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HIGH ISOLATION SWITCH WITH NOTCH
FH,TRR

BA('KGROUND

[0001] 1 Field of Invention
[0002] The present invention relates generally to mobile
collilllllliicatl&ili ilcvices More particularly, at le«st &ilia

embodiment of the uivention relates to lu h isolation
itcfms for usc in mobile communication dcviccs

[0005] 2. Discussion of RelatedArt
[0004] Mobde communiwation devices. such as ccllulnr
phones, two-way radios, etc., having a transceiver for trans-
mitting and receiving conununication signals genernlly
include a radio frequency [RF) switch to switch the antenim
between a receive path and a transmit path. In addition. RF
sv,itches can be used to provide opemt&on of the device in
more than one frequencv band. 1&or example, multiple differ-
ent comnninication standards, such as the (ilobal System f&ir

Mobile [GSM) conunuiucation standard [utilized frequently
in 1.'urope and Asia) and the «ode Division Multiple Access
1('DMA) commuiumition standard (utilized fr&equently ui the
United States ) exist for cellular phone use. and these different
standards require operation in diffcrmit frequency bands
There is a growing, de«rand for cellular phmies and other
mobile comnuuucation devices to be compatible v;ith more
thnn one communicatimi stmidard Thcrelorc niany devices
uiclude separate circuits to accommodate different commu-
nication standards, and use an RF switch to selectively alter-
nate bctwcen the dilfercnt circui(s to opcratc the dc& ice in a

desired mode.
[0005] These RF a~itches are generally located in close
proximity to the antenna of the communication device.
Acrordin lv, high isolati&m switches are desired as it is
uuportaut io l unit noise leakage a«dror ha«no rue interferenre
between the trmismit and receive paths. or between differmit
transmit or di ffi:rmii receive paths m the device. In addition, it

is desirable that the s« itch have lou. loss associated therevnth
to reduce power consumption nnd preserve battery life in a

niobile device Furthermore, bccmise n«&bile conununicntion
devices are typically small, the components are located in
very close proximity to one another, making electronic isola-
tion, and therefore noise reduction, more important since
there may be little isolation resulting from physical sepam-
linn of thc components. Fuithcnnorc. because many mobile
comnuinication devices are generally low power devices,
even a relatively loiv level of noise may result in potter loss
that negatively impacts the performance of the device, and
therefore good isolation between components is desirable.

SUMlVLARY OF INMRNTION

[0006] An RF switch that provides high isolation between
circuit arms while maintaining linearity and limiting noise,
inter fercncc and power loss bet&veen cirmiii arms is desiredl

Accorduigly, aspects and emboduuents are directed to a
switching method mid apparatus that is compact, efficient and
wluch provides very high isolaii&in bctwecn circuit ai'lils ol a
mobile conumuiication device using a switched shunt LC
notch filter Using an 1.( notch filter with a relatively low
number of components in a high isolation switch may allow
the switch ui limit noise, interference, and power loss
betwccn circuit components while mn inta i ning good linearity
across the desire«I operatuig frequency rmiges, as discussed
fiuther below. Additionally, by utilizing a hikrrt-integration,

well developed teclmology such as CMOS. the size of the
high isolaiion switch may be kept relmively small Further-
more. by allowing a user to u uie the level ofattenuation ol'the
I ('otch filmr by adjusting the value of one component. as
also discussed below, the high isola«mt swiich may be easily
co«fib&arabl responsive to the needs of the user.

[0007] According to one embodiment, a high isolat«m
mdio frequencv [RF) sit itch comprises an input. mi output. a

sw itching circuit coupled in series bett« cen the input mid thc
output. the sw itching circuit configured to selectively couple
the input to the output responsive to a control signal, at least
one shunt circuit coupled between the input and a ground, and
at least one LC notch filter switchably coupled to the input in
a shunt conliguration The at least one LC uoirh tilter com-

poses a senes combination of a switch, at least one capacitor
and at least one inductor, and is configured to attenuate sig-
nals within a stop band r uige ol'requencies determined by a

value of the at least one capacitor and a value of the at least
&1&le indilct&il

[t)t)00] Inone example ofthe high isolation RF switch the at
least onc capacitor is connected m series between tlm s« itch
and the input, and wherein the at least one inductor is con-
nected in series between tlm switch mid ground. In another
example. the sw itch of the at least one LC notch tilter com-

prises a plurality of series connected transistors. The sivitch-

ing circuit may comprise, liir exmnple, at least one trmisistor
coupled in senes be«veen the uiput and the outpuk the at least
one transistor configured to selectively couple the input to the
output responsive to the control stgtual In one example in
which the high isolation RF s&iitch is an absorptive switch,
the s« itch further coniprises a termination circuit selectively
coupled ui series between the input and the switching circuit.
The tenn&nation circuit may compnse, for example. at least
one resistor md at I& est one transistor. mid may be colifiglll Ld

to selectively couple the resistor into and out of connection
between the input and the switching circuit. In one example,
the sfiunt circuit comprises ai least mic transistor coupled in
series between the input and ~sound, v herein the at least one
trnnsistor is configured to sffiectiimly couple thc input to

gmund responsive to a shunt control stgt&al. In one example,
the at least one inductor includes at least one hondwire induc-
tor In another example, tlm at least one capacitor includes one
ofa variable capacitor and a sv itcha hie bmd& ofcapacitors. In
another example, the value of the at least one capacitor and
the value of thc at lctwst mic inductor arc inatchcd

[0009] According to another embodimenk a r~dio I're-

quency [RI') device compnses a iirst RF transmission line. a

second RF transmission line. an output. a first switching ann
coupled between the output and the lirst RF transmission line,
the first switclung arm conli ured to selectively couple the
first RF transmission line to the output for a first mode of
operation of the RF device, and a second s&witchmg ann
coupled betiveen the output and the second RF transmission
linc. tlm socoixl switching circuit eonligured to sclectiimly
couple the second RF trmismission line to the &iutput lor a
second mode of opemtion of the RF d&wice. The RF device

further comprises a first I C notch filter switchably coupled io
the first sw itclfing ami in a shunt conti uration, the first LC
notch tilter comprising n series cimibination of a first capaci-
tor. a tirst inductor, and at least one first tmnsistor. The at least
one first transistor is configured to activate the first LC notch
filter in thc second mode of operation of thc Rl'evice. The
first LC notch filter is conhgured to attenuute si naia within a
first mage of frequencies determined by a value of the first
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capacitor and a value of the first Inductor. the first mnge of
frequencies being selected to include noise frixpiencies in the
first switclung ami duruig the second mode ofoperation of the
Rl'evice.
[UUI 0] In one example. the RF device further comprises at
least one sliunt circuit coupled betv;een the tirst RF transmis-
sion line and «ground. The at least one shunt circuit may
comprise, for example, at least one tmnsistor coupled in series
between the first RF transnnssion line and ground, wherein
the at least one transistor is contigured to couple the first RF
transmission line to ground in the second mode of opemtion
of the RF device, responsive to a control signal. In one
example, the first uiductor includes at least one bondwire
inductor. In another example, the fimt capacitor includes one
ofa van able capacitor and a switchab le bank ofcapacitors. In
another example. the value of the tirat capacitor and the value
of the first inductor are matched. In another example in which
the first switching amt is an absorptive switching ann. the RF
device further comprises a temunation circuit selectively
coupled in series between the first Rl'ransmission line and
the first switchutg ann. The RI'evice may further comprise
a second L('otch filter switchably coupled to tlm second
sv;itching anu in a shunt configuration, the second LC notch
filter composing a senes combination of a second mipacitor,
a second inductor. and at least one second transistor. wherein
tlm at )mist one second transistor configured to activate thc
second LC notch filter ui the li rat n««le ofoperation of the RF
device In one exmnple, the second LC notch filter is coliflg-
ured to at tmiuate Signals within a second range of frcx)II(nc iCs

determined by a value of the second capacitor and a value of
the second inductor. the second range of frequencies being
ac)ected to include noise I'rcqueimies ui the scvond swiiching
ami dunng the first mode of operation of the RF device. In
miother example, tlm first RF tmnsmission liim is configured
to tl'ailsillit sigil«is to tlic QUtpUt. via tile ilrst sivi tclllilg cll'cult.
in the first mode ofoperation of the RF device, and the second
Rl'ransmission linc is configured to receive signals from the
output, via tire second switching circuit. In the second mode
of operation of the RF device. In onc example. the first RF
uansniission line is coniigured to carry CiSM signals in the
first mode of operation of the RF device, and the second RF
Iransmission luic is configurc«I to carry COMA signals in the
second mode ofoperation of flie RF device.
[0011 J Still other aspects, embodiments, and advantages of
these i'.xi'iitplarv iispccts and embodiment«are iliscussvd in
detail below. Moreover, it is to be understood that both the
foregoing intiirmation and thc following detaflcd description
are merely iilustrative examples of vanous aspects mul
embodiments, and are intended to provide an overview or
framccwork fiir undcrstmidinu the nature and character of the
cl umed aspects and embodiments. Any embodiment dis-
closed herein may be combined with nny other embodiment
in any manner consistent with at least onc of tlm objcctii ca,
aims, and needs disclosed herein, and references to "an
cmbodinmnt,** "some embodiments." "an alternate embodi-
ment." "venous embodunents." "one embodunent" or the like
are not necessarily mutunlly exclusive and are intended to
indicate that a particular feature, stnicture, or characteristic
descnbed ui connection with the emboduuent may be
included ui at least one embodiment. The appearances of such
tenus herein are not necessarily all referring to the a«inc
embodiment.

BRIEI'ESCRIPTION OF DRAWINGS

[0012] Manous aspects of at least one emboduuent are dis-
cussed belov; with reference to the accompanying figures,

which are not intended to be drawn to scale. Where tecluucal
fcitturcs ui Ihe figures, dctnilcd description or any claim are
followed by references signs, the reference st@Is have been
included for the sole purpose of increasinv thc intefligibility
of the (igurnv, detailed descript«m, and clmms Accordingly.
neither tire reference signs nor their absence are intended to
have any limiting effect on the scope ofany claini elcmcnts ln
thc ligurcs. each identical or nenrly identical comp&ment flint

is fllustratc«I in various tigures is represented by a like
numeral For purposes ol'clarity. not every component may bc
labeled ui every dmvving. The figures are provided for the
purposes of illustration and explanation and are not intended
as a delinition of the limits of the uivention. In the figures
[0013] I'IG. 1A Is a block diagram of one example of a

non-absorptive nudti-arm RF switch according to aspects of
fllc lllvciltloii,
[UU14J Fl(i. IB is a blocl diagram of one example of an
absorptive nnilti-ann RF switch according to «spec(s ol'he
uivention;
[0015] I'l(i. 2 Is a circuit diagram of one example of a

suitcliing ann ol'a non-absorptive. high isiilation switch ui
accordance with aspects of the present invention;
[0016] Fki 3 is a gmph illustrating isolation (in dB) pro-
vided by an example of the su Itchmg ann illustrated ut FIG.
2.

[0017] FI(i 4 is a circuit diagrmu of one example ol'an
absorptive high isolation su'itcli «rill lil acciirdiillce uith
aspects of the presmit invention:
[0010] FIC) 5 is a block diitgralli Iif orle cxaulpli: Iif a chip
layout ofa high isolation su itch in accordance with aspects of
tlm plcscllt llivcntlofl;
[0019] FIG. 6 is a block dia mm of miother example of a

chip layout of a high isolation switch in accordance with
aspects of thc present invention; and
[0020] I'IG. 7 is a block diagram of one example of a chip
layout for a high isolation switch in accordance with aspects
of the present utvention.

DETAILED DESCRIPTION

[0021] Aspects and embodiments are directed to a

switchi-

ngg nwthod and apparatus to provide lfigh isolation (e g. in

excess ol'0 dB) bctwecn circuit unus of a mobile commu-
nicauon device by specifically attenuating noise over a
defined I'requency range using an I.( notch filter. Because of
the relatively small nuniber of components «ac«led to imple-
mmit the LC notch filter. the high isolation switch maybe able
to limit noise, interference and power loss between circuit
arms while maintaining good lineanty and a small circuit
footprint. The size of the high isolation switch may also be
kept snmll by utilizing Complemcntnry Mi:tal Oxide Semi-
conductor (CM(yg) technolob~, for example, to provide a

high intcgratcd, relatively incxpcnsive device. Additionally,
the level of attenuation of the LC notch iilter may be easily
configured by adjusting the value of one or more components
of the I,('otch lilter. «s discussed in more detail below Thus,
the high isolation switch may be easily configured to meet the
specific needs of a user, providing a flexible. Iow cost. and
high perliornumce solution.
[0022] It is to be appreciated that embodiments of the meth-
ods and appamtus discussed herein are not linuted in apph-
cation to the details of construction and the arrangement of
components set fiiith in thc following description or illus-
trated in the accompanying figures. The methods and appa-
mtus are capable of implementation in other embodiments
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and ofbeing practiced or ofbeing carried out in various «nys.
L'xnmp les of spec &lie implementations are pmvided herein for
illustrative purposes only and are not intended to bc limiting
In particular, acts. elements, and features discussed in con-
nection with any one or more embodiments are not intended
to be excluded from a similar mle ui any other embodiments.

[0023] Also. the plu iseology and terminology used herein
&s for the purpose ofdescription and should not be regarded as
limiting Any relcrences ui mnbodimmits or elemmim or acts
of the systems and methods herein referred to in the singular
may also embrace embodiments including a plurality of these
elements, and any references ui plural to any embodiment or
elenmnt or act lmrein may also en&brace embodiments i nc l u-dingonlya singleclemen

References intlmsingularorplural
form are not intended to l unit the presently disclosed systems
or metlmds, their compone&us, acts, or elements The use
herein oi'*uicludingy "am&prising.*'havingy '*containing."
"involving,'* and variations thereof is meant to encompass the
items hated thereafter mid equivalents thereof as &veil as addi-

tionall

items. References to "or" may be cons to&ed as use lusive
so tlmt any terms described using "or*'ay indicate any of a

single. outre thmi one, and all of the described terms

[0024] Referruig to I'IG. 1A, there is illustmted a block
diagram of one example of a non-absorptive switch IUU

which may be u sexi within n mobile communication devi ceto
selectively switch between diii'erent cucuits &n a device. I'or

exmnple, tlie switch nmy be used to switch between a transmit
circ&lit a&xi a roc&'.Ive cli'cult. &1& be&wee&1 dil farce& transmit or
different receive circuits used for different conununications
stimdards In thc illustrated cx miple, the switch 100 is a

single pole, double thr&iw (SPDT) switch mcluding a first
switclung ami 102 and a second sw&tclung arm 104 wlfich
selectively couple fimt mid second circuits 112. 116. rcsp&x-

tively. to an antenna106 As discussed above. the circuits 112.
116 mny be transmit and/or receive circuits, which niay be
used, I]or ex unple, to acconmiodate di Ifi rent I'requency bands
aod)or comply with two different transnussions standards,
such as C'DMA and CISM which opcmte in diffi:rent fre-

quency mnges Additional examples of transniission stmi-
dards include Wideband C. ode Division Multiple Access
(WCDMA). Wireless I,ocal Area Network (WI.AN), World-
wide lnteroperab&lity for Microwave Access (WiMAX),
Bib&&&-Speixi Dov nl ink I'acket Access (HSI&I'A), High-Speed
l)plink Packet Access (HSUPA) and Long Tcmi Fvolution
(LTE). Switches such as siv&tch 100 may be used to select
betwemi circuits designed for any of these or other transmis-
sion staudards.

[0025] In one embodiment, the switch 100 is configured to
activate either the first circuit 112 or the second circuit 116 by
selectively coupling citlmr circuit to the antenna 106 Assuin-
&ngactivation ofthe Iirst circuit 112 &s desired, a control signal
applied on the first control line 117 will operate the hrst
switching arm 102 to connect the first circuit 112 to thc
antenna 106. uid a control signal over the secomd conu& I lute
118 will operate tlm second switching ami IU4 to decouple
thc second circuit 116 from th&. antenna 106 mid thereby
"deactivate" the second circuit 116. Alternatively. assuming
activation of the second circuit 116 is desired, a control signal
over the second control line 118 w ill operate the switclung
ami 104 to connect the second circuit 116 to the mitenna IU6
mid a control signal over the iirst control linc 117 will operate
the switclung arm 102 to decouple the first circuit 112 from
the antenna 106 and deactivate the first circuit 112.

[0026] AccorC&ng to another embodiment, the switch 100
may bc m& absorptive switch. In tlus &xample. a ienniixition
circuit 108 &s coupled to the antenna 106. as illustrated &n I'IG.
IB. Referring to FICi IB, in tlm illustrated cxmnple, the
tenn in ation circ mt 108 is co upi cxI betw een the switch 100 and
the antenna IU6 in a shunt configuration. However. according
to all&1&iii:r clliliodlili&'.&it, &lie icmllflatl&iii cll'c&llt 108 &&lay bc

coupled in series between the switch 100 mid the antenna 106.
The termination circuit IU8, contmlfed by signals on a temii-
nation control linc (not shown), may bc configured to provide
line termination at the antenna 106 to reduce noise or uiter-
ference In one example, the termination circuit IU8 provides
a 50 Ohm or 75 Olmi termination. The terminauon circuit 108
also can include or funcnon as an Lilectrostatic Discharge
(IISI3) suppression network.

[0027] As discussed above, it may be lfighly desirable to
luuit interferencc between the two mrcuits 112, 116, and

switching arms 102. 104 of the switch 100, and therefore to
isolate the fimt circuit 112 front the second circuit 116 One
conventional method of providing isolation between an acti-
vated ann (e.g, the first arm 102) and a deactivntcd ann (e.g.,
the second ann 104) of tlm switch 100 includes tlm uvm of
electnmil shunts. An electncal shunt may be added to either
circuit ami 102. 104 to redirect umvanted noise to ~vound
before ihc noise can propagate to other circuit componcnrs
and create interference. However, particularly depending on
the teclmology usixI within tlm mobile communication
device, the isolation provided solely by shunts may be lim-

ited. For example. as the operating frequency of the device
incremscg thc nbility to achicwi high levels of isolation using
shunts decreases. Although& ndC&tional, parullel-connected
slmnts can be added to increase isolation, it has been found
that the amount of&so lat ion prov idcxI by each adC& uo&ud shunt
decreases dmn&atically. and tlmt additional shunts beyond
three arc generally incffiv&ive. Furtlmnnorc, each additional
shunt affects the perfonnance of the sw&tclung ami. reducing
linearity and degrading the signal, panicularfy at higv fre-
quencies (e.g, above I~Cilia) A~s n rcsulu &hc total amount of
isolation that can be aclueved usuig the shunt method is
limited, particularly at higher frequencics. Switches provid-
ing approximately 3-4 dB ol'isolation may be relatively easy
to implement using sluuits; hovvever, for a high isolation
switch (e.g, greater than 55 dB isolation between arms), a

dilferent t&whnique is necxied, as discussed further below,

[0028] An&&ther type of tcchnok&gy iu&d an nltcrnative to

CMOS ivluch may be used in mobile comnninication devices
is pseudomorphic High klectron IVIobifity Transistors
(pHKMT), Typically. the package size of a pHKMT-based
device is significantly larger and consequently more expen-
si&m than a similnr device implenmntwl ui I'MOS For
example. unlike a CMOS-based de~ice, a pHBMT-based
device may be unable to provide intey ated control function-
ality witlun the device and mny rcxluire external control mr-

cuitry. As n result, the pncl age size oi the pHL'MT-based
device niay bc relatively large Thercfiire, I'MOS is gmicrally
a preferred technology for mobde conununications devices.
Although electrical slnmts can be used to aclfieve higher
lcvcL& of isolatimi with pHFMT dcviccs than in C:MOS

devices, the addition oi'several ah was to obtaui n desired level
of isolation adds to thc already larger size of thc pHFMI
Civicc, making pHFMT switches imdcsirablv fiir many
mobile conununications devices.

[0029] linis. there is n need for n small, relatively uiexpen-
sive. I'MOS-based RF switch capable ofproviding very luke&
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isolation between different circuits and(or sw itch amis at high
I'rcqumicies. while nmintaining linearity and limituig noise,
uiterference, and po~er loss betv'een the switched circuits.
Accordingly, aspects and embodiments of the invention me
directed to a lugh isolation s(vitch Ihat incorp(mites the use ol
a switclmI shunt notch filter to provide very lugh isolation
bctwccn switching amis

[0030] Referruig to I'I(L 2. there is illustrated one example
ofa switching ami 200 ofa hi/BI isolation switch including an
I 0 notch tilter in accordmice with one mubodimcnt The
sv itclung arm 200 corresponds to either one of the switclun
anna 102. 104 in Fifi IA In tlm illustnited exaniple, the
switching arm 200 is non-absorptive. hoivcver, absorptive
sv,itches may also be implemented, as discussvxI further
below. The switching am) 200 includes a switch circuit 202
coupled between an input 204 and the anteiumi 106. The input

204 maybe couplvxl to one of the circuits 112. 116 ofFIG. IA.
According to onc embodiment, tlm switch is mi RF switch,
how ever, it is to be appreciated that the siv itch is not limited to
the RF or any otlmr panicular range of frequencies. The
sv,itch circuit 202 compnses a plumlity of tmsnsistors 216
coupled in series benveen the input 204 and the antenna 106
which provide the switcl»ng fiuiction Tlie plurnlity of tran-
sistors 216 may uiclude any munber of transistors. not lunited
to the number illa atm ted in Fl(i. 2. According to one embodi-
menc when activauon of the arm 200 is desired. a contml
signal 212 (corresponding to control signal l(7 or 118 in FIG.
1. forexwuplc) isprovidedtooperatctlmsiwitchcircuit 202 to
couple the uiput 204 to the antenna 106. The control signal
212 is provided to the gates of the plurality of transistors 216
to activate thc I(alla)stol 1 a)id allow canc)it 10 fl(nv IB)irl thc

uiput 204. (hrougt the plurality ol'ransistors 216. to the
antenna 106. When dcnctivation ol'the nrm 200 is desired, the
control signal 212 is pmvided to Ihe gates o I'he pluralityol'ransisn)rs216 to deactivate the transistors and prevent cur-
rent flow between thc input 204 and the antenna 206

[0031] As discussed above, tlie switching anu 200 fiirther
includes a switchablc I ('otch filter 208 m)upled between
the input 204 and ground 206 and situated between thc mput
ZU4 and tlie switch circuit 202. as shown in FIG. 2. The
switching am) 200 also includes at )cast one shunt circuit 210
coupled between tlw input 204 and ground 206. Bs discussed
in more detail below. I'Iie L(.'otch filter ZUU in combination
with the at least onc shunt circuit 210 may provide very high
isolat«)n. for example, in excess of 64 dB at I GHm as dis-
cuss(ed further below.

[0032] According tom)a embodiment. the at lenst one sluuu
circuit 210 includes a plurality of Bansistors Z14 coupled in
series bctwcen thc input 204 and RF ground 206 Tlm plumsl-

ity of transistors 214 may include any number of tmnsistors,
wid is not limited to the number shown in FI(i; 2 In the
illustrated cxwnple, tlm sluint circuit 210 iv coupled between
the first mid second transistors of the switch circuit 202.
However, it is to bc appreciated that the shunt circuit 210 may
be coupled to a different location in the switch circuit 202. and
that additional shunts may be included and may be coupled to
dilferent pouits of the switch circuit 202 (c g. between any
nvo of the plurality of transistors 216).

[0033] As discussed above. men v hen the ann 200 is deac-
uvated. it is possible for noise from ann 200 to interfere with
a difTerent, activated ann (not shown). Accordingly. upon
deactivation of the ann 200, a control signal 224 is provided
the plurality of tmnsistors 214 of the shunt circuit 210 to
activate the trans)su)rs and allow current to flow from the

input 204 to yound 206. By alloiving current to flow front the
input 204 to RF ground 206, at least a pofli on of thc unwanted
noise in the arm 200 may be directed to gmund before it can
pmpagate to other circuit components Ilpon activation ol'the
ann 200, a control signal 224 is providcvI to the plurality ol'ransistorsZ14 to deactivate the transistors and prevent cur-
rem thm through tfm slnmt circuit 210, tfmrcby allowing thc
signal from the input 204 to pass to thc uitcima 106 The
control sigvnals 212 and 224 operate in concert. suchthat when
the trmisistors 216 are active. the transistors 214 are switclmd
Olil', and when the transistors 216 are turned Oi'I', the tran-
sistors 214 are tumed ON.

[0034] The configuiration of slnuits witlunthe arm ZUU may
depend on ihe type and power level ol the s(gnal passmg
tluou h the switch circuit 202. I'or example. when the arm
20U is activated and the transistors 214 are deactivated, the
trwisistors 214 of the shunt circuit 210 may bc configured to

accommodate and mauitain the voltage at the input 204 across
thc shunt circuit 210. To accommodate a signal on the input
204 with a relatively high voltage swing, the number ('*stack

height") of the tmnsistors 214 may be relatively high to pre-
vent drain-to-source breakdown of tfm transistors 214 mxi

consequently current flow in the shunt cin:uit 210 front the
input 204 to Rl'round 206. For example, assuming a sig)msl

on Ihc input 204 llils a voltage s(villa of &30V peak-to-peak
and the transistors have a drain-to-source breakdov;n voltnge
(BVI )SS) of 3s(T a stack height of &10 transistors coupled in
series may be used to prevent breukdoivn. Conversely. when
the circuit needs only to maintain a signal on the input 2U4

with a relatively loiv voltage swing, the stack height of thc
transistors 214 may be relatively low.

[0035] In uiother embodunent, when the ann 200 is deac-
uvated and the tmnsistors 214 are activated. the tminsistors
214 may be mmfigurcd B) provide a matching, resistance io

external circuitry to I)nut reiiections in the arm 200. It is to be

appreciated that ifthe shunt circuit 21() does not provide a low

I:nollgll I'cssvti(11ci: to gn)Bud BI'n IIppBIpiliitcli'IIB(chad
resistance. the shunt circuit 210 may create "notches" in the
insertion loss of thc ami 2()0, meamng tint at certain frcqucn-
cics (in the *'notches*'). the uisertion loss is poor. duc to signal
reflections As such. it may be necessary to balance the pre-
vention of dmsin-to-source breakdown with thc prevcntiim of
reflections. For instance, in examples where the stack height
of the transistors 214 is relatively higdt to acconunodate high
sign~i voltage on the input Z04. tfm width of tlm transisu)rs
214 may be increased to compensate for the added resistance
of the additional transistors and thereby maintain a matching
resisIance.

[0036] As discussed nbove. in order to provnle a a~itch
with h)gh isolation and a relatn ely small circuit footprint, ill
onc embodiment. a switchablc I (: notch tilter 208 is used to
pmvide Ihrther isolmion in addition to that provided by the
shunt 214. According to one embodiment, the L('otch filter
208 includes a capacitor 220, an induc)or 22Z. mid a plurality
of trwisistors 218 coupled in senes between the wipacitor 220
and thc inductor 222, as shown in I l(i. 2. Ilia inductor 222 is
couplcdl bc)ween thc plurality of transistors 218 mid round
ZU6. The LC notch filter 208 has a center resonance fre-

quency, and is designed to pnss all frequencies except those
w itlun a "notch" (or stop bmid) centered on a center resonance
frequency. Thus, signals at frequencies within the stop band
are attenuated Thccapacitor 220 mid inductor222 areuscdto
tune the notch filter to the desired op era tuig center resonance
frequency. The quality factor (Q) of the LC notch tilter 2UU is
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defined us the center frequency of the filter divided by the
bandwidth of the filter. The bandwidth is defined us the fre-

quency range bctw ccn the frequency of the upper 3 dB ro I I-ofl'oint

of the filter and the frequency of the lower 3 dB roll-off
point of the tilter. In other ivords. the Q factor represents the
size (v;idth) of thc stop band in relation to tlm carter fre-
quency. The plurality of transistors 218 are used to switch the
notch filter 2 08 ON and OFI-'nd also to set the Q of the filter.
When the sivitching arm 200 is active. a control signal 226 is
provided to the gates of the plurality of transistors 218 to turn
the notch filter OFF, and when the ami 200 is deactivated the
notch filter is turned ON to isolate the deactivated mm. Thus.
the contml signals ZIZ. 224 and 226 operate in concert such
thnt when the trmtsistom 216 are turned ON. the transistors
214 and 218 are tumed OFF and v hen the transistors 216 are
turned OFI( the transistors 214 and Z18 are tumed ON. The
number (stack height) and size ol the umisistom 218 nre
selected to accommodate a lugh signal volta e on the input
204 ns discussed nbovc in conjunction with transistor: 214,
and to achieve a desired Q liir the iilter 208 Accordmgly. It is
to be appreciated that the plumlity of transistors 218 may
include imy number ol'Iransistors, not limited to the muubcr
shown in I'IG 2.

[0037] Still referring to FIG. 2. the center frequency of tire
notch or stop band of tire filter 208 is primarily determined by
the values of the capacitor 220 and tlm inductor 222 The level
ofuttenuation provided by the filter to si naia within the stop
band (I.e.. the "depth" of the notch) is determined by the
relauonslup betivemi capacitor 220 and the inductor 222. for
a given resistance of the transistors 218. In order to aclueve a

deep notch, and therefore very high attenuation oi'signals in
the stop band. the values of the capacitor 220 and induc tor 222
should be matched, i.en have approximately the same imped-
mccmagnitude Timingol'tbecapamtor220andinductor222
values to select both a desired center frequency and notch
depth niay be achieved bs'linking orle or botlt of tile elenmnts
variable For example, according to one embodimem where
the value of the capacitor 220 is fixed, tire value of the induc-
tor 222 niay be tuned or matched with tlm value of the capnci-
tor 220 to provide the desired notch depth ((.e, desired attenu-
ation) within the stop band of the filter. According to another
cnibodiltil'.Itt where tl'Ic valUL of thc inductor 222 is fixcxl, the
value of the capacitor 220 may be tuned or matched with the
value of the inductor 222 to provide the desired notch depth
(i.c dcsircd attenuation) within Ihc slop band oi'tlm tilter

[0038] In one emb(xlimeiu, the mductor 222 is realized
using one or more bondwires to ensure a lugh Q uiductor. In
particular, the inductor 222 may be implemented as double
(parallel) bmiduires for rcpeatability In these embodiments.
the capacitor 220 may be a variable capacitor to allow tuiung
of the center frequency and/or notch depth oi'lm filter 208
I'or example, the capamtor 220 may be a vanable m(pucitor,
such as a varactor, or may be implemented as a bank of
suitchable capacitors Thus, a switchablc notch tilter with n

tunable Q, bascxi on the siack height and size ol the switclmtg
transistors 218, and a tunable operating frequency and notch
dLT(th may bc implemcntcd using only a fess coinponcnts,
namely an on-chip capacitor 220. a switch (the plurality of
transistors 218) and oiw.ur more bondwire inductom 222. The
notch filter may therefore be very small, but provide very
good isolation because the notch can be made very deep. The
tilter 208 may be tuned based on knowledge of likely fropimi-
cies of noise from the other umi of the switch 200 und thus
may be configured to attenuate specific frequencies of noise

TABLB I

Xefercnce Nc I reqnen, ((nin) Icclnlwn Idni

3(l

(l4

3(i6

I 403
'I!6

'791

-71 633
— 412.
-436 I

[U041] The noise that can be seen on trace 301 in FI(i. 3,
particularly in tlw vicinity of rcfercncc 302. is duc tu limita-
tions in the printed circuit board on which the test switch was
fabricated. In a practical imp lemmitation, noise mny be due to
nonlinear circuits (for example. anipliiiers, diodes. etc.)
coupled to the input Z04. 'Ilie results illustmted ui FI6. 3

pmvide coniinnation that cmbodinients of the su itch incor-
porating the notch filter 208 discussed above can pmvide very
high levels of isolation at high frequencies. In particular. as
demonstrated by the above example. embodiments ol'he
switch can aclueve isolation of greater than 60 dB at I 611z,
52 dB at 2 (iHz and 42 dB at 3 6Hz betu ccn an activated arm
and a deacuvated anu ol'he sivitch These levels of i solauon
are s igni tie ant ly hicJICI than the levels of isolation that can be
achieved using only shunts without mt I,C notch fiber

[0042] Asdiscussvdabovc,mnbodimmitsol'Ihcswitch100
may be absorptive or non-absorptive. Referring to Fl(i. 4,
there is illustmtcd an ann 400 of a high isolation nbsorptivc
switch ui accordance with one embodiment. The suitchuig
arm 400 is similar to the non-absorptive switclfing ann 20U

discussed above with rcfi:rcnce to Fl(i 2. and includes a

tennuiation circuit 402. According to one embodiment. the
termination circuit 402 includes a resistor 404 and a trmisistor

ansuig in the deactivated arm 200 which would otherwise
interl'cre u ith si nels in thc activated ami (not sluiwn) oi'he
switch. hi addition, as will be appreciated by those skilled in
thc art, given thc benefit of this disclosiue, additioiuil I 6
notch lilters may be included in Ihe switching nnn 200, cmi-
nected in parallel with tire notch filter 208, to provide multiple
stop hands and thcreforc wider-band isolation However, it is
also to be apprm iated that as adduional circuitry is coupled to
the input 204. the load cliaracteristics of tire line may change.
Therefore thc level of isolation provided by tlm arm 200 may
need to be balanced v;ith the design speciiications of the
sivitch I UU.

[0039] It is fhtsher to be appreciatedthat in implementation
of the switcluiig arm 200. resistors (not shoun) may be
coupled to each of the transistors Z14, 216, 218. 226 illus-
trntcd in Fi(i. Z. as will be understood by those sic lied ui the
art. y'ven the beneiit ofI)us disclosure. For example. a resistor
may be coupled across the source and drain ofeach transistor
to pmvide voltage balance wlule Ihe arm 200 is deactivated A
resistor may also be coupled between a DC gate bias (not
shown) and the gate of each transistor to maintain a consmnt
gate to source bims voltage dunng the tr uisition oi'the am( 200
from an activated to deactivated state. Additionally, a com-

nloll I Lsistoi liiav ala(l bc Uscil t(l c(1((Pic to all ol'thc individual
gate resistors to the DC ate huis.

[0040] Referring to i16. 3. there is illustrated a graph 3UU

of isolation (in dB) provided by an exmnple of the switching
arm 200 over a range of frequencies from about I GI Iz to 3

(7Hz. In tins example, the switclfing arm 20U provides greater
than 40 dB isolntion over thc measured frcqucncy range.
Table I below includes example values of isolation provided
benvseen switching anna 200 of an embodiment of the switch
as measured at three example frequencies.
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406. '11ie value of the resistor 404 may be selected such tlmt
the imperL«ime pre«ante«) to the input 204 by thc switching
arm 400 is a cenaui desired value. I'or exmnple, where the
impedance presented by the switching nnn 400 is desired to
be approxnnatcly 50 Ohms, the resistor 404 is a 45 Ohm
resistor, accountuig for the impedance added by components
202, 208, and 210. Hoivcver, it is to be appreciated thnt thc
resistor value ivill vary ivith Ihe desired value of the total
impedance of the switching ann 4UU and the impedance pre-
sented by the components 202, 208. and 210 and therc litre the
value of the resistor 404 is not limited to 45 Oluns. The
transisnir 4U6 is used as a switcli to sivitch the resistor 404
into or out of connection between the input 204 and the switch
circuit 202 depending on whether the switching arm 400 is
inactive or active, respectively.

[0043] Referring to FICr. 5. there is illustrated a block dia-
gram of one example of an Inta@«ted Circuit (IC) chip lnyout
of a Single Pole Double Tluow (SPDT) lugh isolation switch
500, corresponding to the switch 100 discussed above. in
accord uice with one embodiment As discussed above. the
Sl'Dl switch 5UU includes nvo anna 502, 5U4 «hich are
ac)entirely coupled) Io an mitcnna cmmection 512 to is hick thc
external mitenna 106 inay be co«neo(cud) In exmnples in wluch
the switch 500 is an absorptive switch. the switch anna 502.
504 area)so coupled to n tcrminat«m circuit 522 wirrcspond-
inn to the termination circuit 108 as discussed abnve with
reference to FI(i. IB.

[UU44] Inthe illustrated example. eachofthearms 502. 504
includes n switch circuit 514, I C notch filter 508, mid at least
one slnuit circint 510. The switch 500 further includes input
connection p«Cs 506 to receive a signal Irom circuits 102 and
104 av discussed above with reference to I'ICiS. 1A and IB
F «eh switch circuit 514 corresponds to the switch circuit 202
discussed above. imd comprises tfic plurality of trmisistors
216 coupled between the respective input connection 506 and
mitcnna connection 512 The shunt circuits 510 each corre-
spond to thc shunt circuit 210 discus«ex) above, mid nre con-
nected be«veen the respective transmit line 5U6 and ground
526. The I,( notch filter 508 corresponds to thc I,C: notch
iilter 208 as Ciscussced) aboie with rcfermmi: to FI(i. 2 m«l
includes the inductor Z22 (not shown in FICr. 5). a capacitor
516, a plurality nf tmansistors 518. and at lenst onc inductor
connec« on 520 to wluch the induc tor 222 may be co iuiected.
As discussed above, in one embodiment, the inductor 22Z is
rcalizcd using one or niore bo«Civ ircs coup)~l to thc at le~st
one inductor connection 520, hi particular, the inductor 222

may be imp) emmited as a double bonChv ire for mmni facturing
repeatability.

[0045] Referring to FIG 6, there is illustrated a block dm-
ram of another example of an Intepated Circuit (IC) clup

layout ofan absorptive high isolntion mitch 600. correspond-
ing to the switch 100 discussed above, in accord uice isith one
embodiment. The switch 600 is comparable to the switch 500
dcscribedi in relation to FICi. 5. and includcv ndditimmlDC'oiver

supply uitegratmn and a rennin«tron lute connection
According to one embodiment, each ann 502, 504 of the
swiicfi 600 inclildes a lirst D( pi«vcr supply itiput 602 iilirl a
second DC power supply input 6U4. )n one example, each DC
power supply input 602. 604 may be coupled to an external
power supply (not shown) capable ofproviding DC power to

the high isolation sii itch 600. According to another embodi-
mem in which the switch 600 is an nbsorptivc switch, the
sv;itch 600 may also uiclude a termination line connection
6U6. In this example, the termination line connection 6U6 is

configured to be coupled to an external ternunation contml
lnie (not shown) which is capable of providing controlsignaLs
to operate the termination circuit 522.

[0046] Referring to FIO. 7, there is illustmted a diagram nf
a not)mr example of an Integrated ( i rcu it (RO) chip Inyout 700
oi'a high isolation mitch 701. corresponding io the swnch
100 discussed above. in accordance with one embodiment.
Tlm switch 701 is comparable to the switch 600 dcscribcd
with respect to 110, 6. The clup 700 uicludes the switch 701
and multiple external connections to a Printed (.'ircuit Bnard
(PCB). For exmnple. in examples where the sivitch 701 is
used to switch between different transmit lines (e.g., from
uansmitter circuits configured for difierent frequency bands,
as Ciscussed above). each uiput connection 506 of the svntch
701 is coupled to an extenial transnussion line 704 on the
PCB 702 I',ach external trmisniission line 704 may be
coupled to adCitional external circiutry (not shoivn) conli-
ured to tmnsmit or receive signals from the antenna 106, via
the sw itcli 701. The ««tenon connection 512 is couple«I to mi

amenna line 710 on the PCB 702. The antenna line 710 may
be coup)cd to thc cxtcmal antenna 106 coniigurcd to trna««sit

signals from one of the transniission lines 704 via the sw «eh
701 or receive signals to provide to one of the transmission
lines 704 via the switch 701.

[0047] Fach DC: power supply input 602, 604 is coupled to

a DC power line 712 on the PCB 702. L'ach DC power line 71Z

may bc couple«) to an external D('ower source (not shov;n)
configured to provide DC po~er to the components of the
switch 701. According to one embodiment, a first external DC

power source (not sho«n) may bc coniigurcd to provide a first
DC power level to the first DC power supply input 602 and n

second external DC power source (nnt sliown) may be con-
ligured to provide a second DC pov er level to the secondDC'ov

er supply input 604. In exanip les in w hich the switch is an
absiirptivc switch, a termination line ciinncction 606 is
coupled to a termuiation conu ol hne 714 on the PCB 702. The
tennmation control line 714 may be coupled to external cir-
cuitry (not shown) conligured io control tlm operation ol'thc
ternnnation circuit 522 for absorpnve embodunents of the
s« itch 701.

[0048] Still referring to FICi 7, each of tlm inductor con-
ixxuons 520 nre coupled to a grounded) portmn 718 of the
P('B 7ZU via n bondwire inductor 716. As illustrated. the
s« itch 701 includes iwo bondwire inductors 716, however, it

should be appreciated that any number of i«doctors may be
used. The bondwire inductors 716 correspond to the inductor
222 ol'hc I,C'otch )i)ter 208 as discussed above with re)i'.r-

ence to I l(i. 2. A user mav adjust the operating frequency and
notch depth of the filter ZU8 by tuning the value of the capaci-
tor 516. Bach RI'round 526 of the sivitch 701 also may be
coupled to a you«dad portion 718 ofthe I'(.'B 7UZ. According
to one embodiment. Ihe multiple external cotutecnions ol the
switch 701 may be coupled to the PCB via a Multi-Clup
Module (M('M).

[0049] As descnbed hereui. the components of the lugh
isolation switch of the current mvention are ('MOS devices.
However, it is to be appreciated thai the hi+ isolai ion switch
of the current invention may be developed usuig other types
of mobile conununication technology. such as, for example,

pill)MT.
[UU50] As described herein, the lugh isolation switch of the
current invention is utilized as a single pole, double throw
(SPDI) switch with two anna. Hov;ever. it should be appre-
ciated that the high isolation sivitch of the current invention
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may be utihzed as any type of switch. For example. the high
isolation switch may be contigurcd ms a single pot&, single
tluow a~itch (SPST) v ith one ann. a double pole. single
throw switch (DPST) with two amlg a double pole, double
fimlw switch (DPDT) with I'our arms. a single pole. i&elva
throw switch (SP12T) ivith twelve anna. Or numerous other
configurations, as will bc rcecognixed by those skilled in thc
art. given the benetit of this disclosure Tlm high isolation
switcll may be configured to select between many different
types of circuits and/or tmnsmission lines For exmnple, as
discussed above, the switch may be used to select between
different transmit lines, different receive (Rx) lines. or a com-
bniation. of tmnsmit and receive lines.
10()51] Hm ing thus described several aspects of at least onc
emb&xliment, It is to be apprcviaied vanous nlterations. modi-
tications. and improvements will readily occiu to those
skilled in the art Such alterationm modifications, and
improvements are intended to be part of tlus &hsclosure and
are intended to be witlun thc scope of the invention. Accord-
ingly. thc foregoing description mid drawings uc by ivayol'xampleonly, and the scope of the invention should be deter-
mined from proper constniction of tlm appended claims. and
their equivalents.

Wtat is claimed is:

1. A high isolation radio frequency (RF) switch compris-
lllg

all 1 lip&I t;

all Olrtput;

a sivitclnng mrcuit coupled ill series between the input and
the output. the switclung circiut configured to selec-
tively couple the input to thc output responsive lo a

colltro I sigil&i:
at least one shunt circuit coupled bctwccen thc input and a

ground;
at least one I.C notch litter su itehably coupled to the mput

in a shunt configumtion, the at least one LC notch filter
comprising a series combination of a switch, at least onc
capacitor nnd at least one &nductor:

v herein the at least one I C'oich litter is configumd to
at

tern&ate

signals v athin a stop band mtige of frequencies
determined by a value of thc at least one capacitor and a

value of thc at least onc Inductor
2. The high isolation RF switch as claimed in claim I,

wherein the at least one capacitor Is connected In senes
between the switch and the input, and v;herein the at least one
uiduchir is comxected ui series between the switch and
round.

3. The lngh isolation RF switch as claimed ui claun I,
wherein the mvitch of the at least one L('otch filter com-
prises a plurality of series connected transistor:.

4. The high isolation RF sivitch of claini I. wherein the
sv itclung circuit composes at least one tminsistor coupled in
series between the input and the output, the at least one
trlllslstol'o&it&gut'&d to sclcctlveli'&iilplc tile nlpllt to Ihc

output responsn e to the co&it&'ol signal.
5. I'he lfigh isolation RF switch of claim 1, wherein the

high isolatimi RF switch is an absorpti& e switch. Snd further
comprismg:

a termination circmt selectively coupled in series between
thc input and thc switching circuit.

6. The lngb isolation RF switch ot claim 5, wfmrcin tbe
tenninauon circuit compn sea at least one resistor and ut least
one tmnsistor; and

wherein the at least one transistor of the termination circuit
is configurcxt to selectively coupl&. ihe resistor into and
out of connection between the input and the suitclung
CI I'el&it.

7 The high isolation RF switch of clmm I, i&herein the
slnlnt circuit comprises at least one transistor coupled ui
series betwccn tlm input and ground, and

wherein the at lemt one trmisistor is conligured to selec-
tively couple the input to brio&md responsive to a shunt
control signal

g. The high isolation RF switch of claim 1. wherein the at
least one inductor includes at least one bondwire inductor.

9. The high isolation RF switch of claun I, is liereui the at
least one capacitor mcludes one of a variable capacitor and a

switchable bank of capacitors.
10 Tile btp isolation RI'i& itch of claim 1. wherein the

value of the at least one capacitor mid the value of the at least
oim I llducio&'u'&.'ll utch cd.

11. A radio frequency (RI') device comprising:
a first RI'ransmission line:
a scwond RF uansnussion line.
an output;
a lirst sivitchin arm coupled between the output and the

first RF transmission line, the first switching ann con-
figured to selecuvely couple thc first RF transmission
line to the output for a first mode of operation of theRl'evice;

a second switclung arm coupled between the output and the
second RF transmission line. tlm second sit itching cir-
cuit configured to selectively couple the second Rl'ransmissionline to the output f&ir a second mode of
operation of the RF device: and

a firet I,('otch filter switchably coupled to thc first sw itch-

uig ami in a shunt configuration. the tirst I C notch filter
comprising a series combination of a first capacitor, a

tirst inductor, and at least oiw. first transistor;
wherein the at least one first transistor configured to acti-

vnte tlm lirst I,C.'&itch tiber in thc scxond mode of
operation of the RI'evice; iuid

wherein the first LC notch tilter Is conti ured to auenuate
sigtals witlun a first range of frequencies determined by
a value of the first capacitor and a value of tbe first
uiductor, the first mange of lrequencies being selected to
include noise frequencies in the first switclung arm dur-

ing the second mode of operation o I'he RF dewce
12 The RF device ofclaim 11. further comprising at least

ono shunt circuit couplcxi bctwcxn tlm first RF transmission
line and round.

13. The RF device of claim 12, wherein tile at least one
shunt circuit comprises at least one transistor coupled in
series bctwcen Ihc first RF trmismission linc aml groun&k

whereui the at least one transistor is configiired to couple
the first RF transmission luce to gmund in the sec&md

mode of operation of the Rl'evice, responsive to a
control signai

14. The RF device of claim 11, wherein the first inductor
loci&lies iu h:ast olm bond&& ire inductor

15 The RF device of claim 11. wherein the first capacitor
includes one of a variable mapacitor and a swi&chablc bank of
capacitors.

16 The RF device of claim 11. «hereui the value of the lirst
capacitor and the value of the first uiductor are matched.

17. The Rl'e~ice of claim 11, v, herein the first switclung
arm is mi absorptive sivitching ann; and
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wherein the RF device fiirther composes a termination
circuit selcectively coupled in senes between the first RV
transmiss«in lute and the hrst switching arm.

18. The RF device ofclaim 11, further comprising a second
LC notch filter switclmbly coupled to the second switclung
arm in a shunt contigumtion, the second L('otch filter com-
prising a senes combination of a second capacitor, a second
inductor, and at least one second transistor:

wherein the at least one second transistor configured to
activate the second LC notch filter in tlie first mode of
operauon of the Rl'evice; and

wherein the second LC notch filter is configured to attmui-
ate signals within a second range of frequencies deter-
mined by a value of the second capacitor and a value of
the second inductor. the second mage of frequencies
being selected to include noise frequencies in the second
switchuig ann during the first mode of operation of the
RV device

19. The RF device of claim 18, wherein the first RI'rans-
nus sion line is configured to transmit signals to the output, via
thc lirst switching circuiu in tlm lirst mode ot operation el'the
RF device: mid

wherein thc second RF transmission line is configured to
rcceivc signals from the output, via tlm second switclfing
circuit, in the second mode of operation of the RF
device.

ZO. The RF device of claim 18, wherein the first RV trmis-

nussion line is configured to carry CSM signals in the first
naide of operation of the RF device, and

wherein the second RF Irmismission line is conli ured to

carry CDMA signals in the second mode ol'operation of
the RF device.
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