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+ WD 2005/ 034203 PCT/ US2004/ 032451 METHOD AND APPARATUS
FOR A DUAL SUBSTRATE PACKAGE FIELD OF THE | NVENTI ON
[ < present invention relates generally to
gg%%%ﬁ’%@f‘or packagi ng, and 5 specifically toPpdlsgi032451
and signal routing to sem conductor dies. BACKGROUND
[0002] |ntegrated circuits (1Cs), and especially
i crYSASL@BsAND ARPARASUSFRR A PUALaSURSTRABRMAGKAGE
M croprocessors are requiring increasingly nore power
as they 10 becone nore conplex. M croprocessors are
I L ptional signal inputs to facilitate
{gﬁréﬁﬂﬁ]@@ﬁgf'&gssi ng capability. A sem conductor
O?Jaﬂfﬁge may use a package substrate to deliver power
[ © PRt 1IBYRREPY rekates gangralll 4o semvinemdictirgackdging, and
package to.a sem conductor die. A package substrate is
spgoifically sipawdrtentisamslaviiianidueivondaiter dies.i ncr ease t he
di stribution area of signals noving to and fromthe
sem conductor die. 15 Two current nethods for
connecting a package substrate to a sem conductor die

BACH GRS @NDWM re bond nol ded matrix array package
-MVAP) and a flip chip nolded matrix array package

(VB
- [ 000 igure 1A.illustrates a .
(00T Wi teli ﬁ%ﬁggufffﬁ?fpmﬂ@ BLERAGECSSBSHF Reeomisg ng
.a wre bonfl mo| ded matrix array package (WB- MVAP).
inggasigly capploxy MigPRigeessers ot rsewiing vuessgldineremywer as they
such as a microprocessor, a chipset, a nenory device,
begpime apye beaplesn Miprpidcessoistre gsateplinrig alditionaASERS] inputs to
etc., mounted on a package substrate 14. The
fasibitatectinitindreased peoctRirgf AP&HTIifyS A baRiabiiucrdnedot GRIyeS
signals fromthe package substrate 14 using séver gl

pagI?@@ sbdt@te tbielivBEHRRR EoWM 4 c?\vé'r@uﬁ;gl ahd Big%?{s!f%o&?gﬁ)t@ﬁ&g the

al um num and al |l ow el ectri cal mrunicca
ck substrate 14 and. the .
pafiSlab6 R DRt e DA ARG, SRR Sqmite s Siok Sgmiconductor

.10 .i. s _conpect .0 _an )
die 0 ihSredee His ﬁisﬁfﬂ)uthon area o%sx%gnals moving to and from the semiconductor die.

Two current methods for connecting a package substrate to a semiconductor die include a
wire bond molded matrix array package (WB-MMAP) and a flip chip molded matrix array
package (FC-MMAP).
[0003] Figure 1A illustrates a semiconductor die coupled to a package substrate using a
wire bond molded matrix array package (WB-MMAP). The package 10 includes a
semiconductor die 12, such asa microprocessor, a chipset, a memory device, an
- application specific integrated circuit (ASIC), etc., mounted on a package substrate 14.
‘The semiconductor die 12 transmits signals to and receives signals from the package
 substrate 14 using several bond wires 16. The bond wires 16 are typically copper or
aluminum and allow electrical _c9mn1uni¢ation between pads on the package substrate 14

and the device si_de of the semiconductor die 12. The package 10 is connected to an

1



10

15

e

20

¥

WD 2005/ 034203 PCT/ US2004/ 032451 external conponent

t hrough interconnect devices 18, which may be Ball

Gid Array (BGA) interconnects such as solder balls _
AVA 2015(08#208 | | ed pol ymers, Pin Gid Array (PGA) PCT/US2004/432451
i nterconnects such as pins, Land Gid Array (LGA)

i nterconnects such as lands, etc. The die 12 and bond
exiermed cdBpament éhroegisinteatmdedtrleaican] 8 iwtgcinmbebe Blall 28id Array
such as an epoxy, to 5 prevent danage. [0004] Figure

(BBA) lidtebhat @S sihfab bsld&alts ARY dReh1 pREA Eeﬁﬁfe{samrpéﬁh@&?ay (PGA)
(FCGMVAP). The package substrate 30 i udes

RO S S A . .

substrate ,24. t h SO bu
oD it LA Sncip et AL Probfing majerisl 20 Sy as an epoxy, o
conductive bunps. The 10 sol der bunps 36 are forned on
PisxeR! &3H1a%ke active or device side of the seniconductor
die 32 before the sem conductor die 32 is nounted on
[0084] Panived® Slubtsitest Biphip Mokle@4nattiv opsy pkage(FC-MMAP). The
conductive so that the device side of the

pbkAEE andtalcB0 idiladS Laficondnpiot BieGatmd W ﬂa@kég@%u&%%’f@ﬂ? The
substrate 34. The signals that are traveling to and

seﬁﬁ@iﬂ&d&ﬁar c%@?% gﬁ?gﬂ%@'&ég} ‘ﬁﬂ% ﬁ}@%}pﬁ{ﬁ% 5[18 ?ed%f &iﬁ}%@o {2 bumps 36,

pac age subs

|nt rconn 8 The inter.con
whR o EGIRTIES Bomhiae D cpprehos B@‘ﬁ %ﬂf cg tl&%g%é&s The
rconnects, PGA interconnects, etc. The die 32 is
SOéfi‘q‘Eg)ﬁgm 20de formed opprds erythewetyq on dezie sirlgeh thessemriconductor die
epoxy, to prevent damage. [0005] Figure 1Cillustrates
32abqf9m thaseminokdeptorslibs? isateuntdhen faqiakyee sulbsitareside Eie C4
provides a larger area to distribute signals froma
buthiyss, 3 Gasrewehbudive Bb that dienvieh ¥ileGBkhedRnRERHBEHT 818 3DQan
the die. The package substrate 50 includes several

covhrBiniede aeh MeA8S e éubsnﬂé%zlv' e% La[ﬁ;itlailé &é%liné to and from the

vertical signal travel wthin t strate

| il tal ,tr ayel t he
Sef*% ARSI e BRI Bk NP g CHifhe pctoge
s.16 or the sql der bunps 36, The bottom of th
us{eEC 43S TegRNER b o LA 15 FHEMP RSV bR b3 olger bajg or metal filled
Figure 1D illustrates a bottomview of the package
podyrpetsy ack a5 BGAdntespnisstssBe. interamngite et TiD, die A2 is encapsulated
bottom of the vias 52 are spread throughout the
in sunéldog htetihkd(handhaagan epoxy, to prevent damage.

| 10005] Figure 1C illustrates a typical package substrate. The package substrate 50

provides a larger area to distribute signals from a die, as well as providing physical

protection for the die. The package substrate 50 includes several vias 52 and planes 54.

- The vias 52 facilitate vertical signal travel within the substrate 50, and the planes 54 allow

‘horizontal travel within the substrate 50. The vias 52 can connect with the bond wires 16

or the solder bumps 36. The bottom of the vias 52 can connect to the interconnects 18 or
38. Figure 1D illustrates a bottom view of the package substrate 50. As can be seen in

Figure 1D, the bottom of the vias 52 are spread throughout the surface of the package
2
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2 WD 2005/ 034203 PCT/ US2004/ 032451 substrate 50. A
typi cal package substrate 50 may include severa
d.,vias 52. Atop view of the package substrate
¥B9%@§@%ﬂﬁ% sinilar, except -that the pads woul dPCT/US2004/632451
conformto the connection nethod (w rebond or flip
chip)_ and the size of the die. [0006] Newer |Cs that
Suhsga{)ﬁ e Arbrricy paragaspsivee S0nayniariupe severd Hinwetnd viag52. A top
have 5 exhausted the capacity of a single package
viesubisthe pekaga sibsastetievpad ka gemikulexteptled tholpads 4voulderaiform to
50 above. As a result, when using a single package
theshaéstiahandtbod peveondBOflp d@land dhedizd Slthé @i, t he
singl e package substrate may |limt the speed of the

[00PGPERIRPEC {Uf felfire mo{l v&éﬁ%ﬁ&ﬁﬁa?é’%igﬁ I &Bﬁﬁe&f@é}eﬂave

by"the relativel'y sma anount o uctive surface

aval l.abl e in. a signal cka bstrat e, may .al so
xR PRUTRoH P LTS BEBRE: RGeS StUSIPaPirass Suberates 14,34
4UESCRIPTION OF THE DRAW NGS [ 0007] Fkgure 1A .
and 59 phaviea s 1esdbhen Nels aGineds Rackagh TR rate for noatek apdsignal
_substrate using a wre bond nolded matrix array
disgdakiagche viBgiomapkage 58bgh@B08y Hingiithe speBd iof thegiroetses. Hurther,
flip chip nolded matrix array package (FC MVAP). '
the [(06&8kd Fesfitaree taudet by she @latiselg siialli st@dunpaitdoadactive surface
substrate. [0010] Figure iDillustrates a bottom view

avaflhbR iRaG r g;t)&kgget duBltBute AP kb GhOLR taﬁig'hg,{ Yodehidies a

dual subs e sem conductor package according to one
pent. 20 [0012] Figure 2B illustrates an

temg;\gga?ﬂjeegg vi ew of the package. [0013] Figure 3

illustrates a process of formng a dual substrate

sem conduct or package. [0014] Figure 4Aillustrates a

rocessed seni conduct or waf er having an active device
BRIEFDESGRIETIGNSIF STHBDRAWINGS es a wafer that has

been thinned. 25 [0016] Figure 4Cillustrates a wafer
{000AN Fizyre AAdllgétratésasemicomddetondie tcoupled to a package substrate using a

wire bond molded matrix array package (WB-MMAP).

[0008] Figure 1B illustrates a flip chip molded matrix amray package (FC-MMAP).
[0009] Figure 1C illustrates a typical package substrate.

[0010] Figure 1D illustrates a bottom view of a package substrate.

[0011] Figure 2A illustrates a dual subsirate semiconductor package according to one
embodiment.

[0012] Figure 2B illustrates an overhead view of the packagé.

[0013] Figure 3 illustrates a process of forming a dual substrate semiconductor package.

[0014] Figure 4A illustrates a processed semiconductor wafer having an active device

side.

[0015] Figure 4B illustrates a wafer that has been thinned.

[0016]} Figure 4C illustrates a wafer having through vias formed in it.
3
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3 WD 2005/ 034203 PCT/ US2004/ 032451 [00171 Figure 4D
i I lustrates a wafer having conductive bunps. [0018]
ure 4E illustrates a wafer diced into severa

§’V PRYAMGEE or dies. [0019] Figure 4F illustrat egcyﬁlszommszal
underfill material dispensed onto a package substrate.
[0020] Figure 4G illustrates a sem conductor die and

[0 Figew 4Dbilbispaickayefebbsingaonductise pgops] Fi gure 4H
illustrates a sem conductor die having flip chip bunps

[00W8] WigsheAE illustratbad wafetdiceliGR3 2bvdrilgamizofductbodiss. a
sem conduct or package having sol der balls on a

[0(213& C%ngem ﬁlﬂgngtésaérﬁunde%l?ﬁl tfiagaaﬁﬁenéeh dith H%E@g%ssuﬁstrate

uct or havi ng underf mat er1 al "di spensed
e eo0 241 Fiqure,4K | [ S
R ts&aae%wgﬁ%céor 41%%%%%@%@@&%@%@ subsirate
at t ached. $251 Figure 4 I irate an.inverted
(0% kgHe i Bhuspaiekasamiray w@ors?@\ pang dip %RQ pyjprinted on its
[0026] Figure 4Millustrates a finished package
baclsstenbl y. DETAI LED DESCRI PTI ON [ 00271 Descri bed
herein is a nmethod and apparatus for a dual substrate
[0022} Ha@e-edEShews a s¢micbhudia paokigetadiag coldpt bails, on a frontside
nunmerous specific details are set forth. However, it

under st ood that enbodi nents may be practi ced
out these specific details. For exanple, well

u
lodé%?“ﬁsg%%% sPelE Rl bR BBl oy BlspeRea
equi val ent technlques may be substltuted |n pl ace of
theFedl. particul ar sem conductor processing techni ques
di scl osed. In other instances, well known _ structures
[00244 Rigoreriile Ubistratss @ serpicopdustiorahekageinaviasredierkyide ibgaste
not to obscure the 25 understanding of this
attgtdedr i ption.

su s%ra

[0025] Figure 4L illustrates an inverted semiconductor package having BGA balls
attached.

[0026] Figure 4M illustrates a finished package assembly.

DETAILED DESCRIPTION
[0027] Described herein is a method and apparatus for a dual substrate package design.
In the following description, numerous specific details are set forth. However, it is

understood that embodiments may be practiced without these specific details. For

~example, well known equivalent materials may be substituted in place of those described

herein, and similarly, well known equivalent techniques may be substituted in place of the

_particular semiconductor processing techniques disclosed. In other instances, well known

structures and techniques have not been shown in detail in order not to obscure the

understanding of this description.
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4 WO 2005/ 034203 PCT/ US2004/ 032451 [0028] Accordi ng
to an embodi ment of the present invention, a dual

subst r at ef}gackage design is disclosed. Afirs
WY& st rate is attached to a bacl cside ofP%IT"U52‘"“""324“1

sem conductor di e and second package substrate is
attached to a frontside of the sem conductor die.
[0PRBbAgerrdingdo anenthorimbnit nf thh erdsenkiaveaition] a fik substrate package
sem conductor die to form connections S between the

deatgni iv distloead. SAdrsiqfackdp@ sdbgradiid aithehelité 8 bafArdeada sermconductor
substrate. The second package substrate is attached

- dit@ndP3&kon8 %cﬂleﬁg sﬁ&tt‘%‘?etlk YBachb& ?zg tside o?gtbfgegﬂto%'dqgtpp e

10

20

the die. "The first and secon aes stra es a

ubstrat bal |, s 29] |

T@gg@* sﬁi%’e i n%? Blordidh o aRbidndud e diie S erpgotions

ack (:coi%'r |r18 g one emnbodi nent. A sem conduct or

bASEEHge 298t FoRFidretihg dietndihn fist parkear subsbateh hhersgeoad

10 active side 104. The sem conductor die 102 may be
Papbaambﬂraémsait@pln@i te pedystaledsd hetbmrelamentoidhhe frontside of the die,

sem conduct or substrate. The active side 104 contains
Thetstsmmdi seondlysdcknged@ivbicass art baipl@efofatibiRewan %ﬁ'@étﬂa@é"lﬁills

of the IC. The active (or device) side 104 is forned
[0029] EigumaZ A ANSs0Rs |y dﬁﬁpé%st%g&é}ﬁem&g{r a %@%ﬁ%@%mg to one

t echnl gques. The active side 104 is
active side 104 .
erltofud 2 halhd M?&%ﬂ iRy s Gdior B 102 having an
apa etc.., us raI proceSS|ng units
o RS 0L mSesbuiootiior gic DRyl Torpet Roms o crystal slicon o
specific |ntegrated circuits (ASICs), etc. The active
otl@ aemicondypigr sibsfente.i 'Bae wive wide 0 iconte:ing ithe semdboralctor devices
i nterconnects, which is coupled wth bond pads forned
thag perforns tlsupleations of thed6t @hexbibraak dedes)eide 10495 fdriR30king
The sem conductor die 102 has a backsi de 106 having
vadewerél-khéw e sghicohdstdGfBockBsih @Bt ghdie rBicnctivd§ide 104 i is typlcally

t hrough vias 108 allow for an el ect rical connection

lesk BRnPRGKRIER a(flfn) d%%? 'ﬁfﬁeeacﬁgg sitk 504 Bﬁg ﬁ@h&i 19/ %ycuctry, such as

side of the e through via
rst _thi the die 102, M gonduct or
BB b i o SRt oS ing s LR aetmmp oy
d and 8093 m.to facj I|tate t he processi (r;gqste ps of
e"d?eéa?IP G2 1P sPesHIG ipiestgtefeingys (AHIC.¢& Ths astizaside 104 may also
. connections with the active side of the die 104
incfyge gugyllization, such as interconnects, which is coupled with bond pads formed on

its surface to create external connections.
[0030] The semiconductor die 102 has a backside 106 having several through vias 108

formed therein. The through vias 108 allow for an electrical connection on the backside of

- the die 102 with the active device side of the die 104. The through vias 108 may be

formed by first thinning the die 102. A semiconductor die 102 typically requires a

25

thickness of between 700 and 800 pm to facilitate the processing steps of creating the
active side 104. In order to create connections with the active side of the die 104 through

the backside of the die, the die may be thinned to a thickness of approximately 75-175 pm
: 5
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. 25 the backside of the die, the die may be thinned to
a thickness of approximately 75-175 m 5 WD

2005/ 034203 PCT/ US2004/ 032451 using a back gripdj o
¥ WOXPHRIhg, chenical nechanical polishing (C@’Bgﬂ’&!ms““

etc. process. Once the die 102 is thinned, the

t hrough vias 108 can be forned by any kpnown hni que
using elbadi pondingleppn eteltiog.i dhemicsh H@@@ﬂl@ﬁp@&f@ @&Eﬁ %@e*ﬁ-
plating technique to fill the bore with a conductive
pro¥Bése e theide 192 isthymed, thé ti00g1¥ias hd%cadhrionuedfey dseknown
110 are coupled with the through vias 108 to create an
tecﬁh@glg fhch@in £8 agﬁp{eh&we%ﬁ BicR (RED KBTI G@edBE Kk plyeing technique to fill
subst 0. The

rate 1 backsi de package substrate 112 is

dded .t o incr. onductive lines
the Ro1e Pa 3.c 40 u‘%&s&%g&?&ﬂ%ﬁ%g?@%ﬁe die 102 and to
transport signals to and fromt je 102.

(o034} dremaneca: Saaeretid 24 orndivid B b gias 10 poreato an
devi ce side 104 of the package substrate 1%2? {(o al | g(w
elebical Corgestir iton bpdisidsarrckas ssiiaiel 1) gEhelipgkgde pykase
sem conductor die 102 and the frontside package .
sulssiass 1 is add&! to Theedsattiey monie of coslvicties linasgivaiible tpadeliver

may be, flip chip solder bunps such as Controlled

- {PRe Bl ardAn R kdpot a0y to@h# &foni thieeti€ b0 dotescondibe devices
po‘?ﬁ% éﬁﬂ}onhect élevi ces plltggﬂ%nnd 114 may be fornmed by

tenci | i [t . eGE: i 1108 to Afow for
115 ppeisg ftfe o i ‘i@é‘%ﬁ%‘ﬁgjﬁffs 55 ]S“L‘i;r%ggefrefi AR
| ayers 118 and 120 provjde dnsul atio : t ' :
ORGP LTSI TSR (1o a1 To0 Mg B BB i hRonside
| ayers 118 and 120 al so create adhesion between. the
paglene stestEin b16: aiesEIOTaRY ETEen Y aTKel SRR O QIR TP solder
die 102. The substrate balls 122 allow for
bugganuch seControllediGulepset Glap Sakeit (64 harckthefanisi9enecst eThe
112 and the frontside package substrate 116. The

infSHRshé@ldeviead | B 2l 11y bdhRrpad kpsensilipstiivg, elscttgmaig, stud
and 116, and allow for comruni cati on between the two.

d
IS 1 oFhItigicBs. Figure 2B illustrates an
bu;é@ér%é’zg%‘{/é?\ee@vuo Otvhle pacl:CE‘age 100. The package 100 is

0B i B o elgot emiagn . o
img‘g(nggggs iﬁ@%{ac{ iﬁ{ég ’%l%eg}l%g%lfl%ggrls 11 §V‘ 3}1(5] 196 glsso (c)i%a{erﬁ%hesion between
the package substrates 112 and 116 and the semiconductor die 102. The substrate balls
122 allow for communication between the backside package substréte 112 and the
frontside package substrate 116. The substrate balls 122 ring the package substrates 112
and 116, and allow for communication between the two. This is shown in Figure 2B,
Figure 2B illustrates an overhead view of the package 100. The package 100 is shown
with the backside substrate 112 removed. As can be seen, the substrate balls 122 ring the
edge of the package substrate 116 and couple with pads on the package substrate 116,
[0033] Figure 3 illustrates a process of forming a dual substrate semiconductor package.

Figures 4A through 4M illustrate the process described in Figure 3. Process 200 starts in
_ 5 _
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[0033] Figure 3 illustrates a process of formng a
dual substrate sem conductor package. 25 Figures 4A
illustrate the process described in Figure )
B8 BB L S art s [ B W 2005 034209 B Sownsziss
PCT/ U8B2004/ 032451 start block 202. In block 204 a
m conduct or fer is, prqvided._ F gure 4 Il ustr
Stala% Cpf?&?&es%& ﬁa@%éﬁa@}&oagum‘@e fenyproy ‘a@?fﬁgﬁgﬁr%@ aﬁf@frafes a
devi ce side 304 and a backside 306. The device side
progessed semmionducteniaforidldtasingravactive dévied side Ff and a backside 306.
transistors, resistors, etc. to create circuits for a
ThRicekidp3ed codbhSennesiduy tor dbticesineludiigiteasisiotk re3idors, etc. to
is formed 5 using well known techni ques and processes.

creﬂ@%n‘@@ﬁ:kﬁir%@lﬁ@@hﬂﬁ@ts ARSE, GBRAbA), BicdMYie Bl icY §1de 304 is formed

el ements, and t’heref ore can be "nodified w t hout

umﬁ%tﬁ%ﬁtl&lgﬁqntt nfot%\% ﬁicﬁg%géstsgs tﬁﬁgkél%%()—@qfo S g@{)ceonta?flg %ny active

S an | vveen

elelglglgtsenb t?xerrg? g@ﬂan 4 d&ﬁ&é}g}%ﬁ{g}gg éttif L atggbeeélggtg%ailg/gof% e IC. The
thinned to facilitate a through via. Figure 4B 10

wafer 03 hasweinitial hitloesgelbettiean RYengSeN pmninoneembpdénent in order
-backsi de 306 of the wafer 302 maybe thinned using,

to fhalitx progksingrothlackar.i ndi ng, spin etching, CW, and
etc. process. Since all of the active elenents of the

[OOBHFIrPEElb@I@ 266 The RifePBOELS thi@m@d & ﬁ@i‘lﬁa@é Agdoh Og%: $ih eFﬁngY'b as
side 304, the backside 306 of the wafer 3 can

1Ilu%.tlgf{t9{‘§ qra‘ﬁért3|69 lt‘lli ﬁgsf l?ecéh' n&{] 6’3%8%59 @@é 611 the gfa{ér%%?, may be

one enbo I ment, ground
de 304 of

deV|ce 2, cl ose
i ey SR B fritatn e OEH%T'?WO ey B3SE%s. Since
facilitate the through vias. The wafer 302 is thinned,
all plothg apiiyeelmasns of thy sni¢repregessos peothardSorie vanpined gp s device
In bl ock 208, through vias are bored and netalli zed.
siddB gy lee YaCliside 386 phithe svaden@i2enan b8 Olinheadwitlgput affoctglg the as
308 forned in it. The through vias 308 provide an

funelie@efity 68dhe 20, ToomMEEEbRIMBE] Wea tis02bagksindeo By trdlevice
the active or device side 304. The through vias 308

sidd84 Bk W ABEHIRE: B tﬁ@ B&éﬁsfﬂ% 308Rf %%f@ﬂ@m Qﬁ ARk ?drcﬂltate

appropriate process. hrough vi as are forned

the gl¥rol,1¢|1r \Srltas.n%lsg Wag, %Bﬁi 1S tﬂlean]lCQ o 5 chﬁn I 0% ]F%‘fmlb A% Iﬁ%' de

embodiment,

[0035] In block 208, through vias are bored and metallized. Figure 4C illustrates a wafer

302 having through vias 308 formed in it. The through vias 308 provide an elecirical

connection between the backside 306 and the active or device side 304, The through vias

308 may be formed using a reactive ion etch (RIE) or other appropriate process. The

through vias 308 are formed by first masking and then boring through the backside of the
wafer 302 to provide a channel to the semiconductor devices in the active layer 304, The
channel may connect with the first metal layer in the active side 304. In another

embodiment, the channe! may connect with the surface of the active side of the die. Once
; _
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waf er 302 to provide a channel to the sem conductor
devices in the active |ayer 304. The channel nay
connect with the first netal layer in the active
WOL0IM4EHHot her 25 enbodi nent, the channel may Ccoﬁhg@{umszm
with the surface of the active side of the die. Once
7 WD 2005/ 131203 PCT/ US2004/ 032451 a bore is formed

a baye fintoirmpd & Bcilitate thertbioybh viaa3 o the thieagh Miaci(Phis wietal384€ in order
is netallized in order to provide an electrica

to posvige b electbiehMganectibe bbrekailbeba3REdanos bibthdaiehiee side 304 of
side 304 of the wafer 302. The through via 308 may be

I it o
SRRk ORI D s s g
BBt 4TI pERR O BT Rl HAPAR B Saminam
A $ % ormed. [0036] In block 210, the_ front

18 é?%lfs mt & fﬁgstbgplagngache%é@d thetthrongh yiacif8ss fumsd.

and is nped. Figure 4D illustrates a wafer having

_ [OQCiﬁicIudﬂtltboked@uth@s?‘ronFBudp of thiepvafai¥)24s pattéroedraathdlip thip pads and is

active side 304 on the wafer 302 to facilitate
buelped! FHigale 4Dpile@itensaibr bivinp eondietive bindpst Blip cldy psdssare
found on the front side 304. Once the pads have been
fole@d&elthe Ja@tli?@él@@ﬁotpén 2k erlcmcw Fhdi NGt MG cal LOndRYES: with the

patter ned on the pads. The bunps 310 are conductive
f
Sel%g%ngg(ﬁ )?cee%g‘ Jnlaces 9 ?‘8“? sﬂg E outr nég?r ES f%]éave been formed,

m co duct r waf er 3 bunp 10 can
801318&8%?'5%008 ugthe bpmpﬁ%iﬂ .nﬁﬁmi@eﬁ@g Rg the %%cgn dibe bumps 310 are
printing, electroplating, stud bunping, or other
com@#thr% BBhAapeEeedhe padseanstibpref@e therreyniensdogtop deviedseto the
flip chip bunps. 15 [0037] In block 212, the wafer 302
outssdedo ithelsenkicgudvetof Bvaifdr 3021t Mk éangs Bad edn bé dgsbsited en the flip chip
several semnm conductor dies. The wafer 302 may be

ad 6l a Slendil AR, B¥ctrdfhthS SNE bRk Gt 6@REWeH AhoRh PBocess.
P 312. The Islemﬁ]go I%Lctor Igl esg8312 colr?tngg;an t he ofth@roce

f I
Th§%{iﬂer%‘r§g?g§§a§{beeé@ &B&m EH or a single

rcul ssor The wafer 302

ro
i-C t ai ver aI zen . C
[odarf Blesk 21 e i efé? IS PG @'@P"‘f 4k iloSem s valaudiped into
ICs, 20 the dies 312 are diced, or_singulated, from
several SeaYgRAusiar dies. 3he wgfehéo%nmﬂﬂé dicedupr gingdsted, infoseveral
After singualtion, several sem conductor dies 312 are
serhigonduattor dies 312, The semiconductor dies 312 contain the semiconductor elements

required for a single integrated circuit or microprocessor. The wafer 302 typically
contains several dozen or more semiconductor dies 312, In order to form individual ICs,
the dies 312 are diced, or singulated, from the larger wafer 302 using a wafer saw, laser,
etc. After singualtion, seﬁeral semiconductor dies 312 are formed.

[0038] In order to distﬂbute signals and power to and from a semiconductor die, a package
substrate is typi_cally used. As described above, package substrates comprise several

conductive lines, and can distribute signals from the bunips 310 to outside the

semiconductor die 312. The package substrate can spread the power and signals out to a

8
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[0038] In order to distribute signals and power to and

froma sem conductor die, a package substrate is
package substrates

t icgllg used. As described above, -
Pyéﬁﬁ'f’?’ Yeveral conductive lines, and can di sE¢T/BER0E/032451
signals fromthe bunps 310 to outside the 25

sem conductor die 312. The package substrate can -
laggsr angd thanethe swpicordigtoridimal ensampassea InH1v 214, an underfill
2005/ 034203 PCT/ US2004/ 032451 | arger area than the
materiildedidpersed odfoen Bditsida eobspans dGgureITFOllAsHatdddh wRfdrfill material

underfill material is dispensed onto a frontside
dispehsdd 6 a phtlGige Sutbiatel TSt ' P bRl
%?tgpensedagntoga pacl%age smﬁa@ﬁgﬁ@&k%gﬁp%%%é?%g% dl%{nbum
| distri wer and .
oRRE KAPSERDRY Al Fon 0 oat, gfHoRG o6 oBERouetpgucpr die 312
A%{je s&i]n c?ndlljgﬁ]é:)r %(e 312. 5 An underfill materi al
SRR ERIAL A0 SPOXES 21 Poaty sif diskiftuing e dha prekpgectehefte 314,
substrate 314. The underfill material 316 can adhere
Thepwderdih mestelctfreanadhae the ssmicnmdpetokdig 8 12 tb ftermaikage substrate
314 as well as electrically isolating and providing
31f e wsttas otectrivally iveldtimgaad dldAdily roteoniet Foi thk bﬁﬂq?s S8 The
al so protect the bunps 310 fromthe effects of the
undérfifle¥6rhn aREEdtedt e Bumed 3 ' i
the die 3112 afrI1Jd t he burrnslgg 31031.% &?ﬁheoﬁg&g}ggg?ﬁéﬁaf ﬁéefﬁmems
£ a3 hdi rd i -l ow,Hnderfill. ..
of B phision (B e 312 B e o HE054 gmbodiment, the

mat eri a tha_t [ eposit _
B B LR —"

be.deposited after the die 312 is attached to the
befgat%@F %é& %IDZQE Attaghsde liplterngivesmeb odinmaty, awapillait omuhervaderfill
advant ageous to use the no-flow underfill materi al
mafssisheE bedeporitpd bierdhs ider3 10ds ditahedetht batstatcH [Havdver, in
underfill. It is understood that other types of 15
onaielierdiinkht, itayayebesalvagtapeRd to (QOB8ho iRdwbhiReki R dertalBecause it
frontside substrate 314 is attached to the front side

map B84 c@fierth %_is?)'bﬁse tBdPa He?ﬁlﬂ‘zgy Anfitian. Ghk Bng%}étgég %g?’ﬁ%%ﬁg? of

Figure 4G illustrates"a sém conductor

dePrIR strate 314. The underfill material 316
o g%le?glg%@g]%s%gngconductor die 312 to the package

t.r.at.e . Jhe hunmps, or_.interconnects 310
W"%@ﬁ@r‘#&%kez th é‘elﬁ‘i%?lg? Fbsbaic,ftds pttachashs thfiont $ife§04 of the dic
contact, pads_on the package substrate 314. Using well
3124s8vge flip ghip interconnect, Figare 4G illustrates a semiconductor die 312 attached

to a package substrate 314. The underfill material 316 adheres the semiconductor die 312

to the package substrate 314. The bumps, or interconnects 310 penetrate the underfiil

~material 316 until they contact pads on the package substrate 314, Using well known flip

chip interconnect methods, the interconnects 310 can be heated using a furnace or other

technique, to reflow the solder or other material to create a connection with the pads on the

‘package substrate 314. After the solder is reflowed, the interconnects 310 will cool and

form a connection between the bond pads on the semiconductor die 312 and the package

substrate 314 to facilitate power and signal distribution.
9
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chip interconnect nethods, the interconnects 310 can

be heated using a furnace or other technique, to

reflow the solder or other material to create a

WOMEHH¥E with the pads on the package subst rigfigUS2I04H/032451
314. After the solder is reflowed, the interconnects

310 will cool and forma connection between the bond
1094@sIndrodiiz] & élip clip dumpoare griate@ih the datlisalepd dhendie 328. Figure
substrate 314 to facilitate power and signal

4R iiSistratey hiseficonBudie 40957 RBARDBipRETH bGAEO31 DPiRHBd on its backside
[0040] In block 218, flip chip bunps are printed on

306D efhgatﬁxgﬁgg ¢iRf08 \fgdeean?&gcm 211 ?gﬁlfectlﬂl'fitd {nb ld%h%é‘ﬁi%@ 384 of the

sem con tor die havi ngf chip bunps 31

bbbl 2o dF PER EXsRREE N g o e EEt tﬁ? ggniconducor
304_of the sen1conductqr die 312. In order t% %oqgﬁgt
die 32 {rierseigiects achas iy ehip Brmpndl S ane pateiRec Qs the Dagieside of the
312 interconnects, such as flip chip bunps 318, are
dipai2.eThefipehip hembadl® at disctiicaliy coupdédtoghe thraugh Yins $08. The
chip bunps 318 are electrically coupled to the through :
fligichi Ridps JNBecanfthdrebycdiedie bletmisaldbineatont fienethy bacleides306 to the
el ectrical connections fromthe backside 306 to the

dSch\!}lsﬁﬁﬁmqgtﬁleegﬁzt he die 312. [0041] In block 220,
substrate balls are placed on the frontside substrate

e L

shgylvggtspgahgpgpe UbSt »: ;1 aalslgllsg\ﬁg %ra?%ﬂalgrﬁbl de @gntside substrate 314.

substrate 314 and a backsi de substrate which wll be
Thezubstrateibelts 129 eehergdddeydectieal cosngssion hetvesa thastraptgde

may have a thickness of approximtely 225 m alt hough
substentt Bl4 ks backeily sulstrytedeeln dilh e batertduded tazthe phcltalge. The

die 312, etc. The substrate balls 320 naybe 15
suBQHEBAIRB AN PARS el A thicREest bOAlTbHeatdIP 9L 5 pte aBldhghansthickness

wll ring the Trontside substrate 314 (see Fi gure

| m{}E’Q’ iy él@}?érﬁ' r?% %\@H e s e%? esdlé‘ﬁ]gé{%?ég?fhe%ﬂsl?ﬁ%gﬁké YRR be

eintot rontside

BT S e R AT TP L T

out si de_of the package 300. Therefore %A .
(o5 Jodhisntay. v AR pacan b delivared 1ang figam ghe backside

the package 300, the substrate balls
substrate into the frontside substrate 314. In one embodiment, only the frontside substrate

314 will be electrically coupled to the outside of the package 300. Therefore, if the
backside substrate is not connected to the outside of the package 300, the substrate balls
320 can be added to deliver signals between the backside substrate and the frontside
substrate 314. In one embodiment, as can be seen in Figure 41, the substrate balls 320 are

substantially larger than the bumps 310 and 318. Therefore, even though there may be

fewer substrate balls 320, since they are larger they can deliver more current. In other

embodiments, the frontside substrate 314 and the backside substrate are electrically

10
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20 320 can be added to deliver signals between the
backside substrate and the frontside substrate 314
ne enbodi nent, as can be seen in Figure 41, th

gﬂ%%%?@?@"ﬁalls 320 are substantially Iarger tﬁgﬁﬁpﬁwﬂmn4ﬂ

bunps 310 and 318. Therefore, even though there may be

fewer substrate balls 320, since they are |arger they
cougelad dsing ekernatbrededunlogins, inchidingrarintezyeisensinderpis/throhgh hole

frontside substrate 314 and the backsi de substrate are
atigdiegdnti cal ly 10 WO 2005/ 034203 PCT/ US2004/ 032451

coupl ed using alternative technol ogies, including an

[oom T BRERDIS Rehaer i Iﬂéfeﬁae lagéld&sénged Sith A WRREde bPRE Ale.

I n”bl ock 2, underfi | naterla are di spensed onto

Fi 0% ﬁalﬁléiﬁléage sgmwo%fgétﬁr die1 94k dllélg#l ﬁ%rhﬂsr{xe[tg}lﬁ%zg éiispcnsed

em con avli ng un eri al

di spensed her eon. e enp nt he u rf| | |
thisatbr Pane SpBORIGIEL (0 vAdSH N AT ??i{mw&t@r oy ug Hdgaterlal
an epoxy. The underfill material 322, |ike the
suginasemfepoky nBkewiderfil retosiab 22 dike frrastderfilt matosiahpbf provides
contam nati on protection, and inproves package
mecRdiedlistphoyt, cémambation phmelitior dnd impoort paskago deiability. In one
material 322 is dispensed onto the die 312 before a

. emPAgRInd e RUASK LRI AlInASAS2) Pmelye%ed bifto M@ 312 before a

enbodi ments, -it may be possible to 10 di spense a

r f. n
baiafl Shﬁget%’aéeﬁis?&%e AR e %ac%@&fﬁf 5] S posgigte o
al ternate, enbodj nent he frantsid ubst.r, at i S
dispserBaio) nhe ada o R hon TS RO sl af been
316, and a backside substrate 324 is attached w t hout
attagdiedg the underfill 322. After the frontside and
backsi de package substrates 314 and 324 have been 15
[0043] & healiernait embrediarcng [the frontside sulistrafed ldd sl atbadine tnthe dee 312
frontsi de 314 and backside 324 substrates to
withogelding the DAMTE BOS! dndll Lackfid@subisitake 28 ieftach@DdAhodtsing the
bl ock 224, a backside substrate is placed on the

un@e?ﬁ 298, % 3&%%5 bl PodehiiBe phigt Iﬂgis&%f%at@é' 4 gid Pfve been

orm e I nterconnects. re 4K i ustrat es

att%c&sé,trp%lﬁ &n %}P géq 18H§g%e1'&§@§% elngg; iz Olllgsa & §Mj §nd backside 324

substrates to underfill both substrates in a single step.
[0044]} In block 224, a backside substrate is placed on the package 300 and the flip chip

bumips 318 are reflowed to form backside interconnects. Figure 4K illustrates a

- semiconductor package 300 having a backside substrate 324 attached. A backside

substrate 324 is placed on top of the package assembly 300. The backside substrate 324
distributes signal and power to and from the semiconductor die 312. The flip chip bumps
318 and the solder balls 320 are reflowed in order to create a connection between pads on

the backside substrate 324 and the respective bumps 318. The substrate balls 320 and the

~ flip chip bumps 310 and 318 are reflowed in a furnace to heat the metal and cause it to

11
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20 substrate 324 is placed on top of the package _
assenbly 300. The backsi de substrate 324 distributes
signal and power to and fromthe sem conductor die
WORNK4203 | p chip bunps 318 and the sol der bd1q1gusg%11032h1
are reflowed in order to create a connecti on between
pads on the backside substrate 324 and the respective

bohd np paddoh. thd backapbsibsathtes Db hisl B20Banadattieg e Hapksibd pubstrate

~ bunps 310 and 318 are reflowed in a furnace to heat

324 e AR kabstARTh e R ak bebPoddedO 2005/ 034203
PCT/ US2004/ 032451° bond to pads on the package

[064@541 ?c%c?csz%%ﬁle %Qs%a%éf' is fﬁ %taﬁl arrgay Rg%@ b%g[s are attached

004 I n ck 22 the assenb ig flip
fOIawnEfﬁVP iger narv?ta?lg'ge@ aﬁtraéesaﬁnén&%l?%%ﬁgawqda? or Package
board | evel interconnect. Figure 4L illustrates an
haying i@ 4 dalesiGdtnghed. oln Cpé@wag@o% theadie 360 BGothailuhiza®2gith the -
attached. In order to allow the die 300 to comuni cate
dewicthouthide fibgackas 300] skeceicdlRenpatikagaudMe madeeeitli tieglackage
connections nust be made with the package substrate

subktthie T FHBOAIUalls 326 chPpt RACRIABIECHotEdn 58 of @ﬁé @mtmde
side of the frontside substrate 314. The BGA bal |

sufffihee glﬁpﬂleﬁ‘“ PF 91&%5’?3@?‘? el LSl il ﬁF‘o?ﬁn"Z"r r ete.
Thg A Dalle kT Shishie e b Jreiy | ?hf’%ﬁ%@%ﬁﬁi%ﬁfﬁﬁﬁpéﬂe
y

t he package assenbly 300 nust be fllpped before the
sulptiathRid, suchzs these shevadhBignradBe fibpie embodimert dee package

el ements typically occurs fromthe topside of the

- asgpatingel 8Met beSiippel hdfere the Bishalls 326 last steche® 14ssembiynof

the bottom side of the package, in order to attach the

paBate eRldn® 9pRallf hRuRABKATR: BPHSE bBhE padihciB8D, Bence the
flipped. Once the package assenbly 300 is “15 f1 | pped,

fro &?de%@%si%ﬂ!s h$4 %ﬁﬁttﬁégoﬁ’&h 1 3de 3¢ hﬁ:%a&‘%& eRCSREM RH0Y ﬁle BGA

I'S under st oo at ot I nt er connect

bali;? 1eol%§3ge g %tpat%gbf ’ié’|u§t? b{gp@;? c%dgéﬁck?ﬁ%assemlbij 300 1is

process 200 is finished in finish_block 223, Fig
flippady e Bia balls I30sagrhecptiaphedias descaibsd abrye- 3b. unéﬁ@wiﬁ@at other

BGA balls 326 are attached, the package assenbly 300
well-known interconnect technologies, such as Pin Grid Array (PGA), Land Grid Array

(LGA), eic. may also be used.
[0046] The process 200 is finished in finish block 228. Figure 4M illustrates a finished

package assembly 300. Once the BGA balls 326 are aﬁached, the package assembly 300

~is complete and the packaging process can be finished in order to provide a working IC or

Microprocessor.
_[004’7] One skilled in the art would recognize that several variations may be made to the

embodiments described herein without departing form the broader spirit of the invention.

For example, the BGA interconnects 326 may be mounted on the backside substrate 324

12
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20 is conplete and the packagi ng process can be
finished in order to provide a working I C or
].C. ocessor. [0047] One skilled in the art .

ggg%@%ﬁ%& that several variations may be made r@gbﬂgmamuzhl
enbodi nents descri bed herein wi thout departing form
.the'broader spirit of the invention. For exanple, the
ugsadifpnisidecnbetais3 3k 6\ ey difercnblgphrietas nprobessesa aid indterials may
substrate 324 12 WO 2 0 0 5/13 4 2 03
b&@FdUS2004/ 032451 instead frontside substrate 314.

Al so, different techni ques, processes, and materials

[(IU_?.!.%?1 ThR ine@tlon hABh dddbhrbed NBIEIRhcO AP RERT: AeRplirPed
with reference to specific exenplary enbodinents

eé}ggﬁi%ﬁts tﬁér%c_w lI{‘ \ﬂlﬂ giﬂ‘@?ﬁrgbé)%u?ﬁﬁ; gqelgésrs&n% h{-a)ﬁiré%?@e; l?fi:ngaig of this

avi ng the bené ure

i ficati d,.ch b to.th ,
BRr Fh i TR ineR i W RDrepdiments

and scope of the invention. The specification and

- withayh degarting fremaibe ragriergipiit ang speperafdhe wantion. afhe specification

illustrative rather than in a restrictive sense. 13
ari4draVifings, dre acdoadingd, todie régarded inmpaletiasiye cobgrthai ingr resrictive

sem conductor die including active circuitry fornmed on
sedse.frontsi de and having a plurality of conductive

through vias formed therein fromthe frontside to a

backsi de, the die conprising a power requirenent and

an external signal requirenment; a plurality of first

i nterconnects fornmed on a frontside of the die and a

plurality of second interconnects forned on a

backsi de of the die, respective ones of the plurality

of second interconnects coupled to the plurality of

through vias; and a first package substrate ‘

electrically coupled to the plurality of first

i nterconnects and a second package substrate

el ectrically coupled to the plurality of second

i nterconnects, wherein a portion of at |east one

13



of the power requirenment and the external signa
requi renent i s supplied through the first package
substrate and a remai nder pgption of at |east one of
the power requirenent and the external signa

What 8QHimegeat is supplied through the second package
substrate. 2. The apparatus of claim1, further

corrpri sing a first underfill layer between the front

aftus, t & sis a%dsélﬂﬁoifldJc%&r yhs WAL E anek %lr&ﬁt? med on a
fronté'iﬂ %ﬁfj'l'llaknnbaay Fgﬁ S d& (E qé E ﬁhg el e frontside
to a biksRRCMHRY |<§H g Ireqwrement a
plurdiitf Bihf?rrst ?rﬁé%f)h cﬁg er gw IuraAIJty of second
inter&SHMRER FoRRd fslrheacﬁ Eﬁf c{f E} gf second
mtera_&ﬁle@tﬁpéélﬂ)tlébs tQ th‘é E‘I'UFQ oM Lc,!trka Csubstrate
eIectFtbéll%tcduBFe%rt‘anfFl@ 13J&)f‘leln@r % e substrate

s

electhﬁglﬁrc%gﬂlgﬁq ecﬁ[]pcl"lf |'|:|t cts \g Eg 3t least one

of th@8TpowleRir Qte Em h d'H &Jgh the first

packHéé ngos‘i’i% ‘Férﬁ |nd rr R Sf éirk%éﬁ) 5 E 4, lﬁrement and the
t

exte ( W uﬂgmghpig%gﬁplfeat 8@@ gﬁl oot

process, spin
apparatus of claim2, wherein the underf|II Iayers

2. THeUBRGIAEs & d fMV\‘tr‘r&?Q:S Lt & Ak B‘e Hcfﬁ'e t side of
the RO troJ 71l &%qgw}ign@ T grgiﬁasgyer e AL A0t the

and ﬂﬁb%écdrﬂj QpB@sts S de of sem condu
active circuitry on a frontS|de and coupling a

plurality of first interconnects to respective ones

fheTfﬁagﬁpggaég%ﬁfr Sﬂ%ﬁg@ﬁﬁ%ﬁo@&@mﬁ afa?c‘uobr?;frgl‘égﬁéllr?eﬂj]&lltg QLbIEé{ between

electrically coupling the plurality of first
I nt erconnects to a first substrate; and electrically

4. Th%%%ﬁe\% Steim! @9{ i p|§l%ﬁlgrbq thd il @%g%bq‘ﬁggtg:aﬂg 2%9 plurality of

tion o
the S%Wq O\A%ﬁh?éetgglrﬁ n %ﬂ&#r Pheé die and an external

: signal requi r enent of t he dle is suppl i ed through t he
5. THe & Hﬁg ERIE 120%efinh BIERL dr @8 is Hin ne selected
from tH Sup iR b%ébd%rgm%i@ % Ee@?gggﬁr}]]g Sur@éa? Bishing (CMP)
procergg Cr§E§Hhod g?&gpaél m 7, wherein the plurality of .

t hrough vi as connect vvlth the device side. 9. The
f [ f
6. Thlg%%)gé’%%%noef glta?n ?ngrht < {h? d{l]lg%ﬁ]iﬁ la?/lekg (%rheﬁr}ée% nd-h&w binderfill material.
i nt erconnects conprise sol der baIIs

7. A method, comprising: forming a plurality of conductive through vias in a back side of a
semiconductor die including active circuitry on a frontside and coupling a plurality of first
interconnects to respective ones of the plurality of through vias; coupling a plurality of second
interconnects to a frontside of the die; electrically coupling the plurality of first interconnects
to a first substrate; and electrically coupling the plurality of second interconnects to a second
substrate, wherein a portion of at least one of a power requirement of the die and an external
signal requirement of the die is supplied through the first substrate and a remainder portion
of at least one of the power requirement and the external signal requirement is supplied
through the second substrate.

8. The method of claim 7, wherein the plurality of through vias connect with the device side.

9. The method of claim 7, wherein the plurality of first interconnects and the plurality of
second interconnects comprise solder balls.



15 10. The nethod of claim7, further conprising

thinning the sem conductor die. 11. The nethod of

claim?7, wherein the first d second underfill layers

conprise a no-flow wunderfill. 12. The nethod of claim

7, further conprising: dispensing a first underfil

| ayer on the first package substrate; and di spensing
10. m | . L. |

TR T Bl Ky REFE Rt

further conprising: attaching a substrate ball between
11. Theeméthbd br cRE 75 GR8Rsh fPt% h&%ﬁ&gm %t_] il ?aéerﬂbm rise P no-flow
undeffipar at us conpri si ng: |e I nc eV|c CIrc

on a first side and a second si de opp05|te t he front

side; a plurality of contact points on the second side

12. T0e th8fodid?icif Y, Jurttil WoRphibig Pliis SARHES i,
S ot i g Rl e

semi@ddE®r Wherein lon o ne Of di
requi renent and an external Si gnal requi r ement of the

die my be net through electrical connections to the

1 |
;ﬁd gﬁ@gﬁ?gjg BEEIEE‘”;Q 1t E’ﬁ gﬁggﬂgﬁﬁ@?ﬁg%ﬂﬁ :ﬁﬁ%% s%'bﬁr%té r?ta\g@t%{v?ée?x the first

poi nt s, e apparatus further conprising a second set
of contact points on the first side of the die and

14. AR R Jar%%stcfbrﬁﬂt% ey lnfeBinGlLidi 'd {i¥e cfmﬁﬁfbn‘aﬂrét @ﬂ@' g%r cond side
oppoBf tHeOtoM si a( lity?Bf ¢ ta & thQJWe he' %Uhtﬁ% #0%ie: and a
plurafiti 8f &Rt asrc%g tirle ntQ s, wherein
a porki Mheas?bﬁ&w & B elcl‘%a érﬂ%ﬁdtaﬂ n&% n%F eqBPEHER of the die

may be met through electrical connections to the contact points.

15. The apparatus of claim 14, wherein the contact points comprise a first set of contact
points, the apparatus further comprising a second set of contact points on the first side of the
die and coupled to the device circuitry, wherein a remainder portion of at least one of the
power requirement and the external signal requirement of the die may be met through
electrical connections to the contact points.



