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The present invention relates generally to circuit packaging, and in
particular to apparatus and methods for packaging integrated circuits. ovnd
Wafers are fabricated with a plurality of dies each having a plurality of
integrated circuit elenents therein. A die represents one i ndi vi dual chip
that 10 nust b e d ore cka i ng. Contacts are
added to the di m&%ﬁ%&@%ﬁéﬁiﬁbﬁﬁﬁ&é ol der ball .
Wafer | evel packaging (WP) refers to the conplete packaglng.of an

el ectronic conponent at the die or the wafer level WP is-normally
considered as a true chip size d&ﬂkﬂgﬁLgﬁ@mever the profile of nmbst WP is

the sumpf the t |cknes of the dlenﬁ.ﬁ'j the solder balls. It is desired
to reduck the proti¥EeH H‘i"ﬂi‘t‘%ﬁ G et pagkaging, 60EM s. For t he

reasons St gfafthildqy 8ppdrtis Sid1Rkibb8fR dfagigexﬂt S, for other reasons

which wi | "becone apparent to those SE'% m%’ne ar caﬁ%‘on readi ng and

ynderstgnczjlonglthe present spemfchmLm_ﬂ_here is a nefed inkt he artlfor an

i mprove el ectroni c nme S. 0 ac agi ng electronic

conponent s. P a’f&%’%?%’g ﬁ?%ﬁa{%Bﬁgi‘%"%ﬂS’g Wﬁ’t@grat ed

circuit diQﬁtc 6&3ﬁiﬂteﬂ&ﬁ£@ih91fc1ﬁmﬁﬁeﬂ&bf&&ns&ﬁbﬁ Faﬁgﬂﬂ{l the present
surtac

i nvention inc udes an _edge contact at a peri pheral the die. The

edge colft adeust basenarated fom adpmenigies lpﬁ@rctmlmm &Lantands ark added tenbodi ment

adj acent di e ac The edge
contact is E”%I% r%ﬂgméf&nk% cgﬁ%?egfagﬁré §V| ded when the
dies are sepﬁekagﬁ@mn)ﬁfmmﬂmdbmpmwidke%ﬂggﬁmﬂ&wﬁct&n;bdhchbe saw street
and is divided when_the wafer _is diced. _The die, in sone enbodi nents,

i ncl udes ashiermpptipeiripriaTHg VLR Hnozmall wyensidesedasatoun chigsre and a
h | b
T

| ayer. The an integrated circui rern
el ectrilkfal Idye am}mhetsolddrbailstha fesircd wemtduderthe profi®asi/orthicknéss of edge

packaged components.

For the reasons stated above, for other reasons stated below, a:od-ﬂ:\z.i other
reasons which will become apparent to those skilled in the art upon reading and
understanding the present specification, there is a need in the art for an improved

20 electronic component package and methods of packaging clectro:ﬁc'compﬁnmts.

The present invention is directed to integrated circuit dies and their
wmethod of manufacture. An embodiment of the present inveation includes an
cdge contact at a peripheral surface of the die. The edge contact connectsto a

25 'bond pad through a line. In an embodiment, adjacent dies on a wafer are
conmected to a same édge contact. The edge contact is divided. In an
embodiment, the edge contact is divided when the dies are separated. In an
embodiment, the edge contact is in the saw street and 1s divided when the wafer
is diced. The die, in some embodiments, includes a main body including a top.

30 layer, a bottom layer, and a peripheral edge surface extending between the top
layer and the bottom layer. The main body includes an integrated circuit therein
that is electrically connected to the bond pad. In an embodiment, the edge
contact is beneath the top lajrer. In an embodiment, the edge contact is above the

botiom layer such that the edge contact does not increase the height of the die.
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contact is beneath the top layer. In an enbodi nent, the edge cont atAFRIE 2006
above the bottom |l ayer such that the edge contact does not increase the

hei ght of the die. 1 7 APRIL 2006 I n an enbodi nent, the bond pad is at the
top layer. In an enbodinent, the die is encased by an encapsul ant. The
present invention also includes nethods for creating a die according to the
pr esent invention An enbodi nent of the present I nvention includes 5

fabricatl fer rein the at |east two dies are
j oi ned at Q’HEEJI 8@?&35?&%&?% 8‘%@5@'@“%@ bedimpent.thedie isnd

separ at i NgntRed 8§ =h siigg dies fromeach other along the-saw street At

| east part of the electirically conductive elenment remains with each die. In
an enbodi nent, mis@mbmunvmhlakomdndcnﬁethedﬁoﬁmﬁngﬁdﬁr&asﬂ%gby forming a
recess.in tﬁﬁsaw street and flg? 10 the recess wth an electrically

conduct i n§® HstREeseRs mv?‘ﬂ‘"&n% %W%%ﬁmW&ﬁl on, the nethod
I ncl ud f he dies t he
el ect r?cszai?%} con%%g'?%\t/{e)o%r;g'tcgrgﬁgl han cﬁﬁ%%a?%ﬁ e %s 1B ?‘fia i nvention
i ncl udes ﬁnblacnwaﬂyngonducnmtlsmbmrmammegt, Msup&abﬂgﬁcz{tqﬁtwﬂfle of the
di es. odi 0 resent i nvention, formng_the recess includes
15 sawi ng%}fl %Fﬁg‘a@%a&‘ﬁgéﬁ? t”bs‘é“&eﬁﬂfaﬁfpa&t&fﬁhcﬂam@)he| ght of the die.
In an  enpoghd¥Bvl clehRA R faind Gviteack AR mﬂ ﬁty Qﬁ%ﬁi a metal on

e electrica con

the wafer between the bond pad and th e material. A
further enmdnmn:lcmbntmerqmﬂwommcc@s inhtlsw;st:reaanﬁ ﬂlhugnt i on

i ncl udes atternln are aw stre |nter i at e acent” dies in a
vvaferq% &ﬁ“rtée%?\“@ﬂ &‘f%ﬁgﬂf“ {’m %ﬁa‘gjf'n the recess to
form an eg&@aﬁqﬂt@ﬁm 150 B1R86d i EudesRRHedIRE acﬁona E&ﬁ%‘?& eftbhie edge

contact, and separating .the adjacent dies along the saw street such.that
each di esOfﬂvldleﬁe@%dm@ﬁﬂﬁ%d“%g@QIMa&amﬂﬂbﬂ@mmmthe pr esent

i nvention; (ag§ tt]% trig conductive
mat eri al ]ﬂ‘u’gepo& onpgadn% ?ﬁﬂﬁggrrazzg%g% I|o?1§:ese 9 ﬁvgh} i on al so

i ncl udes ﬂ:d@sﬂ.utamesbodmfeﬂtdthcptesgﬂaﬁw&dhom,rfomﬁgtﬁtﬁrﬂe&eﬁclueésect rical

devi Cel% rsrf%fg alonglt{te saer?n'rTch{%:) anBcplilh e? about gacl}ahglagkt osxy &t die. man

embodiment, connecting the bond pad includes depositing a metal on the wafer

between the bond pad and the electrically conductive material.
A further embodiment of the method according to the present invention
includes palteraing a recess in a saw street intermediate adjacent diesin a wafcr,
20 -depositing an electrically conductive materjal in the recess to form an cdge
contact, conuecting a bond pad of both dies to the edge contact, and separating
the adjacent dies along the saw sireet such that each dies includes a part of the
edge contact. An embodiment of the present invention includes masking the
wafer such that the electrically conductive material is deposited only-in the -
25 recess.

The present invention also includes substrates, wafers, integrated circuit
packages, electrical devices, memory units, memory modules, electrical systems,
computers, which include a die according to the present invention.

These z2nd other embodiments, aspects, advantages, and features of the

30 present invention will be set forth in part in the description which follows, and in
part will become apparent to those skilled in the art by reference to the following
description of the invention and referenced drawings or by practice of the

invention. The aspects, advantages, and features of the invention are realized

-
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: : : : _ _ 7 APRIL 2006
conputers, which include a die according to the present invention. These and

ot her enbodi nents, aspects, advantages, and features of the 30 present
invention will be set forth in part in the description which follows, and in
part will becone apparent to those skilled in the art by reference to the
following description of the invention and referenced draw ngs or by

practice of .the. .dnyvention. /[Jhe. aspects,.advant.ages, and _features of "the
i nvention a8 PBQPF‘?E}QE}“HF %ﬁgﬂ%‘gﬁ%‘@m%%ﬁd 35 CRMIPRRLEPS t he
I nst rument algk '&ﬁ]ﬁ&g@&ibﬁtﬁmc@pﬁa{d@miﬂ_i ons particularly pointed out in

the appended clains.” Brief Description of the Drawines Figure 1 is a top
view of a wafer including aBpefPesdcnptroméf hie Praveineor ding to 5 the. present

i nvention. Figure.2 is.a perspective.vie f a die according to the present
i nvention. Figu é%‘”gi‘%ﬁﬁ’?g%g‘éf’ 2 Wit 5@@%@5\@%%&%3

accordi ng t ghopreseniBR@htigy)t of the present invention. Figures 3C and 3D are
cross sectional views of two dies according to an 10 enbodi nent -of the

present inventi oXigEE dus 2persprctivaviewnd a4 socerdingteoshepresdm imlentioews  of t wo

di es according an odiwent of the present_invention...Figure 5is a
view of two dies Sﬁ‘r%%rﬁ?sﬁﬁg%ﬁ‘ﬂc?%ggﬁﬁ%? %?F"’é@?’g'%r?ﬁ’odi nment of
the present emby@itidn®8f the prdseitdivenfiohs a top view of a die in a package
according to the_teachi ngs, of the present invention. Figure 7 is a view of a
circuit nodul e a&éBres HgHIP Ae TeAREATINGa! BV ptwosiesasserding/orani on. Fi gure
8 is vi o] :ding to the teachings of the 20 present
I nventi g\rq Engﬁ%wgﬁgg%%%ﬂg%‘el ectroni c system according to the
teachi ngs of thFigures4t4B, and4Ciancrodsisgetiomall Gews ofitws éies edcoadingnbodi ment  of
an electronic sggt e£1 accor di nr% . . -

to an émbodunent of the present invention.

—

Figure 5 is a view of two dics sepafated according to the teachings of an
embodiment of the present invention.
15 Figure 6 is a top view of a die in a package according 1o the tcaébings of -
the present mvention. ’
Figure 7 is a view of a circnit module according to the teachings of the
present invention.
Figure B is view of a memory module according to the teachings of the
20 present invention. .
Figure 9 is a view of an electronic system according to the teachings of
the present invention.
Figure 10 is a view of an embodiment of an electronic system according
to the teachings of the present invention.
25 Figure 11 is a view of a computer system according to the teachings of
the present invention. '
Detailed Description of the Embodiments
In the following detailed description of the embodiments, reference is
made to the accompanying drawings which formn a part hereof, and in which is
30 shown by way of illustraticn specific embodiments in which the inventions may
be practiced. These embodiments are described in sufficient detail to enable
those skilled in the art to practice the invention, and it is to be understood that

other embodiments mﬁy be utilized and that process, electrical or mechanical

e
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to the teachings of the present invention. 25 Figure 11 is a vi ew7gfPF4L 2006
conputer system according to the teachings of the present invention.
Detail ed Descriirtion of the Enbodinents In the follow ng detail ed

- description of the enbodi ments, reference is nade to the acconpanying

drawi ngs which forma part hereof, and in which is 30 shown by way of

Il lustration spec enbodinents in which the inventions nay be practiced These

enbodi nents,are described in sufficienf detfail to_enable those skilled in
the art to PHRES C‘?wa&‘?ﬂ?&?‘#é@%ﬁf’? &scope phthg paesertiipvaitionat ot her

enbodi ment STRERYREwhfet by Z &b sidid uk 5@% | - Or chanical 3 7
APRI L 2006 changes mayh%e made w?ﬁ%ﬁ?@gg‘z‘:ﬁ |d% r(%’%%?cjl%%&sa@g és,eof t he

present i nwemidomductotmehee.nBothadreto lemhderstotimaimludiggl i n the fol | owi ng
descri ption.kncl ude enj conductor structyure. Both are to be
under st ood s&é“%‘ﬁéf?ﬁ%" &Eﬁéfﬁs"% %ég%‘ﬂ’?"é’"f’@&f’ &‘Qﬂ fRshBipEy.

si | i con-on-thisihtkaisistQIFT) ReMbAIY ed%na%a%ﬁdd's%iégﬁaﬁa&fsm (TFT)

technol ogy, doped and undoped seni conductors, epitaxi ayers of a silicon
support ed [spitaxaklayere of 3 silidor supporied bice base semicondddtor samcmid) as waltimi conduct or

truct |k killed.in th ., ThE | | owj det ai | ed
Gescri pt + o otner SRBIAad by Yoy Sittes Wl kel o e othee. ““and the
scope of t FBNEwREAiailcd desEpaSn isstHeRTbra Akt &5The/takdh fhel ngad claims. 10 and

their equi-val ents. The present description.uses a reference nuhber
convent i on 26¢ thageope pEibe prisgattinvtipe idefinehonly dyttheafriegdedeclaimswhi ch t he

nunber f @?gl |l ast two digits corresponding to |like elenents
17 %ﬁéﬁ%’;s Fi p%]ll&gn

t hr oughout . For exanple, the edge contact has a reference
nunber of X09, \Wepreskhisddséxeptivnrdses a refferbacg miberd Sonvettion/dfi B fifshe ref erence

101, 102 " S5l CortRSPEHRS o Ge Fgre i SPGB BRI SR SRS s WaT o 100
5 ot g0 (B BedbonHe Blllcalon thropphalh e iSR! ThPRLaIE! || 1050 ©
m | |imet er theaddgecontactirestageference mumber of X09, where X is the pumber of figure
15 . on which the reference number appears. B
Figure 1 shows a wafer 100 inclnding 2 phurality of dies 101, 102, and
103 that are joined together along saw streets 105. Wafer 100 is illustrated as a
square wafer but jt will be understood that the wafer is not so limited and
includes 200 millimeter, 300 millimeter, and 450 millimeter wafers known to
" 20 those of skill in the art. Moreover, wafer 100 is illustrated with only three dies
| 101, 102, 103 thereon. It will be understood that the wafer 100 may have greater
than two or three dies. In an embodiment, tb; wafer has greater than one

thousand dies. A dicis an individual pattern, typically rectangular, on a
substrate or wafer that contains circniiry, or integrated circuit devices, to perform
25 aspecific fimction. Each die 101-103 includes an electrical circuit fabricated
thereon according to known techniques. The die 101-103 include integrated
circuit elements such as capacitors, transistors, line, interconnects, plugs, pads,
1/O connections, nsulators, and/or other elements known in the art. These
integrated circuit elements form electronic components such as processors and
30 memory devices. Examples of memory devices include DRAM, SRAM,
SDRAM, EEPROM, flash memory, ROM, etc. In an embodiment,
semiconductor wafer 100 contains a repeated pattern of such dies containing the

same functionality.
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20 those of skill in the art. Mreover, wafer 100 is illustrated with only

three dies 101, 102, 103 thereon. It wll be understood that the wafer 100
may have greater than two or three dies. In an enbodi nent, the wafer has
greater than one thousand dies. A die is an individual pattern, typically
rectangul ar, on a substrate or wafer that contains circuitry, or integrated
circuit devices, to perform25 a specific function. Each die 101-103

i ncl udes an el ecDiecH01-Di3 iathute boddih d06! bratapharmendiRg 62 known
techni ques. _-The diie 101-103 incl ude gT:%:‘ggrat ed circult tg}lhggmlan s such as

capaci t or s, 107 areodgntisekand) are formed by repsabieg 2 maskpaitem optiesyaferi 100, connect i ons,

i rourt el eABAT eRboRHE! pECITRE P M Infir B fhel, ImnsibodiRaptan 30 remory
devi ces. Expafd FOb iafve GROPSNadE Yh SRA witlcih i RN o%&fm% BEPROM

flash nenory, RO\/&: etc. In_an enbodi ment, “sem conductor wafer %04 contains
a repeat &d iramem odiment, padsdh 06<are shagnsil Aengthvrisrealongithe nfiddietof treadiety. 4 7

APRI L 2006 P =103, 1 ude _bonrdin ads 6. n epbaodi ment, dies
101- 103 ar eatﬁ%gh%%gym&%%?gqﬁr%ﬁm ?/'Pﬁgﬁgég‘?’ﬁﬁéfg? B tern on the
vaf er 100. beifg posiGEhain B hidddasiihd Af. ArPeladaiéds doBBudiv¥ Fhe 968t he die. In

an enbodi ment,  pads 106 have atop surface aligned with the top surface of

the thus- f oF¥eBdsirem cach of thepadsdH8itaiheperiphery of the dis 101a1 93 rkathilimrgt hwi se

along the m ](té Iﬁxl-f ' odi resent invention are
not lim tecrzlnltggl:' e%ﬁﬁwb%%ﬁir}gm@si ?o °?‘%9{%@?%‘%8f8" Sihe die. An
el ectri dal | 102 ardusitioned tithepeiphenysfacts dier QrnocH00thd: B fesfondd6 to the
peri phery of the die 101-103. Each line 108 electrically connects one pad

106 to one &U§EPEBRhEE pf toadiaceridiese itegrallviomyod. a¥ bat is srutaeinded at t he
periphery Oby fachy dhréer 169 Bhid/eh ait01d1 183 Wik ROSIeOIOF b 1l 1hRErPET I Phery of
ned. at S, S

two adjacent dies are integrally for cont ac at the saw
street 105 bethwieh0direl 1021 Thesk chingact:0tD9are sapantrdoduemg aceparaim d&r08 of  bot h

G 101 2yl eSS MLAELIVIR B SR RSP 2,00
15 cont ast Scdfifta169 Retnot RBALSh Figulel 10fék Slatity. Back kit iof ¥orleaeld padhi t~ OF '-
connect ed p?gG, line 108, and contact109 act as input/cutput connections to the internal

circuits of the die. In an embodiment, the dies 101-103 arc separated and further

processed, e.g., tested or packaged, to form an end integrated circuit product.
. In an embodiment, third metal redistribution wafer level packaging-
20 technology is used on the wafer 100 to form the lines 108 from the bond pads

106 to the edge contacts 109. Channels are formed in the saw streets 105. Jn an

embodiment, the wafer 100 is first sawed about half to about three-quarter way

through at the saw streets 105. This forms the channels in the saw streets 105

between die 101-103. Electrically conductive material is patterned in the
25 channels to form the edge contacts 109. Third metal redistribution on the wafer

100 creates the lines 108 out from the bond pads 106 to the edge contacts 109.

In an embodiment, lines 108 on the adjacent dice 101, 102 or 102, 103 connect

to the bond pads 106 of the adjacent die to a same edge contact as shown in

Figure 1. In an embodiment, the wafer 100 is coated with polymide (PI),

30  benzocyclobutenes (BCB) or other non-conductive materials except at the edge
contacts. Each individual die is then singulated by sawing, breaking at the saw-
streets or grinding or other dicing methods known in the art. The electrical
connections of the die 101, 102, or 103 to external devices arqg_ma,de through the

5



- 106, line 108, and contact 109 act as input/output connections to tRAERIL 2006
internal circuits of the die. In an enbodi nent, the dies 101-103 are
separated and further processed, e.g., tested or packaged, to forman end
integrated circuit product In an enbodinent, third nmetal redistribution
waf er | evel packaging 20 technology is used on the wafer 100 to formthe
lines 108 fromthe bond pads 106 to the edge contacts 109. Channels are
formed in the saw streets 105. I.n an _enbodiment, the wafer 100 is first

sawed abouttdgaFnteds ARk anrrbodiment; Ge sigplatedidie A, 302, ond0Zww streets 105.
This f Syl 0 die 101;103. '
Hect 1| oot (ROBIELANRBimel Brt oMl vt BE1iDa Ptern Bl To EBeed@Bd "o ¢ o1 m t he

edge cont aab thelioBatiohbiof diasiialon'thelbsdrdi buti on on the wafer 100 creates the
lines 108 out fromthe_ bond pads 106 o the edge contacts 109. 1In an

enbodi ment, | i ndS8u8S HAWS R4 lipeivding honding pads 206, slecrally 103 connect  to

the bond p ' ' C act as.shown in
Figure T, RAIakite et 2% G BBl JMehcldyifte 38 B BASRS R BsRRbe (M. 30
ber zocyel olinventien. BAERmbsdimednetherpads 206 atedvish svitthe tdpasfabX SEPSf at t he edge
contacts. Each individual_ die is then singul ated by saw ng, breaking at the

saw st r eettde gie 298 kypamgubediment thedimes 298 arer finsh vitiibadon sarfase 25kt . The

| ectrical \ ' t devi

made.  hr oudh eSO RipPimbimthmtidn sifie of otk AL BN Lol The
si ngul at ed vdilteth@dp sutfiZe 2bl 0flh8 dies20lrdnrnethbodingent the teptucfatesf theboard wi th
t he | tt t ed to t | ti _ vi a- hol

the boalt ceRaEe 205 stiiermeeth G B SHERA Y 1 O b B RRRORBE o) oct 1 cal | y
5 conductlﬁédﬂ%:i’éweﬂaﬁ&Nh@ﬁﬁo&%eaasahfuceglﬁefm&%lswﬁﬁhwgs of the

present invention. In an enbodirnent, the pads 206 are flush wth the top
surface 21Zznsmbodimentvoniots 200 premetakbbuimembodiment, ¢ontats 20Bingludef | ush with

the top surface 211 of.the dje . odinment, the to urface of
the cont act®® 'i?@n%g%m%{’tcﬁggégngﬁnacs%ﬁdr%fa vu?l%‘g‘?cﬂi?a’dﬁcé‘izm. In an
embodi nent thd EticosuintRaea abbleinidall On o Bind6ditn Rl Thatshtiran®est h t he top
surface 211 of the die 201. I n an enbodi ment t he, contacts 209 extend

out war dify fRclpds #rld.sfnrn epbadipentpeantagts 29mglude 3 @pld ¢qgting on another

metal or metal alloy. In an embodiment, the contacts 209 inclnde silver. In an

embodiment, contacts 209 include a silver coating on another metal or metal
alloy. The gold or silver coatings on contacts 209 are provided to improve the
electrical connection between the contacts and external devices in which the die
20  or chip 209 will be placed. In another embodirnent, the chip 209 is enclosed,
except for at least a portion of the contacts 209, by an encapsulant. Ent':a'psﬁlants
are known in the art of integrated circuit packaging.
An embodiment for fabricating the die according to the present invention
will now be described with reference to Figures 3A-3D. Figore 3A shows a
25 partial view of a wafer 300, which has undergone fabrication processing steps to
_ form the desired integrated circuits on each die 301, 302. The fabrication steps
include masking, depositing, etching, and other steps as understood in the art. In
the saw street 305, a recess 315 is formed. In an embodiment, a recess 315 is
formed i each saw street 305. In an embodiment, arecess 315 is formed in each
30 saw street 305 along the longitudinal (longest) length of a rectangular die. Inan -
embodiment, the recess 315 is formed on other sides of the die. For example, on
a rectangular or square die, recesses are formed on all four sides of the die. Inan

embodiment, recess 315 extends downwardly from the top surface 311 of wafer

6



an enbodi ment, contacts 209 are netal. In an enbodi ment, contacts 268RIL 2006

I ncl ude tungsten. In an enbodi nent, contacts 209 include titanium In an
enbodi ment, the contacts 209 include a noble nmetal- In an enbodi nent, the
contacts 209 15 include gold. In an enbodi ment, contacts 209 include a gold
coating on another netal or nmetal alloy. In an enbodi nent, the contacts 209
i nclude silver. In an enbodi nent, contacts 209 include a silver coating on

anot her ne r al l.oy- The,gold or_ silver coatings on contacts 209
are provi dégbf’g"‘#ﬁgi@@‘i‘% °¥éhee‘ﬁiff“-’|' erflie.c Sheresess 345 Hoenembottieentont act s and
external deyvy Ll =T Y ' ) i.] | be placed. In another
enbodi nent ?y{°ﬁ‘§§%mﬁg 333 |%ﬁger%+t§%é@€ﬂsé§@g%?%$§em@iﬁ‘llg§§t ‘a portion of the
contacts 2@fibotiment, recesapiidsatuhed Ene tHeowAfarB00 aftf thechoWis &l fibfeadr t Of

integrated.cirgujt_packaging. An enbodinment for fabricating the die
accor di ng E‘b‘?‘ﬁtﬂlﬁ&séhg Indresmbasament; the recess iS5 adends thecznting lengihef er ence t o

Fi gur es s3A; b Qe | L2 W, er 3 whi ch has
undergor?e Fg@reisgat i gﬁt%rg‘bcgégs' %%@eﬁgfw %r%?%%s@eglﬁ%m’%ggrat ed
circuits oto exvintivml fdtess&0 2A ficithe barhl padla 806 areFbaia, e wifse@pmaski ng,
depositing, etchi and .ot her steps as upderstQod in the art. In the saw
street 305?‘%5&33&%3‘?‘?’%&%&%%Hﬂgﬁﬂwg’emim@wg@g@s 315 is
fornmed in eagbhr ie ‘ | R : is forned in
g S0P Rl bty MO RGN Wleio0?, 16 ity |

each 30 saw street 305 al ong 't of a

r ect angul agcapeof therpragent isvbmiibnrte mse pasitivera negalive Tesistsndskwithckhen ot her si des
of the.,di e. For .exanpl e, on .a.rect | ar, or square di,e, recesses are

f or ned 1§n Bypent Y &egh%ﬁnaflﬁénmg%ggﬁng%?%m CRAWIdSL Bedss 315 ext ends

downwar dl yadjaeumt iHeawarestBuSamahSdiks 301, Wabahd & the AL 312006300 about hal f

the height of the wafer or die. The recess 315 in an enbodinent, is forned
whi | e f or nflisetrcalleeomsdnetivespatenaltforthe lises $Q%and the pdeediontacts BPQris . enmbodi nent ,

recess 315,j |18 40de MRf . irgui,ts are formed in
each die 38?%5%‘%&?%5% e odiTr;ﬂgn ,t”%ﬁgoretc'%s@%%g%@ﬁgﬁﬁ%cmmenti re length
5 of the sBOP hitheeperdfibas dfabcimpads 306 are forned on the dies 301, 302
according to cagnventional_ prqocesses. After the bond pads 306 are forned,

the wafértop soPfEReEsssY 119 ¥eiormedporrdine iy hgerseahmvention dhet he netal | i nes
from bond Rafl300, e.g., dies 301, 302 and saw street 305, is masked Jeaving openings

aligned with the location of the edge contact 309. Edge contact material, such as

metal, is deposited in the opening to form the edge contact 309. In an
embodiment, the mask and edge contact material on the mask is removed from
20  the wafer 300. Inan embodimeﬁt, the linr.s 308 are formed to conmect the édgc :
contact to at least one of the bond pads 306 of the adjacent dies 301, 302.
Afier the formation of the lines 308 of each dic 301, 302, which lines are
connected at edge contacts 309, the wafer 300 receives a passivation layer 320.
In an embodiment, passivation layer 320 is deposited according to conventional
25 techniques. Passivation layer 320 covers the entire wafer except over the edge
contacts 309, In an embodiment, passivation layer 320 does not cover the saw
street 305. In an embodiment, passivation layer 320 includes inorganic
polymers. In an embodiment, passivation layer 320 includes benzocyclobutenes
(BCB). In an embodiment, passivation layer 320 includes polymides (P). Inan .
30 embodiraent, passivation layer 320 includes at least one of silicon dioxide,
silicon nitride, or silicon oxynitride. In an embodiment, passivation layer 320

includes organic polymers.



306 of one die 301 to bond pads 306 of the adjacent die 302. It i 57 APRH; 3q06
the scope of the present invention to use positive or negative resist nmask
with the 10 present invention. The nmask, in an enbodi nent, |eaves open a
"W der area adjacent the saw street 305 on the dies 301, 302 and in the
recess 315. The electrically conductive material for the lines 308 and the
edge contacts 309 is deposited on the wafer 300. The material fornms the

| i nes 308 and ed e con cts n.the open_ areas of the nask. 15 The

recesses 315 ar f%‘F‘ r’f@tl’tté°ﬁ%s"fﬁ°5%‘%5m@n Ay pmticaar, witke wafer 300,
e.g., dies I ngs aligned
with the | oe;t%&l on of the%)d*ge ’;ﬁ gg?ﬁ ge$gr¢1°?'a°?tm?g1ﬁ%‘: such-as

netal, is dmmmucmucedgctcbmapmmdeos't(Bdgebmaado isentmct 309 In an
errbodl nent:, th rrask and edge, contact _naterial on t‘ne mask i s renoved from

20 the waf &f dhedost dicBAt Edgecontaob30f, s smotheed t o connect t he
edge conta he. a ent dies 301,
302. Aftgercé%{@g?%#ﬁgt%l onarg)é?lﬁ‘t‘%J %@e@gg%p&dﬁ anod%‘;?w d%%g whi ch |ines
are connecmxﬂylcmﬂmmtamomxﬂnsc&ﬁﬁn ahm'ﬁéﬁﬁﬂiev@eﬂ'&mﬂg%w%u&asSi vation
| ayer 320. l@ enbodj nent, a55| v%tlonﬁéaléer 320 . s dep05| ted according
to convent i Bital a8 HE E’M %?é’she\FSE thessnibe by, BfiBg2he entire wafer
except OVerschBEaﬁ‘djﬂﬁaki&HﬂJ?&IeSR&Q?mglt ?ﬂ’ﬁg%%}s aﬁas@l! on | ayer 320

does not cover the saw st t 305 yodi nment ion |layer 320
i ncl udes i rmmsgrézmughtbewmseo albng@nnsmtmhtﬁ@ﬁtlnqmmﬂmdanuﬁmiu&;sm 320

I ncl ude benzo BCB) n .enb on | ayer 320
i ncl udez0 pocj rﬁ %3% l#?%?ﬁsé\ ﬂ%@z%ﬁ%‘{% 3’ €320 i ncl udes
at | east ongawef maﬂeﬁaﬁmﬂ] xmoleastoﬁ&mﬁ&srszsraﬁqsa%ersl.u&%bOxynltrlde I'n
an enbodi nent, %ﬁasm vation [ayer. 320 incl udes organi c pologrrers 7 7 APRIL

2006 A cut tdigs 35302 arg|separered, saskhdie 301,304 inglndes ed goeontastsd w30Barti cul ar,

with edge E]&S'al B r rtion of the

cont act &38% creat e"g‘:gé’gﬂ’[??h%a% %@9’ mggl%ggiz%og&ge Co tu‘? 309, is on

the peri phemdlingedgd;mes‘canavafhonﬂnevé aktighti equAl 4 thefdig or wafet hagh13092 is en

the 15 and the edge contacts 309 do not add to the height of the separated dies. - o
Once the dies 301, 302 are separated each is individually packaged in an

encapsulant 340. The encapsulant 340 surrounds the dies 301, 302 except for at
least part of the edge contacts 309. Thus, the encapsulant 340 protects the djes
301, 302 from an operating environmerit while the edge contacts 309 provid:

20  input and output signals to the circuits internal to the packaged die 301, 302.

Figure 4A-4C show an embodiment according to the teachings of the

present invention. Wafer 400 includes a plurality of dies 401, 402, Each die
401, 402 includes circuits, such as integrated circuits, fabricated according to
conventional processes. The circuits require commumication to external circnits -

25 such as a buss, mother boards, and other electronic devices. Consequently, each
die 401, 402 includes a bond pad 406. Wafer 400 further includes saw streets
405 dividing the dies 401, 402 whereat the dies are separated. A recess 415 is
formed in the saw street 405 that is interroediate the dies 401, 402. For example,
a mask layer 431 1s formed over the wafer 400 except where the edge contact

30 409 isto be positioned. The mask layer 431 is formed according to techniques
known to one of skill in the art. The electrically conductive matenial of the edge
contact 409 is deposited into the recess. The conductive material of edge
contact 409, in an embodiment, is sputtered onto the wafer. In an embodiment,

8



5 peripheral edge surface of the second die 302. In an enbodi nent, 7 ABRHL&006
325 only cuts the contact 309, thus creating a scribe. in the wafer-3, 00
al ong saw street 305. Adjacent wafers 301, 302 can be separated al ong the
scribe by using a scribe and break technique. Referring to Figure 3C, the
cutter 326 conpletely cuts through the wafer 300 al ong the saw street 305.
In an enbodi nent, at-least 10 one of cutters 325,326 is a saw. ‘In an

enbodi ment, both_of, cutters 325,326 are saws. In an enbodi nent, at |east

one of cutt @PW‘]VBE@T‘FT@ af 1hg sdge contack A0 isdleperited byThemBaPvamoe s epar at ed,

each die 30 surfaces
of the die. &Rcco Bl ng%pgﬁﬁ%ﬂg&éw‘%?% %'ga?gf%e{ig F‘?‘F&Eq?égchi ngs of

t he presentisidepesitetl by ehapotationseires. éﬂuﬂlbmbﬁdﬁd%ﬁl,ﬂloecdﬁau&ﬁfe%atbﬁlght 15 and
t he edge co ‘ggteég 309 do not add tg t he hei ght of the separ ated dies. Once

the dies 30% f'a"r"@% igdsposisd Ry eleciram BV eNaRPIajiopa Bk @lged in an

encapsul ant SHIF I_es 1 302 except for
at Ieas?1 p‘gg? geécont 4@853@&6&%%%&%%64% t 340 protects
the dies 301, mammmmmeegwmmm\mummﬁee contacts 309

provi de 20 in and o ut, signals.tq the circuits internal to the packaged
di e 301, 3d§“§ TL:F @A&@WWW@%%Wﬁcﬁdﬁsﬂﬂ%%mmﬂe t eachi ngs of

t he prese%amgg& Mﬁ%a%@&ﬂhway&%oawsﬁs API% gﬁ & 01, 402,

Each di e I nc udes circults, such as | nt cwats
fabri cated thﬁameobwgﬂtemdesoﬂﬂmmnmma%%r'ﬂxmﬂﬂmf tﬂ'dnenemsimloimar equire

i t L t { h nmog ds, d
cher el G oPiete b2 Dverinh Elthiae 4085 Ky haalis o Bt pEB ates o bond
pad 406_ \Aéﬁﬂgheﬁ%géuéﬂm@smgq@hadee &ﬁwesésp@&ﬁ% d1és%1%al4dtn%ehe dies 401,

402 wher eat the dies are separated. A recess 415 is fornmed in the saw
street 405 Y@Ly ¢antich 8T iretihed away vhgreid isppt coveged byrmasignginyee432. a nmask

layer 431 i r bl r E%ﬁ %QES ntact 30 409
is to be p05|a{"l onegm%ﬁ’ COS) a§e°;‘é'%§ %‘F ﬁ%@%&y&rﬁa. ng t4§8t echni ques
known to or’:ieneaithslksziebessnlﬁhemhﬁdm‘&hiemitmuwm&tbbedcmnﬂﬂdthas&Imater| al of
t he ed c ntact, 409 i s, depqsit e recess he condugtive materi al
of edge ‘fhfﬁ@ﬂef’ﬁh%ﬂ 4{3? %@?BW%(& i)ﬁ}nejgh)?;afer. In an
enbodi n‘ent u:]J& 4017 402 200Bien scparated or diced (Figure 4C). The individual dies

401 and 402 are then packaged, e.g., for example coated with 2 encapsulant,

except for at least part of the edge contacts 409,
Figure 5 shows an embodiment according to the teachings of the pi'esem

20 invention, which includes the wafer 500 being diced into a plurality of dies 501,
502. Each die 510, 502 includes bond pads 506 and electrical signal carrying
lines 508, The edge contacts 509 are connected to the lines 508, The edge
contacts 509 are formed according to the teachings of the present invention. ' The
edge contacts 509, in this emmbodiment, extend to the top surface of the -

25 passivation layer 520. That is, the top surface of the eﬁge contact 509 is
essentially in the same plane as the top surface of the passivation layer. In an
embodiment, the edge contacts 509 have a top surface that is essentially in the
same plane as a top surface of the encapsulant encasing the die 501, Inan
erubodiment, the edge contacts 509 have 2 bottom surface that is essentially in

30 the same plane as alboﬁem surface of the encapsulant encasing the die 501. In
an embodiment, the edge contacts 509 have a height greater than one-half the
height of the peripheral edge surface of the die. In an embodiment, the edge
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the conductive material of the edge contact 409 is deposited by chem cal

vapor deposition.' In an enbodi nent, the conductive nmaterial of the edge
contact 409 is deposited by evaporation sources. In an enbodi nent, the
conductive material = of the edge contact 409 is deposited by el ectron gun
evaporation. In an 5 enbodi nent, the edge contacts 409 are forned after
lines 408 are formed After formation of the unitary edge contact 409 inihe

form of a sobrtscts pOYgetd ﬂ&@%k@ﬁa&lﬁ%‘ﬂ%iﬂe‘&%}ﬁbﬁﬂe eﬁ'bﬂer%fe saw street
i's

recess 415, a _secqnd _masking layer 4 formed over the warer 400.
Maski ng | aySifaegefthadids a distance over the sides of the cortact 409. The

w dth of the ext n§'!9 (2 Be |+ l.aver .432 over the goptact 409 is

essentially equa?”co @ﬁlgofv%{}g?&n of t#g‘gg*l?tﬁggﬂg&né&&'@CWWﬁO% and 4092
on the respest hccercﬂhgﬁ:tﬁ@ﬂeaaﬁﬂiﬂ&%eimﬂatmehﬂéﬂ EathidFthe it | S etched avay
where it is not covered by masking | ayer 432. |In an enbodi'nent, contact 409

i s etched dermtaqtp6Phae foelestseal and physite rontafvith Heonsact pad K45.r Fbess. | n an
enbodi nent, 9| tched sq. | s has 5 e. Thereafter,
The mmoki g Tts Pas 6 erig Tl Pe Aol 894 o Boufeed ARl "B, 101 “and 402
are then seqabedit@ngtonthct pad F450xtendditwarlid thewlhivibddglof HeGsnck4ped and 402
are then pac_kaggd, e.g., for exanple coated with_a encapsulant,” except for

at | east pafie 661. Certagtippds 645 eel@s sonleds beiwsap thegimnitnextomakiobeli nent

according t j . | Vet §:00 i I ncl udes t he
waf er 500 b%cnngéllt “@ggmu %gﬁmgfdﬁt@a‘p@?ﬁg?g%%g’g‘%o@' kRS Gdg;"é‘ﬁlj’&i“ 510, 502
i ncl ude30 bqpeds 68ds OnbDborersdt ef 1t 1608 ahd boghpdds 606 by shgwnlih Fegur668. The edge
contacts 53% are coTn,ect ed ,tg the lines 508. The edge contacts 509 are
formed accdPlsHE Hslante ¥ adH beyg of that g exepbodiment nfithpipressnd  edge -
contacts 5 L+t 3 | ctLe0ER the 25

passi vati oﬁ%r%debrn %E%O%Eg?é@bt he topgg%%e%%gt%?n?%géée&g%c%%nt act 509 is
essent i al | ymmnistcornsamido p/bending pad 1666.t Bigusa6 fiather dlustrites has60%/aid on | ayer.

In an enbodi t., ,t he edge contacts 5 have a t surface that is
essenti al | f@%ﬁ&h@‘&ﬂ@g%ﬁ’@% %&v(ﬁf’fgigr"'?’accl,‘&apépﬁﬁﬂ’é fe¥tul ant encasi ng
the di e1$50kurrchiidsthe dRHREE SR Protdchahe fianscaid SoRlle BNifondgt t om sur face

that is essentially in 30 the sane_plane as a bottom surface of the
encapsul ant®-Bnditls debrs moitre aBdthe Yke. an enbodi ment, the edge contacts 509

have a hei ght gr gRtRE{ BPNvRRB50Fhduddd socket, slot, recess or the Tike 652
which includes device contacts 653. The packaged die 601 is adapted to be
received in the socket 652, wherein the contact pads 645 engage contacts 653.

20 The contacts 653 are electrically connect with communication lines connected to
extemal circuits of the electrical device 650. Electrical device 650 includes
mother boards, computers, consumer electronics, printed circuit boards, and the
like. The contact pads 645, in an cmbodiment, press fit against the device
contacts 653 to hold the die 601 in the socket 652. In an embodiment, the edge

25 contacts 609 directly contact device contacts 653.

An embodiment of the present invention includes fixing contact pads 645
to a substrate (not shown). The substrate is fixed to the bottom of the die.
Encapsulant and substrate encase the die 1o protect it from the environment.
Contact pads 645 and edge contacts 609 are clectrica]iy conductive, Inan

30 embodiment, pads 645 and contacts 609 are made of a metal. In an embodiment,
at least one of contacts 609 and pads 645 include a metal alloy. In an
embodiment, pads 645 include copper. In an emBodjment, pads 645 include a
noble metal. In an embodiment, pads 645 include gold. In aE__embodjment, pads

10



hei ght of the peripheral edge surface of the die. In an enbodi nent 7 APRE Wdge
9 7 APRIL 2006 contacts 509 extend al ong approximately 75% of the hei ght of
t he peripheral surface of the die. Figure 6 shows top view of a singul ated
| and grid array, packaged die 601 according to the teachings of the present
I nvention. Each of the edge 5 contacts 609 are in electrical and physical
contact with a contact pad 645. The contact pads 645 extend under the main

body of t I . n_ _enbedi,nent, contact  pads 645 extend
outward of Sﬁaﬁggﬁﬂbcg'dghg&jtf’ﬂ}eulil%gdﬂQﬂgﬁ’%c’ma‘%ﬂw%ﬁt’é&wﬁkﬂﬁ 645 act as
contacts hegubeesmef he circuits external to the packaged die 601 and the die

601 t hrough ec_lge contacts 609, |lines 608 and bond 10 pads 606. Only one set
of |ines pads 606 are shown in Figure 6 for sake of clarity.

0
It will be unde 0 i n enbodi of t.he present ., invention each
of the edge coﬁ%‘gé@w&%ﬁgb °n%&%£%%llq‘4¥eb bingd, WihioR  turn is
connect®d withdnt Peiteitive cRdsl, $M6 a divcit v d81e 200tth @hhadnkt HiSixk el ine 608 and
pad 609 in_broken |ine as they_ are-covered by an encapsul ation |ayer that 15

sur r ounds Tpgicmaltyafandadixidyaldie 7@t Gireritmpdile 7AQmayibegui t s from t he

envi ronne . g Chi S ' .the |ike.,.An.electrical

devi ce 65(r)g°|mr]1)(l: u gso a e;stgg%g%?&gﬁ%r%@{rrﬁcgggf%rﬂg?#é ?ri%éo%qu%ﬁ%gh I ncl udes
devi ce contiecl db&inipcheranieFamtiotility 60 ah embspesy cirarifigodwlecei ved in the
socket 652 vyneirgi n the contact pads 645 ﬁ]n age contacts 653. 20 The
contacts 698 myludes at igast ongispeked, EECSHOF °3M%F1t‘aﬂbé@¢'#§§s. connected to

externpd Cig1Gujdesived. gigeoﬁin%&t&wm SHENcER nfoalie Fo0SGLRELH devi ce 650

i ncl udes nother boar conput ers, consuner electronics, printed circuit
boar ds, arstructuees ihjakeordafice wilbribainvepingisan8 A5 ard fabmcatehibadtordmice press fit

agai nst the.,dgvice contacts,653 t old the_die 601 in.the sgocket 652. In
an enbodi n“éim;ﬁ’etpﬁ%scgto’a‘é nd}},i‘%&'{-‘% ntd%breégﬂ# ?emgfmaé\?f e contacts
653. An em3odh aRircnid bodrdg 50 sahanit thewatadtor09, BOY, 589 S0r d09idpgircont act. pads 645
to a substrate (not shown). The substrate is fixed to the bottom of the die.

Encapsul arf¥ sempENpisationsYyith $he qoptectsiia thewslel 192e dn an embpdimephe envi r onnent .
15 contacts 209, 309, 509, or 609 are in physical contact with contacts in the slot ' '

752. In an embodiment, the contacts 209, 309, 509, or 609 are press fit into the
slot 752 against the contacts of the slot.

Numeral 752 in Figure 7, in another embodiment, represents a mount
including land patterns whereat the contacts according to the present invention

20 are mounted. The mounting process includes an SMT process. For example,
circuit module 700 is a printed citcuit board having land patterns on which
solder paste is applied, e.g., by printing the solder paste. A die 701 is picked and
placed at the mount with the die contacts 209, 309, 509, or 609 aligned with the .
paste covered contacts of the mount. Either the die contacts or the mount

25  contacts are reflowed to create a physical and electrical connection.

Some examples of a circuit module include memory modules, device
dn'i'ers, power modules, communication moderms, processor modules and
application-specific modules, and may include multilayer, multichip modules.
Such modules will have a chip receiver in which a chip according to the present

30 inveption isinserted. Circuit module 700 may be a subcomponent of a vaziety of
electronic systems, such as a clock, a television, a cell phone, a personpal
coruputer, an autoniobilc, an industrial control system, an zircraft and others.

Such modules will have a circuit module recerver in which a circuit modute

11
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Cont act pads 645 and edge contacts 609 are electrically conductive. In an 30

enbodi nent, pads 645 and contacts 609 are made of a netal. In an enbodi nent,
at | east one of contacts 609 and pads 645 include a netal alloy. In an
enbodi ment, pads 645 include copper. In an enbodi nent, pads 645 include a
noble metal. In an enbodi nent, pads 645 include gold. I.n an enbodi nent, pads
10 7 APRIL 2006 645 include silver. The encapsul ant, in an enbodi nent,
encases t heactiopding tdihe tpresantsiubeattiont einsétedc OitculvRasdu@s70dswi AN 21 N Figure 7,

two or nore_di e c th or 5 w thout protective casing,
into a circtft® Ei??ﬁéf??@%%’&“%ﬁﬁ@?%@@ﬁ@@@d coupledtoghel ity of an

I ndi vi dual of B dies 701 ‘
represent| ngéa %%?‘?%?39 ?U%t' uncti Oﬁisl @Xﬁ&% nat i onggfﬁaq s 701

cont ai ni ng témmsmitetiéuasd ¢ombadl.i ty. I n an enbodi nent, circuit nodule 700

i ncl udes _at. | east.. one socket slot, recess_ or the I|ke 752 into which the-
die 10 781 is reFiEgwed! @‘Feo‘l‘f’re‘?hﬂd@nﬂ}@ ambméuk@anwmoénlroo i ncl ude

acoor dance. "oy tMoRIeES FRAHRO0 cbelhexhfiobf e A lel @ Bified 50 e |

inserted i nsuppartsslédt Iniﬂﬂmbud:mem,lsuppm Sﬁiandutfé&lmlsszfohmceidm contacts 209,

309, 509, or 609 el ectr n| C with the contacts in the
sl ot 752. Iweg’r?%ﬁ%v&'éﬁs “%T%mbb‘% %@QW F“B%?Q are in

physi cal %éx{tfé]l bmg%foa%éddsﬁea b ﬁidﬂi zmd7t§3de41ﬂ , the
contacts 20 SOg'Vue? or 609 are press fit into the ﬂ?ct agai nst the

cont act $0of N@Ssﬁ%ﬂnﬂmﬁﬂ@ﬂ dis in P‘FFOFdHQGR@fH 1o the pagserttinyentiohodherent ,

represents pa n cts according
to the pr es&ﬁggl nveﬁ#aﬁ&é&qég& r‘gﬂ ﬁ.'@gs.r %gﬂﬁ%gﬁéuﬁgl%@ﬁ% i ncl udes an
SMT pr oces srectios 2 gianfilydevice B0V uid preide@letBital ComdmiphicticRthetivéea t board

havi ng | and patterns on_which_  sol der paste I s applied, e.g., by printing

the sol der PHssand memenyedeyiye 801. Mempenrmadilc 8PP accehts scommeandsignal wi t h t he di e
contacts 208nm3A%x12RQ coftrolfi Indt!sheREFon'd L&hﬁ:&ﬁan&@ﬁ&ﬁﬁ%ﬁ@% fpntacts of

the mount. Either the the contacts or the
15 data input and data output on data links 865. The commandhnk 863 and data

links 865 are commected to leads 867 extending from the support 815. Leads 867

are shown for conceptual purposes and are not limited to the positions shown in
Figure 8.
Electronic Systems

20 Figure 9 shows one embodiment of an electronic system 900 containing
one or rnore circuit modules 700. At Jeast one of the circuit modules 700
contains 2 die in accordance with the present invention. Electronic system 900
generally contains a user interface 969. User interface 969 provides a user of the
electronic system 900 with some form of control or observation of the results of

25 the electronic system 500. Some exarnples of user interface 969 include the
keyboard, peinting device, monitor or printer of & personal computer; the tuning
dial, display or spezkers of a radio; the igniion switch, gauges or gas pedal of an
automobile; and the card reader, keypad, display or currency dispenser of an
autornated teller machine. User interface 969 may firther describe access ports

30 provided to electromic system 900. Access ports are used o connect an
electronic system to the more tangible user interface components previously
‘exemplified. One or more of the circuit modules 700 may be a processor

providing some form of manipulation, control or direction of inputs from or

w

12



25 contacts are reflowed to create a physical and el ectrical conne@APBH.2006
Sonme exanples of a circuit nodul e include nmenory nodul es, device drivers,
power nodul es, comuni cati on nodens, processor nodul es and
application-specific nodules, and may include nultilayer, multichip nodul es.
Such nmodules will have a chip receiver in which a chip according to the
present 30 invention is inserted. Crcuit nodule 700 may be a subconponent
of a variety of . electyonic ste sugh as a clock, a television, a cel
phone, a p8 g’b‘féP“dﬂ{?ﬁ?&‘r? aﬁrﬁﬁ‘?@ﬁﬂﬁfqr@?“%°mﬁ§%ﬂf?ﬁmﬁtm@ system an
aircraft a DG \ v ' ' eceiver in
whi ch a cinag%hﬁ%gﬁvgﬁ%gm% APRP?RQ 06 é??b?ﬁ?%ghﬁﬁa%%€£%$%%§n° I nvention is
incited. CsystenS0finhludes ittnony mhodulass08. Asawilldteyappirehihoia tROBsts bhr ough 705N

extending therefromand coupled to.the ¢ acts, 209, 309, 409, or 509 of
di es 701 pFOVRIFHE ST tgé‘F%‘P °]cdemEﬂ’F§¥ %6 F@&rﬂﬁ?ﬁbﬁ?ﬁ%ﬁm&ﬁdﬂ%nt rol. . 5

Figure § sbasnaiehaite ebapotentd (ot Siowal)id 2dM6M € GRuliRies gyl €  800.

Menory nodul e 800 contains nultiple-nendry devices 801 contained on support
861. |n anardrbedinteriace 368p Howill 36apprevidtediet &k ons 0BB@1e circuitecei vi ng  nenory

devi ces 801 as.d 9 her el n. nunber, of . yremor y, devi ces, - general |y
depends up@ﬁ%glh%e@@g??@g"%%ﬂﬁ?%?ﬁai ulgq,rgplggg.}lp'eapgﬁlcda :d Menory 10
devi ces 80girke! Hﬂmﬁoﬁ?aééqdﬁi@sysmgwm?%a sibddingdheh\6f PafRe Nt _

i nvention. The support 861 includes sockets, slots, recesses or the |ike
852, each algatseniesygermy ecei ve a nenory device 801 and provi de—el ectti cal
comuniygation b ' Menory nodul e 800
accept s‘}ﬁa Co.mﬁgﬁ%?g%%oﬁuo}gﬁ]ﬂ%ﬁ ex et)ré’rt;gﬁ\éicegﬁ ‘gg%yset?m(aﬁg%/&'%%m) on a
command | i syt 3000 dMetmvy shatenh 0000 Eorddhaonetthorentertatyanediilgygooon dat a

| i nks 865. The command | i nk g_?S gnlg data _|inks 865 are connected to | eads
867. extent® @WFME‘) ¢ 4y gstpé\aalgthgmgmwén. Wr?.qoor conceptual
pur poses angnaee a AN in! deBirkiStetviitt 8 pPQSItih AdtioR Mkin rgcpﬁirsn@rqo% El ectronic

Systens 20 Figure 9 shows one enbodinent of an electronic system 900
cont ai ni ngprovides and controls a bidirectional mterface between memory system 1000 and

15 an extemnal system bus 1072. Memory system 1000 accepts a cormmand signal
from the external bus 1072 and relays it to the one or more memory modules 800
on a command link 1074. Memory system 1000 provides for data input and data
output between the one or more memory modules 800 and external system bus
1072 on data links 1076. '

20 Figure 11 shows a further embodiment of an electronic system as a -
computer system 1100. Computer system 1100 contains a processor 1101 and a
memory system 1000 housed in a computer unit 1180. In an embodiment, the
memory system 1000 includes 2 die in accordance with the present invention. In
an emmbodiment, processor 1101 includes a die in accordance with the present

25 invention. Computer system 1100 is but one example of an electronic system
containing another electronic system, i.e., memory system 1000, as a
subcomponent. Computer system 1100 optionally contains user interface
components. Depicted in Figure 11 are a keyboard 1181, a pointing device 1183
such as a mouse, trackball, or joystick, a monitor 1185, a printer 1187 and a bulk

30 storage device 1189. It will be appreciated that other components are ofien
associated with computer system 1100 such as modems, device driver cards,
additional storage devices, etc. These other components, in an embodiment,

include a die in accordance with the present invention. Tt will further be

—
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one or nore circuit nodules 700. At |east one of the circuit nodules 700
contains a die in accordance with the present invention. Electronid ANk &ip
900 generally contains a user interface 969. User interface 969 provides a
user of the electronic system 900 with sone formof control or observation
of the results of 25 the electronic system 900. Sone exanples of user

i nterface 969 include the keyboard, pointing device, nonitor or printer of
a personal conputer, the tuning dial, display or speakers of a radio; the

ignition swi.tch uges _or.__qas dal. of an ut ilLe; and the card reader,
kgypad, di?@r§§ét8‘?%ggﬁfgﬁ°§y af éE@n@‘éﬁ“ﬁ?g‘zﬁY&%ﬁMPLéaO%‘r%r machi ne. User
i nterface S6RmMey0d danbeSscofnTated BE a3B@RSIAtpAKSSCIRAiDSaAM ﬁﬁget 0. el ectronic

system 900. Access ports are used to connect an electroni€® systemto the

nor e t angi PAckagegEpcesping upkicksduehe ReAmynisalien Bus bgtweex reproédssat. One or nore
of the cirgu | es. 700 maybe a processor providing sone form of

mani pul at i%ﬁtﬁg%ﬁe&ﬁgf&gﬁt& rection of inputs fromor 12 7 APRIL 2006 outputs
to usersinterface 969, or of otheConhélhgésati on either preprogranmed into,

or otherw se provided to, electroni-e_system 900. In an enbodi ment,

el ectronic syshtésdesiged loredursdbe siztorRAckaged cempaurts. AEhisrasplthm apparent from

hssoc at e RIGARL Pl S nerdl ok Hhon A b SRRERRAREEIRY | i Pon T
Circuit nuiinbe MéRDverawithtisegroniigpdpateitd6Ssmaller wiettrorie devipe fei at ed that t he

one or nore circuit nodules 700 in_electranig system 900 can be repl aced by
a single i ?‘é’@P&t%’H‘P%FIFtEH%“F?bWr%WP%?‘&& ih?%{?ﬁ%l%wp%_goo my be a

s ubconmnemhh&fapgéwhe{ﬁ%oa@fo%}mehg a4l 3. Th G ERPAFnSRe YRe ONE

enbodi nent of el ectronic system as nenor system 1000. Menory system
1000 cont aduter arigalong thersewrstmetrbut dogsiriob cu ¢ way throvghntheywademt rol | er 1070.

At | east e of, th nor . nodul.es 800 i es e i.n,.accordance with

t he preseﬁ&"}sh%ﬁ?gl(s)n?%ﬁﬁ?&ggﬁ?r%ﬁtfr%%mjl]%%g cgp%gﬂa&gtgnglrﬁ controls a
bidirecti QT\%bsﬁdﬂt&@Bﬁ&ﬁe@iﬂ&HEaﬁnﬁ@l@ffhc gi¢s biddI0 O diesToiavext ernal system,
bus 1072. nory system 1000 accepts a, command signal . fromthe external bus

1072 and redigs yentpgts aryupd theqrsapbery pb e die rbhys. theganiastsdomot add to
15 the height of the die and/or package. Accordingly, the present invention

provides an extremely low profile package, i.e., the package thickness is
essentially the same as the die thickness. Shorter length contacts of the present
invention further provides supenor signal integrity along with space savings.
Although specific embodiments have been illustrated and described

20  herein, it will be appreciated by those of ordinary skill in the art that any - -
arrangement which is caleunlated to achieve the same purpose may be substituted
for the specific embodiments shown, Many adaptations of the invention will be
apparent to those of ordinary skill in the art. For example, other integrated
circuit processing equipment may be utilized in conjunction with the invention.

25  For another example, other integrated circuit fabrication Pprocesses are adapted to
produce the dies and chips 2ccording to the present invention. Accordingly, this
application is intended to cover any adaptations or variations of the invention. It
is manifestly intended that this invention be limited only by the following claums

and equivalents thereof.
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on a command |ink 1074. Menory system 1000 provides for data input aseRdz29w
out put. between the one or nore nenory nodul es 800 and external system bus
1072 on data links 1076. 20 Figure 11 shows a further enbodi nent of an

el ectronic systemas a conputer system 1100. Conputer system 1100 contains
a processor 1101 and a nenory system 1000 housed in a conputer unit 1180.
In an enbodi nent, the nenory system 1000 includes a die in accordance with
The present invention. In an enbodi nent, processor 1101 includes a die in
accordance with the present 25 invention. Conputer system 1100 is but one
exanple of an electronic system containing another electronic system i.e.,
menory system 1Q00, as g subconponent. Conputer system 1100 optionally

cont ai ns &WQWW%ﬁ@%?@Jﬁconponents. Depicted in Figure 11 are a keyboard
1181, a pointing device 1183 such as a nouse, trackball, or joystick, a
moni tor 1185, a printer 1187 and a bul k 30 storage device 1189. It wll| be
appr eci atledit insdgraiedhearcuitafig@omptisingr e often associ ated with conputer system

1100 such as nodens, .devjce driver cards, ,additional. sto e devi ces, etc.
These ot her c&H4R H@lé‘,“cl"ﬂ%t@ ﬂsﬂé’r‘?ﬁ?mlwf’&@éé‘%ﬂﬂﬁgﬁf EeddGance with

the pres I i 1 Mal-N 7 APRIL 2006 appreciated that

t he prOCSEE:&QE%%%%%?#@%‘@#géd;t%léﬁqﬁi%ooyé% conputer system 1100 can be

i ncor por at ed arboadphdoh éhe miiadpody;ed circuit Such single package processing

units reduce the comrunication ti r;& etween the processor and the nenory
Fed

circuit. 5 CorfBledgs epntact pt t1g pearhicral gdgnsuriant: dhe wise contae ipd@aGed
corrponentl.&ﬂE 1 A ckagi ng material savings and increases
t hr oughput %@%ﬁgﬁﬁ%&%éﬁgﬁg times. Moreover, with the grow ng
popul arity of ireldoanecting die midpad éviheedgdentaet.ect r oni ¢ conponents nust be
as small as possible. The present invention - 10 further provides nethods
for producing a packaged die. In an enbodi nent, the cutter cuts along the
saw Str ool Plioflgated oo 8 daihf'e ek BN bbAPInERHB an infpTeq Channel s
i nter ned?iat@%lﬁegﬁes gpfe\tlacergﬂate . ’Eﬁ%gmcor?t act ngf’g}elﬁgfg?nsm

circuit therein electrically connected to the bond pad.

3. The integrated circuit die of claim 1, wherein the edge contact is beneath the top layer.

4. The integrated circuit die of claim 3, wherein the edge contact is above the bottom

layer such that the edge contact does not increase the height of the die.

5. The integrated circuit of claim 1, wherein the edge contact includes at least one of

copper, gold, or silver.
6. The integrated circuit of claim 1, wherein the bond pad is at the top layer.

7. An integrated circuit die, comprising:

a main body including a top layer and a bottom layer, a distance between the top
layer and the bottom layer defines a first height, the main body including a peripheral
edge surface extending between the top layer and the bottom layer;

a bond pad at the top layer;
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deposited or patterned in the channels. The dies are diced. The di gARRIER006
have .edge contacts around the periphery of the die. Thus, the contacts do
not add to 15 the height of the die and/or package. Accordingly, the present
invention provides an extrenely |ow profile package, i _e_, the package
thickness is essentially the sane as the die thickness. Shorter |ength
contacts of the present invention further provides superior signal

integrity alo i i REhah i f1 Hgg{.j% have been
illustrated an e%i%Pﬁgﬁ%%&@% er’n‘%ﬂaitst W r?h%%gg%%dé’?%’g. ate ggf/%tﬁ%ose of
or di nar y hsighi, thei secdrddeheightt beihglesathan tiey fimhlgghedandwhi ch is cal culated to
achi eve the sane purpose nay be substituted for the specific enbodi nents
shown. Many aéé‘ﬁ?&?m@ﬁgnﬁﬁle%’ﬁédp?‘i;@ﬁh‘?‘Eﬁﬁc\ﬁPP‘F‘Ctbe apparent to those of
ordinary skill in the art For exanple, other integrated circuit processing
equi pnent may be utilized in conjunction with the invention. 25 For another
exanpl e, 8otThe integrred chtwitdieiof elirh 7{ wheérclhathé edpeoanesiachadersmedhiiet ed to
produce the dies and chips according to the present invention. Accordingly,
this apfP#&tion is intended to cover any adaptations or variations of the
invention. It is manifestly intended that this invention be limted only by
the following clains and equivalents thereof. 14 7 APRIL 2Q3 The invention
cl ai med i9s :Tht intAgratedichonit tizhielaina 8, wherein the areplicécaging icliRies atlegky ohd1Cl udi ng
a top layer, a bottomlayer, and a peripheral edge surface extending
bet ween tOﬁéﬂ‘fe@ﬁﬂ‘llﬁgllér and the bottom |l ayer; a bond pad on the main body; an
edge contact at the peripheral edge surface, the edge contact extending no
further than the bottomlayer; and a |ine connecting the bond pad to the
edge contlac The Zntegrardiciit g dirtof dladh 17¢ hireth the tlairchalyindudeshat igulttivee nai n
body includes an_integrated circuit therein electrically connected to the
bond pad.°°3t?ngr?1bthFhPE‘gPﬁ§t§ltqercuit die of claim1, wherein the edge contact
is beneath the top layer. 4. The integrated circuit die of claim3, wherein
t he edge contact is above the bottom

11. The integrated circuit of claim 10, wherein the insulative coating includes at least

one of benzocyclobutenes and polymides.

12. The integrated circuit die of claim 7, wherein the main body includes an integrated
circuit therein electrically connected to the bond pad.

13. An clectrical system, comprising:
a first circuit having first contacts, and
a die having an integrated circuit formed therein, wherein the die includes:
a main body including a top layer, a bottom layer, a peripheral edge
surface extending between the top layer and the bottom layer, and a first height;
a bond pad on the main body;
an edge contact at the peripheral edge surface, the edge contacts bemg in
electrical communication with the first contacts and the edge contacts having a
second height less than the first height; and
a line connecting the bond pad to the edge contact.
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| ayer such that the edge contact does not increase the height of thar&ile2006.
The integrated circuit of claiml, wherein the edge contact includes at

|'east one of copper, gold, or silver. 6. The integrated circuit of claim1,
wherein the bond pad is at the top layer. 7. An integrated circuit die,
conprising: a main body including a top layer and a bottom | ayer, a distance
between the top layer and the bottomlayer defines a first height, the main
body i nchgdi i p | ayer
and the Eot ?@%@%ggéls %@rﬁ%ﬁdlagg?athl{r&g‘ifeoﬁ?&geg?&g_aﬁ‘ih‘ﬂﬁﬁgﬁlqlﬁfn 52‘%06 an edge
cont act - aithithefistcondeés. al edge surface, the edge contact having a second

hei ght, the second height being less than the first height; and a |ine
connecting the bond pad to the edge contact. 8. The integrated circuit die
of clai Fhﬁﬂ |5 9. The
|ntegragg% gﬁ@%%ﬁ?&?h@ﬁ:@QQ a.n?ga&§ﬁ§?§bn t ﬁ*?ta%%%??ﬁ% cl udes at

| east ondevied. silver and gold. 10. The |ntegrated circuit die of claim?7,
wherein the main body includes an insulative coating on the bond pad and
line. 11. The integrated circuit of clain110 mherein the insulative coating

i ncl udes qat %éﬁ] he

i ntegrat eg gﬁg\%%t{lc%%ga% I%%%% erel n ma| néélrnﬁlgy [ n%'l udgs an

i nt egr at ®RAN], BRAM, SDRAM, EElPRmﬁfaudeﬂalslymmmnjact ed to the bond pad. 13. An
el ectrical system conmprising: a first circuit having first contacts, and a
die having an integrated circuit fornmed therein, wherein the die includes:
amai n bo r surface
ext endi ngyb \%\E}éég&i{aﬁle&# R‘p"lﬁé’%’? lﬁh%h tgglﬁ%%}{ lgt %Fﬂagénag&%@l ?ls%gﬁel ght; a
bond padbam the nmain body; an edge cont act at the peripheral edge surface,

t he edge contacts being in

18. The electrical system of claim 17, wherein the first circuit includes a processor.

19. The electrical system of claim 14, wherein the main body has a first height, and the
edge contact as a second height, and the second height is essentially equal to the first

height.

20. The electrical system of claim 13, wherein the bond pad is at the top layer.

21. A wafer, comprising:

a plurality of dies,

saw streets intermediate adjacent pairs of the plurality of dies,

wherein at least one pair of adjacent dies have a first bond pad on a first of the
pair of adjacent dies and a second bond pad on a second of the pair of adjacent dies,

an edge contact is recessed in the saw street intermediate the first die and the
second die, wherein the first die is separated from the second die along the saw street
such that a first part of the edge contact remains on the first die and a second part of the
edge contact remains on the second die,

a first line extends from the first bond pad to the edge contact, and

a second line extends from the second bond pad to the edge contact.

17



_ _ _ _ _ 7 APRIL 2006
el ectrical comunication with the first contacts and the edge contacts

having a second height |ess than the first height; and a |ine connecting
the bond pad to the edge contact. 16 7 APRIL 2006 14, The electrical system
of claim 13, wherein the edge contacts are in physical contact wth the
first contacts. 15. The electrical systemof claim 14, wherein the
integrated circuit includes a nenory device. 16. The electrical system of
claim15, wherein the nmenory device includes one of a DRAM SRAM SDRAM
EEPROM d 711 i Lal ; ks wherein the
first ci ?gﬁi’qﬂcﬁﬁggf uges a zébﬁ%ﬁrgﬁé&gfﬁgsﬁmelbaﬁg.thﬁ%f%%ggla‘gcﬁ%ﬁﬂgé% syst em of

cl ai m 17, coplaametiop sudfexes,iand thecddge vortadt doésumte exteng erse shotop sidaceThe el ectri cal
system of claim 14, wherein the main body has a first height, and the edge
contact as a second height, and the second height is essentially equal to

the fi rStza.hﬁ:lcgrb’a[fsrl&%1&*@1%%%?&%%%@&&@&%es}egﬁ/aﬂ%“ the bond

pad is at the top |ayer. , conprising: a

a f dies, saw
street s iovpmashtitwiresiafices; end thp @lgsconfact Aeesmotiexttnd helof thdi mstomwher ei n - at
| east one ir of adjacent dies have a fast bond pad on a first of the pair

of adj aceff*3f%es and a second bond pad on a second of the pair of adjacent
dies, an edge contact is recessed in the saw street internediate the first
die and the second die, wherein the first die is separated fromthe second
di e al ong24. HEheswafeséfiddain 2 1S mdibreidtht fiastfine ahd fherstconil linb areliigarly aligiedt r enai ns
on the first the and a second part of the edge contact remains on the
second die, a first line extends fromthe first bond pad to the edge

contact, @%ﬁ%{%ﬁ@?ﬁﬁﬁeﬁ?&% HrétQiie eRfend 6&ONIR P RARuLL I HE €de

cont act .
lengthwise direction of the saw street.

26. The wafer of claim 21, wherein the first bond pad is positioned essentially in the
center of the main body.

27. Anintegrated circuit die, comprising:

a main body including a top layer, a bottom layer, and a peripheral edge surface
extending between the top layer and the bottom layer;

a bond pad on the main body;

an edge contact at the peripheral edge surface, the edge contact extending no
fusther than the bottomn layer, the edge contact having an outer peripheral surface,
wherein the outer penipheral surface is essentially coplanar with the edge surface of the
main body; and

a line connecting the bond pad to the edge contact.
28. The integrated circuit die of claim 27, wherein the bond pad is at the top layer-

29. A land pattern, integrated circuit package, comprnsing;
a die including a top surface, a bottom surface and a peripheral surface extending
between the top surface and the bottorn surface;

18



22 The wafer of claim 21, wherein the first die and the second di & APRIE2006
essentially coplanar top surfaces, and the edge contact does not extend
above the top surfaces. 23. The wafer of claim?21l, wherein the first the and
the second die have essentially coplanar bottom surfaces, and the edge
contact does not extend bel ow the bottom surfaces. 24. The wafer of claim
21, wherein the first line and the second line are linearly aligned. 25. The

waf er of cl ai %%ﬁcap\é\(p%e%ughgﬂg%ﬁ%ﬁgt | i ne extend essentially perpendicul ar

to the |engthw se ctron € saw street. 26. The wafer of claim 21,
wherei n the fiat Bhsibasddgeabntat pothctperpletal eafen] whbicin the at lesst oseedger of the
mai n body. 27. An integrated circuit die, conprising: a main body including
a top | ayfeRtactExtRnds ousidg jasrencapidlant. per i pheral edge surface extendi ng
between the top | ayer and the bottom | ayer; a bond pad on the nain body; an
edge contact at the peripheral edge surface, the edge contact extending no
further t3tamhelpackagt bPolaing e rwhertie tedgteastonticadpe bantios Japahegliter peri pher al
surface, wherein the outer peripheral surface is essentially coplanar with
the edge es¢rnfialbeeqal tofhe peripherabsefaceand a |ine connecting the bond pad to
the edge contact. 28. The integrated circuit the of claim27, wherein the
bond pad is at the top layer 29. A-land pattern, integrated circuit package,
conpri si g, Thegiackdgs oF vldin @9 awheapindhy diadrludes bdeist onsboridand aaddt lraqrer i pher al
surface extending hetween the top surface and the bottom surface; 18 7
APRI L Zowedweéﬁ@?ﬁ%ﬂ%tbOBﬁEF%g’i‘g@attlﬁ@tB‘Fee‘?dgﬁt‘:“?'égst one edge contact on
the peripheral surface, wherein the at |east one edge contact extends
outside the encapsul ant. 30. The package of claim 29, wherein the at | east

one edge 3NrTiegiackaps ofl cladrh @0} whersinalid dtdbdsyorerpdat comadtitclpdy 4 fkepat o ur f ace.

31. The package of claim 29, wherein the die in&l udes at | east one bond pad
and at | ¢heperipheral surface and a second part extending outwardly from the encapsulant.

33. The package of claim 29, wherein the at least one edge contact is beneath the top

layer.

34. The package of claim 29, wherein the at least one edge contact is above the bottom
layer such that the edge contact does not increase the height of the die.

35. A system comprising a land pattern, integrated circuit package and an electrical
device, wherein the package includes:

a die including a top layer, a bottom layer, and a peripheral edge surface
extending between the top layer and the bottom layer;

a bond pad on the die;

an edge contact at the peripheral edge surface, the edge contact extending no
further than the bottom layer; and

a line connecting the bond pad to the edge contact;

wherein the electrical device includes a device contact providing electrical contact
between the electrical device and the die through the edge contact.
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one line connecting the bond pad to the at | east one edge contact. 732PRITHS6
package of claim 29, wherein the at | east one edge contact include a first
part on the peripheral surface and a second part extending outwardly from
t he encapsul ant. 33. The package of claim29, wherein the at |east one edge
contact is beneath the top Ilayer. 34. The package of claim 29, wherein the
at | east one edge contact is above the bottom |ayer such that the edge
cont act e i i : i nprising a
| and pat g g'r ?h@Igisttéérgﬁégﬁg@fglﬁ,me?ﬁh%ﬂ%&&a@%ﬂ%ﬁngﬁgﬁ arb‘f%g?tt‘ﬁ&%lece, wherein
t he packdgeict oedtud@asitionaditberbincthedbekpt beihg finlenyioned @ baditeothe dgyer, and a
peri pheral edge surface extending between the top |ayer and the bottom

| ayer, a bond pad on the die; an edge contact at the peripheral edge

surface. neigdonpLag el padhon B Riea bl sharn Laver and @

| i ne connecting pa ontact; wherern-t
devi ce i ratlusiag tie de\und evhensii thetedps codtabt etesdsaatsidecthb eaphait.  bet ween the
el ectrical device and the die through the edge contact. 19 7 APRIL 2006 36.
The system of claim 35, wherein the electrical device includes a socket with

the devige b hey el ' ' ' dto
receive tsﬁé @%gﬁ%ﬁgﬁgﬁg’g\fe@%&%ﬁﬁ %%%F}Fn%t é%?}%(réépﬁﬂoﬂgp%%%@;%éﬁﬁﬁrt her
i ncl udes an encapsul ant enclosing the die, and wherein the edge contact
extends outside the encapsul ant. 38. The system of claim 37, wherein the
encapsul 3% Tdesyssasiclim3snwhesin thanedacirenfartiebenegth thefap layst em of cl ai m 35,
wherein the edge contact is beneath the top layer. 40. The system of claim
35, wherein the edge contact is above the bottom | ayer such that the edge
cont act dgesThrGystemaiekda 35whéreinghé edde dohactds ebovlthe Biteons ytesichthat | ai m 35,
wherein the bond pad,is at. the top l|layer. 42. The system of claim 35,
wher ei n ttheedgecontast drss gotingreaseshe heighfrofiheadiat | east one edge contacts. 43.
The system of claim 35, wherein the die includes saw street and the at | east
one edge

41. The system of claim 35, wherein the bond pad is at the top layer.

42. The system of claim 35, wherein the die includes a plurality of the at least one edge
contacts.

43. The system of claim 35, wherein the dic includes saw street and tbe at least one edge

contact is positioned in the saw street.

44_ A method, comprising:

fabricating at least two dies on a wafer, wherein the at least two dies are joined at
a saw sireet;

forming a recess 1n the saw street;

filling the recess with an electrically conducting material;

connecting a bond pad from at least one of the dies to the electrically conductive
material;

separating the at least two dies from each other along the saw street.
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contact is positioned in the saw street. 44. A nethod, conprising: 7APRIL 2006
fabricating at least two dies on a wafer, wherein the at |least two dies are
joined at a saw street; formng a recess in the saw street; filling the
recess with an electrically conducting material; connecting a bond pad from
at | east one of the dies to the electrically conductive nmaterial;
separating the at least two dies fromeach other along the saw street. 20 7

APRI L 20 T foclaim 44, . ' fabri cak | :
i os i norudbe pbdShebi Aol fotdRel Latge Ruhafis e OO0 (1

the di es c#buitsToea Rinited deficcdbit itdtionendfalicediss. f or mi ng the recess incl udes
sawi ng along the saw street to a depth of about half a height of the die.
47. The net hod of claim 44, wherein connecting the bond pad incl udes

depos {148, dne JRhAla ARG SheL IRl RELond,nadhod dig g 11 o2l |y

conductive materia rising: nin ecess in a saw

street | @&eétm@didapm gadbmamtfa(ﬁia@gt ofmhadsaf er; depositing an electrically
conductive material in the recess to forman edge contact; connecting a
bond pad of both dies to the edge contact; and separating the adjacent dies

al ong the.s st ree ch each di i es .a rt, of .the edge

cont act . %ZQalﬁ?ﬂiﬁﬁ%i ?%Ealgjf&;%cﬁﬁh n éﬁ%oﬁ‘@tp[sag}?%g@efﬁgpgs t%%sas i ncl udes
maski Ng  trh@aMi tE wabdt Gdtvidia thd Hond ph ahd thealdciticay Botuktive MBfedsll al 1S
deposited only in the recess. 50. The nethod of claim49, wherein the

patterning includes nmasking the recess such that the electrically

et nod. of e aliike: BRI Compri i ng ext endi ng e recess. the | ength of
the saw streqgiatteldng 4¥ecedset b Eave alrest HfidraiEiatOalpaderi di€s in a wafer;
depositing an electrically conductive material in the recess to form an edge
contact;
connecting a bond pad of both dies to the edge contact; and
separating the adjacent dies along the saw street such that each dies includes a

part of the edge contact.

45. The method of claim 48, wherein pattering the recess includes masking the wafer

such that the electrically conductive material is deposited only in the recess,

50. The method of claim 49, wherein the patterning includes masking the recess such

that the electrically conductive material forms a plurality of individual edge contacts.

51. The method of claim 50, further comprising extending the recess the length of the
saw street.

52. An electrical systemn, comprising:
a first circuit having first contacts, and
a die having an intcgrated circuit formed thersin, wherein the die includes:
amain body including a top layer, a bottom layer, a peripheral edge
surface extending between the top layer and the bottom layer, and a first height;
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a first circuit having first contacts, and a die having an integr at®edPRIL 2006
circuit formed therein, wherein the die includes: a main body including a
top layer, a bottom |l ayer, a peripheral edge surface extending between the
top layer and the bottomlayer, and a first height; 21 7 APRIL 2006 a bond
pad on the main body; an edge contact at the peripheral edge surface, the
edge contacts being in electrical comunication with the first contacts and
t he edge contacts i g%cjﬁ i.ght essentially equal to the first
hei ght; and a Iine@gﬁlﬁgg?ioﬁg t gqggﬁ% pad to the edge contact. 22

an edge contact at the peripheral edge surface, the edge contacts being in

electrical communication with the first contacts and the edge contacts having a
second height essentially equal to the first height; and
a line connecting the bond pad to the edge contact.
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