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I NVENTI The present 1 nvention relates
packagi ng for integrated circuits (ICs), and nore
particularly high speed packagi ng for |1 Cs. BACKGROUND

OF THE | i ' ids

(1 co) typie3PEy BRAFRENGT ot RELATED BPERGATIENS |
differentjal _signaling, a sjgnal ,is conveye ween . . _
t wo s@gﬂiteﬁ'sac@?m'&gmdﬁ ?sﬂi‘%sg’éa ltofoc%oﬁitsacﬁrggswnal
conductor and_ground. The magni tude of the

Applicatient Nas. SRORGK XX Tl @iy Bepiameervi.veeds eng BHE01.701,
signal s rather than the volta?es bet ween the two

filedi on dulyl 2%i20081 sThedisglosurel of i ehpver applicationiis ingorporated
receive differential signals to or froman IC, the

tefdirebg néfiesdnceiigitalepticetye transmitted over a pair of
conductors of a lead frame. Referring now to FIGs.

1-2, exenpl ary packages. 10 and 10' are shown to
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BACKGROUND OF THE INVENTION

[0003] Modemn 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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[0005] Referring nowto FIG 3, differential signa

" pairs 50-1, 50-2 and 50-3 are connected by | eads

20- 1A and 20-1B, 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 14-1A and

14- 1B, 14-2A and 14-2B, and 14-3A and 14- 3B,
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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 margins to an unacceptable level particularly for high
speed signals such as Gigabit per second and higher data rates. The pair
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 | ead adjacent to the
second |l ead, and a fourth | ead adjacent to the third

| ead, wherein a first end of the fourth | ead extends
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aving 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). 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



[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 associated with differential transmt
signals of the SERDES and the third and fourth pads
of the integrated circuit die are associated wth
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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



carry a signal 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 polarity. The first and second polarities
are opposite polarities. The nethod conprises using
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first, second, third and fourth bondw res have a first
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second | ength and wherein the second length is shorter
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the nmethod conprises using the fifth and sixth |eads
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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



bondw res each conprise first and second stacked

" bondwires. [0016] An integrated circuit package
conprises integrated circuit die neans for performng
a function conprising first connecting neans for
providing a first connection surface, second
connecting neans for providing a second connection
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conductl ng neans for conducting adJ acent to the
erdMitESCRARN RAMPIFefirahand serpndotirckedRangwiiesng neans

for conducting adjacent to the third conducting
means[O0TBE f Ansintegrateds cirquét package cuppdsast integrateshsircuit die
ext ends beyond at | east one of the first, second, and
trieiand forcperoratingig foection eordpiising ﬁoﬁtroeonem'mg maanslsforaproviding
path defined by the third conducting neans. First,
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second, fourth and third conducting neans to the
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respectively. [0017] In other features, the first
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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, sécond. 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



have a frequency greater than or equal to 1 G gabit

' per second (Gb/s). The first, second, third and

fourth conducting nmeans are spaced at least a first

di stance fromthe integrated circuit die neans and

the frame nmeans further conprises fifth and sixth
conducting nmeans that are spaced a second di stance
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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.



conprises first and second stacked wire neans for
" connecting that are stacked and connected between the
first conducting neans and the first connecting means
and the fifth connecting neans, respectively, of the
integrated circuit die neans. The first, second,
third and fourth wire neans each conprise first and
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[0022] In other featufes, the first lead carries a signal having a first
polarity, the second lead carries a signal having a second polarity, the third iead
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



first speed. The fourth lead is generally "L"-shaped.

* [0024] A nethod for providing a lead frane for an
integrated circuit die conprising |ocating a second

| ead adj acent to a first lead; locating a third | ead
adj acent to the second |lead; locating a fourth | ead
adjacent to the third |ead; and extending a first end
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Gmabisinggecatingcasecoreblagd adjasentntot & dicstdeadirlpsating a third lead
spacing the first, second, third and fourth | eads at
bdmstniatof the Second aaln toeating i foheh ileddgdjatent toithe thitd lead; and
die; and locating fifth and sixth |eads a second
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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] In other features, the method comprises using the fifth and sixth

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



adj acent to the first conducting neans, third

* conducting neans for conducting adjacent to the
second conducting neans, and fourth conducting neans
for conducting adjacent to the third conducting
means. A first end of the fourth conducting neans
ext ends beyond at | east one of the first, second, and
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to 1. G gabit per second (Gb/s). [0029] In other
terdusting , adjarent ite dhe thisd meaductinia theand. f dufinsh end of the fourth
conducting means are spaced at |east a first distance
tonducting rmearsy extends diayond tatdeastapne ohéhe Ifiestd sécands and third
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integrated circuit die, wherein the first distance is
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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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signals. A lead frame conprises at |east four | eads.
‘ At |l east four bondwires connect the |leads to the
pads. A set of polarities of adjacent signals carried
by the at least four leads is different than a set of
pol arities of adjacent signals carried by the
bondwi res and the pads. [0031] In other features, a
folFth tcoh8aeting@ieh 8 carry sighals K d '8 secbhd Sheed Matlid kiYher than
a second lead is adjacent to the first |ead and

g o . _ L ari Y . g
FRpeRq” TR Tpu o g TReA iSRRI L hogtd
si gn Vi Rd . . Ly .a_f N
< Tad0aa0f: " RY hikBraR BRELEB ekl oBfisRa e ihledpai drout aie
having the first polarity.. A first pad cafries a. . .
SotpRiting 4F east fans PF thar asdeast ong ofdransiil and tsepe differential
adj acent to.the first pad and carries a signal having |
$058E0nh B8R oSS, CamRTes Ploleast ousdpagenht legst feir bondwires
second pad and carries a signal having the first )
pemnact the 1eads dorthe mads p A setsofpplaritias: of adjacrntisignats pamied by
and carries a signal having the second polarity, and
et iaast feur leads 1ardiffefepbterpel sati ofi pelarities of @olEcent signals
pol arities. The |eads of the lead franme carry high

samied byithé boadwiras anditympads. The hi gh speed signal s
have a frequency greater than or equal to 1 G gabit

per spO3MY ( Gb/cther fAG2E, bnfist Head featies es signak Haoing a first
| eads are spaced at least a first distance fromthe

ipBlagify, & stopidriedd s gijacamdotthe fir&tadad AECdriéd BSignal having a
conprises fifth and sixth |eads that are spaced a

sesertpolafityaaChirt"165a 11 8djabéRAbahe Segbhd Yedd gh@-caﬂri”es a signal
The first distance is greater than the secon

‘Fln!aﬁ':ﬁr\ﬁgés(fccjoﬁ& r}?clﬂ?%séﬂgg BOALEESSs a.ﬁjﬁde%ﬁﬂos Itﬁé irP%d and

SI xt s to and si xth pads.

FATRR s T 5P B oA o i e
ﬁ’lﬁsjorp%?aﬁtye,;] %cgqo%]n ﬁrae.' Y tnli] ?o ﬁ'ueecﬁrgp plag ggtd rc]:airrlsessarl] glrgtng{ 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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fifth and sixth leads carry signals having a first
speed and wherein the four leads carry signals having
a second speed that is higher than the first speed.
[0033] In other features, the integrated circuit
package conprises a high speed
serializer/deserializer. [0034] In other features, a

Rl Sited W B PR, 36 Bkl el ot @%h{ﬁ**“ ondires
GianSPETLy a8 Sirts lpadsdB Land R pRF. T FOdPE: 5okl ird and

first bondwire conprises first econd dwi r es
fough handwiresclkav@ arfist lepaHeanddt seﬁfakéﬂd t%*?&h qr@w"eéa'bave a

and the first pad and the fifth pad, respectively
sdcondiengih and whsireindhe serend temgttt isrshortes thasrihe fi fﬂ’h'?'@ﬁth The
and fourth bondw res each conprise first and second

fiftraatha: dixtroledds cagy sighzBshavinget firstispeed andwheieain thenfour leads
integrated circuit package conprises providing an

carhyesignaie thavingcasécahdespeedyihaisis igher tharethe firstispepdds
that at | east one of transmt and receive

di f f eoeBB] al Irs bkl featresneet inegratedl tikeults patkagyedcomprises a
receive differential signals to the integrated

ﬁbh%ﬂebd@eﬂal%rﬂ@sénélﬁéﬁ' frame conprising at | east
four | eads; and connecting the | eads to the pads using

of a dfb%::eiouﬁn 0 dfléét{l?ecs Refidr ﬁ inte&te %BmBﬂEé’i ki{d fegrated

t signals carri'ed by the at l[east four

f
LA prckey EhE “%aéé*?ﬁfa@g%% hé’ Ef@%ﬁg{w dnfatie ﬁeseds greater
ads 25[)@03651%“% t Rgﬂg %q%g];c:or{ ﬁne g\% aﬁgdcircuit die.
irfws?rg aaoéiﬁgeei‘s%nio&g%%%w%é rs@%é"nd BORoiEes e o e sacked and
adj acent to the second | ead and carrjes a Sj
ﬁaon@@e@ hetweanthe Tyt lsad @pdng TistrRas and thed ftfgl Rad, respectively,

adj acent to the third | ead and
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 ieast

four leads is different than a set of polarities of adjacent signals carried by the

bondwires and the pads.
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carries a signal having the first polarity. A first
pad carries a signal having the first polarity, a
second pad is adjacent to the first pad and carries a
signal having a second polarity, athird pad is

adj acent to the second pad and carries a signa

having the first polarity and a fourth pad is adjacent

to thgoéié]fd_lﬁa&héﬁ%ﬁeféé,% fist RbEHridd\Y Rriahhaving a first
second poltarity. The first and second polarities are

gag)‘?é?ﬂ/,t & gsg@&*@feé& Iohg ?P'a@@ﬁt {oefﬂésﬁrg'f lefaé‘ %n&?ﬁ%‘i’ri% gh@%rbaé having a

rry’ hi spee rential signa

. . : .
e85 Pl £ulisRHAE AaoSh Lk HboB &t B s = sianal
t.he. net.hod conpri.ses spaci he faur_ | ead t lea
e et OB 200 frbgBandn aoiaell to e fifhlpac and
spacing fifth and sixth | eads econd di stance from,
146 Acyenal Qtfvagr%@i fﬁrstjp@',aﬂ%eﬁeffrﬁt ngcawrv%ta gighehAgwng the
is greater than the second distance. The nethod )
dBaippoladly, peecend pad is adiacenido the fitsh pad 09 capies,/a gigngl having
fifth and sixth pads on the integrated circuit die;

cvaecend pgarityhe third paddsadipicenhto thadecond phd dndf ¢arriend signal
sixth pads using fifth and sixth bondwires. The

fiaving theefirehpblatityiand afolrthopad is dnljaodnt tocthetthive padfandsdarries a
length and the fifth and sixth bondw res have a

ssiguaichdvimgtie secbndhpsiarity. t Tiee fiestemd $ept polaritkdsoatectpposite
than the first length. The fifth and sixth [eads carry

spaiantiss. MPive ked8 of ke leadiffRfle cafl %ijrﬂéﬂqdd&ﬂﬂére‘hﬂéféﬁ%nals. The
signal s having a second speed that 1s higher than the

f higAt spede SidnaltRave bheg ré | gl | §t Bigabi
pa| osnp t he i?Rtaegrat ed ci ?%ﬁ@ %%g%r%gﬁrh? f@%@tﬂ‘d L @|gab|t Per

b HMr nprises first and second bondwires that are
st ac\ﬁga@z&ﬁ% connected between the first |lead and the

 nt cor BERAT C; et Indtliditthe AERREF baniftaee.sftitd fpe four eacs
£ 7l BbsPE e Hition FRAg o BERIRY Gl e 87 Spacing Hin and sixh
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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[0038] An integrated circuit package conprises

" integrated circuit die means for providing a function

conprising at |east four connecting neans for

provi ding a connection surface that at |east one of
transmt and receive differential signals, a |ead

frame conprising at |east four conducting neans for

The divstt borgiwirrncoraprisenfitst fandr sedohd boraiwnrekothat are stacked and
connecting the leads to the pads, wherein a set of

8ohrctdd Bstweknadt FefNéad hBd S fishbal ehdtte tif® ;?dd r&splctively,

four conducting neans is different than a set of

Bk '|r§tb§rsatﬁ§e elRHS! ?hSr}ﬁEﬁ\oeaééﬁwgﬁsestJsﬁﬁefM 'fhd second

nmeans an connecti ng means 003 I'n ot

LRk Bnouds 107 ol of B A8 So0aNAId B8k AERRS GRAESS

a secon

four cti,ng. means Jjs. adj nt to the first the. .
f our @%‘*‘ﬂﬁct A B A PrrRge, canrishs ngsara&dac"cwt die
s con a third of .th conductin

230, 1ok SR KDY St POy a Jest BuhGaEnHge. medns for
neans and carries a S|gnal havi ng the second polarity
BFRYIGINg oair gnnection naase, thainatiderstyopeant transaj a?@énfece've
to the third of the four conducting neans and carries
sifigrential signals teed framstcomprising at least foustcagdueting means for
four connecting nmeans carries a signal having the
fcongictingl andtat leastfounpwireoheans féroconnesting ¢hé tepdseartbe pads,
Is adjacent to the first of the four connecting neans
avireiar ai gt of polmities hafviedjpcant signalsd cpolealr byytheaat least four
third of the four connecting neans is adjacent to the

sendietingf mebhe i giffersMNRET bi sty ofpanifitiad Gf Galjadeds sjynals carried
signal having the first polarity and a 14 fourth of

tHyahé Wide raeaneahd Bk EEmREtNG mdingcent to the third of
the four connecting mneans and carries a signal having

th
e Sm@g PQh&jthdVfeaftids \(’)‘%‘ﬁfs?'o'ﬂ tﬁé‘?ox.[g'cfoﬁﬁugﬂgg[ Fﬁgﬁg'ﬁgmes a

pol ar are opposite polarities e condu
R B b SRR o 3R e o acocen

S’(ogtﬂe fﬁst 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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have a frequency greater than or equal to 1 G gabit

" per second (Gb/s). The four conducting neans are
spaced at |least a first distance fromthe integrated
circuit die and the |lead frame further conprises
fifth and sixth conducting nmeans for conducting that
are spaced a second di stance fromthe integrated

BLAS BF theXobr cm&mg%%rﬁ' i§ ab2Reht trosthe(iliu?ci 8N fbSr connecting

greater than the se i stance. [0040] In other
SR LB S A s
T - '
%’a"c?)ﬁ AASTER orphiie PRI T prnditiep, Al &by teac

i re means ave cond | n h Th econd l.ength i
D6 B A AN Sheeq i Ttk SEaloTENe ik ?P%ﬁﬁ*odlﬁ?%nﬂa' signals
conducting nmeans ca rry nals having a first sp
hawe a Uﬁﬂue@%gr@@tarrt@ameaﬁauad 49 1yGigabit fes Sﬁ%andq@l#s) The four
second speed that is higher than the first speed. o
twalucling masnscarefspaced gleasha firsk digteace drom thauintegrated circuit
package i ncludes a high speed serializer/deserializer
diecardd ther lemer fraimeziunhenndmpdses fifth iandngixthi goredusting means for
[0042] In other features, a network interface
canguciisg thatt bee ispaegt at setonidr distancpafedragine ihtegratetweirdait die
interface is Ethernet conpliant at speeds greater

irleans lwkereibine fper disteaoan . gre84 Har theaicbond tiadnsees,
fifth connecting neans provides a connection surface

on t hpoo] eoimbabrabatardd, fiftheand SRt Wirs tm¥hds cHMBESs fifth and
conprises first and 15 second stacked wire neans t hat

Q&Fh Soafuead Qaﬁ‘sofmﬁﬂ%‘ég? heliiRBAnEER ifeshs. The ﬁrgt second,

conduct1 ng ans and irst connectlng neans

MR OREE Rt ARSI 18 o, Bl ey s
g?g%%g%é%pge“@gh SEFI]\% s%%gnd ?enrH?I'r\ IISS (ghcfn"tefrs’t"naraul I%Igle first ?grggth. The
fifth and sixth conducting means carry signals 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 éerializing and deSeﬁalizing signéls.

[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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[0044] In still other features, the integrated circuit
" package is inplemented in a hard disk drive, a
digital versatile disc, a set top box, a vehicle
control system a cellular phone and/or a nedia
pl ayer. [0045] An integrated circuit package conprises
an integrated circuit die conprising N adjacent pads,

Rl MakRedWifekR %ﬁ& tSéte&teeétaE ahB &Rinebteiedétween the first

rame conprlses a first palr of leads including a

n r f
ebidtesl mafie cehd, 7% SRR sBnd e theaRs] ang'ing AP gonnecting
rt ds t .are

b@g@%&%’ﬁ%ﬁf\"% 9”4%%3%%9*@29%8?% S hedty aﬁgi‘e%naecond third

at . are adjacent to.t in rated, cir ie.
3hd Yo PGS ST piTise 167! Frebeopd sigp el Wite e
di fferenti al l's. Th hird | ead of the second
pai r [Q}44] eadl% %&E chPfrgatt'-HSFarﬁth nigaratedt Ficuk Hpackage is
| ead of the second pair of |eads has a_second . .
woplgmeanjed e herd digk|dsiyg, @ digigt yewsatilgriishea setdep doxt agehicle
fourth lead at the first end and is |located on an
cppirsl systemn de celfularmhohelandior eeddia player. second end. N
connections connect the second ends of the first and
secon@@is]r s Axi intezadiedt adrcult pachbgaltarmpridespad mtedraf@écdircuit die
In other features, the N connections conprise N
onrtprisirgsN adiiceritipade, Wbetk OF Bsaeinteder dredtdrithheakkee. A lead

The fourth lead is segnented and conprises first and

FHE CoRRIRBS LS fitst air bpwwsrﬁcmamgeﬁtﬂrmaﬁ@%et:bﬁ@tlead and a
and second segnments over the third | ead. The second

edé‘éoﬁé daie drhkads '.rrenshmag thiRF 8h& Godi®h e‘?hé ?ﬁ%ﬁ?%&@é}%, third

ends of the second and the fourt

secong %%d @Jhe f[rﬁtluérrgﬁ | tégggré %)Act% E?@géﬁeﬁd\\{?@ggﬁﬁgu“ die
U S T, Ao S s FRRET s o

Ssee%gﬂg p%?rgtolf nasds cTar}%/ cfil#fér%tntlglescléngs LI'%e 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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co-linear with the first segnment of the fourth | ead
" and the second section is co- linear with the second
segnent. The first and second pairs of |eads of the
|lead frane carry high speed differential signals. The
hi gh speed differential signals have a frequency
greater than or equal to 1 G gabit per second (Gb/s).

l{aéi\%Z% thd sBESRS eﬁ@@bﬂﬂﬁﬁseé&iﬂ RAEGHH BRIBuAR 164 fThesdecond

an second pairs . leads are spaced at |east a

éf P’\% f%hﬁ ur tc{]fsolgbéﬂée betivegh fl‘l?@@e&d)ri?céih&s g ﬁ1eafhﬂ'dtl£‘§‘d and

conpri ses fi sixth [ eads

3P 5 MBS 400 gt

the s nd d c
e sbofary it SraNes AhE Misttnd Sectie, ety SR ffsf Secton i
pads. The N bondwi res ha a_ fi st | engt the . .

B fiRoaraith ot Saamant pLbeauhIead R dhe HGPRY sfsion s oo
IS shorter than the first Iength The fifth and six
liRgarsvitaineysesPpd seemeati dhedirpt ard SQ‘E@@dPa'ﬂ%@f \‘ela¢§t0f the lead
and second pairs of leads carry signals having a
fFemencargpbigh sheed difereingaksignalan The high speashdbigrential signals
[0048] In other features, a serializer/deserializer
hSERBESquencuyreatardham or eamaisko wi Gigabib peisgrad. (Gh/s).

network interface conprises the integrated circuit

packafp47The Imethso féaturdse tiesecorsd Endeoithe firstinghd setond pairs
and operates at speeds greater than 1 G gabit per

e ad ard\sphatit 1886 Hfirst BRtAMRIASHltiE Mtedratder difcat die and the
first and second bondwi res that are stacked and

N EahRA i drisel Nt fanbheixth [cadsandt 2fE @b@c@@'d Second
of leads and one of the N pads of the integrated

. %tSHéet frgll\‘\ethe[l%é%ted\cl;@lﬁlhefé NheP&iR the iR d?é?%nce is '\%;reater than

egrated circuft package conprises: providing _

S5k B A g AR e
FrhPand smﬁi\ pacIs'. Ir'?he FIllal)oncgl)wwes ﬁave a first length and the fifth and sixth
bondwires have a second'length 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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including a first and second | ead and a second pair of
| eads including 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 adjacent to the integrated
circuit die; using the first and second pairs of | eads

41t GRS SO s R b8 gl f
éin:@.tfogé:rth | ead of the second pair of leads has a
Gif ‘pol arity; locating the third | ead on one side

of t fourth lead at the first. end and .on. an .
oppodPPa8t ! 8 mERPHdmitiidiGl i TekrefRRe B g age, comprises:
and, ¢connectjng the second, end f . the first and .
ROviding hhadiacent pagyion:an ﬂﬂ#@gﬁ?%ﬁgjcﬁﬁ‘éh@'%awfe['@05@1" integer
In other features, the nmethod conprises connecting the
geataidhar fugenfprevidingi Bsteagnfrage ewmnpsising aoffirstepais of leads
using N bondwires. The third |ead crosses the fourth
includingradirstaand sedarddead andcarsacant paid of degusi ineladingrtbird and
and second segnments and a bondw re connecting the

faurtht leads|, whemird tree §rebnsexcoad ethirdt &red tdurthd |dagiadnclddee first ends
second end of the third |lead is | ocated between the

thext arsl spasutisfravh thé integrataticiraitdie addtseeoh® ehii$ tHat ate adjacent
[0051] In other features, the second end of the fourth

tead irtedratad efcuibaleieting e fHreeand Sstdndopailshss lBHEdo carry
| ead and the second |ead. The third |lead conprises a

HiffePdntif Gldrals whefht B tHiRCithabrang rﬁc&ﬁé’?hﬁ ot 'sgnas a first

that connects 18 the first and seco secti ons.

Fh{gﬁ%y 5&‘8&5?'?0&% ?%4 hf‘ﬁ%r s¥bdrld é%‘if.offiléast}s f&d ?%ngecgpﬁfpolarity;

ourt ead an e second s ion1s co-Ili

Bicatlb e 3¢ e G2 R side. S et tohgRad A 3H At B Sna on an
diffe[en_ti al The high speed, differentj al

SPBREIS KRt terPud iad) S reafeho B Gind GYuiectis the second
gngg %If Ehepf?rgt and ggc(:jon(depba/irss)df leads to the N adjacent pads.

[0050] In other features, the method comprises connecting the second
ends of the first and second pairs of leads 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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[0052] In other features, the nmethod conprises spacing
‘ the second ends of the first and second pairs of

| eads at |least a first distance fromthe integrated
circuit die and the lead frame further conprises fifth
and sixth leads that are spaced a second di stance
fromthe integrated circuit die, wherein the first

t‘Flanffr?(h écoWdes@cﬁBnih‘Fﬂe tﬁr}q SHREON G Sb-RhediGhth {ha0RS segment

I'n o eatures e net conprises providing-

&f lfhteq‘oéﬁﬁ ec'éciqa{?d Hhé @gépﬂ‘geafo%vlgddorllﬂwé‘a'r%ﬁ tﬂ@dse?.bﬁ{J Regment.

rate Fcult and

f‘@%&%‘t?ﬂb 3 R20H" %ﬁg’ gtﬁeaﬁﬁ%?ﬁ%’t Es@efréra%tg?g?ﬁdmgﬁ@ differential
SERAR 1 8o /T shead (fameRiHl oI Ve & GRGNRE Brazte! than or
the first |ength 005 In ot her features, the nethod
Ewﬂ?ée@ga?ﬂﬁ@r??@“ﬂl )and sixth |eads to carry-

signals having a first speed; and using the first and
seconiP0§a] r s Ivfotheretegires, ther metod) semprisasispgeing the second
second speed that is higher than the first speed. The
endegf dhedirsi aodisecdnd pairs| ofttemds at least a first distance from the
serializer/deserializer (SERDES) nodul e that

imegrated: erast dietdnd the Maddfeeme Thahemtempradaxdfifth andidixth leads
die inplenments a network interface that is Ethernet

eitre adpacad ta epedrid ERtaicesipeRdthedintairated tdhenit ie, wherein the
G gabit per second. 19 [0055] In other features, at

Ifig Sist e @fgréét@rﬂidh%é%écﬁd gtEnceses first and
second bondw res that are stacked and connect ed

bet weggp 503136 9h okt fEhtiRds, R FhetRSPBSMBALESP r%wr%aﬁﬁh and sixth

and one the N pads of the integrated ci rcwt

6&nc{’\§ J‘&lﬁgrﬂ?c[we%lxocél ?rp ?Bﬁktﬁgﬁpt%gméd %FELH?QIG and using

| ntegra risin
S S M AP g s
sp%%gn%vggr%% earNj b%ndwires 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.
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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 adjacent to the
integrated circuit die. The first and second pairs of
traces carry differential signals. The third trace of

the seesB)d |RiterdbatiiFeis @8 14338 ofe bf thetN Bohdwiréy camgrises first
the ourth trace of the second pair of traces has a

@deaés thiearehithlkdd 8R& cbiind R bBEVEYM ORE of the first
S|deo e fourth trace at the first end and is

Asn%g%éc‘gaqd 23% d’@%&%%%sénﬁeon% SangiN d%fﬁft'i'% frfte Hé?éﬁoecﬁﬁ.httd?@

connectl1 ons 1 ndepen nnect

OGS AR A oAbl BB A B o
S3EAB e U B el 80
bl SR TR ST o i PSR R e

communi cates with the first segnent, a second Vi a
senpndppais et trepes ingiuding thitdhand é@l@ﬂaﬁace%ofmﬁrﬁrétats(@gond third
with the second segnent, and a trace on an opposite
andifousth tranes isciude fisst endh dhatrsemspateshirem the integrated circuit die
first and second vias. The second end of the third
andcecond leadatthat éret adiacenthte theciotegrated cirotit tdie  fTthe first and
trace and the second trace. 20 [0058] In other

secdnd pairs bherases eadly aiftbrentidliglgriaelr tihet thirdetrace of the second
| ocated between the second ends of the third trace

‘par# of raceSrasad fArsEs@arityEhd thierfduth 886e of HEsddME Fair of traces
irst section, a second section and a m ddl e crossover

ﬁg Gl éé’&oﬁﬁ‘?blanﬁp nﬂ%frﬁrdttFH%J i5 rl&éatélﬁgn SRE I STRRE KU trace at
e first section is co- I near with the first segnent

ﬁ{ij Fs?%nﬁ%‘ﬁﬁr]? lcﬁ%‘féd BH n oﬁﬂ) bR of"ﬁ'\y??ﬁrlﬂ?tr%%%‘??la% second

SECOH palrs o races o

%HHSN één%e%%ﬁé/ |n|a ggnoséf'\%@dcog\'ngétetﬂg @E&@Hd gﬂ\&nt%l 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 high speed differential signals have a frequency
- greater than or equal to 1 Ggabit per second (Gb/s).
The second ends of the first and second pairs of
traces are spaced at least a first distance fromthe
integrated circuit die and the substrate further
conprises fifth and sixth traces that are spaced a

Seconﬂ)OSELSt n&?‘tef' ;é}’e tlﬁé‘%g&grﬂl{ I'i?eul’oturqﬁI t‘?ace is I8cated

wher e rst anée 'S rea

S il enc?% fib 4H53§rﬁ§¥“ﬁn§§a%g B g v

have .a fir | ength and the fj nd _sjixth bondwr
ﬁfameﬂae%@cf%ﬂosqceﬁ@t 5 3erapd Peclan,Ad A R Prasspratigecton that
length. [0059] In other features, the fifth and sixth
epaRacls &g first a1dyRegandreratiags a Theifirsisesticnis earlinearayit the first
the first and second pairs of traces carry signals

Ragmegt and thecepnpndresdon ligaeo-ligea wieine: sraendrregmantt The first
speed. A serializer/deserializer (SERDES) nodul e
aodrascond paiss of traced ef thepsithstrate nanrywbigh speedr diffential signals.
conprising the integrated circuit package. The network

Thieehigacpeed ditdnemtiz sigradsrhava at freqjuenop gredtes tradn or equal to 1
speeds greater than 1 G gabit per second. At | east

@igatsif peheeddrieio(Ghysy.esTHeosBtdresnds b theafifst REIOS8tond pairs of
bondwi res that are stacked and connected between at

kst 2peepaded Qteleﬁhtr §tfrst5cﬁ§lﬁﬁé’e frofi thd iA rit@é IdiBuit die and the
traces and at |east one of the N pads o

Islib 804 tﬁﬁth@l’ ‘o nsgéeFftr?]anBOQiQ@ﬂ trh@eé’tﬂl?&r fang%&fra second

the su strateln es a first conductive p

fo%léﬁ% %r[)ﬁ\ctﬁ? ﬁ&'éyétég i r&bl mréﬁ‘fﬁé‘ ﬂrslt ﬁﬁ{tﬁnce is greater than

passes t'hr oug

3@%&6@9@% oBe l'-ﬁ’ft{\ fafgld? ?l?tgut n é\ﬁ@ﬁltc%rﬁﬁeggﬁfgh gng sixth traces to
R 5 %qo*gﬁaaj PBRRHIRe. DRV 2 F3tHORHHE 4k Bipaith and sixth
segnent, and nper that is coplanar wth and

.tmdaﬁr@a hrar/@m wnﬂ iigngth ghat drighqries thamihe fistdenatht

[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 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 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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conmuni cates with the first and second vias. The first
conductive plane includes one of a ground plane, a
signal plane and a power plane. [0061] A nethod of
providing an integrated circuit package conprises:
providing N adjacent pads on an integrated circuit
die, where Nis an integer greater than three;

provi bg@%cl uéﬁlﬁéf t.ai?ur néisﬁbé‘tgatg ihdllidds QﬁPsg cef\ductlvedalane

trac |rs “second traces an
?ﬁ%g?‘?'ft%téia%%ﬁgwﬁﬁ%%d'gh% FBLPPROR 28 fechery icssﬁg Vi that
SrtrescbiHeTe e St o iR SR LR e, 8 rcmhumcates

circuit die. The first and second pairs of tra

Wi the Hist sea@ARt. A secong via that ’Pﬁ&S%W%UQ*} ﬁv@es@rstr@weto the first
second pair of traces has a first polarity and the
£oRAuckive piane a1d camnysticaies withrthefsecpad seamest. anseigpper that
polarity. The third trace is |ocated on one side of
tshecoptamar hwith aesd aisojated f frogt  thed fiestid corduativat ptanen amd that
opposite side of the fourth trace at the second end.
Tommueidates withpine first and sdeqpredhdient Mhedosineriductiyet plane includes
second ends to N pads. [0062] In other features, the

ant bPd geoury plang, aisighgl plake afdiarmswdrplannect the
second ends to the N pads. The third trace crosses the

fourt LDOTGFI?CGA mEbfd SUpoRidiHAE® integeaBiIRd BdpackBBe comprises:

fourth trace conprises first and second 22 segnents, a
fordviding 1INt ddftlenP hOH@rdtBE el tdi@t ®haRAN is an integer

%%8?304?
comunl cates W t | rst segnent, a second via

EP@%GPW%N‘: L0 BwH tg’ﬁgtlaatt@ ﬁm%rlﬁrﬁ@ &2??@ of traces

t he second grren a trace

?W‘Eq'ﬁéﬂts“‘%@goﬁﬂ%%b?3*3%3%%@ﬁ S S s an
3008 RS Top Fisbes o808 ROOURR W8S st auds that are
Tgp])gcgde(1‘:r(c)>nmdthe 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 second 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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end of the fourth trace is | ocated between the second
ends of the third trace and the second trace. The
third trace conprises a first section, a second
section and a mddle crossover section that connects
the first and second sections. The first section is
co-linear with the first segnent and the second

FEFARG 4 T Vig Y8 Hashbd o 88 SHBA-AE WE N amFificates with
B! Ftst o Beden eéﬁa?'%gf{ﬁii&ianét'hah% Sﬁcﬁ“av b e BuBERE and
GanURsgtes W Bia HefrdoRam eS80 adns O an.RPBREE S of the

ends of the first and second airs of traces at | east
subrsirata that semmimiqatemwitinéhe ﬁrrsf and seeendcyiasui t die; and
providing fifth and sixth traces that are spaced a
secor{@068kt alcethfer deatutes, ithe esgcand endi ofcthiet thitd drace is located
wherein the first distance is greater than the second
beteieandbe spb6td pntis obthecioufthatacecand theesereht dice. The second
conprises providing fifth and sixth traces; providing

énd bhthendurthttdrefatstcatst bdtveenttngsatedt ehdsof thedhied trace and
using fifth and sixth bondw res connecting the fifth

fhetsetoitl rdceacfe thitd tiaee idohigtisen @ firbtddttiBAds secoMies&dtidn and
the N bondwi res have a first |length and the fifth and

a 'rPﬁHHIeb&Bg%\fe‘? Sechidy ﬁ\aﬁ céﬁ’f&ﬁﬁg ttieef'@{ n Eé&gdoesétﬁl%g.e Fhe first

than the

I rst | engt 0066] In ot eature
AR B0 LA AS 18 BACad KL ARy 3ot (e i

o PR RN B8, SHABREBRLPoCRACHh LB Y Bt cary
BRAC e A, SOTRE. > SRR Shil rarsnislsignals have 2
PSR e b i 54 4GSt P B RS o

[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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network interface on the integrated circuit die that
is Ethernet conpliant and operates at speeds greater
than | G gabit per second. At |east one of the N
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 pﬁsd jhe lmoﬂ?éisegthrésh@hé me@r%oa&@(ﬁpﬁééscwlﬁg @HeeﬁfthT BRd sixth

substraté includes a first conductive plane and

tHARBE 85 '?:af' %lé]r%‘ig EQVl?? AChrsEOHRd; 3% ddifgth ﬂ@t §ﬁﬁ%€gond pairs

trace rst via that passes throug

o?‘{Fhscte"s%egé y %Et‘?\ﬁ ét hé&upgoé‘%%ﬁd’ %R?Qé WG f%”ﬁn her th

communi ca rst segme a secong Vi a‘"’{’h”}e first
asges—, thr the su rat fir conduct

$E5e " The eeliA Lo 4 SEilge L 4o REROES)

is coplanar with and isol ated from the

4‘?&3 &'lfm&?ld?‘ve pl ane and that communicates with the

first _and second vlas. The first conductive pl ane

i ncl UBRE7lonelnofotheryfertkEessl Hive, mathgrigﬁampﬁrsaﬁemamgm&ntmg a
power plane. [0068] An integrated circuit package

raﬁtwprh inserfage ont ibgr intearatedr eirpuit dieethag denizthemey agmpliant and

pads, where N is an integer greater than one. A | ead

dpeaates atospreidsegredtesdhan enGigakitdser seamdneAt laass one of the N

i ndividually connect the Nleads to the N pads,

bearmindiesi comprised firstravtd savoaditamndedrep thatiang statked and connected

insulating |ayer and a 24 conductive | ayer, wherein

beteee At lI@dst dael s first, sutoad] Wirdyarr foarbefces dndeatheast one
| eads of the lead frame. [0069] In other features, the

of RN PAdANSF SRRt fatdY DGR digs. ThENSubdtrfte includes a first
material conprises a plurality of spaced perforations.

RSP oo, F7 Wefein 16 IARHT LGS pRERES IR il fptohd trace
pegc.gﬂq trsretséhﬂ %pgﬂ &Ha‘?ﬁ%ﬁs&g 'Ei%haﬁ tf’ré rsﬂb‘strgfécponﬂ‘\e hmt rc‘i’)nductive
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, é 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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first and second | eads and the third and fourth | eads

" are spaced at a first distance and the second and

third | eads are spaced at a second distance that is
different than the first distance. The first and

second | eads and the third and fourth [ eads of the

| ead frame carry high speed differential signals. The
dungbctiveplagdr, diiidreinettiel inbulating adyer N \eihasi el d on the N
greater than or equal to 1 G gabit per second s).
|dhds bfapd [dddpmEmbur t her conprises a fifth lead that is
spaced a third distance fromthe fourth | ead. The

thir fto@é%f ar\ﬁeo’@héhcﬂaéetggéf %etltiaébéﬁw@%*i&j\g t%hm&?iggarﬁ%%ires.

di stances. A si xt I'sS spaced a four

A et o Rin oL Pl b oo Wl A Elagig
BRI PR sudiaBiden biistiecertuat metSianbeiped e and
BealoonBrinse e REESarmptine il seoai sk v iqusbentss The

el\lnerei n the first and second pads of the integrated

et and tsesoadaeads st the dardviand Burtheleadsiaie spagedndt a first
signals of the SERDES nodule and the third and fourth
#aldsce and Hee speenst and thitsk leads eraispacadeat aisecaridadistance that is
with differential receive signals of the SERDES

diffeneint tham et first Idistameeer The dirstoamd iseesnd headsnacgtiag edrd and

circuit package. The network interface is 25 Ethernet

fourthlleads ofithe dgeet frame edms pigbdspapdedifferertiafiRighals. The high
G gabit per second. The first distance is |ess than

$peeddiferedtiali sigrans Ravd AGkblehsy gidatsr thaalorkal 18 1 Gidabit per
lead is | ocated between the second and third | eads

SUdne EHAS). CThE e Fram fuRther eAFPriedd anfiftitlead RS Léé%ﬁéced a

mat erial ‘conprises conductive tape. [0072] In ot

fg?@tﬂéﬁﬁce Fofh MerftiurhaBhd | ERESthFAMSLRGe % bifefdntRRLA 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 sérializer/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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| 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

BeePRst é@jnﬁl%r@fanhe@ﬁ&at%érdtySpé@dfsfgﬁéﬁféﬁfitﬁ‘én §i @g_@bﬁ-pem%cond.

third | ead of the second pair of Teads has a first

WﬂégFéttdYstaﬁé@istlgs% haH s &5 ﬂgtaheé. second pair of

| eads has a second polarity. The third lead is

| ocat on ' h . t S

end 7L P E gief Fefine™8 ghfidead s BRHeR netPar fsSiqgond and
l.ead, at the, second .end. 073] nmet hod, far providi .
Y s, 256 OB UnER s AL G refBrTae Botenty DVRg: it dpaterial
integrated circuit die conprising N pads, where Nis
SAMPHBRYEPNdUstiNatane -t han one;. providing a |ead franme
conprising N adjacent |eads; individually connecting
the NQW2ds to other Repies the &N pdiagent igadsgainprise a first pair of
adhesively arranging a first material conprising a
teRdgweampresing fiesst andbeannd tradsaandhg sesped paims of leadsl comprising
| eads of the lead frame. [0074] In other features, the

itmictl end falitly leads)edtereig tberfirst, sesond,i inird Mindbfondiv leeds include
The first material conprises a plurality of spaced
piestfemdatthatrere spheed fremitbd integrated escyiiadis apd 3gcditends that are
integrated circuit die, the first material, the |ead

20l docaimeo #l irtégratddoeingliti dies THe firsP a@laicBad HalrS 'dfdéads carry
The N | eads conprise first, second, third and fourth

'ﬁﬁ&énﬁél%ﬁ&@ls.' "rhettmga IJa@aéfogél%gg%Q@ gaﬁto*f* (Pé’ao%%gé AR polarity

spacing the first an secon nd the thir

f:ﬂarﬁng f%ﬁ@ﬂ'?ﬁﬁr Pﬁhfg;{%% g(g“p%ha&%é%saggs %psae%bﬂg ﬁg[gﬁtys. The third

secon a secon I stance

3 S A Bk o BB LR B A s on o

uosp'p'?)gite 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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the first and second | eads and the third and fourth
" leads of the lead frane. The high speed differentia
signal s have a frequency greater than or equal to 1
G gabit per second (Go/s). The lead frame further
conprises a fifth lead and further conprising spacing
the fifth lead a third distance fromthe fourth | ead.

fraGe 556 gﬁe ff Eérﬁ‘f\]\ﬁn%fgrg?gy?ét{k%bﬁﬁmta 3.t Phe N fe?ﬁs %Bq}pﬁlsg first,

secon I st ances eat ur es

S%?%‘{!fitﬁ' g%qé/ourlte%dsa sixth lead; and spacing the

dlstance fromthe fifth | ead,

f“’i”?éibfe}?%thidfe" efhgea rBho Cem%mfgfgﬁ{@?%fsﬂé‘cmggﬁ?rfmst and

Is sin |fth an The net hod
SO 1SS 2 e T a0 oD oePdn At ade: dislenger and Spacing the
SERDES) m)dul e to the first, second, third and fourth
395889 3sbthifd leadst Ak peeend dlistance thatpisddiffiernt uthen the first
first, second, third and fourth pads and the nethod
C&Sﬁﬁﬁ% se‘@@@sﬁmda@qmylaelsecarm@g highd speatbdifferential signals using
the integrated circuit die with differential transmt
tbé dinstl andosedand Sk dieBSthrepthindeand fouckhdesdwcofathierigad frame. The
third and fourth pads of the integrated circuit die
high rspeeidf HiEfeestianbignalsehuge s dreauency drdte SERIMDEE equal to 1
nodul e. The method conprises inplenenting a network

Gigabit frReesdtdh8 G, | THe Wt ednR fuihel cBARPKIES a fﬁiﬁe \&=d and
network interface is Ethernet conpliant and further

foRABF b@hdbﬁsi%@eép'ﬁcid@gthbhﬁﬂh 'l‘@éd/v‘érihlrﬂnﬂ@ﬂéﬁ?é e?ro"f‘r’i tHO§6E%h lead.

greater than G gabit per second t her |
f econ
Q?@E”a*ﬁﬁ‘ﬁsta“ﬁg'%%ﬁﬁ‘ea%%h%ﬁ.@ 5&%%@%%@#5@@4@& cond

et w7, BEGPRF B est Ak BBk SR s e
% gﬁacmg fri ngx’t'i'mslead a ou Cctjfs anceafPom the fifth lead, wherein the fourth
distance is different than the first distance. The method comprises carrying
control 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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[0079] Further areas of applicability of the present

" invention will become apparent fromthe detailed
description provided hereinafter. It should be
understood that the detail ed description and specific
exanples, while indicating the preferred enbodi nent
of the invention, are intended for purposes of

rigtvorkt raéfaue 0 Eyharnet @bmgné’ﬁt BRd godiest &&n@gﬂ% dgdfating the
scope of the invention. BRI EF DESCRI PTI ON E

IRAMNGR R0 805 pddis %Sﬁ%ﬂ%&?ﬁ?ﬁeﬂg%d'@e%n&ecom or e

fully understood from the escription and
t he anyi Fea )M\ , i 081} _FlI l.s . a
si de 100 PO 0K Bb TRALREC P BISF dhtah e (e the” sBaons
e,r.an b W. I €S ad_ | s, of ,.a_lead, frame
G TR petieg PSS poatiity 3B eRe, 2onedH e Sfond and
ross_sectional view of second, exenpl ary package,
third 1Qack B ePmecting, saif I e With & ierente netedl; ge first
to th rior art; 0083] FIG 3 is a partial plan
W?@\R&ag?g'ﬁi)rﬁ?eér“éﬁ‘(ji‘ﬁ V&st@gRal pairs connected by |eads
of a lead frame and bondwires to pads of the IC
accorlBPFY t Futherparaas &ft appligabiiys4f theGpraseins iavention will
partial plan view of differential signal pairs
apparent/rors 4o detailad Idesdriftioarnrovided bereivafters It should be
pads of the |IC according to one inplenentation of the
yndessiood ithatethei detailddo&sdriplibG.and specHicpedampiés, piiile indicating
view of differential signal pairs connected by |eads

the prdfemdd f embediaetht bohdhé ripsedtibnpagie @tebddd I6r purposes of
according to another inplenentation of the present

illnstenionQily P8R ndtliften8éd kS limit i dale dHtRe g%ﬁpb@.f
differential signal pairs connected by leads of a
| ead frame and stacked bondwires to pads of the IC

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 vier of a second exemplary
package, an IC, bondwires, and leads of a lead frame according to the pridr 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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according to another inplenmentation of the present
" invention; [0087] FIG 6B is a partial side view of
differential signal pairs connected by |eads of a
| ead frame and stacked bondwires to pads of the |IC of
FIG 6A;, [0088] FIG 7 illustrates packaging for an IC
including a serializer/deserializer nodul e that

recei N€§4 | 9P, S4 f%rb ﬁérfnfaP;SISHRﬁé%!r of GiRBRIALbl f\%%l é{aﬁéedg\‘rﬁected

pairs acc rdlng e present Invention;

B bt ! B85 ﬁmgkgﬁe o Rlned 54 15 SR [ASEebfing o one

enploysS t spee accordi

h |1 h
e BRRRRR of Veﬁﬁrte'aé’r?farré gonFLGha?Q " SESBL"’“VES tpré

3|B g: lt@d%%{)at EfGV‘gfssg ﬁ@?alialgg/\lleev?] tgga%Fgr{g%Pgr@nal parrs connected

illustrates the present i nvention arranged in

¥featls: ofom lead Bamsi and bordvyitrroty padseof tis |G agc::.qrrd@gete another
the present invention arranged in a control system of
anwlemeoranon[cm@wprersam ingentidn; ust rat es t he present

invention arranged in a cellular phone; [0095] FIG

OF i | [0986] at €45t IBA pis eaepartiahvan | dawaof adiffedntial signal pairs
top box; [0096] FIG 9Gillustrates the present

iconegdted bydeadn @ lemdaframdiand stacked bondwires to pads of the IC
according to another implementation of the present invention;

[0087] FIG. 6B is a partial side view of differential signal pairs
connected by leads of a lead frame and stacked bondwires to pads of the IC of
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. 9A 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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pl ayer; [0097] FIG 10A illustrates a package
including a lead frame having irregularly spaced

| eads; [0098] FIG 10B illustrates a package incl uding
a lead frame having irregularly spaced | eads and a
ground | ead between high speed leads; [0099] FIG | 1A
illustrates a package including a. |ead frane having

i rreg@toi@%yagﬁ.cgﬂ ih{?%?/az?@'ﬂ?%gfégéll‘\?tirj\\}é‘ﬁtﬁﬂ%‘?ratwggphigrb control

i nsul srve I'S connect ed

I » 4001001 FIG 11B is a cross sectional side view
8$§?'ﬁ‘e°f@o\ﬁ%&‘g?'i ve tape of FIG 1 1A; [001011 FIG 11

Cis ti plan, view of the conductive tape of

fo Do (RialhE e o ing RlesbbNGhlw aBhgsd in spetuter
inI ustrates various ways of connecting the |eads; FIG

AN®s a side view of packaging including a ball grid

[OOloa array_substrate; 30 (00104] FIG, 13B is a side

vi ew H0953ckadEngFi Hestialendhg presephiinyeatian armaged dpiaiset top
array substrate; [00105] FIG 13Cis a cross sectional
wosiv of one exenplary BGA packaging; [00106] FIG 14A

is aplan viewillustrating a BGA junper for high
speed[@096]es t hBIG.& illostnates tteel pteasenhimventicrgamarsged in a media

circuit die;
player;

[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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[00107] FIG 14Bis a sinplified cross sectional view
illustrating a BGA junper; [00108] FIG 15A is a
sinmplified cross sectional view illustrating an
alternate BGA junper that enploys a ground pl ane

t hereof; [00109] FIG 15Bis a sinplified cross
sectional viewillustrating an alternate BGA junper

that ragph4ys arraWess R élaﬁsetﬁa»%@b'ac@@%dp@emmg fgb t@hhig and a

15Cis a plan view illustrating a power ane an

' 15B. DETAI LED DESCRI PTI ON OF THE
M%&ﬁ%ms [00111] The follow ng
popdl 1 L o B R e A R
%EP&@' nvention, its application, or uses. For purposes

BfS% ty, the sane reference numbers will be used
in the drawings to . identify simlar el enments [_00112]f .
The pi0B3BBL i nVdG: 18 iBeriptans view flugtating A B@A jumper for high
differential lines operating at high speeds.
srgast ragay thatrreconnepted to dhe intgasatedaircdit gigal pairs are
connected by |l eads of a lead frane and bondwires to
pads B010RE | C FlGcdddi isgat simpiifieth erasspseationakvievnillgstrating a
the present invention. A lead frane 100 conprises one
BGA jumperset s 102 of | eads 104 including a first pair
of | eads 104- 1A and 104-2B and a second pair of | eads

104- 2p@0etnd] 104-RB. (164 Iseatsimplified erads skOtignal Mew lilkatrating an
104-1A is located adjacent to the |l ead 104-1B, the

Iaﬁamaﬂé)ésbauh?grmfeﬁsblom aFsiNd gland therdafad 104- 2A,

and the | ead 4-2A is |located adjacent to the | ead

104- 25)01[0@?113] FI81 560 &0a ihpifed- 8dss &clortdI WiéW illustrating an
having a first polarity, the | ead

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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104- 113 carries a signal having a second polarity, the
| ead 104-2A carries a signal having a second
polarity, and the | ead 104-2B carries a signal having
a first polarity, respectively. Portions 108 of the

| eads 104 near an IC 110 are generally parallel to
one another. An end 109 of at |east one of the | eads

%r?étmﬁ@ﬁ@n |0r1\ (?Z%ﬁjeré%‘éegﬁ vEoRn I8 1d4 gr\‘aﬁ'ﬁew@@rbg?ﬁ&%@ one or

the | eads e at east one o

R0 SR TR [yt £ R bR HAUBLO AR E anc

nentatt on
e | east Of  t | ea 4- 2 Xt ends

areaha eatoon 8ds {0 ek B AR 1B e aiRds I e teac

A a i n G, 4. | [ I ment S,
10480 gty Beibeoh tounfread FERTRThe 65 %i@éa located
configuration. [00114] Bondwires 114-1A, 114-11
adigcent tgihe lepd Hoxt-ehn ﬁaetthq ead 10422 is l9gated aqjeqerzmo the lead
104- 2A and 104-2B to pads 116-1A, 116-1B, 116-2B and
196-2BA, respectively. Therefore, pads 116-1 A, 116-1
B, 11 6-2A and 116-2B are now connected to the first
pol ar [a0y113} h@hsdeadhd Opdllacartigs atdignal ihasingpa fiest ipplariiy) dhe lead
the second polarity, respectively. In other words,

t104-1® tarieahisighadhating dosevdnd ipetarityl, tHe adatl-2A4antdd $ signal
flipped relative to the orientation of the |eads

hadingra dadosd pbitityBand\shaé 165 404-28F chhespA gl Maving a first
arrangenent shown in FIG 4, coupling between pairs

fp@rarwaa@détnaél 120t A20f tﬁen@a&cm St PP b generally

cancel | ati on. The | ead frame nmay include one or nore

gﬁ?ﬁlepfto gﬁ?da%o%hép | &k gnﬁ ‘Td@g\eaﬂé}]‘é ofi& of rtﬁ@ﬁ@a‘cfé“i@ﬁ such as

dotte Ines 1 n Fl 011 Re erring now t
15 oetﬁe:ﬂ;bﬁﬁ@ee'e%ﬁ%:ogzs@e ?t e one ot
|62 588 948 pLHPUE A S A B SRS S5 o e
S1%'EZA. 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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i mpl ement ati ons of the present invention enploys high
speed |l eads that are shorter than | eads carrying

| oner speed signals such as but not limted to contro
and/or status signals. The |ead frame 150 nmay i ncl ude
one or nore sets of high speed |eads 102-1 andl102-2
and one or nore sets of |ow speed | eads 152. The high

speoe. | Agds rdQdt &f e pddkdghdanangartiantlSifovin an@1G.54; 2oupling
that are spaced at |east a distance Hfromthe IC 110

ti
P RO oot 125 mpatons ot g bcatton

AT iy 0 e RO e oo
tﬁ%%%:%ga%tﬁoﬁ%fﬁga% ?ﬂ%‘:‘?gatﬁ! : :é‘t 'tsEQr t l:‘egtﬁm:i ‘

[00113}01&3?eré)?f%'gmﬁgap\yoopﬁg ,gy;(hg%gcogg ng\f\g tédiiced, coupling
L hSieeat2L ol gnal Pacs ot oo copliecied und 7% Spiatylonger

of the IC. Alead frane 200 conprises a set of |eads

dozn thecbondwitesa Pr'%’lPTQY@l ‘FaWP"at!%é*ée pagkaging aecording to some
204- 213 and a second pair of |eads 204-2A and 204-213
(impldreantatiensy of ke |praskntdovgntionhempicys Righ- spegd leads that are
| ocat ed adjacent to the lead 204 33 1 B, the | ead

Abbrtbr Brarslehds atevingdpwercspeedosigrads Isecll a8 it Agt lirsitet! to control
the | ead 204-2A is located adjacent to the | ead

24/ éY1Statusidialg] Thededdfrdm20¥b0 Maganclids one o giuae sets of high
having a first polarity, the lead 204-1 B carries a

sépeal ledd 1 02130 B afd bae iok ynorblvetd efldwébeedAcads 152. The
arrles a signal having a second polarity, and the

?Fﬂ spE4d fekeisCr2Lq @ﬁd 3 02i0Rile &4 T8B- ahdr1S6-2 that are spaced at
arity, respectively. End portions of the |eads 20

L LI O B e e st o
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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extends | onger than others of the | eads 204. The at

| east one of the |l eads 204 also extends in a
direction towards an adjacent |ead, such as |ead
202-A. In sone inplenentations, the at | east one of
the | eads 204 extends into a parallel path that is
defined by the adjacent |ead 204 as shown in FIG 6A

18ichE 1980438 1§ I6datéd abjasere® theadsd 20412A1 ah@the 2@204-2A
| eads can be used [001181] Bondwi res 214- 1Al and

@16\::&@@3&%3:%9{33% lcabockl2, 214-2A1, 214-2A2 and
14-2131 and 214-2132 (collectively bondvvl res 214)

gggge@? éll‘r]%jgrhe gélagil%&l A%%aér}%éia g?&ﬂa‘l %ﬁv@?% fﬁég&%ﬁtyt the lead
FHEB TS  SuPahaRuRD R s2RaA bOlrR) thd H3r 203120 pages a signal

16-1131 and, 216-1132, 6- 2
D406 £ sedens DeiAE i i sat ROREp 5%@'&32‘*16)9”5Fé‘aﬁ'6‘ﬁ/ a first
connected to the first polarity, the second pol arity,
pplarity, regpestively Epdpegtiansefdhe fadspdaeargn IC210 are generally
respectively. Ends of the bondwi res 214 may be
pefdehtsd ope anedhereadt leash opg of theplgads) 2&ﬁdﬁb¢h as lead 204-2B,

over | apping rel ationship. Pads 216 nmay be connect ed
exigotsdongsr thaw otheralof thedleadsi2der Tbe ab jeast anel/ofithe leads 204
traces 230. 34 [00119] Benefits of the stacked

bisodexterds 214 dinedtiod owartseas edijademh dead, esuch pesc Ieadn2@2-A.  In
Bondwi re coupl i ng between stacked bondwires 214 is

sOfeciafRemeBRIONS, M the A feust tomecel therleads 204 er@gindsiisto a parallel
closer to lead frane capacitance per unit |length. The

!E)bﬂrpl?fz‘ﬂ iDRfntd 8y tR4 AdHcent Eade204\uar showdidCH [@) @A Pdditional

bondwire unit Iength. There is also a net |ower

tsé%”@frﬂléﬁ 5B8ed |38s ahHRAIWSSedd 16l cBfibe dedS! gnal

pi ns ween positive and negative pins. There is

o PR RO A st Ot dumd ol TR EYRS, 214201

193% A3 3G 214281 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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[00120] Referring nowto FIG 7, an integrated circuit
die 300 includes a serializer/deserializer (SERDES)
nodul e 301 that receives signals on differentia
transmt and receive pairs according to the present
invention. In sone inplenentations, high speed
differential pairs of the SERI DES nodul e 301 operate

Rot of [0t ofo 3Bl AR BB, bindwiR: P214 Ueble jincreased
§88%”9%§°a95§ﬁ H§eacEd awﬁ%‘ #@p@h%ﬁf%“%%#ta%?ﬁ%&ﬁwes 214 is

Ln sone, i errentatlon spee feretlal
TSt BRAWITS [HAPRRIARER, eF oA death eBuogpedpalad frame

than or equal to 1 Gb/s. In sone | npl errentatlons

sRgACitAnsadpen Lnikrlengital The siackedt hendvatesoRd4i Alser haye lower
operate at speeds greater than or equal to 10 Gb/s.
lindustance pei kondmirgtunitiengthh el hrrev®also a netloiver dransmission line
conprises a physical |ayer device (PHY). In other

iinmpteamnce af therpair ofhsignal giindbetwesnepdsitive armhpegative gins. There
medi um access controller (MAC). In still other

iisralsonimprovéd osuplingecametliation dud & fragreved neatoieéd aharacteristics
with 1 GblS and 10 Go/s Ethernet protocols. 35

[ abkbdBehawire 8 & theviead®friifes. 9A-9G various
exenplary inplenentations of the present invention

are Sf[OWO]ReFQSféFﬁd@gnJW% G FT Gin MegrafeleciRuR 28 800 lncludes a
i nvention can be inplenmented in a hard disk drive 400.

iR SifiierialiZey S§§ﬁg)ffsl)ﬁ=){odm'3%"{ﬁﬁét RIcEEE s ﬁll? differential

Sl gnal pr OCGSSI n control circults, are

?é]fs;n?r’é ln n gﬁ%bé ;Eﬁrs' '?:lcgbﬁp %’%a{hed'%es ﬁ\@gﬁtlon In some

rocessi and contr

B[e‘f%én%ﬁé S A o BECSERES hie ao

encr {)tlon ﬁaerform cal cul atio nd/or format dat a

B SEFISAAR O PRLEIDAdOPRom a magnet i ¢
[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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storage nedi um 406. [00123] The HDD 400 may

communi cate with a host device (not shown) such as a
comput er, nobile conputing devices such as persona
digital assistants, cellular phones, nedia or MP3

pl ayers and the |ike, and/or other devices via one or
nore wired or wireless comruni cation |inks 408. The

accesgo%q gﬁyﬂfﬁﬁﬁgneﬁ{ﬁd 9, TR Y AR UClaffd AR Mplary

at ency nonvolati |

Bt Ep R toRE 1 TE¢ Blsesh P fTh oS 85'@@% %%%Qa]now% FIG. 9,

eferring now to FIG ,913, the pr vent i
BHERBNCARla 547 5B ATGReNrb o DALk Sive 0By The present
drive 410. The present invention may inplenent either
inveptiom maygimalerpeaicrithar @ batttsignakeiecessing andier control circuits,
which are generally identified in FIG 9B at 412,
shinhoarengereraiy we@tléedageFtﬁ 9@t BOR. dniscene HaplemEntations, the
signal processing and/or control circuit 412 and/or

signal praaessing sandiarnt corstedwitiuit AO2 remdiivTnthéOcineuitspinot sawn) in
data, perform coding and/ or encryption, perform

tize DRt 4@ snayamudeessi datantpedatra tdding iahdicradnéryption, perform
and/or data witten to 36 an optical storage nmedi um

4afzulations,carri/omibrraaEd4taithatns outpie t& bedret rebeP@RSFo % magnetic
and/or control circuit 412 and/or other circuits (not

)g?e\, madidraoeVD 410 can al so perform ot her
func i ons such as encodi ng and/ or decodi ng and/ or any

oD, aFS28; TR APER R0 B GG T = RostualicdrBt shown)

589U e BSOS Sa S ot
AT AT o séntéagfga@%&s%ﬂ;%%@@gd/or

in.a nonvol atil e nner. The mas
eVIces via one or more wired or wireless communlca?on 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] Reférring 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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storage 418 may include a hard disk drive (HDD). The
HDD may have the configuration shown in FIG 9A The
HDD nay be a nmini HDD that includes one or nore
platters having a dianmeter that is smaller than
approximately 1.8". The DVD 410 nmay be connected to
menory 419 such as RAM ROM low | atency nonvolatile

gﬁe ¥i¥a|%‘t’&rggé%éch@%m%‘?Wﬂr%n%‘%ﬁén@htﬁibn&mwb%ﬁ&rfél processing

ronic Oata storage. [0012 Referring now to

5 BB Bk et ) T B 210 can

i_pvent)on [ e ' : '

RS cRleP A PR PG &4 RS aRGleP dBb&fy andlor any other
enerally ideptified in Fl 9 2 a WLAN

Siana| prockssing tmcﬂﬂa%esmaée% thraaa‘é\éﬁoqzﬂ\’@he HDTV 420.

The HDTV 420 receives HDTV input signals in_ either % .

wi r ed (A28 r dinesBVRbAfivR 4dRd™@¥RAMBTWAICAISTVitE A @utput device

signals for a display 426. In sone inplenentations, .

{hafrekiowm) suels eF mcarnpuer, telavigiopror @bherdavics Yie gne afpore wired

and/or other circuits (not shown) of the HDTV 420 may

pr odetesscamanupieafiar inks 7 100 dhed \dR dV16r mey ceppiunizate with mass

perform cal cul ations, format data and/or perform any

aidt@rstérage 418 HRE\stprescdatai ing at henvolatije eanregqui The. mass data

[00127] The HDTV 420 may conmmuni cate with nass data

Steragg e ¥ tayt Irtludet artesrd ddisla drive ((HRD) o[ Thei HBDremane have the
such as optical and/or magnetic storage devices. At

| @fibuiBn FRBWREN FIGVEAL MheGaDDi rguy Bk 0misi MDD that iftiGdes one
9A and/or at |east one DVD may have the configuration

.S’&D%rc?é@aﬁér@ h%rpoyb‘i’artﬁmr IRt is BRaflerinRh dfigrbdifately 1.8". The

i nclu one or re platters having a dianeter that
SVBEET by b oREe e Rkl 1 ek HRY B atency

! gér?v%%ilg ?'nnevrr%l%tsi,dcﬁ iF H?srrym%%ﬂyaa%d%ra&‘qepgm&e 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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and/ or other suitable electronic data storage. The
HDTV 420 al so may support connections with a WLAN vi a
a WLAN network interface 429. [00128] Referring now to
FIG 9D, the present invention inplenments a control
system of a vehicle 430, a WLAN i nterface and/or nass
data storage of the vehicle control system In sone

édmrlagf%ﬁalo@tén‘é iof\hSeﬁérﬁﬁs%ﬁkuld’d‘bﬁé‘tfoﬁﬂat 448! £E6t pérform any
powertrain control system 432 that recelives inputs

S SPNRRSI HOTP pRocaB SRRt Ay Bedgqiigiper at ure sensors

pressure senso rotationa sens alrfIOM/sensors

32%?@932% gﬂngﬁf'v 2 rﬂg%%{&%énl@&?/ vith Iﬁr% _k data gtorage 427

nore ou control sig

fit sheeSPea e E‘”rne%%\wapnéﬁnaﬁi?@”aqd%%ﬁaﬁvn#% storage
Bevico At st eng Mol ¥‘b%l b %@hé%fsﬂrre@%ér‘? sﬁa@né’%%o% andor

gstem 440 may | i kew se receive gnals from.in _P

gklesst ana BV mavdavauthgugondigHtatisn %\Pyﬁanflﬁo%ne ke HDD may
nore output devices 444. In sone inplenmentations, the
bena roini $HRD dhat4cludey ore 3 pare: platteem having-a shiameter that is
braki ng system (ABS), a navigation system a
saialienthansappsydmaigly 4 87ehiToRHDEY di2ftrnay bsyoneeatted to memory
| ane departure system an adaptive cruise control

pstsrh 5 RAN, REVe ive ltencynmorivolatitd mensrg suels aa flash memory
stereo, DVD, conpact disc and the like. Still other

gl rRRéBéiRbR alketremibidiidlstirade. THRIIOTVHURD also may support
powertrain control system 432 may comruni cate with

ERRRectiMsavith # WATEN 41t AN etk itafiacd e

nonvol ati |l e manner. The mass data storage 446 may

i nclu i r
exanp i A%, FRefpEfG, fow TS, oD, T8 PAited! i P Rfplements 2

Z%Z\}@P?xg%@%e a:ﬁv s%ffqgi%Dl{;@) al\@iﬁt? h%éé“gmd thdsk @atPStorage 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 controi signals to one or more

output devices 444. in some implementations, the control system 440 may be
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configuration shown in FIG 913, The HDD may be a m ni
HDD t hat includes one or nore platters having a
di aneter that is snmaller than approximtely 1.8". The
powertrain control system 432 may be connected to

menory 447 such as RAM ROM | ow | atency nonvol atile
menory such as flash nenory and/or other suitable

ﬁ%@%rﬁp'aﬂtl%kabﬁkﬂ{qaggsteﬁhgt BSYeL had §t|8|9 sfélmSHSt'é%matlcs

|'so may suppor onnections wt via a

%ﬁggr g&gﬁ{% ﬂggatn‘?% CS%’gﬁ?t Egﬁ?: édeggﬂblr s?é/rﬁt gﬁr‘aﬂélgnve cruise
S 55 B Bl 5 SR B

in a cellular phone 450 that pmay include [T ul ar
discanddha tke. Sg‘h@""}?fi" HoRigMaNRHORE 257 CRRLS H?ﬂ}fagﬂe nt

ei ther or both signal processin and/or contro

ci r cul®04 300 Tbh pewertjaincoatml systrm éBRireay pwmmlcaﬁwath mass
452, a WLAN interface and/or nass data storage of the

detd stcaageHdbethabGlores dataein @ msnvaigtiteamanner. t Fee mass data
.cellular phone 450 includes a m crophone 456, an audio
3tbrage g46 59 isclode aptiaalsprdike magnéiiostarage oﬂetv‘wtepdpr example
jack, a display 460 and/or an input device 462 such

dard disk pdvtiespeiDD | agd/deVvDYBs. vAtc teastt e | ldDDamddyorhave the
ot her input device. The signal processing and/or

%ﬂﬁg@’aushrwwrs i45RIGN@A0ranaldieht 16adtCuhé SDUMtmay have the
S ovvn) in the cellular phone 450 nmay process data,

@fﬁh&ﬁ@h&ﬂ i 068 € THeDD GRay BérafrﬂfrﬁnHDD that includes one
cal cul at1 ons orrrat data and/ or perform ot her

dl'lbr'rllgaﬁlatteg%%%l Q%ﬁérﬁﬁéﬁggagﬁ’slé%lauérmaﬁ 38“42@'} H{W% The

conmuni c data stora

3 %ezﬁaﬂﬁézwgrf@s@me 5 BRI o

dFEb}OF Io lPl?eraxlc?yd/n%rnvclaaPrct’e memory such as flash memory and/or 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 celiular 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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| east one HI DID may have the configuration shown in
FIG 9A and/or at |east one DVID may have the
configuration shown in FIG 9B. The HHDI D nmay be a
mni HDD that includes one or nore platters having a
diameter that is smaller than approximately 1.8". The
cel lul ar phone 450 nay be connected-to nenory 466

sutplt 458 BAtH aB@Vbpdaker had/enaudibasutplitajatk,ca HRBRIYY460USM/or an
as flash nmenory and/or other suitable electronic data

bOt a88ce 162 stieh ladlPke K@BQ nﬁoﬂﬁlﬁﬁ 8bvite Wice BERBAEN and/or other
connections with a W via a LAN network interface

ot dléogéss]rhgeélsﬁélhgeenentde %nE}o@ coMirol tcn‘éu ox%g 8%}rj;d/or other

I nventi1 on can In a set top

&R t@r (RSEHod MR the % Lﬂ?ly pﬁJFH brrogggs \9\4% a, ﬁgéf?rén coding

S|gna proces |ng an CU rs,

?ﬁ@@F?"%%P%ﬂﬁrgoe'rf‘°ﬁ*§d°@'d§*§t§h§ @355@5#84 St ptpgs celuter

480. g’ .set top box 480 receives signals froma

DB NSl -as a broadband source and out puts

st and and/or h defini t| on audi o/ vi deo signal s

sui taﬁlog?ﬂ ol hg eelg%rap oy 490 inays cemrapeigats; with mass data
and/ or nonitor and/or other video and/or 40 audio

siaragn 484thet storgpcdala gnaa nenvelatilei mgnaat sueh @sneptigal and/or
circuits 484 and/or other circuits (not shown) of the
sagnetp steirga gieviegs pr exersplednard, diple drivesnHRD dindédpr DVDs. At
and/ or encryption, performcal cul ations, format data

dgast one (RPD onay have thet ¢omfigertion gholmxinfRIGe Bidcemd/or at least one
[00134] The set top box 480 may. comunicate with mass

@D nsdyo hage thet @Onfidiaktic stic@en dRFIGI BBa TREHDRhAE be a mini
manner. The mass data storage 490 may include opti cal

MDD ehatReINEbs GrE! 6F RBfe RterS Ralifg aezsfyméter H?a’t ds %hféﬂer than
drives H DD and/or DVDs. At |east one H D D have

SHBGBIHALLS | oS St WPttt oo s
High as RAM, ROM, low latency nonvolatile 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 r_eceives 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
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H DID may be a mni HDI D that includes one or nore
platters having a dianeter that is smaller than
approximately 1.8". The set top box 480 nmay be
connected to nenory 494 such as RAM ROM | ow | at ency
nonvol atil e nmenory such as flash nenory and/or ot her
suitable electronic data storage. The set top box 480

éllo‘?@orﬁﬁiﬁl o er@égt 'ﬂ%‘@@ﬁ% e%ﬁ\ é\d%n‘fﬂoﬂcﬁcﬁ%p@m and/or

net wo ace 496 errlng now to

V, 0 [
oA s LR E o] m‘a%e%éﬁ%gﬁ. %’%ﬁ?. i ﬂ??&@e% é‘a@ pperorm
ei t her bot h .s r d/or .contr
S Prefr et anPae SRRDH G PirglafR Sder pagorm any
qh S%é& bV\LAN |nterface and/ or mass data storage of
PRET SIPR bRRAURHIONS00. In sone |nplenentations t he
nmedi a er 500 include dIS 507 and/or a user
i nput[OE lsuEHea'?§t PRRSD E‘Pfﬁétﬂ‘“é’l%e Wb 'T‘?%«SedatPrFtO" age
sone inplenentations, the nedla pl.ayer 500 may g
49Q thasriteres datedn arpanveledie meapey Thatmespreal stgrage 490 may
enpl oys nmenus, drop down nenus, icons and/or a
polude- aptital @rdédc mageeticastorage dehieeslifepleangIWhanddﬂisk drives
user input 508. The nedia player 500 41 further
HDE and/or &VIIdAbleast gneg HBEID maydiavasha copglratiorashidwen in FIG.
audi o output jack. The signal processing and/or
SANndibr &t least drse BYD mag/Haveahbeonfiguration sShéwetin FIG. 9B. The
shown) of the nedia player 500 nmay process data,
PED @4} 6ed RniddODOhat RBRIA¥EBIdrNer ARFd Platlers having a diameter
cal cul ations, format data and/or perform any ot her

iR sy ﬂanféﬁb‘i&hﬁﬁteh{ Q%@ 1] THO Qe RAY BoxPA®tY ﬁi’af&oconnected

may communi cate With mass data storage 510 t

3 Mém ﬂ/a&éﬁ SHER %SFSE\W@WFQQWQH n%yg'[ob#;rgefatlfé ARfhory such as

_conten nonvo manner _ [ _
SHPARTEL O 5o SR ORGP0 TORSAEES vox o
ahjsot r%gy %UBSO rcgﬁr?eec jons 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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audi o and/or video formats. The mass data storage may
i ncl ude optical and/or nagnetic storage devices for
exanpl e hard di sk drives HDD and/or DVDs. At | east
one HDD may have the configuration showmn in FIG 9A
and/ or at |east one DVD may have the configuration
shown in FIG 9B. The HDD nmay be a mini HDD that

fUMHeH mcfé@earpéudra oBtgtk Bbbatsh hay Qﬂea’ke@' hAdRK %ﬁdkmxtput jack.

I's smaller than apprOX| mately 1.8". The nedi a pl ayer

\% ggxglggro%%%ﬁ FJP coRirBl Y:lrél.:hgsh 5@140? Ffﬁ%r Ribits (not

y nonv Iat| e nenory su msrmr

t.her s c or

%E%wﬁf sF 498 e’ BvE %&@ hE B S e R (g, andlor

WLAN vi a AN n ter 51 St ot he
SREmBlR: B cRicuAgaNs GTah Sl 800ies ReropmGRmpiher medis
are contenplated. [0102] Referring nowto FIG 10A a
PRYRRBOCHRR uding an integrated circuit die 611 and a
| ead frame 612 having irregul arly spaced |eads is
shown[010M}e Tégd mediaeplayer S0RpMaye SopmaLnigatgpwiths glags data
of | eads including |l eads 620-1, 42 620-2, 620-3 and
6twage S4Adhat stones dafmsuchods teapeessed agdioand/@oden gontent in a
and a second pair of |eads 620-6A and 620-613
(roolvblatiiei welnper.eatts s68®) impleht3itatRmsdthe esorbg@sded audio files
616-2, 616-3, 616-4, 616-5A and 616-513, and 616-6A
ancludd Gitgslhat @ eotmplibet WithddP8 F6rmiat 620th2r stid8bld, compressed
620-4, 620-5 and 620-513, and 620-6A and 620-613 to

Radio Bhdiot videbAformaBL4Tie nfab4-dhta @ﬂdlfaéeaﬁujy m@&xﬁeﬁo;ﬁnﬂl and/or
614 6A and 614-613, respectively. [0104] The | eads

eticCdBratie fcficel RN ExARMDIS h&?d/ dRR ErRBSIebD 83@iSr DVDs. At

tha? operate at a speed that is |ower than the |eads

Sl ShaRBor iy i W8 b 3 A s o
PRy B8 PR e . 95 o Rl o e
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 also may
support connections with a 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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speed | eads may be equal to di. Spacing between | eads
in a pair of high speed |eads may be equal to d4.
Spaci ng between the | ow and hi gh speed | eads nmay be
d2- Spacing between the pairs of high speed | eads may
be d3. The spacing di, d2, d3 and d4 may be irregul ar
to increase or decrease coupling. For exanple, the

8P %90054 aHBye%C?A' and 4 hedt ;Séiﬁ g?i’%%dgf‘@ﬁ? ;{*1%1638 .58 and a

spacing d el ess 1han

??%oﬁ»g%qgaoﬂgmez&é&an%% o8 (QRELRAG 33k udhpo 2 | ead

jrar aving 1rregularly's round
. . 0 .
hi gh Eﬁgléﬂ"“ﬁgagwgﬁ%%g BB Rk B0T l‘eﬁ% %?cthi%%ﬁ and
T
éi%-%%a'@ﬁ%ﬁﬁa%b plgd he gRAut Bel -t S0ne SALagPAsdd 620-5 and
j % g As can _be appreciated, the |lead frane in

B20:5E. oA 62005A 6B B2D-GE Lo PSS B 4-Te 634D i3, I dete|§14-5 and
as other features described above. 43 [0106]

Ré&4-Erand Gl 4184vand BI4eBB, respectivelyl C, a package for the

integrated circuit die 611 includes the |ead frane

612. [030diict The leads620%0, B20-2p pRD-Sand 620-4 maadle cumrol leads
side of the | eads 620 of the lead frame 612. For

thedwpkmte aha speed dhattis lowdrdban thwylehds 6204TFACARI62®58 and 620-
top side of the |leads, a bottom side of the |eads, or

BAtand 620-5Bthatebdratd atrigh epsedleatite ThRadsds Eﬂ@SA and 620-5B
conductive tape nay also be applied to sone | eads but

ant 620F6X ah@@QS-GBThféyCdélﬁ@LmﬁéféﬂtléI%a@@OS h&A ?@ﬁﬁeen the low
with an inner insulating adhesive layer 6 4 ah

Spb&d IS bB%q ubﬁ%e&eg%?acuﬁﬁeﬁls}é%\ﬁllé il gégﬁ o?ﬁéh speed

prevents shorting the e I nsul |ng

RS bl BT Sl hd 75, BRand B Sood oSt may
Bgrd‘zprs?géc?nngs bét%ve%lnl R pta?r% FH H\agﬁge% P%ES rrr'naa)} bé %af IT e spacing
d1, d2, d3 and d4 may be irregular to increase or decrease coupling. For example,
the spacing d; may be less than the spacing d;. The spacing d¢ may be Iesé than
the spacing d;.

[0105] Referring now to FIG. 10B, a package including 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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t hrough the perforations during manufacturing, which

i ncreases strength. The conductive | ayer 656 provides

a ground plane that conducts nagnetic flux, which

reduces coupling. [0107] Referring nowto FIGs.

12A- 12D, various crossover configurations are shown.

In FIGs. 12A and 1213, a crossover 730 includes a
firsto166d RéRrhd Rl th PeGYOPRA R 1C, S pS8G géqgr @%%gtﬁlgrated

and a second section 732-A2 that are conne

s B @écwl@ BRI S0 992 EohAILINTEo2h b oo

d -133 h f.i ' 732-B 1 i
AR HRREAE, ool d hed St Calapie. v
sectign 732- 133 co-linear wt first secti

Sprslugfive tEps MY, e coRRRRPG P 8400 f@f qféhealeaaen%lpoftom Side of the
relative to the first and second sections 732-Bl and
'?géawsbotﬁrﬁee é%?]ﬁ@? bolem gides phihq teadsayThe eendystive tape may
curved. 44 (0108] In FIG 12C, a crossover 750
alse lhedapplied ta semedgadsy bat Aot wiher leads.udde eonductve tape 650
section 752-Al and a second section 752-A2 that are
inolydestwith apyinaebinsildting adhesive kyeoBd4| amtl ans@uter lsasducting
a first section 752-131, a center section 752-132 and

lmysp656.d THe2ink@Ring Tagerf 654 bresvents shorfibg the ldatls. The insulating
co-linear with the second section 752-A2. The second

s€itddianiaie? 653 3s icBnRécted e &tie Wadd 8418 i FRS. 1 8% 0he Wonductive
752-Al. The center section 752-132 perpendicular to

55& ds0 ﬁfa¥mu§@§95uéd Sdrfcratids t%egbwmg Ja'égaﬁhg Midterial to flow
2 he cent

133 er section may al so have ot
BT e FETORtone Ao B D Pcteros SR, e
S5 B s oRBE LA i
?édJc%g touBIn lead is curved in a

[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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direction perpendicular to a plane containing the

| eads to provide clearance for the other |ead that
passes under or over. The center section 764-2 curves
upwar dly and back downwardly to provide cl earance for
the center section 762-2 which is planar. Still other
variations are contenplated for the crossover. [0110]

Ref er [p108] now FeG Fi 88, aldbsssvér 158, m!&@ﬂb@lésﬂ%@%'a’thBQ-A that
techni ques are shown. In FIG 13A, a side view of

In’&ﬁfc‘ﬁ%aé fdt %égﬁb‘ﬁ' 5 RAGKRY é‘%ecgrocpsé&fﬁlnufg?ﬂZ "{‘%%lgérb connected

grid array substrate is shown. The packagi ng

ng%l b nréa'?shm,@%g& le%lo* fﬁé—tb Hé§ agf%t s?&‘éiﬂaﬁiﬂ& a center

teri a can be 'use

SERRAE Baand ¢ Esggwﬂr?%f it zhé\if#a?sts&“ Fo Rt S her igar with
A e et 1ot 4l e ?eécﬁ’ndﬁ%ﬁffszﬁiﬁ% Ghsirith the frst

Sol der__bunps.806 on the ball grid array substrate 804
geetion 73gréd. wihercanirnechgn Eéaqu-hBer@fodlssﬂlaatqme.ﬂréuand second
circuit board 812 or other substrate or nounting

stipight sectiansrF{%2-B1 1280, 7$4B3gr Rbe gepier @@pworpmaya@sag\ave other
815 includes a flip chip or integrated circuit die
8uablashapes.at t ached to the substrate 804. The

substrate 804 may include nounting pads 818 t hat

al i gn[@dQ9) sdhdéG. v2D) s paltbfdéadshesd Includebifipst&@ second leads
[0111] Referring nowto FIG 13C, a nore detailed

J6assnd 7641 thatiboth Rave Afstlebetac R, aeliteP@beREK ) &Y second
approach 830 is shown. A ball grid array substrate

beigdclI)drztion$OPTRE dentdresdtidn! YA le8SOoneMEais curved in a
efines traces, vias and nounting pads on one or both

%lr‘é@ﬁorﬁ)fpe?pe?\‘dlibﬁératbea ?%‘h@ c%ﬂalnﬁ ;‘tﬂ%‘rléﬁfs %Bﬁrovﬁgéyalggrance for

used to connect one of nore rac nmount

3[4@ ogﬁ%ra %B%Eg@gss&éﬂnééro oPdvEfe b @E{n?érege&iohc%ﬁa curves

rovi de a connecti o

%l&/ r@'o%e &_éov{rrv‘?ar@ﬁo Spll‘g? 18 a eeara8n30% for uenct;e'nqgr gecqlon 762-2

which is planar. Still other variations are contemplated for the crossover.

[0110] Referring now to FIGs. 13A and 13B, various packaging
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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of the BGA substrate are defined by the copper
patterned | ayer and receive solder bunps 844. A

sol der mask 855 may be applied to the copper |ayers
836. A crossover or junper is integrated with the BGA
substrate according to the present invention as wll
be descri bed below. [0112] Referring now to FIG 14A,

B10bAA phhRY ditculi Dokt 8118 o oBfeh substiaiE or %Qmﬁiﬂg s0iaEe, In FIG.
speed traces 874, 876 and 878 is shown. The tFace 874

ISHPDIEREe il paSfiibg B13 oo BRFENY of dibbfHe giroutt die
T 87, [ 880
£18 el cbsaie 5 18 A efEEe 395, n3PBERISHAY AsigRouce
A 83 [ . . h
RaiBiE 8575 516 B bl Sard ¥ e BE TR 16rne
ayer(t1h bBErANG SORAPrES 5P BIETBRta|s5erpse Sectag view
can be appreciated, the crossover traces may have -
of vep exemplaryaB$ropackading @PRIGaShsBYE iisBewnped kalbgdd array
[0113] Referring nowto FIG 14B, a sinplified cross
substraie 834vindudes Bl eoppeatpatigrmelddaBm83 o mhdch dgfinestraces, vias
shown. The vias 880 and 882 are collectively

iaddmournitiad peds @b0onelbrebathassdes1df gpsubsirdte ecore@dle Boraiwires 854
bet ween traces 876 and 878 (collectively identified

ahayobd isedith Edrhect A€ obngrerpees 88 hountid phd KeUerts iangounting
now to FI Gs. 15A-15C, a sinplified cross sectional

\pa@vesd onldie Mitddigtednciriuitedio @4e. Blils 888 Prowlie adddhrettion to the
shown. Crossover traces such as those shown in FIG

Sitesie otk BOAMUDsHaeS Gw.n%nﬁfggédéﬁﬁ BhaSottom surface
934. In FIG 15A, the BGA substrate O includes |&TP

Wihe BERG bt &re %lﬁngqgogﬁ'? BYSEE P AN :fagfeﬁn%nd receive

substrate core nateria / or ‘ot her 1 nsul &

SR By B | GBI RELEEE ) e 4 1 d BEpRAEfers 536
A crossover or jumper is integrated with the BGA substrate according to the
present invention as will be described beiow.

[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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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 plane | ayer
942. The trace 954 is isolated fromthe remaining
portions of ground plane |layer 942. As can be

appreci ated, the structure shown and described in FIG

o 50 BB
Tvote B B S BR

964 that is coplanar I SO t he power

pl ane r . I 9 is isolated fromthe ,

r emai ‘9!1 %Fpoﬁg féiﬁggg}%\’{) (@&ﬁGp Iqéﬁe q 5%91%95 3%0s§ pegtiepal view
] he, | r. or t e 964 is_shown in the power
RSk BE luipet AT 5 shawn. 7 s, 580 sad 682 ars collectively
L syai terial may be used at 970 to 47 insul ate

{‘ﬁé‘ ”f"?firﬁgg@? ¥asal0 prayife A<copoaetionpbeiweensBacas 86 and
gg-l and 960- 2 connect to the junper or trace 964.

? {elleglivelyoidentifiecoat ) @ot tthe aemAr jupwpes 8838y be

encased by a protective material as shown FIGs. 1 and

2. Th@éé%ki Regatring nave tefiGsan SANNGC, ag ireplifieide cfose nsectional
the foregoing description that the broad teachings of

view fustsating an raltenbatenBGAns tEstiate DB0Eit sttbwrh)  aCroasb\irtraces

of forns. Therefore, while this invention has been

decitas ltrexbel showmineEIG. o Anbiieh foprasd it Hh drite ARORRBLESNd trace plane
thereof, the true scope of the invention should not

B84 0n FiG1 157 thé BTA @UB&Fatg DD fihGddd '
apparent to the skilled par act Ptl?%%%éré)%gc%\g%{s? Eg@ggﬁlane 938

Epglaﬁ%@wzg%‘arﬁ %ﬁféz.\/\h Sgtgﬁli)itl'éét?tg:o%; | S:lél e’ Sd/BVbikg: insulating

layers may be located between the I&TP 934, the power plane 938 and the

ground plane 942. In FIG. 15A, vias 950 provide a connection to a crossover
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 to
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An integrated circuit package conprising: an
integrated circuit die conprising a first pad, a
second pad adjacent to said first pad, a third pad
adj acent to said second pad, and a fourth pad

adj acent to said third pad; a |ead frame conprising a
first lead, a second | ead adjacent to said first

insakite thet joinpér lor ddcadbadmmnt tHeopeabiplars 088. Neadlgs@Atnd 960-
fourth lead adjacent to said third lead; and first,

2e0anskt tb fhd flinfidt or trakk belondwi res connecting said
first, second, third and fourth leads to said first,

SeCO”Eﬁﬂ ;‘2 I dngnét thaUsh od(jﬁ%%ts sﬁ@@ﬁ%fﬂow‘jh%%g\é‘?gﬁcﬁsﬁd by a

said and“second [ eads and said thir

R TR e Sy Brrlad, a2 CTRERE SR BT af 8 BRfan now

eads are spaced a secC

[ [ t jd first di.stance. 2. The

aRp8slate R e B ie pensBlio s the rogfiiearinasiptine present
first lead ,carries a signal havin first_polarity, .
gyﬁaﬁ%%&aﬁ‘d bPe%P"E'QPNerH’aas VEHely afa\%‘?rﬁﬁ- a Thesefgrey While this
pol arity, said third | ead carries_a signal having said
veBiion Bas Beey deseriaes B corpartion with pasular exampiasthereot, the
havi ng said second polarity and wherein said first and
é’éécﬁ?g%&f e investiert shayihpat be spdimitedtsirgs other Swodifisations will
integrated circuit package of Claim1l wherein said

Peeamne Arparericiontihel sitited pragtitioner upnm @ study b dng lrawings, the
| eads of said |lead frane carry hi gh speed

@pediticationi arid thedolidvengalaimg;, a frequency greater than

or equal to 1 Ggabit per second (Go/s). 4. The
integrated circuit package of Claim1l wherein said

| ead frame
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further conprises a fifth lead that is spaced a third
di stance fromsaid fourth lead and wherein said third
di stance is different than said first and second

di stances. 5. The integrated ci rcuit package of Caim
4 further conprising a si xﬂj §ad that is spaced a
fourth distance from said ?‘N | ead, wherein said
fourb& d.ls anc s different than said first distance
and B?E‘Fﬁ%’é‘? %5 fth and sixth leads carry control
signals. 6. The integrated circuit package of Claim1l
further conprising a serializer/deserializer (SERDES)
modulie t hAn integratedazitcad paickage gomprising:,  second,
third and fourth pads. 7. The integrated circuit
package ohanCraggratedvrceitndigaicdnfprisitg andirstspadna sadsnd pad
of said integrated circuit die are associated with

agLafgfeﬁf R Ehidl firkt gﬁﬁ Nhtthirg ipditea§ja8éntsel shiSEEd fﬁé@u la@d a fourth

said third and fourth pads of said integrated
Ci,r .ated with differential receive
pgar?iz%c;eng &g d?“@@% S nodule. 50 8. A network
|nterface conpr.i Sing the. integrated,circuit k .
Claim 1, “#iee f@@%%a%ma%-rﬁt'%?fﬁ,a%s%%%f%@#%ﬂ?cé’* to said

Ilant and operates at  speeds greater than
fl@tga@ﬂ ta tird leadadiacent tgisaid aee)idhl éﬂﬁ@f%%déﬁ%@@lacem to
of Caiml further conprising a fifth lead that is
shittthirddedd:tamebn sai d second and third | eads and that
communicates wth a reference potential but does not

comuni catfigst datopdl cthirdt agd ateeatthc ivondiniresdicennddlingTiseid first,
i ntegrated clrcuit package of Caim1l further

<BRBR4! Sﬂﬂﬁil ANEBIHH Yeads2Rs sHid aFﬁg'ledsédbn%a'tﬂlrtﬁ'érﬁi fourth pads,

second rd and fourth | eads of said

respectively,
wherein said first and second leads and said third and fourth leads
are spaced at a first distance and said second and third leads are spaced at a

second distance that is different than said first distance.

2. The integrated circuit package of Claim 1 wherein said first lead
carries a signal having a first polarity, said second lead carries a signal having a
second polarity, said third lead carries a signal having said first polarity and said
fourth lead carries a signal having said second polarity and wherein said first and

second polarities are opposite polarities.
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frame, wherein said conductive tape conprises a

conductive layer and an insul ating adhesive |ayer

that contacts said first, second, third and fourth

| eads. 11. The integrated circuit package of C aim 10
wherei n said conductive tape conprises a plurality of
spaced perforations. 12. The integrated circuit _

pack&ge of N8 Hitgreded Greuibrpackagei of Ripimpdcwhgraig said first and
material that contacts said integrated circuit die,

s¢apad deafuand gaid thiyd andsfeiudhl leads of aatl laad feanal carry high speed
bondwi res. 13. An integrated circuit package

difterentiali signaslhavingna dgcpiendy cgreatsrt thdineof @RI $6 N9 Gigabit per
pads, where Nis an integer greater than one; a |ead

skcen® (Gbrg)ri sing N adj acent | eads; N connections that

i ndividually connect said N |leads to said N pads,
respectively; and a first material conprising an

insul ating layer and a conductive |ayer, wherein said

i nsul,ating-l aver i dhesj vely arr ed on said N,
| ead$" of gfg]ed%?qe%rggecf‘plg%g P%ﬁ.agﬁweﬁﬂ?ﬂ'%?a?wem paidilead frame
package of Claim 13 wherein said N connections

f rqg‘ggprl\ﬁ%ﬂé&}‘r@%@ that is spaced weeifirdtdistance éeim said fourth lead
package of Claim 13 wherein said. first material
apgimheredssaiddhind gistanceois differend theer aiddirstoarsd sddbndTdietances.
integrated circuit package of Claim 14 further

~conprising a packaging material that contacts said
integrated circuit die, said first material, said

| ead 5l r amerhitshtbdiIRUNPUCKEYe of Claim 4 further comprising a sixth
lead that is spaced a fourth distance from said fifth lead, wherein said fourth

distance is different than said first distance and wherein said fifth and sixth leads

carry control signals.

6. The integrated circuit package of Claim 1 further comprising a
serializer/deserializer (SERDES) module that communicates with said first,

second, third and fourth pads.

7. The integrated circuit package of Claim 6 wherein said first and
second pads of said integrated circuit die are associated with differential transmit
signals of said SERDES module and said third and fourth pads of said integrated

circuit die are associated with differential receive signals of said SERDES

module,
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17. The integrated circuit package of Caim13 wherein
said first material conprises conductive tape. 52

8. A network interface comprising the integrated circuit package of
Claim 1, wherein said network interface is Ethernet compliant and operates at

speeds greater than 1 Gigabit per second.

9. The integrated circuit package of Claim 1 further comprising a fifth
lead that is located between said second and third leads and that communicates

with a reference potential but does not communicate with said integrated circuit

die.

10.  The integrated circuit package of Claim 1 further comprising
conductive tape attached to said first, second, third and fourth leads of said lead
frame, wherein said conductive tape comprises a conductive layer and an

insulating adhesive layer that contacts said first, second, third and fourth leads.

11.  The integrated circuit package of Claim 10 wherein said conductive

tape comprises a plurality of spaced perforations.

12. The integrated circuit package of Claim 11 further comprising

packaging material that contacts said integrated circuit die, said conductive tape,

said lead frame and said bondwires.

13.  Anintegrated circuit package comprising:
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an integrated circuit die comprising N pads, where N is an integer
greater than one;

a lead frame comprising N adjacent leads;

N connections that individually connect said N leads to said N pads,
respectively; and | |

a first material comprising an insulating layer and a conductive

layer, wherein said insulating layer is adhesively arranged on said N leads of said

lead frame.

14.  The integrated circuit package of Claim 13 wherein said N

connections comprise N bondwires.

15.  The integrated circuit package of Claim 13 wherein said. first

material comprises a plurality of spaced perforations.

16.  The integrated circuit package of Claim 14 further comprising a
packaging material that contacts said integrated circuit die, said first material,

said lead frame and said N bondwires.

17.  The integrated circuit package of Claim 13 wherein said first

material comprises conductive tape.
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