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VARI ABLE | NTEGRATED | NDUCTOR Background The present
invention relates to a variable integrated inductor

wokioci24825 an i nduct ance val ue that can be sw PCHEP2006/065437

between two or nore values. In one application, the
variable integrated inductor is used in a voltage
controlled oscillator (VCO which is of the type that
can be used in a multi-band RF radio transceiver

(e.g., wreless conmunication deV|ces such as nobile

t el ephones, pager/AR|A@LpE¢mE@rnWremNmﬁﬁeﬁal di gi tal

assistants (PDAs) and the like). In other

applications, the variable integrated inductor can be
used in a tuned anmplifier '%F%@ an, i npedance mat chi ng
network, a digitally contr Bo illator or any type

‘Fﬁefﬂir‘é@.éﬁﬂ“m&/@ﬁbﬁcﬁeﬂa‘t@s L1 Qe\FaMé'bll% ifdegFdte@tin@bctdf which has an
Rel ated Art Referring to FIGURE 1 (PRITOR ART), there

indugtanicecwale dfabeanhbe swilchee rbeteeentisvaggimore values. In one

t f a. LI I, di n S{,0
%ﬁﬁﬁ%g 3h§ \é@’éb{l? geﬁg@gr ﬂ{f@%&? f u‘é%@l relrée Svgltage controlled
oS¢ator ¢ACO)rwitien iis ®f 108 typel treat rodint be lieed inadhlti-band RF radio
transcei ver 100 shown includes an antenna 102,

a
frRRPRANY (eegeuvweel%ss R?”UWHQ'C@LM dﬁv'ﬁééeﬁ‘»&@ @étfﬁoﬁtb% telgphones,

hég(?éli%otBQ'he recel Y ?ﬁaﬁe%g 2 gg{saﬁjrrllﬂégsahqghe iike). I

otretrr applicatdns,otiet h/arlabjet mtagrabéd ageua:tontoaml bedused in a tuned
OSCI lator (VCO 114 to down-convert a RE frequenc :
¢ 1ogfi éﬂ 'mé i%%%“e‘? wﬁcmog BV @rﬁi%'taigyzcocﬂ#@qﬁg oscillator or
ef ﬁ@é{ﬁw tdandctive (1hEaRR. for further signal
proc ssdlsng %e bacsle band si grnal processing unit
110. The transmt path 108 incl udes a m xer 116 that

is used together wth aD\éCO ét18 t \4[ert a
base-band signal, which SCHREN © lfhe base- band

Rletthg 6 FIGEHENY (pm@RlAQT V1Y @agta%tkfd@gmﬁﬂmat illustrates the
before it is transmtted c{ 't he antenna 102. Since,

basic roMpanAs ©f & raghijional qireet copwersian m@maandﬁgd[oh’@anscelver
%6?35‘. ,t\kl?gegé gg%'m&rﬁ@at}’o%r deiléE 00). The multi-band radio transceiver

100 shown includes an antenna 102, a transmit/receive (T/R) unit 104, a receive
path 106, a transmit path 108 and a base-band signal processing unit 110. The
receive path 106 includes a mixer 112 that is used together with a voltage
controlled oscillator (VCO) 114 to down-convert a RF frequency signal, which is
received by the antenna 102, to a lower frequency that is suitable for further
signal processing in the base-band signal processing unit 110. The transmit path
108 includes a mixer 116 that is used together with a VCO 118 to up-convert a
base-band signal, which is received from the base-band signal processing unit
110, to a higher frequency before it is transmitted by the antenna 102. Since, the
RF frequency (frr) of the received signal and the transmitted signal can vary over
a very wide range (more than a factor of 2), the multi-band transceiver 100
requires that both VCOs 114 and 118 be tunable over a wide frequency range.
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a very wde range (nore than a factor of 2), the
mul ti-band transceiver 100 requires that both VCOs 114

wa@r70187He tunabl e over a wi de frequency rangeCTBEPR06/065437

type of architecture for multi-band radio transceiver
100 has worked well in the past. However, today
integrated radi o transceiver solutions are being
required which can cover nore and nore frequency bands
to support nore multiband and nulti-standard radio
f
Y B 4G el e o TR AR R S et (BN R aibricod wellin
the PlaStREHDWenvee, dodayniintedratedi raglio draysceivedi saluksiorare being

ey g WIRR B Sl Ais'E agmoH reesvitandi s hpdtare mult-

BAN@ S hilliBtarid=pduaaRY atdHitbcthesh THis S8lpaPided fufrctionality has
resonator circuit 120 that contains a fixed inductor

lheen gifticat iamesbbecaagmthe ¥EO 314vaingh! 18 shawm e EIGHRE 1 have

LB b, RGO BhAiBN € EAHARs Yel{ ) elsiafl WRY the vCos

Beg angel 18 hevevalintteaftubing rangector 12 1 is fixed this
neans_that the tuning range of the LC resonato

Eh?c\(ﬁJOSfM A5 118 Bae B Qsdlad ABAERaURNEY (FohtVTich et by a LG
?ﬁriﬁ@uﬁv‘% ﬁkgzgﬂng%gé R0 PindREIR P A ﬁﬁtﬂ)%g%%rﬂib{% gapacitor

vari cap capacl tance sw tch
it PRiwleEdh tarei gognneategkeinopatatiel. Lmheemmtdtlngzmeqmnmyt (fonibygiven by
F\ problemwith nmulti-band radio transceivers 100. It
%'0&1'%9%U%t+%l emwi th other types of frequency
sel ective LC-networks that can be, for exanple, used
in tuned anplifier |oads and i npedance mat ching
net wor ks. nunbet of sol utions which have been used

W h Febnect VB ERes o8 Phererr FAUES Rt 2
(PRIOR ART), there is a block diagramof a dual VCO

200 which has two VCOs 202a and 202b that are both
conneBeeduse themalud pf theeindaoter 1240k fived this2means tizaizbe tuning
Paansgeaoil‘ ’[%er I?éorggct)r?éto?'c{rg& t126936 Zilma’[ed tootﬁe capacl?ance ratio that can
be achieved by adjusting the variable capacitor 123 (i.e. varicap 123 and
capacitance switch 123). The limited tuning range of the LC-network 120 is not
only a problem with multi-band radio transceivers 100. It is also a problem with
other types of frequency selective LC-networks that can be, for example, used in
tuned amplifier loads and impedance matching networks. A number of solutions
which have been used in the past to address this problem are described next
with respect to FIGURES 2-5.

Referring to FIGURE 2 (PRIOR ART), there is a block diagram of a dual VCO
200 which has two VCOs 202a and 202b that are both connected to a multiplexer
204. Each VCO 202a and 202b has a LC resonator circuit 206a and 206b which
contains a fixed inductor 205 and a variable capacitor 207 that are connected to

one another in parallel. In this case, the dual VCO 200 has a total frequency
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contains a fixed inductor 205 and a vari abl e capacitor
207 that are connected to one another in parallel. In

wao hiog/ozmse, the dual VCO 200 has a total frequeCEPRANGEsS437

of Vout that is nade up of two sub-ranges of Vouti and
Vout 2 which are outputted by VCOs 202a and 202b.

Al t hough, the dual VCO 200 is relatively easy to
inmplenent, it utilizes nore than twice the silicon
area than is used to make the VCO 114 (for exanple)

F’Jh%ﬂo% V5! RS %a@'u}% bﬁt\ﬁ@tsu‘%er%ﬁngég'cﬁ vRef §ﬁcﬂ'\f‘o > Whhich are
Fl RESL(PRICRAR here 1s a b |agramo
vaipuied mhivEiOs 202anared 2OAbt oAlihalugh,dbée GO, V@@ez&@dls relatively

O T T T S
ﬁfaﬁke%@"ﬁ@@qq 4t fordianles Sedwh th PRGBRES] .- Thizes adedbsiedble.
t he divider 302 at the output of the VCO 300 where

BﬁéerdngltgllﬂﬁﬁU%El% (CRHOBeABEY, ’tf‘@rehlff rebloak diagrageof a VCO 300

# E%I %&{nﬁ:@e@ fcf %%w%%h?é?&ﬁ'ﬁ%%@@é%@ﬂ%w e%rﬁsgngkor circuit

BM WIEh 3dDtaihlowetivgd indiet@dgos izl afvatnlableibap@kﬂforw that are
causes a significant increase the current consunp

cemracied |ty one @ROthatdePAGIIgk rTé’t?qﬁﬁ@Wéﬂt% fhevaivider 302 at the
ﬁﬁ@'u?%?%e t\ﬁg@t ?6{) vl thiOfvRlor ﬁ g%bgﬁr ﬁ%l?ﬁ)o\ggie,rent integer

reases area used on
walubstfoe diffdient oasutpﬂt tfleguenoy ctmndSOEfféttl\ieiy afdcegases the tuning

e EaLraiests pRaheay ECha0rmicwiads e SiRpres G civicer s02
Ehess af@}?ﬁm&gﬁﬂ ﬁbk%%eaper éﬁﬁéﬁtal?%ﬁsurﬁ"ﬁfc?rf ddfboldly if the phase

FIGURE 4 TPRIOR A els a di agr
ooispl requirementsagie $trisgertncindether zdditon ot HmmvtdeaitSGQamcreases

ee sed to | nment. a f,ractional
B Bl aufed T %R b ridyer it He! aitftBp s thivider 302 i
#O8ftdvasglificktd ﬁ@ﬁefaﬂc’é@%ﬁ@étuﬁé bQ’qUu‘t s@?alé!\"ftbrcdif viIRAtrafidks that are
a fixed inductor 403 and a variabl e capacitor 405 that

apemutipiRgceiedl Noner thersn ehararterighcsnplcdesiafie. t he
Mg%rﬁng L{épﬁhghg% v&ljFﬂO'gp%lﬁTr)glrt]ﬁt%’rﬁalts"%ﬁé%kggdq%\flgﬂncﬁf a complex

nal

fdeel- mmelfreéqﬂén@ﬁ@e\m@mtwmlsdb@#nbytmm hayt egen Ugddt@ |mplement a
di vider 406. The drawbacks of this schene are that

trastional Sivisipe of dpe autpdingigpakelsa VCO 400. In this scheme the VCO
400 has a LC-type resonator circuit 402 which contains a fixed inductor 403 and

a variable capacitor 405 that are connected to one another in parallel. And, the
VCO's output signal is input into a mixer 404 which mixes that signal with a signal
that passed through the mixer 404 and was divided by an integer N in a divider
406. The drawbacks of this scheme are that it consumes more current and takes
up more space on the chip than anyone of the previous solutions shown in
FIGURES 2-3.

Referring to FIGURE 5 (PRIOR ART), there is a block diagram of a complex
feed-forward frequency generation scheme that has also been used to implement
a fractional division of the output signal of a VCO 500. In this scheme, the VCO
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up nore space on the chip than anyone of the previous
sol utions shown in FIGURES 2-3. Referring to FIGURE 5

W@ RR7TOESSART) , there is a block di agram of a con@i/BR2006/065437

feed-forward frequency generation schene that has al so

been used to inplenent a fractional division of the

out put signal of a VCO 500. In this schene, the VCO500

has a LC resonator circuit 502 which contains a fixed

i nductor 503 and a vari abl e capacitor 505 that are

500114 801G QeaifaianBHEGT 502 WAICA! ddthaindnsl fixed indlidfhe 503 and a
out put sig I's ITnput I1nto a m xer a dvid
Bamblammmordées 3bat aenconnecied dsodmﬂ deomleelromxapaitel And, the

YR Gloui el 5t B mof SAEH sV ERE DR ke divider 506

hpichoh 8 %o @fivigé MRé o@mm%?@am}abn amégtehw dhditded imstitowk divided

signal and outputs S|q_ Vout . Thi's schenme has the
signel itaibaorxead0dhe h@e@lm&@%mﬁwmmmth therodogRal output

SohBL AR ind v ERASHUTRS: TBAE Y GBI 4K EsS ot TBhéme has the

S@ﬂn@t beawbadkewas i theFFéddREScK - sEheAts ashdiwrglity, FIGUREN4b® that it
seen that there has been and is a need for a new

SONIHMSH MMHE CHI'eahape tasiuR §qraEPase O the th]hm@ anyone of the
Who igon shoul d not suffer
Pm&ﬁ{ﬁémg?%ren% |one§ygﬁglrst)%om ngs and drawbacks

Abedrdargy,dt sar batssdrvihehthdre Hasaoldn andlis aaleed fons. new solution

The vari abl e | eratedlnd ct.or t nt__ . .

YVH{Féh?% 3 Gsdd b THETe o0 ke M iy BRO L VO O i nE solution
E?fr@ﬁ?ﬁ%%fo'réﬁﬁ@ﬁﬁér%ﬁ éﬁ%é@ﬁ%ﬁ@ a\h@irﬁ*i bﬁ?ﬁ? that are

I nt egr at egﬁl nduct or whi ch has an i nductance va
awodn@edv\mﬂt Hmjtraéltlmahsmluborm Fﬁb:aevaralbieamtegnatedwmductor of the
Bref egr ed e variable integrated inductor
el EQ’GQ %ﬁ?u %ﬁoﬁﬂl'f)ﬂary i nductor which is
el ectromagnetically coupled to a pair of secondary
i nductors. The secondang nductors are connected to

one anot her to fBRIEE GRIPEION @h TWE WNVYEMAIGN t he
ﬁ’ﬁgoﬁr%g Wit |ﬁ\$jeLh°(|toﬂr %crlﬂuvees a QQmsaﬂlteegrE%%ohr?cﬂ}’ctor which has an

inductance value that can be switched between two or more values. In the

preferred embodiment, the variable integrated inductor includes a multi-loop
primary inductor which is electromagnetically coupled to a pair of secondary
inductors. The secondary inductors are connected to one another to form a
closed circuit within which the secondary inductors have a changeable topology
that can be switched between a series connection and a parallel connection in
order to change an inductance value which is output by the multi-loop primary
inductor. In one application, the variable integrated inductor is used in a voltage
controlled oscillator (VCO) which is of the type that can be used in a multi-band
RF radio transceiver (e.g., wireless communication device). In other

applications, the variable integrated inductor can be used in a tuned amplifier
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that can be swi tched between a series connection and a
paral l el connection in order to change an inductance

WO 20000238 ch is output by the nulti-Iloop pri maPGI/EP2006/065437

inductor. In one application, the variable integrated
i nductor is used in a voltage controlled oscillator
(VCO which is of the type that can be used in a

mul ti-band RF radio transceivey (e.g., wreless
conmuni cation device). In other applications, the

}6%6' a“ﬂ i PQ&%@MchlﬂguﬁémorQaﬁ &?ltéﬁﬁ%ohﬂoﬁ’e& Yaator or any

oad, an inpedance natchi
dﬂ‘@rttysﬁegffcmue@ylmatwem@-aetworhr any ot her type of
frequency sel ective LC network. BRI EF DESCRI PTI ON OF
THE DRAW NGS A nore conpl ete understandi ng of the
present invention nay be had by reference to the

foll owi ng detail ed descrl i on when taken i
conj unction wit hBRh Ewyi%%EWEw@BAWW@Sn

IF || | usE %P&P%’tgﬂj@g%)s&é r%)b(#]foﬁl)fes ?g%ﬁt{nr \gé?{tll on may be had by

rafetanceandhe a6liowihg desdlRidvasscriptiEMihed {akRBh GRcdRUNction with the
a block diagramthat il|lustrates one type of VCO that

é@%ﬂrﬂp%féy'ﬁgéiéa‘ﬁ"'ﬁgﬁl*@%'lntl -band radi o transcei ver
ERQURE 1 ( IEh%ﬁEAF}T kS eﬁ? h%af\fﬁ-ﬁ)s rb&%h t%fskc components

di agram tha Il us es ano
oba trdii®nas el Iti- bandﬁeadmltttansbewdr r ad| o transcei ver

BRSURE? (REIORATT 8 Boccicgiasn et Ngsyisies c0edpag! VCO that
gﬂMH%ebﬁsééﬁl‘ﬁC{hbrﬂn&IhﬁodM rtau.ob@@ﬁsdeﬁier%hbmnﬁ%GWE 1

own in E 1, FIGURE 5 RT) is a bl ock
HIGYRENS {RRIOR AB3} isaaddock dllajgrqmtthahldjuhteatesm@tMr type of VCO

t could be,used in,the Ii-andradlotra
R TRt by gt i o ARG SRRy L RIEIREIMNE
FIGURE 4t(F’$%I@FV@Q'It)h§ta Bﬁ)%kadlhé?rafnﬁ??zﬁétaﬂlgétrﬁtbéCyéttanother type of
whi ch includes a variable int egrat ed i nductor "and a

V&Q thait eoplshbe Lsed in headotir eadip traNseRIver i in FIGURE 1;
H&’@P{E gr{PRIOR ART) is a block diagram that illustrates still yet another type

of VCO that could be used in the multi-band radio transceiver shown in FIGURE
1;

FIGURE 6 is a block diagram that illustrates a VCO that has a LC resonator
circuit which includes a variable integrated inductor and a variable capacitor in
accordance with the present invention;

FIGURE 7 is a schematic of the variable integrated inductor shown in FIGURE 6
in which a primary inductor is electromagnetically coupled to a pair of secondary
inductors and the secondary inductors are connected in series in accordance
with the present invention;

FIGURE 8 is a schematic of the variable integrated inductor shown in FIGURE 6

in which the primary inductor is electromagnetically coupled to a pair of
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FIGURE 7 is a schematic of the variable integrated
i nductor shown in FIGURE 6 in which a primary inductor

WO g002l0zs8rF onagnetically coupled to a pair of SEPCDRBENG065437

i nductors and the secondary inductors are connected in
series in accordance wth the present invention;
FIGURE 8 is a schematic of the variable integrated

i nductor shown in FIGURE 6 in which the prinary

i nductor is electromagnetically coupled to a pair

Qé&%ﬁﬁ'ﬂ&’%dudﬂ%uShﬁrtﬁe%ohaﬁr W@&%y%r‘e”ﬁé'ﬁﬁé&éd % Sarallel in

connected in paral in accordance Wt e present
aoccardanod withltBREe et snwendioagram t hat il lustrates a

' - f .V _induct. ' .
BIOYRE, Suista it Jn3h Msfalls, ArbloleR0Hs Rl ¥ &Fafdl primary
Ricetdr Weni¥iRichaMeeuset Qant\ﬁ@h 's;@@'(b#ﬁ-‘dé?g md’lm%t%o(rn@@@ﬁéwn) to make
W th the present invention; is a

theavariable integrateckingugioy lm/afzcomla@ce mlféghatquenidrmrﬁlpn

| n.ngtEgﬁat %a?i tﬁlgk e%é'jréormgn 1i%& H@ gﬁ%th{ Htqgjgted inductor

gapndany lmdtsngMuNW figurer escosﬁmﬁoedphmawe isdeitber that is
in series in accordance with the present invention;
eleciipmagpetically epuRIRd dp A@fpasaceﬂdaw @k’é‘ﬁ’fﬂrﬁﬁ’W%ﬁr%@PéneCted to

bt &t th SBACHPACUN AN \Rn B bRSMCF ieubhar © 8

rimary 1 ndu ectrorra netical |
ElﬁllpREd 111 oist woblselc agidgayn |o11dmte)<remprlanyc hamtdecmmgratereidinductor

t 0. one, anot her ara accordance with th .
WRRe s A sile Rana G, B S ARtk K PEIMA alfdictar that s
douEFBhﬁgﬁeﬁ@?l!ya@é@plé@ttﬁQ\Fvéts%éohﬂgkiﬁin‘ahgfd?étwm% afe Icgnnec:ted to

[e-furn ure primary uct or that
ehecanomeaigm]pa'raﬂel Iwa@mn@arme wibh tlve)pease@hdweptlormduct ors

BB A g e Rrg PPy B avienEgp Regnactor that
hasurtelbleh@tn figare sChRasdd eAMTPaIRGECLEF IERT i¥ él@é‘ﬂ#@h@gnetlcally
that is electromagnetically coupled to four secondary

Foldled & two seeendan anductavistin acrerdanesaith theveraseatnnvention;

Ek%’ﬁ% ‘?‘é id ?@l §%‘§a nuatﬁ‘talargg%%ﬁbldr vﬁﬁ%%t |ﬂ’?‘egtrg§d inductor that

astc conpo
has a cloverleaf shaped primary inductor that is electromagnetically coupled to

four secondary inductors in accordance with the present invention;

FIGURE 14 is a block diagram that illustrates the basic components of a multi-
band radio transceiver which incorporates two variable integrated inductors like
the ones shown in FIGURES 6-12 in accordance with the present invention; and
FIGURE 15 is a flowchart illustrating the basic steps of a method for
manufacturing the variable integrated inductor in accordance with the present

invention.

DETAILED DESCRIPTION OF THE DRAWINGS
Referring to FIGURE 6, there is a block diagram illustrating a VCO 600 that has a
LC resonator circuit 602 which includes a variable integrated inductor 604
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radi o transcei ver which incorporates two variable
integrated i nductors |ike the ones shown in FI GURES

W@®@2@7/M2238m5 accordance with the present inventi OPCT/BPIN06/065437

FIGURE 15 is a flowhart illustrating the basic steps
of a nethod for manufacturing the variable integrated
i nductor in accordance with the present invention.
DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring to
FIGURE 6, there is a block diagramillustrating a VCO

gQ@sérﬁtatm}é%oﬁ ) Ldnd eas%ﬁgﬁfe ‘E:'ab'éb'l‘tér 806, WTikd Vb Sftegrated

vari abl e Integrated | nduct or present |nvent|on
mddictorv 804 abhpleowmiei @ ounigoe. |rfblue:t|var swiivdreng nte@@nmued which is

duct 04 i npl ts, [ t i t chi
BBtHHee pelon AP e SR s ntitiile 19 BH Sttfiad BebEem Bo or more
vadast ace résubens WEQ ved et Wees bbithe varl@le infaégid®sd inductor
As a result, the VCO 600 that uses both the vari abl e

pad @@dath@cvarlabk@cqetnamo%%@aﬁ Ictuning Easioe W@Qﬁ(ﬂaﬂdﬁ egended by

DRy RARLIREPUSoehRG 478 cBBadtyd RORCARS: (hbriy il No- 1.

Fothet past, tHos eddendebntuhing age . wadinst padsitldedetaldenthe traditional
zl/@@qe was not possi bl e, because the traditional VCO

{1 Bir( f%@?ﬁﬁ‘l‘@? had atuning FRgeaigt coulgt be siarpest by using only
CABRUE O B SRR et R0 ed i o 121 was
flxedadse(esléIGLHRBURE 1) . The variable integrated

Tk xRl IRt ARk s g BleRigt: P Lrisioigupgve switching
tseeﬁtﬁ-@rgy h8dih % ﬁ?r‘ﬁ%ePBf &ﬁrﬁ%r?ﬁwo%cgfrb MR éé‘r?tlécéh% area as a

RES 1 The secon ctors are not
phmry:ahdyctoor(aeet EGWBEShd O0pt3) maﬂ]he reRoondanbunductors are not

ste ar e ect rgmagneti cal l.ed, to the

bAGiER, Sorteted h M BBy Tyt Bieng AdeBbt fRtneticany
B@u;ﬁ]@ﬁﬁ@%é%rﬁﬁ’a@ﬁﬂd@ﬂ@t hexnd, RhélidelcBh@aty inductors themselves can
confi gurations/topol ogies so one can change the

bafcanaested Fnonehanaiben iy gifierenidaenfigusatiensétopolpgiesr so one can
g %@% méa{t]]?tgéﬁg Bh#togg%g#bﬁﬁ%@r ggﬁggsf@‘gvé%ttﬁg ptrt?r?ary inductor.
In particular, one can switch the configuration/topology of the secondary
inductors and change a value of the total inductance that is output by the primary
inductor.

It is not a simple task to add new components like the secondary inductors to an
inductor because those new components introduce new parasitic elements that
can degrade the quality factor of the inductor. To avoid this problem, the
preferred embodiment of the present invention uses two secondary inductors L1
and Ly that are electromagnetically coupled and not physically coupled to a
primary inductor Ly (see FIGURES 7-8). The two secondary inductors L»¢ and
Lo, should have identical inductances and they should have identical couplings to
the primary inductor Ly. In addition, the two secondary inductors L1 and Ly

should have coupling coefficients k with opposite signs. In this way, the resulting
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i nductors and change a value of the total inductance
that is output by the primary inductor. It is not a

wa@rephesstask to add new conponents |ike the sePONEP20Y6/065437

i nductors to a n inductor because those new conponents

i ntroduce new parasitic elenents that can degrade the
gquality factor of the inductor. To avoid this problem

the preferred enbodi ment of the present invention uses

two secondary inductors L2i and | _22 that are

@%ﬁi@éreﬂ!f‘ﬂﬂiﬂ' érﬁ%' bﬁ’th‘“eowé@ i ne‘?BM@;P Eéublléﬂcs‘w?:'nﬁ‘és L1, Loy
to a primary I nductor see Kl GURES

and damldegerildsdmhomtheZwoas&d:ondaryscﬂmud:es hzavand derare cainnected to
in&gc ances and they shoul d have identical couplings

®rimary inductor L|. In addition, the two
FeReMEl8rsecbRdaGtiaSctbrs [Ly2dHl L&%r@%ﬂn@cﬂa@lﬁ éé?ié@'dé“ﬁeplcted in
coefficients k'with opposite signs. In this way, the

FKSURE Agéwn the eﬁectrsMumamsaﬁond%ytlm@éors o1 and L cancel

SAERRTOAR B b RUBAE Ll S Btobio shaei b3 +.

tHi® casenes tedehiowiiaidw ohlikre sidd whith hawitrewangecondary inductors
i nductors L2i and L22 are connected in series

HaAd by 3¢ thedopgctance pad Qictar P%@@sorlff‘a'i)’H@d@%@r L1 will remain
gﬁ&ﬁ%ﬁé{jﬁs ,Haﬁegttegr {h%lfo%wlfnb%ﬁ]e grel each ot her out

05|t signs o coupling coefficients
k and -k. In thls case, no current will flow on the
si de which has the two secondary inductors L2i and L22
and the indust@afce and Q factor of the pri mRjuation No. 2
i nductor Li will remain unaffected as indicated by the
foll owi ng equation: Ltot = LI Equation No. 2 However,

RSy o RS SO LA 2 B % A in parate

bbedepidtedrin IFIGUIEE 8 tmimcmdretlsmo tdrigerta clneellation effect The
resul ti_n% i nduct ance val ue, of primary i nductor Li
{gaultingsiapaaiaace daai%@fv&h@aqrur@arweﬂwt%h H’éb@?f&f@a%% tq genew value

Eﬁ&%&?ggpﬁﬁdé BR tﬁeqﬂ@@g{d‘&@ﬁ fleCd&Bing @etidishiiaebsdndicated in

OW Nng equa
the following equatlon

Loy =L, '(1_2'k2) Equation No. 3

In this topology, the overall Q-factor of the variable integrated inductor 604 will
also decrease due to the fact that the loss resistance is not reduced by the same
amount as the inductance value. As can be seen in FIGURES 7 and 8, the two
secondary inductors Lyt and Ly, are always connected to one another to form a
closed circuit it is the only topology within this closed circuit that can be changed
by connecting them in series or parallel.

In the preferred embodiment, the integrated inductors Li, Loy and Ly are

implemented as metal traces on top of a semiconductor substrate (chip). All of
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Lo-L-I122J) Equation No. 3 In this topol ogy, the
overall Qfactor of the variable integrated inductor

w®oeh7me48s al so decrease due to the fact that tPEI/EP286/065437

resi stance is not reduced by the sane anmbunt as the
i nduct ance value. As can be seen in FIGURES 7 and 8,
the two secondary inductors L2i and L22 are al ways

connected to one another to foyma closed circuit it
is the only topology within this closed circuit that

ﬂ%"irﬁ;ﬁoﬁmnﬁéﬁr%rﬁ:@ﬁ&%ﬁé}@ré idthé IW%&%@R/&MG the Q-factor,

par al e preferred enbodi nen e | ntegrated
ianddbecnlecttomagaetlcandupjm to etherpinetal stadttaresnaneatiefined by the

trace to sem ctor, substrat. chi LA .
beSREtBeRie® ofriMeoRRE 15usls fBoeRe" ifh i Rkendl properties
bﬂﬂﬂé?‘s@b‘ﬁﬁatéaw@ subheit @ impbRant RNPrdgefly size and layout the metal
el ectromagnetic coupling to other netal "structureS are

tiacenavhiely armeuspmbietmpa eﬁhep@iegr@@dofndw@rsnlduckmand Leo. A

RKG o OO SDRIei Ak RRTRRBI Bl cPUARBIALESALn (5, oo used to

Azl tay ontbgtdied irduatorsraces add ich. are used to make the
integrated inductors Li L2 1 and L22. A description

ReTiTing taEHC HER: Salbione IS WHEalefiaploRk ciag/am hahanews a layout of
d
SIS HAET 5 ERpEIS EIhGA ) 19U 1 kingl e piman

biductordhdmsametfoam_ csﬂmm_gdae tuag digureB smemetdgﬁtmdtuunemnh an upper
loeb "4z 2Ry Towerlogp a4 ndy Vinbery eofouieds sGraet gient in the
Pbg%#f Bo gﬂéat%ib@hf é.'%ﬁﬁé&ﬁor\(()\*é ?h%fbdmﬁﬁé de Qﬁrr&ﬁ% fABflisopposite

'oop 904. By virtue e figurée 8
tucureent in rhhe Itefverdpep 9|Oéo(p @O untercickwise, sedi arEQMI$)orAs a result,

s Pawes QeOMo08S T 8Rleact e ST icidsioge, ano 008

SRRt frolbthe Vo Sul ﬁ‘ﬁdﬂstgoz Bﬁdfgog%@r&oﬂmmtd%dﬁ@ﬁs And, this
t he advantage that the ma%netl c fields 906 and 90

ﬁmatnséhat ihermageetiaie!ds 9OP 155900 whigtie manaimgiea certaln distance

APFhe SR UER (el ol by 3B Bl ek 3G A BRLEe the ar

fueldreffdmetimtl therprimaguatioctol Lt ead Havecon btresrapm@awnts (for more
8tet21(ﬁg asb%u?sthitsoac{v%%%gee tsgg cfo%ending U.S. Patent Application Serial No.
10,919,130). Another advantage of this symmetrical layout for the primary
inductor L4 is that it is well suited for implementing the inductive switching
technique of the present invention as discussed next.

Referring to FIGURE 10, there is illustrated a block diagram of an exemplary
variable integrated inductor 604 that shows two secondary inductors Lyt and Ly
that are electromagnetically coupled to the single-turn figure 8 shaped primary
inductor L4 in accordance with the present invention. A switch 1002 in the center
is left open resulting in a closed circuit series connection of the two secondary
inductors Loy and Ly,. For instance, the switch 1002 can be a large metal oxide

semiconductor (MOS) transistor 1002 that can be controlled by software. The
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field effect that the primary inductor L1 can have on
ot her conponents (for nore details about this

w@eoowanemge see co-pending U S. Patent Appli catPONEP2006/065437

Serial No. 10,91 9,1 30). Another advantage of this
symetrical layout for the primary inductor L1 is that
it is well suited for inplenenting the inductive

swi tching techni que of the preggent invention as

di scussed next. Referring to FIGURE 10, there is

fdil Mgbma&ﬁﬁn%éﬁgﬂ S@Me@na&%ﬁi'ﬁpgfsﬂho%‘ LEXBIPARY iz% gp%}ﬁiﬂt@es that the

I ntegrated 1 nductor 604 tha oOWs two secon
coullngoceeffigientsid of 2Pet hecorat éndilatersr bpm@nat Lealarg identical in

coupl.ed to,the single-turn,fiqgure 8 shaped, primar .
rdRitde" ©Anar ik el inatiedl o B Sndnd R biRiahg nductor Ly
Aumataly @Adutes thae tkeBbEdlingScdefitie ARREX of BfdlbbddHidrp inductors
a closed circuit series connection of the two

Eacaitt heyhavedeRpaesite 3igns. dhis isxue odheifast that the pA@ary inductor

Evbes o 35816885 S8 W b ¥ oo Y A€ Rics s06 and

908t Waisea rdweiitllthe | vatiziliie Syiegedted eluvReN6ONEN this configuration
i nductors Li, L2 1 and L22 Ifqluar ant ees that the )
%@BPﬂﬁd'kéo@?f ¢iEguithslown dp FIRYBECH NG Hgutatal industance Lot is

' j i ol And, the

ggﬁrir%lg?rgpgi\ dfc?%ﬁele&ghg#gg@gfm#%&plﬂ' mary i nductor Li
Refermmyitoaf IGURES Ut ethetddd iltustratemlpl blogk cdisggranc bEmtes ekemplary
of the secondary indu rs L2i. ve opposite .
SRS iHRated ducton 508 shomd in RAURRS! G ifees g swicn 1002 is
bl%@é'&_ts%rthlelsé%%%dhw)i_n%%fdr@@.215aﬁ@% %‘ﬁ?’e 89An&dtbg 'ljb%Yéﬂlel. Again,
opposi ng magnetic fields 906 and G08.” AS a resul , the

ther fullblagounswymetydbéimbent e idodcions tLhj b2icand iLgaigaaiantees that

s Bl o e B, O e efeat el s map ahgale R identical in
HERnRLEERI MndNAHEt §dorhbtrieBebetid NBdl&ofd BYRE, 1 hndt D& Bave not

isillustrated a block diagram of the exenplary o
olhangas 8o ithe sgeendady iindHiersr L6 @ndsko il inave| couring goefficients k

VI e, M8 8L BRC oMb AR plctr soe in
édgafiguratitve funtlionsyliket tisy neiriuity shetweem FIGURE@Ctamds the total

Li, L2i and I__ZZG@%uar antees that the coupling
rebetaneeditos iresiiced én 3eeydancamitbtEuation NO.ghd 122

RieferliA§b! ERBURE 12, there is illustrated a block diagram of an exemplary
variable integrated inductor 604' that has two secondary inductors Lz1 and Ly
which are electromagnetically coupled to the double-turn figure 8 shaped primary
inductor L1 in accordance with another embodiment of the present invention.
The double-turn figure 8 shaped primary inductor L, is very similar to the single-
turn figure 8 shaped primary inductor Ly shown in FIGURES 10-11 in that it has
an upper loop 902 and a lower loop 904. However, the double-turn figure 8
shaped primary inductor L; that has 2 turns has a lower Q-factor and is
structurally smaller for the same inductance value when compared to the single-
turn figure 8 shaped primary inductor Ly shown in FIGURES 10-11. The
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magni tude. And, the geonetries of the inductors L1, L2
1 and L22 have not changed so the secondary inductors

w@2001/028805 L22 still have coupling coefficient SPRT/BP1006/065437

opposite signs. As a result, the variable integrated
i nductor 604 in this configuration functions |ike the
circuit shown in FIGURE 8 and the total inductance
LTot is reduced in accordance wth Equation No. 3 .
Referring to FIGURE 12, there is illustrated a bl ock

%ﬁ&ﬁlﬁﬁ"n%% |§ﬁel'66236éh Mérthé‘*%gﬁhé 8% e 8h§%h'oﬂﬁi1uﬁtFQGURES 10-
at has

two secondary I nductors L2 1 and
Whi ch are el ectrorragnetl cally coupled to the

BB a oo bn oo Bl Moo i Hds apg Do, it shouic
baveéd aat dﬂb%nam@bér?tﬁéléétuél Rybat &f ﬁ@aﬁﬁgctﬁfé IIPrDé1 and Loy, the
i nductor L1 is very simlar to the singleturn nljgure

Biiptencervaiees of heueeiedtad sreawrdary ing@imEd D beoj rhight differ

bty de AR ¥ HBAEE ebSch 3R i htTeL 3 fdfon. However,

tmslictnot 4 préhetn pasvided mawthbamdactlamerva@ésa@t@reo?ad Lot = Lo
is structurally smaller for the same inductance va

faeeroisdvesaconEay igdHeioss Lenlpitgemeeleshaped
d " RE Or1:l. .

BRGEGH o el 8 sebo RN oteh S An L i showy, and described
abowven with Fds@dBEBJ HGURES I7n1boit hs eaiekmqbbseibtestcnimplement several
vari ahl e i ntegrated. induct g 604', it should

BRI & e3P ORLE d H-?rﬁgWB'ﬁ tﬁréa %%J £ DB NGuciafel to output

S t [ I

RAEChahowd dnddadnlvdds, 1o SO ARGRPKSARS B secondary
undmtms shay bel gedi@blee simcehesing industive rswitpheatinsteadraf capacitive

| 1.el f ti t
S Ep e R rfa BRRY Lt s, Bondiv s serlB o enRigg in process
b&ralnéteks?ZTh%t waRitauBe theon§egivBdaviicheBdtetdbsel)-Anked to device
L22 thensel ves. Although one pair of secondary

paemetnyrehichicasnee Imare; tghilyosantemiedd efser instanceb e magnitude of
1 ol RS SRl R b, Bont il 5], 3R0BSREeDkSLES ools o
ehaxigeethet dsometryrbes.y. lsmi;;cshape)_of the sz;a:bpdary inductors relative to the
primary inductor L1. The laser-cutting tools can also be used to replace the MOS
switch 1002 if one wants to perform a once for all tuning (trimming) of the
variable integrated inductor 604 during production to compensate for process
variations in other components that influence the VCO frequency.

A large variety of geometries can be utilized for switched variable integrated
inductors 604 which implement multiple pairs of secondary inductors provided
that they can in a simple way support opposite signs for the various coupling
coefficients k of the secondary inductors. One such example is shown in
FIGURE 13, this variable integrated inductor 604" has a cloverleaf shaped
primary inductor Ly and four secondary inductors Loy, Lop, Los and Los. The four

secondary inductors Lo, Lop, Loz, and Lps are used for inductance switching
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nore than two inductance values. The use of nultiple
pairs of secondary inductors may be desirabl e since

wa@giong2asmtluct i ve switches instead of capaciti VBCT/EP2006/065437

switches for frequency tuning is probably |ess
sensitive to differences in process paraneters. This
i s because the inductive swtches are closely |inked
to device geonetry which can ke nore tightly
controlled. For instance, the magnitude of the
[ f e g
R g e el RS oL 81 oy cHT@ihave positive
souwl,ngshwé;cleofs krmﬂdsm:emdmrytwmeecmmﬂa;yrledmtome Lezoand Log (for

t he |nd ctor r-cutti toos
&1 mPleh o sedite Sbublia fosTieBREl A cHie BBstTRe dngdtnism 1002
YRR LS the saﬁfef@émeaomgﬁowﬁﬁn FlGURES mg 1(1t rl mmi ng) of
the variable integrated i nductor 604 duri ng roducti on
£

A@ Ie@ﬁg@dsah@/er, dle yaﬂablggntfmrat@ﬂu ipelactors 604804’ and 604" can be

RRSIAT A2 ARG Sor B8 U TEGARSRYIO LS the tunec

aﬁfpllﬁ@tl I@ad@t m@gﬁ@ia&%el mdtmrﬁny sefiitkyha ehyitalp| comeolled oscillator or
mul tiple pa| rs of secondary i nduct or s provi ded t hat

H‘@y typ@s ioh fEeakiensy esalesiiveubedtatwepisosar desiedh&romyincorporating
| nguc 7 oc# N é%édnﬂm‘ﬁ% fr%r'é&% g)'?‘tst e &/ﬁ??&#&éﬁ&fﬁ‘é@%&ﬁctors 604,

€ such exa1
604san@r60adbl eln rRdelgioat a}lmumnahdrraﬁluﬂtralmaselaer 1400 like the one

cl over] e ucto i and four
SaouR e T IGTRED 6 BansBerelt 5 (ibe s G2 hwd ryaiabigintegrated

me@gmm BOX Gy 6042 1 , L22 L23, and L24 are used
I nduct ance sw tchi ngwhere two of the secondary

Remmngrto L2IGME 143 M’reoe isx amilleok rdiagraposillustvating the basic

couplin ffici an t,he ot her seconda .
ERiBobEhs 8oy e, ihitant Bt stV 1A, B GRR0RaNce with the
pRi&Rht ni@véﬁ’lﬁfrf.' C"IEHEt Smuli-bakite radid qmn&e%ﬁahwﬂ)@ﬁgel@@zwireless
can be the same as the one shown in FIGQJRES 10-1 1. As

romMyateatioabodeyvicene 1480) ashewnnt gluslesd PRduatiensa 1402, a

et nlteesPaLyPIdoi P 3 Bl BB TR ok ol patp 1408 and

bayé bbndrs@nzatﬂﬁocessp@dam@&mat Ceng: ceRiaeditk St, 4% mcludes a mixer
g%tal Iy controlled oscillator or other types

dealcly deadiegatber withed WirQs14th to slouy @O'?Vrecﬁtma RF frequency
hl@ﬁﬁf, RRRRK R9received by the antenna 1402, to a lower frequency that is

suitable for further signal processing in the base-band signal processing unit

1410. The transmit path 1408 includes a mixer 1416 that is used together with a
VCO 1418 to up-convert a base-band signal, which is received from the base-
band signal processing unit 1410, to a higher frequency before it is transmitted
by the antenna 1402.

The multi-band radio transceiver 1400 has the same configuration as the
traditional multi-band radio transceiver 100 shown in FIGURE 1 except that the
tuning ranges of the VCOs 1414 and 1418 are larger than the tuning ranges of
the VCOs 114 and 118 used in the traditional multi-band radio transceiver 100.
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and using the extended tuning range of the variable
i ntegrated i nductors 604, 604" and 604". In addition,

w@200a0249879and radi o transcei ver 1400 |i ke the PCIBHERIvO&065437

in FIGURE 14 can benefit fromthe use of two variable
integrated inductors 604, 604" and 604". Referring to
FIGURE 14, there is a block diagramillustrating the

basi ¢ conponents of the nmulti-band radio transceiver

1400 in accordance with the present invention. The

Kgbh‘ th&VEO8di4q 4tér?d‘519f¢8"r?‘efve1é19%xfé?’ro%g tuMAEISRR because they

mmuni catl on devi ce 0) shown i ncl es an antenna
Qam)z,{seaatcrcmmnahwl ot diotle ildudRveuswitching4yiaatheewaiiakse mtegrated

Bt e &t o4t R HD4G) 856 Bapdittvd BWBene i it S capacitor
806). X8k tﬂaélﬁaéth%s'e%(télﬁt%ij 198G hahgl Whs &10‘{%5%‘?01& BeZause the

down-convert a RF frequency signal, which is received

aditinaalb¥eesntl 41:4@@1 1 cha@I 3 Bieng fam@ﬁéyoulﬁlehe ¢lkanged by using

éH'gtc?ag%?& vg.rsv(/ gc{h'iébe& E@srlgh géé‘éc'i'tgr 1%&%&@& ﬁilpductor 121
pakifixédQ8ee rmGUJrﬂ-‘eB 18 moxeranlyl thé deldaiiptich pmwe*op@@teheabout the
with a VCO 14 18 to _up-convert a base-band signal,

{iltkhand radie traaseaivih t1H80p L8ty Sedal) gdﬁﬁ'lﬁ)rmgsw known
?Qr‘ghgﬂiﬂéﬁsgga@&eﬁhﬁ r?%?éﬁérgq%@g@’s]tﬁﬁé ?r'ie[ePt‘ ehBinvention.

and radi o
Anatise eédwantaig@ﬁsd’mmted avifrasingothiel varisddle artegsatédhénductors 604,

bbied BB abht S R ot o WRevRe) i e
ﬁe@@qs 1dds d&{@ ERM 88fipliMABeilter %cp@nqqa Qrﬁd tmqs This is

114 and 118 used Inthe tradition
bamuset reaesicednalle 1rmtegtajad rindwdter BOds 604’ and aﬁ&#"ﬂ& 51y8nmetr|cal

BBk siibe” SRE0 VaRisbiE midafAPd dndirBL o, K A 509 %onsists of
E%hﬁé@h@l'rﬁ&lﬁﬁlbﬁb@ﬁs tHisl Hidiis th8deadiPét th@ﬁdeﬁ%hgﬁéﬁb fields that

capacitive swtching (via the variable capacitor
fenct ke goasterachitkeragelwasied ASufli W&e@iwgeca/a&wnovanable integrated

91%3{0% %Oﬁe%ﬂsgﬂé%ﬂoi"r@ égopﬂ%{;ﬂ ngggﬁ[)%ﬁéh Iacﬁﬁerlé'tﬁd I?)‘?%nted in a

tuni hg range t"co y “us
way such that the induced current in one variable integrated inductor 604, 604

and 604" due to the magnetic field originating from the other variable integrated
inductor 604, 604' and 604" is significantly reduced. For a more detailed
discussion about this advantage and other advantages associated with using a
symmetrical primary inductor, reference is made to the co-pending U.S. Patent
Application Serial No. 10/919,130.

Referring to FIGURE 15, there is a flowchart that illustrates the basic steps of a
method 1500 for manufacturing the variable integrated inductor 604, 604' and
604" in accordance with the present invention. Beginning at step 1502, a multi-
loop primary inductor L; is formed by placing metal traces on a chip. At step
1504, one or more pairs of secondary inductors Lp1 and Ly, (for example) are
formed by placing metal traces on the chip. As discussed above, the secondary
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only capacitive switching (via the variable capacitor
123) since the inductor 121 was fixed (see FlI GURE 1)

wo-o00702rity, the description provided herei n BODEP20D6IE55437

mul ti-band radio transceiver 1400 onmits certain
details about well known conponents that are not
necessary to understand the present invention. Another
advant age associated with using the variable

i ntegrated inductors 604, 604" and 604" in the

2 i : ( . i _
Pkt ek, yesapeebigin 38y ey b piman
idluttordnd And, 1i8e sebordary imduciorsd, »1 @adH_oy dorinakl aosed circuit which

i nt t ed i ndyct 6Q4,., 604’ d..g04" i trical. .
it & Shavegeabile ORAIPORERA: $R Ler Swikchedh bebteRN Boseriggogonnection
and é@é'r'all@PBéhﬁécﬁio‘hf. AY 3t 508/ a"@#\!/ifdhp’! 602 RPRSidd 6n the chip.
neans that each of thememt nmagnetic fields that tend

T Be cawitare1908 ishesed|to calterathea changeanie fopologoof the secondary

IBI5feER &g AL, B0 RES E btartd vaRBCw i) s{lout by the

trhuati-ldodpeprimdiyciaductor Lent in one vari abl e integrated

inductor 604, 604" and 604" due to the magnetic field .
GPIQIRgt ARy somadsitioneh deatpses asce apmMaeigoas e@ssociated with the
b et vehén: 604" and 604" is significantly reduced.

or a nore detail ed discussion about this advantage

andsiog har switbramie getegested cindueidr vint theudiGQ wesonator extends the

mretrical primary i nductor, .referen is made to the .
FrBciienn RETing Sangss PeNenohdie it IBROSES] PyicaRaCIYe Btches.  This
ﬁwake§_(i‘ﬁ- ﬁ)(ﬁi‘?ﬁikﬂértb %etésiﬁg@%d—ﬁ) cé\)@?rn@or'esbﬁncfds' iV Rait-band radio
that i f od 1500 for

ustrates the basic steps of a net
transdeiverur Alsg, theechiararebl of amintegrated VIGLd is atseadp selatively large

04' d.604" i d ith th t ,
ARG ncisgl APhEnG: 2 cpaptad Jumber i VG Os gggans a substantial
BostTREYCtid e s trhAsddivéradigd by placing nmetal traces

on a chip. At step 1504, one or nore pairs of

s dbersvdiopabledntagsatedinduetas hag 2 ipduetassevplug) that ean be set to an

RS, B4R, 6L, FEEh BRAST DyBndi8pg B o8Rling spefficient K
betvedirethg wimgings.i cthé wstaw uplapobioindependébht of pegress variations

primary inductor L1. And, the secondary inductors L2 1
gingeitid detgrmined maily by geametrigal parameters.

* The secondary inductors are not galvanicly connected to the resonator circuit.
This minimizes the parasitic effects and makes it easier to implement the switch
element since one can apply the most suitable voltage to the secondary
windings.

* The inductive switching technique can be used for a large variety of inductor
layouts and it's use will not take up much more chip area than is used by a
traditional inductor.

* The inductive switching technique can be applied so the inductor layouts will
have reduced electromagnetic coupling to other conductors that are on-chip or
off-chip.
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has a changeabl e topol ogy that can be sw tched between
a series connection and a parallel connection. At step

waz®e/02:m7swi t ch 1002 is formed on the chip. ThECHRP10061065437

1002 is used to alter the changeabl e topol ogy of the

secondary inductors L2 1 and L22 and change an

i nductance val ue which is output by the nmulti-Ioop

primary inductor L1. Follow ngsare sonme additiona

features and advantages associated with the present

"”M?‘é“sb@@ndarx%b[]@to"f‘s Sdﬁnt ﬁﬂﬂ)@u el B4GH6RAICRHSEBIUGREH they are in
resonat or extends the frequency tuning range

pasadat coheedtioni tn thqumedn@yctaaq:m@r[ateveAﬂda Bsh@snom;laqsence the

maksit ossji bl e use sinl VCO to caver
BUAIE-tactob OF The indsictor” Cay Beoh ARASLE RAFSe PSS pafifance of the
YO @redofrediicédlt eg{oﬁ\ﬁeﬁ/@rV@@s' sa! é@s?l‘}y béeb@m'p\éﬂbé{ted for by
Iarge due to the inductor itself and a feduced numbe

SASES Skl carrenivstapilicalionsowherethecphase neset g@uwements are
%{V%B§EFI ver chip. * The switchabl e integrated inductor

nduct ance val ue that can be set to an arbitrary

vahu@e( Biérdti Mhatevadationsi M tis9 rbanufhetghg goriobess aeplit n@ a VCO
coefficient K between the wi ndings. The step is alno

(%@@B@ﬁﬁ@ﬁ"ﬁs e mr@ﬁ%wt%r@%d |Q§W§t(§) Hed hes arsOSCI”atlon frequency
ARl tgg%ﬂat'ha ya Q o%%f?é‘?ﬁﬁmﬁﬁﬁv%ef’fk%”ﬁﬁﬁ&ﬁrs ar B8 (Performed to
ar are not ni C t

secon nduc no CORNBEE
triu:eeasmt@eaismrllad:on dnﬂqUend'yltosamancepwb!e vdleepar aS| tic
effects and nmakes it easier to inplenent the switch

el enent since one can apply the nost suitable voltage

hﬁhﬁ@q%@@@ﬁﬂé%dﬂnﬂh &f the gleRehf vehti¥® Havk! n”ﬁlustrated in

t echnl que can be use or a ar e varl ety of I nductor
theyacaasnpanying Dsawisgsvdnd deﬂﬁrlbedke the foragbingdpetaded pPescription,

nis used raditi naI.inutr.* he .
Prituld e Lieiood Yol e fusrBaf sempfinfies tethéngmoediments
Ui@@lé)%b@,r hay itcapabld of numerous rearrangements, modifications and
substitutions without departing from the spirit of the invention as set forth and
defined by the following claims.
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have reduced el ectromagnetic coupling to other
conductors that are on-chip or off-chip.* The

w@emoneiary i nductors can introduce additional POFER®06/065437

when they are in parallel connection in the | ow

i nduct ance state. And, as a consequence, the
guality-factor of the inductor can drop and the phase
noi se performance of the VCO ggn be reduced. However,
this can easily be conpensated for by increased supply
current in applications whepgaifig phase noise

requi renents are stringent. * In the event, that
variations in the manufacturing process result in a

CO (which, contains the variabl e.integrated inductor)
Ve R anR BA Rl 1uF BE WG eh 1 < t oo I ow
then a miigdesd bAmaty indticis; ahdt he inductors can be
performed to increase the oscillation freaﬂ‘:ency to an

accep@diie of seoendany tindueinrss ealetsp magmeiitialke reosipigd tcheaid multi-

B RY KSR iR SBeRi o abE a oqrhdclil o, g anotner to
frirabl @esdep srcuib it wihichs Baidl sedoddandiidsictnd Hevet a tdhengeable
invention is not limted to the enbodi nrents di scl osed,

polqgy dhglaphe e switRhedubetran angenent gonnection and a parallel
FRAEA (PRaRR ST oot DB, SRR 64 rmar

I'nvent1on as set
imdutctee. fol | owi ng cl ai ns. CLAIMS 1. A variable
i ntegrated inductor, conprising: a nmulti-loop primry
i nductor; and a pair of secondary inductors,

9! ect TREBEHbIC %tbgrag@a nh&&*cc}bp of A Idir U Livh& AP WHAHTBEM pair of
I nductor, sald secondary I nductors are connected to
secorgiavy fredudtorsf lvave thec Berdesi connecation thienhiherevis ob cwinge in the

d i, nd h bl e . | h
et e R e I e A e
paral | el connection to change an inductance val ue

output by said nmulti-loop primary inductor. _ _
3. The variable integrated inductor of Claim 1, wherein when said pair of

secondary inductors have the parallel connection then there is a decrease in the
inductance value output by said multi-loop primary inductor.

4. The variable integrated inductor of Claim 1, wherein said pair of secondary
inductors include one secondary inductor that has a predetermined inductance
and a positive coupling coefficient k and another secondary inductor that has a
predetermined inductance and a negative coupling coefficient -k.

5. The variable integrated inductor of Claim 1, wherein said multi-loop

primary inductor is a symmetric multi-loop primary inductor.

6. The variable integrated inductor of Claim 1, wherein said multi-loop
primary inductor is a single turn figure-8 shaped inductor that has two sub-loops
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2 . The variable integrated inductor of Claim1l,
wherei n when said pair of secondary inductors have the

W@ eg7esssconnect i on then there is no change i n PEEEP2006/065437

i nduct ance val ue output by said nmulti-loop primary

i nductor. 3 . The variable integrated inductor of
Caiml1, wherein when said pair of secondary inductors
have the parallel connection then there is a decrease
in the inductance val ue output by said multi-Ioop
primary inductor. 4 . The variable integrated inductor
of Caiml, wherein said pair of secondary inductors

B BaTCi R st Shdenn Rat &t Hiaaipdeid [UnE sigpi and the second
seiddrh&hh fagitdicaedd tean oppesitRbiyedtitict or that has

a predeterm ned i nductance and a negative coupling
coefficient -k. 5. The variable integrated inductor of

2120 VAR "R AR Y, IR Butoop
pritnegy ridedtdriglacioveriefaf Shaped ihdusteer ein said
multi-loop primary inductor is a single turn figure-8

shaped i nductor that has two sub-I|oopsof which the

Bi r st TRYbyl ehi?1§e¢}a{8?39ri'ﬁc§dd?torf K é{dil% QPe\fvﬂéfeﬁ?téa‘?@ multi-loop
and t he second sub-1oop has a magnetic fie in an

ppmasy tneludtorés hitwo.turh fiJure-8 ahapdd @duotoegr at ed

i nductor of Claiml, wherein said nmulti-loop primary

i nductor is a cloverleaf shaped inductor. 8. The

gari f'iﬂ@ VAP e diBdYriSetoPlor @i ﬂ’qu@,%F %io%pgr%iir‘}b multiple

mul ti-loop primary i nductor 1s a two turn figure-
phiap el seedodarnyrindoctoThevhiclr iasdlusedripeigcraase & ruuniarr of possible

RoGHR A b ER e b LBy Seld vRhF BB sy inouctor

nunber of possibl e inductance val ues which can be
output by said nulti-loop primary inductor. 10. The _
V8ri abhe vaianje ainéepretesudnd@icter ofl Glaiinl 1, wiberim said gmulti-loop

B R AR RS BB BHeR e Lo PR etec ono
dethiedieiowing devices:

a voltage controlled oscillator;

a tuned amplifier load;

a digitally controlled oscillator;

an impedance matching network; and

a frequency selective LC-network.

11. A method for manufacturing a switched integrated inductor, said method
comprising the steps of:

forming a multi-loop primary inductor on a chip;

forming a pair of secondary inductors on the chip such that:
said pair of secondary inductors are electromagnetically coupled to said multi-
loop primary inductor; and
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a voltage controlled oscillator; a tuned anplifier
load; a digitally controlled oscillator; an inpedance

woradock23sgs net wor k; and a frequency sel ective PCI/EP2006/065437

LC-network. 11. A nethod for manufacturing a sw tched

integrated inductor, said nethod conprising the steps

of: forming a nulti-loop primary inductor on a chip;

formng a pair of secondary inguctors on the chip such

that: said pair of secondary inductors are

el ectromagnetically coupled to said nmulti [oop primary

i nductor; andsaid pair of secondary inductors forma

cl.ogsed ci.rcuit which has swi t chabl e .t opol ; .and ,

FIBPaIp O ' EhondAnondusials A, 2 SlRedSeiqll, whiEh b3 4 gwitchable
-bthg sw t chabl e topol ogy of said pair of

secondary inductors to either a series connection or a

paral | el ctoifdrg icoswiteh onasejd P, saidcawitrieisyuse@ to change the

PBhEE QR BY 4R SREPRAY B S Eber, @ series

conmattian open parsiel iconnkbitdn s&i changer anfingectandaryalue which is
i nductors_have the series connection which does not

eHipsiE by sgichmydi-logptRiEnanydie¥@ate val ue out put by said

mul ti-loop primary inductor. 13 . The nethod of C aim

11, wherein when said switch is in a closed position

tBen $hednehod affClaie dridahereéinduicdosaidnswitch isein an open position
aral l.el connection which causes a decrease in. t

he .

LR3I R 3850NEaDpINAURIPTS BAue Aif FRUIES SRNRRGLiARy Yhich does not
LGS LD Chahfe - toT e TREDAENES igb Bukbut WpeEsid midithop pri
pangjérécoé) csgcéﬁda(\)ryﬁ? Hﬁu%tops inc%de %trj1e\‘&gec:olndaryI o primary
inddotaror t hat has a predeternined i nductance and a
positive
13.  The method of Claim 11, wherein when said switch is in a closed position
then said pair of secondary inductors have the parallel connection which causes

a decrease in the inductance value output by said multi-loop primary inductor.

14.  The method of Claim 11, wherein said pair of secondary inductors include
one secondary inductor that has a predetermined inductance and a positive
coupling coefficient k and another secondary inductor that has a predetermined
inductance and a negative coupling coefficient -k.

15. The method of Claim 11, wherein said multi-loop primary inductor is a

symmetric multi-loop primary inductor.

16. The method of Claim 15, wherein said multi-loop primary inductor is a
single turn figure-8 shaped inductor that has two sub-loops of which the first sub-
loop has a magnetic field in one direction and the second sub-loop has a
magnetic field in an opposite direction.



coupling coefficient k and another secondary inductor
that has a predeterm ned i nductance and a negative
w@owplo23sgs coefficient -k. 15. The nmet hod of C BETERDN6/065437

wherein said nulti-loop primary inductor is a
symmetric nulti-loop primary inductor. 16. The nethod
of Claim15, wherein said nulti-loop prinmary inductor
is a single turn figure-8 shaped inductor that has two
sub-1 oops of which the first subl oop has a magnetic
field in one direction and the second sub-1oop has a
magnetic field in an opposite direction.17. A

17.  Amylfi-desneloradiediransaeives cedmprisingonpri si ng: a recei ve

SR LERHT Bkl it ol voliBpp A GRR) BRI paiah gpluces:

afiestaatinbri capricitoRlamad nt egrat ed i nductor, wherein said
first variable integrated inductor includes: a first

aniirsti varigdle pricamtgd indusiarowhesein said ifirsit vagighble sitegrated inductor
inc:ludegecondary i nductors, electromagnetically coupled to
said first nmulti loop primary inductor, said first

Pdirst nodiltidesw pdaayy inddetdrpasdar e connected to one
forma closed circuit within which

anot her t aid ,
?R'F%ttp%%lpgs%qo@@ébH%Wrﬁnal%‘“@ﬁ?%‘ﬁ%a'g/ %@‘i%ls@'d first multi-
: t < LAaNg i ri
loop pHBER) AROE S8 IEE 1, D CRfcRBRE FRUIGR, RES cgprected to one
another todioeinaan closedlaireuib wtifiint winichssaid fifstrpstir ofudeédonblagpinductors have a

BT A o 5 P ELEES g ERRAR Lo 3 e
connectiBRORA chahpabhe iﬁégét%inbérVal@@do@tpﬁﬁ%ﬂ%aﬁ’cﬁrfiréplgﬁuelti-loop primary

_ integrated inductor, wherein said second varia
inductormargyr at ed i nduct or includes: a second nulti-|oop

R EJaﬂ%H(t M%Hli‘ﬁéo%éra%ﬂg a second voltage controlled oscillator
which includes:

a second variable capacitor; and

a second variable integrated inductor, wherein said second variable integrated
inductor includes:

a second multi-loop primary inductor; and

a second pair of secondary inductors, electromagnetically coupled to said second
multi-loop primary inductor, said second pair of secondary inductors are connected to
one another to form a closed circuit within which said second pair of secondary inductors
have a changeable topology that can be switched between a series connection and a
parallel connection to change an inductance value output by said second multi-loop

primary inductor.



a second pair of secondary inductors,
el ectromagnetically coupled to said second nulti-I| oop
w@eior@e3g7s nduct or, said second pair of secondaP@I/EP2006/065437

i nductors are connected to one another to forma

closed circuit within which said second pair of

secondary i nductors have a changeabl e topol ogy t hat

can be switched between a sgyies connection and a

paral | el connection to change an inductance val ue
18, PHé PHiIhbaRA! thcieCRBAsIBN A of OORIRY HTA! WhbfRIHCEAk: Hist variable

he nmulti-band radio transceiver of Cdaim1l wherein

integra’m dbictos thagaa isybireetirinak gudi-tedpi layiodt whloha@daces electromagnetic

couplin GBI ine{ Vel FBorg Bt BRRYERE b o

i ntegrate inductor and vice versa. 19 The multi - band
radio transceiver of Claim 17, wherein when one of
19, bae anylibegdordietransraiyen ot vaheretmwheaanesof said pairs of

second\%gmga%tl Fﬁqtﬁb% ttﬁ‘@ufer{?‘% %ﬁnﬁg@d&e théh Efﬂgré qgu %agnrge in the

I'S out e correspon

inductapte vatye whidhdg outpuztby tﬁbeombpomﬂzagdnmladwp pnmaw:mduetor.
of Claim17, wherein when one of said pairs of
secondary inductors have the parallel connection then

20. ﬂ?@rrﬁulh HahddeeieAaRsddivd O,h@f C%ﬂ‘rlof?%ﬁer‘ém H/ﬁeWBrRahof Said pairs of

ut put by the correspon (o]0
secondlarwundm’[orsz have Athei paraallei; mmnhmm:atheontheeemsea decrease in the

S a receiye path incorporati
inductapBF el Wiieh tsior i SYPe Breroand oa Mullodh ity ndyetor.
vari abl e capacitor; and a first symmetric variabl e
|ntegrated i nductor, wherein said first symetric

21.  Aavirelessecommegication devites comaristigides: a first

edoiin 5 RRbER T & B loa Refirbled hodBubr Bhichgnoluces:

a&irsl viarieBle dapdcitof; @@ primary inductor, said first
pair of secondary inductors are connected to one

@n&rﬁhéym@eﬂ& rvediab|ep deiggrated uindugtarhiwheikine rhaidi first symmetric
variabi lfiShroB [RbSAARGELY, | nductors have a changeabl e

can be switched between a series

achrstenmltlda)\opipdmmarcmllctmt aggnnection to change an

%H?%n&ese\égh gryolHégclﬁ%rsb%lgc%}o?néér{es’[ltcanulcct)bélleg ?g said first multi-
loop primary inductor, said first pair of secondary inductors are connected to one
another to form a closed circuit within which said first pair of secondary inductors have a
changeable topology that can be switched between a series connection and a parallel
connection to change an inductance value output by said first multi-loop primary
inductor; and

a transmit path incorporating a second voltage controlled oscillator which
includes:

a second variable capacitor; and

a second symmetric variable integrated inductor, wherein said second symmetric
variable integrated inductor includes:

a second multi-loop primary inductor; and



i nductor; and a transmt path incorporating a second
vol tage controlled oscillator which includes: a second
W@ 20074825 capaci tor; and a second synmmretri c vaPCHBP®06/065437

i ntegrated inductor, wherein said second symetric

vari abl e integrated inductor includes: a second

multi-loop primary inductor; anda second pair of

secondary inductors, electrgmagnetically coupled to

said second nulti-loop primary inductor, said second

360! pRRCPaDIOA TSGR, R RATRTRKEI 8908 fo said socond
multi-loopcirirdagyainduetors egicneraond painof sesondary iadobtang @sdicennected to

one anbfiRR KRl es S8 byRPu A WETHERCo fo Bilof Seggnaary inductors

have alcndugémw%w@?g@tmt@ah bbyswm%cﬁaéﬂmbmw ddridso@pnnection and a
rimary inductor
parallelpconnec%lon to change an inductance value output by said second multi-loop

primary inductor.



