PACKAGING FOR HIGH SPEED INTEGRATED CIRCUITS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. Provisional Application Nos.
XXIXXX, XXX, filed on September 30, 2005 and 60/701,701, filed on July
22, 2005. The disclosure of the above application is incorporated herein
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present invention relates to packaging for integrate
more particularly high speed packaging for ICs. BACKGROUND OF THE
INVENTION [0003] Modern integrated circuits (ICs) typically employ

differential sigiziog IrRtifferrmiabsionaling, a sianalisgqpveyes,

between two separate, active conductors instead of one active conductor

and grouf®0The nidgwitudeitatiendifiesential pignalds, die differenee Provisional
between the two signals rather than the voltages between the two
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signals to or from an IC, the differential signals are transmitted over a pair
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packages 10 and 10" are shown to include an integrated circuit die 12
j‘\ﬁﬁaqrbgdsr RERAcHe BoRRBE@BY by bondwires 16 1 to leads 20 of a

lead frame 24. The packages 10 and 10’ are typically encased in a
suitable protective material 24. [0005] Referring now to FIG. 3, differential
signal pairs 50-1, 50-2 and rFQ:S are connected ll)\Y leads 20-1A and
20-1B, 20-2A and 20-2B, and 2653R Grid1= INVENTION

[0002]  The present invention 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 oné 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
16-3B, respectively, to pads 14-1A and 14-1B, 14-2A and 14-2B, and
14-3A and 14-3B, 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,

resnesively JO00S Adiacens ifierential pais are tpjcally located iy close

proximity to one another. [n'some cifcumstances, tErErRI i Encased in

may e situatad with adicst polarity conductor of one pair located

immediately adjacent to a second polarity conductor of the same pair on
one sidgeumvithressesang nBalarty eonsugips of o0 e
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62 in FIG, 3. The magnitude of the difference between the ‘signals carrie
oRGHiBaalicem dheires eIt Acspaliss- tB1a) e12Ar s RNIMDED edles d]SION 15.35.

¥

margins to an unacceptable level particularly for high speed signals such

ascepgabiitaherisqraral Bhd Aighdridatdrates AT hedais-2rupkrgRrellemy 14-3B,
tends to be even greater for low cost plastic lead frames as compared to

&SRty (BBA)jackaigingivetit digritinthpiank shfelbriSYMMARY. 3, the
OF THE INVENTION [0007] An integrated circuit package comprises an
inteiFteeu/iFeRreaRNtEompringlarfivscpadiiciresoddipachatjticers te thesents a
first pad, a third pad adjacent to the second pad, and a fourth pad

a&%’%ﬁ?ﬁ RO GG YACIOR e R comprises a first lead, a second

lead adj wtot e first lead, a third lead adjacent to the second lead,

and a foﬁfr dad gﬁlﬁ&@ﬁ?ﬁ'ﬁﬁéeﬁ% R4, R dydigally located in close proximity

to one another. 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 éoupling tends to
occur between adjacent high speed differential signals. For example, pair
coupling tends to occur at 60 and 62 in FIG, 3. The magnitude of the difference
between the signals carried on the adjacent pairs tends to cause data errors
and/or to reduce design mérgins to an unacceptable level particularly for high
speed signals such as Gigabit per second and higher data rates. The 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 pad_s,
respectively. [0008] In other features, the first lead carries a signal having

[ i [ ignal havi econd polarity,
the thirdad. carrios a A LA g thel LeEONY BRI and the focrth
lead car} sign ving.the first.polarjty, wherein the first and second
polaritiegb%f?e? %pp(?s#te{a % agég }i&eesc._lr‘zﬁlep?éaacgl;sg %?tﬁ%%ﬁ?ia?@é%ﬁiﬁﬂ?ﬁaf?'mu‘t die
S gifferential signals. T g signals, hav third pad
g’réegﬁt%r ﬂ%gﬁg% c%r 2hﬁa to 1 Giggéﬁ pej secon{% sy’ The f%%’t, E@éon%l, Ird pa

thixel-pe fayihdeads aresRacaral IRrsHR té'ée%ri Ca%i 8@8&@%%&8 Do A lead

integrated circuit die and the lead frame furth prises fi

leais thesrargispaceda sesand %@H@@J&@%HP@C@?%Q@W?HQ&% third lead

wherein the first distance is greater than the seco_nd distanc_e. 000
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fifth and sixth pads. The first, second, third and fourth bondwires have a
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wherein the second length is shorter than the first length. The fifth and
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second, third and fourth leads carry signals having a second speed _that_ls .
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package includes a high sgeed serializer/deserializer (SERDES). The first
%agéé&?a@pg@g(ﬁqwd, hird 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.

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

have a first length and the fitth 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

igabi d. The first bondwire comprises _
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fif irst. pad and.the fifth pad, respectively, of the integrated
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figst qupd n 0 ires, [0012] A meth %of proyiding an
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agdjneeit to the first pad, a third pad adjacent to the se_conpl p.ad, a_nd a

fourth péd adjacent to the third pad on an integrated circuit die; using a
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lead, a third lead adjacent to the second lead, and a four jacen
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one of the first, second, and third leads and in a direction towards
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method comprises using the first lead to carry a signal having a first
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third Iea(got&gﬁrry %Sct Qgrl ?ga\g]rgegheaSr(?gt?;odré)?rlx?er:’tf)a/;ng;geprises 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 fo
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,

d fourth leads at least a first distance from the integrated
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space econd distance from the integrated circuit die, wherein the first
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pl}gg'tgglgg\)‘g h and sixth leads; creating fifth and sixth pads on the
integrated circuit die; connecting the fifth and sixth leads to the fifth and

sixth pa ing fi i dwires. The first, second, third and
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pad on the integrated circuit die; using first and second’stacked

bontwiies wret appatiekpal aitbsonectestioatweRib e dirstieadaNR of the
first pad and the fifth pad, respectively, of the integrated circuit die for the

firSEBOAR 40 TAEYikig sepend, difftearic faitialhomiwirgeashed signals have
comprise first and second stacked bondwires. [0016] An integrated circuit
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[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 first length.
[0015] In still other features, the method comprises using the fifth and

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

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



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
1;3% groviding a fourth connection surface adjacent to the third connecting

P4 Amd M RIS HERE S CTRA MG A dearsh Jor teridtemimted circuit
sgcond con ugtri%%%neans for conducting adjacent to the first conducting
t

SainS, Wihd'Corititic g Aears foPLomritiiiigs déalcar eamkasbeprdconnected

means,
c iIng,means, and fourth condycting means for, conducting adjacent
toB tgrgey%lr}g %%n%ﬁ?:tgﬁagmae%%gh?r?g%r a§n8 e rEfnPednaRRARRIvely, of the

mﬁé@?a%&eeﬁéﬁ%‘?@%%t f!ﬁ(%%r%p %ggébﬁrgrs%ggtcrﬁgﬁgﬁ%ggog%rfﬁgifﬁi@nd fourth

conducting means and in a direction towards a
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first conducting means carries a signal having a first polarity, secon
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conducting means carries a signal having the second polafity an
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and seco.nd polarities are opposite polarities. The conducting means of
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signals have a frequency greater than or equal to | Gigabit per second
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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, second, third and fourth wire means connect the first,
second, fourth and third conducting means to the first, second, third and fourth
connecting means, respectively.

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

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



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
connecting means, wherein the first, second, third and fourth wire means
h&FeCRdirRplyiHiandhiie frndustnaxtnasine tReies haignalsesdng the second
length, The second length is shorter than the first length. The fifth and
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network interface is Ethernet compliant and operates at speeds greate
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filstegiratede aivsuitoniprigesafiest IR seeond Sacked WIEMRANG I the second
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[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 tength.
The fifth and sixth conducting means carry signals having a first speed. The first,
second, third and fourth conducting means carry signals having a second speed
that is higher than the first speed.

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

with differential receive signals of the SERDES means.



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 cpnnectlng. [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 a fourth lead adjacent to the third lead. A first end of the fourth Iegd
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and fourth leads carry signals having a second speed that is higher than

tHe Rt shaeddivedonetmiefot iscperetally "L"-shaped. [0024] A method
for providing a lead frame for an integrated circuit die
[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 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 featufes, the first lead carries a signal having a first
polarity, the second lead carries a signal having a second polarity, the third lead
carries a signal having the second polarity and the fourth lead carries a signal
having the first polarity, wherein the first and second polarities are opposite
polarities. The leads of the lead frame carry high speed differential signals. The
high speed signals have a frequency greater than or equal to 1 Gigabit per
second (Gb/s).

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

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



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 method comprises

using the first lead to carry a signal having a first polarity, the secon_d lead

tc?‘(fﬁ?ﬁf FUGPEs PG andevsi iparsitihahe s tead te eatynal signahce from

h%%/in the second polarity and the fourth lead to carry a S|gnql having th(?

firStp %ﬁf?}%‘é‘%mttﬁl@firg{‘ﬁrfﬁ%fe@b?ﬁﬁn%rérﬁrﬁm@;bpp?fhmﬁecgnd distance.
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' j integrated circuit die; and locating fifth and sixth

Eei%sés%e%:%n %?ért%%@é%g% %n%rtae@a{ébsﬁfwﬁ?die. The first distance

i th i . 10026] In other features, the method
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having a second speed that is higher than the first speed:
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comprising first conducting means for conductlng,_second conducting
medtrsdurcerfitatting atliaccintiorthedirssSRRALSHNGIDEaRS. dNIL first, second.

conducting means for conducting adjacent to the second conducting
math §ightpfsisrendondudimgtioredms dods 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.

[0026] In other features, the method comprises using the fifth and sixth

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



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

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

m RS %aéféjnﬁgﬁa{ﬁn@am&@ls@c@mcpdlamyahdwﬂﬁeiiour@her than the first
conducc}ing%néﬁans carries a signal having the first polarity, wherein the
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integrated circuit package comprises an integrated circuit die ‘comprisih
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signals. A lead frame comprises at least four leads, At least four
bdiriRitelng sneeas the leads to the pads. A set of polarities of adjacent
signals carried by
[0028] ~ in 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 g signal having the first polarity, -

wherein the first and second polarities are opposite polarities. The conducting

means of the lead frame carries high speed differential signals. The high speed
signals have a frequency greater than or equal to 1 Gigabit per second (Gb/s).
[0029] In other features, the first, second, third and fourth conducting

means are spaced at least a first distance from the integrated circuit die and the

lead frame further comprises fifth and sixth conducting means for conducting that

are spaced a second distance from the integrated circuit die, wherein the first

distance is greater than the second distance. The fifth and sixth conducting

means carry signals having a first speed and wherein the first, second, third and

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 features, 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 second

' th lead is adjacent to the third lead and carries a signal
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carry high speed differential signals. The high speed signals have a

fregoeRcy gresser thancoresisalsios1atigabit el 38590d ACRYS)t [?&isrzl)rg}\dwires

other features, the four leads are spaced at least a first distance from the

integratddier tuitidieand thedeac e fysharieaneprisssciite bt ried by
leads that are spaced a second distance from the integrated circuit die.

1the 8 fiesstiigtandeddgisatifatean thesesand dsteaeatEtbRagsdRt signals
bondwires connect fifth and sixth leads to fifth and sixth pads. The first,
se2oifrs ithahantvires sodivireatave a first length and the fifth and

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

shorter 1387 the fildt MAgtnicrleenitrrafitssilende sdiearry signals having a first
a firg%ﬁﬁeed and wherein the four leads carry signals having a second

sp8 o i IRd s RcieeRhbiedhe 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 lead 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 serializer/deserializer. [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

ﬁﬁ,{ aHrd 8g< nd bondwires that are stacked and connected between the
firstlead andAne irs PREH Anth A Hts PN G ELian ey THt aedisishy Reefwires
CH&Hrixt i first, second, third_and fqurth bondwires each comprise .

first aﬁ%@‘e@%@%&é hec‘?%?fr‘u ‘\?vigé%. T(S‘gs% R R ﬁod%?&? VSbidifigPa. third and
integrRted fllGHLPAGkage GaMpL ovidin integrated circuit die
comprising at Ieasﬁ%ur pags thaﬁ ?tﬁe%é%y O%g g@%%xg% D§Hd reLafEs have a
WEesirlsianals) GRRASHING eBARSENLANG LERLe JUTHRITRLIONAR The

to the integrated circuit die using a lead frame comprising at leasttour

|etithsa ARG iRONREUNGING 4%%@6@%@@}%@@%@&9%@9%%%}neads

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

leadsyisigifiasentiharaa seb el pplasitieseiadigcentaanalsmarigd by the
bondwires and the pads. 12 [0036] In other features, a first lead carries a

signal hEAGag]a first giblarityzasesotiddentkiradiacaniun thecfitideadmprises a

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

tHigsesperdsadalindridesesaizignal having the second polarity and a

fourth lead is adjacent to the third lead and carries a signal having the

first poldAB34A firdhpaibenfret esigndietavingitherfécst potaritises sbedntbgrated

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 différential signals; connecting the transmit and receive
differential signals to the integrated circuit die using a lead frame comprising at
least four leads; and connecting the leads o 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

greater r equal to 1 Gigabit per second (Gb/s). [0037] In other
featurestla%geélweth%d%%l%rp%é%é” acind e R 1680 HAe8sg iRaving a first

di f i ted circuit. die; and.spacing fifth and sixth |eads a
e TR TR AT 0 e st 2ving

i r > ist; ethad_comprises providing fifth
R A G R

CORRRRIMge thediHy anslsihdsads fohs fitthand ac’&ﬁ%}éﬁ? YD %ﬁhﬁ lead and

and sixth bondwires. The first, second, third and fou yndwires have a

firstiength sigddhediihanse sidh Readiyires rave shgeconglenathand o ino e
an

wherein the second length is shorter than the first length. The fi

sifitht lpaldsiiyayssighadsparviaadidishspead: fﬂ%@ﬁﬂgaréﬁéf&%ﬁ?ééy?%@é? having
(0]

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

censprised paeiiingethiitt pad srathedetegeatad csediidigadlaninefist a signal
bondwire comprises first and second bondwires that are stacked and
chvEdbeBmiceniatity firsd ladduihdae irsidjmcbanbttresftiidpdd and carries a
respectively, of the integrated circuit die. The method comprises using

firdPRAH KR DA dhetage Borlwites fohe ikt ol ndesfrstnsepotatifithirdrancpposite
fourth bondwires. [0033] An inte%rated circuit package comprises

inbRFHE cirdift (§RAT ARG 167 B 5RMEM U higiors RepaptiSirg rtidkaismals. The
foHiEgogggggn%éR%%n%;%% 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 i ied. b [ d the connecting means.
o e e o

| ' iLst polari second of the four conducting means is ,
SCTat 10 he Sl o 0F SRR A S AR U g specty

i : ' third.Qf the four conducting means is adjacent
e K e S T L

thezercansbhelaibsaora il e uapndueling. gorilgi?ﬁg adiacent

: S.
to the third of the four conducting means and carries a Si 9 g

first polaeigasy firshaf e dpatea0RRSGHNEMERNS LHIRSA Sﬂ%a'raﬁ%‘é“&reouit die

the first polarity, a second of the four connecting means is adja%en

firseafshéofopradaingCingiMReBASRAGFATHES A SPmlme’iEgn?\e%%ﬁ%g neans for

polarity, a third of the four connecting means is adjqcent to .the secor
tecodinrmectingentiamssantheartiesta signsaiaving the SAQlRrithg receive
and a 14 fourth of the four connecting means is adjacent to the third of
tibiRygnéshisianialg, mdems Bmoheardemasiignalthawingdshe E8@Ming means for
polarity, and wherein the first and second polarities are opposite
pﬁm{“ﬁhéﬁén@u@m@ fpeanrefriraladofraomeating gl speed the pads,
differential signals. The high speed differential signals have a frequency

g5t thah SFeqiaPRIaIER aHit pasepbreigGHs cartiedoby tondactigst four

ns are spaced at least a first distance from the integrated circuit
MERué ing 1p'neans is different than a set of polarities of 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, a third of the four connecting means is adjacent to the second of

the four connecting means and carries a signal having the first polarity and a
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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
si‘% rtv@ii r%% Fﬁ‘%a%& "HRUBSS G RPN R drRee s ko eI BHEst P it dpter chanecting

the first.| .The fifth and sixth cgnducting means carry signals having
ahﬁr%tﬁs%aggg%% o&rsﬁ%}?g&&\(ﬁﬁg ATSTARH) RATHIs RAiNG arsétdm first and

SRe ishigher than the _first speed. [0041] In other features, the
integgatﬁg (ﬁa?d%a%%agg Er?gllu%e%c’%[ﬁb#‘sp d SeRduchneidseaaR-6f the lead

neans fes srualiz ializing signals..[0042] In other features, a
network interfacé%}I ?gr%ﬂ%?r%ﬁtgrfgﬁ%ég%r@t%%%urg&? k&gE Pl RiRRYAl signals
iriexiace e &iBABIES camBPRR: - SRREASgreater than 1 Gigabit per

second. [OO%] ir?yc?téher features%&‘ifth coﬁﬁeﬁ?ﬁl%ar%% ﬁg %?8%/%&%1%/ §). The four
conneatiingsuEase ar eakacsaied A yitdigiIGIrsh g neans .

comprises first and 15 second stacked wire means that are stacke a\ngd circuit

cofmectddivetiveerithedifsittonduatipgsReann ang Bedirst-CRnne: Qgﬂqeans for
means and the fifth connecting means, respectively, of the integrate

cireni drdingeties. Thedimteseaondtinicd dangries i Wire GR8SBASN circuit die
comprise first and second stacked wire means, [0044] In still other
fEARABS; Weevadhadst distitnpackage memniplertenteddn @ diarshdisk
drive, a di%ital 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 cafry 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 deSeriaiizihg signals.

[0042]  In other features, a network interface comprising the integrated
circuit package. The network interface is Ethemet 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

15



control system, a cellular phone and/or a media player. [0045] 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 lead 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 the

fitegRatetaeiediviie Anaals ot SHEsRat are AifaceRPRFIRE fEbyRRBJNe first
esaditciagndeanddignsectiensiletosemcsaityfiisicand saaanthentin TEénnecting

EHE s ARF BAGAct AR NECETAGCHITOF G SLERB pdiof ShcR AV i

arfifopolanitircand dne tstheeshptiefiiatpriraidepdsanskdpvigertieans.

lead of the second pair of leads have a second polarity, with the second

lead being adjacent to the third lead. The third lead is located on one side

of the fi044]ead at the §itidt etideantbitloeatethonirtegrppasiteisidié qidbkage is
f%urth lea %I.the ecqn n§ .and wherein a first of said midglles ctions

BN 7 i s e NPEsTE s %5RnGA, g 2 vehicl

105865 4 second of said i
seotnad Byrsdsof thedlingbamd seeard i roblbadslagdene 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

comprif@84akt and sAnorintegptehtsiandta packigee conmedsieg the firsegrated
ts,over the third lead, The,second end of the thir
R R R L g R A R L St three

twee cond ends of the secon
fouetad daaimEhecseptads endirst thaifool tie deladirscludigdebéitateandhsecond lead

gﬁaogdsgggﬁo%gf%tgwela%‘g iﬁ@gjding 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 and
middle sections between said first and second ends. The first and second pairs
of leads carry differential signals. The second lead of the first pair of leads and
the third lead of the second pair of leads have a first polarity, and the first lead
of the first pair of leads and the fourth lead of the second pair of leads have a
second polarity, with the second lead being adjacent to the third lead. 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, and wherein a first of said
middle sections crosses a second of said middle sections. 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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the second lead. The third lead comprises a first section, a S(_acond section
and a middle section that connects the first and second sections. The first
section is co-linear with the first segment of the fourth lead .and the
second section is co- linear with the second segment. The 1_‘|rst an(_j
second pairs of leads of the lead frame carry high speed differential

[ . The high speed differential signals have a frequency greater than
zlrggt%’%a ?St ?ieGg egg‘ﬁ SPcééc‘Hn@?ésfgﬂﬁo@m fnetHes festtirdsathe The second

first.and second pairs of leads are spaced at least a
15 tace O (16 BTt QNI B It HAE Raher oo and

i i ixth. hat are spac second distance from
S o faon v

| o it ' nnect fifth.and sixth leadsto . .
T anc S TN Bonahi 1SS SOaT A G OB spoton is

sixthlibendwittesHRanesaReFABA: IeNGH ks @%(ytgﬁ $han the firs Ien%gg.th.

§ F5e0Rd Baclon is co-
The fifth and sixth leads carry signals h_avmg afirstspeed. The'first
sdicead wiitsrof leads CamysignalT having Qr%?%%%@ﬁd’%%%%?tt'saﬂ%ﬂhe lead

than the first speed. [0048] In other features, a serializer/deserializer

(SERBESymbdgites peeuniifizatammiiliie N PAdSHAMepuark iterage, signals

comprises the integrated circuit package. The network interface Is

EfRh& eemisheyt giedtoptratesr atqspieeds Gigataf 1aaRk&igabib RS

second. At least one of the N bondwires comprises first and secono_l

bondwirédMak ardrseitkedestarenninectetdredverats a7taaiet teffisstond pairs
second pairs of leads and one of the N pads of the integrated circuit

8 [RA0F RARGE 1 [vieN e isiragratcant el pmpiage cosuRdSSing 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“Iéngth 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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providing N adjacent pads on an integrated circuit die, where N is an
integer greater than three; providing a lead frame comprising a first pair of
leads including a first and second lead and a second pair of leads
including third and fourth leads, wherein the first, second, third and fourth
leads include first ends that are spaced from the integrated circuit die and

S rgore)q &‘rédfsrtsrt\at are adjacent to the integrated circuit die; using the first

and secohd paird b FE548PRER T SRcieAis Srmalsiimbraasthef thiedintegrated

I%g&{ mg second 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 sid foyrt first end and. on an opposite side of the
fourth |§gg ‘glét]ftahe %egloggﬁggﬁ%{?fr? @onr%g&ihngt?ﬁéag%%gﬂ%u@H@@Qﬁe"%@”sesz

aprh SRR AP ELIRaUSO the N %géﬁ%@agﬁﬁtﬁ% In other features,

the method comprises connecting the s éen " fiEfady 'S an integer

sgeondaiks mﬂgé‘,dfﬁ'f@ﬂﬂrﬂ bondwires. Hhe tggggﬁg%g?rgsﬁ%t%%& of leads

fourth lead. The fourth lead is segmented and comprises-first an

seghoditg anket a@mwe@w@mmtaes@&ﬁ@%gﬁ%ngaz%gman@@gv $hird and

the third lead. The second end of the third lead is located between

stuotid lemiis oftbestedbaditendasshidetforrthiradh J00544d8 §RGTde first ends

features, the second end of the fourth lead is located between the second

el afermpatied [bathdhd itte et diteatt. dibexthirddesst 6AAYHISASRe adjacent

first section, a second section and a middle section that connects 18 the

fiFt ¥sa ! Bigddese clloHE. ditie iisgsatiolirss eodineamonithptiss fissticads to carry

segment of the fourth lead and the second section is co-linear with the

sHLBHaR il M aretnalie dbtEnke prins B teadsootitheiteatlifatiehas a first

carr‘y high spe%d differential
pofarity 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 middie section that connects
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signals. The high speed differential signals have a frequency greater than
or equal to 1 Gigabit per second (Gb/s). [0052] In other features, the .
method comprises spacing the second ends of the flrlst afnd.second pairs
of leads at least a first distance from the integrated circuit die and the
lead frame further comprises fifth and sixth leads that are spaced a

istance from the.integrated circuit die, wherein the first distance
issﬁgér’elzag'?eg r%%ér? ?ﬁ%nsde%%(r%]o a %taﬂé%.%%@cw&%?é&fﬁﬁé’y W;Ethﬁﬁfﬁﬁogegmem

' iding fifth and sixth, leads and providing fifth and sixth pads
o e i B Sl bon s rond segment

if i the fi ixth pads, wherein the N ,
o e T R DS B e lfrenta

segntertp e issharesian i fis Eng. [9054) o ot eatures

ater than or
the method comprises using the fifth and sixth leadsto carry s@’ngf?

' b Bpefd b J irs of leads to carry
hawying & first b asHgths/ &y st and second pairs o
signals having a sg():ond speed that 'I"S higher than the first speed. The

that communicates with the N pads. The integrated circuit die implements
adietiverk thetdifaceniat ecatbe stcam piiant andioperatasat 8R88HSe from the
greater than 1 Gigabit per second. 19 [0055] In other featu_res, at least
olfasirgted\ciieHiWircancothprised firstam dustoancobemtbuisesithai i ssixth leads
stﬁ]%ked and connected between one of the first and second pairs of leads

a

bAESPRAERE P8 SR iFtRnpaté@airtet ditegrated 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 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 is higher than the first speed.
The integrated circuit die includes a serializer/deserializer (SERDES) module that
communicates with the N pads. The integrated circuit die implements a network

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

Gigabit per second.
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[0056] An integrated circuit package comprises an integrated circuit die
comprising N adjacent pads, where N is an integer_greater than three. A
substrate comprises 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

integrat Uit die and second ends that are ad'acenttoth_e integrated .
circgit d?e.d\grﬁgjﬂrst an% s@ggﬁd AEPtratles @AMy Giferephialnggidisbondwires

Teededans firstend thectinsd bandvf'ltﬁaﬁﬂ%a@dégm?ﬂk@ﬁ@ﬁ?@ ?{’ﬁ%d‘?‘j between
sgean ir.of:frac ve a first polarity, and the first trace of the firs
pgﬁ%ofgtfrg%llgs gh% tﬁé@%ﬁ%gﬂgc o %h8¥sgf‘;% P B fratshiavl apads of the
s@%@ﬁt’:ﬁﬁﬁﬂa@iwpiﬂ/rﬂﬂﬁthe second trace being adjacent to the thlr_d tracz.
The thir is loc ide of the fourth trace at the, first end.
and is Igggge on an%%qﬁoﬂé@%%%f fhe gurﬂ?? eat%ﬂ@?é'éSﬁd 3hdntegrated
vitistdfrtiierthipdisiag dNcrbsesraid dsurth erachl, ianhdtersin grdtUiBn three.
' i i ' i id first an
tiRce 6 héb ddlg segtignithat municates with sai
secondgt?r?gs. of saﬁ% fourtﬁ ga@é'ti%ﬁéﬁ%ﬁs’?%ﬁ'&f 'sngt\:?cl')rr? kS _sgcon traces and
ddrifEersheainaksesaeringluditithitdeasectmdtbrioscesN Eaésﬁlr[ﬁ()ééhptmd, third
asher fieatuyesd egi CRM i w that connect the, . .
second ends to tar?ehlﬁl&pga?c%s. #ﬁghlrd t‘r%ag({:se(aa go%%%%?ﬁgf‘%m% Griliggraigd circuit
fOlfrANFasRcRSEgRishiRat FFRadintentdociveinteiskrdilstiendt daconte first and
segrpRAt irst v t&;}ﬁ& t §tr and ,
commd3 n%ﬁgs ?/f/i\g\gtigeéﬁtrst se%ﬁrﬁgﬁ%Hg Qs'e%r;?rrl%‘J %lq that psa%%%r%dtﬁFgﬁahOf the f;'r st
tRarRfyEacks and Wﬁi%ﬁé@@%ﬁh&ﬁ@@@mmgmmngma@m@h polarity,
&ha ieidephitRersupsisate, ates with the first an
secorrtl2I@\I?if':ii%.$ E‘?ﬁ% s%)cgﬁ% eﬁ}% fthe frﬁ%iciér)é?:%%snl{gga‘%gg ré t%%%% ﬁﬁeﬂje second
L6 BRgsph@ve a second polarity, with the second trace being adjacent to
the third trace. 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, wherein said third trace crosses said fourth trace, and wherein said fourth
trace comprises a middle section that communicates with said first and second
ends of said fourth trace through first and second vias. 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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fourth trace and the second trace. 20 [0058] In other features, the second

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

trace and the second trace. The third trace comprises a first section, a

second section and 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 ﬁ%@r@%f trab<tprieasurmsrdbe crpp iy peddiviffersatitiaiace is located

signals. The high speed differential signals have a frequency greater than
or 8@&%?% © 5538k Fors&idha t@tﬁ#%@%@@@daﬁcﬁ@ﬁ@sdomﬁ@.fi@taaﬁdrd trace

se%ond Pairs of traces.are spaced at least a first distance from the
R liy

int Re5HEhE RS iR ApRikisifrasRy aixagction that

|ntegrg{e§ gifel
t tar ced a second distance_ from the integrated circuit die, B
e A e YR R AeS oot o
: i if 1d sixth traces to. fifth and sixth pads. The
e e R e BT e

seprNddenginghal isrshotter than the 6@%@”%@{%%%%% gl é‘ega:%%\gvf{%a?té:ﬁigfbignals.

the fifth and sixth traces carry signals having a fi

theHirstigndspesandmatngd té@@%%wé@Q%%G%@@@F%%%‘ggﬁgf%%ua{ to 1

that is higher than the first speed. A serializer/deseria

mGigaeiCpamEncat$HIB)heTNapasiso ANERNarbiniesi&ee: SRMBESHY pairs of

the integrated circuit package. The network interface is Ethernet

cormplarararsbepetattdcatsspetds distaterdiamd GiorhEgaaesris Ak and the
least one of the N bondwires comprises first and second bondwires that

arguSricxied famiecopprecrisebefiftbearat leitit dnecektitadirdrsaganddthirdecond
and fourth traces
istance from the integrated 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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and at least one of the N pads of the integrated circu_it die. 21 [0060] In

other features, the substrate includes a first conductlye plfane. 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 t_hrough the substrate to the

first con % ]e plane and communicates with the second segment, anql

jumper tr&z);@ Ié/copTarﬁiPWifﬁao{H@%dlﬁe?ﬁ&ﬁﬁﬂ%éﬂﬁisﬂ_?ﬁ?ﬁiyfgnmducti\\;g plane.
mmunicates with the first and second vas. .

Snﬁg %%Yﬁ%wes@ Bite SIAYIRABiaRE Ca S$GRAFpERE abROApOWeraplfirs. via that

rﬂ:ﬁjig:? of,providi n integraged circuit package comprises: _
Er%%%ﬂ%% N a j@ée{ntepgas%%%ntf)nt Eré[;é‘ﬂ GGt five viine Iﬂffiéi aﬁ@mmfumcates
[ ree, iding a substrate comprising a first pair o

o e T AN SR S e € JaRUpair ot isgons o the it

' i | . fir ! cond, third and fourth traces
ne ¢ : that
incﬁ?eﬂﬁrﬁqaiﬂ%hﬂr%b @%@8%%mt Qsltr%t%gsr%qga({cﬁ%ﬁﬁ’ﬁ%'a?{lfj Jumper tha

} i i | ircuit die. The first and
sdsondgadathaiare adiaseskiadhe dmegred dreyit die The firstand -
second %airs of traces carry differential signals. %he fhird trace ot fhe

sasonihpeicatsades st ol a0ANer iU tage pine seeond o

pair of traces has a second polarity. The third trace Is located on ohe

ofhe fd@rgroane pittie ﬁ@gead;ﬁm@&}qpatgg\,@&@[br@posite side of the
fourth trace at the second end. The method comprises independently

connectitRPfitl secbridashols o6 prpadind QOB RIyRther dpatin eadhee comprises:

method comprises using N bondwires to connect the second ends to the

N PRy Nhadianans erstsenthe fiotegratadecircuit 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 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 atv 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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The fourth trace is segmented. The fourth trace comprises first and
second 22 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 ar_wd
second vias. [0063] In other features, the second end of the third trace is

IoCHEF B nAe i tiia d5ch mp ek braws fotlitn vhstralisdane seaundnicates with

tr{%che. ;I'rh? second end of the fourth trace is located between the second

e R0 T lce BNEIRB S etBnd tRicPapRaShiter e dbmphidestamte and

[ ' ti d iddl over section that .
o R e R Earsm e cpmrcatsie of e

t i cond.section is co-linear with the second
s%&%&%g%@%tgtﬂgﬂggs%é%ﬁd@& r%(e)f? grsa{cae%doﬁﬁ%n&\géﬁate carry high

heed s> Ropme, Fadyah speccdiitrena Snad

hrac%/ %a is located
frequency greater than or equa to 1 Giga It per second s}. 0 %ﬁef Iﬁ
othsideaies s MEHRM COPIRGSFPASINI A8 ﬁ?&%’%@oﬁﬂqrt’a%fet.hjiqgesgecond

and second pairs of traces at least a first distance from the integrate

ciendtsliehansLiprovigieadiittand sty acesdRalarRisharedanses@atdace and

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

gfeatertium thacsecOhel tistanaee [066RBida Ot RFteaibir, hedesiPdaction and
comprises providing fifth and sixth traces; providing fifth and sixth pads

o1& thedidie grassd circsetctien tsingdiftheatdtrabdiicbandvwses GORBLEEAY. The first

the fifth and sixth traces to the fifth and sixth pads, wherein the N

bR SIRRrEne AT svitBriheh flatiseenfiétht and $hels bomaivirestion 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 least a first distance from the
integrated circuit die; and providing fifth and sixth traces that are spaced a
second distance from the integrated circuit die, wherein the first distance is
greater than the second distance.

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

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

have a second length that is shorter than the first iength.
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have a second length that is shorter than the first length. 23 [0066] in

other features, the method comprises using the fifth and sixth traces to

carry signals having a first speed; and using the first and second pairs of
traces to carry signals having a second speed that is higher than the first

speed. The method comprises connecting a serializer/deserializer

(SERDE@& module to the N pads. [0067] In other features, the method

comprist® RiblenlBRNG d CAGHGS KT ErRite b remTiRegrasng divedifthiand sixth

that is Ethernet compliant and operates at speeds greater than 1 Gigabit ‘
p%?r%g(széﬁcfa,&ﬁésé%?%ﬁehgf’ V@ ROt Es 2BrhpResshrsfisipadcgm@nd pairs

b i at are stacked and.connected hetween at least one of the
fi%?#&%%gng% thgrﬁ%aﬁégpo%?tk%ﬁ\é{ggsaaﬁg REa8P5RY 5§ N385 Hrapghe first

i”&%%@edﬁ‘{&%ﬁﬂ?oér '&%r?;#?é%@t% 'rr\%'ggt?nsgzaé g%%%ﬁ;”ge%} %‘%%ﬁéﬁ%er Z@%RDES)

wherein the fourth trace comprises first and

fir,s{dgg;g@ttg@%%ggough the substrate to the first conductive plane
and communicates with the first segment, a second via that passes

through thessybstrate denthe fisatcerdugtive M@{ﬁ%@ﬂg&ﬂ@%ﬂ?@%ﬁ%ﬁéﬂﬁng a

the second segment, and jumper that is coplanar with an

thecfivairiconduieibes prane-anddhaticanvmenicatesmathithe filst A deompiiant and
second vies. The first conductive plane includes one of a ground plane, a

signafgiemataspea powesaankaf0066] b intRgr aiesbAHCULPRE@IShe of the N

comprises an integrated circuit die comprising N pads, where N is an
inkQjutvgresieartins enésA deadskaone bonaprises iNaadiacenidesdisn connected

connections individually connect the N leads to

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 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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the N pads, respectively. A first material comprising an insulating layer

and a 24 conductive layer, wherein the insulating layer is adhesively

arranged on the N leads of the lead frame. [0069] In other features, the N

connections comprise N bondwires. The first material comprises a

plurality of spaced perforations. A packaging material contacts the

integrated circuit die, the first material, the lead frame and the N

béﬁ’g\i‘?fr%ﬁ;v E‘é( R RBnprdRSHatRa dawar ihirrasaiYsbrareadedToR the N

fir cond leads and the third and fourth leads are spaced at a first
SLAG 0

distance aﬁr?g [%%Ggirg(r)nned and third leads are spaced at a second distance

that is diffgsgnt th firgt distance, The first and second leads and the
third and fourth Ieggclﬂsm (ﬁe t#heﬁt:"l%{’;tﬁjcrmle ﬁaﬁnh(? c§rr§%8ﬁ‘§6’é@d fferERidN bondwires.

; | iah: i tial signal f ter th
or gual o & Sl o Ascord (Lb/el T EREL AP Comrasieaing
2 fithdeaddbnbinomreatanriicd diiancedamthrfonthlerd, Teind.

distance is different than the first and second distances.

spaced mofatwiredistans i 1esadhe fibhideark: T b JomthAIStaNS 8 S ih 1eads. The

different than the first distance. The fifth and sixth leads carry control

sifirdisirfo0Feidncdthanteaintesha saralizas desenialigsadSERRES eq ot a first
module communicates with the first, second, third and fourth pads. The N

padEanercectitse, secomd atiirthadddadsh pasiszand whareindhg fistARY that is

second pads of the integrated circuit die are associated with differential

tr@A& R Sigirls betiesSERDES. mbdaldimhdtice shirchank fayrihpags ahird and

thfe integrated circuit die are associated with differential receive signals of
HOEERBRY o dhk Joad dimk 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 distance is different than the first
and second distances. A sixth lead is spaced a fourth distance from the fifth
lead. The fourth distance is different than the first distance. The fifth and sixth
leads carry control signals.

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

associated with differential receive signals of the SERDES module. A network

interface comprises the integrated circuit package. The network interface is
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interface comprises the integrated circuit package. The network mt_erfa(_:e

is 25 Ethernet compliant and operates at speeds greatgr than 1 Gigabit

per second. The first distance is less than the second distance. [0071] In

other features, a fifth lead is located between the second and_ third leads

and communicates with a reference potential. The first material

comprises conductive tape. [0072] in other features, the N adjacent leads
coﬁBﬁ%@&‘?ﬁQ%@We@ PSR ASIRGFRYE agreFecchdreadsigasiaper second.

second pairs of leads comprising third and fourth leads, wherein the first,
sgﬁgﬁcﬁﬂ%ﬁﬁ&%’?ﬁ%ﬁﬁﬁ? 88 iheseeonddisiasenat are spaced from the

. s : ) q
integrate it dje and second ends that are adjacent to the integrate
circuit di@%ﬁ]ﬁrsl%ﬂ %&E%%Hrsﬁiré St lpddsrigcalrm Ratwaissighalsecond and

The:thi d of the second pair of leads has a first polarity and thg _
fot}Jﬁr{LH::a%%%%f %ne&sgggr%uﬁgﬁs%rﬁegge@ Had %‘as@&ﬁ?d I%l%{?ft?!- Th_E_hl*ﬁlr%F st material
Ie%gﬁplgggg%g&%]g st{f%ige?of the fourth lead at the first end and is located

on an opposite si ourth lead at the second end. [0073] A method

A : ircuit package comprises: providing an ,
e cHCbt i OO e RN L AU s o

thasnepe;dpremidingradeaddrame comising é?f%y éﬂégfﬂ%ssi?\g”d“ﬂg”%%pﬁsmg

; lea
connecting the N leads to the N pads, respective eﬁ/

arthinding & firsitmasedal eorRsisiagAreNdictive layar-A0H ARLINSHIANG. i cude
layer on the N leads of the lead frame. [0074] in other features, the

indirgtieatly tatreeting codrptises osmadiatbandwiigs:id Ba it (ALY s that are
comprises a plurality of spaced perforations. The
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.

[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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method comprises packaging the integrated circuit die, the first material,
the lead 26 frame and the N bondwires in a packaging material. The N
leads comprise first, second, third and fourth leads, [00751 In other
features, the method comprises spacing the first and second leads and
the third and fourth leads at a first distance; and spacing the second and
third leads at a second distance that is different than the first distance.

ThemeethdditaMiiseswasying hatkapeedrditerentialsionalsadsing riBRse first,
first and second leads and the third and fourth leads of the lead frame.

Tercdighibjpe enrd ideréimtizdaignals have a frequency greater than or

equal to 1 Gigabit per second (Gb/s). The lead frame further comprises a

fifth lead0{&] furtiecbwniesiagespaoingetbdidticteadra shirshdistaneee first and
from the fourth lead. The third distance is different than the first and
s&esnacaieesiscaad [ty )id enbiostiulesdstrmeingddstaprisesnd spacing the
providing a sixth lead; and spacing the sixth lead a fourth distance from

RS TR, ViR elRaAs Buhsarafcdistanterdmitiandiiiefist than the first
d;jst nce. The method comprises carrying control signals using the fifth

and st ledds. PR AE SRR RELYEL iSG SPeefdiserrisrigpets using
r

( odule tp the first, second, third and fourth pads. [0077] In
othe e%%rr‘g]ss,%ﬁ% |{o€3aaodsS iﬁgﬁ efi&%‘f, s@%%ﬁ‘;‘ﬁnrﬁaaﬂﬁ Yolherspdiframg. The

t”ﬁdﬂeéﬁ%i%@&%éﬁﬁaﬁ‘s%%g%”ﬁ the first and s%cond %%i;s %f the

integrated circuit die with drtferen alvf}ransmﬁgl%rﬁaﬁs,%ﬁe 'S BbES f"q”_a' to 1
et Ao anala ot BEREE DB Wiligae anc
Campesemprising 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
serializer/deserializer (SERDES) module to the first, second, third and fourth
pads.

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

implementing a network interface using the integrated circuit package. The

27



implementing a network interface using the integrated circuit package.

The 27 network interface is Ethernet compliant and further comprising
operating the network interface at speeds greater than 1 Gigabit per

second. [0078] In other features, the first distance is less than the second
distance. The method comprises locating a fifth lead between the second

and_ third leads and connecting said fifth lead with a reference potential.
TREWRK WRRIIRIT I Srike S b rrRiBRia A S 0BT HIer LeaTep isiees operating the

applicahility of the present jnvention will become apparent from the
d@t%éf’e%%'eﬁ%ﬁ%ﬁ%r%?@ﬁﬁ%ﬁ Herlridhan it Sowi ber shaRMStood that the

detailed iption and specific examples, while indicating the preferred
emb;dir&%r?t%jf thé”m\?g“n i%?? J‘Pé“‘iﬁtéﬂ%ee iR GiRiRSss 'éfqﬁfl?st iortimipecond
a ot aten limit the scope of the invention. BRIEF

T O & B R b8 e g e hveridhsampeond and
begem I tai escription and the
accom?a%r%ﬂﬁrﬁﬁﬂg%ﬁmgréﬁﬁg&%gglg/ k ﬁjdél éegﬁié%?%s%oz%%%lnaﬁhe first

vigwitefial st @xeew M dRaskaas,an IC, bondwires, and leads of a lead
frame according to the prior art; [0082] FIG. 2 is a side cross sectional

view of 40E¥gINd ex@mplanBaskage «aRIG: dw%ferﬁea'b‘i‘é%ﬂi %{I\é%v\l?t(i)?n will

lead frame according to the prior art; [0083] FIG. 3 is a partial p
ditferemimbsipardpditactinneetatiodyiipadineh@ (paddame anthRePIWILES Lid be
to pads of the IC according to the prior art; 28
understood that the detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for purposes of

ilustration 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. 3 is a partial plan view of differential signal pairs connected

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

art;
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[0084] FIG. 4 is a partial plan view of differential signal pairs con_nected

by leads of a lead frame and bondwires to pads of the !C accor.dlng to one
implementation of the present invention; [0085] FIG, 5 is a partial plan

view of differential signal pairs connected by Iead§ of a lead frgme and
bondwires to pads of the IC according to another w_npleme_ntatlon_of the

present invention; [0086] FIG. 6A is a partial plan view qf dlffe_rentla! signal

pairs cofBfied byTedds Gfrarat Hameiandswditleeehtiahdiyiraisptaimasin nected

the IC ording to another implementation of the present invention;
%HS%EH aggE?i eé’g?)aiﬁglesié@%i@wm'i%réﬁtiﬁﬁéﬁg@éltbair& castmedied fo one

d stacked bondwires to pads of the IC of FIG.
gﬂ%%%%%ﬁé&%ﬁ%%ﬁé%&’gé@&ﬁgﬁ‘lﬁgbr an IC including a

serializ riali odule that receives signals on differential transmit
and rei@%gjairsgaﬁéc'?}ésm% %ﬁaé Bf@EMPWéﬁ’E?‘&?{?M@@m@.p@Ws connected

[ interface IC that employs the high
o e e oA S e SR TAVeAIoR! (9600, PRG0S to anotrer

i||Mﬁ§l@¥ﬂ§rﬁlflﬂi9ﬁe§ﬁﬂtai§3¥§§l$mﬂtﬂféﬂ%%ﬁi in a hard disk d rive; [0091] FIG.

9B illustrates the present invention arranged in a digital versatile disc;

[0092] Hevedg illusieateshes presgatRYSBIAD LS9 BN signal pairs
definition television; 29
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 iead 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;»

[0080] FIG. 9A illustrates the present invention arranged in a hard disk
drive;

[0081] FIG. 9B illustrates the present invention arranged in a digital

versatile disc;

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

definition television:
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[0093] FIG. 9D illustrates the present invention arranged in a control

system of a vehicle; [0094] FIG. 9E illustrates the present invention

arranged in a cellular phone; [0095] FIG. 9F illustrates the present

invention arranged in a set top box; [0096] FIG. 9G illustrates the present
invention arranged in a media player; [0097] FIG. 10A illustrates a

package including a lead frame having irregularly spaced leads; [0098]

FIG. 108GM¥}ates & patkdyesineiesitigapiead fame MavinariEestialY a control
spaced leads and a ground lead between high speed leads; [0099] FIG.
1f1&‘°ﬁﬁl§tf§té§/ﬁhﬁ%\@kage including a lead frame having irregularly spaced
leads and conductive tape with an insulating adhesive layer that is
connected484he I&h@s; Oiﬂ(J@HrFfl@ theBnscaaTbiwsettonatsidgedew afcellular
the conductive tape of FIG. 11A; [00101] FIG. 11C is a partial plan view
oﬁﬂ%n@Onductive tape of FIG. 11A showing perforations; [00102] FIGs.

12A-12D. ate rigus ways of connecting the leads; [00103] FIG.
R o iy

13Ais a iew dfpatck ek sy ISR ity eatay qubsnesd;iB0a set top
box;
[0096] FIG. 9G illustrates the present invention arranged in a media
player;
[0097]

FIG. 10A iliustrates 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 iliustrates a package including a lead frame having

iregularly spaced leads and conductive fape 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. 114,

[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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[00104] FIG. 13B is a side view of packaging including flip chip and a ball

grid array substrate; [00105] FIG. 13C is a cross sectional view of one
exemplary BGA packaging; [00106] FIG. 14A is a plan view illustrating a

BGA jumper for high speed traces that are connected to the integrated

circuit die; [00107] FIG. 14B is a simplified cross sectional view illustrating

a BGA jumper; [00108] FIG. 15A is a simplified cross sectional view
illustratinB8h04lternate! BGISRiin sesiteatiew plbys ckgommhpladiadigsedfp and a
[O%lﬂ(igcl FIG. 15B is a simplified cross sectional view illustrating an

altef EBERYHABEI#&it employs a power plane thereof: and [00110]

FIG 15C | n view_jllustrating a power plane and the BGA jumper of
FIG. 153ﬂaﬂaég§|LED%‘@S&%?P*P@W@ﬁﬂ@m@m@one exemplary BGA

E%g%gw NTS [00111] The following description of the preferred
embodinient(s) is merely exemplary in nature and is in no way intended

to limit they avgation, | pplication, or uses. For purposes of clarity, the _
same refg?er:((%]numbtfr'sc,sl wﬁl‘lr e uSRITh tﬂ@'&rﬁ(ﬁﬁ%@'f@i@éﬁtﬁﬁéfﬂﬁ?@?r for high

I : n) ] ' d ' li f
Giterental s apel oy SCHON CPLeds WA RN AT 16, 4,

differentigheigyyg! pairsmaee @@gngcgeqi%l%gis afoggeggcftriam z\;}%d

bondwires to pads of the IC according to" 31 one mplemenqgﬁon Bf i strating a
pré3Batjunvieatton. A lead frame 100 comprises one or

[00108] FIG. 15A is a simplified cross sectional view illustrating an

alternate BGA jumper that employs a ground plane thereof:

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

alternate BGA jumper that employs a power plane thereof; and

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

BGA jumper of FIG. 15B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

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

connected by leads of a lead frame and bondwires to pads of the IC according to
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more sets 102 of leads 104 including a first pair of leads 104-1A and

104-213 and a second pair of leads 104-2A and 104-2B (collectively

leads 104). The lead 104-1A is located adjacent to the lead 104-13, the

lead 104-113 is located adjacent to the lead 104-2A, and the lead 104-2A

is located adjacent to the lead 104-28. [00113] The lead 104-1A carries a
signal having a first polarity, the lead 104-1B carries a signal having a
seeraRiemAt ating lehthe ezt investivsigralehdviaga $60@dehprises one or
polarity, and the lead 104-2B carries a signal having a first polarity,
rS&YECERSy BorlidprdsoRbrinek: iag s fDet pedr ciia@id 104 generdl-2B and
parallel to one another. An end 109 of at least one of the leads 104, such

a8 JEERNToRIB b RANTs 100t thath bbHerPof sadaeticdyl BadTHEDA) Jedste lead

ong,of the leads 104-2A also extends in a direction towards an adjacent
Iegg(i“{séchsa?sofe%a 16%1-32‘&?% '9oHhe ilfpRM&kefbntanisad 1884t Hheiof located

t -!ﬁggﬁ 04-28 exte into a parallel path 110 that is defined by the _
a%?écem é%l fgfﬁzi{a@gfé %vﬁ#‘?ﬁ‘f%ﬁ&aﬁ iPSorfe sieinérdinenat ta the lead

legsi.one lead 104-28 has a generally "V shaped configuration. [00114]
Bondwires 114-1A, 114-12, 114-2A and 114-28 connect the leads

104-1A 3, 104- 116-1A, 116-113, 116-213
and 11B A theptinhy Therbiove pane TS T L1696 5] 89 e fead

1164213 @éﬁ’ié@ﬂ@@ﬂ@?ﬁ%@ér&%égﬁbmw ,ﬂﬂ?eﬁgégn!%fgl,arg fégg a signal

first polarity and the second polarity, respectively. In other words,

orientation of (e Ioads 1343 and 55 10438 AL & 1eaht SPihy M2 a frst

paeleaitn gespantezhenPshitws DB IS the ¢e8BEND4 near an IC 110 are generally
parallel to one another. An end 109 of at least one of the leads 104, such as
lead 104-2B, extends longer than others of the leads 104. The at least one of the
leads 104-2A also extends in a direction towards an adjacent lead, such as lead
104-2A. In some implementations, the at least one of the leads 104-2B extends
into a parallel path 110 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 116-2B are
now connected to the first polarity, the second polarity, the first polarity and the

second polarity, respectively. In other words, the orientation of the bondwires

114-2A and 114-2B is flipped relative to the orientation of the leads 114-2A and
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between pairs for example at 120 and 122 is reduced due to partial

cancellation. The lead frame may 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 coupling is reduced, coupling cancellation

is not complete since the leads of the lead frame are typically longer than

the bondwires. To improve cancellation, the packaging according to some
im{Héméntafiora sr3ub pidbentarkagion erpiapitgh sheeet leddSthat coupling
are shorter than leads carrying lower speed signals such as but not
liInREHSS L BAtFe MoAfrenBlatas Wgnans! 1Re isdedrese dBotmagimlvdeceliation.
ong or moye sets of high speed leads 102-1 and102-2 and one or more

setd%f ?&X{ %EQ%%I %%Vd%‘ﬁlg A Righreatirealisadesimiiag tthoseaseown as

e 56-1 and 156-2 that are ced at least a distance H from the IC
1?%%51% %r}]i?éplg éssop S d“féeas’dlg Eﬁ?sﬁ"aced a distance L from the IC 110,

where Hzl. . The lo ed leads 15 tend longer than the high speed ‘

leads 10@?1% 18%55%?% gﬁ\grté? %gﬁ‘sgeé@jl'geagg Li%@-q I5nEqpeRd. coupling
te ' Y% ' [qn. . Th eed leads 152 are . -
o ke RS LA @ Eaeplsply onger

thenronswiigaalRApdsl 63 eferHngenay I RS %%d@%irqgsr%%%g&lng to some

signal pairs are connected by leads of a lead frame an o}

staelptehhandviiies 9 pasloeEER Ihvanead Eampr w0 epmNises A885%fhat are
leads 202 including a first pair of leads 204-1A and 204-28 and a second

pashoftieatind04aRa cardy2QHRBe( cplestivaiy e sl 2204} TdieilaRsd 1o control
204-1A is located adjacent to the lead 204- 33 13, the lead 204-1B is
locaréagiatensigntie. |tk 20dd2ita medlb@ teay iBOH®Aone or more sets of high
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 204-2B and a second pair of leads 204-2A and 204-2B

(collectively the leads 204). The lead 204-1A is located adjacent to the lead 204-
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is located adjacent to the lead 204-28. (00117] The lead 204-1A carries a

signal having a first polarity, the lead 204-1 B carries a signal having a

second polarity, the lead 204-2A carries a signal having a second

polarity, and the lead 204-23 carries a signal having a first polarity,

respectively. End portions of the leads 204 near an IC 210 are generally
t one of the leads 204, such as lead

llel At )
o2 ARSI IS BN (G620 OFrichm Aoddbereset 204-24
the ,Ig@g%éz(%ij aalg{gt ?&%2 gin 3&{[5 tion towards an adjacent lead, such

as lea . In"'some |mpEfementa ions, the at least one of the leads 204
extendsyi arallel Is defined by the adjacent lead 204 as

chown e DA Ma Rl Sets STHIBH EpudoB AL e ToA-pathe eac
|e@€§i§-¢§rb9ﬁié'§%ds[8¢%]@mg\§ggg@éﬁﬁﬂ%ﬁ%% : 4_%%%(%3 a signal

214-1B2, 214-2A1,.” 214-2A2 and 214 collecti

baadiwies 3&ddcomnstiteadaqd20ds %33%432@%%él%g%g%gﬁ%%‘?hg%mg a first

pads 216-1A1 and 216-1A2, 216-1B1 and 216-132,

2p6ianky, aneb2tavaRl and L6232, seanertilys ol hergfare,
216-1Al and 216-1A2, 216-131 and 216-1B2, 216-2A1 iﬁ%ﬁé‘??gfﬁﬁﬁnera"y

2pe+28dl dncbBEaBddh éoolladtilalytpads 31 ®aenanveennaesdatothe 204-28,
first polarity, the second polarity, the first polarity and the second polarity,

respecdsdyn@ndbat tibdysruviirese2ids may. bF lsstaehegstodhe Isass 2Hs 204
in a spaced and/or overlapping relationship. Pads 216 may be connected

tdgethexigndsciaratisertion itowarsyias adibceitdeed 230cB4LOMADPO2-A. In
Benefits of the stacked bondwires 214 include increased bondwire

cEPRS AMPleBealinrs chip iFidraivern etdbrdeasmatdres@tissinto a parallel
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, 216-1B1
and 216-1B2, 216-2A1 and 216-2A2 and 216-2B1 and 216-2B2, respectively.
Therefore, pads 216-1A1 and 216-1A2, 216-1B1 and 216-1 B2, 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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increased. Bondwire capacitance per unit length is closer to lead frame
capacitance per unit length. The stacked bondwires 214 also have lower
inductance per bondwire unit length. There is also a net lower

transmission line impedance of the pair of signal pins between positive

and negative pins. There is also improved coupling cancellation due to
improved matched characteristics of stacked bondwires to the lead frame.
[00120] REfEHRhg Benefdsicf 7than miestrstetointwitete 200 inetudes ancreased
S réal;]zer/deserialjzer (SERDES) module 301 that receives signals on
diferenilsl PRRHRNGT rEtpaioHBlBEd Rt tTe plrsent baivioss 214 is
Inﬁé}rr?ae%‘%ﬂplegen ations, hi%h'speed differential pairs of the SERDES

modulé operate S sHERAS aCRe PRIaN Y dgnatho s Glysef0bLdehd frame
R [ 0 FIG..8, a network interface IC 350 includes differential
paei%?%r@a%Q‘?né/&%?fth“e“hig’ﬁ“s%%’éed REx SiAres RRafiiieshe!freent have lower

inyRntigsde seme-impl ntations, high speed differential pairs of the
network inte?fagg%%gtge]%?lgé%n ?-ggé]%?g‘%t S6r 2qFAIlRy ¢ dyBRsTHSsion line

S dnpie tions, i ifferential pairs of the network
in?(;rm%ce op(;?:t@%atgggei}d%%ﬁrggﬁgggtjh%gn{v(v)?eenq é’r"{g"foaéﬁ/%?ﬁ%mn& There

iniplelmeiiasionsdthed kahRteriacs i hysical layer device =
(PHY). In other implerrr?elrﬁ\gtions, the ne%%%r%iﬁ@%ggéonrﬁ%?ﬁéig‘araCte”St'CS
meiiteciactbsadwintoleriMAG) tasidl other implementations, the

network interface is compliant with 1 Gb/s and 10 Gb/s Ethernet
protocol§)BRME01R2TRufgrrioy noW|®. 71Gs. MGt @IALS CXEMBIRY ciudes a
t

implementations of the present invention are shown. Referring now to
FRSrigicer/deserializer (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 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 Gbfs. 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.

35



the present invention can be implemented in a hard disk drive 400. The

present invention may implement either or both signal processing and/or
control circuits, which are generally identified in FIG. 9A at 402. In some
implementations, the signal processing and/or control circuit 402 and/or

other circuits (not shown) in the HDD 400 may process data, perform

coding nd}('or encryption, perform calculations, and/or format data that is
output t%}g Ar rEEERFERG oM W madheti€ |§i6rag@mBGium B 801 23pmplary

The DD% 0 ma f(: mmunicate with a host device (not shown) such as
BT IRBE 2 dBpLITS CBVEEL-SL B8 eEonBF GRS now fo FIG. 9A,

a computer, mobi
' lulat.phones, media or MP3 players and the like, and/or
e o Dhed A Bpgpresent

E‘lﬁ?ﬁ@%@ﬁﬂwﬁ%g%% rg}or rﬁﬁgy?%s‘f%%lﬁg 2 %‘é&%ﬁ;ﬁiimum,

atency nonvola

rQAGCANAY. eRs R AMyRndigrathegauiiablee Iei%trggr%gedf?éﬁlg%gxreaﬁgﬁons, the

[00124] Reterring now to FIG. 9B, the present invention can

irsiglesnented d8iaish@byarsatile dige DM QHWO#"%Q’\J@rB&ﬁ)@regot shown) in

invention may implement either or both signal processing an ontro

ctreuitshhihoaraag epryedlysidentiflieskindnie R iah 4444 BPAARAIERS, perform

data storage of the DVD drive 410. The signal processing and/or contro

ciraigitlaliarandion/othferrizt didsa(trait ShoutpLintdenBMPrddOvBaYBIRGE $sagnetic
data, perform coding and/or encryption, perform calculations, and/or

fGiRTaneanetiamstidad from and/or data written to 36 an optical storage
medium 416. In some implementations, the signal processing and/or
control ERBHAH12 HIRIIHPBHEP clrauies thotusticsia)viiithe DV 4liGaanot shown)

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

perform calculations, and/or format data that is read from and/or data written to
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also perform other functions such as encoding and/or decoding and/or any
other signal processing functions associated with a DVD drive. [00125]

The DVD drive 410 may communicate with an output device (not shown)

such as a computer, television or other device via one or more wired or
wireless communication links 417. The DVD 410 may communicate with

mass data storage 418 that stores data in a nonvolatile manner. The
nASSRUER! Storage eI Hitiudese MardtRiareRRiatipe BfieTsiebpocessing

the configuration shown in FIG. 9A. The HDD may be a mini
I e RUIGUGRAE o ot IRHETS HEGH A leahenat KA aHRef 10 can

than approximately 1.8".. . The DVD 410 may.be connected tg memaory 419
ST RN B Yo RS B AR SIRio S0 agEUor 2ny other
m r.syitable electronic data e. [00125] Referring

e g S NS Rihved i g

definitiorwgl@g?io&g@[&){j %%Q/BTQ%D rﬁ%ﬁ?&%ﬁpﬁ?@atmi%tigsglnergs{;'atut device

either or both signal processing and/or co circuits, w

ST S 5 0 RO IS i

eithenielogedarhmirriesioformal and generaies HB TV WAMH NS Wik mass

display 426. In some implementations, signal processing circuit and/or

catutel stocaijel 22 Sanicddorstthes cletaitin(rotrefheoplief tharned V #28 Mass data
process data, perform 37 coding and/or encryption, perform calculations,

fomtcaiadatd Hhdrerypinduae anyhasthefisyperoeHBIDD proTessinp thatimayhave the

be required. [00127] The HDTV 420 may communicate with mass data

stéRIgwYEtion shown in FIG. 9A. The HDD may be a mini HDD that includes one
or more platters having a diameter that is smallér 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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that stores data in a nonvolatile manner such as optical and/or magnetic
storage devices. 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 HDTV 420

m e connected to memory 428 such as RAM, ROM, low latency
n(()?tél/\?%igti é“r’n@rne&r%%r%ﬂ”asoﬁa@ﬁ%Eﬂ%%?’f%/ofpé?ﬁ%fr daimsreddspasiion any

d%tmeﬁi ragd ”barlvDTV 420 al ay sypport connections with a WLAN
viaa W %N%rf}etwork%?ecﬁgcs:g‘ %?%&?F@HV% now to FIG. 9D, the

present jon wmpl MREAIS B ntrol system.of a vehicle 430, a WLAN
interfacet?r?dﬁ/zﬁ: mﬂ;}les Gfc’i-{ata sté?gg%gy e VRRLRE ortid BiRssHalR siarmge 427

el B9 103 HSSRILM AN ITRIRTISTL A poerien contrg

system 432 that receives inputs from one or more- Seraors dacHRgnetic storage

tedepRISILI AISIRBSO B PIEOB IR SLRSOLSIHO LN SERS L o il
sensors and/or any other suitatz)’?e)e sensors and/or thgiage%%?gt%smg%g; oA andior

mafrésastmutcOMIDhsignals/SUEE 85 aNAINRIBRSIRANNG RATRRESS, J6po4PD may

transmission operating parameters, and/or other control signals. [0

The prewérit iBnthut rmayualse bedmplamaaielbnepNBRCAMA SUSEMS that is

440 of the vehicle 430. The control system 440 may likewise receive

sigifalter dranngrRroxieats M 4283nd/Bh@ tPINCART Ghsig Ml i RBE &Y to memory
more output devices 444. In some implementations, the control system

446 BB BV, dnti-Istknistakivny siaiEnm@BS)y snavigatiasn memory
syst§m, a telematics system, a vehicle telematics system, a lane

dé&p (Rfré’@%té‘lﬁq?gﬁa%{ﬁﬁf?@i@rﬁﬁé gonaas sysenrl@aMéniele also may support

entertainment system such as a stereo, DVD, compact
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 operating parameters, transmission
operating parameters, and/or other control signals.

[00129] The present invention may also be implemented in other control
systems 440 of the vehicie 430. The control system 440 may likewise receive
signals from input sensors 442 and/or output control signals to one or more

output devices 444. In some implementations, the control system 440 may be
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disc and the like. Still other implementations are contemplated. [001301
The powertrain control system 432 may communicate with mass data
storage 446 that stores data in a nonvolatile manner. The mass data
storage 446 may include optical and/or magnetic storage devices for
example hard disk drives HDD and/or DVDs. At least one HOD may have

thea(gor}fi%uragﬁq&sﬁ(orgn in FIG. 9A and/or at least one DVD may have the
coRfighratior SHoRH P FIENOBYFIREHP B Tay? beay atiPADSRar 2 telematics

ingl one_.or more platters having a diameter that is smaller than .
e R R T 60T Steht Feo A e atiierics
t S R ROM, low latency nonvolatile memaqry such
aogg?ggpr%g?néc%rly %C}Y %%'S%EFGSS.’PAB%"%Feycﬁr%ﬁ‘.csa8%%%&5'5%(5%9\/0’ compact

Pe¥e | , t connections with a
WLANg\I?id; aﬁé) WﬂﬁiN%ﬁ%r%%ﬁgﬁaﬁ’:g}%%éﬂ%%?%ﬁ%“§ s%%endr44o may

also inClye msm%ét%ﬁ%n'@&%%ﬁysg&%@s%é? cHsHAce @l DOk mass

shown). [001311 Referring now to FIG. 9E, the present invention can be

inpliemstoteddna eethiarsphere 49 thabmanipgiide aeelkdar laﬁﬁ%”%ss data

451. The present invention may implement either or both signa

prjoesging4indiay enitrek cistidts, avkind aregesrsalinidaptiiedds G example
9E at 452, a WLAN interface and/or mass data storage of the cellular

phGrié 488k Indorae HRPleatelitatiNsDthe callulaaphane4300NCIH8S Rave the
microphone 456, an audio 39 output 458 such as a speaker and/or audio
o&?ﬁﬁ%@@}%dﬁwm dritiorsh ampttieatici=d6R sneh BYB keypadiave the
pointing device, voice actuation and/or other input device. The signal

prREEHRF R BB Worif T 6 Rits F52 HiRForewée 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 nonvolatie memory such as flash memory and/or other
suitable electronic data storage. The powertrain control system 432 also may
support connections with a WLAN via a WLAN network interface 448. The
control system 440 may also include mass data storage, memory and/or a WLAN
interface (all not shown).

[00131] Referring now to FIG. 9E, the present invention can be
implemented in a cellular phone 450 that may include a cellular antenna 451.
The present invention may implement either or both signal processing and/or
control circuits, which are generally identified in FIG. 95 at 452, a WLAN
interface and/or mass data storage of the cellular phone 450. In some

implementations, the cellular phone 450 includes a microphone 456, an audio
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circuits (not shown) in the cellular phone 450 may process data, perform

coding and/or encryption, perform calculations, format data and/or

perform other cellular phone functions [00132] The cellular phone 450

may communicate with mass data storage 464 that stores data in a

nonvolatile manner such as optical and/or magnetic storage devices for
exapole:Bed ddyes HRG andjar DYRs A1 lepst gne HDD may have

the configuration shown%i>n FIG. 9A an grc[j)éot %%EBP? CORYOIFRIAYHIRR dRd/or an
configuretien seownip BIG, By Ehe HRRmay e .2 mini HD
includes one or more platters%\yaﬁjvingg diaxrggter tat i\'/so‘s%aaelllcel%ij

ainpratxideately 4.8heT bR 66l WaicBBeRR; 4504V Re Fanpesiad t&’d%‘eé‘%ﬁ%r other

466 such as RAM, ROM, low latency nonvolatile memory such as flas

néimcty (antiranherrstitalislielacpRislatdSIREARoIIS Callilar phone .
450 also may support connections with a WLAN \?ilg% WLAN ne{?éé:]rlﬂorm coding

irftefaseen 6B/ 00133 Refercigutativ te FiGHRFd 8 MRS IMEHION SARauiar
be implemented in a set top box 480. The present invention may
irHB%?ﬁéHf"é‘imé‘i- or both signal processing and/or control circuits, which

are generally identified in FIG. 9F at 484, a WLAN interface and/or mass

data stokdYE381 the Ret Esuix MIBmETHEBSeay bortB0meaeivasSigRASs data
frS m & so rC{ such as a broadband source and outputs standard and/or

high definftioh SIicAAtRs SmdR auiRssieoksiie depiagr488-suak asdcal and/or

telgvision.andior monitor and/or other video and/or 40 audio output
devites. The sighal SrOCESSg BRI 8 dire| diskustsvesarPB/anditrebVDs. At

CiECil ( the set top hox 480 may process data, perform
c%ﬁ%%ﬂ%@% N égﬁocrér:q %:%%afé%ﬁe,om'?n‘fhi: HatLanandraseatdemst one

aDY/D may have the configuration shown in FIG. 8B. The HDD may be a mini

that
ﬁﬁl&ﬁ\ and/or other

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 aiso may
support connections with a WLAN via a WLAN network interface 468.

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

for a display 488 such as a television and/or monitor and/or other video and/or
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other set top box function. [00134) The set top box 480 may communicate
with mass data storage 490 that stores data in a nonvolatllle manner. The
mass data storage 490 may include optical and/or 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

; fi [ h in FIG. 9B, The HDD may be a
I e eGSOl o IGHBFL HaTUE AReler Tdgied andlor

' P op bo 0 may be connected
fcfn rﬂ%ﬁéﬁ?ﬂgﬁ(@ﬁ?&gg R &?ﬁ%ﬁ%ﬁ%éate%é} §§n%ﬁ§tif’é?ﬁ8ﬁ?o%?£%cﬂeﬁorm

asoflagh anameenaRMas O riHARIG &lesitaRic:daa, siorage- The Sorm any
a

Oh €
top box 480 also may support connections wit via a \WLAI‘Q
netharkdntefaes 48666, [0100] Referring now to FIG. 9F, the present
invention can be implemented in a media player 500. The present

inventiofPAtEBAImTamest eitheon0nBOthsi0BshifRFRSSIB AN LopLRl storage
circuits, which are generally identified in FIG. 9G at 504, a WLAN

irt8fdbatasidres malssidatarstovagsilef tienfediarplayessaQfath $8MGe 490 may
implementations, the media player 500 includes a display 507 and/or a

Ut YABUPBIRE Eslel s anagyRil, suchyrad anddhddikexkism®ard disk drives
implementations, the media player 500 may employ a gra_phlca! user .
iﬂ%@%@é‘d@m\/@ﬁt iRt el rmemubadecihel confimentisniepiown in FIG.
apd/or g point-and- click interface via the display 507 _a_nd/or user input

5%% ar‘hge(%ﬁé&#&%?BQ&F%H%WMP@Y%&M@@%@M shtput 50FKEICAB. The

ker and/or audio output jack. The signal processing and/or '
o R S ah e olie: Hiias e oF mare pitiers having = diameer

that is smaller than approximately 1.8”. The set top box 480 may be connected
fo 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 498.
[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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shown) of the media player 500 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other
media player function. [0101] The media player 500 may communicate
with mass data storage 510 that stores data such as compressed audio
and/or video content in a nonvolatile manner. In some implementations,

t dio files  incl iles that are compliant with MP3 )
fgﬁr'?a}qté%@%ogt%%%%%%a ?‘é’fj Ilcc%cr)ﬁjp{)gr%gsgesg ISauuC |oagnadf&e\ﬂ5%%%8%5%?$ﬂé3 utput jack.

s daiR StosRae AaIngle cplicabandiay magnete siarage devices

for example hard disk drives HDD and/or S Al least bRe HOD rﬁ'g@/u'ts (not

hayehs eanficiration:shaue indo6 94, apaier.at Ieast one, PYD B¥¥ng andior

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

thaténphides perRHMERBIEERNS, BMRNG: adiametardhdssmallay thak: media

approximately 1.8". The media player 500 may be connected to memory
S5hawrcagi®AM, ROM, low latency nonvolatile memory such as flash
memory and/or other suitable electronic data storage. The media player

500 alsol#id@y] supploet coadiectipaganitbom WhAN isna\VhidN e knass data
interface 516. Still other implementations in addition to those described

alstveaeeddOrituahplared. datEoR] Referimyprenstxif Glid BAd@padkagontent in a
including an integrated circuit die 611 and a lead frame 612 having
irrBguYRRfiydeaaNehds 18 sHm. IR Tearkdtione, 612 conppisesethesadio files

more sets_of leads including leads 620-1, 42 620-2, 620-3 and 620-4, and
a fﬂ%‘Fﬂe&irﬂ‘ﬁﬁe@&’é 850-52RaE 20ibEMIRY forseebrd pHiPbEIEtEINEROMAeSsEd

and §20-6B (collectively leads 620). [0103] Bondwires 616-1, 616-2,
618 ‘,OG_aLré%éérG\i‘gng%%Baéi'G- IBe Jiaps a]ata storage may include optical and/or

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 connected to memory 514
such as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. The media player 500 also may
support connections with a WLAN via a WLAN network interface 516. Still other
implementations in addition to those described above are contemplated.

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

The lead frame 612 comprises one or more sets of leads including leads 620-1,
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616-6A and 616-6B connect the leads 620-1, 620-2, 620-3, 620-4, 620-5
and 620-5B, and 620-6A and 620-6B to pads 614-1, 614-2, 614-3, 614-4,
614-5 and 614-6 and 614-6A and 614-613, respectively. [0104] The leads
620-1, 620-2, 620-3 and 620-4 may be control leads that operate at a
speed that is lower than the leads 620-5A and 620-5B and 620- 6A and

[ : - d 620-5B
o B0 A R 8300 e Earty Unfeht Sl SR DS atim B RLRE. and a
. ing bet n leads in a pair
E;é‘ﬁ%%#g e%%gﬁegdisrrr?gé-geﬁ eg§ l%li?# %t§ ?gﬁ% ?&ﬁéﬁ?ﬁ&tﬁi@eﬁﬁ@rg chcji
[ d 3 ci
oads g 3, R E s 8 oy e 1 Bthar 1 o1 0-58, anc
INSIBASA QIrdeErRARR CUIRIING- har §Xad %ﬁ@—meﬁ%‘%qf "‘lﬁzggmgﬁ(ﬁﬁ ::_96%5 and

than the spacing d3. The spacing d4 may be less than' the spacing d1.

CaD5EReterdrEpooyAtadd G2A0B & Raskaes ngludingadgadrame, s 5 4ng
Laving irregularly spaced leads and a ground lead is shown.di Ieag-gllg is > an

locaded aetiengraiss@bhighbspeegieadseipnd may be connected to a
reference potential such as ground to reduce coupling. The lead 640 may

or may ri6tibé] corfiestedds BB inieaROtRd GHOE £h0. BHCARBY be control leads
appreciated, the lead frame in FIGs. 10A and 10B may incorporate

crbss Qe Bl atel Sreoththafdatimesr trescribe dealiev62048A04Q6B20-58 and 620-
Referring now to FIGs. 11A - 11C, a package for the integrate_d circuit die
6 PL\AGRIE=AB (bad orprrisabhiTbraneeéerpe 6BGitkadplR2bt6atand 620-58

least one side of the leads 620 of the lead frame 612. For example, the
and 620-6A and 620-6B may carry differential signals. Spacing between the low

speed leads may be equal to d4. Spacing between leads in a pair of high speed
leads may be equal to d4, Spacing between the low and high speed leads may
be dz. Spacing between the pairs of high speed leads may be d;. The spacing
ds, dz, ds3 and d4 may be irregular to increase or decrease coupling. For example,
the spacing ds may be less than the spacing d;. The spacing ds may be less than
the spacing dy.

[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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conductive tape may be connected to a top side of the leads, a bottom

side of the leads, or both the top and bottom sides of the leads, The

conductive tape may also be applied to some leads but not other leads.

The conductive tape 650 includes with an inner insulating adhesive layer

654 and an outer conducting layer 656. The insulting layer 654 prevents

shorting Le%ads The insulatin . %dhesive layer 654 is connected to the
ANl cti

leads 6 G. TIETHR WWHdGcileStapE 650 HhayiRarimasgacdae integrated

perforati he packaging materjal to flow through the _
e 2s A ARRCH Incr A SHngafe 369 f appied to a

C ctive, | oVj agiound plane that conducts magnetic flux,
Wﬁ%%ﬂ %ﬁggigﬁgﬁ%%x%%]%geﬁn%%o% RS 1%3@-1 Brvarsnele. the

CIOSROYEN 958 | ElGS. nd, 128, a cyossover.
730 incluavesqﬁ%lsﬂ? %%%%@%%%é% utégs% g%ré\{ iheec{?oang%i-%iiﬂa gide of the
stea] seaiien 192102 Bt HafeorRIgstedry & 1Rqndwie, 7 %ﬁ_@é@%‘f@e may

lead 732-B includes a first section 732-B 1, a center section

setandbecatiplase- Gaaféestist snntinnt TReBloineo-inRar Wil PAvo tape 650
second section 732-A2. The second section 732-B3 is co-linear with the

fifsekattionitB2anl it ceniersertinthgard % is diagonsl SRR BRducting
first and second sections 732-B1 and 732-83, The center section 732-82

may&listBe clireddsulti0 1083 trEBHGpERGE RSEIVERTS RIeIdEha insulating
first lead 752-A that includes a first section 752-Al and a second section
758 RS iRl ave @ihiscasnepiebéndividers, Besecondiead 75 2tRBdasnductive

a first section 752-81, a center section 752-82 and a second 752-B3. The
firdPeRE0 AL Islude spmses Refiprations to 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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the second section 752-A2. The second section 752-B3 is co-linear with
the first section 752-Al. The center section 752-132 perpendicular to the
first and second straight sections 752-B1 and 752-83. The center section
may also have other suitable shapes. [0109] In FIG. 12D, a pair of leads
760 includes first and second leads 762 and 764 that both have first

(labeled,; nter ( led -2) and second (labeled -3) sections. The

center s O(]:\)Poﬁeof i? Ig}itagf o%e&e&d%oéﬁﬂ)’é}a iy diFdedidh peipdnaruldbloA that
a; ontaini el o, provide cleargnce for the other lead that
pzl:l‘;‘slg{e}gel%ngteﬁr}| %rg(%\}l'gﬁ %i%%é%‘e?%%&i%‘ﬁc%g-ﬁ%ﬁ%g Uphardigtaaig connected

b | i ter section. 762-2_which
s By S et afiOFR e N LAl I8 SRR GFSFoR10p contr

Relenngrnicio s 34ea 138 vrys aciasng emigues

shown. in FIG. 13A, a side view of integrated Circuit packagi troco-linear with

intlediagondali @i amaysubstrateds showhe-Rackaging 800 im'“‘ﬁ??he first

an integrated circuit die 801. Packaging material can be used’ f()'nr?r%rté”(:'

ome@iommaompmaamat@frt@@cnaﬁlmﬁ%eﬁﬁbm%&%wﬁg%%%%nd second

such as bondwires, flip chips, and/or Tape Automated Bon

eljhlisedtian s oacB lanin RERaE cieyiteie HOiAPALYBA A otner
substrate 804. Solder bumps 806 on the ball grid array substrate 804 are

alfytiedIwrhapesnting pads 45 810 of a printed circuit board 812 or other
substrate or mounting surface. In FIG. 13B, integrated circuit packaging
815 inclWBEEA flip ehifor iRte grared af deitdicr BBl Brthadds Atached d0dbed leads

su;g%?trate 804, The substrate 804 may include mounting pads 818 that
allgie VAl sEtdeNBIRER e dirsh Q@P@’g%ﬂ), center (labeled -2) and second

(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 center 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

45



[0111] Referring now to FIG. 13C, a more detailed cross sectional view of
one exemplary BGA packaging approach 830 is shown. A ball grid array
substrate 834 includes a copper patterned layer 835, which defines
traces, vias and mounting pads on one or both sides of a substrate core
840. Bondwires 854 may be used to connect one or more traces or
tipg %g%s $49 to.a mounting pad 850 on the integrated circuit die
848 Vies Y38 ProviaebsiHéttion Bt isdete sivmormtioB@Aace. In FIG.

syhstr 34, Mounting pads 853 on a bottom surface of the BGA
sﬁgg’rﬁgegé effied %%’%%%B%ear%aﬂé?m%ﬁsléyg%%F?étfe'ﬂ*@@é%ﬂﬂéﬂ" cuit die

DS B4 SEIdRLITRSk, 895 May be appled Io the copper layers 836

A crossover or jJumper is integrate fingay include

e B e e B e e o o

FIG. 14A, a plan view illustrating a jumper

874, 8760and 878 AIOWA EDEHY %.@&FQW&%&Z@J@% l%f(f%%(l)g@ctional view

874-1, a second section 874-2 and a third section

trat ey Axdhpliigc e Ganek i 3556%@5%0% by g 880 %\g%oar?ﬁntg array

an opposite side of the BGA substrate 834. A crossover trace 8

oppositasBtacinolihesBGAppbstatRA4iapaeeisshe vial 883 AT 882 vias

The crossover trace 883 may be created by adding a buildup layer on a

bafBmabingfaed DbtheBGA suthsiiade. discaibbe ABRISEIES, Wsndwires 854
crossover traces may have other shapes and/or configurations as

dEXfiBed spd e qonnatRefe vy aTevirteEGr MELeisiEed4508% mounting
sectiopal view illustrating the BGA jumper 870 is shown, The vias 880
aRa%B85%LR0 dbfetioarn irsbaiisieldl die BB . Theaw B389 1 priadde @nnection to the

connectjon between traces 876 and
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 appiied 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 trace 883 may be created by adding a buildup layer on a bottom
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878 (collectively identified at 904) and the trace or jumper 883. [0114]
Referring now to FIGs. 15A-15C, 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 934. In FIG. 15A, the BGA substrate 930 includes 1&Tn 934, a

pQ ound plane 942. A substrate core material 946
an\é\llﬁé%fﬁgfr[ ﬁl%%gﬁn%®§§g?§'m%§ BN S ARP RS RESh the $eersysa tiges may

PPLES DIREE 925,804 15, ST PIRDE 942, 1L EIG, 154 ves 950 provide

-a connection to a crossover jumper or t dﬁlanar with but

isolated fnaAnthe gsaend Rlanslaner=R42.4The trace 954 is isolated from ,
the remaininggportions ofr%round pla[;\%é)}gr% 9 2.g AS gﬁ% bgrgﬁﬁré‘éﬁ?ﬁﬂ?l view

thé stirackuge sh@@R3NMEEsETbad dmbia, 1pAs ¢l the.need for
the buildup layer or t?aceg883 in FIG. 14A. [%S?I#r?gl%be%%%%g%? rS?680Hedmal)/

pideitéiecaniicion i A ROSIOVBFOIRY S5 iRce 3P4 1habis, conlana
with but isolated from the power plane layer 938. The trace 964 is Bes7s and

isBlatdachtent thly ieamdifingapotinnmaftpeviecelanglayer 5338 in FIG.
15C, the jumper or trace 964 is shown in the power plane 938. Substrate

core mat@iiftbr ofRefaringatioy rateras megrbestsed @it 4foss sectional
insulate the jumper or trace 964 from the power plane 938. Vias 960-1

aNPYeBlustRie anctinsnainpdtér rabetesd. J001E] snynef therossover traces

embodiments shown above may be encased by a protective material as
KO BRSSP NTRISG sHiflAcare thmacin aointeappreeiate frommace plane

theforegaing description that the broad teachings of the present invention
ckgggeﬁ%noﬁe&mfﬁéoﬂi‘ﬁ E@éi%‘f?ﬁf%‘?rﬁé%ﬂ@#&@ﬁe‘,&ﬁﬁ’lI@&ﬁisﬁ power plane 938

and a ground plane 942. A substrate core material 946 and/or other insulating
fayers may be located between the I1&TP 934, the power plane 938 and the
ground plane 942. In FIG. 15A, vias 950 provide a connection to a crossover
jumper or trace 954 that is coplanar with but isolated from the ground plane layer
942. The trace 954 is isolated from the remaining portions of ground plane layer
942. As can be appreciated, the structure shown and described in FIG. 15A
eliminates the need for the buildup layer or trace 883 in FIG. 14A.

[0115] In FIG. 15B, vias 960 provide a connection to a crossover
jumper or trace 964 that is coplanar with but isolated from the power plane layer
838. The trace 964 is isolated from the remaining portions of power plane layer
838. 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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invention has been described in connection with particular examples

thereof, the true scope of the invention should not be so limited since

other modifications will become apparent to the skilled practitioner upon a

study of the drawings, the specification and the following claims. 48

LLOYD WiS4. CLAIMS 1. An integrated circuit package comprising: an

int eyt di iSi adjacent pads, where N is an integer

o e B O R e Ale o Ead ok ane %60

firgtmﬁ,m@@mﬁé%@%mggg@%‘p’air of leads including third and fourth

leads, wherein said first, second, third and fourth leads include first ends

that are gpavsy fromsoiciaiegtased sl ditaRdaseand ends hat ae

adjacent to said integrated circuit die and middle sections Stve&n s%ﬁased by a
firstetedtseconatehdaswierain sackirst ang §¢C?H9£a§%xfgdeﬂd§1%a§é{ can now
differential signals, wherein said second lead of said first pair of leads and

sadrmdatedtbof Sadaeganthpedsefilsadsthavia Hrshealasitsaid firsL present
lead of said first pair of leads and said fourth lead of said second pair of

leBtYS bR 230 condmmtErientsdidiseaondregd drefograsiacebiesaid while this
third lead, and wherein said third lead is located on one side of said fourth
le Bty R USRI P APsb e dprsibrit iecbonastioppatitesitkieh said ek 18adof, the
at said second end, and wherein a first of said middle sections crosses a
SeBURS SIS the invention should not be so limited since other modifications will

become apparent to the skilled practitioner upon a study of the drawings, the

specification and the following claims.
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middle sections; and N connections for connecting said second ends of LLOYD WISE

said first and second pairs of leads to said N adjacent pads. 49 LLOYD

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

connections comprise N bondwires. 3. The integrated circuit package of

Claim 1 wherein said third lead créds88\gid fourth lead. 4. The integrated

circuit package of Claim 3 wherein said second end of said third lead is

located between said second ends of said second lead and said fourth

lead. 5. The integrated circuit package of Claim 3 wherein said second

end bf said¥oUrieHateR FcAb pefReR fYRRINeENd ends of said third

lead and said second lead. 6. The integrated circuit package of Claim 1

wherein saifs#¥saieEsHS GUWaRiSiFTARESREIN RHIRARSBE Ragds drere N is an
. spaced at least a first distance from said integrated circuit die and said
infegarekRAESUIRG B8RMPrises fifth and sixth leads that are spaced a

second distance from said integrated circuit die, wherein said first

distance is Grd&®st RN H8r8QFSINPdRs st AT Aldeady e dingua first and

package of Claim 2 further comprising: _fifth and sixth leads; fifth and sixth )
Se5RAs drashRNMhR Giatea Cirdlit AieeAfth Brtding Brithanedusihieary wherein

said fifth and sixth leads to . _
said first, second, third and fourth leads inciude first ends that are spaced from

said integ.rated circuit die and second ends that are adjacent to said integrated
circuit die and middle sections between said first and second ends,

wherein said first and second pairs of leads carry differential
signals,

wherein said second lead of said first pair of leads and said third
lead of said second pair of leads have a first polarity, said first lead of said first
pair of leads and said fourth lead of said second pair of leads have a second
polarity, said second lead being adjacent to said third lead, and

wherein said third lead is located on one side of said fourth lead at
said first end and is located on an opposite side of said fourth lead at said
second end, and wherein a first of said middle sections crosses a second of said
middle sections; and

N connections for connecting said second ends of said first and

second pairs of leads to said N adjacent pads.
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50 LL YD WISE said fifth and sixth pads, wherein said N bondwires have LLOYD WISE
a first length and said fifth and sixth bondwires have a second length that

is shorter than said first length, wherein said fifth and sixth leads carry

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

leadSearry $RPaliRgigd ekl PrEPIRates nigrénthan whiereiet said N
speed. 8. The integrated circuit package of Claim 2 wherein at least one of
CAMIE M PHhaameE s NidiFesand second bondwires that are stacked
and connected between one of said first and second pairs of leads and
one of said N pads of said integrated circuit die. 9. An integrated circuit
package comprising: an integrated circuit die comprising N adjacent pads,
wheré N is dWEnfdger Yrchier tHEnPRrkaga Slivsltrite domhersir saiisthird lead
pair of traces including first and second traces and a second pair of
crpgRe’ sRanghigacind fourth traces, wherein said first, second, third
and fourth traces include first ends that are spaced from said integrated
circuit die and second ends that are adjacent to said integrated circuit die,
wherein said first and second pairs of traces carry differential signals,
wher8in said Re dBIRPIAied Gireit prskpan of Grirlas andesainisridisgsond end
of said second pair of traces have a first polarity, said first trace of said

oftpaich 4irsk lpaee’s dneriart istmparasaibresare asits sisaidtresenadead and

a second polarity, said second trace being adjacent to said third trace,
salg iayAErERA%aid third trace is located on one side of said fourth trace at

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

said second lead.

6. The integrated circuit package of Claim 1 wherein said second
ends of said first and second pairs of 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.

7. The integrated circuit package of Claim 2 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
50



51 LLOYD WISE said first end and is located on an opposite side of said

fourth trace at said second end, wherein said third trace crosses said

fourth trace, and wherein said fourth trace comprises a middle section

that communicates with said first and second ends of said fourth trace .
sainrBligrRRFspaHy RadsnwhRIs AR N Aansiwibag ritarriisderatiyand said
_connect said second ends to N pads. 10. The integrated circuit package
fifhr @ndisPSpRIEMLI DRV Srvfedishisasiipisd 19 BbRAHRIiEthaaid first

connect said second ends to said N pads. 11. The integrated circuit
lepgitnageseiaribiiitern skithritrtetrrrey isigaglhdiruina g, finsk speed and

integrated circuit package of Claim 11 wherein said fourth trace
whenairieald fist a0 s Reediieadronsy ionals firdag tissgnd speed

said substrate and communicates with said first segment, said second via
that dg pigheistharsaid & $eB&ftate and communicates with said second

segment, and said middle section comprising a trace on an opposite side

of said substrate that communicates with said first and second vias. 52

LLC7YO WISE: 13. An integrated circuit package comprising: an

integPated clrRGifRiREBIRArSHRYN RRfARER: phadaithe aWigEeim ahisgst one of

greater than three; , , .
sald N bondwires comprises first and second bondwires that are stacked and
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connected between one of said first and second pairs of leads and one of said N

pads of said integrated circuit die.

9. An integrated circuit package comprising:

an integrated circuit die comprising N adjacent pads, where N is an
integer greater than three;

a substrate comprising a first pair of traces including first and
second traces and a second pair of traces including third and fourth traces,

wherein said first, second, third and fourth traces include first ends
that are spaced from said integrated circuit die and second ends that are
adjacent to said integrated circuit die, wherein said first and second pairs of
traces carry differential signals, wherein said second trace of said first pair of
traces and said third trace of said second pair of traces have a first polarity, said
first trace of said first pair of traces and said fourth trace of said second pair of
traces have a second polarity, said second trace being adjacent to said third

trace, and wherein said third trace is located on one side of said fourth trace at
51



a substrate comprising a first pair of traces including first and second
traces and a second pair of traces including third and fourth traces,
wherein said first, second, third and fourth traces include first ends that
are spaced from said integrated circuit die and second ends that are
sajdjdrehaipsandnidradiediRuitmeonpRsitm sida miseait kutdndresesat said
of traces carry differential signals, wherein said second trace of said first
Sfiﬁ%.ﬂr‘%feﬂgcé%w%&@Cﬂrﬁwgrér@&@f%aﬁgéﬁia friir tracesandevhenein said
polarity, said first trace of said first pair of traces and said fourth trace of
fourih dassh@paRbier R <8iHdIR sesticonihpblsarnaanicaées nithasaid first and
being adjacent to said third trace, and wherein said third trace is located
SeHPBH SR R R e A0Sl St aRe AEOBdoGaR@BR an
opposite side of said fourth trace at said second end; and N connections
that indeperfdrRyEstRBE: bt issenandapinernpreissaifeserpsgends to N
third trace crosses said fourth trace, and wherein said second end of said
P3ARd trace is located between said second ends of said fourth trace and
said second trace. 53 LLOYD WISE' 14. An integrated circuit package
comprising: an integrated circuit die comprising N adjacent pads, where N
is an _integer greater than three; a substrate comprising a first pair of .
tracedncludig fifetegiated c6HaYhcRaGR9a sekofdatair & tabegein said N

including third and fourth traces, wherein said first, second, third and

annﬁﬁtpggegqm%f%tb&mgfvires that connect said second ends to said N
pads.
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11.  The integrated circuit package of Claim 9 wherein said fourth trace

is segmented.

12.  The integrated circuit package of Claim 11 wherein said fourth trace
comprises first and second segments, said first via that passes through said
substrate and communicates with said first segment, said second via that passes
through said substrate and communicates with said second segment, and said
middle section comprising a trace on an opposite side of said substrate that

communicates with said first and second vias.
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that are spaced from said integrated circuit die and second ends that are o
adjacent to said integrated circuit die, wherein said first and second pairs LLOYD WISE
of traces carry differential signals, wherein said second trace of said first
pair of traces and said third trace of said second pair of traces have a first
polarfy; saidRrEtEAtast SRy HrRPRLAYS SRIBESiIEG said fourth trace of
said second pair of traces have a second polarity, said second trace
being adjacent to said third trace, and wherein said third trace is located
on one side®t SRPFELRth qitsed! siesehimmds B adircrrbeag snvdiere N is an
_ opposite side of said fourth trace at said second end; and N connections
Inteaei HEpLFER tBE#fiect said second ends to N pads, wherein said
third trace crosses said fourth trace, wherein said N connections
comprise N bondwires that connect said second ends to said N pads, and
wherein saif SYESHE PO RERNG GriiTHRarioTdtages vineing diard and
second ends of said third trace and said second trace. 54 i_1.c?Yi") VV |
sepgNFHEARRSAAA eReaRDRALGEIRSIRoPdE RIF sl darttrdases.
comprises a first section, a second section and a middle crossover section
that connects said first and second sections. 16. The integrated circuit
package of EReINsSaIRIEth saePmd: thidiandifasstiidearsmin durerfisst ends
segment and said second section is co-linear with said second segment.
thatang, gnAess e Sridiniagraigd Girewislio antrarcndeessthat @nas

of said first and second é)ajrs of traces are spaced at least a first distance
adjacent to said integrated circuit die, wherein said first and second pairs of

traces carry differential signals, wherein said second trace of said first pair of
traces and said third trace of said second pair of traces have a first polarity, said
first trace of said first pair of traces and said fourth trace of said second pair of
traces have a second polarity, said second trace being adjacent to said third
trace, and wherein said third trace is located on one side of said fourth trace at
said first end and is located on an opposite side of said fourth trace at said

second end; and

N connections that independently connect said second ends to N
pads, wherein said third trace crosses said fourth trace, and wherein said second
end of said third trace is located between said second ends of said fourth trace

and said second trace.
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from said integrated circuit die and said substrate further comprises fifth

and sixth traces that are spaced a second distance from said integrated

circuit die, wherein said first distance is greater than said second

distance. 18. An integrated circuit package comprising: an integrated

circuit4lie coArpiisewy Neatljdegnt pacisayéresenirisiag: integer greater than

three; a substrate comprising a first pair of traces including first and

second traces and a second pair of traces including third and fourth

traces, whetiliiegrpfipst decthdienspmangirsuMegireenineastie ikewnbigs an
~ that are spaced from said integrated circuit die and second ends that are
integacereatesdpmiBEpSied circuit die, wherein said first and second pairs

of traces carry differential signals, wherein said second trace of said first

pair of traces and said third trace of said second pair of traces have a first

polarity, sai@ S9tetelerompEshneafist RRisattfreesdnaditiasdy sirrnd

said fourth trace of said second pair of traces have a second polarity, said
sesoEshHArsSE RySRgace Mal shisarms inciedinanidifshansdfaith tigees.

trace is located on one side of said fourth trace at said first end and is

located on an opposite side of said fourth trace at said second end,

wherein saiharaif-seddfissksesandiditg anddonrikotineesdnsluss first ends

independently connect said second ends to N pads, fifth and sixth traces;
thakArgPaces s saiddiiertalpdicticyicaie @rd second ends that are
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adjacent to said integrated circuit die, wherein said first and second pairs of
traces carry differential signals, wherein said second trace of said first pair of
traces and said third trace of said second pair of traces have a first polarity, said
first trace of said first pair of traces and said fourth trace of said second pair of
traces have a second polarity, said second trace being adjacent to said third
trace, and wherein said third trace is located on one side of said fourth trace at
said first end and is located on an opposite side of said fourth trace at said

second end; and

N connections that independently connect said second ends to N
pads, wherein said third trace crosses said fourth trace, wherein said N
connections comprise N bondwires that connect said second ends to said N
pads, and wherein said second end of said fourth trace is located between said

second ends of said third trace and said second trace.
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fifth and sixth bondwires connecting said fifth and sixth traces to said fifth
and sixth pads, wherein said N bondwires have a first length and said fifth
and sixth bondwires have a second length that is shorter than said first
length, wherein said fifth and sixth traces carry signals having a first speed ‘
and WhereihRRitMRSIRE SHCHIPRSHSYR PN hesrimaidghird trace
second speed that is higher than said first speed. 19. The integrated
CRRlRReKiGE seeiam 2eRERIEiFeRIeasRBAoMigke NPIeGsaYRregection that
comprises first and second bondwires that are stacked and connected
COiEIRRiE s Al dzt nd PRy MeetieBsond, third and fourth traces and at
least one of said N pads of said integrated circuit die. 20. An integrated
circuit package comprising: an integrated circuit die comprising N adjacent
pads, where N is an integer greater than three; 56 LLOYD? WISE a
substtite cdfiprigtegaiadiGiavibragkaga i sdmigmité: wharsir saififissbsection
__and a second pair of traces including third and fourth traces, wherein said
Is i iRep Mt IHRIC Tt ST e AL QO therideshce b GBS Tigndfecepin@ar with said
from said integrated circuit die and second ends that are adjacent to said
SERANSRAMSUit die, wherein said first and second pairs of traces carry
differential signals, wherein said second trace of said first pair of traces
and said third trace of said second pair of traces have a first polarity, said
first trace of said _first pair of traces and said fourth trace of said second
pair dftraceSaJBlgotlssh FFoirRA dage cebrid #atdpuheraasaist wecond

said third trace, and wherein
ends of said first and second pairs of traces are spaced at least a first distance
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from said integrated circuit die and said substrate further comprises fifth and sixth
traces that are spaced a second distance from said integrated circuit die, wherein

said first distance is greater than said second distance.

18.  An integrated circuit package comprising:

an integrated circuit die comprising N adjacent pads, where N is an
integer greater than three;

a substrate comprising a first pair of traces including first and
second traces and a second pair of traces including third and fourth traces,

wherein said first, second, third and fourth traces include first ends
that are spaced from said integrated circuit die and second ends that are
adjacent to said integrated circuit die, wherein said first and second pairs of
traces carry differential signals, wherein said second trace of said first pair of

traces and said third trace of said second pair of traces have a first polarity, said
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said third trace is located on one side of said fourth trace at said first end
and is located on an opposite side of said fourth trace at said second end;  LLOYD WISE
and N connections that independently connect said second ends to N
_pads, wherein said substrate includes a first conductive plane and _
firfriErem ataiebiire! Redce drpRnditaidivsbcbrgarakaaid gerons pair of
first via that passes through said substrate to said first conductive plane
rages AsmBIne s pRteshy Y seepnerifasedeing Jftiananbisssal third
through said substrate to said first conductive plane and communicates
Urqgien 3BHWREERIA SahiBiR BRAgURPERtREIIS Culnide Hlitnishipwtiage at
from said first conductive plane and that communicates with said first and

sald fraband<and isrlesatecpaed srnasiacidgobsaihirirt Waski said

first conductive plane includes one of a ground plane, a signal plane and
secoRERd uherein said third trace crosses said fourth trace;

N connections that independently connect said second ends to N
pads,

fifth and sixth traces;

fifth and sixth pads on said integrated circuit die:

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

that is higher than said first speed.

19.  The integrated circuit package of Claim 10 wherein at least one of
said N bondwires comprises first and second bondwires that are stacked and
connected between at least one of said first, second, third and fourth traces and

at least one of said N pads of said integrated circuit die.

20.  Anintegrated circuit package comprising:
an integrated circuit die comprising N adjacent pads, where N is an

integer greater than three;
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a substrate comprising a first pair of traces including first and
second traces and a second pair of traces including third and fourth traces,
wherein said first, second, third and fourth traces include first ends that are
spaced from said integrated circuit die and second ends that are adjacent to said
integrated circuit die, wherein said first and second pairs of traces carry
differential signals, wherein said second trace of said first pair of traces and said
third trace of said second pair of traces have a first polarity, said first trace of said
first pair of traces and said fourth trace of said second pair of traces have a
second polarity, said second trace being adjacent to said third trace, and wherein
said third trace is located on one side of said fourth trace at said first end and is
located on an opposite side of said fourth trace at said second end; and

N connections that independently connect said second ends to N pads,
wherein said substrate includes a first conductive plane and wherein said fourth
trace comprises first and second trace segments, a first via that passes through
said substrate to said first conductive plane and communicates with said first
segment, a second via that passes through said substrate to said first conductive
plane and communicates with said second ségment, and jumper that is coplanar
with and isolated from said first conductive plane and that communicates with

said first and second vias.

21.  The integrated circuit package of Claim 20 wherein said first
conductive plane includes one of a ground plane, a signal plane and a power

plane.
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