SEM CONDUCTOR PACKAGES AND METHOD FOR FABRI CATI NG SEM CONDUCTOR PACKAGES
W TH DI SCRETE COMPONENTS Background [00011 One problemthat occurs in

el ectroni c systens containing sem conductor packages, such as nodul es and
printed circuit boards (PCB), is parasitic inductance. For exanple,
parasitic inductance can occur from sw tchi n% transi ents and cross coupling
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decoupling
decoupling capacitors can be surface mounted on a system substrate, such as a printed

circuit board (PCB) or test board, in close proximity to the semiconductor packages.

[0003] As the operating speeds of electronic systems increase, the problems
associated with parasitic inductance increase. For example, the parasitic inductance
associated with circuit connections to the decoupling capacitors decreases their
effectiveness at higher speeds. Parasitic inductance is particularly a problem at clocking
speeds of 500 mHz or more.

[0004] Electronic systems are also becoming more densely populated. External
decoupling capacitors require valuable amounts of surface area on substrates, which
could be utilized for other components and circuits. Yet another problem with external
decoupling capacitors is that they are susceptible to shorting, and also to mechanical
damage due to their surface mounting.

[0005] In view of these shortcomings associated with external decoupling
capacitors, semiconductor packages have been constructed with on-board capacitors. For
example, US Patent Nos. 6,891,248; 7,002,248 and 7,041,537 to Akram et al. disclose

semiconductor packages having on board capacitors. In these patents, redistribution



capaci tors, sem conductor packages have been constructed wth on-board
capacitors. For exanple, US Patent Nos. 6,891, 248; 7,002,248 and 7, 041, 537
to Akram et al. disclose sem conductor packages having on board capacitors.
In these patents, redistribution | layers on the packages are used to form
i ntegrated capacitors having el ectrodes separated by dielectric |ayers.
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havi ng di screte conponents; igure B 1s an enlarge ematic cross
sectional view of the package taken along section line | B-1 B of Figure 1

A; [0010],Figure.1.C i enl arged schematic cross sectional view of the

package %ﬁ—%ﬁ%@%ﬁfﬁ&#ﬁw L e 1CG1C of Figure I A, [0011] Figure 1D is an
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package having discrete components;

[0009] Figure 1B is an enlarged schematic cross sectional view of the package
taken along section line 1B-1B of Figure 1A,

[0010] Figure 1C is an enlarged schematic cross sectional view of the package
taken along section line 1C-1C of Figure 1A;

[0011] Figure 1D is an enlarged schematic cross sectional view of the package
with parts cut away taken along section line 1D-1D of Figure 1A;

[0012] Figure IE is an enlarged schematic cross sectional view of an alternate
embodiment package equivalent to Figure 1C having die pockets;

[0013]) Figure 2 is a schematic plan view of a strip containing substrates for
fabricating multiple semiconductor packages;

[0014] Figure 3A is a schematic plan view of a semiconductor wafer containing
multiple dice having etched recesses for fabricating the semiconductor package;

[0015] Figure 3B is a schematic plan view of a semiconductor wafer containing
multiple dice having saw cut recesses for fabricating the semiconductor package;

[0016] Figures 4A-4D are schematic cross sectional views illustrating steps in the
method for fabricating the semiconductor package;

[0017] Figure 5 is an enlarged schematic cross sectional view of a two die

semiconductor package having discrete components;



mul tiple dice having etched recesses for fabricating the sem conductor
package; [0015] Figure 3B is a schematic plan view of a sem conductor wafer
containing nultiple dice having saw cut recesses for fabricating the

sem conductor package; [0016] Figures 4A-4D are schematic cross sectional
views illustrating steps in the nethod for fabricating the sem conductor
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di agram of a systemincorporating the sem conductor packages. Detail ed
Descri pt iS§Miqonduder rekegesi ng to Figures | A-1D, a seniconductor package 10
havi ng di screte conponents 12 is illustrated. As shown in Figure 1B, the
package 10 includes a sem conductor die 14; a substrate 16 bonded to the
di e 14; dpelaibed Bescapsani ant 18 encapsul ating the di e 14. As will be further
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components 12. In addition, the discrete components 12 can comprise any conventional

component used in the art including capacitors, resistors and inductors. As another
alternative, the discrete components 12 can comprise semiconductor dice containing
active integrated circuits (ICs) having a desired electrical configuration (e.g., logic,
memory, processing). Also for illustrative purposes, the discrete components 12 in the
package 10 are both the same type of component (e.g., decoupling capacitors). However,
the package 10 can include different types of discrete components, such as a first type of
discrete component (e.g., a decoupling capacitor) and a second type of discrete
component (e.g., a SMT resistor).

[0022] The discrete components 12 embedded in the die 14 significantly improve
the performance of the package 10. For example, with discrete components 12 in the
form of decoupling capacitors, the conductive path to the die 14 has a shorter length
relative to that of external decoupling capacitors on a system substrate, such as a module
substrate or PCB. The shorter conductive path provides better power integrity and lower
inductance. In addition, the embedded mounting of the discrete components 12 requires
no additional space, and frees space on the system substrate that would otherwise be

required for external decoupling capacitors.



di screte conmponent (e.g., a decoupling capacitor) and a second type of

di screte conponent (e.g., a SMI resistor). [0022] The discrete conponents
12 enbedded in the die 14 significantly inprove the perfornmance of the
package 10. For exanple, with discrete conponents 12 in the form of
decoupling capacitors, the conductive path to the die 14 has a shorter
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Figure 1G thidkes Sndlteight (h) (Figure 4A) of the discrete components 12, such that the
discrete components 12 are contained in the recess 20. As shown in Figure 1C, the die 14
includes only one recess 20 which comprises an elongated slot extending from opposing
edges of the die 14 configured to contain multiple discrete components 12. Alternately,
as shown in Figure 1E, an alternate embodiment pocket die 14P can include pocket
recesses 20P, with each pocket recess 20P configured as a enclosed pocket, sized and
shaped to contain one or more discrete components 12. In Figure 1E, three pocket
recesses 20P are illustrated with a discrete component 12 for each pocket recess 20P.
However, the pocket die 14P can include any desired number of pocket recesses 20P, and
each pocket recess 20P can be configured to contain any number of discrete components
12.

[0025] The die 14 (Figure 1B) also includes a pattern of die contacts 28 on the
circuit side 24 in electrical communication with the integrated circuits contained on the
die 14. The die contacts 28 can comprise bond pads, or redistribution pads, in a selected
pattern (e.g., edge array, center array, grid array), having a selected size and shape (e.g.,

square, rectangular, round). In addition, the die contacts 28 can be formed of a bondable



i ncl udes only one recess 20 which conprises an el ongated slot extending from
opposi ng edges of the die 14 configured to contain nultiple discrete
conponents 12. Alternately, as shown in Figure IE, an alternate enbodi nent
pocket die 14P can include pocket recesses 20P, with each pocket recess 20P
configured as a encl osed pocket, sized and shaped to contain one or nore

di screte conponents 12. In Figure 1E, three pocket recesses 20P are
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(ILB). Termnal contacts 40 (Figure 1B)
formed on the terminal contact pads 34 using a metallization process, a stud bumping

process or a ball bonding process. A representative range for the diameter of the terminal
contacts 40 can be from 60-500 pm. In addition, the terminal contact pads 34 and the
terminal contacts 40, can be formed in an area array, such as a ball grid array, a pin grid
array, an edge array or a center array.

[0028] As shown in Figure 1B, the substrate 16 also includes conductive vias 42,
which electrically connect the terminal contact pads 34 on the back side 32 of the
substrate 16 to the wire bonding contacts 38 on the circuit side 36 of the substrate 16. As
shown in Figure 1B, the wires 30 are bonded at a first end to the die contacts 28 on the
die 14, and at a second end to the wire bonding contacts 38 on the substrate 16. As with
the die contacts 28, the wire bonding contacts 38 can comprise a bondable metal, such as
aluminum, copper or gold, which allows the wires 30 to be bonded using a conventional
wire bonding process, such as thermocompression (T/C) bonding, thermosonic (T/S)
bonding, or ultrasonic (U/S) bonding. Using a wire bonding process, the first bond
between the wire 30 and the die contact 28 can comprise a ball bond, and the second

bond between the wire 30 and the wire bonding contact 38 can comprise a wedge bond.



package 10 (al so known as outer |ead bonds (OLB), are formed on the term nal
contact pads 34. The term nal contacts 40 can conprise netal, or sol der,
balls, bunps or pins, formed on the term nal contact pads 34 using a

metal li zati on process, a stud bunmping process or a ball bonding process. A
representative range for the dianmeter of the terminal contacts 40 can be
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first terminals 48 thereof can be connected to ground (Vss) die contacts 28, and to ground
(Vss) terminal contacts 40. Second terminals 48 of the discrete components 12 can be
connected to power (Vcc) die contacts 28 and to power (Vcc) terminal contacts 40.
[0031] The die attach polymer 22 (Figure 1B) attaches the die 14 to the substrate
16 (Figure 1B). In addition, the die attach polymer 22 fills the recess 20 in the die 14,
and encapsulates the discrete components 12. The discrete components 12 are thus
embedded in the die 14 and electrically insulated from the die 14 by the die attach
polymer 22. The die attach polymer 22 can comprise a curable polymer such as a
silicone, a polyimide or an epoxy material. As shown in Figure 1B, the die attach
polymer 22 includes a relatively thin layer 66 between the back side 26 of the die 14 and
the circuit side 36 of the substrate 16 which attaches the die 14 to the substrate 16. In
addition, the die attach polymer 22 has a relatively thick portion that fills the recess 20 in
the die 14 and encapsulates the discrete components 12.
[0032] As shown in Figure 1B, the encapsulant 18 forms a package body which
encapsulates the die 14, the wires 30, and the circuit side 36 of the substrate 16. The

encapsulant 18 can comprise an epoxy resin molded using conventional molding



100301 For illustrative purposes, the package 10 includes only eight

termnal contacts 40, and eight wire bonding contacts 38 electrically
connected to eight die contacts 28. However, in actual practice the package
10 can include any nunber of term nal contacts 40, wire bonding contacts 38
and die contacts 28 (e.g., tens to hundreds). In addition, the termnals 48
for the deqipmts adnecidqics. 1R thivknts andl f#coitliaalof \the encupsilagt 19 caebect ed
term nal contacts 40 and sel ected die contacts 28 as required. For exanple,
for discr ‘@“%dﬁﬁﬁﬂ%ﬁﬁs 12 in the formof decoupling capacitors, first
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net hod f oIBY, abichGabdtRg 1818lso includes the conductors 44 (Figure 1B) on the circuit side 36
(Figure 1B) in electrical communication with the conductive vias 42 (Figure 1B) having
the wire bonding contacts 38 (Figure 1B) and the component contacts 46 (Figure 1B).
All of the elements of the panel 50 and the substrates 16 can be constructed using well
known techniques and equipment.

[0035] Referring to Figure 3A, as a second step in the method for fabricating the
semiconductor package 10 (Figure 1B), a semiconductor wafer 58 containing multiple
semiconductor dice 14 can be provided. The dice 14 can comprise conventional
semiconductor dice having integrated circuits with a desired electrical configuration, as
previously described. The dice 14 are separated by streets 60, and the back side 26 of the
wafer 58 corresponds to the back sides 26 of the dice 14.

[0036] As shown in Figure 3A, each die 14 includes a recess 20 having a selected
width (w) and a selected depth (d) (Figure 1B). The recesses 20 can be formed by
etching the back side 26 of the wafer 58. An etching process can also be used to form the
pocket die 14P (Figure 1E) with the pocket recesses 20P (Figure 1E). For example, the
etching process can comprise a wet etch process or a dry etch process performed using a

mask, such as a photo mask or a hard mask, having openings with a size and shape



sem conduct or package 10 (Figure 1B), a panel 50 containing multiple
substrates 16 can be provided. Each substrate 16 is a segnent of the panel
50 (Figure 2), and will subsequently be separated fromthe adjacent
substrates 16 to formthe sem conductor package 10. The panel 50 (Figure 2)
can include indexing openings 52 for handling by automated equi pnent, such
as chi p bomgspanding to¢hderesses20 ol (Ps(Figude 1 E). T headeiptingh) pf the Theesgadlcab 0

(Figure can al i nclude s ration openings, 54 which facil.itat.e
separatio qﬂntrpﬂ%cfngﬁgcfgo&t% tﬁ‘ggtFﬁPWC?%é‘ ba%‘&&g%ae%. k%@“ﬁéﬂ%‘?gﬁ CQhn al so
i ncl ude n@reAduitabIR IR tchaRBcomprides AstrathdihAR8moRHindB/des:8d& evARt)d rRgppund
gate breaks. 100341 Each substrate 16 (Figure 2) on the panel 50 (Figure 2)

i ncl udes etplung siéicon, wedctive mueesehipg (RIE3 4arf B¢ penfarmeR)in ameackar vitfckn efchigas32

(Figure 1B), apd t nd ive vias 42 (Figure 1B) in electrical

comuni c_ast CB%@?&%@&%E&‘#& contact pads 34 (Figure 1B). Each substrate
16 al so i ncl udme3T|hRefeRtiti@t KEore 48, aShWE@nARE t0Btchitg, Melrédsies20dan 86
(Figure 1B) in electrical comunication with the conductive vial 42 (Figure

1B) havi nfgrmedasing psamsdireesss ohit thistcas@ 8ay Ehighiecan Bprmgidon the badkhpidadat

contacts Fi gure, 1B) . . Ald, of the el enen of th anel 5Q,anpd t.he
cubst rat o8 e OB a8 Blpa ARG RERR Sefean” el aa o BRGEE pren:.
10035] Re{Rith ithd dolrebpcids o IRe wAGthA(vDESOIME rSt@Bes 20.t e Jdaitidd tedsawing
fabricating the sem conductor package 10 (Figure 1B a sem conduct or waf er

58 cont ai POPRSS AN be pndrolled ta fosmdbe sast cuts é%withth%#ml@%cbr ovided. The dice 14
can compr! se Cﬁg}(@”wﬁ{‘é}her ﬁx%”é‘t&l?@g‘j#‘e‘%& (gl'gﬁ  of (e 'sgvtwgl efiSd (i’ S

with a desired ctrical “configuration, previousl SCT1 be ke dice

14 are sepRy,dbksvidyg BimeRds obthe @R0eksédN20 g@czofangelr&@mfth& Reafemss esin 58
corresponds to the back sides 26 of the dice 14. 10036] As shown in Figure

3A, each singulated inte indinedual diceclds sThrpsinglating stepsan de eformediasing dpaving a
sel ected d), . El gur r es 20 can be forned by etching
t he back gr?)géesp’f%’ %?}&]F%g%\%g éor?)d%aj[&i\%tpg%%?ng process can al so be used to

formthe pock@p039] Refetithgd td Bigues WE)}4IN ddditione]l ek the @ehsd €sr fAbiitatihg gur e
| E). For exanple, the etching process can con'ﬁri se a wet_ etch process or a
dry etch {hedaekage 8 Figurp 4By gqeﬁgusgrated. Although these steps are illustrated as being

performed on a single substrate 16, it is to be understood that they can be performed on
all of the substrates 16 on the panel 50 (Figure 2) at the same time. As shown in Figure
4A, the substrate 16 can be provided with the terminal contact pads 34 on the back side
32 in electrical communication with the conductive vias 42. In addition, the conductors
44 can be provided on the circuit side 36 in electrical communication with the conductive
vias 42 and having the wire bonding contacts 38 and the component contacts 46.

[0040] As also shown in Figure 4A, the discrete components 12 are provided, and
bonded to the component contacts 46. The discrete components 12 can include
component electrodes 64 that are soldered, brazed, welded or otherwise attached (e.g.,
conductive adhesive) to the component contacts 46 on the substrate 16. The discrete
components 12 can be placed on the component contacts 46 using conventional pick and
place equipment, and then bonded to the component contacts 46 using conventional
techniques (e.g., soldering). In addition, the discrete components 12 have a height (h) on
the substrate 16 that is less than the depth (d) (Figure 4) of the semiconductor die 14.
The discrete components 12 also have a width (w2) that is less than the width (w) (Figure



mask, such as a photo mask or a hard mask, having openings with a size and
shape corresponding to the recesses 20 or 20P (Figure 1E). The depth (d) of
the recesses 20 can be controlled by endpointing the etch process at a

sel ected depth. For wet etching silicon, one suitable wet etchant conprises
t et ramet hyl anmoni unmhydr oxi de (TMAH). For dry etching silicon, reactive ion
et chi ng (4B)Hf tharechss einfthe ﬁm](ctlléi NTleese d&ﬁérﬁfonw'p‘ehmatheedlcd”tet@aﬁ)mpoﬁmh138 CF4,
SF6, Cl12 or, CC12F2. [QQ037], Referrj g to Figure as an alternative t

et chi ng, ©H® ?%@ge%&vg'@ﬂ rgGess 2 r%?édhaéﬂqqatt%ﬁlsmwﬁ@r pRdeeyEround; amiu s

case,  SLLUSANE AL BB BInLNe BARK 1%I82By. Of The sem conductor vaf er

58 using a conventional dici saw having a saw blade with a wdth that
corresponds t o004t Wekthay siovaf it RiguredBs gesdi2 Gattatn patjchdri 29his dppdied ami ng

rocess can be .con | ed to formthe cuts 6 with t dept h 0038
B Ot Fareob 4581 b s Shesth s pRRcth 123 M s e bhlstieh 2 186 ROBPUM fur o
3B), fol |<€2)Mv@1§11<f1ﬁ[ SRch ) ;;a}]ylﬁme bLESRGEHe ARadPmatd?fal FiIRYaGitbE) a séiBGeyal er S8
can be singulated intoin dual dice 14. The singulating step can be

per f or medvalginafahe s Agachppalymss 22 anndiecciipogitet ot @sglobrtom onathe rdijcedte
process. [0039 errln to F S AD, additional ste i.n the nmethod
Por f abr | SIRRORERS pRasHch s i A Atof Byt HATeYeh a ShTatiF ehGah t hose
steps ar egich by §drEd shtdg, @éﬁo@ﬁlonrﬁ%ﬁg{ ATREZZN) oacﬁpln&&qnﬁ&hﬁ;éaatb% wh&ed tht is to

be understood that they can be performed on t He substrates 16 on the
panel 50 dgpositithe dig attachipedymenrds on the distsete h@\morlemtSF]?guTlE d@A@ltetdh‘@lmnbst rate

ol cotri oeRt Ul SANB o EY PRSI F D raesa 20 PP Toatd fe * "

conduct or gncapshlfe theRBsREO CoMPOnas 1R Bk kéodkd 261 Hﬁadﬁ@tldtﬂtoeﬁlﬂﬁé tHeGdbess
comuni cation with the conductive vias 42 and having the w re bonding

cont act s B thhdiet aitach poponemi? wilheketformahe pdfeane IagerfisFighevie)i whirh gur e
4A, the déf%%fl tﬁe@%m%%ﬁlbgtgatgﬁg provi ded, and bonded to the conponent

contacts I°scréte conponents 12 can include conponent el ectrodes 64
that are sol dejped?] bsakedhows iflBifuey 4B the 8l 19eaa bt pehraded ®ith the re€endoict i ve

adhesive) to the conponent contacts 46 on the substrate 16. The discrete
having the selected width (w) and depth (d). The die 14 can then be placed on the
viscous die attach polymer 22 and pressed onto the substrate 16 using suitable equipment,
such as a conventional die attach system or a pick and place mechanism. In addition, the
die 14 is placed on the die attach polymer 22, such that the recess 20 aligns with the
discrete components 12 on the substrate 16.

[0043] As shown in Figure 4C, pressing the die 14 into the die attach polymer 22
forms the adhesive layer 66 which attaches the die 14 to the substrate 16. In addition,
the viscous die attach polymer 22 deforms to completely fill the recess 20 and
encapsulate the discrete components 12. Following placement of the die 14 on the
substrate 16, the die attach polymer 22 can be cured at a required temperature and for a
required time period.

[0044]) As also shown in Figure 4C, the die 14 can be placed in electrical
communication with the discrete components 12 by bonding the wires 30 to the die
contacts 28 on the die 14, and to the wire bonding contacts 38 on the substrate 16. This

step can be performed using conventional equipment such as a wire bonder or in the case

of TAB interconnects a TAB bonder.



conponents 12 can be placed on the conponent contacts 46 using conventional
pi ck and place equi pnent, and then bonded to the conponent contacts 46
usi ng conventional techniques (e.g., soldering). In addition, the discrete
conponents 12 have a height (h) on the substrate 16 that is less than the
depth (d) (Figure 4) of the sem conductor die 14. The discrete conponents
12 al so have al0@#Sk N¢Gu23s homtn insFigess4bhthe dnbapswlaﬂt 8 (cah beFRogued usidg4B) of

12° 1o penamabaTP TRt & FRTEEE SORRY Foathien dbt BRTLEIHANS22 (o

surround £&ngan B EaRR G metteﬁnﬁhhp@drﬁms 55u§p3:maglhg alshitdblerOcdsBRuéeaeas 20.
[0041] Next, as shown in Fi gure 4B, the die attach polyner 22 is applied in

vi scous foetlizatiohprogessca st bumnmrpémess ara bathonding mreceseh pol yner 22 can

' had i on, o uaPEcRERerG, FREEE $RoMiRaEC PA KPRV GRLFI S5 AR ahe”'

deposi t edpakage 1 GhgironBYBut e a%a‘iﬁdf%’tafbke&&ﬁ@o%ﬁfrﬁ di@lm-llrl&vﬁlgcdi@‘{ﬁat i onal
die attac syst em wever, any Sul t abl e process, such as screen@prl nt i ng,

deposi ti owmpnn@a@HZa\ wdwaded top sebsiriatel LA substansially as praviaslyudeserip fodep03| t

vor ume: ofediar R B oo stochOidt TaReTPRATbSehfe colBnPiRARAS |

the di e ldondeddo thé c@uﬁanﬁm@t ef thfaﬁﬁrﬁh di€ N 8Ael. CARRABAIILRNL P8 A Rnédpsulareess 20.
In addition to f||||ng t he recess the die attach polynmer 22 will also

fo [) m t he BaKicsi MA-1.alfy-2@8d (fwgdh@bm) ofithe package { @ h&yrtherea fire divattaght he
substrate,} g met 9%21] fé?ch@i ﬁJQP 1'4')\Et9‘dﬁd%eﬂf’b§%1?ehﬁﬁ Oa%d]an‘hc%gs)ﬂlﬁél‘sheéo‘“ ded

vvlththe? ess avn hes ecte die 14

can then diecrpteacesbodonts hleA vh $le0flfst dl@l@kllach slé@d)r)m&ire atchpdlypiee 29d2 ont 0
the substrate 16 using suitable equi pnent, as a conventional die

attach sy%ﬁ%‘h?%ﬁheas%o@ﬂ dad4p-dce Wﬁc%%@ﬁitsﬁfie I2t4Aa6§l|th¢ dhst digel4Atile and j s
P aced SNl B\ SRR YR Mg s ERTROpBATIAS L1 the
pressi ng tdmcbedalerichded substaiitiedlydis pravtidiabhdgsordityadeor th2 package 10 (Figure 1B).

[0047] Referring to Figure 6, a package 10B is substantially similar to the
package 10A (Figure 5) but has four dice in a stacked array. A first die 14B-1 having
discrete components 12A is bonded to a substrate 16B substantially as previously
described for die 14 (Figure 1B). In addition, a second die 14B-2 having discrete
components 12A is bonded to the circuit side 24B-1 of the first die 14B-1, a third die
14B-3 having discrete components 12A is bonded to the circuit side 24B-2 of the second
die 14B-2, and a fourth die 1B-4 having discrete components 12A is boned to the circuit
side 24B-3 of the third die 14B-3. An encapsulant 18B encapsulates the dice 14B-1,
14B-2, 14B-3, 14B-4, and forms the body of the package 10B. Further, a first die attach
polymer 22B-1 attaches the first die 14B-1 to the substrate 16B, and encapsulates the
discrete components 12B on the first die 14B-1. A second die attach polymer 22B-2
attaches the second die 14B-2 to the circuit side 24B-1 of the first die 14B-1, and
encapsulates the discrete components 12B on the second die 14B-2. A third die attach
polymer 22B-3 attaches the third die 14B-3 to the circuit side 24B-2 of the second die
14B-2, and encapsulates the discrete components 12B on the third die 14B-3. A fourth
die attach polymer 22B-4 attaches the fourth die 14B-4 to the circuit side 24B-3 of the

{0



forms the adhesive | ayer 66 which attaches the die 14 to the substrate 16.
In addition, the viscous die attach polyner 22 deforns to conpletely fill
the recess 20 and encapsul ate the discrete conponents 12. Fol |l ow ng

pl acement of the die 14 on the substrate 16, the die attach polyner 22 can
be cured at a required tenperature and for a required tinme period. [0044]
As al so sthodnlié B-3gundert@psitlites dieeiis’bcﬂeteaambenq@ﬂtsal:mi ohnhefoethrdie 44B-4.

conmuni cat.j on e dis ete onents 12 bondi n res 30 to the
die cont QRtRac %eolrptli] ﬁ}aateiﬂﬂ'@gﬁaaﬂelﬁaéawrﬁ opgy e gb@ég?raﬁﬁnﬁ $2%@BN t he
substr at ) dlig tBii ). step can be performed using conventlonal equi pment such
as a wre bonder or in the case of TAB interconnects a TAB bonder. 9 [00451

Next, as shovm[OMS]HTgmrsemdcmndmh@r @nckags Ul0affiguk8 18grorb A (Figert Hsomt0B
conventi o] equi pnent such as no chi ner In dition, .the term nal
contacts 4%)“ TEaW B P5 15E &h 2t ‘H@n‘?@?‘% NE?VIE%n‘l’ Eﬂgn‘*ﬁf’%é‘i‘hboﬁ‘eéw tabl e
process syplic@Rriudtor %ﬁ?bhélﬁ@id %rx@ﬁt@cs%ﬁﬁconﬁu&byQyé@é&ﬁ?%’rgco‘?lﬁ%ésﬁroﬁﬁct@ bal |
bondi ng process. Referring to Figure 5, a package 10A i

subst ant i @g.ycdl nhdnms camctdréerS)aamd(agmpm@rS( FAgwhewnBh Hugureh%.samelpaurmnlof
stacked dic

1 i ng, di t ts 124 bonded t
o Sibet r AR Gl BEuft R ariton 3ubTR, Sutiisi BerfiE SOV 8 afdted el gur e
1B). In agidid 'o?&coﬁ‘lpﬁf%?ﬁﬂ%éi“b@arli%e?elﬂ@% RehicindaEBE @o&&mﬁﬂmeﬁgﬂraAB?

bonded to the circuit side 24A of the first die 14A-1." An encapsul anf 18A

encapsul aereldA (HigureliSyer ILQB\(EI!gurmﬁAlsznaumed orns the body of the package | OA
Further, a fir ach r 22A-1 attache e first die , 14A-1 to
the subst rat e D948} BT pelifnliteptond; Shedt 483 smitrindt SE gt e
first diediddfysdd aBo$€Cetde dbfe skilll &€ Rhe Qlrly WAL iﬂlzeaédrﬁa@ﬂ%oalmaﬁ@l@nd di e
14A-2 to the circuit side 24A of the first die 14A-1, and encapsul ates the

di screte m&aﬁ@ns,sadﬂmr@ranﬂrﬁelbmbin@llcuiSethqmﬁ oIt ivHberptose injendedythatcthn be
fabricate nt.i re I Fi gure
1 B). [OO%Jllf’ I%égf o P%ééf %i |aglﬂi rc\eﬁlgg%gyeﬁac %51188@%5 al(%és mé%@s an{éi a é@gl{l m Igar

to the  such modifications, permutations, additions and sub-combinations as are within their true

spirit and scope.



package 1 OA (Figure 5) but has four dice in a stacked array. Afirst die
14B-1 having discrete conponents 12A is bonded to a substrate 16B
substantially as previously described for die 14 (Figure 1 B). In addition,
a second die 14B-2 having discrete conponents 12A is bonded to the circuit
side 24B-1 of the first die 14B-1, a third die 14B-3 having discrete
conponents 12A is bonded to the circuit side 24B-2 of the second die 14B-2,
and a fou‘é,tEh E}é 1B-4 having discrete conponents 12A is boned to the circuit
si de 24B- o? “third die 14B-3. An encapsul ant 18B encapsul ates the dice
14B-1, 14B- 2, | 14BsedicdiftiBetdr padkdgé &ofipriifle body of the package | OB.

Further, a first die attach polynmer 22B-1 attaches the first die 14B-1 to

t he substrate a8Bstratnhaeng apbuplatyof conects;di scret e conponents 12B on the
first die 14B-1. A 0 e attach,polyner 22B-2 attaches. the. ond die
1482 to the of reliRERaE ol b Tl 1B, iEicq, gRuhiGToh B ahF at s
the di scr&@ntacedapihgeitask 118 a0 atrbRssmapiBacditistdel4B-2. A third die attach

pol ymer 22B-3 attaches the third die 14B-3 to the circuit side 24B-2 of the
second die 148-loast 9ng diseecdp somppeent onethgsybsirate and ip Bieciecess iR Blastrigahe t hi r d
die 14B-3 i 2B-4 attaches the fourth die 14B-4
to the cicroélﬁln rﬂé’a{t@%vﬁr&%%&ﬁﬁ@%gﬂ@%ﬂ?ﬁ% ’alﬁe 14B- 3, and encapsul ates the
di screte conpongolynck2itaehirdghthel digr fohthdi sibiditedand dheppalakagahd didratan be
fabricated substantially as previously described for the package 10 (Figure
| B). 1004$PMmppRentds thei§pisict or package 10 (Figure 1B) or 10A (Figure 5) or
10B (Figure 6) can be used as a stand al one device, and in conbination with
ot her sem conductor conponents to fabricate sem conductor systens for
consumer produit The (package efedlhinp homeseinahepotydesrsihclades & poridnefilingAlie Shown
in Figure 7, an_electyonic system 68 can include a system substrate 70,
such as aeReaandadaysspstween thydig anditagsehsialgi t  board, or a conmputer nother
board wherein the sem conductor conponent 10 (Figure 1B) or 1OA (Figure 5)
or | OB (Figure 6) is nmounted. 100491 While a nunber of exenplary aspects
and enbodi ment3 Tire/packegmof claim 1 wherein the discrete component has a height (h) on the

substrate that is less than a depth (d) of the recess in the die.
4. The package of claim 1 wherein the discrete component comprises a
component selected from the group consisting of capacitors, resistors, inductors and

semiconductor dice.

5. The package of claim 1 wherein the recess comprises an elongated slot

extending from opposing edges of the die.
6. The package of claim 1 wherein the recess comprises a pocket.
7. The package of claim 1 wherein the recess comprises a saw cut.
8. The package of claim 1 wherein the substrate comprise a plurality of terminal

contacts in electrical communication with the contacts and a plurality of conductive vias

in electrical communication with the terminal contacts and the contacts.



di scussed above, those of skill in the art will recognize certain

nodi fi cations, pernutations, additions and subconbi nations thereof. It is
therefore intended that the follow ng appended clains and clains hereafter
introduced are interpreted to include all such nodifications, permutations,
addi tions and sub-conbinations as are within their true spirit and scope.
11 WE CLAIM 1. A sem conductor package conprising: a substrate having a

plurality of cisy.a semconductor die on e substrate in electrical
communi cat i oncdv)\/ini‘ﬁe Pe}?gagec%ﬁpglg% 2 (}ng?ﬁr fTRUBLE I?E Eqaateongrfﬁc%{l(fsggg%@dflﬁmf he back
side; at dieagkck&hen dhédf&ﬁ@i@%ﬁp%ﬁ%ne%tcbﬁtﬁdfsu&% t@hBodtd eiibelli®] egess i n
electrical comunication with the contacts and with the die; and a pol yner

at t achi ngeeond palymergnasecandygessat e and encapsul ating the discrete conponent
in the recess. 2. The package of claim 1l wherein the polyner includes a
portion filling the recess and a | ayer between the die and the substrate.

3. The packagel(of Tokagiackdgenbfehim 1 Hertithr songiriigo apsloetity bddn@rdoahedis (h) on
the substrate that is less than a depth (d) of the recess in the die. 4.
The packdif@ded todig roptactapp thsi dic anbtodhe eqniqcts g SRSt onpri ses a  conponent
selected fromthe group consisting of capacitors, resistors, inductors and
sem conductor dice. 5. The package of claim 1l wherein the recess conprises
an el ongat ed sliotA saxicendlichg paclige epimpasing: edges of the die. 6. The package
of claiml wherein the recess copprjses a pocket. 7. The package of claim1

wherein the rccBHSIREHOMPEENEA B g ! I COBHE R AT Breiride ereafibr ei n
the substyaben O PndiGoft & LR it HdOfhetddt BatiRtk bonding contacts, and a plurality

of conductive vias electrically connecting the terminal contacts and the conductors;

a semiconductor die mounted to the substrate in a chip on board configuration
having a recess and a plurality of die contacts;

at least one discrete component in the recess;

a die attach polymer having a portion in the recess encapsulating the discrete
component and a layer between the die and the circuit side of the substrate attaching the
die to the substrate; and

a plurality of interconnects bonded to the die contacts and to the bonding contacts.

12. The package of claim 11 wherein the recess has a depth (d) greater than a
height (h) of the discrete component on the substrate and a first width (w1) greater than a

second width (w2) of the discrete component.

13. The package of claim 11 wherein the interconnects comprise wire bonded

wires.

14. The package of claim 11 wherein the discrete component comprises a

decoupling capacitor.



contacts in electrical conmmunication with the contacts and a plurality of
conductive vias in electrical communication with the termnal contacts and
the contacts. 19 9. The package of claim 1l further conprising at |east one
second sem conductor die stacked on the die having at |east one second

di screte conponent enbedded in a second polyner in a second recess. 10. The
package of claim|l further conprising a plurality of interconnects bonded
to di e contactl$. oibht pecldige afrdaihp 1t vhecointthe recesmcomprisasht elangated glot A

sem conduct or.. kage conprjsing, a.substrate conprising a plurality of

term nal e@%WH%tafgo%ﬁpgo%“g‘fflggf 8gthFﬁéereof, a plurality of conductors on a
circuit side thereof having bonding contacts, and a plurality of conductive
vias electrically connecting the term nal contacts and the conductors; a
seni conduct or fi- eThemapkase of slaimd 1 syhisein thearepass gompiiges@rposkrtr d confi gurati on

having a recess and a plurality of die contacts; at |east one discrete
conponent in the recess; a die attach polynmer having a portion in the recess

encapsul ati ng Iherkd peksletdf chamnanaitreia it dic hBY@ pddphvemiries gpelyaee t he
circuit side of the substrate attaching the die to the substrate; and a

pl ur al i t yselseteddram thergrenn eonsisting af palyinHde, gilisorpardrnogyand to t he bondi ng
contacts. 12. The package of claim 1l wherein the recess has a depth (d)
greater than a height (h) of the discrete conponent on the substrate and a
first width (W8 Jhephekageheinclaim $&donbervdotiptisivg® ) seéorddeenticsicdetod die
conponent. 13. The package of claim 11 wherein the interconnects conprise
wi re bonddifkediongdhe dieshavinga saeqndecess and af lgash onghescend dissestel cempeeat

Conponenten%%mﬂtécﬁﬁy 2 sedRAUMP LIS ;?(ﬁm&' ét&rchin%%he second semiconductor die to

the die.

19. The package of claim 11 further comprising a plurality of second
semiconductor dice stacked on the die having a plurality of second recesses and a
plurality of second discrete components encapsulated by a plurality of second die attach

polymers attaching the second semiconductor dice in a stacked array.

20. The package of claim 11 wherein the package is mounted to a system

substrate in an electronic system.

21. A method for fabricating a semiconductor package comprising:

providing a substrate;

providing a semiconductor die having a back side and a recess in the back side;

attaching at least one discrete component to the substrate;

placing a polymer on the discrete component and the substrate;

pressing the die into the polymer to encapsulate the discrete component in the
recess and attach the die to the substrate; and

placing the die in electrical communication with the discrete component.



15. The package of claim 11 wherein the recess conprises an el ongated sl ot
extendi ng from opposi ng edges of the die. 16. The package of claim 11
wherein the recess conprises a pocket. 17. The package of claim 11l wherein
the die attach pol yner conprises a polyner selected fromthe group

consi sting of polyimde, silicone and epoxy. 18. The package of claim 11
further conpri28i nfhe nsesboh@f sdaiinc dhduletren theesubstratekaunpuniset h@luaktyhafvi ng a

second r cess econd di screte nent encapsul ated by a
second d lﬂ%?)F‘S‘fﬁ%‘?s3‘[‘?5%‘?1?%6%‘%“&“@&%&'“@3% SHEGSPBIPO H?"é to the
die. 19. The package of claim 1l further conprising a plurality of second

sem conduct or dice stacked on the die having a plurality of second recesses
and a plural 28y Ghe S@Qﬁbﬂ@l Ocﬁl (é@lmeﬁé wherpon ghst élsemeapgmlpan@u toynprisgbwr al ity

of second Le p ttachln condyctor dice in a
st acked arrr(iil %égﬁ:’?ﬁg pa %’ &gr 1P S?I%tc’lsr“%%lr}ﬁ%a (é&ﬁsﬁ?é oéi’klgé'éa?rss eH’(Siunt ed to
a SyStemserﬁtd:bﬁdﬂo@erh(td'l an electronic system 21. A nethod for fabricating a

sem conduct or package conprising: providing a substrate; providing a
sem conductor die having a back side and a recess in the back side;

attaching at lLgagy.one, 4 §iahe 1C&H8§ﬁetﬁé p}o‘%b&{.‘gtht%%?é Etéé%&hﬁﬂie%kc'ﬂga a

pol ynmer on the di'scret e conponent e su SSi the dite into

t he pol yIaSEEa\ireutaﬁgl&QSrBd:e%ﬁﬁlih’@feﬂbsmtﬁlﬁtr%tﬁé)ﬂﬁonent in the recess and attach
the die to the substrate; and placing the die in electrical communication
with the discrete conponent. 14 22. The method of claim?21 wherein the

comunt cat i on i theerenel QL L LB PR AR AN fonthfies llacie 1 7

wher ei n talpturdiity@f @iterconmgeste niie melqml tosthe sebstrate.

26. A method for fabricating a semiconductor package comprising:

providing a substrate comprising a plurality of terminal contacts on a back side
thereof, a plurality of conductors on a circuit side thereof, and a plurality of conductive
vias electrically connecting the terminal contacts and the conductors;

providing a semiconductor die having a back side and a recess in the back side;

attaching at least one discrete component to the circuit side of the substrate in
electrical communication with the conductors;

attaching the die to the circuit side of substrate using a die attach polymer with the
discrete component in the recess encapsulated by the die attach polymer; and

placing the die in electrical communication with the conductors and the discrete

component.

27. The method of claim 26 wherein the recess comprises a slot extending from
opposing edges of the die, the attaching the discrete component step attaches a plurality
of discrete components, and the attaching the die step encapsulates the discrete

components in the slot.



conponent selected fromthe group consisting of capacitors, resistors,

i nductors and sem conductor dice. 24. The nethod of claim 21 wherein the
providing the die step conprises etching or saw cutting the recess in a

waf er containing the die. 25. The nmethod of claim 21 wherein the placing the
die step conprises attaching a plurality of interconnects to the die and to

t he substrat 8. 2bhe etiiod e dlaia 2 6fvllureia akid p‘;@vﬁiiﬁ@ﬂi&@@ﬁ@pﬁrﬁﬂud&@@&ﬂﬁﬂ%
conpri si ng: providi n? a substrate conprising a plurality of termna

cont act sth Fecgshack slof @B 2 Vafer sontaingngothg dig psips @n etchwe PTOSESS PR $2YANE cui t
si de thﬁ&g&%& and a plurality of conductive vias electrically connecting
the term nal contacts and the conductors; providing a sem conductor die
havi ng a back side and a recess in the back side; attaching at |east one
di screte conp

onent to.the_cjrcyit side of the substrate in | ectr.ical
conmmuni cati o _nzg\zvi 'PEFF ‘_Flﬁ@oaGﬁHli‘ﬂ:‘l’éﬁsvf’heé‘flpé]&enmi‘?@j‘dt‘%&'&i e $tgp t“Pféu‘f&F %‘&‘Eﬁ‘f‘g si de of
subst r atge hebithsa wcﬁet%taamepednw%ﬁ%é dle LiiGg ag 'e§ﬁgfgt o&agponent in the

recess encapsul ated by the die attach polyner; an cing the die in
el ectrical conmunication with the conductors and the discrete conponent.

27. The net hog of. cl ai 6 erejn the recess .conpri.ses a slot. extendin
From opposi - cdlesiesrod RE it 26 whetkist GErAg e F BlecaroeamBHiBoRERt ot ep

at t achesy @ dflglf SlutdliYy oPfirt &L IcBnGRIRS BE MeSsubdiste LhE 1@ lifatRiaeq dnhe di € step
encapsul ates the discrete conmponents in the slot. 15 28. The method of

cl ai m 26digherei n the providing the die step includes forming the recess as
a slot on a wafer containing the die using an etching process or a saw ng
process. 29. The method of claim 26 wherein the providing the die step

i ncl udes for MNgThé RRIKREEEElaRE 28 WRFKAIthOAttdcHBd Siep GPRAERISY plirdIfig ofli € Usi ng
an etching process.
discrete components to the substrate.

32. The method of claim 26 wherein the discrete component comprises a
component selected from the group consisting of capacitors, resistors, inductors and

semiconductor dice.

33. The method of claim 26 further comprising forming an encapsulant on the

substrate encapsulating the die.

34. An electronic system comprising:

a system substrate;

a discrete component on the system substrate; and

a semiconductor package attached to the system substrate comprising a substrate,
a die on the substrate having a recess containing the discrete component, and a die attach
adhesive having a portion in the recess encapsulating the discrete component and a layer
attaching the die to the substrate;

the package configured to reduce a length of a conductive path between the
discrete component and the die relative to a second discrete component on the system

substrate.



30. The nethod of claim 26 wherein the placing the die step conprises wre

bonding a plurality of wires to the conductors on the substrate and to die

contacts on the die. 31. The nethod of claim 26 wherein the attaching step
attaches a plurality of discrete conponents to the substrate. 32. The

met hod of claim 26 wherein the discrete conponent conprises a conponent

sel ected fromthe group consisting of capacitors, resistors, inductors and

sem conductor ,di ce. 33. The.nethod.of.claim26 further conprisi form ng an
enchpoul ant oo G0 ST U PSSP g e R S SatDARFaPettpEtt ¢

Syst em CuIRteifidth thedgfonpt @MsBHRAS lof FhAdul@ sEbstata@! PriaRAPARRI bodd, adsyst em
substrate; and a sem conductor package attached to the system substrate
conpri si mgtherbogsds.rate, a die on the substrate having a recess containing

t he di screte conponent, and a die attach adhesive having a portion in the
recess encapsul ating the discrete conponent and a |layer attaching the die
to the substrate; the package configured to reduce a | ength of a conductive
path between the discrete conponent and the die relative to a second

di screte conponent on the system substrate. |b 35. The system of claim 34
wherein the system substrate conprises an elenent selected fromthe group
consi sting of nodule substrates, printed circuit boards, and nother boards.



