*159159* PACKAG NG FOR H GH SPEED | NTEGRATED CI RCUI TS
CRCSS- REFERENCE TO RELATED AP@W,CATI ONS [0001] This

application clains the benef i’ mwm,ﬁ””mn)?\éhggnglo

Application Nos. XX/ XXX, XXX,
2005 and 60/701, 701, filed on Jabys22, 2005. The

di scl osure of the above application is incorporated
herein by reference in its entirety. FIELD OF THE

| NVENTI ONPACKBGINGHEO Brid SthEPERIEINTERRAEERI@RGW TS
packagi ng for integrated circuits (ICs), and nore
particularly high speed packagi ng for |1 Cs. BACKGROUND
OF THE | NVENTI ON [ 0003] Modern integrated circuits

(1Cs) typi cRRDBSSREFERENCE i RELATEDSABRBICGATYONS
differential signaling, a signal is conveyed between

two Seftmoaqe, Th@éﬁtb%ﬁic@muems ithet ®adefitf ofndJ.8ct iPrevisional
conductor and ground. The magnitude of the.

g:pfg:qgﬁéaecrgni RbsS b@%%kx,im,hme@“&f Sephiodiesoezons Badtew701,701,

s rather than the voltages between the two

i pdi vidu h O G ted
- dlel b Bl 2P TR AR of 0 Bbal P apbitRGh i Moorporate
differential signals are transmtted over a pair of
cm{ﬁ]eg) rrg?e(s?nc‘aeqlpgtgaer@egym_ Referring now to FIGs.

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

include an integrated circuit die 12 having pads 14

that are connected by_ho i * 002* to | eads

20 of a lead frane 21E'E'=rﬁg¥\%ﬁ%aé@ééﬂﬂgﬁd 10" are

typically encased in ) ) . .
[0%02] The present invention relates to packaging for integrated circuits

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

BACKGROUND OF THE INVENTION

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

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

an integrated circuit die 12 having pads 14 that are connected by bondwires 16
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a suitable protective material 24. [0005] Referring
nowto FIG 3, differential signal pairs 50-1, 50-2
and 50-3 are connected by leads 20-1 A and 20-1 B,
20- 2A and 20-2B, and 20-3A and 20-3B and bondwi res
16-1 A and 16-1 B, 16-2A and 16-2B, and 16-3A and
16- 3B, respectively, to pads 14- 1A and 14- 1B, 14 2A
and 14-2B, and 14-3A and_14- 3B, pect j vel
12 egria 2o ailped rame 24-1 51 PROKAGER T ANCEI G ArS piogly fcased in
in FIG 3, the notation A represents a first polarity
carmilueblerpratedtl\le]matmaéﬁﬂon B represents a second

polarity conductor, respectively. [0006] Adjacent

di f f er gp053 rRﬂfemngrrmvt soFtal 3, ydiffereatiadsignal plairs $0-1, 50-2 and
proximty to one another. In sone circunstances, the

disotB BRNEdrecttd Ihysledy 20e1 5 ahd 20etB, 20-2A aad f20-28, and 20-3A and
polarity conductor of one pair |ocated i mediately

adjoasis Bhd bBndwireS 60 At 36118 16D uAd A6-2H, dridel G5aR@nd 16-3B,
palr on one side and with a second pol arlty conduct or

.0819 fb%éd{m HACaRPreaBL ‘1432A(3|§nd Kai2B, @dPi4-84 and 14-3B,

te bccur between adj acént hi gh speed

dif [
erﬁg;gécﬁlg&gtéftﬁb‘-?zﬁ&@h@t%é;g{r%@@gﬂg @egbﬁ ﬁiﬁfé?émlai §irin FIG. 3, the
N R M
reduce de n ins to a naccept abl e Ievel
peﬁ%qoé‘glpgfq 85'? Lﬁﬁt@hresgﬁgg"f X% gnal s such as G gab| t
per second and hi gher data rates. ct
pr obl erfPP@8ls f\@laﬁ%nteq)@ﬁe{j‘?'%'d%aéﬁs Ei) Fyq'g@ydgqﬁ eg I"hglf)g% proximity

| ead frames as conpared to ball 1grld array

patokeng agothierh Ia sprorisicwnaisaces B dli qresmh\mw @@vﬂ%sﬁuated
I NVENTI ON [ 0007] An integrated circuit package i
c owjth i = disstapolaritye goraduatore pf ooetpait docated immediately adjacent to a

second polarity conductor of the same pair on one side and with a second
‘polarity conductor of another pair on the opposite side. Pair coupling tends to
occur between adjacent high speed differential signals. For example, pair
coupling tends to occur at 60 and 62 in FIG. 3. The magnitude of the difference
between the signals carried on the adjacent pairs tends to 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.



conprising 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. A |lead
frame conprises a first |lead, a second | ead adj acent
to the first lead, a third lead adjacent to the
second lead, and a fourth | ead adjacent to the third

| ead, wherein a first end t f ead extends
beyond at | east on§WW"ﬁé’8Fr@i‘h§"§ggBhg? and third

| eads and in a direction towards a path defined by the . .
third [0883] FiAnsintegraed siteyit PATKAZCLRINATEES AR 'Btﬁ%%lw gycuit die
connect the first, second, fourth and third |eads to .

t leembrising, asfesbipdd, Bhseebranpad oadjacergalesthe first pad, a third pad
respectively. [0008] In other features, the first |ead

CafHcent B thegsedontiapddignd & fausth pabhdjacent, totthe thiet pad. A lead
| ead carries a signal having a second polarity, the

t gtk EORBrsERE firR Feat, 3 gitahdhead agjatbst tsdkefitst lead, a third lead
polarity and the fourth lead carries a signal having

Lgﬁ%gféehﬂo Q! Hcbhd 1ead) @haidfoLRA 164d §Hj_|q§é1ﬂ t6 @R Hird lead, wherein

ritres are opposite polarities. The | eads of the

Lie%ﬁrsg%@(g‘éf &%rfoﬁpgil%gjvéﬂgﬁ% gg%cfrﬁf £Nba&ond GRS Brst,[¥ond, and

signa ency greater than or
equal, .to,1 G, qgabi t,. ( s e fi . irst
S48 8, L B £F500E o PR Aol WS oo, P
first . distance fromthe integrated,cifcui [ .
t h@qoggdtrflgdaﬁgg ffaw?lp] aongm{s? icgggef:ﬁ }h(ehﬁl%g n%ec%n)ﬁ(t ﬁcﬂf‘hh and third
| eads that are spaced .a second di stance fromthe -
i nieads ia the frst §9‘Fqnddi(a?éf% aq,gﬁ%pgprpqdﬁerqsppgt{ve 'stance is
greater than the second di stance. [0009] In other ,
f eat ur 46008] ¢ In ather SeaiureshoheiirFleBadoraiEes & sigpal hayng a first
sixth leads to fifth and six_thEads. The first, _
sepaladty, the secanddead garieskmaignat kavinga\secand ipelarity, the third lead
l ength and the fifth and sixth bondw res have a second
| ecgtibs andigamhavieg nhe Isecaret pakaritye agd Khe fowtioleadrcarties a signal
the first length. The fifth and sixth
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 fifth and sixth bondwires have a second length and



| eads carry signals having a first speed and wherein
the first, second, third and fourth |eads carry
signal s having a second speed that is higher than the
first speed. [0010] In other features, the integrated
circuit package includes a high speed
serializer/deserializer ( SERDES) . The first and second

pads of . the ircujt i .
DTl H12 seReT FTaTL R AT BW JoEeBohecitin,age sicn

the third and fourth ds of t

B8R G SRA B 0BG TS SPEFRL Hl%ﬁg{"%gdfwg é%é%m dhird and

of the SERDES. [0011] In other features, a net

i Fausthf @@ésmr$lg@@5twlngqﬁe§€?can€dsp%drtt@t is b&h@&g}ean the first

The network interface is Ethernet conpliant and

oppead.es at speeds greater than 1 G gabit per second.

The first bondwire conprises first and second

bondwi [G6:10] hatn ather s¢atakesd the ihtegratesctisdit ipeckags indudes a high
first lead and the first pad and the fifth pad,

r 8pB6d tdevializer/dekelidizer (BERBES) ciTheufitst direl sdbend pads of the
first, second, third and fourth bondw res each

C‘i’rﬁ’f@%ﬂa‘i@d fdilcGlt R@darseassutistbackrnl difsraaialr €ansrhROsighalé of the
nmet h of providing an integrated circuit package

¢ @%%E?%n&ﬁ@@@fd@n@ﬁfu‘rﬁ%ad%ﬂﬂ thé‘lrﬁ&{?@ﬂé@ diredit At Qf‘éeéﬂsocnated

rst I rd ‘pad adj acen t he second

p%ﬂth &ﬂ?re?\tlgpr‘éﬁélbeg a%déﬁﬁg'gEFilﬁ’iliéhe third pad on an

die; usin ead frane conprising
|a egldr Sgoéﬁﬁ %ggrolg-ggdggﬁga %’t\tﬁﬁ étgg‘fgﬁ%tcpﬁ\g?%@ttge integrated
ATAVRE %sé”““@?B%Wu“%ﬁa‘s%b%%&h%ﬁgﬁ GGEbAL. 8% Bportes
: ?ﬁ(;mfelgrgsgtéegg? ﬁp%ggf G}g@git}g{grégg&gﬁ O"icg1 Hr%t Lgndaw1(rjé cr:g%tpngens 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 combrising a first lead, a second lead adjacent to
the first lead, a third lead adjacent to the second lead, and a fourth lead adjacent
to the third lead; extending a first end of the fourth lead beyond at least one of

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



third | ead; and providing first, second, third and
fourth bondw res connecting the first, second, fourth
and third leads to the first, second, third and fourth
pads, respectively. [0013] In other features, the
nmet hod conprises using the first lead to carry a
signal having a first polarity, the second lead to

- Blte g cariroulie s et dhln BRudbhint ’bffs?w%%h i§5§%ﬂ‘ng the
tﬁr%arsf%{wt hw'éﬁﬁd?t 102 JFde fspla SPEPRy, i and fourth pads,

opposite polarities. The nethod conprises using the

| Eespecthelt.he 1ead frame to carry high speed

differential signals. The high speed signals have a

f r equef@®y3hr elnt other Heaturas, dhpiaethad tom@pgaes usipgrthe first lead to
second (Gb/s). [0014] In other features, the nethod

c oapy iassigna pevingga tfing golardy, thesmnond,leam tw daapch $igoalt raving a
| eads at teast a first distance fromthe integrated

C second polakitg, therthirg tezdi tdicagyfa Sigimal dvadingi tké [sebemdipolarity and the
the lead franme that are spaced a second di stance from

t Fsurtnieer & edngi Acsighaldhsvinghtbeefirst tpokarity.r Fhe dirst andesecond
|s greater than the second .di stance. The net hod

rﬁ.ésgr@bspbgtéﬂeoufahﬁésh Bimetiod BorhBAskss ughgathé éads of the

Si X pasonthelntegrated circuit
SRR 0 Hi o8, i, g s v
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first, second, thlrd and fourth leads to carr ﬁ@
sidj@apad rpawwggaﬂfﬁe@aﬁoslgbeléadﬁ 1ea thes legdgframet hgh arpespaced 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



5 first speed. The nethod conprises creating a fifth
pad on the integrated circuit die; using first and
second stacked bondwi res that are stacked and
connected between the first |ead and the first pad
and the fifth pad, respectively, of the integrated
circuit die for the first bondwre. The first, second,

third and fourth ondwi.res each copprise first. and N
SEARE S0, LRSI GPMELSSS BrFAS @i pag o b8 'nBptaley cirout
package conprises integrated circuit die mnmegns fo

e i figstoand, seeenshsiaskest i%en%"?% that %rsrﬁt@@ﬁdn@nff connected
nmeans for providing a first connection surface,

skatoaen dberfisst leag arching fist RAdANdithe fithspad gspectively, of the
connection surface adjacent to the first connectin

netegsatet hdircditodie fec thenfirst ioadwireor Tive divstdseepnd, tﬂfnircfJ and fourth
connection surface adjacent to the second connecting
NBSWtRvireashchadon frisecirsterid segond atackedrbomdeiresli ng a

fourth connection surface adjacent to the third
connecjpp#e] MEARSintdgratel dTRARSpaskaRE| cefpridgssintegrated circuit die
conducti ng nmeans for conducting, second conducting

RRARs QY &Wﬁ%%%nct@ﬂ @FBPYisin fitdt @ohhétingGrRBaw tdr Hoviding
rd con f

neans, th? ucting neans for conducting adjacent

tﬁéaﬁg?fcﬁrﬁﬁé)&%ncgmé’fé i%ﬁﬁ@?@n{agﬁﬁg : rfs'rqgﬁ%}gviﬁﬁgﬂg second

0 conducti ng conduct’i ng

TSR Sy SRR 11 g SRR G, R rmoctn

east one , secoh
third _conducting, nmeans and in directi 0 ‘
o RIATSPT FENRE # 4O FRrEiere ndred Fetie M Ra onnecting
second, third and fourth wire neans,cﬁlggnefct hhe first, "
séeeans, andUpHRh AeaneringIMeans det PrRyidiea Asfougn gpanection surtace
first, second, third and fourth connecting nmeans,
r esljasent Vil ythe [ third7iconpeqlinge means: ur Esamenh&eangscomprises  first
conducting neans carries a signal _
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



having a first polarity, the second conducting neans
carries a signal having a 6 second polarity, the third
conducting nmeans carries a signal having the second
polarity and the fourth conducting neans carries a

signal having the first polarity. The first and

second polarities are opposite polarities. The

conducti ng. neans, of the franme neans. carrie

Sp000S qoliuvche, tird spiistse R eatiesbal78) i the second
have a frequency greater than or equal .to | G bi% .
alardy eor dne Gl COnehsting freans Cagiia sidng) having, e first polarity.
fourth conducting nmeans are spaced at |east a first

dTh fwist and fsecand pelarifiesaiecorRRPsiteRalaritieg; d heemnguging means of
the frame nmeans further conprises fifth and sixth )
cihedramhé ngeamsacesTieh highapeed hiftardntial sigratel  The highcspeed signals
fromthe integrated circuit die neans. The first

dhicaa frRquisngy §@btsr thavor édueal seddBidabitipst sewond (ChO)8]The first,
In other features, fifth and sixth wire neans connect

f sdddmdamelrd ahdtfBukoREN@IdtAG Bans ate shadéchanfedst axfirkt distance
connecti ng nmeans, wherein the first, second, third

?ﬁgﬂtﬂgmﬂagméﬁ chB@Ngie e sfarid thetfrdrfd eidangdrtiidrecomprises fifth

IXth wre neans have a second | ength. The

fs ?ﬁ{? Rgé{;\gﬁgﬁ&tﬂiﬁtﬁ\gz %a'h irtnhtgli‘aé}et Bfaddd sb@&ﬂ* rbiﬁaﬂ'&,ﬁ from the

SI X uc means carry Signals having

A d. The first ir -
CelrRle TR e Capb S Top oS e I Rfieh Wk dpe seoone
that is higher than the first speed. [0019] In other

f SIS, the integrated circuit package includes high
speed serializer/deserializ SERDES) neans for —_
sor ol OV ala clagofaaliips: i) SnerDan wiE TsanscEenggt fith and

connecting nmeans of the integrated circuit die ans .

arsixth osgueting memnsHodifty 8pe wixth conpgrng m%ﬂgng'ﬁgf & the first,

t he SERI DES neans and the third . .
second, third and fourth wire means have a first length and the fifth and sixth wire

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



and fourth connecting nmeans of the integrated circuit

die means are associated wth differential receive
signals of the SERIDES neans. 7 [0020] A network

interface conprises the integrated circuit package.

The network interface is Ethernet conpliant and

operates at speeds greater than 1 G gabit per second.

In other_ features fifth connectin ans, provi des
connedPPEN s Meduotkyint qenF%'BPE\?"esd p&%gr@}/%fglrcuaﬂ package.
means. The first wire nmeans g¢onprises first and

sERRetweark intertacs B Etherast coppliany andanergjes R4 sPgrds greater than
stacked and connected between the first conducting
nkdBigabitcparhescondst It ortherc featdresniifih soapertinge meanghprovides a
connecting nmeans, respectively, of the integrated
céanngictionlisarface anstheTinkedratest ciraitodia dnearis. r I henfirst wire means
fourth wire nmeans each conprise first and second

StanlsesksvikE afit 886oid stacked diel mgang ESFXbhnactieg that ramerstacked
for an integrated circuit die conprises a first |ead,

aaf¢ hfetRadbadicaneiie filt tdadhitiryt neaad, and tthé rfifst eashecting
adj acent to the second |lead, and a fourth |ead

f‘e'ef%ﬁg Mndt Belit® ddhneltingatband, fdspativeng df]fthé e @ied Bircuit die

extends beyond at” | east one of the first,

S, D SAdchBooni Ko, i SCddOodates ipiod st an
PRl AR 271 S0 Y,

e AT oo BB o B A o B st e
Bl BBk o S 9 on s
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have a frequency greater than or equal to 1 G gabit
pdieyond at least one of the first, second, and third leads and in a direction towards

a path defined by the third lead.

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



second (Gb/s). [0023] In yet other features, the

first, second, third and fourth | eads are spaced at

| east a first distance fromthe integrated circuit die

and the lead frane 8 further conprises fifth and sixth

| eads that are spaced a second di stance from the
integrated circuit die. The first distance is greater

t han the second distance. The fifth and sixth |le %2

durther eergruses Hitlyiang sxthilpads Yd e spaeeqd @ %%Qongéﬁ gee from
third and fourth | eads carry signals having a second .
sthedategrated iciscuit dieer Thenfirst distance; is grealpeihan thgsepaid distance.
|l ead is generally "L"-shaped. [0024] A nethod for

pT e ffifth repdasikibaleatis oAyt signals haningga firsidspsiedc ui e dird, second,
conprising locating a second | ead adjacent to a first

| #ird ;anddfoatth fepda danfyrsighais taviadjacsesond tspeedth that ds bigher than the
| ead; locating a fourth | ead adjacent to the third

| fRdspautd Tiexfoamtilegd B danesdllydtisvdpddie fourth | ead

beyond at | east one of the first, second, and third

| eads | n birRetfbPPrd d3ead Raik feehhnadgky¥ed bitcuit di
third ‘ngé] [g\orggﬁh%lgnf oP%Mat%res, t he rretlho% e oot e

CBHEBEH&H& 15SHG 4 B8chid Rlad SB8cd to GRHifsY b I6kthg a third lead
havi hg a“first “polarity, the 'second lead to carry a

S FBghof 40 9e oy RARORBOLES i, 8 5 0 o

secona pol arl

WG P e BTl OB g, ocons

rst an econd "po

oppqsj te palarities,. The first and,second .and thi
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differential signals, The hi gh S‘Flegd si gpal s _ haye f":l

f r eque RE23Yr edf Sthemigatuses dhidneigd camnyisesusig the tirst lead to

second (Gb/ sé. The nethod conprises spacing the .

f ioagty,a signshbavingiar trshpalariby the speandkslead tpLasty & signakhaving a

di stance fromthe integrated circuit die; and |ocating

f ifechnd pdiasitys tire thirddsadito 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



second di stance fromthe integrated circuit die. The
first distance is greater than the second di stance.
[0026] In other features, the nmethod conprises using
the fifth and sixth |eads carry signals having a
first speed; and using the first, second, third and 9
fourth |l eads carry signals having a second speed that

is higher than the first speed. The fourth | ead i

v s it APl hai 8] Sscndatpaschiet foicdier than the fis
integrated circuit die conprising first conducting

neaaed.f bhe fanithulend ipgenaselbnd €baBeRt i ng nmeans for
conducting adjacent to the first conducting nmeans, . .
third (@2Tct iAldeadaiiame ofor camdinéearaigd siipucalie qasmpriggng first
second conducting nmeans, and fourth conducting neans

f wondectinguotdang fodj careluttingy  $écondhiconduatingunieang for conducting
neans. A first end of the fourth conducting neans

exddgitdnt ke Yo dirsttcdneastingoneant, thiel Eondiicting ewenrd, forrmbnducting
third conducting neans and in a direction towards. a

Padjactpt itheflebyeddng EdHduBting InekIe, | At fRAMS coddUbliRy means for

othér feature, the first conducting neans carries a

si alictifipbpeent Id ksl 1@l aéndubting e s 0N fiL@NEH bF B8 fourth
means carries a signal having a sSecond polarity, the

S&cg\gaeﬁggﬁgéﬁ tgeﬁaﬁ&s pEFdrd 8P A@as%'_og.@%f. mvmegnggasnd, and third

and t ourth conducti ng nmea

R AR ARTR eIl Rl AR e i
pol arj t{.es. The conducting mneans of the |ead frane
cafFNRERI BifBeed differential signals. The high

o QBB s e T g e S o sgna
features, the first, second, third and fourth
cohaxiag ianfirst polarity, the second conducting means carries a signal having a
second polarity, the third conducting means carries a signal having the second
polarity and the fourth conducting means carries a signal having the first polarity,
wherein the first and second polarities are opposite polarities. The conducting
means of the lead frame carries high speed differential signals. The high speed
signals have a frequency greater than or equal to 1 Gigabit per second (Gb/s).
[0029] In other features, the first, second, third and fourth conducting
means are spaced at least a first diétance from the integrated circuit die and the
lead frame further comprises fifth and sixth conducting means for conducting that
are spaced a second distance from the integrated circuit die, wherein the first

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

means carry signals having a first speed and wherein the first, second, third and
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means are spaced at |least a first distance fromthe
integrated circuit die and the |ead frane further
conprises fifth and sixth conducting nmeans for

conducting that are spaced a second distance fromthe
integrated circuit die, wherein the first distance is
greater than the second distance. The fifth and sixth
conducting _neans carry Si | s.having a, first, speed
PUISOPBRFNGHBEANS GATY SBEBRITE 5 SOGRI SRR If Mgher than
conducting neans carry signals having a secaond speed

t thetfirstsspeiegh dhetfaamh cerh@q%ng speafjsde gengially flochaped-
conducting neans is generally "U shaped. [00301 An . = =
i nt egr [@080] ci Aountegraied sijeuitRagkaigs coMpises aa dntgaealed circuit die
circuit die conprising at |east four pads that at i
| eadbricing abledst fouspads dnat atdeast\omediftfapsenittand receive differential
signals. A lead frane conprises at |east four |eads.
Asigharst Af Rab famevédmsrisesoatnieat fdwe IbadsisAt eashéour bondwires
pads. A set of polarities of adjacent signals carried

bkéfmﬁéb?.tﬁé |é§%ﬁ3tg_tﬁetﬁadh.ewgeﬂ' &f polhfitsesft adjicunt sigrels edrried by
p adj h

olarities o acent signals carried by the

?:ﬂ‘i@\g’t rl@ass&afagr 1disPRAGiFfeleRP 3dn laNs@t S polhRféd! bE djatent signals

rst I'ead carries a signal having a first polarity,

2 (SRS A RiAYRETRL phgo o Fi ot | ead and

nal” havin second polarity, a third
| ead i j,acent to th c e carJi : -
. . t
50l 0BS07E SR8 SRS S BB e gy = o
is adjacent to the third | ead, an carries a.signal .
h d}ﬂl@f&y,t ap,@ef:(prpcg{easdfs éldia(c?pte % ﬁerfgtc,t Iﬁga a@?rqqrggs g signal having a
signal having the first polarjty, a secquﬁgad IS . ianal
adjegond tpolarity,ha thifd lead da @diasgnt i fhecsecon i83h ANg ARy a signa
a second polarity, a third pad is adjacent to the
s elvaninp feedl sesehd: polaritysand & Ewanh led\is ragiageat fe tae third lead and
polarity and a fourth pad is adjacent to the third pad
anchrries rai signal hasiingnttle first polgrithe Asfirsbpad serriasi @ pignahfaving the
wherein the first and second polarities are )
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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opposite polarities. The |eads of the |lead frame carry
hi gh speed differential signals. The high speed

signal s have a frequency greater than or equal to 1

G gabit per second (Go/s). [0032] In other features,

the four |leads are spaced at least a first distance
fromthe integrated circuit die and the lead frame

further conprises fifth and sixth |eads that are

Sipeecfirdt distemcerisi griiaterathan the sacentedistanegr diifthiand sixth bondwires
die. 11 The first distance is greater than the second
ciophectciith Ehd isixtralechdsi tatflithbent sixthegadsc ohine fitstf $éaomdatidrd and
sixth leads to fifth and sixth pads. The first,

Searh hondired Have a fiivst lehgithoadathe Jifthaared aixth behdwires have a
l ength and the fifth and sixth bondw res have a

S%%Hd |érﬂ4mtahd mrévhahe isBedritElenghas @hbradhAN itiSe filk0ldngth. The
than th irst length. The fifth and sixth |eads

Cﬂ‘fﬂ Hnéb leSd8 %3&2 @i gg%aié h&ling BERst s?ié@d"ﬁﬂﬁr\ﬁhé}ehhﬁe four leads

four carry having a second speed t

f%%{[ﬂuggﬁélsttﬁeﬂpt ?eéo' eﬁﬁ?ﬁﬁ is [’\@ ihahflhé’hl%% speed..

egra Clrcul age conpri

hi gh s se esenal iz 034] ...l .
feat urlB0a3L "l et TeafEssade 'BE%%?HLEeé"{“Heg?Cﬁ‘%ggr%‘%’%%Pses a
Cb ack The etvvork interface is Ethernet

'ﬁ%lquﬁ S&f'a%ﬁgga?r&@ﬁfer than 1 G gabit per
second., A fifth pad.is |ocated o thelnt r at ed
ci rcui 10038 Inrg er.f?%wf%ﬁdwwqt g’?‘PF‘%ﬁES thiggintegrated
second bondw res that are stacked and connect ed
betrwdnaghager i The nebvtk dmigrias IS FINSINYLomaplant AL Sppedshgreater
pad, respectively, of the integrated circuit die. The
f thast 1 Gigabit er secord.arfd fitth adhis desated assthedptegrated circuit die.

conprise first and second stacked bondwires. [00351 A
miheoittst bongwic icdimpgses firsttargr seeddchorawitespthak age stacked and

conpri ses
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 to thé 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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providing an integrated circuit die conprising at

| east four pads that at |east one of transmt and

receive differential signals; connecting the transmt

and receive differential signals to the integrated

circuit die using a lead frame conprising at | east

four | eads; and connecting the |leads to the pads using

at | east four bondwires, whe eiﬂ a, set  of palarihies first
of adj B8] simyeiher featyresy aprst Headcafrie @' sigfg), having a firs
leads is different than a set of polarities of , .
agolecibnia seapndl lead is adiagemtorthe firgderdepd Sagifs @ gignal having a
pads. 12 [0036] In other features, a first |ead _ i

c aecons palasityy mathird deadis adiptenttto the|secpng leag ard sadies a signal
|l ead is adjacent to the first |lead and carries a

sirgiwing thevsetpnd palartyrahdoel fanithyiead is Adjagentetedthesthird lead and
adj acent to the second | ead and carries a signha

hasgiiegs & hegrest Ganthgphk Hirstt yolarity. aA ffiostrpdd tamids iassignal having the
adj acent to the third lead and carries a signa

heptstSblAfg, & se&dndadiis ddjaceht td ted firstpad and icaries a signal having
signal having the first polarity, a second pad is

adj it)€a fthit® ba@ 3¢ a8RteMAOthe Sedorkd BB&lanBadriids a signal
adésg%(s;dr@ %‘g?gtpi ?3;’,“ (gbtahi rgajpag is adj gcent gt o the J

S GEY; ' I ' ' leRPtd $he third phd and carries a

pgfﬁ%ﬁjq @%gﬁgpgo@@grdt@%pg’w?%d?gg nte to the It?ﬂﬁrd pad

and carries i I i,n n it T it

eSO R A RS N 8 oot

The |eads of the |ead framne car i gh Cr o

o SoBFGAR he 2B B B Rie ey Bl siitermate st The

frequency greater than or equal to, | G gabit per o

S cbBRGeRass! S0y 31 feafatey sieais el ohaaiit Roy Gigabit per

conprises spacing the four leads at |east a first

di seeanse(GY®)m t he i ntegrated circuit die; and spacing

fifth and sixth |eads a second distance fromthe

i nt egr af0837¢i r bupthedifeatutasethe methed comprises spagingthe 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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is greater than the second distance. The net hod
conprises providing fifth and sixth |eads; 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 bondw res have a first

I h.and the fifth an sixth bondwi res hay

< 568 ekt pmbresof 3 edBf PR W Srostpted and
than the first length. The fift nd, si xt geads carry ..
Pamaciohasisgnans fieadgad e fief Br it e A Baqr Fepbctively,
sifqnal s having a second speed that is higher than thg

f pf the intpaeated irsuiketi®iodT 8o PRINGEsCPBRSEsi Hejng firsk pRd second
pad on the inte%;;ated circuit die. 13 The first '
betaghed bordwipes foseath pEthedirst, seeent thishand fough bradwires.
stacked and connected between the first |ead and the

first [0038hndArhintdgrated pialit pashaget carepyses infegrated circuit die
integrated circuit die. The nmethod conprises using

f imgdnsafod freviding a Furstioadcdmprising es |éast foac bomiedtihng means for
first, second, third and fourth bondw res. [0038] An

| RtQAdiaged Ebhrfattibn PaGrkeR@E tIKANRE 11688 bRE € AaEmit and receive
circuit"die neans for providing a function conprising

ot f hy : L :
Sl Y 0196 5 BN, o R gyt s o
) Cve diffe . . an
PR iR OIBoby R e 1 OB OB e s

eagst four wr a f | t
paErein,dcpd) & PR3 6 sFRBREF eldhle KErisHCHy B plfeest four
CetonaE e it 3 BERSH R T38Rbehganpls cares
carried by the wire neans and the connecting neans.
[ Q3D wire Beaas and she enechng Maansef t he four
conducting neans carries a si%nal having a first

S

pol ari {0039 selnosthienfeatures  a first«dibe deurmpndueting means carries a

adj acent
signal having a first polarity, a second of the four conducting means is adjacent

to the first of the four conducting means and carries a signal having a second
polarity, a third of the four conducting means is adjacent to the second of the four
conducting means and carries a signal having the second polarity and a fourth of
the four conducting means is adjacent to the third of the four conducting means
and carries a signal having the first polarity. A first of the four connecting means
carries a signal having the first polarity, a second of the four connecting means is
adjacent to the first of the four connecting means and carries a signal having a
second polarity, é third of the four connecting means is adjacent to the second of

the four connecting means and carries a signal having the first polarity and a
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to the first of the four conducting neans and carries

a signal having a second polarity, a third of the

four conducting neans is adjacent to the second of the
four conducting neans and carries a signal having the
second polarity and a fourth of the four conducting

nmeans i s adjacent to the third of the four conducting
neans and carries a signal having the first_polarity. .
Fouith of therfouneonnesting AIRABS(S A Jaﬁ%gﬁw@qh% iir otche f%‘i"gﬁ%!“ec“”g
having the first polarity, a second of the four | .
coears Bt garresrsssigeal haying: et sacend melarity, andowheredn thefirst and
connecting nmeans and carries a signal having a second
psBoandt yolaktieshared oppoditee polatities; ontec condpotingmeass of the lead
adj acent to the second of the four connecting neans

afpdime ajakrigashigh Sipgea ldiffeaentiad signald. i Te hjghl speedyditiengntial signals
14 fourth of the four connecting neans is adjacent to

t hévd Biffeduehicyt ?\%af@dharﬁ@ﬂé@ﬁil ithd Gijabit pensecaral (Ghes). aThe four
signal having the second polarity, and wherein the

M Shfs ik 1625t ArfsOABRALE Frope Y intédated circuit
T %ﬁ%ugﬁggé?l ngo'irr}gad[r?glcg(fIEl at he eads frame crar ries rlhiggih

|
3$§$§p@h@% géa%';fréﬁ'nle ﬁliﬁQEP|C6mg-ll-i$§S ftA PSR condutcl’g]ing means for

ignals have requency greater an or

L L | gabi . o
c B g I oL A, ST O M et
t ' .CjJ ' dj d.the | f
£ GRS WoBiRY: fedrsy irienca kerePler 1Rt eep g ORARE  or
ot ogr IO i o aiier deBtire At Sh ! WieBsans eonnectS fith and

distance is greater than the second distance. [_8}(%8;
| s isonduatingumeans tq fitth and SN QOANGFNg MegRs: st .ssecond,

fifth and sixth conducting nmeans to fifth and sixth,
c dhinband fourthewite merns Havesa first langthiand the fiith and spduwirg means
wire means have a first length and the fifth and sixth
wiHaverg sacondiiengtha Steosetohdrigngth iFisbogerthad thedigsthength. The
shorter than the first |length. The
fifth and sixth conducting means carry signals having a first speed. The four
conducting means carry signals having a second speed that is higher than the
first speed.
[0041] In other features, the integrated circuit package includes a high
speed serializer/deserializer means for serializing and deserializing signals.
[0042] In other features, a network interface comprising the integrated
circuit package. The network interface is Ethernet compliant at speeds greater
than 1 Gigabit per second.
[0043] In other features, fifth connecting means provides a connection

surface on the integrated circuit die. The first wire means comprises first and
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fifth and sixth conducting neans carry signals having

a first speed. The four conducting neans carry

signal s having a second speed that is higher than the

first speed. [0041] In other features, the integrated
circuit package includes a high speed serial

i zer/ deserializer neans for serializing and

deserializing signals. [0042] In other features, a i
neecandkstapkest pireemeandithali g $taekedand canaacted (abveen the first
package. The network interface is Ethernet conpliant i
atosquetidg meeas eand thenrfirst chbaagating peeans can the difthaponnecting
In other features, fifth connecting nmeans provides a
CoReeet Fespectively, af eheintedratddtiegyitadie dneanrsc UThe fist, seCoed, third
first wwre neans conprises first and 15 second stacked
Wigh@ fIRENWirk hdardlcachi e dednst #Rneohe dtdkbumdre means.
first conducting nmeans and the first connecting neans

and t henddgit N \GOBMPCHINGY fdHRARS, theSMRBhiated Veirdit tpdekage is
I nt egrg%d;a‘f]ci rcui t| die neans. The fi rst,é second, thﬂia?d ?

ar?rq\g[(egrgérﬁéh W 4 ?\aFHEBI%F Oog%ha R S/(lirl%afilbrcﬁéc.adqgetscéﬁ ®0d, a vehicle

sLa W'T e means. 44) "I st ot her features,

; : . . Do di

Eae%a*rﬁf e r}e%g?“t@%%jn?i%*ﬂ@%%szﬁﬁﬁeﬂ%@?? M set o p

and or W0RIG: o FiGIPEEY SRR PR Pl A Hidrated oreut ie
package conprises an |

RS G171 it ey oo, A lnd

greater than three. A |ead ranme conprjises firs

pairamgf careR{isesi & dirstdpaig oh 'e?%f{sst“g@ﬁa‘gsng fb2nd pcong legd and a

second pairs of leads including third and fourth .

| esenondTpairst ofr leads decleding third @Ad fapdh deadsS: n Thedist, second, third

include first ends that are.spaced fromthe integrated .,

ci andifgurthi leads include first ends that are spaced from the integrated circuit die
and second ends that are adjacent to the integrated circuit die. The first and
second pairs of leads carry differential signals. The third lead of the second pair
of leads has a first polarity and the fourth lead of the second pair of leads has a
second polarity. The third lead is located on one side of the fourth lead at the
first end and is located on an opposite side of the fourth lead at the second end.
N connections connect the second ends of the first and second pairs of leads to
the N adjacent pads.

[0046] In other features, the N connections comprise N bondwires.

The third lead crosses the fourth lead. The fourth lead is segmented and

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

second segments over the third lead. The second end of the third lead is located
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and second ends that are adjacent to the integrated
circuit die. The first and second pairs of |eads
carry differential signals. The third | ead of the
second pair of leads has a first polarity and the
fourth lead of the second pair of |eads has a second
polarity. The third lead is |ocated on one side of the

fourth lead at the first end d.is cate n an

opptwern dheisgeonst epdie of i ?ﬂcqfls‘g@’agta@@egf%%'ﬁ Jpagh{ The gecond
connections connect the second ends of the fi{§%d8n8| d and
sendefithsafoughdead islpsated batween thesget epdriQt thedhiglead an
In other features, the N connections conprise N .
bthvecheicord leadTTibe tiird teadcpmprisessearst Aectiopuasecpre gection and a
The fourth lead is segnented and conprises first and =
safiddld seetiorettiat condectstbe dinétrand: secnnct $enfionsie Tiher fiyst section is
and second segnments over the third | ead. The second

egg-linbart Weh tthé fiekt|seashens of treafcaithliéat endetbe secend sectinn is co-
ends of the second |lead and the fourth | ead. The

S fR&AwitiS Rk Qécdrﬂesé%?:ﬁﬁth Treafirst ant geetratiphies vkleads loé the lead

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

Theid Eélq%lh?@{j sg‘lé’é(}glﬁiﬂ%?é'\tﬁl Gignals. STRé iMigh spe&baiefential signals

secti on and e section that connects the first

m%xa %n%gé%eﬁggbkgaar thzn%{fe'thgénttgqee a8 plef sedfid (gg@r

_ segnent o fourth lead and t
2200 K351, g Byeghl Yy Seblnd B B QR SE AP Shcona s
ol S FRERY ElSE R ey l paRetl an e
90l o AL e SR S S ead A 08 seconc
P Fetente flom thy eaTatoR Gt . oVBRTE, e TrHlilanpa fuareater than
further conprises fifth and sixth |eads that _are |
s ptheesbcandatistadce. Fifth and sixth bondwires connect fifth and sixth leads to
fifth and sixth pads. The N bondwires have a first length and the fifth and sixth
bondwires have a second‘length that is shorter than the first length. The fifth and
sixth leads carry signals having a first speed. The first and second pairs of leads
carry signals having a second speed that is higher than the first speed.
[0048] In other féatures, a serializer/deserializer (SERDES) module
communicates with the N pads. A network interface comprises the integrated
circuit package. The network interface is Ethernét 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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di stance fromthe integrated circuit die, wherein the
first distance is greater than the second di stance.
Fifth and sixth bondw res connect fifth and sixth
leads to fifth and sixth pads. The N bondw res have a
first length and the fifth and sixth bondw res have a
second length that is shorter than the first | ength.

The fift nd, sixth |leads carry signals having a

fanegf téﬁgéﬁ.a“ﬁ*ﬁéc?’i‘cp B?"%ﬂé'eéa& SR 9p&ifdheN padsf the integrated
carr3{ signal s having a second speed that is higher

tEHt dife first speed. [0048] In other features, a
serialized/ deserializer (SERDES) nodul e conmunicates

wi t h 16@49 padisnetirothef praviding eerintegeated ciscuit packalge comprises:
integrated circuit package. The network interface is

Hrbedimgt Ncadjpterdmadanoh apeintégratedt circhiftedidswhemaNels an integer
than 1 G gabit per second. At |east one of the N

lypragher trem theswp pichitiing id Jbadnflamec eaRphSAg W ritst tpaa of leads
are stacked and connected between 17 one of the first

aneluging A flrsp @inBiSse@bnd FPaf S S8tdnaf pdilér I%W%ltﬁind fifird and
integrated circuit die. [0049] A nethod of providinhg

%uhﬁtl%étvﬁ%réhrtﬁéifﬁs?@é&&&ﬁ tﬁﬁﬂﬂfﬂd%ﬁgp é@éﬁg\‘ggﬂ% ﬂhlgt ends

adj acent pads on an integrated circuit
i e . N i di | f .

N Ao AU A M o B SO AL R

econd | ead and,a seco ir_of leads includin
SR ERtB Ot S ASRGRR B o spFRL pal ol Ath to cany
th'ﬁrd ?ne fourth | e.agﬁ i E.cl xde f}rst ends that are
SPHEERUAL YanalgevhereB e thid d9ad ol theyserosr Palicelolsade fige a first
tha}t,are d|j'a ent to the integrated circuit die; )
ke ﬁ'{jtyt@ﬂ,d fiie urifnigad &f Jhe s84PPd R 9felgads hgs cnspgond polarity;
differential signals wherein the third Iead of the
slegaling fha thirgflepd gasonesida afithetfourtivlead atytharfitst erd and on'an
fourth lead of the second pair of |eads has a second
poprasiteyside of the fourth lead at the second end; and connecting the second

ends of the first and second pairs of leads to the N adjacent pads.

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

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

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

comprises a first section, a second section and a middle section that connects
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| ocating the third | ead on one side of the fourth | ead

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

met hod conprises connecting the second ends of the

first and second pairs | .eads usi ng bond

st Secongssetothe T e Rt rerR B Senineeg WbHHS ) Segment
i s segnented and conprises first and second se% J

apfothe TBERBIEadard thieeesqny sertion;ip So-lingar weth Jhg second segment.

segnents over the third |ead. The second end of the )

t Tihe firdt @ad sesond paireaf Isedsobine lead Semmenrehigh speed pifferential

second |l ead and the fourth [ead. [0051] In other

f sighalsesThé thighs speed diffedertfal tsigndio bavé d frequercyl greateedhan or
bet ween the second ends of the third | ead and the

seg@4ido Maaidabil per édtond (Gb#g). conprises a first

section, a second section and a m ddl e section that

connectopsdP t e otridrsfeattds SBRORBLISRE CoMphises fsgaémgsme second
section is co-linear with the first segnent of

I aHAS Iorl wadirandnd @%céﬁ@ QfirsSEC [da@8 étsleﬁﬂ'é'fﬁﬁaﬂls’e’ﬂﬁcﬂ from the

he second segnent The first and second pairs of
| f
?rﬂggra?éd #ﬁ&l%@@garfsc{ g{eéglegﬁrfrégg Ir{tg?g prgﬁefs arlw\e/gﬁd 3xth leads

fre uenc t I A

< 0T tagtell 2 Fsa%%aﬁ\s%m@%her ftgéﬁare ﬁfgﬁbw*cu"’%%e Jnerein the
C ses s he second s of the first and
?%rdds"ﬁ'&?q %?335&@9 tﬁ? SpEoRd '3"’\"\ Pst distance from

t he ntegrated circuit die and the lead frame furth

Corrprl 5 ]| f tIR osher features., It%wthQ%%mB?$W8¥'€w9£ﬁh a"d sixth

second di stance fromthe integrated circuit die

wHeads and peoviding difthqanst sixthepads gnedhe ditegrated sﬁ@lﬂsdl@oﬁad using

di st ance.
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 iength 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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[0053] In other features, the nmethod conprises
providing fifth and sixth |eads 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 dwire a secpnd, | en that is. shorte

Than (HEHT, T 40 Satderures, BERRS! oS0 e ¥ Blpdiices Sim@fises firs
met hod conprises using the fifth and si | eads t

i secong hangwirgsi thgt erﬁtﬁg%etfs%%aonwigﬁwgew’h@e of the first
first and second pairs of |leads to carry sig

rend srpond Hairs of leagds @ndianst ofithe N Wesroftth%mtweterq qr@ult die.
speed. The integrated circuit die includes a serial

i zer / d08%6]i al An integraERbDEBLItRsGkage comprisesoamintegrategscircuit die
with the N pads. The integrated circuit die inplenments
acomaprigid N iatjsochbqeadshathdre It iseamedntegemyréatet thard three. A
operates at speeds greater than | G gabit per second.

1Q.Hs@@Ebtorhprisyshe firdt qriisfeteacestintiediny firstearafl sédoadNraces and a
bondw res conprises first and second bondw res that

ag&eonbiqsdie Bf faces MMNRIAS thilkiehne esurtneasds. t Maeffirstssecond, third
and second pairs of |eads and one of the N pads of the

' Eﬁfﬁi@fh%désﬁﬁélh&e dre enBQ%]ar@%pbéﬁcﬁ%rﬂttﬁé itbg@ad circuit die

package conprises an integrated circuit die

CORR'sbah eNd?qhﬁcgr%t aﬂﬁggegnt ANREGHTY 'réteé“hﬁcﬂﬁ‘%ﬂéer The first and

greater t strate CO rrses a firs

Lok A SERbA ) i, A LD Ffissocond

races inc
ace The, first cond ird

| REF Ghbrapes bps st el ing ‘ESJ‘&%‘H‘ 38%18 e 'secoBf g traces

" o8 grascand epfabln o o BRSSP SUb SR g [y trace at

traces carry differential signals,, The third trace, of
t the fstend and is located on an opposite side of the fourth trace at the second

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

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

7 h f at N .
conned®P¥Bls dp @F?"sé }\lpr%. er i?él%r efsts'ﬁ ﬁ@ﬁ‘fth frage is located

second ends to the N pads. The third trace crossi_?] tﬂ,e
Floiwehn theasecondensisrafdhe Hitch ke nd Hegircand fracgy, d he third trace

fourth trace conprises first and second segnents,

f coraprisdsaa firmtsepties &b semrtmwtloneamjasmﬂdkeecraﬁ@ver section that
communi cates wwth the first segnent, a second via

t berinepsthedirstranubsgeond sestidss. r Ane fisah sectiosnimeorlingaewith the first
with the second segnent, and a trace on an opposite

sk6gment ditethessdeahd abetidhist costimeanwithetheseabhith sepment.  The first
first and second vias. The second end of the third

t bAg Retdnd ?sﬁ 8fitracd\erhet Substratocdinehida speet iffdrentiaitsignals.
trace and second trace. 20 [0058] I n ot her

f SRk Hi Bé&? dRRFEHIRI 8iaRf hdea frdgukhcy agter than or equal to 1

| ocat e et ween the seécond ends of the third trace

a@ %6?? SCE0Nhd: [BES). g‘lﬁ% ddtond EXRCES trféoﬁiléf laB8Sse®ond pairs of
793"sBEL "on,

a second section and a mddl e crossover

e r?gtc-fag %g% Qgé%etcf %tﬂl@?étt % 3?4?%1&55&4 fr@r‘?\dthﬁ‘%ﬁt;ép%téf Eﬁbtﬂpéle and the

inear wmth t rst segnent
i Al e TN %étQ%rgi@é?%‘ﬁng
DL B lasle BRSSO 1k Bt Weter tar
oo secondidBanssort Ith Nt 3t gq?w%rt@eﬁq%bnégffe i ééﬁ%{xﬁ% traces to
traces are spaced at least a first distance fromthe
i rfifthgarsd ebttrcpadsyi TheliNe bapdwireg have a first length and the ﬂfth 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 éreater 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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substrate further conprises fifth and sixth traces
that are spaced a second distance fromthe integrated
circuit die, wherein the first distance is greater
than the second distance. Fifth and sixth bondw res
connect fifth and sixth traces to fifth and sixth
pads. The N bondmﬁres have a first length and the

fifth bo res, hav seca h t hat.

|5 ndPBBRT t nietpcfrlies ind 3 Brfer Gttt § % Epaditve plane.
features, theflfth an I Xt trac car nal s

h&be dguah tracescompusas Gk b ePad f&@%%%{n%{ﬁ% adighyia that
pairs of traces carry gnal s_havi second speed
tpmsqsstm@@{bthq ﬁ@bﬁttqﬁ@ tp,thgtﬂrgbggr@gucﬁ\ve plane and communicates

seriaiizer/deserializer (SERDES) nodul e comunicates

winith thé Eirsti spgorent, A sesondria thatpasaesthroughpihesiubgtratecto the first
integrated circuit package. The network interface is
Ecbeduntive plamphndsbmamshicates avithsthatsespre degmenttand jumper that
than 1 G gabit per second. At |east one of the N

b @ dydplfarC WA iahas idoldtedl #deh Sheoricstbeortiicties; pidnet and that
are stacked and connected between at | east one of the

f icbMmurieses %thttﬁ'é hF’st and deedhd Rids! Wrstad%ﬁ\d@&tl\}eeﬁéhe includes
one of the N pads of the integrated circuit die.

[ A8 o Qﬁtjj‘ﬁfanﬁef‘%ynﬁﬁplahe%rﬁlﬂoﬁév(lé}t[ﬁadé‘C| udes a

first co uct The fourth trace conprises
first ec
passeswze@ugmezﬁ@oaﬁf BREERY n el ¥ s comeries:
pl ane .and ni, cat.es
;BRI TR LR on Anolipeteiee GTHLFEBRtts g an imeger
first conductive plane and ¢ nm{nl cates wth th
s SEBRE SBgRehres: ankioy g SHBEIrRtP SOl 3 \Khrﬁthpa'ﬁQOf traces
isolated fromthe first conductive plane and th
c ORPHIANG firsisand $8EONEraGesANChA FesaRs RaIMof H@cew@luqlmg;thlrd and

conductive plane includes one of a ground pl ane,
sifgudh trsicas.e Thadirst, p@ﬁm\d ﬁu@n@nd 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 frace' at the first end and is located on an
opposite side of the fourth trace at. the second end. The method comprises
independently connecting the second ends to N pads.

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

The fourth trace is segmented. The fourth trace comprises first and second
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[0061] A nethod of providing an integrated circuit
package conprises: providing N adjacent pads on an
integrated circuit die, where Nis an integer greater
than three; providing a substrate conprising a first
pair of traces including first and second traces and
a second pair of traces including third and fourth

traces. firs second,, thi and, foyrth tra
S B st i iativaseos tyouEBIpE Gpr EHlp g CSHiREnicates with
integrated circuit die and second ends t hat e
atﬂ]eagléﬁt segmenk aj aeerdd ek cRAsSed; @“O‘Wfé%ﬁr stbsirpie and

second pairs of traces carry differential signals.
Themmhinicates witl the seerndsseashentpand adrager o 88 qRRgsiie side of the
first polarity and the fourth trace of the second

paubstrite that comntunicates with e fitst and sgconthéas.hird trace

is located on one side of the fourth trace at the

first O63pndin stHevdeaimdestharsecopg@sidt &f thiedibirdftradeeis located
fourth trace at the second end. The nethod conpri ses

| RARRANOBBLdtoR@RAGS IOf i fduethsteenshdthdssdcontil tzeds  The second
[0062] In other features, the nmethod conprises using N

band W8S fdufth t?éﬂlﬂg%cétg@ beREUNhe e soh® eh8€ of\tHeflFd trace and

The third trace crosses the fourth trace. The fourth

t HRE Gelch %?nfﬁéjthlrﬁr}?aéeoéﬂ &lsrersaé;ﬁfsﬁgé%bhsﬁ%e&d)ﬁosisectlon and

and second segnent Irst via that passes

;}gﬁ]gcgf e E%%gé\z%ﬁ%c%ﬁ tl?zﬁ%oﬁﬂgag e s?%n&"'s{a@%nd B&ction&Strhe first

asses through
bst.r at
81 SR B i WSS g por i
O3 St R B S oo o ca
| ocated between the second_ends of the fourth tra

arkiloh Hepese. difierantiab sigmiRe sBewriich sneedr difaential slafals have a

trace is |ocated between the second ends of the third
t rfaequeneyl 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 traceé that are spaced a
second distance from the integrated circuit die, wherein the first distance is
greater than the second distance.

[0065] in other features, the method comprises providing fifth and sixth
traces; providing fifth and sixth pads on the integrated circuit die; using fifth and
sixth bondwires connecting the fifth and sixth traces to the fifth and sixth pads,
wherein the N bondwires have a first length and the fifth and sixth bondwires

have a second length that is shorter than the first length.
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the second trace. The third trace conprises a first
section, a second section and a m ddle crossover
section that connects the first and second secti ons.
The first section is co-linear with the first segnent
and the second section is co-linear with the second
segnment. The first and second pairs of traces of the

substr carry . high spe di fferential nal,s. .
ni'on dbgel" ) '{nf@Psh%amrgsﬁﬁﬁy%tﬁﬂ%&mm?? a%ngﬁ%%,ﬁgﬁgnd sixth
greater than or ual to it per, s /s). .

[ assito Garey ﬂaﬂalﬁ Ingeas | 'r# %Bgﬁ& ﬁ'ﬂiﬁ%'a 5@% (aeeﬁééicﬂ@d pairs
the second ends of the first and second airs

t platraeesato Iceerytsignals havingi atsaceed rspegdt that is hlgégf tharythe first
circuit die; and providing fifth and sixth traces that
aspeshadbe methwet compdses aonredtingna tspealizeridgsenaliger (SERDES)
circuit die, wherein the first distance is greater

t Frvduldte thedopadsli st ance. [0065] In other features,
the nmethod conprises providing fifth and sixth

tracesjooe7pVvi th nethir ffatires| thet meivsts eomprives implementing a
integrated circuit die; using fifth and sixth

b‘ﬁ@%rk g8tefaBa s Itﬁ@ integrated tchrcait dis ithdthist Egeasettcorpliant and
th and sixth pads, wherein the N bondw res have a

éé$engpﬁéﬂ]ﬂ gﬁ'@ﬁef tHanM1 aBigasit pep sBeasyv rA&ﬂeaé’!% 8f the N

I's shorter~than the first |engt

Ziohg\%‘% {pﬁpﬁ%gg ﬁ@ft §ﬁ§ #E@oc‘qd bR Rdt Sl%'@léék%%sand connected

_ races to carry signa
p%\“ ngergF {e%gﬁgig {eagﬁi\@ f?}?fy sg?%nnqglténr}ﬁ ﬁliq:ng’tha{l]gce%eéé’\(H]gt least one
Sgﬁp Ps&s pﬁ‘l% ﬁ\eﬁﬁj’@@%"t h\”f‘?’ends %esiﬁequl‘\bf-égt% elfMe & first
f ﬁgﬁgwe &ggg'@gptn@aérgghg\e, H%hit#ﬁ%g?d?ﬂéﬁ?ﬁ?gtf?{ﬂ 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 coﬁnections individually connect the N leads to

the N pads, respectively. A first material comprising an insulating layer and a
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network interface on the integrated circuit die that
is Ethernet conpliant and operates at speeds greater
than | G gabit per second. At |east one of the N
bondwi res conprises first and second bondw res that
are stacked and connected between at |east one of the
first, second, third and fourth traces and at | east

gq%gyeti\{et Eﬁlﬁg ﬁ@%@n"&p i ltjliaﬂhg%\getrqg a%ih[egi%lg é#ag'vgea% the N

ere| t he urth trace conprises flrst and second
?%‘?:%Ofntg@ ?1%41{'1 €a first via that passes through t he

substrate to the first con

commurdPe8fks IFi pher tf%atiuf‘fsstcm B rl%cﬁ 'lse<98m9”§?aNtmdw"'es
passes through the substrat to_the first_ conduct,i
pTl?smélrﬁnmaéQf repfises i RIWafie of SPaeedl RedigrAtions. &q@ackagmg

junper that is coplanar with and isolated fromth

f ineterial contagtst thedntsoeated shienit igs thefifsh materialsthpi '?ﬁd figgne and
first and second vias. The first conductive pl ane

i thel Nibendwites.oT ha Ngeadscoppesefirsh, ssicgndlthipd ane feurth leads. The
power plane. [0068] An integrated circuit package
Cfisprangesecdhd Maegr anddheithicdi andlifeurthc teadsi siengpatced at a first
pads, where N is an integer greater than one. A | ead

f HifEh ceCaPhieSRzoN adHakied feddeatts sphbedana sbtomi distance that is
i ndividually connect the Nleads to the N pads,

ramé?éﬁtlthahy:hemréﬂ distano&!t eHeafirst @imar éstond l6ads and the third and
|nsu ating layer and a 24 conductive layer, wherein

t el I I N
I ol J{m@éldé 6fnﬁ‘§¥e IBY& MFrdnfe %Q 69?@ spedd IARGeRN Sigritds.N The high

of the ad frane. In other features, the

b RE Ll S ) GBI BT el 1 Gt o

dlsgcoqcﬂgégﬁ)sm}ea{egalf cog tfw'zh 3 thesz% g gﬁéﬁgad: Ha‘t% tspaced 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 ser_ializer/deserializer (SERDES) module
communicates with the first, second, third and fourth pads. The N pads include
first, second, third and fourth pads and wherein the first and second pads of the
integrated circuit die are associated with differential transmit signals of the
SERDES module and the third and fourth pads of the integrated circuit die are
associated with differential receive signals of the SERDES module. A network

interface comprises the integrated circuit package. The network interface is
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the N bondwires. The N | eads conprise first, second,
third and fourth leads. The first and second | eads
and the third and fourth | eads are spaced at a first

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

di stance. The first and second | eads and the third and

g‘?&‘?b’?eél eads |ag{ aﬁ@%gga%s agggﬁe&?g Sty Q\?Pngﬁ b| per second.
o Babiet cffinceds st R %ﬁ?ﬁfé r-'f rame f li”rtLgrl

fifth | ead th d ird
G oL arRB71T onin st fafurhes & 1 1SHRES fonefen hrtlezns fojsgeond and

different than the first and second di stapces

sthirdhlaads dands copwrstcaies ovith B Fafeienre Paterfialt b Ihe firgt, material
| ead. The fourth distance is different than the first
dcemnarises canductive tapeand si xt h Ieads carry control

signals. [0070] In other features,

seri al [o02} dembtrmlrlfeaﬁurG(SSHﬁ@EEB)admdm leade camphise & st pair of
with the first, second, third and fourth pads. The N

PastRisi durhptibing ﬁﬂst ahd seeothibadshbindda aacbridopaitshofpledds &nohprising
vvherel n the first and second pads of the integrated

C'tl‘ile“ahd ?@ﬂﬁﬂéﬁ&smmh &He Vfiréth setdrids rtaind iaAt fouahdeads include
signal's of the SERDES nodul e and the third and fourth

pﬁ?ﬁt Haskhst érgkgﬁéﬁ £8m%hé Wééra@écﬁc:ﬁ{uﬁ di@as@skadrRPends that are
W di P f

erenti recei ve signals of the SERDES

”p?diéceeint £ B Wﬁéé?% n&lﬁ:ruftadig eﬂ'lg’fr’fsts SAd ts'&@or‘\d“gﬁ% & fhds carry

package network interface is t her net
I t d
G sa':eﬁp ?)l s?&gaé% gﬁégﬁf?%%ta]df’c?gtw%e %rgd;’]‘é%? iofc, l%%gg é‘nas a first polarity

S 15 e B ST oo A2 lpggaag“fhe
ﬁgrggé :?%g{e%aénegng\n Sltdg o} the ¥ourt?ﬂgéed %? {he lrst end ahc? is Iocated on an
opposite side of the fourth lead at the second end.

[0073] A method for providling 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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conpri ses conductive tape. [0072] In other features,
the N adjacent | eads conprise a first pair of |eads
conprising first and second | eads and a second pairs
of |eads conprising third and fourth | eads, wherein
the first, second, third and fourth [ eads include
first ends that are spaced fron1the integrated circuit
die and second ends that are acen

ifraneq)ARd dhe N bangdwiregiia a RARkaging a%?ﬁla tb%hﬂ'eag?' Fampsise first,

| eads carry differential signals. The third | ead of

tdesod dbind apdfourtit lepdads has a first polarity and the
fourth lead of the second pair of |eads has a second

pol ar i[0§75]Thentdthed fedterad, the methad omprioas spacleg die first and
the fourth lead at the first end and is |ocated on an
O$HPOAH tieady aitd dtfe tHive dralifdunthl leads at atfivst distamoel; antispacing the
[0073] A nethod for providing an integrated circuit

PsudonE Can®@TRiFd 385ds aPrep\sedbmd distahcy elatalsedifferart uhain the first
di e conpri si ng N pads, where N is an integer greater

t&k@ neae T Jﬂjmeorap+.@&dcémﬁ§ '\Pééd GEfeNarﬁiGJ a@ﬁars using
| e | Vi

ual 'y connecting the | eads to

pﬁ‘\‘ésﬁrs ?ﬁ@@&édn\ﬁ%éﬁds aRd e ifed ¥ r@irlééﬂgbf‘fhe%ﬁd h%he The
nateria i s n

: e conductive [ayer and

i

R Fe0P el e huv%eéﬁﬁeda%w 03 %5@25&%@35?.%@
gi'},%ql tzéér ggé&?@ Q#t?/?gni}qﬂeggi% él%lprg L;lrmse&lt seghaeflfth lead and

it ccormeising: saacing o M8hdoss 4 Ik AkRhcs M the Fofith leaa.

bondw res in a packaging material. The N | eads

cad ﬁ'prthlsfédlstaﬁ@ﬁ is diffeeai dhan WierflﬂStaﬁﬂS’ sesond distanges.

[0075] In other features, the nmethod conprises spacin
t he fi [@Q764nd 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
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second | eads and the third and fourth I eads at a first

di stance; and spacing the second and third |eads at a
second distance that is different than the first

di stance. The net hod conprises carrying high speed
differential signals using the first and second | eads

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

hi gh speed differential si h VF fre enc

ghetwost intrEACe s &fhiamet gom '@baaat Uﬁgﬁf &8 Ha'"éc%‘?eg?““g the
The lead frame further conprises a fifth |ead and

f netwosk interfane alispgedparaatyy thar 1Gigabit peuseendhi r d

di stance fromthe fourth lead. The third distance is

di f f er @078} hain totieerf featuresinthes esbndist@nse dadess thapteg second
In other features, the nmethod conprises providing a
siistdnceeatihe nasthod canipriges leeating tahfiftte tshdabdteern ithe second and
di stance fromthe fifth | ead, wherein the fourth

ditfifderR@dsi snddtdimiceng Sahnffth head iwitht a defererieepothtial. The first
nethod conprises carrying control signals using the

'rﬁét@n&%nﬁiri’éb@cbﬁ&%&weﬁbé met hod conprises -coupling

a seriali zer/ deserializer (SERDES) nodule to the

first, ’FIHHHbF darggd 60D PI‘baH?Iﬁ?Sef Q@@Wﬂesér‘ﬂ ‘iﬂ\,@ﬂﬂon will

featur ads include first, “second, third and

S SRR PLFRIPEIAR AR rai o

anlﬁ%@faé‘-{t‘gf‘gﬁbaq b€ et B B sgfea*'é“ou” Sa il dndicating

P Bl el L P i, 1 lsos o
L&%ﬁaﬁgéé{é&a@ﬁ%ﬁ% Sriefet fo i fesiPag & 1 BV RRe:

corrpl iant and further conprising operating the

network interface at speeds greater than 1 G gabit per

second.
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 boﬁdwires to pads of the IC according to the prior

art;
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[0078] In other features, the first distance is |less
than the second distance. The nethod conprises

| ocating a fifth | ead between the second and third

| eads and connecting said fifth lead with a reference
potential. The first material conprises conductive
tape. [0079] Further areas of applicability of the

present i wil | come. appar, nt fromthe .

Gera "lagshlec F G 1 persf 688 il B HiPlaoka Tt el e gonnected
under stood that the detai| ed descriptjon and .

sbﬁdﬁ‘w% oé»aa lpsdeiamanand: boRayvres it fpads %‘Pe'fcgrarc@%rd'”g to one

enbodi ment of the invention, are intended for purposes

oimplementatioataf e DTﬂSWtalﬁue@m.not intended to limt

the scope of the invention. BRI EF DESCRI PTI ON OF THE

DRAW NEBE5)08FIGThds @ pastiahplanniewof differsnitial signalrsairsmannected

fully understood from the detail ed description and

t Iy 18889 Bp anyad fratenanc bsndwines & pad§ 008t IC Rterdihgito another

a side cross sectional view of a first exenplary

pagisRacentation & the prebsnt mventiory | eads of a lead frane
according to the prior art; [0082] FIG 2 is a side

Cross g§eedg)onFH|IGyi GAV RBf ad p‘éﬂmnﬁiaﬁxeﬁw ®f ydifferintigle signal pairs
an. |1 C, "bondwi res, and | eads of a | ead frane accordi ng

t %otnlﬂﬁ%;ﬂ%g. I?V \eHdS: of +%3}raHeGan@ steckad RRintivites Rb éb’hds of the IC
Vi ew 0 ferentla

signal pairs connected by eads

Ofedbol At SRR RABR 3L BB B! ©
Pann al[ggh?lgyvﬁk'@d@éofé fJ eﬂa déll gideswwl paiﬂre?entlal S|gna| pairs

connect f Pare ‘and b
S?gcig}%%tnggyélﬂgd ?Oar I%iag g?ratrr(\)e 2he stac%d%%%'&%%s ?8 p%s oti’?he IC of
FIG. 6A;

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

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

[0090] FIG. 9A illustrates the present invention arranged in a hard disk
drive;

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

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

definition television;

29



[0085] FIG 5 is a partial plan view of differential
signal pairs connected by leads of a |ead franme and
bondwi res to pads of the I C according to another

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

bondwi res to pads of the IC according to another

i npl eni®ABA} | ORIGHTOB Hkustiatesethe pragent inyantiqroeganged i a control
6B is a partial side view of differential signal pairs
coyutemtafc Veyhidiesads of a | ead frane and stacked

bondwi res to pads of the IC of FIG 6A, [0088] FIG 7

il USt[O@Bﬂ’f pank.agE njustatesathd preasent intentipraarranged in a cellular
serializer/deserializer nodul e that receives signals

oghg,i]é.f erential transmt and receive pairs according
to the present invention; [0089] FIG 8 illustrates a

paCkagEoed(;Qgﬁ a et ¥Priffudirdid HRC Brdsent MbntiGiRHANged e a set top

hi gh s packagi ng according to the present
invention; [O0090]FIG 9A illustrates the present
iWénti on arranged in a hard disk drive; FIG 9B

:j: lg,uf ;{[&fﬁgtl]h evlglgﬁfllggg%{tggftﬁ?gbe%%{\ﬁﬂ%@ﬁbd@aﬁanged in a media

illustrates the present invention arranged in a high
de@¥§ti on tel evision; 29 [0093] FIG 9D illustrates

the present invention arranged in cont ro(J. .
[0097] FIG. 10A illustrates a package including a lead frame having

irregularly spaced leads;

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

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

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

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

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

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

array substrate;
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system of a vehicle; [0094] FIG O9E illustrates the

present invention arranged in a cellular phone;

[0095] FIG 9F illustrates the present invention

arranged in a set top box; [0096] FIG 9Gillustrates

the present invention arranged in a nedia player;

[0097] FIG | QA illustrates a package incl uding a

l ead frame having irregularly spaced |eads; [0098

FIG 1003804) | ustFiGt 43B is paisleatiew ioh PRCkAGNRY WCIUENY ff'P ghipand a
having irregularly spaced | eads and a ground | ead
bealgddalragbulssiede; | eads; [0099] FIG | 1A illustrates

a package including a. lead frame having irregularly
spaced[0oa88F andriGonaacisi ¥ erdsspsedtionbl wew o ahatexamplary BGA
adhesive layer that is connected to the |eads;

[ @adind;! G 11B is a cross sectional side view of the
conductive tape of FIG 1 1A; [0010i] FIG. 11 Cis a

parti aLod‘]'oﬁrOV' o1 4R ﬁgg?ll'rzﬂéw/ﬂlu%ﬁ b BG& jumbkr Aor high

showi ng pertorations; [001 12A-1 illustrates

St sgéﬁsw@@b@agéai%ﬂ“ﬁsﬁdﬁ§|thﬁ P S 001051
array f(%ql%tﬁ ate’ FIG. 14B is a simplified cross sectional view illustrating a
BGA jumper;
[00108] FIG. 15A is a simplified cross sectional view illustrating an
alternate BGA jumper that employs a ground plane thereof;
[00109] FIG. 15B is a simplified cross sectional view illustrating an
alternate BGA jumper that employs a power plane thereof; and

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

BGA jumper of FIG. 15B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

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

connected by leads of a lead frame and bondwires to pads of the IC according to
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30 [00104] FIG 13B is a side view of packaging

including flip chip and a ball grid array substrate;
[00105] FIG 13Cis a cross sectional view of one

exenpl ary BGA packaging; [00106] FIG 14Ais a plan

view illustrating a BGA junper for high speed traces

that are connected to the integrated circuit die;

_[00107] FIG 14Bis a sinplified cross sectional view

i beistplementatian obte prespririnveriivno ) lgaddrame AOQ gomprises one or
sinmplified cross sectional viewillustrating an

afriofd Hets e 0B@A [¢adyptd4 incridingna fitst pair oflendsdl G4+ Hwend 104-2B and
thereof; [00109] FIG 15B is a sinplified cross
S§CeicBAdIpair Gfeall U4 2A iang 04-2B (colleutivelyBEAd§ dBper The lead
that enploys a power plane thereof; and [00110] FIG

1@@4-!19& & mé;b@a?g%deht ysithat icBE F0NIBEth®!|8ae @adB He located
B junper o | 15B. DETAI LED DESCRI PTI ON OF THE

PR FEE%E%EB ﬁé@%%i MeNDR, ahQ el ad Hua-2R1iS R j '
t DR, dHtu-bRlid ReaRE adjacent to the lead

d8SEr ption o he pre?erred enbodi rrerll't (s) isa rjraecregl y0 e

eﬁgmﬁﬁsry in nature and is in no way intended to limt

t IMvention, its application, uses. For purposes

. or _
o Ehaldton BB DRI 89685 4 3R bl o R ) e e
The present invention, reduces pai

o ReelEb RRg A 9108 hagpaRAS b it B ItALO4-2A caries a signal

Referring nowto FIG 4, differenti signal pairs are .
oG 8 cpappnA carlary a8 88 deR9 d0d-Th Ao S e @ first
pads of the I C according to

polarity, respectively. Portions 108 of the leads 104 near an IC 110 are generally

parallel to one another. An end 109 of at least one of the leads 104, such as
lead 104-2B, extends longer than others of the leads 104. The at least one of the
leads 104-2A also extends in a direction towards an adjacent lead, such as lead
104-2A. In some implementations, the at least one of the leads 104-2B extends
into a parallel path 110 that is defined by the adjacent lead 104-2A as shown in
FIG. 4. In some implementations, at least one lead 104-2B has a generally “L”
shaped configuration.

[00114] Bondwires 114-1A, 114-1B, 114-2A and 114-2B connect the
leads 104-1A, 104-1B, 104-2A and 104-2B to pads 116-1A, 116-1B, 116-2B and
116-2A, respectively. Therefore, pa\‘ds 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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31 one inplenmentation of the present invention. A |ead
frame 100 conprises one or nore sets 102 of |eads 104
including a first pair of |eads 104-1A and 104-2B and

a second pair of |eads 104-2A and 104-2B (collectively

| eads 104). The lead 104-1A is |ocated adjacent to

the |lead 104-113, the |ead 104-113 is |ocated

adj acent to the |ead 104-2A, and the lead 104-2A is

| doataR] adj acesult ob thepatkaging aoangameptoshavg) inkdG éqgoupling
104- 1A carries a signal having a first polarity, the

| eetvediDpaits Rrexamipisabl120 gndi12R dy reftycad swedadartial cancellation.
polarity, the lead 104-2A carries a signal having a

S endag dlania py inciddé bee loembre G4t leads sigilaa tathpsaishown as
having a first polarity, respectively. Portions 108
ofrebRRehfadsy déitbd s iIRFIGGL110 are general Iy

parall el to one another. An end 109 of at | east one of

the | eﬁﬁm 154, Réﬂégﬂ,gaﬁoM RAHI1G 04; Wbile OLPNRG i$ d8@®ted, coupling

t han ot'hers "of th eads 104. The at | east one of the

Lgfag‘?sﬁ%ni@ﬁt E8m§?%§§ Eggﬂe %@%Ué%@ﬁ% RAdTRIRE dfe BPically longer

suc n sone

g ( |

oo P, i S B B Rk g o o
e acent 04- _ i

| nPRBRTEPEn ST e §reser BBRRYE SrblolS) Hop spedl R that are

Tl A

- 1A, -16, 104- - )

100 S s S FaeRd b 5Bt B B g st of o

pads 116-1A, 116-1 B, 116-2A and 116-2B are now

cospeed kadsd 02Hband 102-2 go0ane ¢, mpressale oblow grReed feags 152. The

the first polarity and the second polarity,
r eifcspece lgads M0 fand 102+-AHave nad@ﬂ%ﬁtamy thb-3tthatrage spaced at

bondwi r es

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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114-2A and 114-2B is flipped relative to the
orientation of the |leads 114-2A and 32 104-2B. As a
result of the packagi ng arrangenent shown in FIG 4,
coupling between pairs for exanple at 120 and 122 is
reduced due to partial cancellation. The |ead frane
may i ncl ude one or nore sets of leads simlar to those

shown as resent ed dotted |Jines, | G 4
[b@.ltI'S]'eiRé?- -ﬂBﬁg '%\k‘ﬁ& %dJﬁF@‘@tkﬁpﬁ deé@bgél Angtheglead 204-2A
reduced, coup I|n% cancel lation is not conplete since

t Isdotatadiedjgrentie theleadi204mBar e typical |y | onger t han

the bondwi res. To inprove cancellation, the tpacka gi_.ng

accor djodg17 Sbeniead 2H-dAearraes amignel havieg grisstpalarity, Jthe lead
i nvention enploys high speed | eads that are shorter

t hea-1Begidecasignahbavingvarsespae gokrityn fieslead 9462A barries a signal
not limted to control and/or status signals. The

| fadingra@ecdif poRiyity, aridite (sael 204-2Br earsies 8 signal bhving a first
speed | eads 105 1 and 102-2 and one or nore sets of

! 152d pbionsbfdhe fezie @o4amA? ah02-210card generall
gﬁélﬂﬁgﬁd%ﬂg@ylgédf andn 156-2 that are sSaced at o d

| g»% déne?‘ 1¢onk AHothdy. fé?'reés?%nlecoflt%g (hid Qohhguéwsteee@oa, 2B,

S are space Istance L fromthe IC wher e

e e e

%gplfceaggﬁnl % |éecft| n tgé/%ﬁ%gﬁéggg éf@& léHU %Yﬂ%gﬁ%&'egagn 2-A. In
6;%;;95?1@2%5}%'55%3: R
e ot e oy e adiseaiitad 24 3wt BPRE'EA. Rbaitional

bondwires to pads of the IC. A lead frane 200
co3Ris pf;blghépsed lesds|andips loyspeed laads cgnderysesk pair of

[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 216-1B2, 216-2A1 and
216-2A2, and 216-2B1 and 216-2B2 (collectively pads 216) are now connected
to the first polarity, the second polarity, the first polarity and the second polarity,
respectively. Ends of the bondwires 214 may be attached to the leads 204 in a
spaced and/or overlapping relationship. Pads 216 may be connected together by

external and/or internal vias and/or traces 230.
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| eads 204-1A and 204-2B and a second pair of |eads

204- 2A and 204-2B (collectively the | eads 204). The

| ead 204-1A is | ocated adjacent to the lead 204 33 1

B, the lead 204-1 B is |l ocated adjacent to the |ead

204-2A, and the |ead 204-2A is located adjacent to

the |l ead 204-213 [00117] The lead 204-1 A carries a

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

carri efp0418] gBahefitaviohgthe stacked pohdwiresy,24hdn¢ledel increased
204-2A carries a signal having a second polarity, and

t bendeieel capdeiRitdec aBonewira couglia betweeargstackéd Sondwires 214 is
polarity, respectively. End portions of the | eads 204
naredtied! C BdfHwire @pacitaridey pepatril llergth disoclesemnad Nead frame
At | east one of the | eads 204, such as |ead 204-213,

éégé@%nben uhﬁ‘%ngl‘shher'ﬁ\eofstédk@d| Batividddd 214 hdls@thave lower

| ea one of the 204 also extends in a

g%‘ér\% pelt Wﬂg@lr@mrﬁt% ntTilwf%é‘:?’?1 aEHC:J“Pé’tSIobv@ﬁf}ansTlssmn line

some | npl erren t1ons east one

the | ads |l ;

A ) G o

Addi onal hi d,l ead nd/ W

| ek b8 cﬁa?‘gfﬁ%&ﬁ‘d%? B Tad fper i B greritios
, - 2 14- 2A1, 214-2A2 and

Zﬂt éﬁfégﬁaé‘ﬂﬁs %‘fq?%%ﬁ?g@tl vely bondwires 214)

connect |l eads _204-1A, 204-113, 204-2A and 204-2 g

pads 21801241 dReferring now to bife. ?met%matemrcm&ﬁze 00 Includes a

216- 2A1 and 216-2A2 and 216-2131 and 216-2132,

r esariatizendsisprializEn¢SEREIES) medide 304 thatiresaiyes signajson differential

216- 1131 and 216-1132, 216-2Al and 216-2A2, and

2 ifarshdt amd rédéivé!lﬁ@irs( @scoring el mqoamesezmmvamtﬁ)mowln some

connected to the first polarity, the second polarity,

t hiengleérhehtafiohsir highh apeked hiifferenitaldpaicd afi thg, SERDES module 301

respectively. Ends of the bondwires 214 may be

at pperaeoatigpelelis grendsthdf4riequal to 1 Gbls.

[00121] Referring now to FIG. 8, a network interface 1C 350 includes
differential pairs that employ the high speed packaging according to the present
invention. In some implementations, high speed differential pairs of the network
interface operate at speeds greater than or equal to 1 Gb/s. In some
implementations, high speed differential pairs of the network interface operate at
speeds greater than or equal to 10 Gb/s. In some implementations, the network
interface comprises a physical layer device (PHY). In other implementations, the
network interface comprises a medium access controller (MAC). In still other

implementations, the network interface is compliant with 1 Gb/s and 10 Gb/s

Ethernet protocols.
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spaced and/ or overl apping rel ati onship. Pads 216 may

be connected together by external and/or internal

vias and/or traces 230. 34 [00119] Benefits of the

stacked bondw res 214 include increased bondwre

capaci tance. Bondw re coupling between stacked

bondwires 214 is increased. Bondw re capacitance per

unit length is closer to |l ead frane capacitance per

uni t |@odeR] Refergtgickedv botodwifies. 219A-2Gs0 Yerioms! owsemplary
I nduct ance per bondwire unit length. There is also a
NiftipleMeRtatibhg s e piesdnt inbentidmardsivwn. ORefding abw tBfFIG. 9A,
signal pins between positive and negative pins. There

| fhepr2QehtMRVOMRA GPUR infllemanterl ihad hara dlsledive 40! cmeqbresent
mat ched characteristics of stacked bondwires to the

| 6REnfieR Cb‘&)@%ﬁ?ﬂt déﬁg\gggf b8 %\gﬁélt&ogésgmg and?Br control circuits,

|ntegrate I nc

SWhﬁc?nl él%eéérgeﬁg fd@f\infée?ir I]n(ﬁ%R@:AS t EUHS SE&]e Hﬂ:ﬁ‘émentatlons the

recei ves s on erentt a ransm recei
pairs accordl n t he esent
P Bloran BERe b drdfr nBLERSR 492 ABRlor dher.ecdiTingt ghown) in
S 301 operate at eeds reat r than or
GRG0 Prosis e PRI oKD BBOEF GnegypIRN, perform
network interface 1C 350 includes, differentjal pairs
t galculatisnsyandier famyat data et pmektpyt andetiegeivgd tf@“i' Admagnetic
present invention. In sone inplenentations, high
sstragemadiyedObal pairs of the network interface
operate at speeds greater than or equal to 1 Gb/s. In
sonme  {[0§123Fe rkthet HBRs100HNgH copweuhiente Mithanh hosti dgyiger (9ot shown)
of the network interface operate at speeds greater
t lsanh oas eguadmpuotet,0 n@hbile . competime devidesnsuthat aoersoriad  digital

network interface conprises a physical |ayer device

( Ri¥istarlts, eélhadr piaresmemsdid ioonIP3t players and the like, andfor 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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network interface conprises a medi um access controller
(MAO). In still other inplenentations, the network
interface is conpliant with I Gb/s and 10 Gb/s

Et hernet protocols. 35 [00122] Referring now to FlIGs.
9A-9G various exenplary inplenentations of the

present invention are shown. Referring nowto FIG 9A

the present invention can be inplenented. in a hard

das loptical \stord @@ metiem @l 6s dntsomenivepiementatieys, ithg lsigmahprocessing
ei ther or both signal processing and/or control

cand/oi tentrolvdlicait 4aReargoreothiet circuien(niot iskdwhninFing DYB 410 can
at 402. In some inplenentations, the signal

PERGSEHORG cINEY Rhctihiatsueh éﬁdddingdr&?d/@ﬂdéwdlr@ Bed/or any other
circuits (not shown) in the HDD 400 may process data,

pgfgﬁﬁfﬁ%ééﬁlﬁ‘@fu%ﬁ%rg as¥deiaydd WRR a e idpa
cal"cul ations,” and/or format data that is output to

and/ or v f t
O B BED I L s o

5 A5 T4 P Il 30 S b
P‘ﬁé“?fsé'e&a&%faguws%‘%?’ DG TE8 R A 18 i o fuBloate with mass
B35 0 B 8.l € e Rl i e
L“é}?é%mz%%%fuﬁs”ﬂ%mear@%.L G55, T £ e e

data_storage. [00124 Ref errl ng now to FIG 913, the
progstignratian shewo in & Yee priniai HOY fhat includes one
versatile disc (DVD) dr| ve 410 The present invention
mey monel platters havingea diameadert that isgsrasllgirtbar appreyiraaielyot.8”. The
control circuits, which are
DVD 410 may be connected to memory 419 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other suitabie 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. SE 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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generally identified in FIG 9B at 412, and/or nass
data storage of the DVD drive 410. The signa
processing and/or control circuit 412 and/or other
circuits (not shown) in the DVD 410 may process data,
perform codi ng and/ or encryption, perform

cal cul ations, and/or format data that is read from

and/or data witten to,36 an opt.ical,_ storage nediu

Taasing AnglomenePpREne PR ASCSBHENS LRt 8 ATELfrigerior any
and/or control circuit 412 and/or other circuits (not
sotbentyperef HRENODpDGessing Ahat raa¥be JRAYWEEm ot her

functions such as encodi ng and/ or decodi ng and/ or any

ot her [0812TI The sU2EXi42§ May conshunicate yihamags wata stgrage 427
DVD drive. [00125] The DVD drive 410 may conmunicate

WiHdh stte® dafalih alromadatilé nenneheud)) as vptical and/aranganedic storage
television or other device via one or nore wired or
WHEGLES S AC ERHOhE #IDD Ay hdne the7conTiperabvd shb@nrimyiG. 9A and/or
communi cate with mass data storage 418 that stores

d%& feastofe MV P hawe mwigufanien rshewndatRIG. 9BorBmeHDD may
418 may 1 nclude a hard disk drive (HDD). The HDD may

h@\ea thifi I-E%%ftbﬁggrﬂﬁdd@% SROWR rhBrebfattef\havViRg dldRar@tgr that is

be 'a m ni i ncludes one or nore platters

T%A.“Q&ﬂ,,eaw %{,g[ﬂ?&éﬁb S Sl H[?thg‘nﬁg BeonHBERY Yo memory

e connected t nmory 419 suc
as { '
flggﬁsl\qf@;ﬁ%;?&ﬂ%%&'%%@e@&?a \’I%Lédcla ectro ?égag%tg atl% Sh memory
st or age. 1 f '
i i e;nfee?ﬁ?a%lee Tephiratadiirabe g TaLyi4e0 A5f Y suppor
el evi si on DT 420. Th t i, [
s AR A 0 BN L8 o
control circuits, which are_generally identified in
FIG 9H08128]122RetemnonRownioer iGa D dha/sesenisgveniiog 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, trénsmission
operating parameters, and/or other control signals.

[00128] The present invention may also be implemented in other control
systems 440 of the vehicle 430. The control system 440 may likewise receive
signals from input sensors 442 and/or output control signals to one or more

output devices 444. In some implementationé, the control system 440 may be
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storage of the HDTV 420. The HDTV 420 receives HDTV

input signals in either a wired or wireless fornat

and generates HDTV output signals for a display 426.

In sonme inplenentations, signal processing circuit

and/ or control circuit 422 and/or other circuits (not
shown) of the HDTV 420 may process data, perform 37

codi ng and/or encryption, performcalcul ations, forma

dpad ofran @ntitesls brakingh§ysteih EABS ) pe navigatimy qus@ees%utﬁ'@maﬂcs
that may be required. [00127] The HDTV 420 may

c eystemi, eatebick tetematins syatem,st @nagiepanture systamsarpadaptive cruise
data in a nonvol atile manner such as optical and/or
megnted|isysteng ragehicld entertainmant $ysdemn such asBDstesgo, W13, compact
the configuration shown in FIG 9A and/or at |east

oafsclAviad the Yikeasell biner rapleh@ntationsare bomteriphatéd G 9B.
The HDD may be a nmini HDD that includes one or nore

plattef @1*3@?’ 'T!B\e?oweﬁ*ﬁ'ﬁh%nirb stsm 4308hAeEorhM@Ricate with mass
appr oxi mat e y 1 The HDTV 420 may be connected to

%%torégﬁ 5@&4 d4tMh é C;Jrveraﬁﬂegpdmavolﬁé Infass data

menory suitab

el T,
A TR T b
429 [90128] Referi t
-ﬁmié’a%? ol BB DY Bsr Atslint o, MER Bay have the
430, AN terf / ¢ of
S wabR: P B B R ﬁ@ossﬁﬁe‘a%ﬁﬁﬁé fo° iy Hove the
present invention _inplenent a Boue rain C?'FRP ol .
syeandguretion shawn g FiGvER. iThgJL ffP% 8 Ry fhat includes one
sensors such as tenperature Sensors pressure sensors, )
r corampbenplatieisrhaving a diametepifal in smalierthan @ppeamaiehed 8'. The

sui tabl e sensors and/or that generates one or nore
oupgartraimeordiol sysjami 432 maly bescenmgctes typomeptarng47 such as RAM,

paraneters, transm ssion
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. 9E at 452, a WLAN

interface and/or mass data storage of the cellular phone 450. in some

implementations, the cellular phone 450 includes a microphone 456, an audio
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operating paraneters, and/or other control signals.
[00129] The present invention may al so be inpl enented
in other control systens 440 of the vehicle 430. The
control system 440 may |i kew se receive signals from
i nput sensors 442 and/or output control signals to one
or nore output devices 444. |In sone inplenentations

the con system 440 may, be 38 rt. of an an
bpgﬁpphéééﬁggl@ﬁﬁ@%amﬁaﬂé &tﬁg%}@g%a glsp ay 46% and/or an
telematics system a vehicle teI emati cs syste

| et deyiee ﬂﬁ?@ugpgﬁ@rﬁemadaeamngéieancm \aice é%tHg}*Qﬂ' and/or other
system a vehicle entertainment’ system such as a
stnputalevicBV| Dhecsignalcprocessing and/arheontidk esircaits 462oamder other
i npl enentations are contenpl ated. [00130] The

poineuitsr @oh sieow ) inlthe eslidar giénem$0 ceaynprocese datai, perform coding
mass data storage 446 that stores data in a

nany/r @hthetion pwform Idatculatithsy fdrmat gty argiordgdaformyother cellular
i ncl ude optical and/or magnetic storage devices for

ephtns fundishsl di sk drives HDI D and/or DVDs. At |east
one HDD may have the configuration shown in FIG 9A

and/ or [(ﬁ1ﬂZ&aSItheoBSIIJIQVbF?oH@y45@Vrﬁa§' h&mrﬁ@ﬁ“&éﬁuhﬁlh' Rass data
shown i'n Fl The H'DD may be a mni HD Dt

: gﬁgrﬁgﬁﬁéﬁnﬁh at Yiof2R' Gath! Iﬁtéq{O?\VB%Yllé’]%hé?mgl’ AES est bE@éal and/or

an appr oxi mat el owert

gg'n Lo tic %%@ (ﬁ%ﬁ egafé n%ﬁaﬁ]g)nvo? cfgllskodrﬁgwdD @/&%VDS At

e nenor SucC
A o
t . .
P e s theerriglisaliod she 9V§t'@n@$4@%hﬁ%8 fiay be a min

i nclude mass data storage, mermrhy and/ or a WLA
i filePrthak incideswie thﬂ%ﬁ 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 nonvolatiie memory such as flash memory
and/or other suitable electronic data storage. The cellular phone 450 also may
support connections with a WLAN via a WLAN network interface 468.

[00133] Referring now to FIG. 9F, the present invention can be
implemented in a éet top box 480. The present invention may implement either
or both signal processing and/or control circuits, which are generally identified in
FIG. 9F 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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[001311] Referring nowto FIG 9E, the present

invention can be inplenented in a cellular phone 450

that may include a cellular antenna 451. The present
invention may inplenent either or both signal

processi ng and/or control circuits, which are

generally identified in FIG 9E at 452, a WLAN

interface and/ or mass data storage of the cellul ar

pRddia otput dayicesneThe sjonahRiPcEssing @nd{qicantiol Girgits 484 and/or
phone 450 includes a m crophone 456, an audio 39
ogthentcinggiss énathsheyvry efplbgkest tapdP@r 48Qdnay diegass fatak perform
a display 460 and/or an input device 462 such, as a

k eggling , andérreriangptivay pedormy satcalationsidforroat datd/ and/on perform any
i nput device. The signal processing and/or contro
CotharnisbstopBdxdonktion. ot her circuits (not shown) in the
cel l ul ar phone 450 may process data, perform coding

and/ or [(0138Y PTherset RS bex ABC ahaltdhindRkatd Mithahasdadata storage
and/ or performother cellular phone functions.

1Q983R4t JiBRsCRIth th A ndVRRRIIARANABY TRETHAYSCAAE WMbiade 490 may

mass data storage 464 that stores data in a

n%@@b’gii@al %Vtgfr négﬁai@&o%é eebi_ca@%péxarﬂa%@ydcdisk drives

storage devices for exanple hard disk drives

c D PN, A\ RS o BTN SIHE by, ghown in FIG.
XUPe BEiSsf O BVRL IR e BRI phto by i coe. The
BB i OLTRt BB oS ors, Sl o o cametr
OGS v BRI T T T g esmocie

suitabl e el ectronic data storage. The cellul ar phone

450 rapgweryad4 stghpms RAMAROM. i lewdatgncy nenvelatijeymgmery such as
WLAN network interface 468.
flash memory and/or other suitable electronic data storage. The set top box 480

also may support connections with a WLAN via a WLAN network interface 496.
[0100] Referring now to FIG. 9F, the present invention can be
implemented in a media player 500. The present invention may .imp_lement 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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[00133] Referring nowto FIG 9F, the present

invention can be inplenented in a set top box 480.

The present invention may inplenment either or both

signal processing and/or control circuits, which are
generally identified in FIG 9F at 484, a WLAN

interface and/ or nmass data storage of the set top box

480. The set top hox 480 receives signals froma .

s Blithes inglides a0 audie o4tvE RS sUERAE@ sRRRKS( RPHOS audio output jack.
standard and/or high definition audio/video signals
siheapigeal pwcessitg spndor £gptraly shicuts éoﬂeaWPéicgfmer circuits (not
and/ or nmonitor and/or other-video andlor 40 audio

oshpun) dévthe emediBhplayey il maycpmsiesy datad/ perfoumtcaging and/or
circuits 484 and/or other circuits (not shown) of the
sencitypflorioperfdith nalgulations srrdat datapandfor rperfoodi ary other media
and/ or encryption, performcal cul ati ons, fornmat data

amHyer fusetib®@r m any ot her set top box function.

[00134] The set top box 480 may communi cate wi th mass

data st@foage THaO ridtid Sihpsres0dahiy RomnMeHivatk aivithemass data
manner, Thée mass data storage 490 may i nclude optica

a [ ' Bl ' i
48he SRAMR fordh UBARLARN CGRpleRSed 4Rl shdii Vel &dntent in a

drive t one HDD may have the
caonf i gurat | oW, i - r io fi
SRR RRE T B SrpaRtaths) Rk, LFRgReF gudo fes
HDD be ini HDD.that .| n re ..
CERORY S5, ST, RIADEh DL Y608 BV Rifsve compresses
appr oxi ely, 1.8". The_set top,box 480 may be .
C TR PR Ve BT Sl MARS HEHR TSR NToM B g R} andlor
“nonvol atile nmenory such as flash ry a r ot he
o UMEaRAlic HPERae RV SXRmARHard gisk @@Sﬂg[agb@ﬁ/arséVDS- At
al so may suEfort connections with a WLAN_via a WLAN
neleastronei HDBr may draygdhe conitmyratist ehawmin hi§v Yoapd/er at least one
9F, the present invention can be
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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i npl enmented in a nedia player 500. The present

i nvention may inplenent either or both signal

processi ng and/or control circuits, which are

generally identified in FIG 9G at 504, a WLAN

interface and/ or nmass data storage of the nedia player

500. In sonme inplenentations, the media player 500

i ncludes a display 507 and/or a user ut 508 such

a62er2k 2P andot2hrpaandral firstepair loé leags §89|15A and 620-5B and a
i npl enentations, the nedia player 500 may enpl oy a
gsegridcpdir ofdeads G2@6Azans 6206 )(collentivaly fradalol)).enpl oys
nmenus, drop down nenus, icons and/or a point-and-
click Lcntoa } f aGdndinired Imaedu $1by, 63673, B16/406165% and B46-5B, and
508. The nedi a player 500 41 further includes an audio

0@1 BlgA aRd m@aac%naeéﬂo@@k@édamﬂoof 82l 06P0UBP 8R0I4AER0-5 and
he signal processing and/o control circuits 504

ggbch OJrEieéZd:Bﬁ\%ﬂot @26—@9% lp%ﬁ@."m)df Pf61t4h? Gﬁd?’ B1-2Y&14-5 and

may process data, perform coding and

perﬁgér’ﬁbé’814i%ﬁ1£%€iﬂbc+&sl%b format data and/ or

any o ayer 'unction [0101] The

;ntsglr ggﬂ)%rt > 0 Qé%; &?W%’Zﬁaﬁ gf% -3 Bndasd.4ata be control leads

ddta stch as conmpresse

and/or videqg conte nv nner

" Hp Rt &%peq%atﬁdﬂwsg@@aqhﬁiﬁsf@éﬁf A 9?83‘§Tgnd 620-
fllesthat are conpliant with MP3 rmat or other

5 i/ 208 820 it searata NS FREFGHeAT Iobns 4 680 Sfhand 620-58
mass data storage may include optical and/or nagnetic
stanagR0-68anc620-6B reaynapine difterential signglsi \&paciagpetween the low
and/ or DVDs. At |east one HDD may have the

c ssfeegueads oraystteequalo Bl GSpagingrhitweemleddsdn 8 pircof high speed
DVD may have the configuration shown in FIG 9B. The
HDBad®yndyeba equal to diDIBpdving baweastcthedow amd high epeed leads may

platters having a dianeter that is smaller than
be d,. Spacing between the pairs of high speed leads may be ds. The spacing
d4, d2, d3 and d4 may be irregular to increase or decrease éoupling. For example,
the spacing d4 may be less than the spacing di. The spacing d4 may be Iesé than
the spacing d;.

[0105] Referring now to FIG. 10B, a package including a lead frame
having irregularly spaced leads and a ground lead is shown. A lead 640 is
located between pairs of high speed leads and may be connected to a reference
potential such as ground to reduce coupling. The lead 640 may or may not be
connected to the integrated circuit die. As can be applreciated, the lead frame in

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

described above.
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approximately 1.8". The nedia player 500 may be

connected to nenory 514 such as RAM ROM | ow | atency
nonvol atil e menory such as flash nenory and/or other
suitabl e el ectronic data storage. The nedi a pl ayer 500

al so may support connections with a W.AN via a W.AN
network interface 516. Still other inplenentations in
addition to those descri bed above are contenpl at ed

[ 0102] [C48%63 r iRefemiog/noy 11 FGs1JAA a1 Hack agekagedonthenigtegrated
an integrated circuit die 611 and a lead frane 612
haircuigdier 6 Eginciadky teplead drarea642i Sasdookive tapa&50daapplied to at
frame 612 conprises one or nore sets of |eads

i Nedstdomg didads thdOledds 42020-the B2G- Bamed6620Fdr exathple, the
a first pair of |eads 620-5A and 620-513 and a second

p%hd@étl\)eeté?é R bebébriteditediAs-Hiop digobl theliéady, ¥ Bottersside of the
. [0103] Bondwires 616-1, 616-2, 616-3, 616- 4,

e

oSl oA eI IR e '?ﬁﬁai*ﬁmﬁé‘#%%fpe 650
gg%_gegt | ve{r}/ an dﬁ?‘%ﬂ" \Il Oé%%?.%s@%qaée ?&P f‘dagﬁ%lé'e dra&ﬁlductlng
Egé‘tyfrﬁé\zyﬁ‘?ngag‘@[j%g quygl{ %‘gge;?rgggntg%rﬁﬂgw(@% l§é§§ cade insulating
oG et 56 B poeeti e Rapa By T a7 146, A conauctive
| ctioe ﬁe%agzraq?fqﬁngﬁlﬁcgﬁ @%@.Jq‘%égggoﬁg@% bgagg?}g“%ggeﬂal to flow
d4. Spacing between the | ow and hi gh speed | eads ma

bethigugtShae: pﬁgjO[@@pﬂg@lnnng anaifastuspgnhwhishsiperegses strgnath.  The

may be d3. The spacing dj, d2, d3 and d4 nay be

i r cempuctive tayer 656 groddes a deaunshplane ¢haslconductsaragnetic flux, which
exanpl e,

reduces coupling.

[0107] Refering now to FiGs. 12A-12D, various crossover
configurations ére 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 spacing d4 may be |l ess than the spacing d3. The
spacing d4 may be less than the spacing di. [0105]
Referring now to FIG 1013, a package including a | ead
franme having irregularly spaced | eads and a ground

lead is shown. A lead 640 is |ocated between pairs of

hi gh speed | eads and nay be connected to a reference
potential such as ground to reduce coupling. The | ead

640 nafp168)] main FUB. H2C, accmesaved 159 nbledeateefjrshieatl 752-A that
circuit die. As can be appreciated, the lead franme in
FirfctudesGAfiah dedtibh37 5@ 11 arcoa secartc sectionstb2eAR that aveldonnected
as other features described above. 43 [0106]

Ref er bondwir® w540 Alseeond ldadd752-BLh&s adfirpaskation T52-Bi he center
integrated circuit die 611 includes the |lead franme

63536“&97‘5@-89' Al £ 3BBoMPP52-B32PPhé @ikt iseciidn 75283t is @dginear with
ide of the | eads 620 of the |ead frame 612. For

t . .
t K Stj;zcgngdo%b%tlﬁﬁ (?ngg‘;l YRe 5886hd"BCHBR 7520EE i lérgl r&yith the first

a bottom si de of the or

Doty 30, 1 BONAPIRALI9S Gl bl ey T frst andsocon

ape nmay 0 Sone

WA E%%ﬁtkoi%d?%éqiﬁoﬁzg%%glfoé%ﬁ A2 4G Fie Gfo have other
conducting |ayer 656. The i nsul ting | ayer 654
Sé'ﬁ%pi' haRB%ting t he | eads. The i nsul ating adhesive

Iayer 654 i s connect to th 620 n _FlG
Y Ehe 04R8I MG h8Heb ety Shsads 260, lug%ac,f@at 3l gasond leads
ations to all ow the packagin naterlal to fl
t Fe2ughd t76¢ thet beimhpya direuia %ﬁhf%t%r@ﬁ?@'em)czwd second
i ncreases strength. The conductive |ayer 656 provides
a {iphelett-3) sectionhiat Thenerniessegtipneef at feaskoneeadhis curved in a
reduces coupling.
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
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[0107] Referring nowto FIGs. 12A-12D, various

crossover configurations are showmn. In FIGs. 12A and

12B, a crossover 730 includes a first |ead 732-A that
includes a first section 732-Al and a second section
732-A2 that are connected by a bondwire 734. A second

| ead 732-B includes a first section 732-131, a center
section 732-132 and a second section 732-133, The

f 81& of & pEnted circuis poprd §12 epothenaghstigte A Mownting swiace. In FIG.
section 732-A2. The second section 732-133 is o
c b3B, integrated tircuib patkaging 8§42 inaudes32 iy chimge integratad circuit die
section 732-132 is diagonal relative to the first and

s8t®rttats i attacied’ 32-tBe substrate2 8043. Thaesubstrater 884 cmaprinclude
732-132 may al so be curved. 44 [0108] In FIG 12C, a

C rReBENG padS818 tedt lzwlgls withfsioldsr balis 817 52tha flirahip 816.

includes a first section 752-Al and a second section

752- A21¢1Ha] areférfingdehas FIBY 13Chambverdetaifed. crosssaniotal view
| ead 752-B has a.first section 752- 131, a center

SBfbhae l%@ZB@‘Ad 83cl&%‘?ﬁ§”§p5§%tﬂn3§30 118héWhASTA ball grid array |

sectl on [inear wth the second section

Z%ébé?arte-gﬁ ine 8@9 %@pﬁﬁaﬁﬁ%eﬁ%érsa@ WH|&?@§fg‘£§s t?'%ces vias

sec Ion e center section
per pendi uI a ot C
ST ‘?@20391[3 i 063 A I AP CAE Rl grairen o
al so have her |table sh . I n_FEl 2
T T NN T—
762 and 764 that both haye. fi t
(IRRSER&00 B MesratRep T diaibePe 28 PIcatpYidh e CoHecion to the
center section of at least one lead is curved in a
diarpesite pide« e BCAsEhstrale 834 Mounting padhPag oneebottom surface
| eads to provide clearance for the other |ead that
pafsthe BBAesubstrate aare defined dnt the sepperopatigned layarvand receive
| solder bumps 844. A solder mask 855 may be applied to the copper layers 836.
A crossover or jumper is integrated with the BGA substrate according to the
present invention as will be described below.
[0112] Referring now to FIG. 14A, a plan view illustrating a BGA
jumper 870 for high speed traces 874, 876 and 878 is shown. The trace 874
comprises a first section 874-1, a second section 874-2 and a third section 874-3
(collectively trace 874). The traces 876 and 878 are connected by vias 880 and
882 to an opposite side of the BGA substrate 834. A crossover trace 883 on an

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

crossover trace 883 may be created by adding a buildup layer on a bottom
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upwar dly and back downwardly to provide clearance for

the center section 762-2 which is planar. Still other
variations are contenplated for the crossover. [0110]
Referring now to FI Gs. 13A and 13B, various packagi ng
techni ques are shown. In FIG 13A, a side view of
integrated circuit packaging 800 including a ball

grid array substrate is shown. The packagi ng 800

i iserface of thenBGA: ssipstrated 6% canibie anpsecated, hgclragsavgr traces may
materi al can be used to protect one or nore

c drave odirersshapes bed/oa cénfigur@iths asdesctibed abovect i on 802

such as bondwires, flip chips, and/or Tape Autonated

Bondi nqo{1)B) Refgrring nswdot BIG.c 4B eat sitplifidd crgsasextional view
circuit die 801 to a ball grid array substrate 804.

SQlIMatanlﬂﬁ@BC#Ofén%rtd?e iD3hbwill I TheNi&0 886 4P8 882t sre@iMlectively
are aligned with nmounting pads 45 810 of a printed

ciif Miffedbé’taéfb 83!‘%ec\ﬂa§‘9‘i§rpr§ME§té %ﬁné&loﬁmé'i\ké traces 876 and
a

surface. In 1313, integrated circuit packaging
L ﬁﬁl'é‘c.‘@gg ér“ﬁ@aﬁi’b@“ ind HEOME Fhupherans, © ©
ZFPZH\?&E’?E ‘gaﬁérL nC|P§ %ﬁg? L@Qﬂs gi%ﬁf?"ﬁ%@?crose sectional
0111 iled
Erﬁgy] @%%fﬁ{@bé?r%ﬂswa 1 B bRl a7 SRS ALk Sipangver traces
AR %%WBBEQHGF,%?@F\% e Br g r%a,?ﬁéq&%tnd vace pane
defl nes traces, vias nounting pads on one or

si 8% BT FIG. slﬁé’stth%B@PcﬂﬂéSt'@h@%@me\Sé&TB&M @BQPW plane 938

used to connect one or nore traces or nounting pads

g84end @ gronnd planeg94dad sEBiete chre materigl 848 @ndforcether insulating
die 848. Vias 836 provide a connection to the

oplaysrd enayi e lodatedh eheBders ditves i &RP O BB 4he Nimwdri pigne @88 and the

853 on a bottom surface of the BGA substrate are
defroudd pidné [Ba2c OPPEIG. PEBA, alide 850 gyevidéadedrieetion® to a crossover.
jumper or trace 954 that is coplanar with but isolated from the ground plane layer
942. The trace 954 is isolated from the remaining portions of ground plane layer
942. As can be appreciated, the structure shown and described in FIG. 15A

eliminates the need for the buildup layer or trace 883 in FIG. 14A.
[0115] In FIG. 15B, vias 960 provide a connection to a crossover
jumper or trace 964 that is coplanar with but isolated from the power plane layer
938. The trace 964 is isolated from the remaining portions of power plane layer

938. In FIG. 15C, the jumper or trace 964 is shown in the power plane 938.

Substrate core material or other insulating material may be used at 970 to
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sol der bunps 844. A sol der mask 855 may be applied to

the copper | ayers 836. A crossover or junper is

integrated with the BGA substrate according to the

present invention as will be described below [01121
Referring nowto FIG 14A, a plan view illustrating a

BGA junper 870 for high speed traces 874, 876 and 878

is shown. The trace 874 conprises a first section

g mpuiate dhes jusapat of drace AP4gramihe pawer plane §38e Miap A60-1 and 960-
874-3 (collectively trace 874). The traces 876 and

8 Z8camnecttorthe repertoyr tiece@O@80 and 882 to an opposite

side of the BGA substrate 834. A crossover trace 883

on an [OPB)si tAnysof frecembbdinhent8@hosmbatiovat magbe encased by a
connects the vias 880 and 882. The crossover trace
8&otERlive tatsea tadshywn G901 aandu | dihpsk agkiledan the art can now
bottom 46 surface of the BGA substrate. As can be

AP REL LSO m tRSIREQSAG YR CptRMERa Y brdY Rea@hi@t of the present
shapes and/or configurations as descri bed above.

[ QhdettioREESS Mddn %Pl%\%én?ed:_'i@ a LfHPiety? of ifoRhd. | ?%r%lfds?é,s while this

secti1onal Vview l'ustrating the BGA junper 8

OB ieh e, GESiaRd 17 Eon i R R Ted cxamplos thereo, he
oS S AT BF 2 LAk S o wn

now to FI Gs. 15A-15C, implified cross secti.onal .

i Begne @epaent f e skfled Mariaseh BhB ot LAY /38, wawings, the
shown. _ Cr.ossover %races such as those shown in FIG
149pegification apd the,lolaWN% &R nect and trace pl ane

934. In FIG 15A the BGA substrate 930 includes |&TP

934, a power plane 938 and a ground plane 942. A

substrate core material 946 and/or other insulating

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

pl ane 938 and the
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ground plane 942. In FIG 15A, vias 950 provide a
connection to a crossover junper or trace 954 that is
coplanar with but isolated fromthe ground plane | ayer
942. The trace 954 is isolated fromthe remaining
portions of ground plane |gayajys942. As can be

appreci ated, the structure shown and described in FIG
15A imnates the need for the buildup |ayer or
tracewé‘gg]'% Siffed 187 41 [0115] In FIG 1513, vias 960
provi de a connection to a crossover junper or trace
964 that is coplanar with but isolated fromthe power
pl aneq | ayep |e QB GamEfor ahdoegpstédicircu dietcethpfisiog: t he
remai ni ng portions of power plane layer 938. In FIG
15C, the jUmngro94. trace 964 is shown in the power

pl ane 938. ubstr'ate core material or other

| nsul ati ng et gok ala BN aBEN USRSt Wadi0 47 [nsul ate

t he junpera(§ romthe power plane 938. Vias

960-1 and 960- connect to the ju [ ace 964.

[0116] Anyaéh"@'fﬁ@i%é&?%ﬂts?'iﬁ%ﬁ“ﬁ&&@ea y be

encased by a protective material as shown FlGs. nd .
2. Those sRifpush lpad eriacent ¢ saidibitd ‘ﬁﬁ‘g,r\élbﬁ‘éﬁ“é afflﬂféﬁf’“d of said
the foregoing description that the broad teachin

s of
thiatricagenitends bepondat st beeiqfrpa%ﬁr@ﬁ,eaﬁqwdaaﬂarth@ {eads and
of forns. Therefore, while this invention has been

ﬁﬁé‘&ﬁﬂa@ﬁ@'n kwaRNE phihodefilicdbysditiitisind ladexanpl es
thereof, the true scope of the invention should not

be so limted since other nodifications will becone
apparent to the skilled practitioner upon a study of

f:lh:i ﬂé?waggl%ecf_e%ﬁ\/ég%%cﬁg ERf P WiEHint B&id! st ¥ Barries a signal
having a first polarity, said secondllead carries a signal having a second polarity,
said third lead carries a signal having said second polarity and said fourth lead

carries a signal having said first polarity, wherein said first and second polarities

are opposite polarities.

3. The lead frame of Claim 1 wherein said leads of said lead frame

carry high speed differential signals.

4, The lead frame of Claim 3 wherein said high speed signals have a

frequency greatér than or equal to 1 Gigabit per second (Gb/s).
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What is claimed is: Alead frane for an integrated
circuit die conprising: a first lead; a second | ead
adjacent to said first lead; a third | ead adjacent to
said second | ead; and a fourth | ead adjacent to said
third | ead, wherein a first end of said fourth |ead
ext ends beyond at | east one of said first, second, and

t hi rd 8.eadsTrgdead rireangi afeClaimn 1t wharells saiddirdt, de€omadthird and
by said thi rd lead. 2. The lead frame of Claiml

V‘Bﬁﬁﬁ'lé‘a ar | tf}be{cﬁd at9adstcafifst ¥fstande €0 thehﬁiég'i‘@teﬂ circuit die and

first po sal d second lead carries a signal
2% J%E?acﬁgéﬁ'ﬁegﬂgtgfé?lc@hﬁ rses pfg aQn{i I%Ntﬂl déa?%ﬁt@%fﬁfé séa@ed a second

| ead rr| a hav |d f St

atasch Tidin §fe FriBotlad cLRUb AR hetein $aid 1P Bihis 5 greater than
polarities. 3. The lead frane of Claim1l wherein said
|%@@§e@en@9isiam%%d frame carry high speed

differential signals. 4. The lead frane of Claim3

wherein said high speed signals have a frequency

greater than or equal to 1 G gabit per second (Gb/s).

49 5. ghe | vhad Ibadimned o€CGiaim 5 whereim Bakififth fantsdixth leads carry
second, third and fourth |leads are spaced at |east a

fél@ﬁé\s aéﬁr?é‘%ehrgf Qﬂé%d“&nﬁ WHBERL @aﬁ? ‘?l'fr§tcé'ééo({688| X?cﬂgnd fourth leads

ame further conprises th an

| FRAY lele ApVIn g RYHRE00 RERIAa: 1R Rah G bi3Fspes

greater than said second distance.

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

and further comprising:

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

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

respectively
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6. The lead frame of aim5 wherein said fifth and
sixth leads carry signals having a first speed and
wherein said first, second, third and fourth | eads
carry signals having a second speed that is higher
than said first speed. 7. The lead frame of Caiml
wherein said fourth lead is generally "L" shaped. 8.

An i ntggr at gk Chfegpatedp@itaigepackare of nOldime 8l edtkrein said first,
frame of Gaim1l ‘and further conprising: an

'égc%gga ﬁ?jd Calrféf:\‘BthHj'lé?ao%oﬁFH 'sﬁa@@d aptf |§5§f aPEGt cﬁstance from said

secon acent to said rst pa ird pad

38}%2%%%1 %'Ecuia' i 4 A RS e fv?ﬁ%)f“%f@eaﬁ%df'?n g sixth leads

and fourth bondw res connect.ing said

Fibak are BRACEH Ay $AAOBBASHOS AT QIS intoalelash gircHih 1% wherein said
and fourth pads, respectively 50 9. The integrated

dirst distansack gyeater ttarssaid seapad glistares.d first,

second, third and fourth | eads are spaced at Ieast a

first di stance fromsaid integrated circuit die and

said lead frame further conprises fifth and sixth

| eads qphat Tﬁé@nté??eﬁ@@’ citciepabKkagh ot @ref & fueief abmhprising:
I ntegrated circui wherein said first distance

is greater d di stance. 10. The
i nt egrated Pﬁ%ﬂ?ﬁ"g%g age of d al m 8 further

i Si fifth d h fifth h
pade on sai fith anggiaReads aer  TaRarates pRdEAT o1

@ SI xt h
bondwi res connecting said fifth and sjxth |ead
fifth and sixth bondwires connecting said flfth and sixth leads to

said fifth and sixth pads, wherein said first, second, third and fourth bondwires
have a first length and said fifth and sixth bondwires have a second length and

wherein said second length is shorter than said first iength.

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

speed.

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

second, third and fourth pads.
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said fifth and sixth pads, wherein said first, second,

third and fourth bondwires have a first |ength and

said fifth and sixth bondw res have a second | ength

and wherein said second length is shorter than said

first length. 11. The integrated circuit package of

Caim9 wherein said fifth and sixth leads carry

si gnal 3. havitwgintedratest cispaiedieasfdClaire @ whersini saicﬁfyst and second
second, third and fourth |leads carry signals having a

SRR 56 Hstobiaéd hclit gleeard hssocted wiilty differemtia transmit signals
12. The integrated circuit package of Claim8 further

CONIY: i a4 | #Hd (D5 S aifuAielgfated circuit
T S i S S
fourth pads.,K 5 3. The i : [ [t

i arp 3Sanaed Wi gite il rE40Rb SrB Sy SOES moaule.
integrated circuit die are associated with

differential transmt signals of said SERDES nodul e

and said third and fourth pads of said integrated

ci rcui 14. di A metwosls Joierfacedcamprisinpf ther kwegrated seuiy gackage of
signals of said SERDES nodule. 14. A network interface

COME ®ing the integrated circuit package of ClaimS.

15. The network interface of Caim 14 wherein said

network interface is Ethernet conpliant and operates

at speeds greater than 1 G gabit per second. 16. The

i ntegr 3%3 jh%ﬁéitt\&oﬁgig] &bt @aﬂh”ﬁ‘ﬁwﬁé%ﬁ%bid network interface is

conpri on said Integrated circuit

die, wherein said first bondw re co ises fidk.

< BRI IR AT R RIS S e Bt dvalec @bt B8r second.

between said first lead and said first pad and said

fifth pad, respectively, of said integrated circuit

di e.

16. The integrated circuit package of Claim 8 further comprising a fifth.

pad on said integrated circuit die, Wherein said first bondwire comprises first and.
second bondwires that are stacked and connected between said first lead and

said first pad and said fifth pad, respectively, of said integrated circuit die.

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

bondwires.

18.  An integrated circuit package comprising:
an integrated circuit die comprising at least four pads that at least

one of transmit and receive differential signals;
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17. The integrated circuit package of Caim8 wherein
said first, second, third and fourth bondw res each

conprise first and second stacked bondwires. 18. An

integrated circuit package conprising: an integrated

circuit die conprising at |east four pads that at

| east one of transmt and receive differentia

signal's; 53 |aali®@ind conmpriemgoat isasioat ldagasand our
| eads; and at |east four bondw res connecting said

| eads to saj b NAdSur MERIVRres cansEdtingf sai@ieddst toesaid@ pads, wherein
adj acent signals carried by said at 1east four |eads

' i ff hay f R . o
& it poiaiee al Hip B Hyfin AR &) §R3 98 167 bgds is ifferent

The integrated circuit package of C ail . :
Shing s et ehapiariigh ol edBesmnaonl SRy sHlGbFdyires and said
carries a signal having a first polarity, a second

|peed$.t hat is adjacent to said first lead and carries a

signal having a second polarity, a third lead that is

adj acent to said second |l ead and carries a signha

havi ng said second polarity and a fourth lead that is

adj aceqy, t oTgaliigtelghated diradt packhgeaof iGlaina 18i whatein said at least
having said first polarity, wherein said at |east four

B 9a R tiiBe fite] MadP Bl Eaflesd SidrpE haviRITSL DOYering 2 socond
a4 R 3 i B BN BT BB o secoe
By, Ahie jers €l 5 aciaapaic b pakbeSirHl lad ol gefies a signal
oha _c_arri.e_s . 'Si O sty n?f fiai O{ se%ondispol,géégt%b saa?g| third lead
whaviegrsaidisecbnd qolaiify anst arfgupbilaad thakisAd
and carries a signal having said f.i.rst polarity, wherein said at least four pads
include a first pad that carries a signal having said first polarity, a second pad
that is adjacent to said first pad and carries a signal having a second polarity, a
third pad that is adjacent to said second pad and carries a signal having said ﬁrst.
polarity and a fourth pad that is adjacent to said third pad and carries a signal

having said second polarity, and wherein said first and second polarities are

opposite polarities.

20. The integrated circuit package of Claim 18 wherein said leads of

said lead frame carry high speed differential signals.
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opposite polarities. 20. The integrated circuit
package of Claim 18 wherein said | eads of said |ead
frame carry high speed differential signals. 53 21.
The integrated circuit package of C aim 20 wherein
said high speed signals have a frequency greater than
or equal to 1 Ggabit per second (&/s). 22. The _
i nt egrat ed g Bredrafrriiags pHckalgai ohlsimRervdiereirasald high speed
four leads are spaced at |least a first distance from
o RY # ' ' ' fegaaldol1e@ibabltrpmraecond (Gb/s).
%ﬁé'ﬁlfééﬁgggr?pﬁ%e@c&ﬁ%ﬁtegﬁgaflextﬁ | eads t[bhat are
spaced a second distance fromsaid integrated circuit
die, wherein said first distance is greater than said

second di stance. 23. The i.nteqgrated, ¢ l.CuUi Of

G ai ma £ Ul dtedien Cuph PAckANE ff G iR EREERIS four leads
fifth and sixth pads on said integrated circuit. die; .

farkt $pamed ali least %diﬁﬁvﬁ"ﬁ@@cédfﬁfﬁtﬁq‘%@’tgﬁﬁa&é Fireyyt Swdand said lead
sixth leads to said fifth and sixth pads, wherein ,
skamef furthir compoisds fiith andl aixth fleads thab @relwiPRe’d ahgReond distance
first length and said fifth and sixth bondw res have a )
SR6RNEaidenesdratRriciradie ti, wtsereth saidofirst idistgnde iss greater than said
shorter than said first length. 24, The integrated

Cj [+ A ge of Claim22 wherein said fifth and

s?é%%cf%'g S carry signals having a first speed and

wherein said four leads carry signals having a second

speed that is higher than said first speed. 54

23.  The integrated circuit package of Claim 18 further comprising:
fifth and sixth leads;
fifth and sixth pads on said integrated circuit die;
fifth and sixth bondwires connecting said fifth and sixth leads to
said fifth and sixth pads, wherein said first, second, third and fourth bondwires.
have a first length and said fifth and sixth bondwires have a second length and

wherein said second length is shorter than said first length.

24. The integrated circuit package of Claim 22 wherein said fifth and
sixth leads carry signals having a first speed and wherein said four leads carry

signals having a second speed that is higher than said first speed.
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