PACKAGING FOR HIGH SPEED INTEGRATED CIRCUITS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S, Provisional Application Nos.
60/722,272, filed on September 30, 2005 and 60/701,701, filed on July
22, 2005 A& HSENSUFOS thSkboREEipliddios RAREDIBIREY idein
by reference in its entirety. FIELD OF THE INVENTION [0002] The
present invention relates to packaging for integrated circuits (ICs), and
more particularly higé]l%sgee%&ackaging for ICs. BACKGROUND OF THE
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onductors of a lead frame. Referring now to FIGs. 1-2, exemplary

of
byﬂﬁﬁ?{%‘gg 1B EHENEEEe shown to include an integrated circuit die 12
having pads 14 that are connected by bondwires 16 1 to leads 20 of a

lead frame 24. The packages 10 and 10’ are typically encased in a
suitable protective materéeg%é% g)rgoﬁltgeferrigﬁrnow to FIG. 3, differential
signal pairs 50-1, 50-2 a -3ar S lB?'Naads 20-1A and
20- =2A and 20-2B, and 20-3A and
]1%069] dhe presen?lnventlon relates to packaging for integrated circuits

(ICs), and more particularly high speed packaging for ICs.

BACKGROUND OF THE INVENTION

[0003] Modern 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



20-3B and bondwires 16-1A and 16-1B, 16-2A and 16-2B, and 16-3A and
16-38, respectively, to pads 14-1A and 14-1 B, 14-2A and 14-213, and
14-3A and 14-313, respectively, of the integrated circuit die 12. In each
differential pair in FIG. 3, the notation A represents a first polarity
conductor and the notation B represents a second polarity conductor,

r \Y ' differential pairs are typically located in close .
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immediately adjacent to a second polarity conductor of the same pair on
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opposite side. Pair coupling tends to occur betwe acent hig
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62 in FIG. 3. The magnitude of the difference between the signals carrie
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-margins to an unacceptable level particularly for high speed signals such
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tends to be even greater for low cost plastic lead frames as compared to
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OF THE INVENTION [0007] An integrated circuit package comprises an
iMeiRed cireniearte omfiissingartyscpady atse condtpac atiice s te:thesents a
first pad, a third pad adjacent to the second pad, and a fourth pad

aBFSON: RO AETPE HAcION TeaBesial comprises a first lead, a second

lead adé@cqeé}% to tge?first lead, a third lead adjacent to the second lead,
and a four éad J@(‘f@ﬁ‘f @ﬁﬁ?Mi?&l REHF, WRebaitcally located in close proximity

to one ancther. In some circumstances, the differential pairs may be situated
with a first polarity conductor of one pair located immediately adjacent to a
second polarity conductor of the same pair on one side and with a second
polarity conductor of another pair on the opposite side. Pair coupling tends to
occur between adjacent high speed differential signals. For example, pair
coupling tends to occur at 60 and 62 in FIG. 3. The magnitude of the difference
between the signals carried on the adjacent pairs tends to éause data errors
and/or to reduce design margins vto 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.



a first end of the fourth lead extends beyond at least one of the first,

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

third lead. First, second, third and fourth bondwires connect the first,

second, fourth and third leads to the first, second, third and fourth pads,
respectively. [0008] In other features, the first lead carries a signal having

a first polarity, the second lead carries a signal having a second polarity,

the third lead carries a sRHNMMAGYQReTsdedNY pdlaHNand the fourth

lead carg@se? signal having the first polarity, wherein the first and second
polaritie P bpp&ﬁ@%@@ﬁ%éﬁ"ﬁ RS 0% thr g drannei tiagiateghoircuit die
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wherein the first distance Is greater than e t
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fifth and sixth pads. The first, second, third and fourt
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wherein the second length is shorter than the first length.

sitttnd lésatiscandy Bignatirbendngavisst SPe kAN WRRIEIBINASird joad. First
second, third and fourth leads carry signals having a second speed that Is '

higeremAathire éirst fpetd HEOKOT4s atben featinesiihe aeHRAtdGHSUlnd third
package includes a high speed serializer/deserializer (SERDES). The first
atRpgederiaphss, sktmnd, third and fourth pads, respectively. |
[0008] in other features, the first lead carries a signal having a first
polarity, the second lead ‘carries a signal having a second polarity, the third lead
carries a signal having the second polarity and the fourth lead carries a signal
having the first polarity, wherein the first and second polarities are opposite
polarities. The leads of the lead frame carry high speed differential signals. The
high speed signals have a frequency greater than or equal to 1 Gigabit per
second (Gb/s). 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.
[0008] 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



integrated circuit die are associated with differential transmit s_igr!als of the
SERDES and the third and fourth pads of the integrated circuit die are
associated with differential receive signals of the SERDES. [0011] In
other features, a network interface comprises the integrated circuit
package. The network interface is Ethernet compliant and operates at

h Gigabit d. The figst bondwire comprises '
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integrated circuit package comprises creating a first pad, a s
aslaeent to the first pad, a third pad adjacent to the se_conpl p.ad, a_nd a
fourth pad adjacent to the third pad on an integrated circuit die; using a

lead frafoe 1oImprisiogharfitsaigass, areqandlaad aglagephig e g{abdes a high
lead, a third lead adjacent to the second lead, and a fourth lead adjacent

topkedhiverlelmtrisdeaditge fiSEMES the foushdeadhryd hdeaslis of the

one of the first, second, and third leads and in a direction.towards a path
defp@iaisy tercuithifie lead; anspiatadingifirstiseeont thishamndt folgthls of the
bondwires connecting the first, second, fourth and third leads to the first,
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method comprises using the first lead to carry a signal having a flrst
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[ a signal having the second polarity and the
third Ieaﬁ&qﬁarrym ot%er featurgs, a networkpinterface comprises the integrated
circuit package. The network interface is Ethernet compliant and operates at
speeds greater than 1 Gigabit per second. The first bondwire comprises first and
second bondwires that are stacked and connected between the first lead and the
first pad and the fifth pad, respectively, of the integrated circuit die. The first,
second, third and fourth bondwires each comprise first and second stacked
bondwires.

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

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

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



fourth lead to carry a signal having the first polarity. The first and second
polarities are opposite polarities. The method comprises using the leads of
the lead frame to carry high speed differential signals. The high speed
signals have a frequency greater than or equal to 1 Gigabit per second
(Gb/s). [0014] In other features, the method comprises spacing the first,

hi fourth leads at least g first distance from the integrated
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sp%es(é c [ C integrated circuit die, wherein the first
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perpedRgdifth and sixth leads; creating fifth and sixth pads on the
integrated circuit die; connecting the fifth and sixth leads to the fifth and

sixth paos1aying fitomed ixkaRANAMres.The firsh sesond, third an

fourth bondwires have a first length and the fifth anoip Sixth %%'%er%sgﬁ%t\}g ad to

asegandiergthantynersinoiiarscend lengihdssherer thanthe first, .
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second, third and fourth leads to carry signals having a second speed
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pad on the integrated circuit die; using first and second stacked

RARRRE sHiea P ARS StacRelaEiesc diiTrectedhtt terepibesitasitepehanddhe of the
first cf)@d and the fifth Dad, respectively, of the integrated circuit die for the
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caogpé)rise first and second stacked bondwires. [0016] An integrated circuit

N gagr}%n%?@@g m%%tgav.@}éaigoq%gabit per second (Gb/s).

[0014] In other features, the method comprises spacing the first,
second, third and fourth leads at least a first distance from the integrated circuit
die; and providing fifth and sixth leads on the lead frame that are spaced a
second distance from the integrated circuit die, wherein the first distance is
greater than the second distance. The method comprises providing fifth and
sixth leads; creating fifth and sixth pads on the integrated circuit die; connecting
the fifth and sixth leads to the fifth and sixth pads using fifth and sixth bondwires.
The first, second, third and fourth bondwires have a first length and the fifth and
sixth bondwires have a second length and wherein the second length is shorter
than the ﬁrsf 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



means for performing a function comprising first connecting means for
providing a first connection surface, second connecting means for

providing a second connection surface adjacent to the first connecting

means, third connecting means for providing a third connection surface
adjacent to the second connecting means, and fourth connecting means
gprrs,pgogiid@g]ahfourthtconnection surface adjacent to the third cpnnecting o
means. Erame EAHS LOrpRess 3t eaioRdint meah o fofCodetaigd circuit
seson (? ing means for conducting adjacent to the first conducting
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conducting means and in a direction towards a pa
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first, second, fourth and third conducting means to the first, second, third
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first conducting means carries a signal having a first polarity, the secon

coraiuetioy paeans tardefuacsignabhaiintng BrseconsRalyinetit Yk roviding
conducting means carries a signal having the second polarity and the
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and second polarities are opposite polarities. The conducting means of
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(BRACF APIRYdise @ Hirdiranatiissurtesedadineg thisihe sscepdcemhnecting

at Ieastafiastdist nce )
means, and fourth connecting means for providing a fourth connection surface

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



from the integrated circuit die means and the frame means further
comprises fifth and sixth conducting means that are spaced a second
distance from the integrated circuit die means, The first distance is
greater than the second distance. [0018] In other features, fifth and sixth
wire means connect fifth and sixth conducting means to fifth and sixth

connegtin means, wherein the first, second, third and fourth wire means
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associated with differential receive signals of the SERDES means. 7

[0020Ihe inetyasteiniertadedio mpesesaine tintelsatechelayd RRATKAIDHmPREes fifth
network interface is Ethernet compliant and operates at speeds greater

thaA sixSigalsinpectsaromeatsothet fasturgsaftittt consecting mMieaisce from the
provides a connection surface on the integrated circuit die means. The
fiFdeopEeAhedifftl it atifprisesrirst Erd Segforibttacke tbwireaeanisefor the second
connecting that are stacked and connected between the first conducting

&nd the first connecting

[0018] In other features, fifth and sixth wire means connect fifth and
sixth conducting means to fifth and sixth connecting means, wherein the first,
second, third and fourth wire means have a first length and the fifth and sixth wire
means have a second length. The second length is shorter than the first fength.
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.

[0018]  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.



means and the fifth connecting means, respectively, of the integrated

circuit die means. The first, second, third and fourth wire means each
comprise first and second stacked wire means for connecting, [0021] A

lead frame for an integrated circuit die comprises a first lead, a second

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

and af Ng% eadl{;\driagsn ta the third lead. A first end of the fourth lead

extends” beybnd ‘at I6asPBhd 07 i irSLERES AT, HRdIREr riadsciRtinpackage.

ectl ath defined by the third lead. [0022] In other
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opposite polarities, The leads of the lead frame carry high spé

aiereniiad signalnd hRchigereed SfRARINEHE y greater than
or equal to 1 Gigabit pe(rj second (Gbls). [0023%?;18%%%%%@%%? fiie-acked

fiast] sexovsdtthird etad doutielgads aimdRased rﬁ%@%ﬁtaanﬁr%gi%?é%c‘éfomecﬁng

from the integrated circuit die and the lead frame 8 further comprises fi

dndssiztianeatie théh aenspatied asecondadistance|iromn theiRgRedcircuit die
circuit die. The first distance is greater than the second distance. The fifth

dnaasgth TeeriSichnsesigrdidtiaviagpaftistis peed nidwn §reb geeonshritiirtrst and
and fourth leads carry signals having a second speed that is higher than
tRBCHRSt Sisekad it fowansdan sonperiiatly "L"-shaped. [0024] A method
for prov[igiﬂnqu? le%fj igaacr:ln f?;r%reafr:)in;[\?\gic'\at'[eeg?’;cgguci:%rgitﬁt die compri first |
prises 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. A first end of the fourth lead extends
beyond at least one of the first, second, and third leads and in a direction towards
a path defined by the third lead.

[0022] In other features, the first lead carries a signal having a first
poiarity, the second lead carries a signal having a second polarity, the third lead
carries a signat 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



comprising locating a second lead adjacent to a first lead,; Ipcating a third
lead adjacent to the second lead; locating a fourth lead adjacent to the
third lead; and 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 third lead. [0025] In other features, the n_1ethod compr:js:es ;
ing the first lead to carry a signal having a first polarity, the second lea
R o B HE RV Lot st npere s s o
ir ecand polarity_and the fourth lead to carry a signal having the
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method comprises spacing the first, sec 0
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ifssbpdistancrd oM elniegrated cligit dig; and,locating fifth anc
leads gésecond distance from the intefg:ated circuit die. The first distance

is greatiuten the seensd HisteRSR %%%%%é%‘i“éﬂ%@ﬁ@%ﬁ‘%ﬁcmt die

comprises using the fifth and sixth leads carry signals having a
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having a second speed that is higher than the first speed. The fourth lead

iggenenilly trestequed! [0027Adtag trametforan intharated irunee lead: and
comprising first conducting means for conducting, second condl_Jctlng
nREESHRE cofel@nt cadpecéentd tieadirseyond usttig shemasottiing first, second,

conducting means for conducting adjacent to the second conducting

B8 Irdieadt ARG A GlERT Rdamefels a path defined by the third lead.

[0025]  In other features, the method comprises using the first lead to
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, wherein the first and second
polarities are opposite polarities. The first and second and third and fourth leads
of the lead frame carry high speed differential signals. The high speed signals
have a frequency greater than or equal to 1 Gigabit per second (Gb/s). The
method comprises spacing the first, second, third and fourth leads at least a first
distance from the integrated circuit die: and locating fifth and sixth leads a
second distance from the integrated circuit die. The first distance is greater than
the second distance.

[0028] 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



conducting adjacent to the third conducting means. A 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. [0028] In other feature, the first conducting
means carries a signal having a first polarity, the second conducting

rries a signal having a_second polarity, the third conducting
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c ti arries a signal having the fjrst polarity, wherein the
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. means_Tor G
means for conducting that are spaced a secon fom the

ineetmated tiriie diecoherebnie firs! iskaRce-isorealer thandhngsecond
distance. The fifth and sixth conducting means carry signa[?s hav(%gsa ?ﬁggns for

speed it gvadiene thetdirtesedandomiohang Hseurth ORI of the fourth
means carry signals having a second speed that is higher than the first

spead UTtRofone@nconwiectitg mpans istgenstative Lorsinapaet: [Q3BHAN and third
integrated circuit package comprises an integrated circuit die comprising
atfeAE 7508 pRESRsaad elistaortirettiomsiow ands recgiuthdiffeieatiaby the third
signal . A lead frame comprises at least four leads. At least four

b ﬁ@\?ﬁﬁ%‘ LEBIf the leads to the pads. A set of polarities of adjacent

signals C[GH&%? byln other feature, the first conducting means carries a signal
having a first polarity, the second conducting means carries a signal having a
second polarity, the third conducting means carries a signal having the second
polarity and the fourth conducting means carries a signal having the first polarity,
wherein the first and second polarities are opposite polarities. The conducting
means of the lead frame carries high speed differential signals. The high speed
signals have a frequency greater than or equal to 1 Gigabit per second (Gb/s).
[0028]  In other features, the first, second, third and fourth conducting
means are spaced at least a first distance from the intégrated 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

10



the at least four leads is different than a set of polarities of adjacent
signals carried by the bondwires and the pads. [0031] In other featgres, a
first lead carries a signal having a first polarity, a second lead is adjacent
to the first lead and carries a signal having a second polarity, a third lead
is adjacent to the second lead and carries a signal having the_secongl

ng W %p]auacg%urth lead is adjacent to the third lead and carries a signal

having the Tirst poIgHty A SV R RRVENGighsE FRsheperd thst pofkdngr than

3 ' jacent to the first pad and carries a signal having a
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other features, the four leads are spaced at least a first distance Foth
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leads that are spaced a second distance from thg mtegrateq circtitdie.

ltperia¢ fesstiifiancedd greatitehan thesesond ptaneriEdR AOHiSEER: signals
bondwires connect fifth and sixth leads to fifth and sixth pads. 'I_'he first,
SeRiIRd, Bivittieahanévires boddiviresdiawve a first length and the fifth and

sixth bondwires have a second length and wherein the seco_nd length is

shorter tBA'he fitst ahgitfepheetittraficssiktadeadsiearry sigmals having a first
a first speed and wherein the four leads carry signals having a second

s%%‘@&%aq geﬁ%llqﬁgr{q@@j@@grgﬁ@e@_e first lead and carries a signal having a

second polarity, a third lead is adjacent to the second lead and carries a signal

having the second polarity and a fourth fead is adjacent to the third lead and
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, 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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[0033] In other features, the integrated circuit package comprises a high
speed serial izerldeserializer. [0034] In other features, a network interface
comprises the integrated circuit package. The network interface is

Ethernet compliant at speeds greater than 1 Gigabit per second. A fifth

pad is located on the integrated circuit die. The first bondwire comprises

fjirst and second bondwires that are stacked and connected between the

fir8F 15 divPRrefirsBRmeAh IR TS SrrNd eipecweelyFiftf telintety atentwires
circuit die, The first, second, third and fourth bondwires each comprise

RO 48 oﬂaifée&fk%%%&ev%%ﬁwésﬁsm RRABod R Hretidiegpad, third and

fre i Sclorstack 18 0081 Aioc e prslismeran

AR FllE e a1 Bt e ERR AR e have
| tial.s ; ting the t it and ive diff tial signal

& e S O AL AT ok Mesgots, The

AR ARG NP JRRUR A0 BT PSR 03

four bondwires,
wherein a set of polariti jacent gna'ls ca

NS R g teads
leads isgifirantihen assehpf %Qéae@ti@x%%ﬁ?

' eng ignals.carried by the
bondwires and the pads. 12 [0036] In other e@afures,%g@ﬁ%tﬂfﬁa{& %%?r#/es a

signal fauw a first R iatrecondleat s Adiacert o H&l%@tele prises a
i o)

and carries a signal having a second polarity, a third lead'is adjacent
thglsepard sadbinsrcrrsiamagignal having the second polarity and a
fourth lead is adjacent to the third lead and carries a signal having the

first polEH94A first ptiesaieies@signakhavingtbeiicst palasitked $88aREgrated
pad is adjacent to the first pad and carries a signal having

circuit package. The network interface is Ethernet compliant at speeds greater
than 1 Gigabit per second. A fifth pad is located on the integrated circuit die.
The first bondwire comprises first and second bondwires that are stacked and
connected between the first lead and the first pad and the fifth pad, respectively,
of the integrated circuit die. The first, second, third and fourth bondwires each
comprise first and second stacked bondwires.

[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 différentiai signals; connecting the transmit and receive
differential signals to the integrated circﬁit die using a lead frame comprising at
least four leads; and connecting the leads to the pads using at least four

bondwires, wherein a set of polarities of adjacent signals carried by the at least

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

bondwires and the pads.
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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. 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
reater equal to 1 Gigabit per second (Gbfs). [0037] In other
?eaturesﬁ%% eth%’d %% I P(é%té’%cﬁ‘lgﬁf% R IsabEeadesignalileving a first

di LRAGE fr e infegrated circuit dje; and spacing fifth and sixth leads a
sescond d isé;agr%é ?r%lﬁ%ﬁe’sl nefé;g 8 {ﬁrﬁﬁ?fg r§ l\?f?fgl%‘?ﬁ’ thI st Yistapeehaving a

' r the. sge istance. The method compyises providing fifth
e L S v M ek i sonal
coRaingethedi ixth fi d sixth pads using fifth

and sixthnggn%%%@%%ﬁs%,ﬁgggo%%%irggoﬁgsfgﬁ%cé)@na@vﬁ% (felgad and

firsaieagth sl she difihand: sidh haadwires Wﬁp%ée&ﬁﬁgéigf%m g%gwaving the

wherein the second length is shorter than the first lengt

sifithtIpatisisamyssignadspaavioadicehspeedt frbefoy réﬁ@@%ﬁ%réyasigé‘r%? having

having a second speed that is higher than the first speed. The meth

cengsdons pawidingeatiiftt pad Bnadie detegeatad sedidigagldhesfisst 5 signal
bondwire comprises first and second bondwires that are stacked and
chivérget b ratarmiatity finst ledduatidghe firsicpasbant the ifRdP88d and carries a
respectively, of the integrated circuit die. The method comprises using
firSO8RH RadBadhsacesd darmdwites fheduktaitestirsinsesomditithird @ngpposite
fourth bondwires. [0038] An integrated circuit package comprises
inBRPRHRS cirdift R hR{dhs terprisemmeartuhigh s pliSergatdeainals. The
foH.r ﬁonnecgng_ means for

igh speed Signals have a frequency greater than or equal to 1 Gigabit per

second (Gb/s).

[0037] In other features, the method comprises spacing the four leads
at least a first distance from the integrated circuit die; and spacing fifth and sixth
leads a second distance from the integrated circuit die, wherein the first distance
is greater than the second distance. The method comprises providing fifth and
sixth leads; providing fifth and sixth pads on the integrated circuit die: connecting
the fifth and sixth leads to the fifth and sixth pads using fifth and sixth bondwires.
The first, second, third and fourth bondwires have a first length and the fifth and
sixth bondwires have a second length and wherein the second length is shorter
than the first length. The fifth and sixth leads carry signals having a first speed.
The four leads carry signals having a second speed that is higher than the first

speed. The method comprises providing a fifth pad on the integrated circuit die.
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providing a connection surface that at least one of transmit and receive
differential signals, a lead frame comprising at least four conduc.tlng
means for conducting, and at least four wire means for connectlng the
leads to the pads, wherein a set of polarities of adjacent signals carrl_ed
by the at least four conducting means is different than a set of polarities

: ; i ' d the connecting means.
O BT AR SRR LR Ton ccrRiuing meam e wacked and

' i ' latity, a second of the four conducting means is ‘
SIaes 10 e O 1o AU e A e gnegepecivly

i ity, & third-of the four conducting means is adjacent
B R 008 oo
hesrearsbRAlAFY Rikadeuhelie uneandeiing means s adiacent

K
to the third of the four conducting means andgéarrles a sig [

first polgoitgsh firstOfithedore $OORLLINRME Q%Bﬂgﬁge% Sflggaxlfa avmﬁg%uit die

the first polarity, a second of the four connecting means Is adjacent to

firseanshtofoprosing clirfgibeen cBRh AaIRE SR RIgeakhay i%ﬂeéﬁﬁgg%o?ans for

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

tiReofgdingormentimenieanssarfdsarties asigeakhaying be fHPMINY receive
and a 14 fourth of the four connecting means is adjacent to the third of

tRéffRrentahnisnmy meM@miBsﬂsBignaﬂ_[@éﬂgduhe&ﬁfgﬁ!&ng means for

polarity, and wherein the first and second polarities are opposite

p%?&ﬁﬁ‘ég?%é‘tfb@élL‘J@ﬁﬁ"gfméawg@mﬂeaﬁ)rf@nem@ﬁmgbeﬁmﬁd the pads,

differential signals, The high speed differential signals have a frequenqy

gPEKiET thén %?teaﬁé?‘:f@fﬂ%ﬁ&éit%@%@@bﬁﬂﬂ(@ﬁ/s}:atmmdftdug t_m(_:fucws@st four
' i integrated circui

MEA %c%fggs ae%%% Cg, Igi%%trgnfgr%adr{%aggf ggopgléri?ies ogf] adjacent signals carried

by the wire means and the connecting means.

[0039] In other features, a first of the four conducting means carries a
signal having a first polarity, a second of the four conducting means is adjacent
to the first of the four conducting means and carries a signal having a second
polarity, a third of the four conducting means is adjacent to the second of the four
conducting means and carries a signal having the second polarity and a fourth of
the four conducting means is adjacent to the third of the four conducting means
and carries a signal haVing the first polarity. A first of the four connecting means
carries a signal having the first polarity, a second of the four connecting means is
adjacent to the first of the four connecting means and carries a signal having a
second polarity, é 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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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 means, wherein the first distance is greater than the second
distance. [0040] In other features, fifth and sixth wire means connects fifth

and sixth conducting means to fifth and sixth connecting means. The first,
second, third and fourth wire means have a first length and the fifth and
iRtk theetns deqne stisschsanerigtadpredcoing inigtivisrshrtertharecting
the first length. 7 he fifth and sixth conducting means carry signals having

2 TP S FEKECHHIE FoRiS EBRMTRYING MhearrceamPsiighiys having ereiactdfirst and

d that | her than the first speed. [0041] In other features, the
e ao3f%%%é&ﬁ?&ﬂﬁ%@glgrmaﬁ spEed SRndicbngsaedatizef the lead

econ
Integrated Circ

far seriglizi d deserializing signals._[0042] In other features, a_
AT B e Ao hE IRl bR DAchagE=4 Rennar snals

' | jant r than 1 Gigabit per

D o S B B Rt ). The four
Commsdt j ircuit. die, The first wire means o
compris@fiﬁgﬁ%eéf% gﬁ%%@%ﬁ%ﬁ%ﬁn@%ﬁg %ﬁatfr% (R AREERH circuit

c@@ngﬁtedwba@é@ﬁﬂéh%fifﬁhr@né&%?%é@,%ﬂ? and tg&*{ﬂr%to?}%@% Clind e ans for

i
means and the fifth connecting means, respectively, of the In egra?eqd

crondt.ditng ¢laais aFdesfiestc sesosub i %i@%@’%wirﬁ@ﬁﬂggﬁ%@ circuit die

comprise first and second stacked wire means. [0044] In_ still ot _
feaearss, wheritethrati cifietdnpadkagedseimple mrnieddn @ diaehdisk

drive, a digital versatile disc, a set top box, a vehicle
[0040]  In other features, fifth and sixth wire means connects fifth and
sixth conducting means to fifth and sixth connecting means. The first, second,
third and fourth wire means have a first length and the fifth and sixth wire means
have a second length. The second length is shorter than the first length. The
fifth and sixth conducting means carry signals having a first speed. The four
conducting means carry signals having a second speed that is higher than the

first speed.
[0041] 'ln other features, the integrated circuit package includes a high
speed serializer/deserializer means for serializing and deserializing signals.
[0042] In other features, a network interface comprising the integrated
circuit package. The network interface is Ethernet compliant at speeds greater
than 1 Gigabit per second.

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

surface on the integrated circuit die. The first wire means comprises first and
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control system, a cellular phone and/or a media play_er. [_004_15] An
integrated circuit package comprises an integrated circuit die comprising

N adjacent pads, where N is an integer greater than three. A lead frame
comprises a first pair of leads including a first and second Igad and a

second pairs of leads including third and fourth leads. The first, second,

third and fourth leads include first ends that are spaced from th_e .
imegrafedArkaf sleampansdhateniss Hatkas adfécmtrtepthd |h_®$g1medhe first
circuit die. The first and second pairs of leads carry differential signals. '
TR R ehrisPine SoEbTapAR b RaBE S aTiFSY ol tied il connecting
f I of the second pair of leads has a_second polarity. The third .
9”5%}‘?&%%8 SN 09&‘5% 8GR AE A h&'9REB entharfiiss second, third

lead Is on onesi

ite side of the fourth lead at the second end. N
e e AT bR Db PR skt apeans

leads to adjacentpads, J0046]. In othey, features, the N connections ,
comprisli.adﬁlgﬁndv'vﬁi}reeéml‘l’ﬁgﬁt‘ﬁgér)dTfée%]t c?%’sséhsethéniggrﬁ?q@ad?"?H@ fRfghage s

leacisrrearsentes R armRiises Srsiand sseand So‘%gé“enése%a%%d

\ a vehicle
bondwire connecting the first and second segments over the third ?é%

Toensetendiend otHIr MirEHeRE indpertethddiPpiuaen the second ends

of the second lead and the fourth lead. The second™ end of the fourth lead

is locateld DeFveen theiseratd endsiobhaHsdend aad %ﬁ@%‘?é‘%{%ﬁ’cun die

The third lead comprises a first section, a second section and a r_nldql e
seefitpigiag dorathats thepfickt, andeseching seciigRgel RPHRISPRIOI®e. A lead
co-linear with the first segment of the fourth lead and the second section is
cHamRgamaTites sediat segmettatiseificiiding sedastdprirsafdaadesd and a
ths%!:%%% pairs of leads including third and fourth leads. The first, second, third
and fourth leads include first ends that are spaced from the integrated circuit die
and second ends that are adjacent to the integrated circuit die. The first and
second pairs of leads carry differential signals. The third lead of the second pair
of leads has a first polarity and the fourth lead of the second pair of leads has a
second polarity. The third lead is located on one side of the fourth lead at the
first end and is located on an opposite side of the fourth lead at the second end.
N connections connect the second ends of the first and second pairs of leads to
the N adjacent pads.
[0046] In other features, the N connections comprise N bondwires.
The third lead crosses the fourth lead. The fourth lead is segmented and

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

second segments over the third lead. The second end of the third lead is located
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frame carry high speed differential signals. The high speed_ differential
signals have a frequency greater than or equal to 1 Gigqblt per second
(Gb/s). [0047] In other features, the second ends of the fII’S.t and second
pairs of leads are spaced at least a first distance from the integrated
circuit die and the lead frame further comprises fifth and sixth Iehads thar:
ed a second di tan from the integrated circuit die, wherein the
%gtt\%('j%%[ﬁn%e iS greac?er a CseeenauigRthaad it fanERilgRd: The second

fifth. and thI t fthands ads Th
O eﬁ%s D ARG SR G - FaJBp lead and

speonctipnoib-hats ﬁm%t@a@% st '5@%5?58& B and S leads

1 da.
carry signals having a first speed. The |rsta s&eond hAiRS5PIAgECtion and a

ORB RICEEIEJIRYIRG Sospernd SReqr Nt s dughe 0 (s%ﬁ%é@% ﬁaep #e% section is

[0048] In other features, a serializer/deserializ

cepinuaicaias wititbeNpada: drneveskiniasiace comrrisesdhg ection is co-

integrated circuit package. The network interface is Ethernet compliant
dintapeitichatsspretsqerier. thateliigah BEESREPF AR OBE P |oad

the N bondwires comprises first and second bondwires that are stacked

difdnce rsectelidie ypeed diffeneaitditeigfieds antreeapid pries ofieads adsignals
one of the N pads of the integrated circuit die. [0049] A method of

pRaVRIm i antieney ateeteirituin mickage torh@igesit peogistiog N(adjagent

pads on an integrated circuit die, where N is an integer greater than

three; pkBdftihg a*ka@ﬁ&ﬁét@&ﬁpiﬁmg%ﬂmm padisoffldaelSirmclnding @nd pairs
flrzt and second lead and a second pair of leads including third and fourth

BrRifRAeHret 'sashadirmifisiarriinm thede ipalatkdfiekstendse 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. Fifth and sixth bondwires connect fifth and sixth leads to
fifth and sixth pads. The N bondwires have 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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that are spaced from the integrated circuit die and second ends tha}t are
adjacent to the integrated circuit die; using the first and second pairs of _
leads to carry differential signals wherein the third lead of the S(-?-cond pair
of leads has a first polarity and the fourth lead of the second pair of leads
has a second polarity; locating the third lead on one side of the fourth

i ite side of the fourth lead at the
B e IS 8 il 7S BRI RSB ATapaFsciohd integratod

Rajrs, pfgads to the N adjacent pads. [0050] In other features, the'method
comprises connecting the second ends of the first and second pairs of

d b bondwi ir rosses the fourth lead. The o
:‘girti ng?%jse%?\nﬁ%ggogn%eéﬁn\%ﬁiiﬁiﬁg 58%508H8“§te%?ﬁéﬁg§éf(j’&“é’rlses'
heradiir; cRNAgGlag e st And e RAAIEOTERIR ug! e third leag,

i integer
The second end of the third lead Is etween the 'secon naso¥ 9

thecsesofithieaganddhe feugh deada {004, I Bmﬁﬁfﬁs%%rgas ’ ﬁaset Sﬁlac;ﬁngf leads

end of the fourth lead is located between the se_cond en of t e t
|ezdusintgtefisecand leasbnbhedairshigas! seeBieisgs afilshassHeRufhg third and

second section and a middle section that connects 18 the first and
sesotiisediond cThin fifst Sestjcseiond;litear with therfirsbsagmemide e ends
fourth lead and the second section is co-linear with the second segment.
Thatfrse aRacsstiinmphirsriepratisifitheilete drame conty dida sReeste adjacent
differential signals. The high speed differential signals have a frequency
gredhs tRigvGHedqEarW TeigatingpdnedtehariveyofodFalim ofheads to carry

ures, the method comprises spacing the second ends of the first and

2%‘ Shapiasigrrlagharriadhs stdieashed ensehend pair of leads has a first

polarity and the fourth lead of the second pair of leads has a second polarity;

~ locating the third lead on one side of the fourth lead at the first end and on an
opposite side of the fourth lead at the second end; and connecting the second
ends of the first and second pairs of leads to the N adjacent pads.

[0050] In other features, the method comprises connecting the second
ends of the first and second pairs of 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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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. [0053] In

other features, the method comprises providing fifth and sixth leads and
providing fifth and sixth pads on the integrated circuit die; and using fifth
am%ﬁir&h ggndwireﬁ to connec(t}the fifth and sixth leads to the fifth and

sixth pads wherdli B 1P B nd Wi U Hiare ot ¢ leprdifteanwithe figtirahgegment

t ir ave a second length that is shorter than the first length.
%%&Efbln ot e‘r%?\é1 ey SeCOf@o#’(%’l%rbP%@?ﬂ‘é\ﬁ@rt%ﬂﬁﬁh@aﬁ%&@hsegm‘&ﬂt-

eatures, ﬁ'le me

legds:; ' ' first speed: and. using the first and second '
pairs grfg tfﬁéglss?og %ﬁ%ﬁ%ﬁﬁg %%é%%ncirg& GaR¥oRigresdiferential

tBRyAEs .hiHRed ireut die includes a serializer/deserializer
(SERDES) mole At o RS R e Ak UG TN GraRd nan or

aiqual elielimRIepIeHs SRsivoikpiRierface that is Ethernet compliant and
operates at speeds greater than 1 Gigabit per second. 19 [0055] In other

feature§0esdgast mnata&mﬂabhh@@g\@ﬂ'@%miS&%ﬁgﬁgec%”t%g%ié’gqhe second

bondwires that are stacked and connected between one and

sedndhies bfdeants anetone phihe b peslsobihe iegrated syl dierom the

[0056] An integrated circuit package comprises an integrated circuit die
CHIPIRIRR PradfadienapddbewhedeiMisarntegarogroatesTam tBFeesidth leads

substrate comprises a first pair of traces including first and second traces
dhatPSeEBRBEsaR Sraaresistandmdromdiand-egtitsncssufhadirsherein the
e SReaa 2o Dokl (s encs it v ssced o

i i

[0053]  In other features, the method comprises providing fifth and sixth
leads and providing fifth and sixth pads on the integrated circuit die: and using
fifth and sixth bondwires to connect the fifth and sixth leads to the fifth and sixth
pads, wherein the N bondwires have a first length and the fifth and sixth
bondwires have a second length that is shorter than the first length.

[0054] In other features, the method comprises using the fifth and sixth
leads to carry signals having a first speed; and using the first and second pairs of
leads to carry signals having a second speed that vis 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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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 t the second end. N connections independently connect the
secon %?1%5&0 @p@ﬁ%r?ga ]elsri 3%%?%8&]‘?@,%W%‘rﬁ’ﬂ@ﬁ?ﬁ)%mpns‘% first

corNRESS N RN ctthe second ends to the N pads. The
third trace crosses tﬁr%e§ %%ﬁté%;%%.c geefgér&af‘r%g?g %Pﬁ%@rﬁe%‘?q'ﬁé the first

bl o £ . first via th .
theltang 99@65%%85%%“3@3?%3@\%%&2} ellrr%teé:%i% ,t pasaﬁ‘sﬁa

through the substrate and communicate irSt s& YE

via thafQEssEs teugsdhasybFidERRAE0 ' ihthe second . ;
segment, and a trace or%5 an opposittteeps%ide‘acg‘ t@;ﬁﬁ@t& erx{\;wg?gratsecfclrcu;t die

compisingatils adjbabe: fissbandyeesensl viass T N seep ”&S&%ﬁéh@? firds A

trace is located between the second ends of the fourth trace and the

Seéstdte aenp050058]ist ptienfaptatasitbesacondendiafdhefoYthes and a

trace is located between the second ends of the third trace and the

$E€6RH PatiecThaanirdnehctngdhipfises ddiushseatien, argecans SeSHORY  third
and a middle crossover section that connects the first and second '
goGighetrriiransirdideristceniisdhaivitte theslinst Segmeatmaditied circuit die
second section is co-linear with the second segment. The first and

EECORAPRTs Bdralla Girthadiassiiate daprmrgralsdedrdiffesatiallhe first and
%ig@c?rl%' 'gi}e régh speed differential signals have a frequency greater than

or equal 13T i BiEprERCOHIRIENIe). sigrakecofpeinits dfahe fifstrendecond

%%%OM%%EE (f)'xfas 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 at the second
end. N connections independently connect the second ends to N pads.

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

the third trace is located between the second ends of the fourth trace and the

second trace.
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traces are spaced at least a first distance from the integrated circuit die

and the substrate further comprises fifth and sixth traces that are spaced

a second distance from the integrated circuit die, Whereip the first '

distance is greater than the second distance. Fifth and sixth bond\_/wres

connect fifth and sixth traces to fifth and sixth pads. The N bondwires

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

that is sﬁ@h&? thalf (R erJerRiHERS. réi@.%cwfﬂﬁaé&df@émh@fﬁiﬁfmfpags located
i ignals haying a first speed and wherein the first and

R The SRS g B lRg anddborie spebiranst & gt race

Seco I’]e(“j3 pairs 8?

i .serializes/d iali SERDES) module _
e R Saec A Renm ot e HaBd G RpARgRe secton that

i ircri k interface is Ethernet compliant
S, GI0B0l Bo 2ottt s G B e it

j ' fi d ondwires that are stacked
e S oA, o taUn The

temeeseand@bipsbonacidng hoadsofthe iniggraied clrcult die. 21

s tial signals.
[0060] In other features, the substrate includes & fir conductve plgﬂé- g

Tesfoigth dpacel comprses) firsans seeend ﬁf@das‘eﬁ%%?é&?ergt%ﬁ yiadhat ¢ 4

passes throuah the substrate to the first conductive plane an

cofaatinpatemavitt tGHisst sEgmeatentesnns wathatipasses treygh pairs of
the substrate to the first conductive plane and communicates with the

SE2ePRl ey aRaTecat emsper firsitdisteoplamanviteandisatatedifeQm 418 and the
first conductive plane and that communicates with the first and second

VIAOSTREERfTEeRdeRmps pranEfthciié ssistie thaegrdbatl pranepasignal second
pcli?sqgn%rledf%%omgriﬁ’lcggséted circuit die, wherein the first distance is greater than
the second distance. Fifth and sixth bondwires connect fifth and sixth traces to
fifth and sixth pads. The N bondwires have a first length and the fifth and sixth
bondwires have a second length that is shorter than the first length.

[0059] In other features, the fifth and sixth traces carry signals having a
first speed and wherein the first and second pairs of traces carry signals having a
second speed that is higher than the first speed. A serializer/deserializer
(SERDES) module communicates with the N pads. A network interface
comprising the integrated circuit package. The network interface is 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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[0061] A method of providing an integrated circuit package comprises:
providing N adjacent pads on an integrated circuit die, where N is an
integer greater than three; providing a substrate comprising a first pair of
traces including first and second traces and a second pair of traces
including third and fourth traces. The first, second, third and fourth traces
include @I%Efds ithaE are_spaced from the integrated circuit die and
second 'ends that Ar8UajdeaH RS tHBCisHRG AR ioptidesia fmetechngdenitre plane.
sepan BﬁHstPf traces carry dif erenti%I/ signals. The third trace of the

|

second pair of traces A Tirdf FoRPity SHP R Rthtseeme dstha dissbiip that

P&l S ne polarity, The third trace is located on one side
e o Hae P S hp LA 45 ORpeROY A8 BT HEcates
fQutthtHa %ﬁo d comprises independently _
connectin?stﬁé second Qe%gs&?g %Q&ﬁélﬂg@éﬁefﬁa{%ﬁg AP FHa!e to the first

neeiestaomprBRsARING MRS (arconnestiie second ends fa the
N pads. The third trace crosses the fourth trace. ed fSﬁ?{W?%CeaPsé Jumper that

segmeplechThefoudRdrase sRmPHgsSs fitgkanfsecand 24 se9ments, a
first via that passes through the substrate and commun%cuatﬁ\égwi Iaﬂ?e ﬁirré? tnat

segmennicasesorith Wi that parsesdbretabsheradbstate Mtk tive plane includes
communicates with the second segment, and a trace on an opposite side

oPfeOisaIgsRENd ateomsigratatessvithdhepbiwtaphsecond vias. [0063]

In other features, the second end of the third trace is located between the
second W& bf ths resfhrdratewmiting seciotebtratee. dheisecandeneébalprises:
the fourth trace is located between the second ends of the third trace and
RERLGHNr Zdiacant padsuRReoinRated histweclienwhsecands an integer

sectiotn aqg .-
greater than three; providing a substrate comprising a first pair of traces

including first and second traces and a second pair of traces including third and
fourth traces. The first, second, third and fourth traces include first ends that are
spaced from the integrated circuit die and second ends that are adjacent to the
integrated circuit die. The first and second pairs of traces carry differential
signals. The third trace of the second pair of traces has a first polarity and the
fourth trace of the 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 at‘ 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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a middle crossover section that connects the first and second sections.
The first section is co-linear with the first segment and the second section
is co-linear with the second segment. The first and second pairs of traces
of the substrate carry high speed differential signals. The high speed
differential signals have a frequency greater than or equal to 1 Gigabit per
second lg%b/s) 064] In other features, the method comprises spacing

[0
the Lecond %rﬁgitd’f’?h@ﬂ?s‘?%ﬁ?%&&@ﬁé% Supatateat lehspafivsticates with

d{ﬁganﬁ%{rosrg th% n|tnte rated circuit die; and providing fifth and sixth traces
that are spaced & secontdRtdnédrdhifthe iRsetateduetuitione, whekate and

the, fi i ' eater than the second distance. [0065] In other
ffégtﬁ”féi%%@rﬁiﬁffé‘ﬁ@%rﬁ%%%%@ proviin ﬁﬂﬂ AnPGRAMALEBPRRYGI GG Of the

iSnnaeipadsaniie alepisd el dieseing fith and shn

bondwires connecting the and sixth traces 16 the fiftA%and sixth pads,

whereinta bonguies s AU stEngUBARANG TINANG ML o 1o ocated

bondwires have a second length that is shorter than S feng

[G2fekbnmatheséeattasmdieomeathed senmprisesisind %&Qﬁ@ ﬁ'g%asmp?we Second

traces to carry signals having a first speed; and using the first and secon

peirs affttradesrto taity Rigoeisdinying acresrndRerddat ist Hiehei a9 ce ang

the first speed. The method comprises connecting a serial

iZ8fcesnenalirec¢SHRBES) mackitetaghedy pars: £68h!n A4&Ind section and
features, the method comprises implementing a network interface on the

imeGiatel @pesn ie 3ratit Eitaé wretramtspifantian chiropesatesi AlcseagS The first
greater than 1 Gigabit per second. At least one of the N
section is co-linear with the first segment and the second section is co-linear with
the second segment. The first and second pairs of traces of the substrate carry
high speed differential signals. The high speed differential signals have a

frequency greater than or equal to 1 Gigabit per second (Gb/s).

[0064] In other features, the method comprises spacing the second

ends of the first and second pairs of traces at jeast 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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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. The
substrate includes a first conductive plane and wherein the fourth trace
comprises first and second trace segments, a first via that passes through

the subﬂ}{%@o the first conductive plane and communicates with the first
segment & Second FRThA PR LRGP theYTRERate B s ith and sixth

cti ane. and communicates with the second segment, and _
P TSR b a1Se FomAasen pairs

icat ith.the first and second vias, The first .
?ggtd%?%\gg %}%ﬁﬁ%ﬁé@ &%Vgiéaagrso%%%égﬁe%\él sﬁBﬁ%f%:é'ﬁg%anQn the first

tetraiod arcut i oo N Bad Bhcre 1 R AR s =R0ES)

thasrareAHeaq HQ@@e comprises N adjacent leads. N connections
individually connect the N leads to the N pads, respectively. A first

materiajaEBprising &Etﬁléiiuk@@ﬂﬂé@}’eﬂ%‘drﬁe%eomgﬁgééy%pl?qﬂheﬂﬁng a
e

wherein the insulating layer is adhesively arranged on the N leads o

leatifratnétf0063] lorotiher fieiyreasdthert BomRe gHON S CEMBHSS: Nompliant and
bondwires. The first material comprises a plurality of spaced perforations.

Apackaging spatsiialceatrrctbdhetinBigedtieeirciitdiny. thatfiist snalgsialf the N
the lead frame and the N bondwires. The N leads comprise first, second,

thiP e GRmRsiRes e afitssanehseoondvicas s aaicstesthirkeanshiputhnected
leads are spaced at a first distance and the second and third leads are
SREREL g%gmggﬁ@fmtﬁqond, third and fourth traces and at least one

of the N pads of the integrated circuit die. The substrate includes a first
conductive plane and wherein the fourth trace comprises first and second trace
segments, a first via that passes through the substrate to the first conductive
plane and communicates with the first segment, a second via that passes
through the substrate to the first conductive plane and communicates with the
second segment, and jumper that is coplanar with and isolated from the first
conductive plane and that communicates with the first and second vias. The first
conductive plane includes one of a ground plane, a signal plane and a power
plane.

[0068]  An integrated circuit package comprises an integrated circuit die
comprising N pads, where N is an integer greater than one. A lead frame
comprises N adjacent leads. N connections individually connect the N leads to

the N pads, respectively. A first material comprising an insulating layer and a
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different than the first distance. The first and second leads and the third
and fourth leads of the lead frame carry high speed differential signals.
The high speed differential signals have a frequency greater than or
equal to 1 Gigabit per second (Gb/s). The lead frame further comprises a
fifth lead that is spaced a third distance from the fourth lead. The third

Iis ifferent than the first and second distances. A sixth lead is

e R i e R o oriie alner iralmAsed on the N

qggl%rsem[%g?rﬂ&t%g ffirst distance. The fifth and sixth leads carry control

signals. n B?H]eer'features, a serializer/deserializer (SERDES)

modul Wuqiﬁaé% i first,, secqnd, third and fourth pads. The N
pads ifl[clude first, secoer\%?atéﬂ%eghctf IS %%n segﬂa“v%hEPéﬁW’?ﬁS fi¥s g wires.

saeorRaAsRfihe faled £ %H%ﬁ:@ Z[ﬁed %ﬁg 8%%f:tegr¥§i%§ﬁ?g%?égkaging

transmit signals of the SERDES mo et an

therisirgresaceiecwidiaayptagsariaiedwith difprentialiegeive lga%a@aﬁite and

the SERDES module. A network interface comprises the integratéd circui

faekdgeribingraetwomk iigHaseds Re<EthameteompPiant apd eReMRNsat The

speeds greater than 1 Gigabit per second. The first distance is less than

thes'sevohdetistan ceaf0 Zhjdntathefeatmesioa fthidaae islocateded at a first
between the second and third leads and communicates with a reference

sosEatice. amé eseruadanddhiptisexsomaustivesdpe . QE3hin AtigRce that is
features, the N adjacent leads comprise a first pair of leads comprising

fREtesRAtsEeoh dhrdist atistansecont pdirstofteads ccomfesing athirdranthird and
f%ﬂ;[‘thhl?gggé Vc\g?%rw%inlggg ];’Irre?r%g eccaorrr];j’rwtgirwds%rfegogir\;[fgl:ggjliggggles The high
: g
speyed differential signals have a frequency greater than or equal to 1 Gigabit per
second (Gb/s). The lead frame further comprises a fifth lead that is spaced a
third distance from the fourth lead. The third distance is different than the first
and second distances. A sixth lead is spaced a fourth distance from the fifth
lead. The fourth distance is different than the first distance. The fifth and sixth
leads carry control signals.

[0070] In other features, a serializer/deserializer (SERDES) module
communicates with the first, second, third and fourth pads. The N pads include
first, second, third and fourth pads and whereih 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

interfa.ce comprises the integrated circuit package. The network interface is
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first ends that are spaced from the integrated circuit die and second ends
that are adjacent to the integrated circuit die. The first and second pairs of
leads carry differential signals. The third lead of the second pair of leads
has a first polarity and the fourth lead of the second pair of leads has a
second polarity. The third lead is located on one side of the fourth lead at

tg%g?steg?réd ang is located on an opposite side of the fourth lead at the
second end. [ ?Q] R e?%&a%? pﬁ‘%\??&ﬁ?&%@fﬁ?éﬁfaﬁé@c?réﬁi@ﬁ%%esew“d-

comsesiAIRUYDR. A0 IRqrated citeyit die comprising N pads, where N
is an integer greater than one; prowéllng A Tc3 S frame comprising N

adjacer[bb?pﬂS; iﬂ‘}”&ﬁé‘ﬂ‘@aﬁ%@?g%ﬂl‘ N !gﬁdgatt%é%eﬁ%ggrg?g second and

respectively; and adhesively arranging a first material co

cpndusiiveslaved apdaninsyBENng fayer ?@fe%%gél%%qgn%ghe fgad H%W%aterial

[0074] In other features, the individually connecting comprises using
bandphas ddweificstaaigeal comprises a plurality of spaced perforations.
The method comprises packaging the integrated circuit die, the first

materialptve]eadirR6tfrantetoebthaid b@@i@é‘@eﬂnl@aﬁécé@ﬂg}%]@l%t%j@ﬂ'pair of

The N leads comprise first, second, third and fourth leads. [0 n other

feradresotherisiethbs cempeisesrephcidg tesfisst eashsparnhierdd @B8mprising

the third and fourth leads at a first distance; and spacing the second and

tHiYer s far g s deadsl distarsie that isdjffereanthahitheaficsialigtansgds include

The method comprises carrying high speed differential signals using the

fitseRRAsdbaharr aa3 @i PR tiicdnisa et cieadtsis trellsacbirdrads that are

The high speed differential signals have a frequency greater than or

e gejgpf%&to the integrated circuit die. The first and second pairs of leads carry
differential signals. The third lead of the second pair of leads has a first polarity
and the fourth lead of the second pair of leads has a second polarity. The third
lead is located on one side of the fourth lead at the first end and is located on an

opposite side of the fourth lead at the second end.

[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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Gigabit per second (Gb/s). The lead frame further comprises a fifth lead

and further comprising spacing the fifth lead a third distance from the

fourth lead. The third distance is different than the first and second

distances. [0076] In other features, the method comprises providing a

sixth lead; and spacing the sixth lead a fourth distance from the fifth lead,
herein the fourth distance is different than the first distance. The method

g&ﬁﬁrié@@ BEiRg RS 8 gharCHSIIG IHa At alndTSizth leads. Riveprise first,

methog mprises coupling a serializer/deserializer (SERDES) module to

the firs ;i%‘f: A E‘ﬁ‘r’('iﬂéﬁ%‘ﬂﬁjrth pads. [0077] In other features, the N

pads inglyd firstl,ns%%Qnd thgd and_fourth pads and the method

comprises a souating?rruﬁﬁ SR O A R COMBisSsiegaaeg dieufirst and

i j ifferential it sighals af the SERDES module; and ,
%fgowﬁt%g%mrﬁﬁﬁ%&ﬁ p%%@o??ﬁén%&r Y84 dirkRhcaieARftsracing the
diffesanpti ive sigpals,pf th module. The hod .
corﬁ%ﬁrgegsh%eﬁglfgﬁwgér?t?n%sgpnétv%%%r inte?%%aenﬁgin%ef éslr:%é?é?gﬁ Higithe first

pRsisage. Thee 241800 ark i et c liant.and further :
comprising operating the ﬂ%ﬁi?ﬂiﬁﬁé @?&pﬁ%%ﬁeﬁéﬁﬁéﬂﬂgnals using

Bigabittpeidcesonsy ﬂ@@@]dﬂcﬁhéﬁfﬁfﬁtﬂ%’fgﬁtﬁr%éjﬁt%??ﬁei?g%&%%%. The

the second distance. The method comprises locating a fifth lead between

thiglsespeetiarifetintideatisrand pansesating saith&fthyleagbwith.a referenss 1o 1
potential. The first material comprises conductive tape. [0079] Further

dpiaRbif reipticabiinly (Gftitsd. PiEsentinérting Wilthbecne aRparentiodad and
the detailed description provided hereinafter. It should be

further comprising spacing the fifth lead a third distance from the fourth lead.
The third distance is different than the first and second distances.

[0076]  In other features, the method comprises providing a sixth lead;
and spacing the sixth lead a fourth distance from the fifth lead, wherein the fourth
distance is different than the first distance. The method comprises carrying
control signals using the fifth and sixth leads. The method comprises coupling a
seralizer/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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understood that the detailed description and specific examples, while

indicating the preferred embodiment of the invention, are intended for

purposes of illustration only and are not intended to limit the scope of the

invention. BRIEF DESCRIPTION OF THE DRAWINGS [0080] The

present invention will become more fully understood from the detailed

dgs&& ion {alrép the,acg\?vmpanying drawings, wherein: [0081] FIG. 1isa

side cross SeLAGHaliEW B Efirst BRUANI A9 phtkarfe CamrOsbenawdrang the
f a lead frame according, to the prior art; [0082] FIG. 2 is a

e 4 oo 7 S Gai5h ke ey PHEKGES BRI,

bondwir d leads .of a lead frame according to the prior art; [0083]
FIG. 3 i@ ?grtiaﬁﬁla%%/%w‘%o%q fﬁ%rgrm?aﬁogfgngﬁsﬁaﬂ%ec&ﬁ‘éﬁ%ajﬂ lBgdsecond

e R e e TR A B asen

28 [0084] FIG. 4 is a parfial plan view of differential’s Ars ' Rriited and
byhiepdsabadead HarperRA Dendwires 1y Wé}ég%%&ngcco@%ﬂég OMfe first

implementation of the present invention; [0085] S a%a?ﬁaﬁ
vieatafdliferesialsighialpaive egnmected by leads of a lead frame and

bondwires to pads of the IC according to another implementation of the

present[PWEsKion FOO8E] Fif5a6Ads aipaitiabmign view.af @F&%@ﬂ“%%ﬁé\?h will

pairs connected by leads of a lead frame and stacked bondwires to pa
oPHEETE apparendrtondihativetiiyeosntation ofdoRIBEESSRLIBYERIN hould be
[0087] FIG. 6B is a partial side view of differential signal pairs

understood that the detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for purposes of

lustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

[0083] FIG. 3is a partial plan view of differential signal pairs connected

by leads of a lead frame and bondwires to pads of the |C according to the prior

art;
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connected by leads of a lead frame and stacked bondwires fo pao_ls of the
IC of FIG. 6A; [0088] FIG. 7 illustrates packaging for an IC |ncllud|ng a
serializerrdeserializer 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 e[g1(|)ogl%3]/sF }ge QEh

eed ing according to the present invention; [0090] . 9A
ﬁﬁstrat%@ﬁ?%?prggéﬁt ﬁﬁ%%tfbﬁ‘i%"&@blﬂ‘%&oﬁéiﬁ&ﬂwl% ieng0oe i} Einected

913 jllustrates the present inventjon arranged in a digital versqtile disc;
[61§9L2D]aéﬁ30%8 lﬁﬁj”g{ri@g%@we BREYHIRRBnRatsnged® ép.n@q%po.rdmg to one
definiti Ision,, 29 [0093] FIG. 9D illustrates the present invention
aﬁfﬂg@% riqﬁéggc@cr? rg]espysetseerﬂ][d B08RYe; [0094] FIG. 9E illustrates the

tr ti I i cellular phone; 95] FIG. 9F illustrates
fhe prosut o s o TS A PR bl coe acp aanectes

thy pEaaendiRvRAIPR aanged B%r%g)fgéatooll?yggé?%?g JEIS: %@gjto another

CCcO
illustrates a package including a lead frame having irregu aﬁy sﬁ
leéagisementation of the present invention;

[0086] FIG. 6A is a partial plan view of differential signal pairs
connected by leads of a lead frame and 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;

[0082] FIG. 9C illustrates the present invention arranged in a high

definition television:;
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[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 vidR0§fthe dofiuetléltapetes RiG: Meaestiomingtperfarations] in a control
(00102] FIGs. 12A-12D illustrates various ways of connecting the leads;
[ﬁbﬁtﬁﬁ] i@ VEBSIR a side view of packaging including a ball grid array
substrate; 30.[00104] FIG. 13B is a side view of packaging including flip

chip agtsggghn ghifartsy Lystnige. Yo fossentinvectien areegeddioaateliular
view of one exemplary BGA packaging; [00106] FIG. 14A is a plan view
iIPuﬁnging a BOA jumper for high speed traces that are connected to the

integra gcuit die; [ 71.FIG. 14B is a simplified cross sectional view
illustrat g%g Gf }%m%%lrﬁttﬂ%%‘}%fé@ Eé%?é‘g‘QiYﬁBﬁ‘f?@daéfégg%‘édﬁoﬁa?et fop
vigyy-illustrating an alternate BGA jumper that employs a ground plane

theréof;

[0096] FIG. 9G illustrates the present invention arranged in a media

player;

[0087] 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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[00109] FIG. 15B is a simplified cross sectional view illustrating an

alternate BGA jumper that employs a power plane thereof; and [00110]

FIG 15C is a plan view illustrating a power plane and the BGA jumper of

FIG. 15B. DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS [00111] The following description of the preferred
embodiment(s) is merely exemplary in nature and is in no way intended

to limit 198 19 ntion it dpiftiéatordervirws Forgkagiog dscbidiegifipthiip and a
same reference numbers will be used in the drawings to identify similar
e?@rr%ﬂ?s?[&yﬁ‘ﬁsﬁ?éepresent invention reduces pair coupling of

differentjal Ji operatin high speeds. Referring now to FIG. 4,
diﬁerentltchnggfal pai@é}érg’ gc&)ﬁ%eact By REAIOBRAiENY Haffe areemplary BGA
bgé‘@ggﬁ‘ to pads of the IC according to 31 one implementation of the

present invention. A lead frame 100 comprises one or more sets 102 of

leads 1%im‘§z)ding eﬂ'@t pﬂ\r %f I?e
sl c

104-1A and 104-2B é%‘ asecond .
pair of leads 104-2A and 104-2 ﬁ%’gti\\lfe\f/llg@f %Tf%}.aﬂg alfmper for high

10424 inlacoied adacsnidoieeal W8 cdra H-18 is located

adjacent to the lead 104-2A, and the lead Is located adjacent to

the lead0d@473B. [00113] The lgad 1dhi&arbesa sign lnlgx?\(j@/a;'ﬁiteﬂ%ttrating a

polarity, the lead 104-1B carries a signal having a second polarity
leXaAL D4 rcarries a signal having a second polarity, and the lead
104-2B carries a signal having a first polarity, respectively. Portions 108

of the l883 A8 neal4@.1C5kL Gsazesyeindifaly cpasallebianne aRANRLsMting an
end 109 of at least one of the leads 104, such as
alternate BGA jumper that employs a ground plane thereof;

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

[00110] FIG 15C is a plan view illustrating a power plane and the
BGA jumper of FIG. 15B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

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

connected by leads of a lead frame and bondwires to pads of the IC according to
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lead 104-28, extends longer than others of the leads 104. The a least one

of the leads 104-2A also extends in a direction towards an adjacent lead,

such as lead 104-28. In some implementations, the at least one of the

leads 104-2B extends into a parallel path 111 that is defined by the

adjacent lead 104-2A as shown in FIG. 4. In some implementations, at

Ieoast onellead 104-28 has a generally "L" shaped configuration. [001141
BONAWiRRE 14190 Uths PiasepNaRMi?n-28 Eenhatthd Jeadsnprises one or

104-1A, 104-1B, 104-2A and 104-2B to pads 116-1A, 116-1B, 116-28 and
116 A?e:tesjpé‘gﬁf@ﬁ%%é%fm@}ﬁ% 4 {651 A2 D6 egds 1H2A Ardd 104-28 and

116; w_cannected tq the first polarity, the second polarity, the

fi%s?sécg)@rﬁyp%ﬁrd ?ﬁ%e%ge%gr% '&A"aﬁw;f rg%gé?/\l@@)ﬁﬁtwﬂiérimﬁsl ®He The lead

origAtaKon.o b res ,114-2A and 114-2B is flipped relative to the

orieﬁtgﬁorllnsoﬁﬁ%ﬁ% SJ%fiE‘EAf%an e:?éefal& ) A%’atgésﬂma@f tHeH-1B is located

paekaging:an hown | .4 ling between pairs for
fRAIROBrIRDgSmers Shol C?urlg}eg#g I 8%9?-9&5;1

example at 120 and 122 is ré ue 10 partal tanCaHEeRdiRRe e e the lead

frapgeamay include one or more sets of leads similar to those shown as
represented by dotted lines in FIG. 4. [00115] Referring now to FIG. 5,

while colling]s reduceds cruplindcsanseliation is H%é%%@@?%?$é?§ﬁt§h%e lead

leads of the lead frame are typically longer than the wires.

iMBrol8 cantedatisiytiienpackaging-aeopdiRg p ﬁ%ﬂgamﬁlﬂﬁ”ééﬂ‘?é‘s?a signal
of the present invention employs high speed leads that are shorter than

|RIEcarRy pRFfOWepsieitd signalssuehds butamtdimited 10 §9RUOhaving a first
and/or status signals. The lead frame 150 may include one or more sets of

hRfHaEpeéaeaeky eb2- Pariene2 2tantitbadsarimate: seis-aidaw speeste generally
leads 152. The
parallel to one another. An end 109 of at least one of the leads 104, such as
lead 104-2B, extends longer than others of the leads 104. The at least one of the
leads 104-2A also extends in a direction towards an adjacent lead, such as lead
104-2B. in some implementations, the at least one of the leads 104-2B extends
into a parallel path 111 that is defined by the adjacent lead 104-2A as shown in
FIG. 4. in some implementations, at least one lead 104-28 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 116-28 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 ieads 114-2A and
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high speed leads 102-1 and 102-2 have ends 156-1 and 156-2 that are

spaced at least a distance H from the IC 110 while the low speed leads

are spaced a distance L from the IC 110, where H>L The low speed leads

152 extend longer than the high speed leads 102-1 and 102-2. The

shorter high speed leads 102-1 and 102-2 tend to improve coupling
cangelation. . The low, leads 152 are longer and require shorter .
bgrral%v%?és,%’h%:ﬁ‘f%ﬁgss%?o%rédagg SR I BSHRNPYY [OL 1] 4, coupling

Refgpric I differential signal pairs are connected
by Ieagr?z) awggaﬁfr%%rf@r%g&%%rarrﬁogr[g%%tésck%%uﬁgﬁa%?e?tBaﬁgﬂsC%Tce“at‘on-

thenCicAd ise f leads 202 including a first pair
of leads Z%?fﬁ? ﬂ%@%ﬁz}%%@;%%%a%m%%péﬁw ?fl%g g Em%% Qfigpse shown as

204p28s daallestivedyitheiieads 20@). S he lead 204-1A is located adjacent
to the lead 204- 33 1 B, the lead 204-1 B is located adjacent to the lead

204-2A, [@0d 15¢ leRer@Rta A dw lesated adjagentio the jead;204, |
[00117] The lead 204-1A carries a signal havingg a firsLtEﬁfi ri't%/,%%[%}gd coupling

204+ Bligtiorias actigoaipievingrasesensaaalarithdhedeadh ARARACAILES longer
a signal having a second polarity, and the lead 204-2B carries a signal

hahatytadifsnpotasity, fuspectivety cEncepatitonsHef fiekeas24BRM@h some
IC 210 are generally parallel to one another. At least one of the leads
20PiPRistiens 20478 peaendiniemientremmithershifithejesds @R that are
The at least one of the leads 204 also extends in a direction towards an

a %ggﬁf 1830 'eadn SRTTYHI JDYSA SPESO Hieriaiplensintationsntidiattbenst control

one 8] the zIjgads.204 extends into a parallel path that is defined by the
e 1S D98 sh WA IRF8 2B, IRSummaanclude one or mare sets of high

a(ﬁgcent%

speed leads 102-1 and102-2 and one or more sets of low speed leads 152. The
high speed leads 102-1 and 102-2 have ends 156-1 and 156-2 that are spaced at
least a distance H from the IC 110 while the low speed leads are spaced a
distance L from the IC 110, where H>L. The low speed leads 152 extend longer
than the high speed leads 102-1 and 102-2. The shorter high speed leads 102-1
and 102-2 tend to improve coupling cancellation. The low speed leads 152 are
longer and require shorter bondwires, which tends to reduce the cost of the
bondwires.

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

(coliectively the leads 204). The lead 204-1A is located adjacent to the lead 204-
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sets of high speed leads and/or low speed leads can be used [001131

Bondwires 214-1 Al and 214-1A2, 214-1 B1, 214-182, 214-2A1, 214-2A2

and 214-2131 and 214-2132 (collectively bondwires 214) connect leads

204-1A, 204-113, 204-2A and 204-28 to pads 216-1A1 and 216-1A2,

216-181 and 216-132, 216-2A1 and 216-2A2 and 216-281 and 216-232,

respectively. Therefore, pads 216-1A1 and 216-1A2, 216-131 and

21%-1sieash 04AtBARdoPa D AdaskatAvaizs tead P04 62283 (ddHediuel204-2A
ads 216) are now connected to the first polarity, the second polarity, the

R

ffF’s(iO;%‘% t?‘ﬁﬁﬂet'ﬂtet%éré%ﬁ%aﬁo@gﬁtﬁBrespectively. Ends of the bondwires

214 m ached to the Jeads 204 in a spaced and/or overlapping
relatiom%?aﬁadcfgﬁé%%%b%'ggn‘f?gé‘%?d%’ﬁ%ﬂ?érrﬁy‘@(l%m& BA@dl, the lead

internal vies. and/or traces 230. 34 [00119] Benefits of the stacked _
bondnvf\;érés‘ara %‘J%? %clggg?iﬁgrvéggeads YTathalias Bitdhirarres a signal

iRg b ires 214 is, increased. Bondwire . ,
ggﬁgﬂgaﬁbc%g%%%rﬁ%%?h i%gléjlg{égri%a%aé ﬁ%%ec%gbeﬁ‘ciﬁaﬁl%‘%‘epﬁ}ﬁ‘i‘t‘g a first

|agahy Thessiaakerd, bapdWwiteidh4 SISRRVER oMY Agggctaﬂgép S are generally

bondwire unit length. There is also a net lower tfansmission

ippedanes ehihemaial sianakainohetweanPRSIHLeANd ES%?“a‘ée iﬁiaﬁ‘ '004-28B,
e

There is also improved coupling cancellation due to improved matc

cheteacteristiger afistackeskhendvdramte thedeaftame. 1201201 Refering s 204
now to FIG. 7, an integrated circuit die 300 includes a

seldalizgsizddsenatizair¢SERDEShrdstheRPdcthat IRseiVMRRRIGRAS AN 202-A  In
differential transmit and receive pairs according to the present invention.

ISSBMETRITMEnistienont shighepeeahdiitéritntibnnraef hepERAESa parallel
module 301
path that is defined by the adjacent lead 204 as shown in FIG. 6A. Additional

sets of high speed leads and/or low speed leads can be used

[00118] Bondwires 214-1A1 and 214-1A2, 214-1B1, 214-1B2, 214-2A1,
214-2A2 and 214-2B1 and 214-2B2 (collectively bondwires 214) connect leads
204-1A, 204-1B, 204-2A and 204-2B to pads 216-1A1 and 216-1A2, 2186-1B1
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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operate at speeds greater than or equal to 1 Gb/s. [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 @0 stiedSgrediter tifanrer eguakiel 1O &HHSirkL SOMNE include increased
implementations, the network interface comprises a physical layer device

(PARYWikcotmaEivitplthentivns|rthecnetinaribitestace ComITISRM Bwires 214 is
medium access controller (MAC). In still other implementations, the
nEYWEASHterfaBaNdwisen SIRIROIANCE Giss andt 1B:Giths iEtbkreet to lead frame
protocols. 35 [00122] Referring now to FIGs. 9A-9G, various exemplary
imBRALARSFORS LI4RE }pastht inlentistrakedhovmivireferfing novothave lower

FIG, 9A thegpresent invention can be implemented in a hard disk drive

4&51.%%”5% EhPTRGUAFOHTIE ASaile Hapiceithaisareboeh sigraltransmission fine

p Ing angd/or contro] circuits, . which are generally identified in FIG.
9,{0'?] %%ﬁ%ﬁg?n"fo"r%% Fﬁ%'f)l%%‘l‘?é?ﬂﬁ[igﬁ?, HRMGGRAPPTBEsansh euptive omeol There

CilcuibA02.ans/9 ircuits (npt.shown) in the HDD 400 may process
data, perforsm coéicreftgg r{f?j‘ rceeiﬁctr?y;%‘gﬁ‘,\%8%15?rﬁm@éﬂffﬂgtf8ﬁ§%ﬁﬁﬁ@?3raCte”St'CS

fosmab sleta Rld PURHLR Mq;é%ceeived from a magnetic storage
medium 406. [00123] The HDD 400 may communicate with a host device

personal el Acsits Raliar panee, e 2 A HagGrel e
lileeriatidéordethwializer (SERDES) module 301 that receives signals on differential
fransmit and receive pairs according to the present invention. In some
implementations, high speed differential pairs of the SERDES module 301
operate at speeds greater than or equal to41 Gb/s.

[00121] Referring now to FIG. 8, a network interface 1C 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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devices via one or more wired or wireless communication 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 electr_onic data storage.
[00124] Referring now to FIG. 913, the present invention can be
implemented in a digital versatile disc (DVD) drive 410. The present

inventiof® (1&g ]impleimeinteithesvor bath sigisd prog@ssing a'@g/r%@mr&emplary
circuits, which are generally identified in FIG. 9B at 412, and/or mass
datRlismrijetishhe Divntrvend HeThesigrabhionessgs B ANEOE G, 9A.
circuit 412 and/or other circuits (not shown) in the DVD 410 may process

d%a AsERRM IR asRIdIe N pyptiem taueifonnh aral ctitktionse a0 he present
format data that is read from and/or data written to 36 an optical storage
MEFROHPATE M RisE b IRIReh RIORY) thig sy mad prosessaTg/andieitrol circuits,
control circuit 412 and/or other circuits (not shown) in the DVD 410 can

IS8 B AL PR WIS I FAS e o @ing02ndler shene dimplantoratings, the

' ' [ [ ith a DVD drive. [00125
TR TR A G S A o evicacgin Snoahour) i

rve

SHEh pSHC r, television or, other device vig one or more wired or
Wt?%less cor%%ﬁ% tigﬁr} ke @?Tﬁg %V@ PRy 205K @neatetipih perform

Ma2%sy t r ta jn a nonvolatile manner. The .
mass égagt?i’tggg@rﬁgﬂr%gbal}]%lu 3 %%&?&@gﬁ AE (RSB SFhEqbPmagnetic

mayrhgueribeigrafiguration shown in FIG. 9A. The HDD may bg a mini
HDD that includes one or more platters having a diameter that is smaller

than apgoDsiZEtelyris BTN PYR SISO RARLEHE TS24 oun)
such as RAM, ROM, low latency

such as a computer, mobile computing devices such as personal digital
assistants, cellular phones, media or MP3 players and the like, and/or other
devices via one or more wired or wireless communication.links 408. The HDD
400 may be connected to memory 409 such as random access memory (RAM),

low latency nonvolatile memory such as flash memory, read only memory (ROM)

and/or other suitable electronic data storage.

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

perform calculations, and/or format data that is read from and/or data written to
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nonvolatile memory such as flash memory and/or other suitable electronic
data storage. [00126] Referring now to FIG. 9C, the present invention can
be implemented in a high definition television (HDTV) 420. The present
invention may implement either or both signal processing and/or control
circuits, which are generally identified in FIG. 9E at 422, a WLAN
interface and/or mass data storage of the HDTV 420. The HDTV 420

re‘me%échiBWaig@ms@maMh‘ﬁeiﬂh&meWifﬁgl@ﬁw‘é’ﬂ@iﬁ§ﬁ§9ﬁ’?@a§igﬂgi processing
generates HDTV output signals for a display 426. In some

irdpléRTesrationsirsigha ¥ aregsingtozcuireuity heorielaiicHtid22ovVD 410 can
and/or other circuits (not shown) of the HDTV 420 may process data,

pBISrRETIEgitRy dvdripencyptios, perfolingcatclitativnss doignatdaiaany other
and/or perform any other type of HDTV processing that may be required.
(00925 PFRESATNA/ UDEANS assorininft atidhvath idssidata storage 427

that stor, Qata in_a nonvolatile manner such as optical and/or magnetic
storage @s% s. AiFelt{ gt MDd tRa Rk veo s oiTRiaratitn showatpint device

Ft(g‘otQAgngéor aEt)Ieast one DVD may have the configuration shown in
FIEYTSR TP TS R4, SRR RY R BB BSIRA R s B s v VimoReMatieere wired

hayi [ that is smaller t proximately 1.8". The HDTV 420
o e T a 28 e B e o meegte wih mass

neRyolatiememery sugh sh.memory and/or other suitable electronic
data storagg.Ee The Htgl'léqv Sél?géggls&;a%aﬁ;/ﬂsgp%%?%’ C@%ﬁ'ﬁe&%’ﬁ@%ith@@\/mﬁs data

voerlstbl oo 23 0L O il

intertageranelosoassIHERGSIOMRIe R HDD may be a mini HDD that includes one
or more platters having a diameter that is smaller than approximately 1.8". The
DVD 410 may be connected to memory 419 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other suitable electronic data
storage.

[00126] Referring now to FIG. 9C, the present invention can be
implemented in a high definition television (HDTV) 420. The present invention
may implement either or both signal processing and/or control circuits, which are

‘generally identified in FIG. 9E at 422, a WLAN interface and/or mass data
storage of the HDTV 420. The HDTV 420 receives HDTV input signals in either
a wired or wireless format and generates HDTV output signals for a display 426.

In some implementations, signal processing circuit and/or control circuit 422

and/or other circuits (not shown) of the HDTV 420 may process data, perform
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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
otREINORRDICS GhaTY iDL 2Dp TR pRetesiatinnstfornmaayialsaahe/or perform any
im@}lemented in other control systems 440 of the vehicle 430. The control

S

SVREPMAY TieRiresrsiembabigimid fopainimet sensors 442 and/or

output ignals to one or more output devices 444. In some
implemﬁmg%is,?ﬁg contrdl SySkEnavI A0 IRy HeakssWikitoran drte-Isickage 427

ing system (ABS), a navigation system, a telematics system,a
b{e%?t':%g'%'é %rﬁ%‘i?oé”s?é?(%%@a@ﬁ fECE) REepRligA! snsiien eaamatic storage
%/steérﬁ such as.a stereo, DVD

COLHOLSYSAG MBS écﬁﬁﬁt%{%%%%\?g r‘%‘i 3 ’%{f@ﬂg%ﬁé‘%ﬂﬁtwﬁt&ﬁ and/or

compact disc and the like, S i

101 Hhie ows iRl RAVY MY GaAY COMMMRIRRISMIG FRash o oy

data storage 446 that stores data in ahonvolatile manner.

sty ageridoHmy iMeludsaRiical ndior mapnel| avigegor i
example hard disk drives HDD and/or DVDS.E%\'[8 e%?g%égnﬁozb éhaargeﬁg{/ethat IS

tisenaltenfigaratipprafamatn/ M G OAaRAAL Ay e8! t
configuration shown in Flécr;r&./ 9B. The HOD may be aﬂ?n?n?%%og}?ﬁg@% ﬁ'?emory

ifdifdecbres BriioRMlajters hawtig soivoeiae thatihamaller fhafash memory
approximately 1.8". The powertrain control system 432 may be connected

t& PP S AU Uatheas | RANIDIRQI, kinrdatenchheoRYDIatie M arse s &ipport
as flash memory and/or other
connections with a WLAN via a WLAN network interface 429.

[00128] Referring now to FIG. 9D, the present invention implements a
control system of a vehicle 430, a WLAN interface and/or mass data storage of
the vehicle control system. In some implementations, the present invention
implement a powertrain control system 432 that receives inputs from one or more
sensors such as temperature sensors, pressure sensors, rotational sensors,
airflow sensors and/or any other suitable sensors and/or that generates one or
more output control signals such as engine operaﬁng parameters,‘transmission
operating parameters, and/or other control signals.

[00129] The present invention may also be implemented in other control
systems 440 of the vehicle 430. The control system 440 may likewise receive

signals from input sensors 442 and/or output control signals to one or more

output devices 444. In some implementationé, the control system 440 may be
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suitable electronic data storage. The powertrain control system 432 also
may support connections with a WLAN via a WLAN network interface
448. The control system 440 may also include mass data storage,
memory and/or a WLAN interface (all not shown). [00131] Referring now
to FIG. 9E, the present invention can be implemented in a cellular phone
450 that may include a cellular antenna 451. The present invention may

irAplératmreithérloclbdtakigyad prees SNERAN Y OFa GRAHEH CGEESy WHIGh e matics
are ggenerally identified in FIG. 9E at 452, a WLAN interface and/or mass

daya'Stbrayeesi deelelsinmicpsynab0 larsodepdmpe menations sietive cruise
cellular phone 450 includes a microphone 456, an audio 39 output 458

sHEAUR avsiemker witirdy somsainmpaniaskstardisolcy 460 atutbar, @V iMpsmpact
device 462 such as a keypad, pointing device, voice actuation and/or

oﬁi%‘? R dPﬂé&%e.%H@éathMﬁ#@aﬁ@m comeoimatits 452

and/or E#'be{ Sérc its (not shown) in the cellular phone 450 may process

data, pertormidoding’ RRYRITEHERARIEN, Systrsthd 83 IcAxtRsmen faniatadaith mass

a r orm other cellular phone functions. [00132] The cellular phone
4§g{$n§/8£%#m€%gc£?§mﬁgﬁ | %s‘ia&%té{’ SorRgyorsiienaranness dhkginmass data

ngRyglatil I s optical and/or _magnetic storage devices for
example ﬁﬁﬁ%ﬁ (ﬁ%@%@gcaaﬁ or B{/ﬁggﬂe%%‘i%ﬂ%ekﬁfﬁ'?ﬁéyfﬁé\%amP‘e

theagondiguratignesheywbin f1G . 2ARRgLor atyleast one DV y have the
configuration shown in FIG. 9B The HBD m%{;?)%aastpm(i)ﬂfe thgpay have the

e S5 AL Mg

466nfiguration shown in FIG. 9B. The HDD may be a mini HDD that includes one
or more platters having a diameter that is smaller than approximately 1.8”. The
powertrain control system 432 may be connected to memory 447 such as RAM,
ROM, low latency nonvolatile 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] Reférring now to FIG. 9E, the present invention can be
implemented in a cellular phone 450 that may include a cellular antenna 451.
The present invention may implement either or both signal processing and/or
control circuits, which are generally identified in FIG. 8E 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 4'56, an audio
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such 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

a §{5’é’ﬁéﬁ%§l§‘i’&@r@iﬁé}d%ﬁe &7, i ugndie WA e acdiapidion B1as8d/or an

d%tau§t8€r3alﬁ;e %f I?e set top box 480. The set top box 480 receives signals
from a SoUrce SchUsl Abrkerfd RBliitsaevisapyRicstantimtbanatdror other

hig Lﬁeéi&i}iié’e” a io/videolsi nals suitable for a display 488 such as a
telévision and/or m%n?ﬂgpan&W%?ﬁg?Q/ié‘Qg/aﬁd}@F‘tW(b sligidtoutpat and/or other

deyi i processing and/or control circuits 484 and/or other
cirkﬁﬁé%(%zﬁol%v&%)l)dp tﬁ“eesce| o%rb %%Bfﬁgﬂ%&rﬁ%éﬁiérf@ﬁﬁom coding

cadig rypti [culations, format data and/or perform
o ey P e R THSLERR Boaas g ner celuiar

CPRUNYAiGRIgoWEh mass data storage 490 that stores data in a nonvolatile
manner. The mass data storage 490 may include optical and/or magnetic

storage [deviseF famexa@plenase ek g%e%ﬁggo [ALDYDs, At least

one HDD may have the configuration shown in A andlor a 'fgasr?ass data

oBODYD ity thavestbesondiguintionrbuming 1Ga Rt TEe QP 5&?}%? Cand/or

a mini HDD that includes one or more platters having a diameter th
sfaseetifantelagroximately bBexEheptetHan ROXIH8AVBRHESCARRARSIDs, At

to memory 494 such as RAM, ROM, low latency nonvolatile memory such

A SRS MERBryraidier e tiher suifigilediectshoiat diarstorages e sst least one
tcigv%ox 480

may have the configuration shown in FIG. 9B. The HDD may be a mini

HDD that includes one or more platters having a diameter that is smaller than

approximately 1.8".  The cellular phone 450 may be connected to memory 466

such 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 sét top box 480. The present invention may implement either
orrboth signal processing and/or control circuits, which are generally identified in
FIG. OF at 484, a WLAN interface and/or mass data storage of the set top box
480. The set top box 480 receives signals from a source such as a broadband
source and outputs standard and/or high definition audio/video signals suitable

for a display 488 such as a television and/or monitor and/or other video and/or
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also may support connections with a WLAN Via a WLAN network interface

496. [0100] Referring now to FIG. 9F, the present. mven.tlon can .be
implemented in a media player 500. The present_ |nv.ent|on'may implement
either or both signal processing and/or control circuits, which are

generally identified in FIG. 9G at 504, a WLAN _mterface an_d/or mass

data storage of the media player 500. In some |mplemgntat|ons, the

PREGS QUM S5 FRIudEE 2 SiRRAP BEE s crnal (secdinprol 508 8tck &6 and/or

d, touchpad and the like. In some implementations, the media
S??%E%%@ﬁ%}%ﬁ%%vﬁ‘érﬁﬁﬁ?@aﬁﬁéépm%é@qmytbaDWp&:aima, perform

drop d , icons and/or a point-and- click
R RSP SRy ek AR08 Rb dwteliansiyepstorm any

4 incl n.audio output 509 such as a s_peqker and/or audio
o%&i%ﬁ?gc{:ﬁsgﬁggi@nﬁo&ocessing and/or control circuits 504 and/or other

circuits 0 0, [ er 500 may process data, perform
coding gﬂ%}gﬁerﬁ%p%?ﬁo&;r%?ﬁ @%&?&t%%@ﬁiﬂﬁﬁgf%é{ﬁ%m%? data storage

pestormaioribeldnedia W@M%l%ﬂ&tiﬂﬁn@fﬁﬁé‘@@gg i&‘gg%er 200

490 ma
may communicate with mass data storage tores gﬂ@l‘i’%s y

Ciowripries S o @R/ e ad B RCAR BN dN & AIQIVG, ti!a]%g?ﬁ{)meﬁalpd S drives

implementations, the compressed audio files include fi af are

coPipliant/witD MRS formalioatheisuimble kamRresssfatlie andQin in Fic.
video formats. The mass data storage may include optical"and/or

nYdgArd®ster igrstiovicEMDr exarhplesrtaed diskgllines HRRBANCERVBE. The

. ' i i . 9A and/or at
(SR ORE D PR ect anéidsionaummrs PGSR o HoPurameter
ng!? tti)s(,3 samrglilrelzir than approximately 1.8”. The set top box 480 may be connected
to memory 494 such as RAM, ROM, low latency nonvolatile memory such as
flash memory and/or other suitable electronic data storage. The set top box 480
also may support connections with a WLAN via a WLAN network interface 496.
[0100] Referring now to FIG. 9F, the present invention can be
implemented in a media player 500. The present invention may implement either
or both signal processing and/or control circuits, which are generally identified in
FIG. 9G at 504, a WLAN interface and/or mass data storage of the media player
500. In some implementations, the media player 500 includes a display 507
and/or a user input 508 such as a keypad, touchpad and the like. In some
implementations, the media player 500 may employ a graphical user interface

(GUI) that typically employs menus, drop down menus, icons and/or a point-and-

click interface via the display 507 and/or user input 508. The media player 500
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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

deLEB R At e Leinamipt &9 GLOP] Refesringkeowrtd/BHGLARA@put jack.
pzf’lﬁléage including an integrated circuit die 611 and a lead frame 612

having A4 uRRy S8 d 984(Y iSSRBRIN Cinétse 80 4ramnd/61 20tvenprisests (not

0 r maore sets of leads including leads 620-1, 42 620-2, 620-3 and

6 @ﬁ’,”?n aﬂsﬁ?strB%?ﬁ%f‘Pé%béf‘sf a@?ﬁsﬂ‘a}ﬁd%%@sg &ldea BEdOM paidiols and/or
leads, ;?@ - 620-68 (callectively leads 620). [0103] Bondwires

616-1, 6%969) %&}%Eg‘, 8%@‘4@%%%@3/%%5@135? 8" SFSTerTaAaY P63 media
capRestinelsads 620-1, 620-2, 620-3, 620-4, 620-5 and 620-513, and

620-6A and 620-6B to pads 614-1, 614-2, 614-3, 614-4, 614-5 and 614-6

and 614@Ryand 61468, dgspegtively. 484041 The leads 620-1, 620-2,
620-3 ;tnd 61230-4 may be contrﬁ%éghsggéat%ggré‘i%n&&ng %’53&% {f{ipjgmass data

lsueatpsihentensts 20186 309+ &@gg'%%é%%@?gé\%%éﬁfggﬂtent ina

operate at high speed leads. The leads 620-5A an

andr626:68 magneairy diffecential pighnalteriRasing bew e lo o
speed leads may be equal to d1. Spacing between Ieadgﬁ\ﬁ?pé‘ir\é{o? h?éjﬁi o files

siistieigctigs ey becequaltitady wHparing Ferweersthetiow 80BN ompressed

speed leads may be d2. Spacing between the pairs of high speed leads
nfisearsl/ ahedpadinmats, diheldrand datmayobegeregalaininET8BEEP and/or

decrease coupling. For example,

magnetic storage devices for example hard disk drives HDD and/or DVDs. At
least one HDD may have the configuration shown in FIG. 9A and/or at least one
DVD may have the configuration shown in FIG. 9B, The HDD may be a mini
HDD that includes one or more platters having a diameter that is smaller than
approximately 1.8". The media player 500 may be coﬁnected 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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the spacing d4 may be less than the spacing d3. The spacing d4 may be

less than the spacing d1. [0105] Referring now to FIG. 103, 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
cﬁgﬁl‘tzdigzﬁ'§cﬁﬁdo§%%ﬁreémea, et leaif frdnraits BERBS5A02ndneDOEE and a
may incorporate crossovers as well as other features described above,
4§%ﬁ%fﬁ%ﬁfrﬁ?& hERSFisy! PER-5B1(cobestivrdedds tikdintegrated

circuit dt‘a% inc%de the lead frame 612. Conductive tape 650 is

applied to at least SREYIERS &'ifid 18186 5 B13nE 1844 BaPnereand B36-5B, and

le, ' b d ide of th
O B S PN GEBRRE Lo Shebobiord i the-5 anc
R e e O 7B 4.5 anc

other leads, The conductive tape nclu

aghesivenlage o4 apg @m@g@grrggggé{g}%) ) layer 656. The insulting layer

654 prevents shorting the leads. The insulating adhesive layer 654 is

connectpy bafhe feRESEAD BpblG-ebHCs tao GONGHGYSH 1RRe.030.mav, - 1cads

include spaced perforations to allow the packaging material to flow

threugipehatperforspiess euiing maskiasiNg MRICR IACERASES S8Ry 620-
The conductive layer 656 provides a ground plane that conducts

nfdyseticARdERHich cpdustesataighingded 073 RefamingRaw ¢od-kasand 620-58

12A-12D, various crossover
and 620-6A and 620-6B may carry differential signals. Spacing between the low
speed leads may be equal to dy. Spacing between leads in a pair of high speed
leads may be equal to ds. Spacing between the low and high speed leads may
be d2. Spacing between the pairs of high speed leadé may be ds. The spacing
di, dz, d3 and ds may be irregular to increase or decrease coupling. For example,
the spacing d4 may be less than the spacing dz. The spacing d, may be Ies§ than
the spacing dj.

[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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configurations are shown. In FIGs. 12A and 12B, a crossover 730 includes

a first lead 732-A that includes a first section 732-Al 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 732-132 and a second

section 732-83. The first section 732-B1 is co-linear with the second

section 732-A2. The second section 732-133 is co-linear with the first

section KBWA). THeedenteg setion 7R2s132 js-diagonal pralatiye 1o-the firstgrated
and second sections 732-B1 and 732-33. The center section 732-B2 may
afdEBé eierbdd. nal(oEsstin PiC. iz Qs & tosSmreniZhOdnaples@ifirsbplied to at
lead 752-A that includes a first section 752-Al and a second section

7525 2%R8t aitecohnbacl§ass HBBnaites73dad Seroaddead 752-Bhasple, the
a first section 752-B1, a center section 752-82 and a second 752-B3. The

fif SSRGS 7322ERAK BB firrag thath tore isecting SbEtelenBe, AdcTioen side of the
sgecocpsd g?%ti%g7 52-133 is co-linear with the first section 752-Al. The

center 'sactiol > 195 ARIRARENISIFRSH0E HietaRdssedbracaneughve tape may

sect 752-B1 and 752-83. The center section may also have other
sg‘%f“t))%%sr%ﬁeﬁ%q[ 106 1S é‘.’i?ﬁ? APL PGl SRYT 60 eI F@BS Hirkvariape 650

S 7 t oth have first (labeled -1), center .
(I2$\t§1(iili,£j1(§1J @3\)9 gﬂd%?e(@r)ﬁ r%cjj %’%t)ﬁe%rgg ﬁdshe%%g%j.a?‘% %ggtépgeéﬂo?%?%@”duc“”g
lgastpredead i ' ireGt) dicular to a plane confaining . .
e enae o pro e BT APt D8 R er B Mbuiating

owvehdEe:cans sBrtiondfdeiedeshanuadiyand pae Owgi?ﬁd'%é%ducﬁve
|

provide clearance for the center section 762-2 which Is planar. Stiver
véaizdi 650 ane condienip lated O rIbe R AVES allow the packaging material to flow

through the perforations during manufacturing, which increases strength. The
conductive layer 656 provides a ground plane that conducts magnetic flux, which
reduces coupling.

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

relative to the first and second sections 732-B1 and 732-B3. The center section

732-B2 may also be curved.
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[0110] Referring now to FIGs. 13A and 138, 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
Automal@#08bndihy FIAB) 2hayeberussovier Z60necitiesnieqratesirgait-A that
die 801 to a ball grid array substrate 804. Solder bumps 806 on the ball
gha'dres 2 dbeteretonu/aAligist aviRanod s pads 24528k A0kee connected
pgnte%circui,t board 812 or other substrate or mounting surface. In FIG.
13B2iMBBAUIER dirduit HRIGRIAJeRES (heRidaa pigichipentionegsad, a center
CIrCut gi%ﬁ}ggtohatés attached fo the substrate 804. The substrate 804

& rotRfi PRR8 19 thacaligh wvitrLsRgiopaliE BB &F grelitipar with

may Inclu

' 1] Refer] to FIG. 13C, a detailed
oS P oAk BRSRFhERAURT, SR coseengiine frs

Abelidiey. shstalr i3 ngludes acopperpatiomed layer 838,

which defines traces, vias and mounting p

SUPSIEAICLRIR 0 i 4-ma sed to connect one or more
tracerg or mounﬁﬁggﬁg&gaz%aéfnso@unm%% %gg 5G5S the ¥ n(bave other

cgitinkesB4BeYias 836 provide a connection to the opposite side of the
BGA substrate 834. Mounting pads 853 on a bottom surface of the BGA

substra® 28 define oy, thEDceppsk mﬁ@é@@W@d%&”&‘eﬁeﬁQY%nﬁo%%ﬁnd leads
bumps 844. A solder mask 855 may be applied to the copper layers 836.

A SibsgpVetter foatpeots integrate (dtetbe BGASMSIALLEREPTINGLA second
the present invention as will be described below.
(labeled -3) sections. The center section of at least one lead is curved in a
direction perpendicular to a plane containing the leads to provide clearance for
the other lead that passes under or over. The center section 764-2 curves
upwardly and back downwardly to provide clearance for the cenfer section 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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[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

cfossqver trace 883 on an apposite surface of the BGA substrate 834
conndcfs RHEGRS BB 50g'8821 4 78 AthssspiRstiviv @ BB wiEn bswieatedin FIG.

dding a buildup layer gn a botfom 46 surface of the BGA substrate.
Rys%ﬁ‘%%?ﬁb?e%ﬁ‘%%‘ FHT trsdademayRaRiiofieinseipied circuit die

%‘%O{h%?”i@g : é%t&?\%% atsod Secrisbebdsfazlg%\lle%q[r ﬁh q%g%g%%?g%@gg include

148, a simpli cross sectional view flu

e eas B8 AN RnaNe Caleg el oed ol s

910 provide a connection between traces

identifiqd a{H04) R tARJ" j : 4] Referring now to, .
FIGS. 1615@A-1§C, a simpnf%c?(s:?égi Eé@:%aﬁg‘?%iﬁv&’i]ﬁués%&%% S Shntpal view

BEArstiksiEatpldR0 B YEKEERRs oMshHaeR Se 56iGh %ﬁ%@jﬁ r??:%ﬂ 1@%1 array

FIG. 14A are formed in an interconnect and trace plane

thetB A= BE4tiate 30 iaclugped iR aparer plane 338 a0 Hiraces, vias
ground plane 942. A substrate core material 946 and/or other insulating

|@per snoiaytibeg adtenh eteveebkte SMER O34 sthespawaiRplanad38 dfvires 854
the ground plane 942. In FIG. 15A, vias 950 provide a connection to a

RS S SpihipeIapneacergbartnn’is teptanar mithriingseiatedom Hounting
ground glane layer 942. The trace 954 is isolated from the remaining
Pofic RPN sRiReeryRic g gien84an Yie 85k piateidsthecanueittien to the
shown _?nd, escribed in FIG. 15A
opposite side of the BGA substrate 834. Mounting pads 853 on a bottom surface
of the BGA substrate are defined by the copper patterned layer and receive
solder bumps 844. A solder mask 855 may be applied to the copper layers 836.
A crossover or jumper is integrated with the BGA substrate according to the
present invention as will be described below.

[0112] Referring now to FIG. 14A, a plan view illustrating a BGA
jumper 870 for high speed traces 874, 876 and 878 is shown. The trace 874
comprises a first section 874-1, a second section 874-2 and a third section 874-3
(collectively trace 874). The traces 876 and 878 are connected by vias 880 and
882 to an opposite side of the BGA substrate 834. A crossover trace 883 on an

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

crossover frace 883 may be created by adding a buildup layer on a bottom
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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
978188 PirbalIBeAne jostipés.ortsacen 64 drpre thetRoWes Riane SRS Mias. may
960-1 and 960- 2 connect to the jumper or trace 964. [0116] Any of the
SRS RNemew 3 REYevE iy e irrensedibycaibprbtaasive material as
shown FIGs. 1 and 2. Those skilled in the art can now appreciate from

the foreé%ﬁa]desgrﬁ;ﬁgmewmetﬁrocé@teb‘b?lin@s%ﬁﬂiéi@es&rﬁs imeettonl view

can,be mpltage@g@ jna varie%of forms. Therefore, while this invention

has been described ih ERfHecio MRl partidirrMsa it étdhtheolectively
tr%beeﬁﬁﬁ’&‘? g{ not be so limited since other

giﬁl)in\zﬁntion sh bd .
modifications wil 'becégm\éaa?pgi SRRy e B IGNBASS Rt Reepotracetuay6 and

0 I [fication and the following claims. 48 |_i_ON[j N
Igggec(?a@rr%ﬂ g?%%@&%%né%a%r nafﬁ%e%gfaa&@f%i%dﬂrai@w%rising: a

first leaqp® pypecqnstiead pdiagent togaid firat Ilesz%ill a third lead adjacent

to said second lead: and a simplified cross sectional

view illustrating an alternate BGA substrate 930 is shown. Crossover traces

such as those shown in FIG. 14A are formed in an interconnect and trace plane
834. In FIG. 15A, the BGA substrate 930 includes 1&TP 934, a power plane 938
and a ground plane 942. A substrate core material 946 and/or other insulating
layers may be located between the |&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 fayer
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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a fourth lead adjacent to said third lead, wherein a first end of said fourth

lead extends beyond at least one of said first, second, and third leads in a
direction towards a path defined by said third lead, and 10 intersects said

path defined by said third lead, and wherein said third lead is positioned
between said second and fourth leads. 2. The lead frame of Claim 1

wherein said first lead carries a signal having a first polarity, said second

e Sa-CETER 4 HRRRN PalieraS8dctpien 15epotaity, nbaie iRl laAdscaBies and 960-
sigr&glnp}gvmg é?id second polarity and said fourth lead carries a signal

having Said fir ep%’l‘é}ﬁ’t?/r &R Ld first and second polarities are
oppositc?(ﬂql ities, 3. The lead frame of Claim 1 wherein said first,

second, third-and 35 13 RS HHE W 050 e &3P aRPy Ryh pemtased by a

di ial S| s, 4. The lead e pof Claim 3_wherein said high speed
d%@?gﬁiﬁ% 1%%1% g lh::}a%/esa %%li%gy grggfzﬁthaWBF%qiﬁl% ndhgabit sen now

sasensh($306 IVISE, 5. The lead frame of Claim 1 wherein
sai%%first, secgjrr%ﬁt%t?agr% ﬁ%ﬁ%ﬁg%%ogréﬁéé PSP R nes AbtaRdwesent
frevetin integrated W i é%' . said ra urther c rises fifth _
and sixth leads that are both s%%c(i:gzag slggc%rgé %fgﬁ@g'frOW%S ore, while this
irtegretiod hissuibdie dabenbusAIddinskd] ' than said

second distance, 6. The Ielad frame oﬁf%gﬁr?]ng%ﬁ%grgiﬁ\s ;Féllrcia ﬁﬁﬁ‘%?r?é %?ﬁ?oﬂ the

|daidfs seope sighalsnvaviingnashisiiianeachangdwhersinesald fitsh, seeond ations will
third and fourth leads carry signals having a second speed that Is hlgﬁer
tHegraaid Arpaeeedo the skilled practitioner upon a study of the drawings, the

specification and the following claims.
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7. The lead frame of Claim 1 wherein said fourth lead is generally "L"-
shaped. 8. An integrated circuit package comprising the lead frame of

Claim 1 and further comprising: an integrated circuit die comprising a first | vD WISE

pad, a second pad adjacent to said first pad, a third pad adjacent to said
second pad, and a fourth pad adjacent to said third pad, wherein said

fi ?t,_ second, third and fourth pads are aligned, and wherein said second
p a'fy?msitioned between said first pad and said third pad; and first,
second, third and fourth bondwires connecting said first, second, fourth
and third leads to said first, second, third and fourth pads; respectively. 5

r, LLOYD VVI 9. The integrated circuit package of Claim 8 wherein
said first; secc%i?ﬁﬂrﬁ‘%{ﬂﬁ ?gﬁﬁﬂ |ng(§¥%\ AR 4iFI6Q8IRT R8P distance

from said integrfateﬁil cérg_uit die and said lead frame further comprises fifth
a

and sixth lead§ that are spaced a second distance from said integrated

Cistance. 10, TheuFRBTAred BB L RaGUCoH CITAS farier comprising:

and st bond TS SH A SRURG LA T LB AR s ft and

sixth pads, whg ﬁ‘%iﬂrﬁwailggiésédjsaegeotﬂ%tgg%&%R%qggg , k\)/vor?éjr\/gliaeg first end of said
fourth lead extends beyond at least one of said first, second, and third
leads in a direction towards a path defined by said third lead, and

intersects said path defined by said third lead, and wherein said third

lead is positioned between said second and fourth leads.

2. The lead frame 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 second polarity and said
fourth lead‘oarries a signal having said first polarity, wherein said first and

second polarities are opposite polarities.

3. The lead frame of Claim 1 wherein said first, second, third and

fourth leads of said lead frame carry high speed differential signals.

4. The lead frame of Claim 3 wherein said high speed differential

signals have a frequency greater than or equal to 1 Gigabit per second (Gb/s).
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have a first length and said fifth and sixth bondwires have a second length
and wherein said second length is shorter than said first length. 11. The
integrated circuit package of Claim 9 wherein said fifth and sixth leads
carry signals having a first speed and wherein said first, second, third and
fourth leads catyy signals having a second speed that is higher than said
first speed. 12’.K iRtbgFaRE Gfctipackageher GlainnBifaiser second. third and
ggnp{%ri egn a_serializer/deserializer (SERDES) module that communicates

with Saic st SeUoHee tritd 2l fofifet pbeisnSt HLOVBANISorBred circult die and
Integrat g c in uit tl of !Clair 12 wherein said first and Ceconc; pads of said

FRSb R L BReTECENE A ATNTEN SeillPReS dheiisref e BERDES ccond
mggwgeap%cn aid third and fourth pads of said integrated circuit die

receive differentis ‘@@&@eﬁgﬁé‘%’%ﬁ%ﬁid@m%ddﬂbdiﬂamcéagﬂ@@ater than
interf comprising the integrated circuit package of Claim 8, The

%&fvor SPnQépfgggaB%@iaim 14 wherein said network Interface is Ethernet
compliant and operates at speeds greater than 1 Gigabit per second. 16.

The integrated circuit package of Claim 8 further comprising a fifth pad on

said in gratecf,cir ug}gi , Wherein Sala first bondwire comprises first and

second stacked' 8&? i%@%h@?%@&ﬁ%&‘@f@@kaﬂibﬁﬁmw@ sixth leads carry

g ween_said first lead and said first pad and said second
s%@%ﬁ%ﬁﬁ ife ‘.%SESRﬁ&éfé’a‘%\é{bﬁé&*ﬂwif@sﬂeaemmﬁsammmnga@urm leads

id.i ted. circuit die.
95&? glﬂﬂ]ﬁ%%gvmg a second speed that is higher than said first speed.

LLOYD WISE

7. The lead frame of Claim 1 wherein said fourth lead is generally “L"-

shaped.

8. An integrated circuit package comprising the lead frame of Claim 1

and further comprising;

an integrated circuit die comprising a first pad, a second pad
adjacent to said first pad, a third pad adjacent to said second pad, and a fourth

pad adjacent to said third pad, wherein said first, second, third and fourth pads

are aligned, and wherein said second pad is positioned between said first pad
and said third pad; and

first, second, third and fourth bondwires connecting said first,
second, fourth and third leads to said first, second, third and fourth pads,

respectively.
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17. The integrated circuit package of Clain 8 wherein, said firs:, second,

third and fourth bondwires each comprise first and second stacked LLOYD WISE
bondwires
9. The integrated circuit package of Claim 8 wherein said first,

second, third and fourth leads are spaced at least a first distance from said
integrated circuit die and said lead frame further comprises fifth and sixth leads

that are spaced a second distance from said integrated circuit die, wherein said

first distance is greater than said second distance.

10.  The integrated circuit package of Claim 8 further comprising:
fifth and sixth leads;
fifth and sixth pads on said integrated circuit die;
fifth and sixth bondwires connecting said fifth and sixth leads to
said fifth and sixth pads, wherein said first, second, third and fourth bondwires
have a first length and said fifth and sixth bondwires have a second length and

wherein said second length is shorter than said first length.

11.  The integrated circuit package of Claim 9 wherein said fifth and
sixth leads carry signals having a first speed and wherein said first, second, third

and fourth leads carry signals having a second speed that is higher than said first

speed.

12, The integrated circuit package of Claim 8 further comprising a
serializer/deserializer (SERDES) module that communicates with said first,

second, third and fourth pads.

51



LLOYD WISE

13 The integrated circuit die of Claim 12 wherein said firs: and sacond
pads of said integrated circuit die receive differential transmit signals

of said SERDES module and said third and fourth pads of said integrated circy

die receive differential receive signals of said SERDES module.

4. A nestwork interface comprising the Integrated circuit package of

Claim 8.

15, The network interface of Claim 14 whersin said network intarface is

:1

Ethemat compliant and operates at speeds greater than 1 Gigabit per second.

16, The integrated circuit package of Claim 8 further comprising a fifth
pad on said integrated circuit die, wherein said first bondwire comprises first and

second stacked bondwires. wherein said first stacked bondwire is connected between
said first lead and said first pad and said second stacked bondwire is connected

between said first lead and said fifth pad of said integrated circuit die.

17. The integrated circuit package of Claim 8 whersin said first,
second, third and fourthn bondwires sach comprise first and second stacked

pondwires.
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