Si ng avling a conp recelving area an

pl ural i tyc&hpdieat3@eigsimilar to Seﬁinlf:d)ﬂcﬁlbtose@ﬂnﬁ@fﬂﬁtl%@rexﬁdplt mahaunch@lrés rst
and second surfaces, the first surface of the first seni conductor

chip coup?%afﬁﬁoﬂf’éteédﬂﬁlﬁﬁwl Goag sty %Q} rathepthan to bond pad3$ el ectri cal
connect or db%‘&'e.ﬁ‘g fi Eﬁft 1316 25 REMAMic fEQ&chbﬁﬁct&%gnﬁghé}ﬁ %gﬁ ut 0 the

second su face ' of the first sem conduct
sem condusdcordaatd withawaether dnbroglimenaf ﬂmqﬂeaénsmwéxams Seti@ntiudtet

surface of the second sem conducto ch| coupl to th f| rst end of
the firstCQPRRANCR] 2215 é’é‘ﬁ%é‘% %ﬁmeﬂrgP@Fﬁ PRNen} ?@q ¥ rrapt t%‘%‘l‘écefreﬂ’é’fl

el ectricapgrg f&gh&%c% th S1eR@RhE dRAEHoLLINBER oh AR efdctrith @dﬁqﬂét&cwl .

sem conduct or chi ps a second el ectrical connector having first
and secon&lamdlsadoﬁmmlwms end of the second el ectrical connector

dj t t d f f th d duct hi d
2 sloBd . Y e RiTHHRAR Hrprpre Ao C A s aTrLGr sonastepbind
first surfa@ed@br hiverhdhiridh 568 HREFMUEIR CofpbRert BN R&n pRoidy. fhr st

end of the second electrical
accordance with embodiments of the present invention, semiconductor die having, for

example, power Metal Oxide Semiconductor Field Effect Transistors (MOSFETSs) are
formed in a stacked configuration. Thus, a plurality of stacked semiconductor die are
packaged in a protective material such as, for example, a mold compound. An
advantage of manufacturing semiconductor components in accordance with
embodiments of the present invention is that it allows stacking three or more
semiconductor die, which decreases the footprint of the packaged semiconductor die.
In addition, the semiconductor die can function as individual devices or may
cooperate to form, for example, complementary components as shown in FIGS. 16
and 17. In addition, embodiments in accordance with the present invention enhance
the power capability of the semiconductor component using a package with a smaller
footprint.

[00045] Although specific embodiments have been disclosed herein, it is not
intended that the invention be limited to the disclosed embodiments. Those skilled in
the art will recognize that modifications and variations can be made without departing
from the spirit of the invention. It is intended that the invention encompass all such

modifications and variations as fall within the scope of the appended claims.
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connector, wherein the first end of the second el ectrical connector
is between the second and third sem conductor chips. 2. The

sem conduct or conponent of claim1, wherein the first surface of the
first sem conductor chip includes a portion of a drain, and further
including a gate bond pad at a first p&AIMn of the second surface of
the first 1 condugtor chip and a source bond pad at a second
portion o?ﬁ% g‘%@%ﬁﬁgisurface of the first sem conductor chip. 3.
The sem conduct or conponent of claim 2, wherein the plurality of bond
pads on the substrate conprises first and second bond pads, and
further i hcl udArR§MECONHPEEr IERANENts SOMPIBHRECt or coupl ed bet ween t he

gat e bond pad fi ] . ' L . pad
on the substr a?éugéﬁr te(y a?%gratﬁ) m&%gé}ﬂ??égg{m%%lﬁ %éel%? %P H(P:%ﬂ% Iogg&béfgﬁva\lg’e n
t he sour ce bond fipaderafcohdetdrichijt hasary frsnohdeteondaihtfacanthe st sadacut

bond pad on the substrate. 4. The sem conductor conponent of claim
3, wher ei hedig semicondugier chicqyplede thecommppnsritecdWaEATSr chip

includes a por} ke efat?tr{eﬁﬂéo%h&mg&ga rg;ﬂlfst%a seOld4 0 Ih @ raRER %ﬂ%npad

at a first portion o e secon ace of the second semc ctor
chi p and @ thesscond kotfrte pdithedirstsespomddetpocttipon of the second surface

of the second sem cgndu.ctrgc[ fhi B 5. The s%n‘i Cf{?"HdUC or &lo oner%t of
claim 4, wher ef WPRESPRGPHINCEY B haging PHsiAnd SRR SUEesS: the figst surtace
conpr i sesyf b kskofid derhRBAINRRAHD RAFRA ta 1 i dnld@F thedstiélbdifica fifth
el ectrical connector coupled bétween the gate bond pad at the first

portion ofonnpetos adisradn therfirsiomd @d they firshelectaend comdictdriiy positinmgd betaveon
t he substt:iila rstagg éaosi é%hicel(guccig irﬁ?lal .connect or coupl ed between the
sour ce bond pa& P‘iﬁg <EESN &M ¢dhduct or chip and the fourth bond
pad on the subgtdcah®electficallldan&tdn ROMPFiEQnd GosTRARAN, 1S fist &ldBfBhe
wherein the first surface of the third sem conductor chip includes a

portion ofecendplgstrical gaanectprphieent ke thedeengdsugfaseofifboeecpad at a first

portion of..t: syrface of the second sem conductor chip and a
source b&%ﬁﬁgggﬁggpgggﬁﬁghd portion of the second surface of the

second sem congdthiddeemidonguctor/chif hevisgefitse amblsectad swefiopg tenfirsofurfataofn
6, wherein the plurality of bon ad )

tlﬂe thr}rd eml{conduct%r chip coulﬂec? to tﬁe first end of the second electrical

connector, wherein the first end of the second electrical connector is between the

second and third semiconductor chips.

2. The semiconductor component of claim 1, wherein the first surface of the first
semiconductor chip includes a portion of a drain, and further including a gate bond
pad at a first portion of the second surface of the first semiconductor chip and a source

bond pad at a second portion of the second surface of the first semiconductor chip.

3. The semiconductor component of claim 2, wherein the plurality of bond pads
on the substrate comprises first and second bond pads, and further including a third
electrical connector coupled between the gate bond pad of the first semiconductor
chip and the first bond pad on the substrate and a fourth electrical connector coupled
between the source bond pad of the first semiconductor chip and the second bond pad

on the substrate.
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on the substrate conprises fifth and sixth bond pads, and further

i ncluding a seventh electrical connector coupled between the gate
bond pad at the first portion of the third sem conductor chip and the
fifth bond pad on the substrate and an eighth el ectrical connector
coupl ed bét weehhe E@m%ml@@rb‘@mﬁomﬁoﬁﬂamh whreid teefiist sndhge obthechi p
andthes stra 8. onduct or
corrponentg %’Hd P%?%o ?Q’hlgl ISCI?‘#% |rr}s1 %%%drgglég%%ﬁlgh @g}g a gate

connect or ol gadak aﬂﬁs@@ﬁlddtﬁ‘ thdrédcOnd f1@fick bf teiskédnd sain&idﬁduﬁ@l\/@ﬁﬁ fnd

and eighth electrical connectors are bond wres. .

seni condu® PR bRAdIREmE 2 second aprion of fkeseepnd yustace pf e Se@ééond

fourth, S-éﬁﬁ]igon dreighth el ectrical connectors are clips and the

third, fi seventh el ectrical connectors are bond wires. 10.

The sem conductor conponent of claim8, further including a ninth

el ectri cal conpector, having first anrg s,ec%nd ends, the first end_ of
Glpim

the ni nt hoel ectR§ scapicyiNRtoL compangnbe wheseis dacoriuradit oihond peds he
third sencopdycdte ChiRises tird 2hAFoRRIBSERANAHE oA ﬁ%{@?f{%@ ga fighal m

10, further 1 ncluding a fourth sem conductor ‘chip hav st and
second sugltcined conmtdricospled bethacr thefgatetwntl pad ahths dmstgortdumoifahe chi p

coupled to t fi.rst. end of t ni n electrical connector erein
Chert i stegtid e R eipapd By bEa boid Ritbet B8 s t ni rd
and four t HeaRbd1 CORGHEET  RbuSIBl BSiweerd the szitm%e $6HA pRNGEURS Ycop@nponent  of
claim 11, wherein the first surface of the fourth sem conductor chip

i ncl udes senpesndueter eitip and thei fayrtiahend pad drethe sehstrai ng a gate bond pad
at a first portion of the second surface of the fourth sem conductor
chip and a source bond pad at a second portion of the second surface

of the fogirth Fienieanoshdator ceipdhent dilaith®; vaiRdia eidiiet QifacosP@B &l Of
claim12, wherein the plurality of bond pads on the substrate

conpri sesSCEUCRNPAOR AP dRcpcs a%ﬁ@“ﬁ&&sdfalan@ldf@ﬁbﬁémlpﬁ’@g@(ﬂa@%‘it ent h
electric ad3RBIRG %hlogpmh@ BRi e wﬁm% o%dtgg @'coaagc hgﬁ,;s Jgurth
C en (0] Su

sem conduct or the sev nd pa and an
el event h seethiond ahd alonsvectdportion pt the sb@inwaerfactelm"tb@sﬁccﬁd bond pad of
the fourth sem conduyctor chip and the eighth bond pad on the
subst r at SSMIQRAUSIRECHB Y conduct or conponent of claim8, further
including a twelfth electrical connector having first and second
ends, the first end of the twelfth electrical connector adjacent to
t he secontl surTlacemfondhetof campdnesesfi domdy sthereig Hieplurality of bond pads

on the substrate comprises fifth and sixth bond pads, and further including a seventh
electrical connector coupled between the gate bond pad at the first portion of the third
semiconductor chip and the fifth bond pad on the substrate and an eighth electrical
connector coupled between the source bond pad of the third semiconductor chip and

the sixth bond pad on the substrate.

8. The semiconductor component of claim 7, wherein the first and second
electrical connectors are clips and the third, fourth, fifth, sixth, seventh, and eighth

electrical connectors are bond wires.
9. The semiconductor component of claim 7, wherein the first, second, fourth,

sixth, and eighth electrical connectors are clips and the third, fifth, and seventh

electrical connectors are bond wires.
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15. The sem conductor conponent of claim 14, further including a
fifth sem conductor chip having first and second surfaces, the first
surface of the fifth sem conductor chip coupled to the first end of
the twelfth electrical connector, wherein the first end of the

twel fth el@ct r ThasenzigpniBictos componsst peelaim Bafurtherineluding aminth iglectrical
' d 14,
vhor o EleciGRhRge firs iad HEn P G CARHIGRA o BIRAN Bleclcall B!,

and tent hadj@crwlt mﬁsseo@ﬁﬁiswﬁﬁ&fee)lfmdthﬁdfsemﬁ:bn@ﬁ:tdreﬁ@ of the fifth
sem conductor chip includes a portion of a drain, and further
including a gate bond pad at a first portion of the second surface of

the fifth 1sem ?R@?éﬁﬁg&{duﬁggggﬁg&@ﬁgpﬁ?@f}1@%&% ‘%?%r %c l p and

portion o t he second sur sem con
further i seivalidugtoa chipibatmgrfirt aaﬂeeamﬂcsaﬂfa@e,rtheﬁtsb surtame pif @t foetthveen

t he gate bond d of the fifth s tor p. and the ninth bond
pad on ¢ neenugniiopie ghinsgueled &ﬁhe?ﬁ ?’ ﬁﬂ@tmwtﬁalec%ﬁh@epeqt%mm

bet ween tfig fﬁ&%&%fﬁfé’]ﬂntﬁ%%cﬁ{caf Etﬁmtebtf)fﬂb%ﬁ&@eﬁ@l@ﬁiﬁﬁ%d%ﬂrﬂl and the
tenth bond pad on the substrate. . The sem conduct or conponent of

cl ai m 14, senhewmsiuntor blaps.i r st surface of the fifth sem conductor chip
i ncludes a portion of a drain, and further including a gate bond pad
at a first, portion of the second surface of the fifth sem conductor

chip and g sourkescabschdia@r 8émporkBEONElaiRP! I vdirdd tHeTRssRempslomue f ace
of the fifth sem conductor chip, and further includi ng a thirteenth

el ect ri cafoudbremispoductennbirsiaclidesenortion of g dran, hod durghed insfudinga £atet h
sem condud-adnl P AR Sohiih T AeBend Rado PR KIFuSURSLERL BoE0 dag

fourteent trire tor oup e SOUI’

of the fiditdurccond@aduci ecofil bprtidAdT tHesctbrt Surfateet the Calrth

i nterconnect.. 18. The sem conduct or conponent of claim 17, wherein
the ni nt hSegHeRNIREIORFNIPNE er connect is one of a cl | p or a bond wire.
19. A sem conductor conponent, conprising: a substrate having a chip
receiving area and a plurality of bond pads; a first

sem condutX or Tl endoanduetdr t@npdrentdii Painmel imhieredn meqm;rahﬂye)ffobnek pads

sem conduct or chip having first_an ond surfac wher t he
Sotoad Suii B s b et A htn 3RS Rt aHE, GRE Birih fhetding & fonth,
first el eél&c!th@ﬂboﬁ%%?%&%le&@&%&ﬂth@%%ﬂd&ﬁ@oFﬁ%Q&ﬁ-ﬂ?é&‘iﬁlé‘&rﬁluQﬂ(ort he

first sem conductor chipand a first bond pad of the plurality of
bond padschip and thg sewntnkbrelgrid ooribeisibsirate Ianqb a elgpénsll eheotmhleccrﬁmcmr

Cecond SorPRRRESgRa s Rr R b AT LGAPRAL BBl BipgHa e Slaf

sem condlwngrpa@bhrﬁldmgMQ_s a gate contact and a source contact; and

14.  The semiconductor component of claim 8, further including a twelfth
electrical connector having first and second ends, the first end of the twelfth electrical

connector adjacent to the second surface of the fourth semiconductor chip.

15. The semiconductor component of claim 14, further including a fifth
semiconductor chip having first and second surfaces, the first surface of the fifth
semiconductor chip coupled to the first end of the twelfth electrical connector,
wherein the first end of the twelfth electrical connector is between the fourth and fifth

semiconductor chips.
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a second el ectrical connector coupled between the gate contact of the
first sem conductor chip and a first bond pad of the plurality of
bond pads, and a third electrical connector coupl ed between the
source contact and the first electrical connector. 20. A nmethod for
manuf act ut$.ng Fhesamicombigor comporepbotelaim thmpreren ty: plprabiyi afibogd pads

support struyctu havi ng. a conponent..receivin rea a | ural ity
of "bond paliE stbsiEonitis SR AR ERRT il Ba b B BrPhireite ok
conponent the§Fal séhiiébnAu&dr &Hip irltudes RPeftionSIfaliziil) fhd fultBerfihél8ding a gate
sem conductor chip having first and second bond pads;

el ect ri cabengd padub pifleg poreorfafitiee segertbisusige of theridthfsemigonduetprdripand ar
hip t f i . pl yral i d.
TR0 P Slon PR hsPha bR BB o eBREeh e Scontter o

chip to athipeadtfimlhaesdidnge ddrtpath ekctiibsl ht¢ctdridoypled bbwren Hadsite
coupling the first sem conductor chip to a third bond pad of the
pl ur al i t ybsrd nagded theafith serpigonduetor shivgnd dhe nipth) bond mad en ge substrate and

coupl i ng é‘fot%ﬁtg%ﬂ e&%{éqcﬁpéb‘i’:%& cd gieﬁ bteR;véeﬁ‘?hé écéu%%e @rﬁg)tta& Egﬂn!g fifth

connect or, second sem conductor chip havin pad and
a second searichmiadior alnig and the tehtebond pad by theaupdtrang t he first bond pad
of the second sem conductor chip to a fourth bond pad of the

plurality of bond pads, electrically coupling the second bond pad of

the secongf se %H&Mﬂ@érﬂha@»g bdnpShet of GART 148 WheldifluRaTRS RFF-Obf thie

plurality of bond pads, and coupling the second seniconductor chip to
a si xt h bioftld sgeidonductdrehipl ineludéstaparfiohohaldiaad sndvurtheninskdongh gate

electrical connectar. 21. T met hod of cl ai m.20, further includjn
Counl | no oGt & Bt ebtinn et T hs ebrr ol o et b e 85 29
connect orsoutdagobhl ipE@' aﬁzﬁﬁc@ﬂﬂﬂé&ﬁb@ of ﬁﬁis@cdh@\éhﬂﬂceaoﬂthé ffth banRoRdkta@nd a
second bond pad; electrically coupling the first bond pad of the

third senshinriaddudier énlylinga thidespgnelctier ¢opastasiconed petwican theyeats

bond pad Lecirical | i i rd
s condaraibaf iof e iEcntodiokplo) Bita WlE (REFAMBARER BRetlniilfe bl 1
pads; anca fourteertletiriegl don@edidr dodpled etasrd titd @urdeibond pad af thiedifth bond

pad of the plurality of bond pads with a third el ectrical connector.
semiconductor chip and the ninth electrical interconnect.

18.  The semiconductor component of claim 17, wherein the ninth electrical

interconnect is one of a clip or a bond wire.

19. A semiconductor component, comprising:

a substrate having a chip receiving area and a plurality of bond pads;

a first semiconductor chip coupled to the chip receiving area, the first
semiconductor chip having first and second surfaces, wherein the second surface
includes a gate contact and a source contact;

a first electrical connector coupled between the second surface of the first
semiconductor chip and a first bond pad of the plurality of bond pads;

a second semiconductor chip coupled to the first electrical connector, the
second semiconductor chip having first and second surfaces, wherein the second
surface of the second semiconductor chip includes a gate contact and a source contact;

and
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22. The nethod of claim 21, further including: coupling a
fourth sem conductor chip to the third electrical connector, the
fourth sem conductor chip having a first bond pad and a second bond

pad; electrlcall cou ling the first bond pad of the fourth
sem conduct or eh¢q9nﬂ@ mnefaeropqyaltdcbﬁtwmﬂpﬁmamrﬂaﬁof thgdivet pads
and electr| al | Jln t S h u

sem condut ICOH%C&’? Ipfﬁgelﬁg\g/tebn ﬁ% oﬁgﬁl d‘ﬂgﬁtytoﬁ (fﬁardéil dhat rdbond

pads; andelectncalcmu@édtmoﬁﬂed B@hﬂe&ﬂﬂtmfb@@dﬂl@&mdﬁﬂiﬁ forst éle@tnEMB| fth
bond pad of the plurality of bond pads with a fourth electri cal

connect or ¢onnggor.The net hod of claim22, further including coupling a
fifth sem conductor chip to the fourth electrical connector. 24. The
met hod of claim 22, further including: coupling a fifth

sem condug®.or Ahhghddfdrheanfictiringel s@nﬁ:rdﬁ&ﬂox:mmmb@tg corhprgsifig:f t h

sem conduct or Chl[) having first and second bond pads;
el ectrically cHOyIding2 ?‘WQOWSF@‘EN{?&WH NELCOFPONRRY rF‘feF‘t'lﬂg aaiPrBdAduct or

chip to hﬂiﬂ gp[f,grﬂ Qad pad of the plurality of bond pads; and
el ectri ca y 1c)E)up In ﬂe second bond pad of the fifth sem conductor

chip to the thecowblieg edirmsemicondnmmaﬂldp to the Bomfdrenhectiothgafcacdfahen 24,
shoreln SOUBLLNRL0E BeSRNd Rond b oL, LAGL b Ty pEm coRtuctar. ol
or nmore bond Wk&§cdIR &ﬂﬁﬁﬁ%thkhﬁst%%ﬁﬂ Rdd beid Madedicohd&tdrd dhifo a first
sem conductor chip to th el ectrical connector.
bond pad of the plurality of bond pads and electrically coupling the second bond pad
of the first semiconductor chip to at least a second bond pad of the plurality of bond
pads;
coupling the first semiconductor chip to a third bond pad of the plurality of
bond pads with a first electrical connector;
coupling a second semiconductor chip to the first electrical connector, the
second semiconductor chip having a first bond pad and a second bond pad; and
electrically coupling the first bond pad of the second semiconductor chip to a
fourth bond pad of the plurality of bond pads, electrically coupling the second bond
pad of the second semiconductor chip to at least a fifth bond pad of the plurality of
bond pads, and coupling the second semiconductor chip to a sixth bond pad of the

plurality of bond pads with a second electrical connector.

21.  The method of claim 20, further including:

coupling a third semiconductor chip to the second electrical connector, the
third semiconductor chip having a first bond pad and a second bond pad;

electrically coupling the first bond pad of the third semiconductor chip to a
seventh bond pad of the plurality of bond pads and electrically coupling the second
bond pad of the third semiconductor chip to an eighth bond pad of the plurality of
bond pads; and

coupling the third semiconductor chip to a ninth bond pad of the plurality of

bond pads with a third electrical connector.
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22, The method of claim 21, further including:

coupling a fourth semiconductor chip to the third electrical connector, the
fourth semiconductor chip having a first bond pad and a second bond pad,

electrically coupling the first bond pad of the fourth semiconductor chip to a
tenth bond pad of the plurality of bond pads and electrically coupling the second bond
pad of the fourth semiconductor chip to an eleventh bond pad of the plurality of bond
pads; and

coupling the fourth semiconductor chip to a twelfth bond pad of the plurality

of bond pads with a fourth electrical connector.

23.  The method of claim 22, further including coupling a fifth semiconductor chip

to the fourth electrical connector.

24.  The method of claim 22, further including:

coupling a fifth semiconductor chip to the fourth electrical connector, the fifth
semiconductor chip having first and second bond pads;

electrically coupling the first bond pad of the fifth semiconductor chip to a
thirteenth bond pad of the plurality of bond pads; and

electrically coupling the second bond pad of the fifth semiconductor chip to

the third electrical connector.

25.  The method of claim 24, wherein coupling the second bond pad of the fifth
semiconductor chip to the third electrical connector includes using one of a clip or one
or more bond wires to couple the second bond pad of the fifth semiconductor chip to

the third electrical connector.
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