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appl i cat i on$eingusadhirighprodes isckesinragehbcainasione As Gexdherein, “radio frequency signal” means an
electrical signal conveying useful information and having a frequency from about 3 kilohertz (kHz) to
thousands of gigahertz (GHz), regardless of the medium through which such signal is conveyed. Thus an
RF signal may be transmitted through air, free space, coaxial cable, fiber optic cable, etc. An RF
transmitter mixes the desired signal, known as the baseband signal, with an RF carrier frequency for
transmission over the selected medium. An RF receiver then mixes the signal with the carrier frequency

to restore the signal to its original frequency.

A superheterodyne receiver is a receiver that mixes the desired data-carrying signal with the output
of tunable oscillator to produce an output at a fixed intermediate frequency (IF). The fixed IF signal can
then be conveniently filtered and converted back down to baseband for further processing.
Superheterodyne receivers are useful in a wide variety of applications in which the desired channel can

occur within a wide band of frequencies, such as AM and FM radio, satellite radio, etc.

To reduce the cost of a superheterodyne radio receiver, it is useful to combine as many circuit
elements as possible into a single integrated circuit (IC). While contemporary CMOS technology can
operate fast enough to process RF and IF signals, certain other functions cannot be easily integrated into
CMOS processes. For example, inductors and capacitors may be fabricated on low-cost CMOS ICs to
form LC filters, but LC filters do not provide a very good frequency response to filter the selected IF.
Another known type of filter that provides better channel selectivity than an LC filter is known as a
surface acoustic wave (SAW) filter. A SAW filter is a piezoelectric device that converts an electrical
signal to a mechanical vibration signal and then back to an electrical signal. Filtering is achieved through
the interaction of signal transducers in the conversion process. However a filter of this type is typically
constructed using zinc oxide (ZnO;), a material that is as yet incompatible with integration on a CMOS
circuit utilizing a silicon substrate. Thus there still exists a need for integrated circuits suitable for use in

an inexpensive, high-quality superheterodyne receiver or the like.



occur within a wi de band of frequencies, such as AMand FMradi o, satellite
radi.o, etc. To reduce the cost of a superheterodyne radio receiver, it is
useful to conbine as many circuit elenments as possible into a single

integrated circuit (1C). While contenporary CMOS techno] C erate
fast enoughQ¥Y'¥¥8téss RF and | F signals, certain ot herﬁ%é’foﬁg?@?@annot be

easily integrated into CMOS processes. For exanple, inductors and

capacitors may be fabricated onPfSSWORGROTCMENTIOY to form LC filters, but
LC filters do not provide a very good frequency response to filter the

sel ected I F. Anoinkrenteksigvinindudpse serficopductorspbstriteend prigedraasirgyi package.cFhannel

fse: ?ct i viAt é ;\énh%&)_ﬂcliu?tar shifstrdtd Hat @ﬁrstipaT &lafm_ag padls o‘épdu@tiﬂ% i ﬁf@en@ﬁ]@h&ﬁﬁt EignaV‘tﬁéfe?%n ( tSAW |
ilter. | r.is i ezQ | ice onverts an electrica

signal to a a'\geagﬁéeﬂ%cbﬁlm\? F%trgﬁ?'P%lﬁoéiq"bs%%%mg;ﬁ\émtaﬁde?lsr']'goé{%ﬁa"t%&)é'élmgeqagsct rical

si gnal . Fi | tceidhatgg 4 diffezeatinl impus efenelthesngey#nd adapfed tp be cvrkd tq 29 qutpt otheafhisPxtamehns ducer s
i n the convemeai Ok ifddeaEe Siscuit plokigy/@tapalafes thd sehic@iucton iubstty el hastirét vl secand Y

const ruct ed ' Z1 ' : ' : | 4 nC atible
TR ooy ST R o Bl L Al Bl 88, ALl o
there stil| fiskandgegond terfpip) pirg pre PeRtraigby e B Peefgiemingddisiangedssuffigient pmajpiain an - an

| nexpensi Ve ,inpht-tgrbutptiisdlativy thgehomednaf @ leastly firg predaegrhiv@amount.t he | i ke, WO

2005/ 034179 PCT/ US2004/ 028755 DI SCLOSURE OF | NVENTI ON An integrated circuit

i ncl udez a sem Gf)uﬂ&ihbﬂoﬂﬁ ah,ﬁu@gtte]gd_atr@itaaadqemelinia%ﬁ@goazmra@hﬁdcauhnteéﬂa&mae. The
sem conduct or ,substrat e S, a st Ir o n ags _conducting a

1T oront 1 oSt ARy Ri oo fubdditos AR Kool upB I AR BRAGHE QIR 2 L o
a first ext dishagicond;thirdegnd foypybondingnadsingatpsidhereing Thesemigandigtop atisirate bmkidse ¢ fistg a

di f f er ent i alcirduit pdaptecStb gé@lipidd e feQ Bxtanadfigcapieach tharird eirciDthpugtdhd staa out put  of

t he. first e%écgr(dre)grldinﬁ gédls,tar?J a'cfe%;naeci*J}taga?{e%ggcoﬁﬂlgdqyé &c&@&ﬁ%%lt@ﬂ%@&eﬁ H)l t%t es the
sem conduct or subst te an as I rst and second
second circuit through the third and fourth bonding pads. The integrated circuit package encapsulates the
semiconductor substrate and has first, second, third, and fourth terminals corresponding and coupled to the

first, second, third, and fourth bonding pads, respectively.

In yet another form an integrated circuit includes a semiconductor substrate and an integrated
circuit package and the semiconductor substrate has a first pair of bonding pads conducting a differential
output signal thereon and adapted to be coupled to an input of an external filter, and a second pair of
bonding pads conducting a differential input signal thereon and adapted to be coupled to an output of the
external filter. The integrated circuit package encapsulates the semiconductor substrate and has at least
first and second sides, and comprises a first pair of terminals located at a first end of the first side and
coupled to the first pair of bonding pads, and a second pair of terminals located at a second end of the first

side opposite the first end and coupled to the second pair of bonding pads.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be described in conjunction with the following drawing

figures, wherein like numerals denote like elements, and

FIG. 1 illustrates in partial block diagram and partial schematic form a radio receiver known in the

prior art;

FIG. 2 illustrates in partial block diagram and partial schematic form a highly integrated radio

receiver according to the present invention.

FIG. 3 illustrates a graph of the frequency domain attenuation characteristics of the SAW filter

used in the receiver of FIG. 2;



term nal pairs corresponding and coupled to the first and second pairs of
bondi ng pads, respectively. The first and second termnal pairs are
separated by a first predeterm ned distance is sufficient to maintain an

‘i nput -to-out put isolation therebetween of at |least a first predeterm ned
anount . | iWQAeMSKH&417¢ orm an integrated circuit includes Paf”é%???@@ﬁﬁéﬁt or
substrate and an integrated circuit package and the sem conductor substrate
has first, secoid,4 ilisated a flaonplarf dingrain lof aperaickmawstos subsirete mipetieseseiver protitectdrg r st |
second, thighg ands fourth bonding pads |ocated therein. The sem conductor
substrate includes a first <circuit adapted to be coupled to a first

external filte IFI .%qﬁ)JSt?ages L %p Lit@off a!pﬁcﬁge . ll'%glhl%l% tL JeBHSHathJ? g.lbgtj'a{e%{" Fléng second

;

bondi ng pads, and a second circui't adapt e coupled to a second

external filter coupled to th e ' | the third and fourth

bondi ng pads. The int egra]ingE 1‘?03‘&?’}%%%‘%&‘3@*‘@%@&@3 ates the sem conductor

substrate and has first, second, third, and fourth term nals correspondi ng

and coupl ed to Th@lloving dstailed deseriptien is pesely eremplanyin Aasyie and isatrendeyt tp limisthe

respect i vel yivenfidh oy/@é appiiRarioh &id ufeD sMMearveriting. egitiRin@eL, thére i§ bd hteition tolbel Bindby

sem conduct 8% eggi«egsé& Jr%p%eﬂne%g& dnfdl RHePleBifling ClnhiCA ki, BRELANE bALurld or
ubstrate has 7 th d

sem conduct 0 ) ] S rst palr o ondi ng pads conducting a

di f f er ent i afe Potytinsdptailed descaiti®ther eon and adapted to be coupled to an input of
an external filter, and a second pair of bonding pads conducting a

di fferential i nfiGt! ikisepteain partiel bloekdisgrel andcrarsial adhernatic foem etadip reeadvet WO Fppwaint put  of

the e><éI er N@¢ priot 4l REoceivdrn 60 ik mug@rre&toeyld]e febdivetthdt inPladek @fial 9 BE MRHnd 182, @ fowt hg

sem conduct or__subst r at e .and. has as I rst a . des, an

conprises a"firs t?’%%’éau%?‘edo?ﬂ ge‘rb%’iaﬁgho ]Fggétlg%aaatngpgs S?‘ ﬂerrifzc’ gﬂgtiﬁﬁqﬁaﬁgm Trst side
and coupl etl4taprasmmmplly ggin applifier lgrlehBRAT > Pdelewragsftierd 2% cinenhifier d& hes 3¢

term nal s | @gidfeRfinaddonRct&d6 Mifeiinacl 0Z] adifan bkt termingk and SsliGiesbpradtahdsighdie first end

ng\;: ﬁgl edre&eR/e& &lneanén%g Rﬁ(?o p[?(gllidé alszmppf?eIa giklﬂgto R@glﬁput mlrﬁﬁh%ﬁ%kg-%éq}l‘xeg: THE

the amplified signal to IF as follows. Mixer 106 includes a multiplier 108 and a tunable oscillator 110.
Multiplier 108 has a first input terminal connected to the output terminal of amplifier 104, a second input
terminal, and an output terminal. Tunable oscillator 110 has a tuning input terminal and an output terminal
that provides an RF local oscillator (LO) signal referenced to a ground voltage received at a ground
terminal thereof. The RF LO signal is selected by the tuning input to have a frequency such that a desired
channel is mixed from RF to a selected IF, which is also the center frequency of bandpass filter 112.
Bandpass filter 112 has an input terminal connected to the output terminal of multiplier 108, and an output
terminal for providing an output signal with significant signal energy in a passband centered around the

chosen IF, and with significant attenuation of signal energy in a stopband outside the passband.

This signal at the output of bandpass filter 112 is then mixed to baseband in mixer 114, Mixer 114
includes a multiplier 116 and an oscillator 118. Multiplier 116 has a first input terminal connected to the
output terminal of bandpass filter 112, a second input terminal, and an output terminal. Oscillator 118
provides an IF LO signal between an output terminal thereof and ground received at a ground terminal.
The IF LO signal is selected to have an output frequency chosen to mix the selected IF signal to baseband,
and multiplier 116 thus provides fhe output signal thereof at baseband. Amplifier 120 is provided to
amplify this signal to a desired level, and has an input terminal connected to the output terminal of
multiplie; 116, and an output terminal. Filter 122 has an input terminal connected to the output terminal
of amplifier 120, and an output terminal for providing an output signal of receiver 100 labeled
“BASEBAND OUT".

Receiver 100 is a conventional superheterodyne receiver. To provide high channel selectivity,
bandpass filter 112 may be implemented with a SAW filter. An ideal SAW filter has zero attenuation in
the passband, infinite attenuation in the stop band, and an infinitely small transition band. A practical

SAW filter, however, is lossy and has a small attenuation in the passband, high finite attenuation in the
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frequency synthesizer IC 240. Receiver IC 220 is a complementary metal oxide semiconductor (CMOS)

IC that includes amplifier 104, multiplier 108, multiplier 116, amplifier 120, and lowpass filter 122,

Frequency synthesizer IC 240 is a CMOS IC that includes oscillators 110 and 118. Antenna 102 and

bandpass filter 112 remain discrete components.

Receiver IC 220 includes an input terminal 222 for connection to external antenna 102, an output
terminal 224 for connection to a corresponding input terminal of bandpass filter 112, an input terminal
226 for connection to a corresponding output terminal of bandpass filter 112, an output terminal 228 for
providing the BASEBAND OUT signal, and input terminals 230 and 232 for receiving the RF LO signal
and the IF LO signal, respectively. Frequency synthesizer IC 240 has output terminals corresponding to
terminals 230 and 232, and a power supply terminal 242 connected to ground. Note that other IC
terminals and other functional blocks, such as automatic gain control, sideband selection, etc. are not

relevant to understanding the present invention and are omitted from FIG. 2.

By interfacing to external bandpass filter 112, receiver 200 is able to use the high channel
selectivity properties of a SAW filter but still combine many other components that are suitable for
integration in low-cost CMOS technology into only two ICs and two discrete components. In receiver
200, terminals 224 and 226 actually consist of two terminals each, conducting differential output and input

signals, respectively.

The manner in which receiver IC 220 is integrated can be better understood with respect to FIG. 3,
which illustrates a graph 300 of the frequency domain attenuation characteristics 310 of the SAW filter
112 used in the receiver of FIG. 2. Frequency domain attenuation characteristic 310 represents that of
SAW Filter part no. Y7103L available from Epcos AG of Munich, Germany. In FIG. 3 the horizontal axis
represents frequency in MHz and the vertical axis attenuation or gain with respect to the input signal in
decibels (dB). From FIG. 3 it is seen that SAW filter 112 has a center frequency labeled “fc” of 116,61
MHz and a passband 320 of about 5 MHz, SAW filter 112 has a passband attenuation of about -20 dB, a
transition band width 330 of about 2 MHz, and a stopband attenuation of approximately -70 dB.

In order to use the excellent practical characteristic of SAW filter 112, the inventors discovered
that the connections of receiver 1C 220 could cause poor input-to-output isolation due to pin-to-pin
coupling. Since differential signaling is preferably used, this undesirable signal coupling can occur
between either the positive or negative signal of the differential signal pair and either signal of the other
signal pair. However the characteristics of SAW filter 112 determine how much input-to-output pin
isolation is desirable to avoid degrading performance. Thus receiver IC 220 isolates the SAW filter output
and input pins by an appropriate amount as described further with reference to FIGs. 4-6 below.
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FIG. 5 illustrates a top view of an IC 500 including semiconductor substrate 400 of FIG. 4. AnIC
package 530 encapsulates semiconductor substrate 400 and is electrically connected to bonding pads of
semiconductor substrate 400 through internal bond wires, not shown in FIG, 5, as is well known in the art.
As shown in FIG. 5 the main features of IC 500 include a vertical axis 510 separating a left portion from a
right portion, a horizontal axis 520 separating a top portion from a bottom portion, corresponding
approximately to dividing lines 410 and 420 of FIG. 4, respectively. Together axes 510 and 520 define
four quadrants including a top left quadrant 540, a bottom left quadrant 550, a top right quadrant 570, and
a bottom right quadrant 580. IC package 530 includes a notch or bevel in the outer surface of the
encapsulant near the top left corner and a circle etched in the top surface near the top left corner to
indicates that it is the pin 1 comer. In accordance with the bonding pad placement principles discussed
above, IC 500 includes a pair of terminals 542 and 544 in a top left portion thereof radially connected
through bond wires covered by the encapsulant to corresponding bonding pads 442 and 444 and
conducting signals SIFOP and SIFON; a pair of terminals 552 and 554 in a bottom left portion thereof
radially connected through bond wires covered by the encapsulant to corresponding bonding pads 452 and
454 and conducting signals SIFIP and SIFIN; a pair of terminals 572 and 574 in a top right portion thereof
radially connected through bond wires covered by the encapsulant to corresponding bonding pads 472 and
474 and conducting signals TIFOP and TIFON; and a pair of terminals 582 and 584 in a bottom right
portion thereof radially connected through bond wires covered by the encapsulant to corresponding
bonding pads 482 and 484 and conducting signals TIFIP and TIFIN. In the specific example shown in
FIG. 5, respectively, signals SIFON and SIFOP are conducted on package pins 1 and 2; signals SIFIN and
SIFIP are conducted on package pins 15 and 16; signals TIFOP and TIFON are conducted on package
pins 47 and 48; and signals TIFIP and TIFIN are conducted on package pins 33 and 34.
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The differential pin pairs are placed in separate quadrants to maintain isolation.

Furthermore by maintaining an isolation that corresponds to the characteristics of the external
filter, the differential input and output pins of the satellite receiver can be formed on the left side and the
differential input and output pins of the terrestrial receiver can be formed on the right side, Thus, IC
layout can be simplified because the circuitry for the satellite receiver and for the terrestrial receiver can
be laid out in mirror-image fashion with line 410 being the axis of symmetry. Note that line 410 is not
completely straight because a small amount of circuitry is shared between both receivers, as will be

explained more fully below.

The isolation can also be maintained by placing a certain number of other integrated circuit pins in
between the differential pairs to establish a minimum distance of separation. Thus as shown in FIG. 4
there are fourteen intervening bond pads between output pins 442/444 and input pins 452/454 for satellite
receiver 430, and eighteen intérvening bond pads between output pins 472/474 and input pins 482/484 for
terrestrial receiver 460. When connected to an integrated circuit package, the bond wires are placed
approximately radially, maintaining approximately the same relative separation. Note that some bonding
pads on semiconductor substrate 400 do not correspond one-to-one to pins of package 530: they may be
unconnected such as for'a test pin or unselected mode pin, two bonding pads may be bonded to a single
package pin, bonding pads may be down bonded to a ground plane without having a corresponding

integrated circuit pin, etc.

Another component of the isolation is the fact that the intervening pins include power and/or
ground pins. These pins can provide a significant amount of signal shielding to increase the input-to-

output isolation.

Finally IC 500 includes a satellite receiver that operates at an IF of 116.61 MHz and a terrestrial
receiver that operates at a nearby IF of 113.505 MHz. Since their passbands overlap, IC 500 isolates the
SAW filter inputs and outputs of the satellite receiver from either of those of the terrestrial receiver, and

vice versa. Each pair of SAW filter input or output pins is located near a corner of the package to provide
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to providing sufficient input-to-output isolation. Therefore in one formthe
present invention provides an integrated circuit includes_a sem conductor
substrate ang4y f’ﬁ?egrat ed circuit package. The seni codd¢¥BPMOst rat e has
a first pair of bonding pads conducting a differential output signal
thereon and adaiot &an $AW liker coupli@elastopiatedwithrptiy tecaifersa Thus fo txamplt Sgnalepair 4421 | t er

and a second,RaidnadfenBeRinistaRRf8onGRMAIEH paitd7Pand i fafaOh 8N él@rlal pai R4dtandids@nal
thereon and adapted to be coupl ed to an out put of the first external

filter. The int e&)r"? e?gl‘? %LJe v}]th REy gtgrealdgcpc? ?Bﬂs(ldAB S&delﬁr@?ro PR aver Qaftct or

substrate and has econ g?gnd coupl ed
to the fi rstesafﬂﬂethesﬁé%mutpwmt 'éfﬂat'abﬁBW@”kfé%fémq"F%&*ﬁ@eW%f jpclu first and
second t er m pladem¢dgin digferart Quasi@pa maihteidingryiniuin idisrices, prepodigauiipReighatpisi @ance i s

suf ficient 1@ BlddbRldRaridfr bblRpins cgnn%aiematpmmamg QricRA idpNQS-GREGE WG Of at | east
a first predeterm ned anount. According to one aspect the ftirst

P regtet g;tmepﬁgl a”ﬁ%@%re‘%&k@ %nﬁrgsel%t%vg] lordy! Qsl“ellgll:n{eératet% fheflE Bc‘?l%fsaseﬁconduc%r

er
term nal pai fugstrate @dlabtemreteri carptbtri’gckssef The §Qm'°§P‘t§@°f6PbS‘t‘ﬂl‘fé“S 1 st egjr dbeding Pt ui t
package and ahductigpaiffereial dofputigial theéon pldutapled fope ehpledis avivaniragrst emiinal s.

According t il e?tdnd%'g&%mglr ?f‘%%&% ggdp%nél}ctqn?té d@‘{arH'[n?llA Ltymg eIl ther%neam/ ﬁi@é cﬂigo t# o ITi nal s

conprises twe termna er aspect
plurality of cquwfdé? POHPrGf thefirsteremad filkep Fi"@%%‘edaﬂm‘i‘t@%%ge éﬁ?épsmﬁif\f\h?r suppl y
term nal . Ace6icthidagor bubstaate hndHad st amispend terininkl piirs astdsppaiimgant dogpldditdthd fistafd t he

first term né‘éLonﬁ) Bﬂirg of%[)l%inggid?ﬁe%&t:tivgl? FHeBrst and second terminal pairs are separated by a first
predetermined distance is sufficient to maintain an input-to-output isolation therebetween of at least a first

predetermined amount.

According to one aspect the first predetermined amount corresponds to an attenuation in a'stopband

of the first external filter.

According to another aspect the first and second terminal pairs are located along a first side of the

integrated circuit package and are separated by a first plurality of intervening terminals.

According to yet another aspect the first plurality of intervening terminals comprises twelve

terminals.

According to still another aspect the first plurality of intervening terminals comprises at least one

power supply terminal.

According to a further aspect first and second terminals of the first terminal pair are adjacent to one

another, and first and second terminals of the second terminal pair are adjacent to one another.

According to yet a further aspect the first and second terminal pairs are located at opposite ends of

the first side of the integrated circuit package.

According to still a further aspect the semiconductor substrate further has a third pair of bonding
pads conducting a differential output signal thereon and adapted to be coupled to an input of a second
external filter, and a fourth pair of bonding pads conducting a differential input signal thereon and adapted
to be coupled to an output of the second external filter. The integrated circuit package further has third
and fourth terminal pairs corresponding and coupled to the third and fourth pairs of bonding pads,
respectively. The third and fourth terminal pairs are separated by a second predetermined distance

sufficient to maintain an input-to-output isolation therebetween of at least a second predetermined amount,



anot her, and first and second termnals of the second termnal pair are

adj acent to one another. According to yet a further aspect the first and
second termnal pairs are |ocated at opposite ends of the first side of the
integrated circuit package. According to still a furthe

sem conducw&zogﬁﬁﬂaglﬁate further has a third pair of bong?ﬁggﬁ%g%é%gonducti ng
a differential output signal thereon and adapted to be coupled to an input
of a second ex®erorak tofyed atfether asnael tha fifsand seepndprpdetersfinet amaintmeprigwensi wonduct i ng a

di f f er enti algigeRR beve@Ra hitehiABdnS0RopBanal oblefttant sedomd SRRmaIGHLES, @dpecdelan out put of
the second external filter. The integrated circuit package further has third

and fourth termypaly g?ol aE&he?%EJc?tﬁ@ﬂ?ﬂgrid@&orﬂwmﬁQH:ersQrg Idededlaldfy 4 Mitise & fourth
pai rs of bondi [r;gdpaé' , . respectivel Y pairs

] )ad; he t[]i rfd tand.four.tz tg:rn%@l
are separ at StegR{d dreuitRagiter 307 HREPAFHO RIS GBI LRV B Al PR ISt ai 0 an
i nput - t 0- outfguth tengml @irs wnlodaed aleriga saerd nidodf thy intepratadstircyit paekagsriad yspacathd et ni ned

amount . 7 K secofd pluralify of inteQerig tfmindls. U nmod- se-ex | s, aoc .
--~(ammfiitt~sp-~y A==iiing i ‘fur: asp==Khe s conr state tamer ris h}==h,s
h, ar - I ghl t-- .Ougéol'ding%§etl hotﬁe?gsbecytllé]fﬁst Lrﬁ sécEM'pruﬁaﬁit’ies §f_‘|ﬂg'deninlgte 'mals_aegchm"rt l'iadra
and awning c i 1en¥ar _9al la- pal wth -na-s nducte-- on the irst, send,
thud, anc urcoPPrifgBielgeEReals: respedtivery. WO 2005/ 034179 PCT/ US2004/ 028755

In yet another forman integrated circuit includes a sem conductor substrate
and an i nt egr at édeording to still another aspect the first and second pluralities of intervening terminals each

comprises at least one power supply terminal.

According to yet another aspect first and second terminals of each of the first, second, third, and

fourth terminal pairs are adjacent to one another.

According to still another aspect the first and second terminal pairs are located at opposite ends of
the first side of the integrated circuit package and the third and fourth terminal pairs are located at

opposite ends of the second side of the integrated circuit package.

In another form an integrated circuit includes a semiconductor substrate and an integrated circuit
package and the semiconductor substrate has first, second, third, and fourth quadrants having respective
first, second, third, and fourth bonding pads located therein. The semiconductor substrate includes a first
circuit adapted to be coupled to a first external filter coupled to the first circuit through the first and
second bonding pads, and a second circuit adapted to be coupled to a second external filter coupled to the
second circuit through the third and fourth bonding pads. The integrated circuit package encapsulates the
semiconductor substrate and has first, second, third, and fourth terminals corresponding and coupled to the

first, second, third, and fourth bonding pads, respectively.

According to one aspect the first and second circuits comprise portions of radio frequency (RF)

receivers.

According to another aspect the first circuit comprises a portion of a satellite receiver and the

second circuit comprises a portion of a terrestrial receiver,
According to yet another aspect the first and second circuits have substantially the same layout.

According to still another aspect the first and second circuits are adapted to be coupled to first and

second external surface acoustic wave (SAW) filters, respectively,

According to a further aspect the semiconductor substrate further comprises fifth, sixth, seventh,
and eighth bonding pads respectively located in the first, second, third, and fourth quadrants and forming
complementary signal pairs with signals conducted on the first, second, third, and fourth bonding pads,

respectively.



circuit package and the sem conductor substrate has a first pair of bonding
pads. conducting a differential output signal thereon and adapted to be
coupled to an input of an external filter, and a second pair of bonding
pads conduct i ngqj@ differential input signal thereon and % apted to

coupl ed to % E) {° of the external filter. The int egr 28?403’&5? package
encapsul ates the sem conductor substrate and has at |east first and second
si des, and conprlpgesnotherfprman integiated giuitipciud¢s g samicondyetentsakstraig and arfiptegsdtedend of t he
first side anuitfaeaglagiind LmichiRuddr subdiratpRds b fifpaib SbEdIG piia Eidiductipd ddfee@abNd pai r
of term nal S?%gps?ghﬁgﬁégn A é&@%ﬁb&@dne@& ah @ﬁn e memaﬁmaﬁaﬁwasadtpar ihe first

end and coup e second pair of bccor dl % gﬁ aspect
the integrat® @Wd?@“%‘&@kﬂﬁ%"'“&%f?ﬁ‘”%’@%‘hefedﬁ?"dé‘?aat to bertopRiEd? AP PY 4%t her
aspect the i exteogifittre FheGintegrasedtcirpidl pdchageentapsutateethe @mmdu%subaratehnﬁlaquwtf | at
pac tag e ]g TQFPZt and¥e&oRd Hes) gndtcgmp{-fs‘és a@&ﬂ%iﬂ @frtenaﬁnag&tea he fiksbéng gftﬁet 106l sigd g Ui t
package fur

the seni con d%g{led to tgg{%ttp?l ?fiox}dwﬁ P%s andﬁia Sconad p%lhéﬁ)egmnalsqocate? gtgseccg)d erpdo otfnleef}rs aspect
conducting aSl@@emﬁdﬂdlﬁfo@Fie'r@tcpla)led@G‘lep?i?"dwgﬁmndmhmd%on and adapt ed to be
coupled to an input of a second external filter, and a fourth pair of
bondi ng pads consldatihgg o aspeca ha chtegiated @ic@tphdkade conippises fost el  t her eon and
adapted to be coupled to an output of the second external filter, and the
integrated circUidordiRat kdeher a&i&t&ﬂ@@rﬁegﬁl@@cn@uutﬂaékﬁg fiRbricoirisds@ M Jaad e | 0cat ed on
a first end of th( cond side and coupled to the third pair of bonding
pads, and a P8kt thﬁ of ternminals |ocated on a second end of the second
side opposite the flrst end and coupled to the fourth pair of bondi ng pads.
In yet another fAfeeifitgeyysprogerierert fipdirerrishoipticprarsdurhfr corrriege &t-loefl WFPcui t
conprising adjacent first and second termnals at a first end of a first
si de of the integratiegko etillrapother aspadiet{nt senicdnducloesulsoupfugicr baga third pair of bonding

pads conducting a second differential output signal thereon and adapted to be coupled to an input of a

second external filter, and a fourth pair of bonding pads conducting a second differential input signal
thereon and adapted to be coupled to an output of the second external filter, and the integrated circuit
package further has a third pair of terminals located on a first end of the second side and coupled to the
third pair of bonding pads, and a fourth pair of terminals located on a second end of the second side

opposite the first end and coupled to the fourth pair of bonding pads.

In yet another form the present invention provides an integrated circuit comprising adjacent first
and second terminals at a first end of a first side of the integrated circuit adapted to be coupled to a
differential input of a first external filter, adjacent third and fourth terminals at a second end of the first
side of the integrated circuit adapted to be coupled to a differential output of the first external filter,
adjacent fifth and sixth terminals at a first end of a second side of the integrated circuit adapted to be
coupled to a differential input of a second external filter, and adjacent seventh and eighth terminals at a
second end of the second side of the integrated circuit adapted to be coupled to a differential output of the

second external filter.
According to one aspect the integrated circuit comprises a quad flat package.

.According to another aspect the quad flat package comprises sixty four terminals having
corresponding pin numbers assigned consecutively around a periphery of the quad flat package starting
from a pin one corner, and wherein the first and second terminals correspond to pins one and two, the
third and fourth terminals correspond to pins fifteen and sixteen, the fifth and sixth terminals correspond
to pins forty seven and forty eight, and the seventh and eighth terminals correspond to pins thirty three and
thirty four,

According to yet another aspect each of the first and second external filters comprises surface

acoustic wave (SAW) filter.



differential input of a first external filter, adjacent third and fourth
termnals at a second end of the first side of the integrated circuit
adapted to be coupled to a differential output of the first external filter,
adj acent fifbh¢%Q$4SiXth termnals at a first end of a second side of the

i nt egrat ed CPPAN%P* 3lapted to be coupled to a differenthGHUSAMMSE a
second external filter, and adjacent seventh and eighth termnals at a
second end of t h¥hikatleascbnséxgmplasy embhdiménphaglpennresentadiin the floregaind dpseiled] desaipting,

coupl ed to aitchodldl B 2Bt diaeeld tlﬁtahtv&!ﬂﬁunm_ér of VaRatios@KiQIEkheud £ Badpprletidtédenat thé\ccor di ng
to one aspec tegrate .

Accor di ng to&%ﬁ@t é@?§§8§8?“?ﬁ%%§ﬂ%%mﬁfg9§%@@%ﬂﬁ%ggﬁﬁ%é%§§§R§?§$§ﬁP€ur

termi nal s ha¥PRigePPlicehilite eysenfigrmipn 81 the invgrigRinanvaeyi Rather the Srreeiegderikdl y around a
peri phery of desdnigtiof wélbprvida thogakiledrethesitauith b cvgvenibmt coal dafforimplaeent@riieer , and

wherein the firsty afdaRet 0Ndentp®iy BnB&intent Of fhE3PRU R oPh R SarRehARd cdnWp, the
third and fou_?r‘ﬂtetﬁlét er m,nalg(i correspon si.xteen, the fifth

d to. pin flféee and
and sixth tef pedunciipeadgrareament § CigPRE wftgqr"f%paét@% ﬁmg'ﬁéf°?°d‘f e mEMES ehind t he
sevent h and ®itlgihtha apperdad dlahsand the legebquoimalents thege¢fns thirty three and thirty
four. According to yet another aspect each of the first and second external
filters conprises surface acoustic wave (SAW filter. 9 WO 2005/034179
PCT/ US2004/ 028755 Wil e at | east one exenplary enbodi nent has been presented
in the foregoing detailed description, it should be appreciated that -a vast
nunber of variations exist. It should also be appreciated that the
exenpl ary enbodi nent or exenplary enbodi nents are only exanples, and are not
intended to limt the
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scope, applicability, or configuration of the invention in any way. Rather,
the foregoing detailed description will provide those skilled in the art
with a convenient road map for inplenmenting the exenplary enbodinent or
exenpl ary enbodinents. It should be understood that vari can be
made in t h&¥ 9 ANYPHSR and arrangenent of el enents withoutp%élguﬁg&?)ia%g%fromthe
scope of the invention as set forth $iM¥he appended clainms and the | egal
equi val ents thereof. 10 WD 2005/ 034179 PCTI US2004/ 028755 CLAI M5 What is
cl ai med i d¥hafis clainigd is: nt egrated circuit conprising: a sem conductor substrate
having a first pair of bonding pads conducting a differential output signal
t hereon and adapinegrakdcika: @appingd to an input of a first external filter,
and a second pair of bonding pads conducting a differential input signal
t hereon and adapt e#lsemisoisiactergubgiratsdiaving agirst rgin pihardingipads senguctingragiffegentiaboutpit
filter; and an integrat edgr@ithefedh dnd RRFKAPE: BUPRA RSN IndiltoN(Fir& ttéinad Alket, a@nduct or
substrate and having fir t 1 DAl IS, . Lng and
Sbonf Pl of SR W' SlallhiRA dﬂ.fﬁgeh%aggggg.gn%ﬁpem bfd

coupled to said first and s palt's s espectively,
wherein said first and sgripido beepypiemigian pupupof saig st extoma Blies@ndyy g first
predet erm ned di stapc fficient .0t ai n J -1 0- I ation
t her ebet ween of at Fnéﬁg%rg% c%rfuﬁgt%pagf)grnga&g%g?grﬁgg%31 %g?%ﬁﬁ? ﬁbS&a?e a‘RcHIiaWé ﬁlJSt%S)A

second terminal pairs corresponding and coupled to said first and second pairs of

bonding pads, respectively,

wherein said first and second terminal pairs are separated by a first predetermined distance
sufficient to maintain an input-to-output isolation therebetween of at least a first

predetermined amount.

2. The integrated circuit of claim 1 wherein said first predetermined amount corresponds to an

attenuation in a stopband of said first external filter.

3. The integrated circuit of claim | wherein said first and second terminal pairs are located along a first

side of said integrated circuit package and separated by a first plurality of intervening terminals.

4. The integrated circuit of claim 3 wherein said first plurality of intervening terminals comprises twelve
terminals.
5. The integrated circuit of claim 3 wherein said first plurality of intervening terminals comprises at

least one power supply terminal,

6. The integrated circuit of claim 3 wherein first and second terminals of said first terminal pair are
adjacent to one another, and first and second terminals of said second terminal pair are adjacent to

one another.

7. The integrated circuit of claim 6 wherein said first and second terminal pairs are located at opposite

ends of said first side of said integrated circuit package.

8. The integrated circuit of claim 1 wherein:

11



2. The integrated circuit of claiml wherein said first predeterm ned anount
corresponds to an attenuation in a stopband of said first external filter.
3. The integrated circuit of claiml wherein said first and second term nal

pairs are | ocat eg?al ong a first side of said integrated circuit Iﬁackage and
I

separ at ed BYPA® pilurality of intervening term nal s, PA/USHE%4{p2gr at ed
circuit of claim3 micppducter ybstrpty Bithepbas p ird pajy oponding nadsreIPsBE 2 er mi nal s
conprises twel ve term naiffsrenti8 outfin ggniaktbeeagn anti edhpted tb bexotiplgiito @l imputof Bsewdner ei n
said first plurality of pM-GIMENinAY fdu fXir Doz PR bdndREngH diffeleR@Pipne power
supply termnal. 6. The integrated circujt of ?Iai rp§ pherein first. and
second terninals of sai dS'F']aft R EY %aﬂtgqcm Paopled foan outpht gf sald recqng eral ISkt her |
and first and second;d gkttt plckapdufheSIRE AREank Rl BiHinaRird coRésondfld Agent to
one another. 7. The int egr a]tded cdi rir%‘érixdtfou% cl a}bde whder ei nt.s?i_ orlldfi rst and
second termnal pairs ar &PEEREE A ORBEETE & ouIELIBHRLIE st si de of

said integrated circiyhiPagad ermal JQ%reké%&rﬁ}Q{ 1 SloripFeBdidrhinf distah@ M |
wherein: 11 WD 2005/ 034179 _PCT/ U82084/_028 55 Sal d sem cond?cior substrate
further has a third pair SSFBONGITY" PAWEIEBHRILEY TR LGS &5 AFe°Bht put
signal thereon and adapt ewdetennityd argyetpl ed t o an i nput of a second external
filter, and a fourth pair of bonding pads conducting a differential input
signal thereon and adapted to be coupled to an output of said second

ext er nal f9|. It €he integrated circuit of claim 8 wherein said first and second predetermined amounts correspond to

differences between an attenuation in stopbands of said first and second external filters, respectively.

10. The integrated circuit of claim 8 wherein said first and second terminal pairs are located along a first
side of said integrated circuit package and separated by a first plurality of intervening terminals and
said third and fourth terminal pairs are located along a second side of said integrated circuit package

and separated by a second plurality of intervening terminals.

11, The integrated circuit of claim 10 wherein said first and second pluralities of intervening terminals

each comprises twelve terminals.

12, The integrated circuit of claim 10 wherein said first and second pluralities of intervening terminals

each comprises at [east one power supply terminal.

13. The integrated circuit of claim 10 wherein first and second terminals of each of said first, second,

third, and fourth terminal pairs are adjacent to one another.

14, The integrated circuit of claim 10 wherein said first and second terminal pairs are located at opposite
ends of said first side of said integrated circuit package and said third and fourth terminal pairs are

located at opposite ends of said second side of said integrated circuit package.

15. An integrated circuit comprising;

a semiconductor substrate having first, second, third, and fourth quadrants having respective
first, second, third, and fourth bonding pads located therein, said semiconductor
substrate including a first circuit adapted to be coupled to a first external filter

coupled to said first circuit through said first and second bonding pads, and a
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said integrated circuit package further has third and fourth termnal pairs
corresponding and coupled to said third and fourth pairs of bondi ng pads,
respectively; and said third and fourth termnal pairs are separated by a
‘second predeterm ned distance sufficient to maintain an input-to-output

i sol ati on WOehEW84Ren of at | east a second predeterm Mﬁssg_ The
integrated circuit of chapndeiguiiprapte) ipbescaypied fojaseppndenigma 8Lie APt €&R4 er mi ned
anount s correspond to gickdierantesghzal weemd anricloh@ippadsi @8 i N st opbands of
said first and second external filters, respectively. 10. The integrated
circuit of clai m 8 anntsgratedrirauiiiparkage Freppsulfiipe seid sgpiepndusieriibiate P4 h3v@e 8k | ocat ed
along a first side of sabm, thiftf @d foaitetelmingls caredporfdirg kidgauprt @ saie Pay ‘todd by a
first plurality of integyeni gt @bdiinRpdds rdRfiversai d third and fourth ternm nal
pairs are located along a second sidé of said integrated circuit package
and separated by a second plurality of intervening termnals. 11. The
integrated circuit of claim 10 wherein said first and second pluralities of
i nt erveni¥og t Sthprintearkted cirpuitoficlain phessinssaig figst apdseeand eiicyitsfcamprigeportiprsef fadie egr at ed
circuit of cl afefledd yek&err. Said first and second pluralities of intervening
termnals each conprises at feast one power supply termnal. 13. The
integrated circuit of claim 10 wherein first and second termnals of each of
said first, second, third, and fourth %erm’ nal I&gi rs are ad! ﬁcent, to one
anot her. W4. Tieinfegrptedfirgiitedelum i whereinspid Bistoirphit OmRRARS £ BITP€5F Berfer € and
second t er m naind palis¢cgndgirenit kanpaites dpation ofyyassttiabreceads of said first side of
said integrated circuit package and said third and fourth termnal pairs are
| ocated at opposite ends of said second side of said integrated circuit
package. , ‘

18. The integrated circuit of claim 16 wherein said first and second circuits have substantially the same
layout.
19. The integrated circuit of claim 15 wherein said first and second circuits are adapted to be coupled to

first and second external surface acoustic wave (SAW) filters, respectively.

20. The integrated circuit of claim 15 wherein said semiconductor substrate further comprises fifth, sixth,
seventh, and eighth bonding pads respectively located in said first, second, third, and fourth quadrants
and forming complementary signal pairs with signals conducted on said first, second, third, and fourth

bonding pads, respectively.

21, An integrated circuit comprising:

a semiconductor substrate having a first pair of bonding pads conducting a differential output
signal thereon and adapted to be coupled to an input of an external filter, and a
second pair of bonding pads conducting a differential input signal thereon and

adapted to be coupled to an output of said external filter; and

an integrated circuit package encapsulating said semiconductor substrate and having at least
first and second sides, and comprising a first pair of terminals located at a first end
of said first side and coupled to said first pair of bonding pads, and a second pair of
terminals located at a second end of said first side opposite said first end and

coupled to said second pair of bonding pads.

22. The integrated circuit of claim 21 wherein said integrated circuit package comprises four sides,
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15. An integrated circuit conprising: a sem conductor substrate having
first, second, third, and fourth quadrants having respective first, second,
third, and fourth bonding pads |ocated therein, said sem conductor
‘substrate includin a first circuit adapted to be coupl ggT/gg Barbds

% st and second

5/03
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quad flat package (TQFP).

24. The integrated circuit of claim 23 wherein said integrated circuit package further comprises a 64-lead
TQFP.

25. The integrated circuit of claim 21 wherein said semiconductor substrate further has a third pair of

bonding pads conducting a second differential output signal thereon and adapted to be coupled to an
input of a second external filter, and a fourth pair of bonding pads conducting a second differential
input signal thereon and adapted to be coupled to an output of said second external filter, and said
integrated circuit package further has a third pair of terminals located on a first end of said second
side and coupled to said third pair of bonding pads, and a fourth pair of terminals located on a second

end of said second side opposite said first end and coupled to said fourth pair of bonding pads.

26. An integrated circuit comprising:

adjacent first and second terminals at a first end of a first side of the integrated circuit

adapted to be coupled to a differential input of a first external filter;

adjacent third and fourth terminals at a second end of said first side of the integrated circuit

adapted to be coupled to a differential output of said first external filter;

adjacent fifth and sixth terminals at a first end of a second side of the integrated circuit

adapted to be coupled to a differential input of a second external filter; and

adjacent seventh and eighth terminals at a second end of said second side of the integrated

circuit adapted to be coupled to a differential output of said second external filter.

27. The integrated circuit of claim 26 wherein the integrated circuit comprises a quad flat package.

28. The integrated circuit of claim 27 wherein said quad flat package comprises sixty four terminals
having corresponding pin numbers assigned consecutively around a periphery of said quad flat
package starting from a pin one corner, and wherein said first and second terminals correspond to pins
one and two, said third and fourth terminals correspond to pins fifieen and sixteen, said fifth and sixth
terminals correspond to pins forty seven and forty eight, and said seventh and eighth terminals

correspond to pins thirty three and thirty four,

29. The integrated circuit of claim 26 wherein each of said first and second external filters comprises a

surface acoustic wave (SAW) filter.
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