PACKAG NG FOR HI GH SPEED | NTEGRATED Cl RCUI TS

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains the benefit of U S. Provisiona
Application Nos. XX/ XXX, XXX, filed on Septenber 30,
2005 and 60/ 701,701, filed on July 22, 2005. The
di scl osure of the above application is incorporated
her ei n bPACKAGIRGE EORMHIGH SiREDR N JECRAFIED CGIRGUE S
| NVENTI ON [ 0002] The present invention relates to
packagi ng for integrated circuits (ICs), and nore
particularly high speed packagi ng for |1 Cs. BACKGROUND
OF THE | NVENOSMNREKERENCEIRORBUATHBAGPLICATIONS
(1Cs) typically enploy differential signaling. In

di ffei@ﬁf]a' Mignabplichtion TIAAB! the LRMLAY eef beigeerovisional
two separdte, active conductors instead of one active

wg?‘té‘ﬂ{ f‘g’[éds?.g(g’W{] RIcHRG  defismBEr 3b'9005 and 601701701,
ffh%lp \3!'\3{5%)? bhepnd ,aq‘htegﬁa?%%;nrg?&[ecﬁﬁ%ﬁ:ﬁgéb §i0idn"\g incorporated

St ghal's an ransmt or
rece.ivqu%fferent.' al nals to or froman IC, the
r

JiaTPIgRYFEfSIPNES I %ntil? “transmitted over a pair of

conductors of a lead frame. Referring now to FIGs.

1-2, exenplary packages 10 and 10' are shown to

include an integrated circuit_di é% avi ng pads 14

that are connected @'%@WF@'N@E {N| eads 20 of a

| ead franme 24. The packages 10 and 10' are typicall o
encasd@002] aTbaipressnkinyestientalates tmpackagingfor integratad circuits
Referring nowto FIG 3, differential signal pairs

5(C4), ahd-raorarphrticularly high speed packaging for ICs.

BACKGROUND OF THE INVENTION

[0003] Modem integrated circuits (ICs) typically employ differential
signaling. In differential signaling, a signal is conveyed between two separate,
active conductors instead of one active conductor and ground. The magnitude of
the differential signal is the difference between the two signals rather than the
voltages between the two individual signals and ground.

[0004] To transmit or receive differential signals to or from an IC, the
differential signals are transmitted over a pair of conductors of a lead frame.
Referring now to FIGs. 1-2, exemplary packages 10 and 10’ are shown to include

an integrated circuit die 12 having pads 14 that are connected by bondwires 16
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50-3 are connected by leads 20-1 A and 20-1 B, 20-2A

and 20-2B, and 20-3A and 20-3B and bondwires 16-1 A

and 16-1 B, 16-2A and 16-2B, and 16-3A and 16- 3B,
respectively, to pads 14-1 A and 14-1 B, 14-2A and

14- 2B, and 14-3A and 14-3B, respectively, of the
integrated circuit die 12. In each differential pair .
it 1eBHS203f a Ined framen24.omhapaekagesci and 1@'iare typiealyancgsed in
conductor and the notation B represents a second
rRodutableyprotetive haaterial@dpect i vel y. [ 0006] Adj acent
differential pairs are typically located in close

proxi gd05] t ReTBRINGNEIVIES FIG N3 sdifferentiaCsigralapeimss0-1 h60-2 and
differentiial pairs may be situated wth a first

Fygﬂ-@%}é YoraRilts b Yerls 200A BAHR0L 18,22 ROAI aFiEZ)-2BehNd 20-3A and
adj

acent to a second polarity conductor of the sane

(F)’;H-és %ﬂﬁgfrb%dﬁ):irgg 1304 Whii 1 681 5 0G0 anBOlgRSB t Andk PEBACAIR 16-3B,

anot pair on the opposite side. Pair coupling

E%S?%qt&%lyr gqciié'clﬁsg *?E-H%‘S@% ?Eg%ﬁ%}%@ bgg i1?,92§.danc1 14:3A and 14-3B,

nal's. . coupl i
ey SEH Ao et aff ok Goatn JHFPIAME RIS 3, e

adj acent pairs tends to cause data err.ors nd/ og t

r Retalien &e@%@?%&? eiff{ét pojadly 99?988@5@8& @e| @%ﬁ'c’“ B rePresents a
particularly for high speed signals such as G gabit

pegCoBE RART It FANFH e FEPRCHVE Mt es. The pair coupling
problemtends to be even greater for |ow cost plastic . .
| ead fIOQREL aAdiasenbdiffereniial pails argtyricalylggateddpyclose proximity
packagi ng with a ground plane shield. 2 SUMVARY OF THE,

| tovEng [aDit{ed0 0] sogne igircegstances.cihecdiffereniiak paies may be situated
conprises an integrated circuit die conprising a '

f invithta [first, pelasic condymior afijoacepair acatéd ifmmediatplydadjacent to a
third pad adjacent to the second pad, and a fourth

Pa&ccHd R6RMty tondlistot bf 1tHe paehe Palreardl one side and with a second

polarity conductor of another pair on the opposite side. Pair coupling tends to
occur between adjacent high speed differential signals. For example, pair
coupling tends to occur at 60 and 62 in FIG. 3. The magnitude of the difference
between the signals carried on the adjacent pairs tends to cause data errors
and/or to reduce design mérgins to an unacceptable level particularly for high
speed signals such as Gigabit per second and higher data rates. The péir
coupling problem tends to be even greater for low cost plastic lead frames as

compared to ball grid array (BGA) packaging with a ground plane shield.



frame conprises a first |ead, a second | ead adjacent

to the first lead, a third |lead adjacent to the

second |l ead, and a fourth | ead adjacent to the third

| ead, wherein a first end of the fourth | ead extends
beyond at | east one of the first, second, and third

| eads and in a direction towards a path defined by the
third | ead. First,SUNVMMARYEOF THEINVENTIOIN t h bondwi res -
connect the first, second, fourth and third |leads to

the firhpe7) SeARY r}qe%rtaﬂéd é#réu't%d‘cﬂﬂ{;é BoR@FlSes an integrated circuit die
respect [ veI y. In other features, first |ead

t he
f t
P Ehd .as“f"'%qaﬁad“aé!' ofd' A agi RSN e HEEpBRCE Mo pac

es a Sigdnal havi cond p

t%#lé??f{tﬁg Yoo SBREF B, 0 33008 Pl et et B ¥ g pagy A teae
e iconiaas & trhtiaarts & sShid (oAt eﬁ*ﬁ@dihsiﬁgtr‘s?%g‘"d lead
@30%%3% hé?é%ﬁeﬁgﬁﬁg?qm(@aée%%'mMsﬁé’sad Jgad; wherein

e ual to 1 Gg it per second (Gb/s). The fi
seélbﬁt@ndmth@ lead extends eyond at baat:@me af thraé'a%tt sgcond, and
first distance fromthe integrated circuit die and

t Hird| leads fandnia & (inegtion ¢ompids s path tiefinecahy teethind lead. First,
| eads that are spaced a second di stance fromthe

i seeandatteidd @ndcioutthdbandwirdsecainect e fiirsts sechrsl, dogrdh iapd third
greater than the second di stance. 10009] In other

f teEds ite she firist, tsecamd] third ahd fmnthypadss respecthadly.f i ft h and
sixth leads to fifth and sixth pads. The first,

secondfodog] r d ithdrofeatuied omdwinse Seadaxi¢ied 4 ls[gﬁfal having a first
l ength and the fifth and sixth bondw res; have a

S poRIAE), tsd SbforNad cafiseh @lq?’é?hé\ﬂﬁ Adsdcenat Ia\ the third lead
shorter than the first | engt The |fth an

| eafRsCasighab 'hg{?lgbsthﬁ gag% ?of%r&%%ﬁﬂﬁ@%@ﬂg lé’g‘aeéﬁ‘n@s a signal

the Tirst,” secon eads carry

S'h%U‘t'i\bsth'%aﬁésE‘%ofi‘arﬁ?‘:%gre?ﬁﬁg bR hnd S e'%bﬂ&‘%olén’ﬂ%@ 5 opposite

polarities. The leads of the lead frame carry high speed differential signals. The
high speed signals have a frequency greater than or equal to 1 Gigabit per
second (Gb/s). The first, second, third and fourth leads are spaced at least a first
distance from the integrated circuit die and the lead frame further comprises fifth
and sixth leads that are spaced a second distance from the integrated circuit die,
wherein the first distance is greater than the second distance.

[0009] In other features, fifth and sixth bondwires connect fifth and
sixth leads to fifth and sixth pads. The first, second, third and fourth bondwires

have a first length and the fifth and sixth bondwires have a second length and



speed. [0010] In other features, the integrated

circuit package includes a high speed
serializer/deserializer (SERDES). The first and second
pads of the integrated circuit die are associ ated

with differential transmt signals of the SERDES and

the third and fourth pads of the integrated circuit
avrereinethassawond tiengthwis tdhodtief fteareite first lengthveTlse dftal and sixth
of the SERDES. [0011] In other features, a network

leddy Earee signaigriasryy bifiesti speegr add dhein the firshasdoaed, third and
The network interface is Ethernet conpliant and

IpertiRlQsdsAbarnp BRAAK BEARG & sbbord kpsdd &hittis HRghsretaRdthe first
The first bondwire conprises first and second

%@Wj res that are stacked and connected between the
first lead and the first pad and the fifth pad,

vl V. , ' . SR .
o 100182 1g Bnd et ke b a R irtythdtuab Tnoludes a high
i se. fi . k i . [0012]. A
R T PP R SRS o 4 48 Sk et e
eteBrae vt 8t Barpdislsah Oy JuBRTIR; eiReosEbAg of the
atpRR i treithiedpbd i Gader heinusdaedorio il ara fripoiatec

a first lead, a second |ead adjacent to the first

| witfydiffgreniial eeceivapigng!aekthe IERPRS. second 1 ead, and a
fourth lead adjacent to the third | ead; extending a

first [0A#1bf hetheoigatireseadheaiwotninteriace examprises tbe integrated
the first, second, and third |eads and in a direction

t cimmitdzackapat hTike hietveatk bpterface 4s tEthemhet eanhpliamidand operates at
providing first, second, third and fourth bondw res

cspueeistgragtet ttan T Gigdbit e geodnd.f The filst boddwiné cdmipeisds first and
to the first, second, third and fourth pads,
second bondwires that are stacked and connected between the first lead and the
first pad and the fifth pad, respectively, of the integrated circuit die. The first,
second, third and fourth bondwires each comprise first and second stacked
bondwires.

[0012] A method of providing an integrated circuit package comprises
creating a first pad, a second pad adjacent to the first pad, a third pad adjacent to
the second pad, and a fourth pad adjacent to the third pad on an integrated
circuit die; using a lead frame comprising a first lead, a second lead adjacent to
the first lead, a third lead adjacent to the second lead, and a fourth lead adjacent

to the third lead; extending a first end of the fourth lead beyond at least one of

the first, second, and third leads and in a direction towards a path defined by the



respectively. [0013] In other features, the nethod
conprises using the first lead to carry a signha

having a first polarity, the second lead to carry a

signal having a second polarity, the third lead to

carry a signal having the second polarity and the

fourth lead to carry a signal having the first

Rivirdatdady and peoviding tir&tNse @O tiird &l Adurth I8SndWifes connecting the
opposite polarities. The nethod conprises using the

Ifestdsednd, Furth &dd thiraBadLid & ¥irshi Qébo?aﬁ?%qrch and fourth pads,
differential signals. The high speed sighals have a

f greater than or equal to 1 G gabit per
srgclong(}%%b/s). [0014] In other features, the method

ri S [ ' hird and,fourth

o BFRISHI difer 481t She mEABH Harmnreb By §aeeﬁrs't lead to
' it. die. .and providi. fifth a ixth | eads o .

SRl e e S PRELS e SRR S oA ciad baving 2
the int ated ci it.die, wherejn the first distance
| sEeopy DALY, e higHerd i ATy 3P OnaHIRYING e saaond polarity and the
comprises providing fifth and sixth |eads; creating
fiPuEn 18ad 18 Q3 Fadignah hemg; Hhee st relartyr diet figsteand second
connecting the fifth and sixth leads to the fifth and
sholantiesaare eprposie frolariieanthe imathod cnthpirises usirththe leads of the
first, second, third and fourth bondwi res have a first

| lead framentd carey High tspead diffeséntiah sigoatiwi Thes highvepead signals have
second | ength and wherein the second length is shorter

tdfraquéreyfdrester tramgirrequbDRIGEidabitper skcond@Eb/kRat ur es,
the met hod conprises using the fifth and sixth |eads

to car[0914) gnial sttervicatures, thes tmetheadcomplse$i SHACIE the first,
first, second, third and fourth leads to carry

SsedAl StHvaVAritDfo rth a6 adafiRas0a iR didtandd §BRI tﬂghiﬁlféigﬁ'ﬂgd circuit

5 first speed. The nethod conprises creating

P&E; aRdtMBvilHEAftRAlAd SidhCiblis on the lead frame that are spaced a

second distance from the integrated circuit die, wherein the first distance is

greater than the second distance. The method comprises providing fifth and

sixth leads; creating fifth and sixth pads on the integrated circuit die; connecting

the fifth and sixth leads to the fifth and sixth pads using fifth and sixth bondwires.

- The first, second, third and fourth bondwires have a first length and the fifth and

sixth bondwires have a second length and wherein the second length is shorter
than the first length.

[0015] In still other features, the method comprises using the fifth and

sixth leads to carry signals having a first speed; and using the first, second, third

and fourth leads to carry signals having a second speed that is higher than the



die; using first and second stacked bondwi res that are
stacked and connected between the first |ead and the
first pad and the fifth pad, respectively, of the
integrated circuit die for the first bondwre. The
first, second, third and fourth bondw res each
conprise first and second stacked bondwires. [0016] An

ififst @gead edrHe ietdd BRAKAGR &BBTMd asftH PACBhah&Shtegrated circuit
circuit die neans for performng a function

Qj%mlfs*lr? At fa"nﬁséecfo%rﬁﬁél{'e’agbéﬁﬁﬂ?esf Nat RrQ\Gt488 ard. connected
f 0 con ns for

I rst nnection surface, se connectl ng nea

e B Brst R0 ana 08 R} PRB Y M g Bec pokfyon."of the
BRrtR L Birful Bl for BB TRE! bR, TG Boh b g fourh

for ,providing a fourth connectjion surface ,  adjacent to
(PRBCHIPS B2 AARREISR §rsvaRn Socand:HacKahAendwrR | ses

first conducting nmeans for conducting, second

condufQQ18) nemdntegiated ciewt iPagkagalcaawiises integratad ciseuit die
conducting means, third conducting nmeans for

dosanscior pgrformingce finction chmpsisingritistcennhecting meaparisr, providing
and fourth conducting neans for conducting adjacent

tao fitshecaniniection sudface, secandacennetting fineans dowd prdvidimg a second
fourth conducting neans extends beyond at | east one

afonhéetidn satfacs exdjacknt aodthiehfirst conmedtiey imearEe ankd adhnecting
in a direction towards a path defined by the third

aResHCfor REDVIEAG 3 third E6hnediiBA @ffacéd BiifadeA® the Yeddhddriecting
nmeans connect the first, second, fourth and thir

h d
GRBSHAC A0 IIRRANSodrR i niddnstfor PRAAM ' ‘f‘*ﬁ’ -
fourth connecting r?é'g@nas, resgcract | velq?/.é FO%%? _ r?ctlon surface
° e S thi in n ri !
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"ERBECHY héshe 67 8BR4ucERY! Y8cth conducting means for conducting

adjacent to the first conducting means, third conducting means for conducting
adjacent to the second conducting means, and fourth conducting means for
conducting adjacent to the third conducting means. The first end of the fourth
conducting means extends beyond at least one of the first, second, and third
conducting means and in a direction towards a path defined by the third
conducting means. First, second, third and fourth wire means connect the first,
second, fourth and third conducting means to the first, second, third and fourth
connecting means, respectively.

[0017] In other features, the first conducting means carries a signal

having a first polarity, the second conducting means carries a signal having a



second polarity, the third conducting neans carries a
signal having the second polarity and the fourth
conducting nmeans carries a signal having the first
polarity. The first and second polarities are
opposite polarities. The conducting neans of the
frame neans carries high speed differential signals.

HeRohd gﬁ:ﬁﬂeqﬁe%w%ﬁduaﬁ\g%eaﬁg esm@a% hﬁﬁh@&in hﬁ@ second

or equ ga it per Second (&0 |rs
piarod sy e 1 e e o

l'ge g@g?ﬁd @Bgod{ olaFiflsEa aEtH ghmﬁleﬁopﬁ%'c%?\ﬁuéﬁry Peans of

fcon |ng means re spaced a secon
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si xth connecting neans, wherein the first, sec

t sRaoad athirdr and fourtti cenduséing means are spaged alnlgast arf’tﬂst distance
the fifth.and sixth wire neans have a second | ength.
Thiemdbe integratadycircuitsdie maansrandiiha frame frieass furthagioemprises fifth
The fifth and sixth conducting nmeans carry signals

hand reixta  Eonditctingemeand Hibaf iargt spacedcandecandi distamee from the
fourth conducting nmeans carry signals having a. second
sinteptatetdhalrcuits dié gheand. hbtre tfingt Histartces e gdeateO @21 the second
other features, the integrated circuit package

i gistapdes high speed serializer/deserializer (SERDES)

nmeans for serializing and deserializing. The first

and Sefdé"lﬁlacoﬂp%ﬂ{érr@am?@é“sﬁﬁ%f ahd SpHM LA Aledfs Cddrmatt fifth and

di e neans associated wth differential transmt

Sb&ﬂ\al:,?n&jcttﬁgans 2 iR ahth Egﬁnéd?lng.drpegtiﬁhg Wil the first,

connecti ng he i nt egrated circti nmeans

?%gc@%&?é{g%\;‘o&mht\pﬂéj}n s ﬂg{/é glﬂr&qgﬁétﬁeanﬁitﬂ@ ?il‘tﬁ. 288 sixth wire

means have a second length. The second length is shorter than the first length.
The fifth and sixth conducting means carry signals having a first speed. The first,
second, third and fourth conducting means carry signals having a second speed
that is higher than the first speed.

[0019] In other features, the integrated circuit package includes high
speed serializer/deserializer (SERDES) means for serializing and deserializing.
The first and second connecting means of the integrated circuit die means are
associated with differential transmit signals of the SERDES means and the third
and fourth connecting means of the integrated circuit die means are associated

with differential receive signals of the SERDES means.



7 [0020] A network interface conprises the integrated
circuit package. The network interface is Ethernet
conpliant and operates at speeds greater than 1

G gabit per second. In other features fifth connecting
means provides a connection surface on the integrated
circuit die neans. The first wire nmeans conprises

fi rst tacong #t‘é?’ra\% RniRES tRQﬂn{e%PélE&ténf&lt package.

t hat connecte

iR qq‘?w ﬁe@ﬁ%@%ﬁaﬁg*eﬁ%ean%c’"“@@&%@‘? B %{?Ra%sdsad?gater than

n rated circujt di T Seco

Rt oF SaFetR.v o Siberieatises, q@@n‘b‘?ﬁ’?&“?? 8BS, provides 2
second stacked wire neans for connectin 021&
|ceanestionngufase am the,irigarated cieyit dia me sco g ifegiswige means
first lead, a second |ead adjacent to the first |ead,
comprises Ifisstcandosesond stackedhwirg seesng Tor sannecting that are stacked
fourth lead adjacent to the third lead. A first end of

taned tommedied dativast dneldirstoegndutting means apdethsf firdteconnecting
first, second, and third |leads and in a direction

tropanigiand ¢hepfittih comdecatiad rogand) aespeactidely cafithe] it RAtedcircuit die
ot her features, the first |lead carries a signal having

ambamst Thadlret, séyond, heird @ndrfduttie adrecmieahs $agh apmise first and
having a second polarity, the third lead carries a

Sdeon smbagvmelmémya@oﬁﬁé@rnlgty and the fourth |ead
carries a signal having the first polarity, wherein

the f '[tb§§1 Bnda Wﬁgmﬁ%?%htlhﬁﬁrﬁéd? cREROSiel ©omprises a first lead,
polarities. The |l eads of the | €ad frame carry high

Sé) §890ﬁjc1[ AN %ﬁgéeﬁ tosfhgq’ﬁgtf‘lﬁaa_ hg thifd lgg? %Bga%%ngtog@\%l {econd lead,

reque reater an or

P S P, Rl o 1

beyond at least one of the first, second, and third leads and in a direction towards
a path defined by the third lead.

[0022] In other featui'es, the first lead carries a signal having a first
polarity, the second lead carries a signal having a second polarity, the third lead
carries a signal having the second polarity and the fourth lead carries a signal
having the first polarity, wherein the first and second polarities are opposite
polarities. The leads of the lead frame carry high speed differential signals. The
high speed signals have a frequency greater than or equal to 1 Gigabit per
second (Gb/s).

[0023] In yet other features, the first, second, third and fourth leads are

spaced at least a first distance from the integrated circuit die and the lead frame




spaced at |least a first distance fromthe integrated
circuit die and the lead frane 8 further conprises
fifth and sixth |leads that are spaced a second

di stance from the integrated circuit die. The first
di stance is greater than the second distance. The
fifth and sixth |l eads carry signals having a first

%Bﬁﬁé’r cn;l;nﬁrisr[ésrﬁﬁh angd Cs%]ﬁ Ieaot fja?engP%&-#f Erkelh:Sﬁﬁ%istance from

carry 'ng a second speed
fi r']%ttﬁg%é%é %%%&%? mﬁsgs% 5 e, tgaa%ﬁezggcwdaw@me-
sﬂ&ﬁ’@h B e caly Soials BRRG RSt Gbaping e ﬁrﬁfrs@cond

adj acent to the second | ead; locating a fo
neaa andfawdhleads cary sighalyhavinga sgaend §RQ%€E%H’?F1§ raalgher than the
first end of the fourth | ead beyond at |east one of
tfiret spaect  Thedourt leadiiagenarally “I'est@pednd in a direction
towards a path defined by the third [ead. [0025] In
ot her [D824)ur eA methed et prodidingne leadeftsarng iforoart imtedratest circuit die
lead to carry a signal having a first polarity, the
seampibihg fstating casegona [ead rmljadeat tong fast kadplodating a third lead
polarity, the third |ead to carry a signal having the

sedjapshtpekivd ésoraingadNecatingud fdurthaedd adjaeant i the shiehield; and
having the first polarity, wherein the first and

ssﬁenetng RPHiBE ehH &F tAé %@ﬂplé%utt%yﬁﬁéi 3t uéas%neTéthé 'f'h&t second,
an second and third and fourth'|l eads of the

F BREEhirkABAY: Qh&iLh §Bﬁ§& ot thivardid bath dufABal thd Hﬁrdhé&f‘.

spee S|gna ave a requency greater than or equa

to L Gousklt PrbyReigad e g&;ﬁaonghgggugmgghma jead to
5 oA A SR AT ot v
3%%%%?2@5@%@3&? ¥idh afh & et haviaedoa fegond pdarty and the
fourth lead to carry a signal having the first polarity, wherein the first and second
polarities are opposite polarities. The first and second and third and fourth leads
of the lead frame carry high speed differential signals. The high speed signals
have a frequency greater than or equal to 1 Gigabit per second (Gb/s). The
method comprises spacing the first, second, third and fourth leads at least a first
distance from the integrated circuit die; and locating fifth and sixth leads a
second distance from the integrated circuit die. The first distance is greater than

the second distance.
[0026] [n other features, the method comprises using the fifth and sixth

leads carry signals having a first speed; and using the first, second, third and



[0026] In other features, the nmethod conprises using
the fifth and sixth |eads carry signals having a
first speed; and using the first, second, third and 9
fourth leads carry signals having a second speed that
I's higher than the first speed. The fourth lead is
generally "U shaped. [0027] A lead frame for an

ifaaﬁrgrngéo%dcsﬂry% r{aléihswﬁeraoséébﬁw sblaéétthatci@ﬂ%'ﬁéﬂ fHan the first

means condu I ng, second conducting neans

CORALC Ao AR gk Gall P Tdrizplegconduct i ng reans,

con uctl ng ne con ctl ng adjacent to the

d f
For " ORI VAR, e R AR08, BB
A d h
B heite B pRaIBne SEPOTH CORRIERG SRR aIor apanaucting
CARIASRL 1 108 55t GRRSLEHTY dnoartom et RGOHRASTSpD 8] Coppucting
other feature, the first conducting neans carries a

sagjaegnt uaathaqge@prfd caprdysingrmeans,: Aad SeudnFopdueting imgans for
nmeans carries a signal havin second polarity, the

t edndyiction cagjadeny tcnﬁhﬁéhiahrcphg@ct&\gsmaas. hairsigentheof the fourth
second polarity and the fourth conducti ng neans

ceondueting reéamsakexteads rhgyone: at ileast gred af ithey firstwbegomdn and third
the first and second polarities are opposite
pobrductingsmedhe arahducd idigctioralowvaods teheatte atdfifedniy the third
carries high speed differential signals. The high
Saﬁmctlﬁgmﬁ‘s have a frequency greater than or equal

to G gabit per second (Go/s). [0029] In other

feat Urﬁﬁna j he d idtsdr fealfr8Nthe tHiRstr Qorﬂﬂﬁtnﬁ?%éé‘hs carries a signal

conduc g neans are spaced at least a Tirst distance
r DG SRR et B s, (0 2L i paving =

C%QQ&M bglgn )}?%e third conducting means carries a signal having the second
polarity and the fourth conducting means carries a signal having the first polarity, -
wherein the first and second polarities are opposite polarities. The conducting
means of the lead frame carries high speed differential signals. The high speed
signals have a frequency greater than or equal to 1 Gigabit per second (Gb/s).

[0029] In other features, the first, second, third and fourth conducting
means are spaced at least a first distance from the integrated circuit die and the
lead frame further comprises fifth and sixth conducting means for conducting that
are spaced a second distance from the integrated circuit die, wherein the first
distance is greater than the second distance. The fifth and sixth conducting

means carry signals having a first speed and wherein the first, second, third and
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are spaced a second distance fromthe integrated
circuit die, wherein the first distance is greater
than the second di stance. The fifth and sixth
conducting neans carry signals having a first speed
and wherein the first, second, third and 10 fourth
conducti ng neans carry signals having a second speed

tf&‘i\‘th tdndlicthg rmééiﬁrban‘yhﬁgﬁélé ﬁbvnﬁg%eéécoﬁb pbeytidt |sAII;ngher than

conducting neans is génerally - shaped. [0030]

"RE GEdt t@bg&’d CrhS %Jnh%%‘&ﬁ%#ﬁféﬁh% fse%?r%?alh/” Eﬁé‘é&ﬂ

| Cl I Ccul conpri si ng at east at at _
M in diiene ] ——

pmrﬁenas%%%& Sor 0 e P PRt 8 PR a0 e aifronca
%g%t\lg ? ,éée@c‘f %tg}efdgg;r\pplrlgggsﬁé|lgasqgg{f [eéagbbﬁ?@? fgSrt' bondwures

bondwi res and the pads. [0031] In other features

feannect thedeads te the pads. ghaset Rhpelagtias of Pglﬁcewlamlwamed by
a second lead is adjacent to the first |ead and

cther ateleaat faugriaads s/ diffgrent bapomsepof doiarijies oft adjaeent signals
| ead is adjacent to the second |ead and carries a

scayriad by tizey bopdwires aretthedansl arity and a fourth | ead

is adjacent to the third lead and carries a signa

havi ng[o0B¢] f i s btheol featurys, & first $dadpeaarrieara isignal having a first
signal having the first polarity, a second pad is

agblaeignNt dezohBbedd issddjaeuht ad the arst i andstgmiab ahsighalthaving a
a second polarity, a third pad is adjacent to the

ST B@ngng tRifd YdRSisadjadintito the¥édhd! lead fandséarries a signal
polarity and a fourth pad'is adjacent to the third pad

it AR R s
pgé@%'stcﬁ g%é\lal-l_ﬁ?wéf ?ﬁj%lﬁ 5 gtoli]aqltyﬁ.e%d Isf ﬁggpcée déé’ arH sl, having the
?lrs? polan ?%us?é]c%%d%r %asts eardja\tcréﬁp to t'he%gs% pad and1 carries a signal having
a second polarity, a third pad is adjacent to the second pad and carries a signal
having the first polarity and a fourth pad is adjacent to the third pad and carries a
signal having the second polarity, and wherein the first and second polarities are
opposite polarities. The leads of the lead frame carry high speed differential
signals. The high speed signals have a frequency greater than or equal to 1

Gigabit per second (Gb/s).
[0032] In other features, the four leads are spaced at least a first

distance from the integrated circuit die and the lead frame further comprises fifth

and sixth leads that are spaced a second distance from the integrated circuit die.
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G gabit per second (G&o/s). [0032] In other features,.
the four | eads are spaced at least a first distance
fromthe integrated circuit die and the |lead frane
further conprises fifth and sixth |leads that are
spaced a second distance fromthe integrated circuit
die. 11 The first distance is greater than the second

%étﬂ?ﬁccﬁstaﬁéé fsh%rfafﬁfér shatt thebsurbnd rdptancenPightarfdi §isth tomdiwires

sixth leads to th and sixth pads. The first,

?glﬁ]g ’ﬂgth?r{dﬁséﬁﬂﬁ??ﬁéjtﬁ Fifh AW h adBaviReafirkt, lsetond, third and

and si xth bondw res have a

RSO A B O e
SR Bl A Rl PR AR g e
:cf'%atatr\%eg)’r(thhﬁ%g ct;ﬁrg@;ilg%%% I%Q/ﬁﬁj@ {'l}sg gg’%b'aﬂi %‘fﬁ%ig Jhe four leads

hi gh speed serializer/deserializer. [003 n, ot he

feasy pignals havieg aeront segedthat @ow?@rlléaén ﬂ?efl"ﬁh% ted
circuit package. The network interface_ is Ethernet )
conpl i[8@33]at I8petber fepturase the tintgaratedscijauit (pagkage comprises a
second. Afifth pad is |ocated on the integrated

digle speediserializatidedeariaizerbondwi re conprises first and
second bondwi res that are stacked and connected

bet weqo0s4le flnrsthet temduresdatrieswoikristeriase comprisies the fintegrated
pad, respectively, of the integrated circuit die. The

f &ifctilt, pseR6G8d THehhatdiosn thtértauet is Etharhst compianthat speeds greater
conprise first and second stacked bondwi res. [0035] A '
nghRof digébipb@rvsé’cbdm. ap it paAas Rstatdd GHithe Rtelyrned circuit die.
conpri se providing an integrated circuit die

CORD st Bishcire! &ﬁ'ﬁ@rg%uflrst RAESsdcBAl RIndWRBS ithaNgre Stacked and
transmt and recel Ve differential signals; connecting

t E:]c(;}nr&-:‘rc"f‘é]dS Br.ét(/ve%ﬂc{hé %?ﬁilggd and the first pad and the fifth pad, respectively,

of the integrated circuit die. The first, second, third and fourth bondwires each
comprise first and second stacked bondwires.

[0035] A method for providing an integrated circuit package comprises
providing an integrated circuit die comprising at least four. pads that at least one
of transmit and receive différential signals; connecting the transmit and receive
differential signals to the integrated circuit die using a lead frame comprising at
least four leads; and connecting the leads to the pads using at least four
bondwires, wherein a set of polarities of adjacent signals carried by the at least
four leads is different than a set of polarities of adjacent signals carried by the

bondwires and the pads.
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differential signals to the integrated circuit die
using a lead frane conprising at |east four | eads;
and connecting the leads to the pads using at |east
four bondwires, wherein a set of polarities of

adj acent signals carried by the at | east four |eads
is different than a set of polarities of adjacent

si gnaligogey I i Iﬁdo’ﬁ’ﬁértf@ﬁturé@@'ﬁré@ﬁaaéndaﬁnbﬁ Pafignal Waving a first
[0036] In ‘other features, first lead carries a

sh&lg Q%\é'cav??]?e d &S dé‘ﬁ't fH tl'{de)’f' irsPlex@CaIca®as 4 Signal having a

adj aceht to I rst carries a signal having

< e%co%ﬁgcﬁbg%@9 |2 éﬁﬁé’ lead 15 err é&eh??cfjtﬂﬁ:séwﬁgiclt‘éﬁb 4 &d?ges a signal

k@?vdn%:s%e ot S L A RSO Ay ot o

a n havyi first . .
SeREPF &, SeRaC R R i S BORPAC EntTot A garids & signal having the
and carries a signal havjn a second polarity, a |, .
t st gOgALY; iasse&apa@@ﬁﬂs @@ap%rét todbe et pad d anckcartips Asignal having
signal having the first polarity and a fourth pad is
adjsecend polarithe thirrneddaddiasent i theeteqendgiaghand raivies @ signal
the second polarity. The first and second polarities
ahaviog s fitsé polasihaand adeurtiTpad iscadjacertt to tee thirddadr andecarries a
carry high speed differential signals. The high speed
sisigmal haviay ¢ha skrend polayitygr €he dirstt drath secoret palarities &re opposite
G gabit per second (Gb/s). (0037] In other features,

t lpelanties.od heasads ofkabe sgmniiragetdaeryfligh spead giffesdntiabaighals. The
a fi rst distance fromthe integrated circuit die; and

th Feéd fsighaf haté Xd freqL&@sls greaaec eidth @i HqRAr & fr Gigabit per
ein

egrated circuit die, vvherel n the first distance
| $e866RISH/s }han the second di stance. The net hod
conprises providing fifth and sixth |eads; providing

fifth Mﬁ' XUR RedreQflrdd18nd %&%@ES%p‘ﬁ'séQ Yhhciflh &he four leads

connec

at least a first distance from the integrated circuit die; and spacing fifth and sixth
leads a second distance from the integrated circuit die, wherein the first distance
is greater than the second distance. The method comprises providing fifth and
sixth leads; providing fifth and sixth pads on the integrated circuit die; connecting
the fifth and sixth leads to the fifth and sixth pads using fifth and sixth bondwires.
The first, second, third and fourth bondwires have a first length and the fifth and
sixth bondwires have a second length and wherein the second length is shorter
than the first length. The fifth and sixth leads carry signals having a first speed.
The four leads carry signals having a second speed that is higher than the first

speed. The method comprises providing a fifth pad on the integrated circuit die.
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the fifth and sixth leads to the fifth and sixth pads
using fifth and sixth bondwres. The first, second,

third and fourth bondwires have a first length and the
fifth and sixth bondw res have a second | ength and
wherein the second length is shorter than the first

l ength. The fifth and sixth |eads carry signals having

aHel first bapewtlte comgiskeUirstl &adisecarid posdwires thahave stpcked and
second speed that is higher than the first speed. The
nhheste8 VEANESE ShePfirdY ieddnthdathkiflrétpdPandthel fifh pad, respectively,
integrated circuit die. 13 The first bondwre

Cd?mlﬂé' RESyrhtddS ki &mdd%ecomé hated rc%?néﬁfi%@é iy ?Fs@cé"rﬁﬂ second

an connect ed etvveen the first lead and the ftirst

? A5 gqclrgﬁl lfe'sff&1 Qﬁ\dof tﬁ%ﬂ&? Cé%cﬁ)ﬁéythlrd %Edtf&ﬁ'th bondwnres

Cl rcul I SeS UusSl

F 1ot 180580 AR el 315 fFﬁ%%%@%&&%@?gg hﬂ%é@?giﬁ'mwt die
Peat Propevdigd L PEfio] 8U1P&'WFF‘§I & gt qug#%taﬁ%mgs mgzns for

at | east four connectin ans provi

CRIRMBING Gh ConPPEln tﬁ'ﬂ'ﬁ‘?g%\t thap At ?%%é ﬁ? it angl receive
receive differential signals, a lead frame conprising
adifferentiel signalsc araad fiame rempysingrat lpasidaut copgucting ragans for
| east four wire neans for connecting the leads to the
peatsiucting.eard @t deast fowfwipp madnsi fes cofinedlingdbeatleadsgiathe pads,
carried by the at least four conducting neans is

diwhérirerd schaof polasfiesofof parljagent | signal$ cafjied coyt the grhalesst four
carried by the wire neans and the connecting neans.

[ 6&dRictihg médrey isfditiérentthanaa bet of polaritidseoff adjacent signals carried
conducting neans carries a signal having a first

PBY e Wite medRCaAthefcohhgctinghegmgiduct i ng neans is
adj acent to the first of the four conducting means

o R0,y SIS Meesommtoup bl hery caries
SERRAANNing ReridsPHblarity, a second of the four conducting means is adjacent
to the first of the four conducting means and carries a signal having a second
polarity, a third of the four conducting means is adjacent to the second of the four
conducting means and carries a signal having the second polarity and a fourth of
the four conducting means is adjacent to the third of the four conducting means
and carries a signal having the first polarity. A first of the four connecting means
carries a signal having the first polarity, a second of the four connecting means is
adjacent to the first of the four connecting means and carries a signal having a

second polarity, a third of the four connecting means is adjacent to the second of

the four connecting means and carries a signal having the first polarity and a
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conducting neans and carries a signal having the
second polarity and a fourth of the four conducting
neans i s adjacent to the third of the four conducting
means and carries a signal having the first polarity.
A first of the four connecting neans carries a signal
having the first polarity, a second of the four
GoUHESt ﬂh@qoﬁreéfh?\ebﬁnag MhAS Ahdjheerths the third dtfthéd Psurfc@rhecting
connecting neans and carries a signal having a second
PALAHS A cé‘rriEE 'arQ%r‘Pﬁl hgbﬁ\fgftﬂgrse%?ﬁ‘@?ﬁfa'ri afBaltverki the first and
adj acent to the second of the tour corinecting nmeans

rries. .9 vinhg.the fHrs ALl d
W8 e, £e90HosHE Udighdie ThbSlofilbd edillof the lead

ur connecti ng neans 1s j atent
t.he third qf the foyr. connectin ns, and Lries.a .
Jrame.comesinigh sheed dEBrNALFGPARy Tha WohsErer difgrenial signals
first and second polarities are gpposite polarities.
TiRYe Rofiageancy grasigh hanronenuaf 0,4 Gigaby erc%a%PPEéGHSSh The four
speed differential signals. The high speed i o
dondueting means jagy spacechal/least 2 fiesy sistenceyfremy tbp integrated circuit
equal to 1 G gabit per second (Gd/s). The four

abe dnek theglead frameafertharacaraprigesl @thsand sixth sionduetinghoeans for
fromthe integrated circuit die and the |ead frane
feomdbeting: dinair areespddefit & smednd i distancs dvdoe tthen gntegeated faincuit die
conducting that are spaced a second di stance fromthe

i meags, avteteini the firdt dibtancene gnsatemthandhe s¢dond distahce.

di stance is greater than the second di stance. [0040]

| n ot lfen4dpat kr &ther fddttiresafith Sinytdixtiwire FRIMS cuMMBER! Fith and
fifth and sixth conducting neans to fifth and sixth

CQRRESSduBting Mbans kB Eifthl 4rkd sixBEESMbcting Mhéshs2ntthé Gidtt Becond,
wire means have a first length and the fifth and sixth

‘é‘ftl;ﬁrﬁ dHaBarth %’é%?aﬁ@ HQY@ a lf#ﬂ%ﬁhﬁg gﬁ?i tﬁts E‘lﬂﬂ dnliedigh hh/vi FSmeans

orter than the first [engt _ and sixt
THAY S RO T T e RN B R ReE ] e frRFRAGn. The
Sﬁﬁhog%dsg%%dcénh&tcti%g? nt\]tiagt\%eaai'tr{l] asrl]gntarl]se having a first speed. The four
conducting means carry signals having a second speed that is higher than the
first speed.
[0041] In other features, the integrated circuit package includes a high
speed serializer/deserializer means for serializing and deserializing signals.
[0042] In other features, a network interface comprising the integrated
circuit package. The network interface is Ethernet compliant at speeds greater
than 1 Gigabit per second.

[0043] In other features, fifth connecting means provides a connection

surface on the integrated circuit die. The first wire means comprises first and
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first speed. [0041] In other features, the integrated
circuit package includes a high speed
serializer/deserializer nmeans for serializing and
deserializing signals. [0042] In other features, a
network interface conprising the integrated circuit
package. The network interface is Ethernet conpliant

agedupeesiSciidertre 'mediRthat drk GARdKedP&id S68Mdtled bBAKHN the first
In other features, fifth connecting nmeans provides a

COAREthG ety gt fitdiecdiHeRErgtRbatd randi thediifth ddiecting
first wre neans conprises first and 15 second stacked

Weg{,g}%%gﬁ el gf %éhwﬁgdfﬂgugw%ﬁg. big{a G EN skBEnd, third

qucthg means A irst connecti ng neans

a fifth i . , '

"R ool eBhF 256h SBheuRE Pt ot BBPEH SRl ricis

and foprth wre ang, each conprise first, and.second .
o ackelboud o ool RoBhdpatist: 1Y biehPodigibopackage s
the integrated circuit package is inplenmented in a ,
h#Pplemestedyinia/BardAigf griye, @ Jeftebyersatitiniss, a et tap P @ vehicle
box, a vehicle control system a cellular phone

afanse! sysiestiacaiiiay ehone apd/sr amnediamiayeat ed circuit

package conprises an integrated circuit die o
conpri {00481 N Awj integrated girsyit phcagercomprisas iantieiggrated circuit die
greater than three. Alead frane conprises a first
paompoiingeld dsljdceat pddsigwherei Nds aanidtegec gneatee ithratideaa A lead
second pairs of leads including third and fourth

| deemhse cohmpribes at firss @airnof, letls riacluding o €irsttand eectad lead and a
include first ends that are spaced fromthe integrated

Cigeethd pdire of dulsSReRIhgeite At fouheleads ACEHY filse, $dtend, third
integrated circuit die. The first and second pairs of

lt %Zﬂzfgggﬁ :Ijé/aé.\g.:ii\élﬁﬂé fiFdt @IndS IteAYadre -spABe&d frBh thel iR@&Qratkd circuit die
and second ends that are adjacent to the integrated circuit die. The first and
second pairs of leads carry differential signals. The third lead of the second pair
of leads has a first polarity and the fourth lead of the second pair of leads has a
second polarity. The third lead is located on one side of the fourth lead at the
first end and is located on an opposite side of the fourth lead at the_second-end.
N connections connect the second ends of the first and second pairs of leads to
the N adjacent pads.
[0046] In other features, the N connections comprise N bondwires.
The third lead crosses the fourth lead. The fourth lead is segmented and

comprises first and second segments and a bondwire connecting the first and

second segments over the third lead. The second end of the third lead is located
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of |leads has a first polarity and the fourth | ead of
the second pair of |eads has a second polarity. The
third lead is | ocated on one side of the fourth | ead
at the first end and is |ocated on an opposite side
of the fourth | ead at the second end. N connections
connect the second ends of the first and second pairs

Qfet\!'vééﬁ*%hé Qecérﬂieemisagf fHeesdcoPddsad [#PR4RE fburtPidHRY Th?] second

features, the N connections conprise N bondw res.

tdHd & !h%gguﬁﬁ SRER 1bB&el Yl deh 8 seddi J%réfﬁhEetﬁPd \ehd and

seghent e conprises first and second segnents and

SRR b T B S 50 O PSP Pl
AT BTSSR L MR St 75 st

fourth |l ead is_| ocated betwe tﬂ cond ends o

t 6R-Hiearayth Hiedfirst ﬁ%g@éﬁfoﬁfdthﬁe’gbl” %@f?ﬂ‘i’ e sReRD Sec'“on is co-
conprises a first section,_ a second section and a

ninedr svithlbe sesons segmenhedhe firstaand segongdrmaise deads of the lead
sections. The first section is co-linear with the

fframe casghbigh wpeedrdiffereptialsigeals. ame high speedrdifferential signals
section is co- linear with the second segnent. The

f hawd a fredusmecyogréateaitnan of edushits 1 Bigathibpéresedond (Ghiks).

carry high speed differential signals. The hi gh speed

di ff erournl & other feath@eptie $ccondesrels @frtraffiest dandagecond pairs
equal to | Ggabit per second (Go/s). [0047] In other

f BPlcHbS Gre EPsccresq8sbt NflSt GiktanBe filoni He iRRRYra66 @R6uit die and the
pairs of |leads are spaced at least a first distance

1 HrBel RIBGF RoRthrisks G adl esnﬁﬁdle%‘@ thatead EpadR a second
further conprises fifth and sixth | eads that are

S BRE&EeH R GRE ‘ﬂwte?r'a?é(ﬁ&g&mf GieMvhBRiA HLHSRER n%lerlg #'réater than
di e, |

erein the rst tance s greater t

]:c’ Iﬂfe%o gg%og{éiséxl %‘ﬁ e F#lﬁﬁ I%n@”s‘ixtﬁ' BEAWRRE R ESt Wgﬁgtsunh leads to

fifth and sixth pads. The N bondwires have a first length and the fifth and sixth
bondwires have a sec’ond'léngth that is shorter than the first length. The fifth and
sixth leads carry signals having a first speed. The first and second pairs of leads
carry signals having a second speed that is higher than the first speed.

[0048] In other features, a serializer/deserializer (SERDES) module
communicates with the N pads. A network interface comprises the integrated
circuit package. The network 'interface is Ethernet compliant and operates at
speeds greater than 1 Gigabit per second. At least one of the N bondwires

comprises first and second bondwires that are stacked and connected between
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fifth and sixth pads. The N bondw res have a first

l ength and the fifth and sixth bondw res have a
second length that is shorter than the first |ength.
The fifth and sixth |eads carry signals having a
first speed. The first and second pairs of |eads
carry signals having a second speed that is higher

gd;hr%rlglttﬁg élHt da%ser | a{?&j ga&é’{?@ékggg)nehd'}g fftﬁéwﬁﬁ ofach? integrated

communi ca
V}i‘,ulcl]ntd e N pads. A network interface conprises the
Integrate circuit package. The network interface is

Et her ia ng oper.at es eds er .
than ﬂﬁbf@ab.t Bhod Bt il 31 RleordRE Eifuf hEBieTe comerises:
bondw r es rises first, and second _bgndw res fhat
ARV tn;sck'eagla tdoAReeh B BIRAEIE ATUdeoher N 1§ 8 integer
and second pairs of | eads and one of the N pads of the

i greater shanithres:r providiog e2 Ipad4izma pemRdsingf a plirstipAin@f leads
an integrated circuit package conprises: providing N
adpladingt a fissl sandnsemond ieashand edsedondupair of leadsvireieding ithird and
an integer greater than three; providing a |l ead frane
cloophilsadsy whdremsthepfirst, seCohdaftierd andcfoudhrigads indlgie first ends
and second | ead and a second pair of |eads including

t thiat dreagphcelddfromh the mitstgatedivincalt did drd Bécarid, ersiscthatiare adjacent
third and fourth |l eads include first ends that are

seatrdintsgratddheirduit @81 asing taerfrst hndlisecand paRs Widesdsito carry
that are adjacent to the integrated circuit die;

Uéi’ﬁ@@ar‘r’tﬁﬁ sighbBIwREIHInS@RORAd Read of e SRR par Sfifera)ﬂs has a first
d fferential signals wherein the third I ead of the

SIQHE( F éhé’? L& %%dh@f 8 ddcohl fpﬁ‘?rgbfafe' E¥ 1R, ts@‘éond polarity;

urt SECOﬂ palr ads has a seco

PR s, M, 6 AP S g o o
? ﬁgtcgsg@gﬁg eo tfwg %jurﬁ'lt Ieta eatstﬁgosnedcoﬁcri] dendaggdcc%ﬂpmggttmg the second
ends of the first and second pairs of leads to the N adjacent pads.

[0050] In other features, the method comprises connecting the second
ends of the first and second pairs of ieads using N bondwires. The third lead
crosses the fourth lead. The fourth lead is segmented and comprises first and
second segments and a bondwire connecting the first and second segments over
the third lead. The second end of the third lead is located between the second
ends of the second lead and the fourth lead. |

[0051] In other features, the second end of the fourth lead is located

between the second ends of the third lead and the second lead. The third lead

comprises a first section, a second section and a middle section that connects
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ends of the first and second pairs of leads to the N

adj acent pads. [0050] In other features, the method

conpri ses connecting the second ends of the first and
second pairs of |eads using N bondwires. The third

| ead crosses the fourth |ead. The fourth lead is
segnmented and conprises first and second segnents and

ahd dired wind esecondiesttions. tTre first séctimnds sodinadr witly tiwnfist segment
over the third | ead. The second end of the thirdlead

icF the¢airgdicaatamethet iona elttlon &NES-livdart with SRCSsEbndedment.
and the fourth lead. [0051] In other features, the

SE{EONHEt 8 s&dorid VaifsOatr lééldsl Seflel18ad ﬂﬁﬁb%rwbﬁéw\ﬁﬁé’ed Hfﬁ’erentlal

second ends of the third | ead and the second | ead.

ts{e% taﬁs' Sq hi hgﬂrg'wg&%ealﬁéré‘rﬁléfsblgﬁs&tI‘\% a&freﬁ%‘%QEfﬁéeater than or

I'on and e section at connects
0 ' The first section is

F?a.g?; iaetﬁ%qﬁ%‘é&#g@&fégnent of the fourth | ead
and t ctlo ar, wth.the secon
segmeﬂﬁ‘igﬁ he 8 fa%ar%seéﬁﬁdﬂﬁ oAl CpPTSER(SPRA e second

rrecarr eed iff |aI ls. The

9{)3&1 figst 13 r%‘ﬁ C? EV%ﬁ’g '%a‘ﬁ%@é east @eﬁwgr;@vance ?rom the
reater t han_or gual to 1 Ggabit per second (&o/s)
lotmqteﬁ rFigtik slie pagtthe dead frﬁm%trﬁ’@a CEBRHFFS 88N @d‘@é'ﬁ@ leads
the second ends of the first and second pairs of _
| hati@reyspacets 8 second glistanee divoe the intearated cirauiigdiat wherein the
circuit die and the lead frame further conprises fifth
afirgt distanioe lisgréatertthan ther secopdatistascesecond di st ance

fromthe integrated circuit die, wherein the first

di st arfo@58F giresther fddtares} the method dodipsisas providifd ith and sixth
In other features, the nethod conprises providing

f ikt anddpraviding fitteada A n@d@\/drdthéglnf gﬁ"étbd&m@uﬁidié;fhnd using
pads on the integrated circuit die; usi ng
fifth and sixth bondwires to connect the fifth and snx‘th leads to the fifth and sixth
pads, wherein the N bondwires have a first length and the fifth and sixth
bondwires have a second length that is shorter than the first length.

[0054] In other features, the method comprises using the fifth and sixth
leads to carry signals having a first speed; and using the first and second pairs of
leads to carry signals having a second speed that is higher than the first speed.
The integrated circuit die includes a serializer/deserializer (SERDES) module that
communicates with the N pads. The integrated circuit die implements a network

interface that is Ethernet compliant and operates at speeds greater than 1

Gigabit per second.

19



fifth and sixth bondwires to connect the fifth and
sixth leads to the fifth and sixth pads, wherein the
N bondwi res have a first length and the fifth and
sixth bondw res have a second length that is shorter
than the first length. [0054] In other features, the
nmet hod conprises using the fifth and sixth leads to

carr y[D‘US%Ta' $n Bk Réhtérels! éﬁl@aétﬂ?rf’ed@f B8N Hér'\cﬂlﬂrésrk‘?ompnses first

first second pairs of Teads to carry signals

Eﬂ&'%goﬁq_%gﬁgﬂﬁe raeﬁ%&&@écléeﬁ ﬂéﬁg&ﬁ{ Fé%gbétwaeeﬁ'c(n%t of the first

Clrcult

SRR A S T TPy s oo
O e et %&z;estqahﬁzqgramﬁ

G gabit per second. 19 [0055] 1 n other features,

Icomprisinge Nopdiasenipadaawhness N denan drigges .ggqateramn thres. A
second bondw res that are stacked and connect ed

subgtsate comeprisestah first ipeistof teagas nalusing fiest medgecppd draces and a
and one of the N pads of the integrated circuit die.

[@@b6d pair ofrtrazpsainelddirigr thirdtarnshtdusthetragespr The dirsinsecond, third
integrated circuit die conprising N adjacent pads,

vdret foulth itracas inohidegfinst gnésthat atehspadedrfemn the intedratadatiecuit die
conprises a first pair of traces including first and

sgpBeedndaesds &l sre sdiecen tpdhe istegtated ercuihdleudiThg first and
third and fourth traces. The first, second, third and

f QitohB PairdCEStrads sstey HIffe?ént@ﬂ@anbl%at TRE @hPaeed dfrthd)second
the integrated circuit die and second ends that are

aﬂé@ﬁ?ﬁécés%ég‘? fi '&g@g&ﬂ? &Hd thé & ofTﬂF@ éce'cbﬁ& p%ﬁ’%f traces

second pairs o carry di erentla signal s

{4 SLESGEE her 8%acBH focQed drPSRSsi Q%f?né fo ?ﬂ'\ trace at
+ar| y an%&fw fouf‘f’ﬁ SF ﬁ P

trace o e secon

| {5’ &4 ratde%qﬁggﬁéssﬁfégﬂedo ltaﬁ P#%SI TE'EF : g é@g chJrﬁ\Cﬁaée at the second

end. N connections independently connect the second ends to N pads.

[0057] In other features, the N connections comprise N bondwires that
connect the second ends to the N pads. The third trace crosses the fourth trace.
The fourth trace is segmented. The fourth trace comprises first and second
segments, a first via that passes through the substrate and communicates with
the first segment, a second via that passes through the substrate and
communicates with the second segment, and a trace on an opposite side of the
substrate that communicates with the first and second vias. The second end of
the third trace is located between the second ends of the fourth trace and the

second trace.
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the first end and is | ocated on an opposite side of
the fourth trace at the second end. N connections

i ndependent|y connect the second ends to N pads.

[0057] In other features, the N connections conprise N
bondwi res that connect the second ends to the N pads.
The third trace crosses the fourth trace. The fourth

trace bﬁs%egqﬁrgtﬁé’r fe-é_ﬁﬁ'e% AHb tdbcbh@ERdCERE 186 traksts located

and s segnents, a first via that passes through

%%%?ggié c?g@%d\%%%&@&@a}g&%%%@gﬁ# F}rﬁ&e. The third trace
a%"%"steﬁa%ﬁrsgﬁegﬁom"ép%ﬁ@ bR 4n8 e BREQRLrORHER Section that
St st Al ks cBRe spofnse o he P Seion 8 sodBear with the fist

second ends of the fourth trace a second tr
29PgTORMAN the fegend peeyqly i8£0- n%ér%tsaﬂa SeRANGegRRnt. The first
fourth trace is |located between the second ends of )

t ard sacont pairscef tacest ofdhe subsliatereacy. highspeed differentia signals.
conprises a first section, a second section and a

nil biel lhéghc s peexbdiffe resdiat mgnalsHmve a fmauency gieatdrithan oaequal to 1
second sections. The first section is co-linear with

t Bégdbitr pér secegde(@b/sind Thaesesend rahds eaft therfirsts and -secorehpairs of
with the second segnent. The first and second pairs

ofratsnarsspdcedhat Isadist fiat distaarceyfrdrh ghe fflegmited circuit die and the
differential signals. The high speed differenti al

S kOhsttte NRARe@ chbrpHYES Gthgaed tsitth t ddesOtha@ darel spaeell a second
G gabit per second (Go/s). The second ends of the

f u;s‘iénc%nﬁomﬁe rmegméds cifduit dié 2%RSref theSac 8dtaike! @@ﬁéater than

I rst distance om the |ntegrated circuit die and

Ui séé@ﬁfa@@faﬂcé urﬁlﬁ\?gnﬁ IR 'b%ﬁaw irbd £Bnrdd ﬁﬁh)ﬁr{a sixth traces to

traces ar € spaced a secon distance fr

g :?igtﬁt ¢ s::a %tgﬁr')ar l.“ +hed Nebon‘mﬁrreg' \}ehae ﬁrét Iecﬁgth 'HaRs %ﬁh Sand sixth

bondwires have a second length that is shorter than the first length.

[0059] In other features, the fifth and sixth traces carry signals having a
first speed and wherein the first and second pairs of traces carry signals having a
second speed that is higher than the first speed. A serializer/deserializer
(SERDES) module communicates with the N pads. A network interface
comprising the integrated circuit package. The netWork interface is Ethemet
compliant and operates at speeds greater than 1 Gigabit per second. At least
one of the N bondwires comprises first and second bondwires that are stacked
and connected between at least one of the first, second, third and fourth traces

and at least one of the N pads of the integrated circuit die.
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t he second di stance. Fifth and sixth bondw res connect
fifth and sixth traces to fifth and sixth pads. The N
bondwi res have a first length and the fifth and sixth
bondw res have a second length that is shorter than
the first Iength. 100659] In other features, the fifth
and sixth traces carry signals having a first speed

and mgo@m]n tincothér rebtures 186 SOPStraRaIiRduds 4 fide Séndiﬁ!’uw plane.
signal's having a second speed that is hi gher than t

fT%?o&ﬂ??&cef%éaﬁﬁﬁéﬂs! fifst /%%S%Ebﬁgsﬁ%ke ?Fr@'n@g% first via that

'e commun

LR B0 eén%%g %game B B¥rricts
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SR i e S g&&%&éf@ngdamper

fourth traces and at |east one of the N pads of th

i igt gPianaE withcand wolated1fremodbe first oEgnauctivant aluaag and that
the substrate includes a first conductive pl ane. The

f eRnynicatesewitlo the ﬂr§tegnd seeandyigs.s dberiigsticoadective plane includes
segnents, a first via that passes through the

sahs bf aigeourd plapefa sighalqiankiand apowtesipéanand

communi cates wth the first segnent, a second via

that ppOsdd t W metiodt dfeprevidbig a intégratduecifduit Yackage comprises:
conductive plane and conmuni cates with the second

SpepviRiihg Nadjdcenpeads vat an iintegrfibdirtuinvdid) viste N is an integer
isolated fromthe first conductive plane and that

CgrEgdsr GireInelet h grb@dihbr 8t suittrate Cbrisinds a iRk rﬁéu“%tf traces

conducti ve plane |ncludes one of a ground pl ane,

S {rffLdi Cpqzk A SnA L cAnd H4REs %h@rbese&d?\%ﬂélr 6% ff’?&é%oiﬂcl‘&ﬁmg third and

provi g an integrated circuit package conpr

Sﬁcg.?ﬂh%gc%s'.\ll\'lﬂ?és ﬁlgsﬁns.l ﬁ?@%‘é’tpﬂg ahd fbﬂ&ﬁ%@éseﬁ\cﬁ:de%‘ét ends that are

ere

spaced from the integrated circuit die and second ends that are adjacent to the
integrated circuit die. The first and second pairs of traces carry differential
signals. The third trace of the second pair of traces has a first polarity and the
fourth trace of the secgnd pair of traces has a second polarity. The third trace is
located on one side of the fourth trace at the first end and is located on an
opposite side of the fourth trace af the second end. The method comprises
independently connecting the second ends to N pads.

[0062] In other features, the method comprises using N bondwires to
connect the second ends to the N pads. The third trace crosses the fourth trace.

The fourth trace is segmented. The fourth trace comprises first and second
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greater than three; providing a substrate conprising a
first pair of traces including first and second
traces and a second pair of traces including third and
fourth traces. The first, second, third and fourth
traces include first ends that are spaced fromthe
integrated circuit die and second ends that are

%@gﬁféﬁﬂ{ 4 first DR thiah basea! ®ebugy el subBirate e chimmdnicatds with
seCond pairs of traces carry differential signals.

¥
e {ir@}) L%gwf%g,e éj‘;{se:cﬁgdsg‘u‘éo'ﬁqatp%b&sé%f thicgRS theR Ssibstrate and

firs an ourth trace of the second

[ f. | arii - \
R@rim st eq it BR5BoRE SHMERE '  frod o5 A bpesiteide of the
fi dis | t ite.sid f th
rolbplratiaf Sramtipnaeantf B8 78 - tihy sl Conpr i sex
i nd dent | ti t d ds . .to N ds, .
[ 00eoI0R8ATot Herothgstaatues. e SEErRoaLoh 415 (P RERs 4o fpoated
bondwi res to connect_ the second engs to the N gad? g
Thatwenn the seernd endssefdbefpwth fare and the secordkagg, 1 e secon
trace is segnented. The fourth trace conprises first

aentl ebtherfaurdiz traeg imiecated:batveen tha seqongiensissaidae third trace and

through the substrate and communicates with the first
sthgnemcond drasec dhe thirditrabatopassessa firat saglion, iresecond section and
substrate and communi cates with the second segnent,
aadniddlerarossover sectippptbal tanneictietheffirstrend sadostrsgictionsad he first
conmuni cates with the first and second vias. [0063] In

otd&ionfig abuihesr with ehesBrebsshmant anfd thbaetbnd dettiomcie codinear with
| ocated between the second ends of the fourth trace

afk $QRnResERtbrt! a¢e- firdt¥ind §6cuhd paiRtbfafaceBaoffthelsubstrate carry -
trace Is | oCated between the second ends of the third

thg‘ﬁes?%’d JiffreiBA08EnaIE ACThe THBht Spddd LFRFENFR "SGR AEShave a
a rst section, a sécond section and a mddle

C ' LS ' second

. Zr%ﬁﬁgli@f g%ﬁ%ﬁ'#f?&ﬁsépﬁu o R e5Gabif S sbkbrd (8BA).

[0064] In other features, the method comprises spacing the second
ends of the first and second pairs of traces at least a first distance from the
integrated circuit die; and providing fifth and sixth traces that are spaced a
second distance from the integrated circuit die, wherein the first distance is
greater than the second distance.

[0065] In other features, the method comprises providing fifth and sixth
traces; providing fifth and sixth pads on the integrated circuit die; using fifth and
sixth bondwires connecting the fifth and sixth traces to the fifth and sixth pads,

wherein the N bondwires have a first length and the fifth and sixth bondwires

have a second length that is shorter than the first length.
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section is co-linear wwth the first segnent and the

second section is co-linear wwth the second segnent.

The first and second pairs of traces of the substrate
carry high speed differential signals. The high speed
differential signals have a frequency greater than or
equal to I'Ggabit per second (Go/s). [0064] In other

f eat urggse]t Nen BRAHFEatRER theRitITRACIMBrddicusimr trdifth and sixth
ends of the first and second pairs of traces at |east

Frdceb 36 cgl'r?_tsﬁ?]:a?sa é\ﬂﬂ? st speeRandaking tHelirkt Qn‘\d? seé!ﬂﬁl pairs

provi di ng xth traces that are space

AP N &55% i hbifia 4865 SeCd R & Hllfer than the i

erein I's greater secon

T S e

flftg 3 ﬂ? N xt h pads on the integrated circuit die;

diyes? f1§ NS si xt h bondwi res connectlngtheflfth

and sixth_traces to the fifth and si ads, ,vvh?rein,

t he NIBBGHW r8s qibsre faaturess:t heer{ﬂﬁﬁ' n&OF\QQS?ﬁfWP%"HE"t'"g a
si xth bondwi res have a second length that_is shorter

t hefworkh inteifaca onethgt intearatedodiewpit me Behds Gteemet eempliant and
the nmethod conprises using the fifth and sixth traces

t operatesyatsspresissgieatarrian ¥ Gigabitspefesecandd At langt one of the N
first and second pairs of traces to carry signals
hbendvires cempniskssirsteand sedond dondyfres thataane stacked mpd connected
speed. The nmethod conprises connecting a

S Betwdlenzzt é skt Dedadfi the firdt SeRloBE Shhirdnardifoarth dracks aNd at least one
pads. [0067] In other features, the method conprises

| gPligarENt d;baﬂi% of tﬂ@tlmérglﬁatbﬂt@fd‘uﬁccleon THee subdtege dheélddes a first
circuit die that is Ethernet conpliant and operates

g%gﬁ%lfc??ﬁ éﬁ%\lﬁ@éﬁé WHRASIN thEIfSER traB8coffpfiessl firshankestbnd trace
segments, a first via that passes through the substrate to the first conductive
plane and communicates with the first segment, a second via that passes
through the substrate to the first conductive plane and communicates with the
second segment, and jumper that is coplanar with and isolated from the first
conductive plane and that communicates with the first and second vias. The first
conductive plane includes one of a ground plane, a signal plane and a power
plane.
[0068] An integrated circuit package comprises an integrated circuit die
comprising N pads, where N is an integer greater than one. A lead frame

comprises N adjacent leads. N connections individually connect the N leads to

the N pads, respectively. A first material comprising an insulating layer and a
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bondwi res conprises first and second bondw res that
are stacked and connected between at |east one of the
first, second, third and fourth traces and at | east
one of the N pads of the integrated circuit die. The
substrate includes a first conductive plane and
wherein the fourth trace conprises first and second

tdopgectiveed tvﬂwerélnfﬂwésihsmaﬁh% efer @@%@ﬁésﬂ/ély hgihgbleon the N
substrate "the first conductive plane and

qgmtﬁgq&% fp%],{.,g the first segnent, a second via that

passes throu the substrate to the first conductive

fLﬁBEJWJ? °{TET‘§%%F|ZGG%PW 5 1n® 2 GRS SR 18 Boravires.
R BT Pl A2l SRR Bgtnd hAdkaging

Belshal garies e duegrolet elna fe i Bardiad e i%%d frame and

conprlses an integrated circuit die ris fg

TS baprbvize The B6adnagrrig: st spcansainishand kursgeds. The
frame conprises N adjacent |eads. N connections

i firal @ndusgdopdcleadecand ke fpirkgaad foyrth leadsl gsadspaced at a first
respectively. Afirst material conprising an

i tistahae iand thageconthandi il leadsiace spacddagter secandrdistance that is
the insulating | ayer is adhesively arranged on the N

| diffdenbthdrhehd @est distamez. [TAB6REt And ciebend femaisusred the térd and
N connections conprise N bondwires. The first

nfdiuethi l8hd € oftheé S&l frapleucarty highobpsqhdifiérgrtial eigakisonThe high
A packaging material contacts the integrated circuit

ds;ﬁaed diffefdntiat suﬁ?él@ hatd a fﬁé?q@eh@ﬁ‘grefa"téﬂﬁaﬁ%ﬁ egﬁéﬁo N Glgablt per

bondwi res. The eads conprise first, secon third

E&Jnﬂuggﬁ? . o E I? anfe' futthef r&@gﬁ)ﬁ‘l&@ﬂ e f fli@f;%%daﬁ‘ﬂt {d'8paced a

are space
third distance from the fourth lead. The third distance is different than the first

and second distances. A sixth lead is spaced a fourth distance from the fifth
lead. The fourth distance is different than the first distance. The fifth and sixth
leads carry control signals.

[0070] In other features, a serializer/deserializer (SERDES) module
communicates with the first, second, third and fourth pads. The N pads include
first, second, third and fourth pads and wherein the first and second pads of the
integrated circuit die are associated with differential transmit signals of the
SERDES module and the third and fourth pads of the integrated circuit die are
associated with differential receive signals of the SERDES module. A network

interface comprises the integrated circuit package. The network interface is
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di stance and the second and third | eads are spaced at
a second distance that is different than the first

di stance. The first and second | eads and the third and
fourth leads of the lead frane carry hi gh speed
differential signals. The high speed differentia
signal s have a frequency greater than or equal to 1

Ceggn‘%?ﬂ;\%teéb‘?gpl%aﬁfﬁﬁa%é)%?éﬁ)at sﬁggg% g"gégaééf mg\}ﬁhf r'd%éé‘&f Per second.
di ‘E%%Fﬁ%lst%rgég lgh%s tﬁ l'[éé gd dlfigndd)i rd distance is

erent second ‘di stances. A

si xth S f our fromthe fifth

end, 02T oot RGT Ealnes. d Baadt Bdiceicd BRMAE the,deond and
dl St anec§e s[ggé@fplrr{r{aﬁrg?qqg;a Svin tﬁjféfg%%zecggté%aﬁ.on%elﬁrst material
serl alizer/deserializer (SERDES) nodule communicates
weempripes eondictivgtapend, third and fourth pads. The N

pads include first, second, third and fourth pads and

wher ei [0Q72% f iim Sthesrfeatyeasoibe phadjasent lsads icampgisatafirst pair of
circuit die are associated with differential transmt

s ilepusl oroprisitge firsERRDEScon (dadsand a Isecarid pairsaofdlebds icomprising
pads of the integrated circuit die are associated

withird dinfl ffeutintiéatds, mheesin ¢hsifgstalsecarid, tthied 3RBRIEGth leads include
nodul e. A network interface conprises the integrated

CiffrtWinds ARS8 @paddtEirO@Lthe irtedrate dirstt diss ard s&tdIRS @fds that are
conpliant and operates at speeds greater than |

G it B8 thed Rteldted Jﬂf@anfd.é StTHS ﬁﬁsﬂaﬁ@ sk8onE pairs laalnaads carry
the second di stance. [0071] In other features, a

refitidl SigHR l?\f/?\né Fﬂqletaﬁ%fstﬁégagorﬁiqgalr Bh‘e’é%_h%@%ﬂ;ﬁc polarity

cormum%”a tes reference potentia

fear{%rfhgl fouttqlﬁr@akf I a%{%ﬁ?h‘{fé‘a*%ﬂl@% hisog %%;:OMWPE;%@IE{. The third

ur es ads co Irs
f|ead is located on one side of the fourth lead at the first end and is located on an

opposite side of the fourth lead at the second end.

[0073] A method for providing an integrated circuit package comprises:
providing an integrated circuit die comprising N pads, where N is an integer
greater than one; providing a lead frame comprising N adjacent leads;
individually connecting the N leads to the N pads, respectively; and adhesively
arranging a first material comprising a conductive layer and an insulating layer on
the N leads of the lead frame.

[0074] In other features, the individually connecting comprises using N
bondwires. The first material comprises a plurality of spaced perforations. The

method comprises packaging the integrated circuit die, the first material, the lead
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| eads conprising first and second | eads and a second
pairs of |eads conprising third and fourth | eads,
wherein the first, second, third and fourth | eads
include first ends that are spaced fromthe
integrated circuit die and second ends that are

adj acent to the integrated circuit die. The first and

second pairs of |eads carr differential signals. The
frmedanc e Nibondwires ibAdaskrgingimatetials TheN4dads smerise first,
polarity and the fourth |lead of the second pair of

lseaend. third andfossthdeads.arity. The third lead is

| ocated on one side of the fourth lead at the first

end af@D7s | doathet featuses, thepmethod eomiprizggs spacingthe frst and
| ead at the second end. [0073] A method for providing
aecomd Gpdatard thier third tandafokiett deadspt a fiest: distpnosi atidngpaning the
integrated circuit die conprising N pads, where Nis

aRcbid SRS thiglr fsider at Rasecure dptandediiay i difednt rtham the first
conprising N adjacent |eads; individually connecting

;dgﬁaﬁbé.eﬂé rhetHoB cdth fHds, carBAME Righvedesd @iffdrential signals using

esively arranging a first material conprising a

v . :
%A8 gﬁg& %n\ﬂf%éﬁg g%a?cgdar?dﬂtﬂéﬂfﬁ%ag]dmuhﬁx@édsoar theNsad¥rame. The

|'eads o Trane. [0074] In other features, the
g HePEE e ERETSioHs, R FERubAN BronteP BRAYE Shual 1o 1
; . . ! .

Gloel B rbppd UBp/aly o1 R RPirR har EabREeg Mty ead and

2 d. the N bopdw ' ' '

ﬁg&éﬁ%‘ﬁgﬁﬁyneﬁpam@iﬁﬁ%ﬁeé@aitgﬁﬁfé"%%h% R e Ry toact
. 00751 | n, goth f , _th [ '

B g dante fifariat teBabh ors at oG HRETERP d and

fourth leads at a first distance; and spacing the )

second08#8] t hir ethee feaiurss. theseebiogl eREPHSASCPTONIGNG @ sixth lead;

different than the first
and spacing the sixth lead a fourth distance from the fifth lead, wherein the fourth

distance is different than the first distance. The method comprises carrying
contro! signals using the fifth and sixth leads. The method comprises coupling a
serializer/deserializer (SERDES) module to the first, second, third and fourth
pads.

[0077] In other features, the N pads include first, second, third and
fourth pads and the method comprises associating the first and second pads of
the integrated circuit die with differential transmit signals of the SERDES module;
and associating the third and fourth pads of the integrated circuit die with
differential receive signals of the SERDES module. The method comprises

implementing a network interface using the integrated circuit package. The
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di stance. The net hod conprises carrying high speed
differential signals using the first and second | eads

and the third and fourth | eads of the lead frane. The

hi gh speed differential signals have a frequency

greater than or equal to | Ggabit per second (Gbls).

The I ead franme further conprises a fifth | ead and
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athirddpagds japd rqomaselinda said difth lsad with 9) referenre rotertab The first
first, second, third and fourth pads. [00771 In other
f @atanebeomprtes\eqiaystiveapade first, second, third and
fourth pads and the nmethod conprises associating the
first [A0@A9kecbudheradseast oft Applicability af ethecipreseint idvention will
with differential transmt signals of the SERDES
nbelcdmee appadnbFomcthatdetdilet iestiiptioth @rodidéd hetdingfeas {tadhould be
the integrated circuit die with differential receive

sugders®oaf thahteSEeth b desshption ahdespBRificoskapmiTds, WISk indicating

i mpl ementing a network interface using the integrated

CiHeC WréfeRBaKaadodiéENt2 6f MRE WRENtidH, €afe2 Gtehded-t fBR flfthoses of
conpliant and further conprising operating the

n j : 2ol i b per
CBLgeEor U RPA R Rt ARAREA ARYRS stdLrnby AR D
is less than the second distance. The net hod

conprises locating a fifth | ead between the second and
BRIEF DESCRIPTION OF THE DRAWINGS

[0080] The present invention will become more fully understood from
the detailed description and the accompanying drawings, wherein:

[0081] FIG. 1 is a side cross sectional view of a first exemplary
package, an IC, bondwires, and leads of a lead frame according to the prior art;

[0082] FIG. 2 is a side cross sectional view of a second exemplary
package, an.|IC, bondwires, and leads of a lead frame according to the prior art;

[0083] FIG. 3 is a partial plan view of differential signal pairs connected
by leads of a lead frame and bondwires to pads of the IC according to the prior

art;
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third | eads and connecting said fifth lead with a
reference potential. The first material conprises
conductive tape. [0079] Further areas of applicability
of the present invention will beconme apparent from
the detail ed description provided hereinafter. It

shoul d be understood that the detail ed description

and sqs&e{ll C ARG Saritphén LW bt Al G4 Ethected
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t he acconpanying draw n wherein 008 FIG 1.is
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package, an |IC, bondwi res, and | eads of a | ead frame
aléy: lneds o a l@aﬂrféarpe iapd handwiresdogiadsrafdhe 4Cjagcardingiéo another
cross sectional view of a second exenplary package,
aimpl@nebtatiomiof the prasentlinveddionf a | ead frame accordi ng
to the prior art; [0083] FIG 3 is a partial plan
vi ew Of00@6Y f eFiEht BAl isiayrpdrtiplaiptan odaweaft aifferéntidl esigsal pairs
of a lead frame and bondwires to pads of the IC
acorretdtaty by deddeopailead drame 28d[ a&kEd borfdwiresi ® pads of the IC
partial plan view of differential signal pairs
capiReingdo ahythee Afislefentatiohad tie preseanidvestivan res to
pads of the |IC according to one inplenentation of the

presen#ougq enFien;eH 0988] pati  sdd Sviéw Paf tdlﬁéreﬁﬂlélnSI nal pairs
view of differential si gnal pairs connected by |eads

OEoﬁ‘né @@b 1S G 1INhE &hdt SaBasiPbSavike thads of the IC of

accor 0 anot her
FIG. 6A,

[0088] FIG. 7 illustrates packaging for an IC including a
serializer/deserializer module that receives signals on differential transmit and
receive pairs according to the present invention;

[0089] FIG. 8 illustrates a package for a network interface IC that
employs the high speed packaging according to the present invention; _

[0090] FIG. SA illustrates the present invention arranged in a hard disk
drive;

[0091] FIG. 9B illustrates the present invention arranged in a digital
versatile disc;

[0092] FIG. 9C illustrates the present invention arranged in a high

definition television;
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i npl enentation of the present invention; [0086] FIG
6A is a partial plan view of differential signal pairs
connected by | eads of a |lead frame and stacked

bondwi res to pads of the IC according to another

i npl enentation of the present invention; [0087] FIG
6B is a partial side view of differential signal pairs

bonawi (10831 5 EEacon flushateicig pspel MeRdiqrbaRERasd i arcontol

il lustrates packaging for an I Cincluding a

.

sBYSMi @ Vels®r i al i zer nodul e that recei ves signals

on differential transmt and receive pairs according

t o t hel0994kenf!G .nYk diustiatey thespesentdnventian agangedin a cellular
package for a network interface IC that enploys the
hpbonaspeed packagi ng according to the present

invention; [0090]FIG 9A illustrates the present

I nvent [0@954r r &1@.edF iillustrakes thedpeisenlr inventidnl &rraB@ed in a set top
illustrates the present invention arranged in a

dbgkt al [0091] versatile disc;, [0092] FIG 9C

illustrates the present invention arranged in a high

def i ni [dmgt el ewisl O illdskrdt@9 & prebént il ritlohUstdrfe8Sn a media
the present invention arranged in a control system of

ap}gg)g}-;cl e; [0094] FIG O9E illustrates the present
i nvention arranged in a cellular

[0097] FIG. 10A illustrates a package including a lead frame having
irregularly spaced leads;

[0098] | FIG. 10B illustrates a package including a lead frame having
irregularly spaced leads and a ground lead between high speed leads;

[0099] FIG. 11A illustrates a package including a.lead frame having
irregularly spaced leads and conductive tape with an insulating adhesive layer
that is connected to the leads;

[00100] FIG. 11B is a cross sectional side view of the conductive
tape of FIG. 11A;

[00101] FIG. 11C is a partial plan view of the conductive tape of FIG.

11A showing perforations;

[00102] FIGs. 12A-12D illustrates various ways of connecting the

leads;

[00103] FIG. 13A is a side view of packaging including a ball grid

array substrate;
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phone; [0095] FIG 9F illustrates the present
invention arranged in a set top box; [0096] FIG 9G
illustrates the present invention arranged in a nedia
pl ayer; [00971 FIG 10A illustrates a package
including a lead franme having irregularly spaced

| eads; [0098] FIG 10B illustrates a package i ncl uding

I hay i: ) , . .
ar oun P BT borhIGE 3R 1 AR T oS RRRE IR SRR Mifonjp and o
i Ilus.trat es ? §a kage including a. lead frame having
|braJ @é‘ﬂlaéﬁyfuﬁ 88d I eads and conducti ve tape with an

i nsul af | adhegjve er that is connected to the

| cads 100 8B100) HIA 13K B 1098 sebfutsl St o5 ook eteiiblary BGA
view of the conductive tape of FIG 11 A; [00101]
Maskagingc i s a partial plan view of the conductive

tape of FIG 11 A show ng perforations; (00102]FIGs. )
12A- 1090106]ust r Ei@s14Aus euplanayjew diusirating & B fureper for high
| eads; FIG 13A is a side view of packagi ng including
sspeatltrages thdt@od o8inanteditp thelintegeated ciBeui{di9104] FI G

13B is a side view of packaging including flip chip

and a[00107] FIG. 14B is a simplified cross sectional view illustrating a
BGA jumper;
[00108] FIG. 15A is a simplified cross sectional view illustrating an

alternate BGA jumper that employs a ground plane thereof;

[00109] FIG. 15B is a simplified cross sectional view illustrating an
alternate BGA jumper that employs a power plane thereof; and

[00110] FIG 15C is a plan view illustrating a power plane and the

BGA jumper of FIG. 15B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[00111] The following description of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses. For purposes of clarity, the same reference numbers will be
used in the drawings to identify similar elements.

[00112] The present invention reduces pair coupling of differential lines
operating at high speeds. Referring now to FIG. 4, differential signal pairs are

connected by leads of a lead frame and bondwires to pads of the IC according to
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ball grid array substrate; [00105] FIG 13Cis a cross

sectional view of one exenplary BGA packagi ng;

[00106] FIG 14A is a plan view illustrating a BGA

junper for high speed traces that are connected to

the integrated circuit die; [00107] FIG 14Bis a
nplified cross sectional vi ewillustrating a BGA

sl d

e&%ﬁrﬁ@eﬁ PN pfaersdit RSt e ireg"”@?fczmwaes one or

h d_pl t f
1S5 LB B MBS G5y PR IEh iy 20
EhEREBR, pain ! [OREL B4 PRc D <§qli§%t“l€hﬁmads 104). The lead
Il lustrating a power plane and the BGA junmper of FIG
114- 1PDESTAPE%@C1 Degiare it TiooeotearHH ORreS: EmElyaewmabn BEleT pcated
[00111] The foll ow ng description of the preferred
ediasenhtanthesipad < OdedAsl anddhegadin 04424\ isdocated adjcest torthe lead
no way intended to limt the invention, its

adt2R.at i on, or uses. For purposes of cI arity, the
same reference nunbers will be used in the draw ngs

to i dgpo1f3] sThe lead '&Jmah&;es[ﬁe%haﬂ haieg arr@.&wanty, the lead
i nvention reduces pair coupling of differential |ines

OfRL 8 cHftiedla Higaal FVaR0S seERIEPSIBAY, ﬂ@vveém& BA é’ames a signal
d|fferent|al signal palirs are connected by | eads of

ff éagao%adp&sn@waha&hbqeaadﬁoﬂéstéb%néscaa&g&éldﬁ%g a first
to 3

one I nplenentation of the present 1nvention.
| St F RSBedtVnF OBBibRE $08 BFtHY leads 104 near an IC 110 are generally
parallel to one another. An end 109 of at least one of the leads 104, such as
lead 104-2B, extends longer than others of the leads 104. The at least one of the
leads 104-2A also extends in a direction towards an adjacent lead, such as lead
104-2A. In some implementations, the at least one of the leads 104-2B extends
into a paraliel path 110 that is defined by the adjacent lead 104-2A as shown in
FIG. 4. In some implementations, at least one lead 104-2B has a generally “L"
shaped configuration.

[00114] Bondwires 114-1A, 114-1B, 114-2A and 114-2B connect the
leads 104-1A, 104-1B, 104-2A and 104-2B to pads 116-1A, 116-1B, 116-2B and
116-2A, respectively. Therefore, pads 116-1A, 116-1B, 116-2A and 116-2B are
now connected to the first polarity, the second polarity, the first polarity and the
second polarity, respectively. In other words, the orientation of the bondwires

114-2A and 114-2B is flipped relative to the orientation of the leads 114-2A and
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nore sets 102 of |l eads 104 including a first pair of
| eads 104- 1A and 104-2B and a second pair of | eads
104- 2A and 104-2B (collectively leads 104). The | ead
104-1A is located adjacent to the |lead 104-113, the
| ead 1D4-1B is |l ocated adjacent to the |ead 104-2A,
and the |lead 104-2A is | ocated adjacent to the | ead

A28, O T R AR AR, 4 covpig
e B BRRRIN B0 1 o M R oot

SR 30 AL R SR b8 B S Al oo o
110 | [ | el her.
O B B2l 0B, et e 2n end 109

104- 2B, extends |onger than others of the |eads 104, )
The at [Q04451 &eferongtnew to & 1 ouhileacayRipgeist @HYSed.ncoupling
a direction towards an adj acent |ead, such as |ead .
1@an@siation isspotecampitteraimaeathedeads ohibe dead same ase dypigally longer
the | eads 104-2B extends into a parallel path 110

t iedn tree beddwiesd. bYo trhproadjcanecealtatioaathelfabkagingsacsbading to some
in FIG 4. In sone inplenentations, at |east one |ead
1GhpREhdiaatichsgeh eieablaseht invesitiopesplons itdplr abeed.leads that are
[00114] Bondwires 114-1A, 114-1B, 114-2A and 114-2B

C @PBREE tHdnGeal £oatPyild fowich spé8d sigridls dubh- S5 b@n bt liitedHo control
to pads 116-1A, 116-1 B, 116-2B and 116-2A,

r %Wété%%kignﬁk@r?ﬁ@f&d feafle 1588ndNinclibie-oid orlhBre?dets of high

and 116- are now connected to the first polarity,

ge gﬁgq%%%afﬂ-?rajnﬁxm-b%of ok br RIBFAE:SYof o gé@é‘? Leeads 152. The

( ( y, respectively. In other wor _

OGS4 BaBh 1005 ADE0% 2 F5e s 205 e A rdbire spaced o

1]1éés?tAa acﬂgtaﬁge H from the IC 110 while the low speed leads are spaced a
distance L from the IC 110, where H>L. The low speed leads 152 extend longer
than the high speed leads 102-1 and 102-2. The shorter high speed leads 102-1
and 102-2 tend to improve coupling cancellation. The low speed leads 152 are
longer and require shorter bondwires, which tends to reduce the cost of the
bondwires.

[00116] Referring now to FIGs. 6A and 6B, differential signal pairs are
connected by leads of a lead frame and two or more stacked bondwires to pads
of the IC. A lead frame 200 comprises a set of leads 202 including a first pair of
leads 204-1A and 204-2B and a second pair of leads 204-2A and 204-2B

(collectively the leads 204). The lead 204-1A is located adjacent to the lead 204-
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104-213. As a result of the packagi ng arrangenent
shown in FIG 4, coupling between pairs for exanple
at 120 and 122 is reduced due to partial cancellation.
The lead frane may include one or nore sets of | eads
simlar to those shown as represented by dotted |ines
in FIG 4. [00115] Referring nowto FIG 5, while

1B pché ehd 204-¢8U§ %atéd)akﬂabbm to Qﬁé‘fe%'d' 204-2R, Arfd Mellead 204-2A
conpl ete since the | eads of the lead frane are

M%&ﬁd ¥d58é}&‘i thél'é@E colieondwi res. To inprove

cance atlon e packagi ng according to some

;EELS'W&@@ ?ﬂi& Rl 207 P 53  JARL A I gt re e
A et eiﬁdﬁés@pélh%@n“g"grﬁé‘é%%éoﬁﬁt&n@eﬁ‘gag AR Eiftigee sianal

one .or nore sets qf 102-1 0

ARV & 8PCANGy B°'§8Ws %v&%ﬁ% ?gaﬁfé"ﬁ%é S'Qﬂé E@M“@ﬁha first
speed | eads 102-1 and 102-2 have ends 156-1 and

t Prlartyy eesppalively. JEnd pediops &f Hhesleads 04inepban 1¢ 81D@rq suenera"y
while the |OMISPeed | eads are spaced a distance L

f paidllelhte e anothefhettelepsh onaipé the leadseded | sunisad Bzad 204-2B,
extend | onger than the high speed | eads 102-1 and

1egends Kinges thant ethers ghthepeads P84.ds he0at lgastaome diDthedeads 204
tend to inprove coupling cancellation. The | ow speed

| elsdsextiétsainea directien tewards earuadpcsehtoieadr sbcndesileas 202-A. In
whi ch tends to reduce the cost of the bondw res.

[ O6h&GnpRah@itatiors, tivavat Rakt 68e of e dhdeB040étbrdL Mt al paraliel
signal pairs are connected by |eads of a |lead frane

apstht that & dEfHeR BY &k adjabendiaal &4t 8s BREWN u@fFulshsAl Cadditional
A |l ead frame 200 conprises a set of |eads

i i ed 04-213
Sl ih Sheled iBhad fndioDlow s Ei\gﬁﬁﬁ*%%ﬂ%%

(colle a‘JJﬁLZ BoRByirB2 394 4K) and 93411984 2AQ%eh 21us1B2, 214241,
214-2A2 and 214-2B1 and 214-2B2 (collectively bondwires 214) connect leads
204-1A, 204-1B, 204-2A and 204-2B to pads 216-1A1 and 216-1A2, 216-1B1
and 216-1B2, 216-2A1 and 216-2A2 and 216-2B1 and 216-2B2, respectively.
Therefore, pads 216-1A1 and 216-1A2, 216-1B1 and 216-1B2, 216-2A1 and
216-2A2, and 216-2B1 and 216-2B2 (collectively pads 216) are now connected
to the first polarity, the second polarity, the first polarity and the second polarity,
respectively. Ends of the bondwires 214 may be attached to the leads 204 in a

spaced and/or overlapping relationship. Pads 216 may be connected together by

external and/or internal vias and/or traces 230.
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33 1 B, the lead 204-1 B is |located adjacent to the

| ead 204-2A, and the lead 204-2A is |ocated adjacent
to the lead 204-213. [00117] The |lead 204-1A carries a
signal having a first polarity, the lead 204-1 B
carries a signal having a second polarity, the |ead
204- 2A carries a signal having a second polarity, and

LQFa'r 4 BIRAEH SRk ggcf' T SRS I —

anIC20are ener.al | llel t her

Aol cghisTantendSiEitie G, Srmaen dackeso ﬁorﬁhgres 214 is
extends | onger, t han ot hers of the | eads 204. The a
| BgEaasgile Aondndre ggpRcianEe BEsYNExieRal: 1§ rF'%F'ef to ‘ead frame
di rect| on towards an adjacent |ead, such as |le
209Rakitanee pesnenit ﬂmgéhenfraﬁu stasked rb@néw"péa%ﬂ @l%) &eve lower
the | eads 204 extends into a_lparal lel path that is
dieduataaceper hendwiratioitdengiind There issalsh evmetilowdt tansexission line
Addi tional sets of high speed | eads and/or | ow speed
| pepkdanae di¢heipail of GyhaBpinBdetweer posilide Andinegative?pifisl There
A2, 214-1 B 1, 214-1 B2, 214-2A1' 214-2A2 and
2ik4al24 Ihproved Xotipli@ 2afceliatien dueebyimpervdd masched leharacteristics
connect |eads 204-1A, 204-113, 204-2A and 204-213 to
pafistadddrt BaHdvares t8the lodd fratdd- 1131  and 216- 1132,
216- 2A1 and 216-2A2 and 216-2131 and 216-2132,

respecfgoqeby - ReTé}ﬂhgfn@fAﬁto meds, aﬁntéfaté’@eur&ﬁ@dlé%o includes a
216-1B1 and 216- 113 216-2A1 and 216

236ridiba @é@la%%ﬁr @?lﬁEQ @hle"?d)‘b/t qéce?\;éi)ds gﬁﬁﬂs Bﬂvﬁlﬁerentlal

connect e Irst arl ty, e secon

ﬁg‘épéﬂgtf’%g S}e%éhfgy pgpg %1&'%{) \(/)m{b(rj etgglzﬁffs%t invention. ln some
hed h d 0 d d/
3@%&%&%@ Borigt averft pciemataL Pt B SHRRES.module 301
gg%& rggggeede thrggt%?ltha%ngr/e%ruallt t1e E;%?s vias andfor

[00121] Referring now to FIG. 8, a network interface IC 350 includes

differential pairs that employ the high speed packaging according to the present
invention. In some implementations, high speed differential pairs of the network
interface operate at speeds greater than or equal to 1 Gb/s. In some
implementations, high speed differential pairs of the network interface operate at
speeds greater than or equal to 10 Gb/s. In some implementations, the network
interface comprises a physical layer device (PHY). In other implementations, the
network interface comprises a medium access controller (MAC). In still other
implementations, the network interface is compliant with 1 Gb/s and 10 Gb/s

Ethernet protocols.
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34 [00119] Benefits of the stacked bondw res 214

i ncl ude increased bondw re capacitance. Bondw re
coupl i ng between stacked bondwires 214 is increased.
Bondwi re capacitance per unit length is closer to | ead
frame capacitance per unit |ength. The stacked

bondwi res 214 al so have | ower inductance per bondwi re

uni t I1ge93d) REREMh S WSO t8 NEIGS, O‘A@A-ééansx)@néﬁéonexemplary

l['ine mpei(}ance of “the pair of signal pins betwee

Hﬂﬁ:’l#dwé’r‘?taﬂ&qse At} r\é@erﬁulﬁ‘\?ﬁntlgheérg shbwn ﬁé\‘ﬁh[ﬁér Rcy\ﬁqo FIG. 9A,

COUp | ng cance tl on O | nMprove

ar a I f .st. t
St iiastonsh o8 RETHGMER W e 4B Tgpresent

rc l t d:qur%g n%q?g eﬁﬁe‘:\rt or%%tﬁssrgga' allﬁ%ggagﬁd%rl cZontrol circuits,
d| ferential trans recgei ai rs accordi ng
tW wbraégeqﬁnerailyéﬁ%ﬂ i ip ﬁ'ﬂ@o% ' eifbﬁ@raﬁnmﬁgemwtavpns the
speed differential pairs of the SERI DES nodul e 301
opignalt Rrogessifg and/og cenirelr CitcHi Q% ard{arpthes circdily ot shown) in
[00121] Referring nowto FIG 8, a network interface
| e3BO0 f@0utey pickss deta.i mrfqrm icodingaandiap lepgryplien, perform
hi gh speed packagi ng according to the present
| caleulatioms, alnd/cs dorenat idatzetiabisadutputstp dmdddr regeieed from a magnetic
differential pairs of the network interface operate

adtosqpeciedyned0&r than or equal to 1 Gb/s. In sone
i npl enent ations, high speed differential pairs of the

net wor j0012Bpr ﬁaémmmatrﬁaﬁeomﬁmm Wit atist dBAiBe Qhot shown)
equal to 10 Gb/s. In sone inplenentations, the network

| Bu&H far e CéﬁmédtéreSrr@b@)’@drﬁ;ﬁitnrﬂg%d@ﬁcé@%@dﬁ &@BHpbrsdnal digital
ot her inplenentations, the network interface

gtgﬁgéﬂaﬁ?ss IIU%?“ﬁh%hégcﬁl%ﬁ Bpmﬁﬁlpﬁéye{r%% tHenhl?é idd/ior other

I mpl enent’at | ons, e net wor

ngﬂké?'@a W’\é IZ‘)r Jmo%/ vsﬁre%ngr Jvﬂelggéscommumcatlon links 408. The HDD

400 may be connected to memory 409 such as random access memory (RAM),
low latency nonvolatile memory such as flash memory, read only memory (ROM)
and/or other suitable electronic data storage.

[00124] Referring now to FIG. 9B, the present invention can be
implemented in a digital versatile disc (DVD) drive 410. The present invention
may implement either or both signal processing and/or control circuits, which are
generally identified in FIG. 9B at 412, and/or mass data storage of the DVD drive
410. The signal processing and/or control circuit 412 and/or other circuits (not
shown) in the DVD 410 may process data, perform coding and/or encryption,

perform calculations, and/or format data that is read from and/or data written to
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Et hernet protocols. 35 (00122] Referring now to FlGs.
9A-9G various exenplary inplenentations of the

present invention are shown. Referring nowto FIG 9A

the present invention can be inplenmented in a hard

di sk drive 400. The present invention may inplenment

ei ther or both signal processing and/or control

c 1S, n i -
a%'l; %gg&asf lshoré@éhe Héldﬂ.[prﬁ 498N8habhe mﬂ)ifﬂ{énélf\ﬂgﬁg%éélrﬂhé: kfGnaPprocessing

ement at 1 ons,
CrRde EahlGreuR aia A ot BlbhgseydB BREWEF isthecov 410 can
C B RSO APy Gcheds S atips SETAHH Bagjor any other

and/ or received froma magnetic storage medi um 406.
[ 6ignaRrogersingIuDciets FaBPCERMYAD @aﬁ)\éD\ﬂ%t’ﬁ- a host

device (not shown) such as a conputer, nobile .
conput [08g28kviTbesDYBcdrives 48 reanfonngpicae with an output device
assi stants, cellular phones, nedia or MP3 players and )

t kreotlshibern) sunch @5 acohwuterdtalédsion or athendevice vis engvor awre wired
or wireless conmunication |inks 408. The HDD 400 may

ber edrelesstoathrhonioatioor linkd @A 7s Tiba BAD dadduay caromsisicate with mass
menory (RAM, |ow |latency nonvol atile nenory such as

f lqasd sfaraHs 418" 8rd ey dataDinya (fovblatiendiamnent HEle mass data
suitabl e el ectronic data storage. [00124] Referring

NQYsrhfe 418 madSinclude PHREE Hisk A¥est(HOD)CaTh®EHDD may have the
i mpl erented in a digital versatile disc (DVD) drive

43c%nﬁ§uh‘:%ti8ﬁ SRS i BUENGA.OThe YD I BEQThine HDIEtha®lincludes one
bot h Signal processing and/or control circuits, which

R e e T L

PIGEHO s Qonfieibd b ridehG) b1 o B/ RAMC RN, low latency
nonvolatile memory such as flash memory and/or other suitable electronic data
storage.

[00126] Referring now to FIG. 9C, the present invention can be
implemented in a high definition television (HDTV) 420. The present invention
may implement either or both signal processing and/or control circuits, which are
generally identified in FIG. 9E at 422, a WLAN interface and/or mass data
storage of the HDTV 420. The HDTV 420 receives HDTV input signals in either
a wired or wireless format and generates HDTV output signals for a display 426.
In some implementations, signal processing circuit and/or control circuit 422

and/or other circuits (not shown) of the HDTV 420 may process data, perform
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shown) in the DVD 410 may process data, perform coding
and/ or encryption, performcalculations, and/or
format data that is read fromand/or data witten to
36 an optical storage nmedi um 416. In sone

i npl enent ations, the signal processing and/or contro
circuit 412 and/or other circuits (not shown) in the

encor@lgn&/ep gyg{ya oREpdrRirm &4 !;\sg?t.éﬁén%m%sdaw%d@ perform any

ng an ecodi ng an any other —signa

A A S A it o 21 e,
o i BB e R e v 2

wi rel ess comuni cation |inks 417. The pPVD 410 may

c@ﬁﬁﬁ’i‘?reéa alaJp anoRySiatileymaanes SRS opiieal ﬁaélowzﬁg@@tlc storage
ata in a nonvol atile manner. The mass data stora

0% orsy AiBpehanenRE) mayNGwe he PanGPBion SHRWTINE RayPA and/or

have the configuration shown in FIG 9A. The HD D ma g

bat lgash one PVDI may naveithe Icoakguratien shewnrby EIG| 2Bt dhe HDD may

having a dianmeter that is smaller than approxi nately

1b&"a nilhieHDDVIhat lidcludgs lwmecon mexre glattars neving addigmeterhthat is

as RAM ROM |ow |latency nonvolatile nenory such as

f bmalternthan mppraoxithatelyot Ber Bhe HEAM4Z) avdyr o conrtkted to memory

storage. [00126] Referring now to FIG 9C, the present

| 128 BLED s FAM PROM MBaERAtE ohvolatill ingémesf suidht A9flash memory
tel evi sion (HDTV) 420. The present invention may

| ERY/BABHer QUItASIE QéctRitiddatadstatage! ORRs SIDTY 390/afo may support
control circuits, which are generally identified in

FE@me%ﬁoﬁ% wﬂﬁ% WRAN-OB &l W LﬁNf oA HicPfacE@D9, dat a
storage of the HDTV 420. The HDIV 420 receives HDTV

ot B SRS Tl e 8 e B B Bpements <
control system of a vehicle 430, a WLAN interface and/or mass data storage of
the vehicle control system. In some implementations, the present invention
implement a powertrain control system 432 that receives inputs from one or more
sensors such as temperature sensors, pressure sensors, rotational sensors,
airflow sensors and/or any other suitable sensors and/or that generates one or
more output control signals such as engine operating parameters, transmission
operating parameters, and/or other control signals.
[00129] The present invention may also be implemented in other control
systems 440 of the vehicle 430. The control system 440 may likewise receive
signals from input sensors 442 and/or output control signals to one or more

output devices 444. In some implementations, the control system 440 may be
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In sonme inplenentations, signal processing circuit
and/or control circuit 422 and/or other circuits (not
shown) of the HDTV 420 nay process data, perform 37
codi ng and/ or encryption, performcal cul ations, fornmat
data and/ or performany other type of HDTV processing
that nmay be required. [00127] The HDTV 420 may

g%’éﬂ%rf“a?\ahﬁtl %ékhbfﬁkﬁ% %&nsﬁm [0 ﬂ%@lgaﬁ&ﬁfsy&bﬁf &5 telematics

tain nonvol ati | € ner such as. oOptica
D v e R m AR o, éf'égéibaﬁ@%oéé’?@gﬁf"%ﬁeast
R B R, YU Rt BB B Bl p, compect
St o e B, ”%tn@otﬁe%%b# aﬁaas A SRe BRI od ¢ o
rrem)ry0 428 such as | ow | 2@?% nonvol at j
menor yI08#2% §hPIP8§'ﬁ“F?éfr‘rﬁPS}tf°|z§Ma‘}e8? y gqg\ilmgglpgte with mass

el ectronic data storage. The HDTV 420 al so may sup
ceaidestoragss 44t thak stared data in annaRVelatigorRNnett erTf'"e?c E‘ass data
429. [00128] Referring nowto FIG 9D, the present

i aloeage 4ABimpy dmludes optical andras megretimsiorage devires or example
430, a WLAN interface and/or mass data storage of the

v Bhidc | diskc atrives| HODs tand/or D\se Atpleaskmnet iRDI3, majehave the
present invention inplenent a powertrain control
syehfygurdiih tdmaiwnr deeflGesoAnpnd/sr fatoteasheorsy DWDemay have the
sensors such as tenperature sensors, pressure sSensors,

I @bAfiduPAEIN SEGWRIBFIG.TB.T ThaVHDED tdySbar B hial HBOYthat Mefudes one
sui tabl e sensors and/or that generates one or nore

Ok PBre pPatidrs IhafingRH RS thabisadealRe tRREBPHoRENately 1.8". The
par aneters, transm ssion oper at | ng paraneters, and/ or

nya WerthiR cof roﬁ%y%‘ﬂﬁ’h3133[HQ}%Q]COFHSCQBQ§%mb&VEﬂ k@h as RAM,
emented in other control

ROM, low latency nonvolatile memory such as flash memory andlor other

suitable electronic data storage. The powertrain control system 432 also may

support connections with a WLAN via a WLAN network interface 448. The
control system 440 may also include mass data storage, memory and/or a WLAN
interface (all not shown).

[00131] Referring now to FIG. 9E, the present invention can be
implemented in a cellular phone 450 that may include a cellular antenna 451.
The present invention may implement either or both signal processing and/or
control circuits, which are generally identified in FIG. 9E at 452, a WLAN
interface and/or mass data storage of the cellular phone 450. In some

implementations, the cellular phone 450 includes a microphone 456, an audio
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systens 440 of the vehicle 430. The control system 440

may | i kewi se receive signals frominput sensors 442

and/ or output control signals to one or nore output
devices 444. In sone inplenentations, the control

system 440 may be 38 part of an anti-|ock braking

system (ABS), a navigation system a telenmatics
sype SR siethas bhesgeakenaid/e s asdis i Ritputdadid RedigSIBR4BY $hd/or an
system an adaptive cruise control system a vehicle

SRbeY dNicHBEE SEMSEER k%lyFQd Asointisd Sé\ﬂ@e voldd &3tusRIFP&Sd/or other

disc and the Iike. Still other i npl enentations are
ek ot M et er Al L%l over
SHEIS 0 ekl o L A 5l D o coan

%%4/8€§r&jy%\g’%ocnitspefrf§g§ %n%tlpm Bﬁﬁﬁ§tdqfa§5 @% rgalrm other cellular

conf i ation shown in FIG 9A and/or at Ieast one
%’quﬁ‘ﬁ{ Hive the configuration shown in FIG 9B.

The HI be a ni H DD that includes gne or nore

i anelBBmﬁ $Be acalRrepiana {3 mays pART GBI Tass data
approximately 1.8". The powertrain control system 432
niiprage d6hribat steres daianin @ Danvelalie menmemvsuCtRam) optisal and/or
Iatenc%/ nonvol atil e nmenory such as flash nenoryandl or
ofmagnetic giarage devices forogxamplethard tdiskadeivesTHBD and/or DVDs. At
powertrain control system 432 also may support

clzastoné 63D wmayhhavethdonfiguratidh Ahbwatinet®. 9Ataatdfcree least one
448. The control system 440 may al so i ncl ude mass

dBNVD siay hge tHeeeerfigupnidhogshowlNFARIG | 9B erfrac IDRayBé a mini
shown). [00131] Referring nowto FIG 9E, the present

| DD thalNngladed 8nel dMherEEphaers na\ang?%I auah@terﬁheﬂ% 4w8ller than
that may include a cellular antenna
approximately 1.8". The cellular phone 450 may be connected to memory 466
such as RAM, ROM, low latency nonvolatie memory such as flash memory
and/or other suitable electronic data storage. The cellular phone 450 also may
support connections with a WLAN via a WLAN network interface 468.

[00133] Referring now to FIG. 9F, the present invention can be
implemented in a set top box 480. The present invention may implement either
or both signal processing and/or control circuits, which are generally identified in
FIG. OF at 484, a WLAN interface and/or mass data storage of the set top box
480. The set top box 480 receives signals from a source such as a broadband

source and outputs standard and/or high definition audio/video signals suitable

for a display 488 such as a television and/or monitor and/or other video and/or

40



The present invention may inplenent either or both
signal processing and/or control circuits, which are
generally identified in FIG 9E at 452, a WLAN
interface and/or nmass data storage of the cellular
phone 450. In sone inplenentations, the cellular
phone 450 includes a m crophone 456, -an audi o 39

A58 B8 SASSHECCA Bl By 36 s

Kk ; I FdA [ VAol ugd A nd/ or._ot her
BF e ot HRHEY o 3o 2t 160 Hehe P40 iy Btiser dfets. perform
cLL G . i its (not own),.in the
el PR enBRRLGh, 0", sELUERbS PBSRER RbtprRetom any
and/ or_.enc e} perform cal cul ati ons, format data
a&g?g?etggﬁ’é?h{%ﬂﬂ% cellular phone functions.

[ 0013 cel lul ar phone 450 may communi cate W th

mass ﬁbplg‘ﬁstg'?%é%t 9PN AR0 Mmay coEmunigaterwith mass data storage
nonvol atil e manner such as optical and/or nagnetic

ST Hipd strros datp or nepeigtile mamrerdi Bie tass atataBdrage 490 may
and/or DVDs. At |east one HDD may have the

chalutg eRticrb Andlepvnagnetic| toraga devidesr farteXamaple fame disk drives

DVD may have the configuration shown in FIG 9B. The

HBDDhayd/beDy Dsi rit lezfdDnetdDDi may bdes treneordiguritiod shown in FIG.
platters having a dianmeter that is smaller than

apprandiorest édast bn8"'DVDhmay ablaitiy cartfignratibh Ghan REFIG. 9B. The
connected to nmenory 466 such as RAM ROM |ow | atency

nEIDolyi Bea i HDD Uedt includésAbhe BRMRYME platihs q{avﬁ{gh&fdiameter
suitabl e el ectronic data storage. The cellular p

ne
A6t &) shalgthars d Im&BRNESL | - ;
WLAN neta/ork ?nt g%crg 428. 8[ 081%%3 ER(Q% g‘?%ﬁgj”){néa@b?gm“emd

lory 4, SR Ee A O BRGNS, RAIR Hhh e
eﬁégher‘hemory and/or other suitable electronic data storage. The set top box 480
also may support connections with a WLAN via a WLAN network interface 496.
[0100] Referring now to FIG. 9F, the present invention can be
implemented in a media player 500. The present invention may implement either
or both signal processing and/or control circuits, which are generally identified in
FIG. 9G at 504, a WLAN interface and/or mass data storage of the .media player
500. In some implementations, the media player 500 includes a display 507
and/or a user input 508 such as a keypad, touchpad and the like. In some
implementations, the media player 500 may employ a graphical user interface
(GUI) that typically employs menus, drop down menus, icons and/or a point-and-

click interface via the display 507 and/or user input 508. The media player 500
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or both signal processing and/or control circuits,
which are generally identified in FIG 9F at 484, a
WLAN i nterface and/ or mass data storage of the set top
box 480. The set top box 480 receives signals froma
source such as a broadband source and outputs
standard and/ or high definition audio/video signals

r?\épkrﬁ:ludfeg ranaalﬂilé BL&Yt 466 sﬁéﬁ Bs %Ssp’ba‘kél' aMd ok @Gdlo output jack.

nmoni tor and/ or other video and/or 40 audio

O%Q uél Xg@%gﬁsdﬁ@ Caril/GN RbnibIOERES ?O@ngﬁ Br %ﬂ%rr €i|rcu1ts (not

Cl rCUI other circults not ovvn

4380
S PRS0 9 A 8, 50 S e
PR R e ——

dat a storage 490 that stores data in a nonvolatile

ef funei@n.nass data storage 490 may include opt i caI
and/ or qnetl c storage devices for exanple hard, dis
dri ves[01bD e/ sredisyoriayert 5p@a§'ta)’oﬁ8”'\ql“-[§|_19§$ﬁywﬁﬁv@ass data
the configuration shown in FIG 9A and/or at | east
orstoray®5h yhat steres idetacsiah aueePEsseth sudiojandiergidepscontent in a
The HI DD may be a mni HDD that includes one or nore
plrenvelatiehamanngr.a th aoetecimplem@ntationsrghé esoraprassed audio files
approximately 1.8". The set top box 480 nmay be

cdncledd €itks that apaebynpliddt witic MR3 eAddt GObihel guitatsle asoopressed
nonvol atil e menory such as flash nenory and/or ot her

S Wdab bAd/el 9feboBiha@atl Fhe hridisaGiata Shiwagemdyoipchas optidal and/or
al so may support connections with a WLAN via a WLAN

n%@@%é@d Sbfigeagsvidesitor [dXhRiple Rﬁfdi‘ﬂfskrtﬁlv@@VHDD didfor DVDs. At

present invention can be inplenented in a

a cﬁ'leaHEEOI%EQ hal8 ‘ihé) ESHRIUratidh P h BRY, gmh@/meat least one

si gnal processing and/or contr ol

C' 1595' rtn§y h‘mb“tﬂea&%f Sgﬂ%ﬁBﬁlgthhqﬁ"lilbt ﬁl 'T'P1e HDD may be a mini

HDD that includes one or more platters having a diameter that is smaller than
approximately 1.8". The media player 500 may be connected to memory 514
such as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. The media player 500 aiso may
support connections with 2 WLAN via a WLAN network interface 516. Still other
implementations in addition to those described above are contemplated.

[0102] Referring now to FIG. 10A, a package including an integrated
circuit die 611 and a lead frame 612 having irregularly spaced leads is shown.

The lead frame 612 comprises one or more sets of leads including leads 620-1,
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FIG 9G at 504, a W.AN interface and/or nmass data
storage of the nedia player 500. In sone

i mpl enentations, the nmedia player 500 includes a

di splay 507 and/or a user input 508 such as a keypad,
touchpad and the like. In sonme inplenentations, the
nmedi a pl ayer 500 may enpl oy a graphical user interface

t [ 9 - <
(bbb, eAts ohRl 6214Y R R, TEP U 1o g8 619U P RYB.SE and

intertace via the
di : . .
e L e S R L
k / di j we ol [ I
Dl AT B B b 5 s 03, 81 n o pro-sm. and
' it t h t.h [ 0
B oEes S04 1 5-67S BT R b AEIB AP ok Pl or QAP oRaE4, 620-5 and
perform cal cul ati ons, format data and/or_perform any
oPREOBAMdH20,6Ap0d §20-RB toRads G141l O, Bddi% it 14-5 and
500 may communi cate with nass data storage 510 that
s BdAdsanthb M-6AdaNdR1 4coBespedtyeludi o and/ or vi deo

content in a nonvolatile manner. |In sone

i mpl enft0ji oidhe leads 62091; 688¢X 62063 and iGR8<t map dleuchntrol leads
files that are conpliant wth MP3 format or other

s tinatadplecate atjar speeddhatbs dbwerahdn thie leiade @20GAvatid 62088 and 620-
mass data storage may include optical and/or nagnetic

STEN ag 6086BCthat bgerawambﬁ sbeed lsHdsk ThHd legss BESA and 620-5B
and/ or DVDs. At east one HDD may have the

C Qipdi ERO-GA P8 6X0088 mdy ddrfy différemigl S§nas. Fg@éig%%%%en the low

DVD may have the confi'guration shown"in F

BRI S ool 1 4IRS Bfiof ioh spnd

RIS o o S oty RO s e

ncbrévgzl. aébé\&ng%wé(ensfﬁ%hpaahss éf-l rﬁér‘? sB‘é‘é’E’ teads may be d3.  The spacing
d4, dz, d3 and d4 may be irregular to increase or decrease coupling. For example,
the spacing d4 may be less than the spacing ds. The spacing d, may be less than
the spacing d;.

[0105] Referring now to FIG. 10B, a package inciuding a lead frame
having irregularly spaced leads and a ground lead is shown. A lead 640 is
located between_ pairs of high speed leads and may be connected to a reference
potential such as ground to reduce coupling. The lead 640 may or may not be

connected to the integrated circuit die. As can be appreciated, the lead frame in

FIGs. 10A and 10B may incorporate crossovers as well as other features

described above.
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and/ or other suitable electronic data storage. The
medi a pl ayer 500 al so may support connections wth a
W.AN via a WLAN network interface 516. Still other

i mpl ementations in addition to those described above
are contenplated. [0102] Referring nowto FIG 10A a
package including an integrated circuit die 611 and a

| ead f 61 A Bow 6 FUES a1 1 4 —SPE; eCbdkags fésthe integrated
shom.[bﬁ?'@e |§3 frd]ams 612 conprises o%gpor rgmre sgtlg egrete

T S A e
B o0 SBPCoF Bl ko $30°00 3 B AR BBy v,

616-2, ..616-3, 616-4, 616-5A and 616-51B , and 16- 6A.
ARV EpenY Be coTREctpa S8 ep e of 5 508 o Bolork Side of the
620-4, 620-5 and 620-51B, and 0- 6A and_620-613 to
pled@ds6aubath the dop ,ané%@?fgrn 6@2-843?%%%%&9 MG fppe may
614- 6A and 614-61B, respectively. [0104] The |eads

paiso1be gpplied tesome lgads drb-net pljenleagyntiie conrdusdive tape 650
that operate at a speed that is lower than the |eads )
6irghsiasawith GROINBEB inawhtEBoadBsiven thysp 56 1@nd |at outer conducting
operate at high speed | eads. The |eads 620-5A and _ )
6R(yeb 636. dfite GROIBY layer 62D pedvamts sberting thié 1gagsenThalinsulating
signal s. Spacing between the |ow speed |eads may be
equdhésive lalier 65gds icognéaiedae thé éealis 620.alrpBiG. 1fC hthghconductive
speed |eads may be equal to d4. Spacing between the

| eape680 Rizgiinsipes dpheatiserfarationetoRiowSihaqiatladiat wasterial to flow
the pairs of high speed | eads nay be d3. The spaci ng

dithrotigh tHe peMbratbrdeduriiyy Man@edoiding, WWHIH rRASRseR" strength. The
decrease coupling. For exanple, the spacing d4 may be

| %ﬁﬁdﬁ%{ﬁ% léggrcﬁbgﬁﬂg?@eg%- grolRd Pt thdt shdiRls A8gh&fSflux, which

t han
reduces coupling.

[0107] Referring now to FIGs. 12A-12D, various crossover
configurations are shown. In FIGs. 12A and 12B, a crossover 730 includes a first
lead 732-A that includes a first section 732-A1 and a second section 732-A2 that
are connected by a bondwire 734. A second lead 732-B includes a first section
732-B1, a center section 732-B2 and a second section 732-B3. The first section
732-B1 is co-linear with the second section 732-A2. The second section 732-B3
is co-linear with the first section 732—A1.. The center section 732-B2 is diagonal
relative to the first and second sections 732-B1 and 732-B3. The center section

732-B2 may also be curved.
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[0105] Referring nowto FIG 1013, a package incl uding
a lead frane having irregularly spaced | eads and a
ground lead is shown. A lead 640 is |ocated between
pairs of high speed | eads and may be connected to a
reference potential such as ground to reduce
coupling. The |lead 640 may or may not be connected to

the inpeaspt ed P'Ideg‘rﬂéi,o icz%sds%%gg?go BecIaRa Scﬁrgﬁ gedad YEEA that

| ead frane in nmay | ncor por

c r I r r : rd

AT Mg PeatB sl ap S Fpigf 3242 it 388 tnnected
package far integrat ed i it .die 611.in

PRE 5. 6. £ S e, (B s St bt ot T.cp conter
at Je e side of t a 620 of the |ead frane '
6§%qtlopy§2égg@5pé segand J@Tbgc?ﬁiﬁeﬁﬁbﬁ%ﬂﬁﬁyﬁ?ﬁg? is co-linear with
connected to a top side of the |eads_ a bottom side of

t i@ sqcong Section BBE-A2: hkhe srrEoRdseastion ¢h2-Bidde sodineanwith the first
| eads. The conductive tape nm al so be applied to

s 8eetionetf@sAbuil hagenterisectiore Add-B2maspendicllar fovtbe tfinsgtcand second
650 includes with an inner insulating adhesive |ayer
65ttaightisestionat7d2-BbrandcidRB3. | Eheecer@8bsedtion magwdlso hgve other
| ayer 654 prevents shorting the |eads. The insul ating

adhitableo shapeser 654 is connected to the |eads 620. In
FIG 11 C, the conductive tape 650 may include spaced

per f or pg1iogns 1MFES! 12D tdpaipof kadis TBONREIRHEAfirst @nfils@dbnd leads
t hrough the perforations during manufacturing, which

| TERERRE 765 thANBbh- haVeefirst JRBER M8, tawer (18661eR 2YidHdSsecond
a ground plane that conducts nagnetic flux, which

r abeRs 39WRkidy. [ PO ChnfRe RIibnGr e\ edR cﬂeGFé"adhig gurved in a

12A-12D, various crossover con?l gurations are s

# :a#rgizt%w perendiiat 14 % pBn& BRERYAG tHPhddibYitEFiad clearance for

the other lead that passes under or over. The center section 764-2 curves
upwardly and back downwardly to provide clearance for the center section 762-2
which is planar. Still other variations are contemplated for the crossover.

[0110] Referring now to FIGs. 13A and 13B, various backaging
techniques are shown. In FIG. 13A, a side view of integrated circuit packaging
800 including a ball grid array substrate is shown. The packaging 800 includes
an integrated circuit die 801. Packaging material can be used to protect one or
more components of the package 800. An interconnection 802 such as
bondwires, flip chips, and/or Tape Automated Bonding (TAB) may be used to
connect the integrated circuit die 801 to a ball grid array substrate 804. Solder

bumps 806 on the ball grid array substrate 804 are aligned with mounting pads
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| ead 732-A that includes a first section 732-Al and a
second section 732-A2 that are connected by a
bondwire 734. A second |l ead 732-B includes a first
section 732-131, a center section 732-132 and a
second section 732-133. The first section 732-Bl is
co-linear with the second section 732-A2. The second

280 bf8odd ey BogRo| DR Hibdfe ol Apbnifsbile. nFic
8Lk L o TS S B et e
.. 44 (0108] . 1n FI 2C, 750 ,
HLY Thi Saabaced o dos absiie a0 RRF RBE 4% ppd may incude

< Bt 8e004 16 T alon Wi poler RalB ST af Fedup 9 ABhas
a first section 752-131, a center section 752-132 and
a secolfd11b2- ReferrimgaowitpiiGs 8261 @ mors Zefiledcross sectional view

co-linear with the second section 752-A2. The second

sot tnerexeErpldryBGA packagingaappioabh t83@ fsi sixwn.s ek tbabrgrid array
752-Al. The center section 752-132 perpendicular to

t babdtrats B34rinclgée accopper patigrned dayer @35, whithBtlefined traces, vias
752-133. The center section may al so have ot her

S ahtl andunting dads onl sHEDS bdth sides.of BAubstrateadare @40| Gapdwires 854
760 includes first and second | eads 762 and 764 t hat

beidy bewsed o édnriecbbRé 8F moke traggs bemoliheme bags 849 trl@nounting
second (labeled -3) sections. The center section of

alpa Bl orP e InBRffatedl GrRUKRHe BASA Vidd BSE Dr@fde a connection to the
perpendi cular to a plane containing the | eads to

5 ﬁ?gélrﬁf‘e ShEBF ﬁ{éﬁG‘:ﬁpgubs{rE% &4 %og@ﬁﬁzﬁéﬁ %éégéﬁ Sbottom surface

or ~ over € centersection
RS R el SRR b RPN AT oot
V%roicaetr ibgpnspsaéﬁ. ¢ %to Jggln?ats?(dagf ﬁwagl %% acprp 33 % ﬁ'{e' copper layers 836.
A crossover ;)r jumper is integrated with the BGA substrate according to the
present invention as will be described below.
[0112] Referring now to FIG. 14A, a plan view illustrating a BGA
jumper 870 for high speed traces 874, 876 and 878 is shown. The trace 874
comprises a first section 874-1, a second section 874-2 and a third section 874-3
(collectively trace 874). The traces 876 and 878 are connected by vias 880 and
882 to an opposite side of the BGA substrate 834. A crossover trace 883 on an

opposite surface of the BGA substrate 834 connects the vias 880 and 882. The

crossover trace 883 may be created by adding a buildup layer on a bottom
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[0110] Referring nowto FIGs. 13A and 13B, various
packagi ng techniques are showmn. In FIG 13A, a side
view of integrated circuit packaging 800 including a

ball grid array substrate is shown. The packagi ng 800
includes an integrated circuit die 801. Packagi ng

material can be used to protect one or nore

CRUPRRSHL BbRARE 298 Bf0be APpieRiafdd ARE RS
such as @%gga%?es,ﬂgFip é%?bs? gﬁg?or Tape %ﬁ%gﬁ%ﬁﬁé%esrnay
Bprdl . (,pt egrat ed

RS Bftet e BN o BGralithne 69 BREGloetiabol &

Cl Fcul . substrate 804.
e g s RBRBR AP Bl YA BB 304 ot view
o PR R0 BT il LS B AL i oty

815 i.pcl ud aflip chip or {ntegrated circuit die

st of §Tac Honbiasrfd Rovidhy§ Homnacisubsiyien traces 876 and
substrate 804 may include nounting pads 818 that

abBv§ &chhecwe&,soldeaZﬂqshaﬂ 9043 and dhe traee o jupREriBB3816.

[0111] Referring nowto FIG 13C, a nore detail ed

cross HHA4] onRefarringy nost tofdGexdopHDG; BGnplidfiekdagiosy sectional
approach 830 is shown. A ball grid array substrate

83iew illuktraiirey ancaltgypatepRGRAesusirata 80 833howrhi @rossover traces
defines traces, vias and nounting pads on one or both

sisdels asfthesesstisin ii EIG. ov4e\ 8rtOforided dwah éste flohnedBandtrace plane
used to connect one or nore traces or nounting pads

84341 an FI@DYHA | the BEARUBSIPate30NACILAELIITH 984 G4 p6WkE plane 938
die 848. Vias 836 provide a connection to the

ORAASA BRourddfans dube Bhbstphsidord enaldfal MBUAKd/B9oRRT Snsulating

853 on"a bottom surface of the BGA substrate are

CEPRE ) A IBE A BT B0 ( BE o5 v
BB " X IoA, AEIRFEE R o cossover

jumper or trace 954 that is coplanar with but isolated from the ground plane layer

942. The trace 954 is isolated from the remaining portions of ground plane layer
942. As can be appreciated, the structure shown and described in FIG. 15A
eliminates the need for the buildup layer or trace 883 in FIG. 14A.

[0115] In FIG. 15B, vias 960 provide a connection to a crossover
jumper or trace 964 that is coplanar with but isolated from the power plane layer
938. The trace 964 is isolated from the remaining portions of power plane layer
938. In FIG. 15C, the jumper or trace 964 is shown in the power plane 938.

Substrate core material or other insulating material may be used at 970 tfo
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present invention as will be described below [0112]
Referring nowto FIG 14A, a plan view illustrating a
BGA junper 870 for high speed traces 874, 876 and 878
is showmn. The trace 874 conprises a first section
874-1, a second section 874-2 and a third section
874-3 (collectively trace 874). The traces 876 and

8iBuRite tr@nﬁ%@& el trae 864 9ropPtheapslverdiiand 93N VRRPTE0-4 &ind 960-
side of the BGA substrate 834. A crossover trace 883

oD RRneQRBYH fubhpeilor #a8e @64t he BGA substrate 834
connects the vias 880 and 882. The crossover trace

883 ma cr j j
pot ¢ onfrd SLur et ¥, ey ot Bebd Fhaf BZencased by a
a LAt C 0 ty e ot her
SRESEENE, Fibtorel B RPBRACY isne 306 3ot ot RS YL e art can now
[0113] . Referring now.to,FIG ..1413 .a sinpl.ified cross

L 2hbi¥kialf Lo Rl assTipton el PlorBupagito oF R present
shown,, The vi as, 880 and 882 are . .collectivel . .
AP ke DOGITEPITRBLEG) s 20 YISl o9, RS ¢ SHRERpIyhile this
between traces 876 and 878 (collectively identified
atnvenlien hag begr desgdkedin sanmgetiorsyith ppoicular examples thgreof, the
now to FI Gs. 15A-15C, a sinplified cross sectiona

vite scopa$f the Invgntign shauwd nat ke BaAMited sincet ethesmodifications will
shown. Crossover traces such as those shown in FIG
1dacame dpparent ionthenskilled: prastitiendr wpwh arsiedy pf dme drawings, the
934. In FIG 15A the BGA substrate 930 includes |&TP

9 3pecificatmmeandiharfelld®dfg clairds.a ground pl ane 942. A

substrate core material 946 and/or other insulating

| ayers may be | ocated between the | &TP 934, the power

pl ane 938 and the ground plane 942. In FIG 15A, vias

950 provide a connection to a crossover junper or

trace 954 that is coplanar with but isolated fromthe
ground pl ane | ayer
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942. The trace 954 is isolated fromthe remaining
portions of ground plane |ayer 942. As can be
appreci ated, the structure shown and described in FIG
15A elimnates the need for the buildup |ayer or
trace 883 in FIG 14A [O0XHAIMSY FIG 15B, vias 960
provi de a connection to a crossover junper or trace
964 At id Slafesd gpar with but isolated fromthe power
pl ane |l ayer 938. The trace 964 is isolated fromthe
remai ni ng portions of power plane layer 938. In FIG
15C, the junper or trace 964 is shown in the power

pl ané. 938An iSeigsatedtoircaib packade comprisingot her
insulating nmaterial nmay be used at 970 to . 47

i nsul ate hhﬁ’nﬂe%l’ﬁltéﬁ cireutt Haeceor%ﬁsfn@qmafdﬁ]&e?@bﬁaspwﬁai% N is an
938. Vias 960-I and 960- 2 connect to the junper or :

i%@g@ég%,ﬂgg&g@geﬁny of the enbodi nents shown above

encased by a protective material as shown
FIGs. 1 2., Jh killed in the. : :
appr eci a?gq??gﬁf?rﬁée‘?o%péré%ﬁ%gal g@&eﬁ'%f% ﬁﬁ%ﬁq%mw a first and

broad teachjngs of the present. invention can be _
seeRiIdkieartad 2 gegondPriss ¢f ipadedpralrdingibird maddoudhileads, wherein
this invention has been described in connection with
spigrfirst (Hegpndx tifsl @sd fowsthe ifadst ineluder first sodgdhatf atehgpaced from
i nvention should not be so limted since other
saiddinfegratedociscuit tile arfnksocendiepasahat b tbjaceki td 88id integrated
practitioner upon a study of the draw ngs, the
chefcdiel cation and the following claims. 48 CLAIM5S Wiat
is clainmed is: 1. An integrated circuit package

COMPri Si Ngharein said first and second pairs of leads carry differential

signals,

wherein said third lead of said second pair of leads has a first
polarity and said fourth lead of said second pair of leads has a second polarity,
and

wherein said third lead is located on one side of said fourth lead at
said first end and is located on an opposite side of said fourth lead at said
second end; and

N connections for connecting said second ends of said first and

second pairs of leads to said N adjacent pads.

2. The integrated circuit package of Claim 1 wherein said N

connections comprise N bondwires.
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an integrated circuit die conprising N adjacent pads,
where Nis an integer greater than three; a | ead
frame conprising a first pair of |leads including a
first and second |lead and a second pairs of | eads
including third and fourth | eads, wherein said first,
second, third and fourth [ eads include first ends that
are spaced from said integrated circuit die and
second ends that are adjacent to said integrated

ci rcugt di Fhevihrigeatedsaialitl paskagendf cenent sdrem 8hid third lead
| eads carry differential signals, wherein said third

b%@eggaﬁpﬂogrtﬁqgwd pair of |eads has a first

polarity and said fourth | ead of said second pair of

| eads has a second polarity, and wherein said third

| ead is | ocated on one side of said fourth | ead at

:g: g %Lﬂ ﬁﬁggg %gqtgaac%i%%ﬁgﬁquﬁgegﬂﬁlggﬁ I‘}%ﬁerséirq esacl)cj fourth lead
connections for connecting said second ends of said _
fsi segmaided sardnePrpaiises dJirst gk 996084 segnadisagedt a bondwire
pads. 2. The integrated circuit package of Caiml
ebremextingssaid fifdt @ndrsecbnd rsegorenis iover Sdid dnichieaes. 49 3.

The integrated circuit package of Claim1 wherein said

third |l ead crosses said fourth lead. 4. The integrated
circuit package of Claim3 wherein said fourth | ead

5. The integrated circuit package of Claim 3 wherein said second end
of said third lead is located between said second ends of said second lead and

said fourth lead.

6. The integrated circuit package of Claim 3 wherein said second end
of said fourth lead is located between said second ends of said third lead and

said second lead.

7. The integrated circuit package of Claim 4 wherein said third lead
comprises a first section, a second section and a middle section that connects
said first and second sections and wherein said first section is co-linear with said
first segment of said fourth lead and said second section is co-linear with said

second segment.
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is segnented and conprises first and second segnents

and a bondwire connecting said first and second

segnents over said third lead. 5. The integrated

circuit package of Caim3 wherein said second end of

said third lead is | ocated between said second ends of

said second lead and said fourth lead. 6. The

i nt egBat edTberiotagratedc kisguit pckage raf 3Clginer ¢i whersinl said second
second end of said fourth lead is | ocated between

snds of saithfirstzde s¥icondi phitshof bade ate aspdicedaatdeasicarfist distance
lead. 7. The integrated circuit package of Claim4

ORT Shi mlddtated EifbUitaR af@ERId R fafe flrthe? ddntised fifth and
second section and a nmiddle section that connects
S . .0 | . . .
ST o0 thal o RREERE F REQAT AR T SRk FeBgretd iruit e
fourth le d.said second, secti.on is -l inear with
uBiBEN selehrs® Blusitiats RGBT virceqi Begnd Bipamr s ¢
package of Claim 1l wherein said second ends of said
first and second pairs of |eads are spaced at |east a
first distance fromsaid integrated circuit die and
sai d Bead fMharirtefrated sircaid ppekagesoff Clair 2afivthes cemiprising:
| eads that are spaced a second di stance from said

I nt egr at edfifth apdidixttileads:wherein said first distance
is greater than said second distance. 9. The

i nt egr at ed fifth I éixtﬁﬁﬂ‘éﬁgﬁ\ Qiid@n@'gmtéd Chebibare;
conprising: fifth and sixth leadS; fifth and sixth

pads on salkl.i | I Ul | o i ft XL
bondwi r es ?:@Rnéepci: ?’L’gﬁ %“W@gt éo'gﬁn 'géx{é{glfggﬂgﬁpo&% leads to
said fifth and sixth pads, wherein said N bondwires have a first length and said
fifth and sixth bondwires have a second length that is shorter than said first
length, wherein said fifth and sixth leads carry signals having a first speed and

wherein said first and second pairs of leads carry signals having a second speed

that is higher than said first speed.

10.  The integrated circuit package of Claim 2 wherein at least one of
said N bondwires comprises first and second bondwires that are stacked and
connected between one of said first and second pairs of leads and one of said N

pads of said integrated circuit die.
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said fifth and sixth pads, wherein said N bondw res
have a first length and said fifth and sixth

bondw res have a second length that is shorter than
said first Jlength, wherein said fifth and sixth | eads
carry signals having a first speed and wherein said
first and second pairs of |eads carry signals having a
secondl!.spefB integeated Sirpyiy RackageaePrAT#ING! r st speed.

10. The integrated circuit package of Caim2 wherein
at | east oamintégrated dirblibdiededmpsesiogiyedfeesnt pads, vemate N is an
second bondw res that are stacked and connected

s reatee tedn taee; first and second pairs of |eads
and one of said N pads of said integrated circuit

die. 51 115 AfhdirliedcthSesifg & Hrbt %ﬁh@ﬂ%&%@pfﬂcﬁj 1y first and

an integrated circuit die conprisi adj acent pads,

S8 e A o B S Y ORI o O

conmprising a 1rrst pai

second traces _and a, second pajr .of traces includin .

Third and WBRF SerLEGE Secanay il ab 34T baced dudlihe first ends
third and fourth traces include first ends that are

Hehcre spasrddrem sridginigerated cirguit dipcanddsensrenends that are
ends that are adjacent to said integrated circuit

dijacenhto said integrated stircaitddise dedeipasaid fifst andasesond pairs of
carry differential signals, wherein said third trace

phcenicdrryeditiorbnitial sigplals, twiterem baid thirdi rade polsald ¥cond pair of
and said fourth trace of said second pair of traces

fia8edhas ACRE0p BB HAS Add sa@TEUMA YR b SRidsédbidipiif BERaces has a
is | ocated on one 'side of said fourth trace at said

j . [ L QR: ' i f .sai .
%%%ﬁ%ﬁ@rggg/;%g{d%lég@ ggggﬁ.é&grﬁggﬁgi%éﬁe& oA sid8'cF said fourth
trace at said first end and is located on an opposite side of said fourth trace at
said second end; and

N connections that independently connect said second ends to N

pads.

12. The integrated circuit package of Claim 11 wherein said N
connections comprise N bondwires that connect said second ends to said N

pads.

13.  The integrated circuit package of Claim 11 wherein said third trace

crosses said fourth trace.
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N connections that independently connect said second
ends to N pads. 12. The integrated circuit package of
Claim 11 wherein said N connections conprise N
bondwi res that connect said second ends to said N
pads. 13. The integrated circuit package of Clainlll
wherein said third trace crosses said fourth trace.
14. THe i nheyindegratas cicuitipasiera g @ainol 3whersingadd éQLH'fh trace
said fourth trace is segnented. 15. The integrated
igisegmientgrhickage of C aim 14 wherein said fourth trace
conprises first and second segnents, a first via that
passes through said substrate and conmuni cates with
said first segnent, a second via that passes t hr ough

sai d bStf@é %t?@%té‘d’&%ﬂ?ﬂ ﬁé’éb@a@e‘%f@aﬁﬁ‘ @lhdsald fourth trace

segme on an osite SI sai d
écggrgqtlﬁrjaas\tﬁlééth%&gcgq%n %?tges tg ﬁf&é%% gw}ik;gﬁsegf through said

Claim 14 wherein said se ond end of sajd third,trage
SUbHBte, 0l ST TBEIFASS B BCTGAdTehGSIBR s B §oFel Ve that passes
trace and said second trace. 17. The integrated

tirough saigtlosleteorndrammunicaiRs wtmsajausscg@@ §Rameahend a trace
of said fourth trace is |ocated between said second

encn obpsaitel dite ral $aidceubsivate thatd commuunicateacwith 1shid first and
The integrated circuit package of C aim 15 wherein

§eddhd\Nasd trace

16. The integrated circuit package of Claim 14 wherein said second
end of said third trace is located between said second ends of said fourth trace

and said second trace.

17. The integrated circuit package of Claim 14 wherein said second
end of said fourth trace is located between said second ends of said third trace

and said second trace.
18.  The integrated circuit package of Claim 15 wherein said third trace

comprises a first section, a second section and a middle crossover section that

connects said first and second sections.
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conprises a first section, a second section and a

m ddl e crossover section that connects said first and
second sections. 53 19. The integrated circuit package

of Claim 18 wherein said first section is co-linear

with said first segnent and said second section is

co-linear wiwth said second segnent. 20. The

i nt egn @t ed Toerictegtated clkagepatkadeadhCiaimvitBarieeneirs aaid first section
second ends of said first and second pairs of traces

R €o-finegewitAtsalcctrst segmiehs tindissidBécond §&dtiohiais ko-linear with said
integrated circuit die and said substrate further

c8Hd §§§’m§hf.th and sixth traces that are spaced a
second drstance fromsaid integrated circuit die,

wherein said first distance is greater than said

second di stance. 21. The integrated circuit package of
Caim12 further conprising: ifth d sixth traces;,
fifth28nd dinge wt%a@doﬁlr%lgaapﬁa%pﬁ@ami1r1cwher@ne§a'd second
fifth and sixth bondw res connecting said fifth and _

ends 1of tseid estiand sadondfpaitshofatiaces rtehspaeksl alleastarfirst distance
said N bondwires have a first length and said fifth

fnodh saixitintelgoatediciresit léeyand saiecauidtdagan fitrtner samgprises fifth and sixth
shorter than said first Iength, wherein said fifth

#iades itkdtarbrspaesd @agacyndidistahse v Baidantelgftbd TReel die, wherein
and wherein said first and second pairs of traces

SAId HrsPHAMHCS (83Ybdler aeengSeshRFdistdidl 15 hi gher

an sail rst “speed. The Integrated circuit
package of Claim 12 wherein at |east one of said N
bondw res conprises first and second bondwi res that

t ack d 54
are s 2610 edl'h%nlntegrated circuit package of Claim 12 further comprising:

fifth and sixth traces;

fifth and sixth pads on said integrated circuit die;

fifth and sixth bondwires connecting said fifth and sixth traces to
said fifth and sixth pads, wherein said N bondwires have a first length and said
fifth and sixth bondwires have a second length that is shorter than said first
length, wherein said fifth and sixth traces carry signals having a first speed and
wherein said first and second pairs of traces carry signals having a second speed

that is higher than said first speed.

22. The integrated circuit package of Claim 12 wherein at least one of

said N bondwires comprises first and second bondwires that are stacked and
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connected between at | east one of said first, second,

third and fourth traces and at |east one of said N

pads of said integrated circuit die. 23. The

integrated circuit package of Caim 11 wherein said
substrate includes a first conductive plane and

wherein said fourth trace conprises first and second
aonaecteskhptanes, atdeastrone of aaidHirst, sacerd, third anghfossthdraces and
substrate to said first conductive plane and

atdeast oneadfeaidVNt radwoftsHid irtégatemreinduit diesecond vi a
t hat passes through said substrate to said first
conductive plane and comunicates with said second
segnent, and junper that is coplanar with and

| sol afed T ums r%tédi it u1‘P ng'é é%?d?élﬁp%a\ﬂﬁerre Ea' substrate
Sufdted GRpu RS L?h

conmmuni’'cat es” W second vi as.
nt egr at circ a|m23 el sal

RhEEE % et %%’ R *“@%n Yag tomrises firs
pl ane, a signal plane and a power pla

and second trace segments, a first via that passes through said substrate to said
first conductive plane and communicates with said first segment, a second via
that passes through said substrate to said first conductive plane and
communicates with said second segment, and jumper that is coplanar with and

isolated from said first conductive plane and that communicates with said first

and second vias.

24, The integrated circuit package of Claim 23 wherein said first
conductive plane includes one of a ground plane, a signal plane and a power

plane.
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