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I NDUCTOR DEVI CE FOR MULTI BAND RADI O FREQUENCY
OPERATI ON FI ELD OF THE | NVENTI ON The present invention

w0 edoabemset o radi o-frequency (RF) circuits, andpPCT/FI2006/050328

particularly to integrated circuits for nultiband

radi o-frequency (RF) operation, BACKGROUND CF THE

| NVENTI ON The future trend for 'mul ti pur pose Radi o
Frequency Integrated Cir cuit (RFIC) inplenentations
\ﬁ/it mul tlgle si_nmul t aneous systens_ and fre uency bands
iINDYGTORPENIRF FOR MUK TIRAND BADIOFREQYY TIONe
frequency al locations together wt h the frequency

FBO0D OPTHEEIVENTIONUL - of - dat e conmerci al systens or
governnent and mlitary machineries create a very scat
ter ed radihe piesent aventiamirelaies iceradlﬂg‘rmeaﬁm(ﬁﬁ circuits, and

Lﬂm it (?(Pétebrtﬁrdﬁﬁb%rerﬂuﬂl'bﬁﬁé rﬂdbt\‘ré}jhéd&?r(m %ﬁeratlon

corrp exity and die area consunption. The overal

ths in a nmulti -purpose
%@%ﬁ@ﬁégﬁ%&ﬁﬁw certainly increased in
the futumpe foRirecttént 6 matiptpdsd Radi 'F?@%déhcy Integrated Cir-

SHBhICT eRbmGoRtoes % 'tmgsm%s ineqEpmSIepsRnd frequency
(Haﬁdsanda @M&crrmdnumoanbarb‘tm is undjuestidnatdavNeai foequency al-

10?13 g[e ert\plﬂ'\ (?I’\é fﬁ%r %ﬁh 'y %ngyte}é%rdWﬁpﬁigﬁ{-oﬁdate com-

SI ng & ‘Cah e "eas plenent ed v
we@mwéusygtm oemermnenbap@mlhtafy machipgiie:mcreate a very scat-

térRaSaRI0/ ﬁﬂer‘FéHef 'T@\% R éé’cﬂn é?ﬁio'ﬂ;?_ eci]tﬁferﬁérﬁlg ‘1‘8:”% RFIC en-

variation 1s focused on th fr

Q'%W'tmwaﬁieaéﬁdé%@@w?ﬂ%aﬂ%mﬂ area,¢epnsumMRtion. tT h@rpvera" de-
@ade of eqpmt RFCS hagpéthsmhe rREItf-mebsélRFICOcéd‘lBeG:ﬁglhand will
sSys.t e nc varl an
B, teltin ShErsRl e T F i Eama e RERG 1Bt Aamope tele-
eph@nel madyc negé| tp dagmrér@SMBOﬂas@SNHS@ﬂplGSMalgom tGDRIA2000,
h f s | .
con gur M’ ?PM ’?ﬁ@?%‘jﬁ"&b"’g%&' ére $ haiDn\é%cr? glrosl’nte.rfaces. In
\Mrneehcwawspo aehitegture; (the diffgrent imwermyevaglagg\ﬁepf pegimgle sys-

W@ ERPBE 'Rdily |rﬂpl@%rﬁé@0wthbh? ré;ﬂéélﬁétaﬁ’l'yse)&érﬁah%omponents In
e to be isolated

YRS OB oE COBJOHANION G AR AL 191 {{eURRCK VaEat g Is focused
forl theviRR grosit-epds. THis $1assalm©tst witboet @ erceptionahesnt a multiplica-
oA febendrs@lie nd FEREPRATE 6% kBPn #7 4 Sv8ms and
dredpi@dcyliveriamtsa. Anot her traditional nethod to

mai nt ai n eﬁ}b?c?dl @ujc“(jlo%%ﬁh@r%‘ﬁﬁheco ifrfplSHERCY F@Fl@oé?%gﬁﬁé‘r is e.g.

capaci tor not _sur t abl

M%ﬁ@@blaﬂ’%%lemtﬁé(ﬁ?éﬁ@?e amalifigr Mthxﬂrblﬁ‘eﬁrrearatm rggonator. This
Qf e AtisICE rifigur Afore meludesniwg differential inductors, which have to be

multiplied when multiple signal paths are required. In addition, the resonators
of the different resonance frequencies have to be isolated from each other by
multiplying the interface to the following stage. This is not a die-area effective
practice to implement a multiband operation, since at least the other signal
path is always shutted down as a dead die-area.

Another traditional method to maintain especially small-scale fre-
quency steps is a capacitor tuning. However, this is not suitable for octave-
scale of frequency tuning. Implementation of octave-scale frequency tuning
with a fixed inductor device with capacitor tuning deteriorates the resonator Q-
value, since the Q-value of the inductor device has a strong frequency de-
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with a fixed inductor device with capacitor tuning
deteriorates the resonator Qual ue, since the Q val ue

woboorhasssnduct or devi ce has a strong frequencyPCT/FI2006/050328

dependency. Al so, non-idealities of the sw tching
devi ces cause problens to i mplenent a |arge-scale
tunabl e capacitor matrix. A tyfpical practice is that
the capacitor tuning is utilized for small-scale

i nsi de-band tuning to optim ze the frequenc resPonse

W@S"%rﬂéﬁsﬁ%" leﬁg’ﬁt"h‘?/zﬁl"’l“ﬁt‘iinerﬂ‘?Vio%? 3¢ groblems to im-
Iprslriehadargd séale auaablencapcitor Yiatix MHgpicaMpradticeom that the
Pt e U, 5y 568l s Fang LEVAEIS ogimize e
Yeaquahty responisetdritc conmperisate edrapenenttvariatiossi r al

I nduct or S"v?’r b Adtietancd Muggéd;l%fw q@ﬂ{i\% \WitPMOPET Switch Con-

st acked i nductors are provi

pealaby Bark ehale telel eEveyigetlettiers, Vo 29N tldarch 2004, p.
\S’I?fglt-ﬁf&?ii%e : }éta Qiﬁﬂayfgﬁ%ﬁcﬁ]ﬁri\ig\i\ﬁ%@t%i \_ﬁhélié(ierﬁ‘frﬁ‘gé 3pfaf inductors
A S DAl AP, O Bel Slatat MRS drepspvidag with two
tpavalisMconhestedr MO8-REE owitcHest lé?r tihdudtadee t variamhces operation.
n | I r.. S \ | | N CcLOr
Wiitn e 805 WACHES BFe i Sir 8Dl oy RIS | it imately a
sunyoatien oﬂemdeen’gons inductanasy, 'a_od whan thedwot swi_tnhe‘ssgre in the
Pdald iy HELABRE RIS A L8 Vo oo
GeRiring desfprhip argatis @biained femmuitzpard fGfacireuitsa A problem with
EI?'é bhgf atﬁ:iﬁcélt;@t?h@é/ fihat gtfélF%sra?ré @ﬁdd&%@: w;ier?’g([a?l@ﬂbﬂ%evice) is
ST ur.es S L. . SS .
ANEE SEHER LiRged i GitBtaniiL 0pGETRE 0BNSrals Mok oy thg clifferen-
fiat sigmae path. fturtheymape; & daysutctechnidak point @é wieve saagainst staged
t i . . s
3tk e thaf é@;ﬂe@rgeé‘%ﬂr%%%%a{ EBMtEIARg Al qpecovy pesistive
ImetaNayensitaklejfecgendrating higheperiermanceninduetor gevices. In addi-
N . . JTeR e
RioRY {rFprtt drfTR 01 s ttng BRY QidriSKirh RESdPSaVid. | - ban

RF operation at the RF -e oth recelver and
transm tter chains. The object of the invention is

MEEVQESQNPH-&ONQEHW%}N EUJIIQNng to the attached

i ndependent ~&l.ai T £ B‘E@,@ : :
inven ti %‘ﬁ gfrﬁé@.{mﬂgg eogge(?[élrn‘rr: 'ﬁ‘%‘%ggg‘e ek@ggﬁg@i"ﬁér&\}%ﬁe\/anéble
pnductance foremultioband RiaoperationmtahediRh drentwadscofapets receiver
ndRARdsittePendipgt at the certain |location of a

nonol i t hi | anar i.nduct or .whase |nduc tapce.is .. .
bract i cal 119 GPIECH of e invanign J5 aenisve Ry e nvéntion according
fothe attachddhéindepeindent claimst e posferredsermbedipremis 6€the inven-
iy g_t,zl\g& £i L oL at Q. -a manner that causes

itlﬁaﬁagggj? 0 u'ﬁgbé?épgébgﬁtd‘%l?'%'enti al inductor _
devi ce. [Thetpresenirinvention isdrasedron pravidiagiasawitehaie symmetric
kégﬂ‘ti@gﬂgf e CBHEM! IocaRbh YOF d MGHJIRRE #1gndrAHGERT whose induc-
ICt)ance is practically distributed into smaller inductor portions. The smaller induc-
tor portions are provided in a cascade configuration in a manner that causes
inductor to function as a differential inductor device. In the configuration, an
intermediate node between the (electrically) intermediate inductor portions
forms common-mode point and the outer ends of the (electrically) outer induc-
tor portions form differential-mode outputs of the differential inductor. Some of
the inductor portions are arranged to be symmetrically bypassed or shortcut in
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fornms conmmon-node point and the outer ends of the
(electrically) outer induc tor portions form

waledo7moant | al - node out puts of the differential PCT/FI2006/050328

i nductor. Some of the inductor portions are arranged
to be symmetrically bypassed oy, shortcut inrelation to
the common point in one or nor& steps for operation in
one or nore higher radio frequency band. By neans of

t he swi tchabl e s%hmTetrl c shortcut, a controll able

iralatien 4o &ie GPRFQIHACIHL IMPRR PHETe BlRPS: RIaHamein one or more

smgﬂalradi@ f?éqtfém: Q?nuhs ySa8Ens aﬂmtmmabmgjrﬂhm stortcut, a
con

DDIP Rt Toa At Hle S HaviBRg T B sMST-mods sigual s af
tfeeted oeisamef induétbace negardipsalof plee bentraltpd cardlitian. cover

a1 the it iR66: LESRUSICHARGUS R IRAARION art SRRty de-

si ngl e passive I nd
; h%amunt o dcffeéemFsrgnahpaﬁﬁorngred talqoven@lthe different

:il*sé‘q‘;t]%th@?‘rt])grggl nt@g]arn g{kglsof P¥inghd Ea%‘ﬁ%% |ﬁdl.&:t6?':<§/<|§g§é”\9hlch is
$he Tosi Arsa Fonsgi ept 'Bstbéa#% roniands, iyl fege different fre-
lqmé]?c tgahidssBy_tthisfrainay mr[er-']El‘ lc?nplrJEsawbt fdliutih'ty any totally unused
IdciorBvices. 8f S b fieb B BroRip ek 1ai5-area induc-
ctorrmm ratol@ash @astialyn dsed]elFetijnedoEs an diffexgpiéalr distributed inductor

EBF(H@%H fe MYERESH tRE ntoﬁh% géh O)Fr:’fhe B_ﬂ&zfss if\/g’,’h is common-

vant e In conp ari’son art” st

|mQF1ﬁ:f'©I59| ancmezfﬁby ﬁi@emyi@ppﬁﬁrﬂr@ ithe §"ffﬁfeﬂ’1h% Quipvisref the in-
mictbrﬁﬂfﬁlsaib|arﬂ§di\$éht§ G ird ¥ompafsen @dtﬁ@pnérﬂaﬁ@famd inductor in

HHEEH I RRSSFES %thﬂp Siens ain Al 6Pk Hneray caused

diyr thet switetpis supdiirposed iplthe sigrial path eihstdmfeg*entlalcdnstnbuted
A2 PRG35 16 Fyoh e S b 3 ey o exsing
wircuit designs, whereas theupror ant stacket doducior maytopgraiegwell as an
W\dl@ldﬁa Yéﬁﬁtﬁé Giftfctsh &Jtaﬁrﬁﬁleﬁ‘é‘tldﬂﬁlnﬁﬁgu&%ﬁr{w Warious circuit de-

remar kabl e reducti on 1 n performance

SGNS, With @ signifgant ﬂ!ﬁ;ﬁtﬁ*’aﬁ%\"P%ﬁ"@n‘é"th@ll'iteren"l%rbﬁlalﬁorﬁdUCt'O" in
q!jeﬁfoﬁhgﬁcéan be nearly bisected in practice. The

mul tiple |nterffces at th resonatpﬂlcaﬁode an_al

ol ded 1 T P Ess e, SitEER Sndlicaligascha tegpnator die area
Zap| be atdanlysbisectedoin practice blihe dnutigles inde rfdees @t dhé aesonator

@I&%Oﬁ%@ﬁ %Q%Wiicgﬁnr%aﬂcan bomﬁﬂ h %gléﬂ'gg%ﬂngpp“ca-

digas: cemmanngistribsted mdugtor devicesdat dﬁﬁé@fﬂdﬁd@ systems, such as

\GSMBBDR G‘SM%GD Card beSpIY &@SM‘1§009§9§@msTh8an be imple-
i nvent.i on %an al so be utl|lﬁg in fol ded” casco

tReRiedg M addiion. At |skages Ah Sffesent SRy ANglsystems can
Ib@d:cﬁmblnbhse |f\mei;tieldaﬂ'®\eqneénttomoan lalsd bé dgitlzed ¢t fslded cascode

tﬁ@tﬁg&%ﬁeﬁ 5‘at ggq@ ni‘@v r?erraequ'lI lteesn?na{org to m%rév%l I le"Wide band op-
eration. In folded cascade topologies the Q-value requirement of the folfing
inductor is very low.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of example embodiments with reference to the attached drawings, in
which



10

15

20

25

30

35

BRI EF DESCRI PTI ON OF THE DRAWNGS I n the follow ng the
invention wll be described in greater detail by neans

wobooenasspt e enbodi mrents with reference to the etT/aRMENS0328

drawi ngs, in whichFigure 1 is a schematic di agram
illustrating the principle of the in ductor device

Wi th an inductance step; Fi guré 2 shows an exanpl e of

a sinplified |layout specific inplenen tation for the
differential inductor of Figure 1 gures 3 and

show a scEiguratt és ai %cé\emta:nglasrarayw@ﬁtratm Beepri 'ﬂ%@'ﬁcﬁf the in-

fd@!ctc#{d&ﬁt@witﬁ@hl%dhctéﬁdé spaccor di Rg to the present

| nventi o re a SC I agr am .an

L rout Htsp 2SS o gramgie f & STRREHEY ot SHEG iMplemen-
daﬁdmbr&lwdrﬂdarmtlal industorafeigmte 1;nvention; Figures 7

IS a gra |

15 nrl niiRs Lihd 4 SHE 'R ol b Bt Hdiemen-
datinreforiapotheriimduttion de\dce acgnrdmgstq the lpsesentwentlon

sw tchin N\/% )
devi ces; g: E??éﬁd S%TI% é)]%ermt?c g ram S O@&%b%enta
digprfenstil] %%Q%hﬁb'nﬁpﬁtﬂr seviegiaceardiag te e pregankinygniian; 5

gf aph i | regt Vnﬁls Cé1ag@pherméﬁlhgsaoboﬁiﬁ)%rlbbﬁobﬁfa distributed

7 06 T e RoastivE Separdlé % a6 Fad gL a8 Conventional in-

cdmtorguratl on based on a distributed i nductor shown in

Fi gures 1:%1;}8 8'.||E§ Ss&?ﬁcrﬁﬂ éy dnll MR tHS NMOS and

I nfl uence resona npi ngr Rres
FMeS swnts:h«re@dewaﬂ%,e Rpar on Q val ue of an i deal

i nduct or Fidyrki @Lié% §cﬁé‘rﬂaﬁc "Mlé&aﬂﬂ\ heend dMeat deiif§ bipolar

di nepsjons at high and | ow band operati on,
S¥EGB eSS y: Figures 15 and 16 are a schemati ¢

di agr am gigure 10aisoaligraptpileseatihigcharactersties fiies bipsidr switch
(?lls_.onat (g{ configuration configuration utilizing the

S 'eaki ng bi polar switching device according to

t he preséigureavidnandi? aFegraphs sfiowing siguationaresults for a load

W&i (‘30rqE ﬁ’dﬁ Basedioh %yﬂblfrlbhrgﬂgﬁﬂﬁ&otr%hb% |F1‘P"|gures 1 and

anoth oad resonat or con uration wt
@onvert ed topol ogy to operate | ow common-node Ievel at

the out putigures 13 and 14 illustrate the Influence of resonator damping re-
sistance R.s and parasitic resistance R,.,- on Q-value of an ideal inductor in
Figure 1 and 2 with different NMOS device dimensions at high and low band
operation, respectively;

Figures 15 and 16 are a schematic diagram and a layout implemen-
tation for another load resonator configuration configuration utilizing the current
leaking bipolar switching device according to the present invention;

Figures 17 and 18 are a schematic diagram and a layout implemen-
tation for still another load resonator configuration with a converted topology to
operate low common-mode level at the output;

Figures 19 and 20 are a schematic diagram and a layout implemen-
tation for a configuration using the transistors of input stages for the switching
function;

Figures 21 and 22 show a further configuration using input transis-
tors of an input stage and a NMOS transistor for the switching function;

Figures 23 and 24 show a further configuration using input transis-
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Figures 19 and 20 are a schematic diagram and a | ayout
inplemen tation for a configuration using the

wo c@nsoasor s of i nput stages for the sw tchi ngpCT/FI2006/050328

function; Figures 2 1 and 22 show a further

configuration using input trangi stors of an input

stage and a NMOS transistor foF the swi tching

function; Figures 23 and 24 show a further

configuration using input transistors of an in

dorgge andnaufcaﬁag@n@nd @aﬁurﬁ@nﬂ)ieﬁblnﬁr bipgiar cswitahy qrnt@e switching
Fuhdtionk ng function; F| gure 25 is a schematic di agram

0 oo 175 il 3 SPuAFE A rinag 6’8 muit
dand[LINA atcording tﬂ)ekh\eoawﬁdm,confl guration according to

th 7 | ' '

of o o sti9 826 Y HiaddROMR Fhoulie dn LFPRRSY 470884 cas-
icodecoofigyratiogaceording twthe iaverticmpl e of | ayout

i npl enmen dr@ Plshawilh tlé}kﬁ‘ﬂ%@'l%ﬁéht%%ﬁ%f'é“?ﬂ’s‘iﬁ@uted inductor

accordi ng e I nventi I gure 29
é’c‘!ﬂgﬂﬁp'@t‘ﬂp 5|'ﬁdézW$Pr§ayout i npl enent ati on exam pl e

for a nuIFti'%ureaQwsaaWslén ixamiphd /eslfum@ﬁ FigRméhoRfof a multi-

ERPSRUEg TRPORT Aeertir PbgindafioB 3t anpi 0. “The
i nduct anédiguwe 29 istansthérnatic diagram amdllayoat implementation exam-

' [ i Lot | er inductor portlons Ln, L2i ,
@%f&éﬁ@hﬁ?gélﬂmaﬁ?&e CM bet ween the i m nedi at e
i nduct or 50” ons L2i and L22 is _a common- nbde poi nt

HETALED BESERIPJAONOF BAAMPLEEMBPRIMENTSonnect ed

to the r40

or gr ouflldIg ??dl"‘ng ! “Eipbégchcr’r? El{%imwﬂ?éﬁlhs 'ﬁbétﬂSd%eans of
@n @*aénplﬁd Jbﬁdﬁd\é@tﬁﬂ%ﬁé a mpnglidiq_plaaas infludtar isrdistabuted into
Qe dllek SnduotSr p@mbngthq_%SLéaf and qup’rhé h88e ©GMiedwaén the im-

saseiel iugorinms A 240 SO e i 4% inductor

kd@wiwemlgm i$ my;ﬁcaithjgdcamfeeotmuottbe gigridli grouh@ Jeandot the supply
u e

YilB6e it B Bl 1 s Ofirh M) B A g Splictinas of the

iimdligtoroportionsilopn and2l ararendiffereniiab outputss egooutput nodes of an

%‘ﬁﬁﬁlﬁl@i‘ %vfdé”éf trﬂzﬁuritérfé b?‘iﬁé“d%@ oy %ﬁiﬁaﬁd Ghe Following device

ortcut ass SWit ng device connect e
KeOWERY ﬁfﬁg%@o%gﬂ ];r,»@ ngspn SWhdejuaan e intermediate inductor

f 1 Q%ﬂd theoéutbhmdmdmoﬁw i idl el OUeSSWIN beftween the
|nt lrjrh(gdlate md%c?or ;?cg] |c(§r(%I L|21n atngethgoc;uter md%ctor portion L2 are nodes
where the shortcut switching function is implemented by means of a shortcut or
bypass switching device S1 connected between the nodes SWp and SWm.
The general functionality of the inductor configuration shown in Figure 1 is pre-
sented in the following:

Open switch configuration: When the switch device S1 is left open
the inductor is working very closely as a normal inductor device forming a cas-
cade of inductances portions L1, L21, Lop, and L4o. The only drawback is
the parasitic capacitances caused by the switch device S1 and the possible
out-of-device routing. These parasitics can be significant e.g. when a MOS
transistor is utilized as a switch. This degrades the inductor Q-value. However,
the fact is that in open switch operation the device is aimed to operate at lower
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Open switch configuration: Wien the switch device S 1
is left open the inductor is working very closely as a

waosomabessnduct or devi ce formng a cas cade of PCT/FI2006/050328

i nduct ances portions Ln, L2i , L22 , and Li2. The only
drawback is the parasitic capagitances caused by the
swtch device S 1 and the possPbl e out-of -devi ce
routing. These parasitics can be significant e.g. when
3 MOS tranS|stor is utiljzed as a , switch. This

©Qusaey. and thawliereothesizs ‘afepaﬁﬁﬂ&é?Paft"’i?é‘CPa@" iDg higher in
tda@pontuanwme Rwdr Opepasrefrequeridye device is ainmed to
par agi 1 i &@aszﬁﬁaigaﬁiwgm epriBp B dsifie 53s Shortcutting
tthe rioueer\ﬂmeaamSWnﬁ (bypassmg trgh inteonediate inductor portions Loy
%@%f ' %B?I‘;&m H\ﬁbﬁg e\g@@ﬂkﬁgu évm%g’yg’& do%es , Qutp and Outm
|aﬁeeah’@@ishtreIdeadj@@ndmoaoseelogsouuthan@dmgr poawnsﬂaz and L11.

Hid ééﬁl"ﬁdréhoﬁ‘@éh WeClitlizet e mbh#n@r‘ltttﬁéthslgggﬁfar@é rﬁﬂgn The

QJt m ea
PR resianPe o the Bwith deioorn] HegmineaiPanFamiV g Q-value
lw thei |hd2|etd;rt Sirhitgrlye ntaat indbetohni mortond dndl andel 3t are working as

GPA IR et bk TGToidhes Mol 1S RBtbiGUEn dpe common-

EBncmle pathyis etdme/alemtdottm open tcoofiguration and the RE eath is still work-
' | hductance ML2 .
1% {BdoR IncintdRr ot PHoBRs T 4Ad L

ur at th is
equi val et FﬂQJJ"?r?e Hhexamphs pbarsampbﬂeiiﬁyquhép%ﬁﬁamlementa-

't@nslkldrbséﬁléb foRghd laffrireRtidl NARdUIGIEH &F Figurert. Ime shleld structure

aoainst Soostais seinaien (sdk sifieEsti ST a8) oFne oxam

nul&ent ed for the differential inductor of Figure 1.

The shi el d Fﬁé ?écé “5%@98{;;&&} pI%HQrS‘ﬁr{d?fc;for‘jl%sf%irr‘?\ggini &’na Slockwise

(edd curre e ex
ISpirg @r@tai lipe 24 amchaldounter-gloclkwise |spurabrtnetal |I|9ef28rln=mcmnected

O e L S crtieRete N 18, e common:mogle node

&tM¢ nEhe Qﬂﬁé’sﬁﬂdﬁ‘dﬁoo‘cf hentinase 2 And A2 deemdhagdiliergntigl outputs

t@lﬁnﬁﬁﬁﬂ@utﬁDﬂ% @ﬂ@elﬂ’l’ hd Imbtapmwst 2t apA0® afrah§éd to alternate
er en

it eaen qiidr B A, of elhi dBESnGs 23 SomBiiiRg B hfough con-
auecaogetd drotladrt owet)emetd| Hayeredtie switehingynodeanSWgf and SWm

6 AroficRShy rodBnCOHHGLELRE 13 ThBE IRs B SHECE 34 e other

malsm@r dt phowiddeel agpreﬁatﬁﬂbmaioﬂneeéommlqné feenages Outp,

lonAs FApaBiA ahd GI\W%aﬁtt;@ha%tlﬁ'vah@w'diffe'rénts\b Fi'\t‘h@ same
%em ed that the connect|| t 0. node,

G GiNoR YSCr G GSRRGIRIN e NG I Pl bR PAEgH nside
ithe ﬁﬁtﬂxmm@ef&xmp@shﬁﬁhé@e’eﬁn@m haye will @epsresehied also in

Vc\f?a%cnﬁtlon 8%&18 eﬁw%%dprﬁeﬁtlsaocfefﬁe iinnvst’aingfkgn below. The general shape of
inductor may be any suitable. Typically the inductor is round shaped, or poly-
gon, such as the octagon shown in the examples herein.

In Figures 3 and 4, a variation of Figures 1 and 2 is presented
where lower metal layers are not utilized in the switching contact routing. This
can be found feasible e.g. for degeneration of an input stage. In this example,
the monolithic planar inductor is distributed into six smaller inductor portions
La1, L41, L1, Lo, L2 and Lso. The node CM between the immediate inductor
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the inductor device. Exanples of these various ways
W Il be presented also in description of other

wepdodossent s of the invention bel ow. The generedT/Ehegm®50328

of inductor may be any suitable. Typically the

i nductor is round shaped, or pgly gon, such as the
octagon shown in the exanples herein. In Figures 3 and
4, a variation of Figures 1 and 2 is presented mhere

| ower netal | ayers are not utjlized in the switch

PORtens LyAnd ke isThcemmen-podeopoint o ke Eldélct@rgievﬂf@p which is

dﬂgeﬁmg{ abheected t@nthelmigthalsbﬁgﬁw I(? tgo fthéXQmHI)e voltige Vcc or
nono NAUC r,1s | STl DU

Tram; The Adroplsh e Qlissat e diter 8hae of B3 intubtor portions

dnglah@? 3 afd differertiaCdubeutere gy. tdputmoeldisadfean amplifier device at

'tﬂéjﬁ’rﬁéﬂ’ (?'E)H ae\'naé ﬂ%ﬁﬁ‘ dﬁ%zthbsfoﬁo\ﬁﬂ Conﬁeeg{o 8[]@ sfge of a

hixen;i dheal nczﬁeoﬁM‘ép petvg;eert the w@e@%;ﬁgp inguetog douien blzz and the
qu@é’ﬂﬁéiuct-'éh 9oﬂ@ﬁ|ﬂ_ 1,Oa'ﬁdrtrﬂ-inﬁo®§Wﬁlt bét%eﬁ%é'int@ﬂﬁédi@fce induc-

the i nduct tlons L32 and ren
401 OO s GO0 Ao BHUCIOR PoBIPMbs 316, edasaghEe e shortout
tshgtch haﬂ@n o implemdaved by inhéand obadhbhteut ot byyassoswitching

il iﬁ%e# ErdnosBl Beuibdf e hadkd St ang SYim 488in; dhe menolitnic

@lanar inddctor ds fponed of al alockwiset spiral odetabVine bt wadna counter-
H@M&Bg@r ' rlﬂbfal 'an%Cz Wércgﬁﬁééﬂga alt%hﬁi%ﬂeté}?dsofbt form the in-

uct or

éﬂﬁm%?i@gnwﬁ\dtq dhe icommen-wnedr aadeCMeahie gppasite ends of the

$|h@§t331ubnér323Yd(Sj}ﬁ$$hé\ﬂlﬁéi'Bhﬂél é’@tbhfsﬁnﬁut% ggtrne@rﬁcﬁfd)utp, respec-
es

Ivahsiher metdl Jness3Y Bnfiese &1 anceldoialia St MIaN faet other by

Imemms’.% of raetél acrossinge 33 lcomprising apthraeugivetarinectioe td2another

ﬁl\ﬁiﬁﬁ%@%ﬁ% %etcgﬁh{eﬁt?mto n@%n c}rrrﬂ;r@éﬂ rﬂéégéﬁpaﬁM is provided

m;tbmugé\ eannections temetaldiseB4lindhe Iager metaldayer.
di fferenty ﬁior@‘dﬁﬁ&l‘éﬁt’ ét]ﬂﬁl?{ht% @éﬁ "§ §ﬂﬂb5§6d’on the sagwe basic idea

respect |l ve I Nes arrange

PEaSeRted WQume%5@é1q16 o'[h%gcl'pgmm%ag@mrpgﬁgure 5is |dent|cal to

QIﬁ@tS@ﬂ Figﬁre'33 4ANRé igiod sﬁob\hflﬁLngu@B nRQélhoﬂ'\d ﬁ10n0|lthlc planar
i.on

th [, 1 h
el nBa .t pr o Bb ol Biasel e B i o debBfarsieciwise

tsplra’emﬂtall Ilnee624nt|ercdrimecteni/\a’r theirt ame Ieayls rto férmdhe intermediate
qfofdtee %ntthétcfolﬁ%% qn{) d& & LJ-IS’@%\‘?% Qﬂqqmtr tﬂ‘?e on-mode

presen e sch

modngM tsfformgdrcm the gutmq%t[lfe,r;pf the tneictass apd dhe @ucputs Outp
'dl'r‘\gtngrﬁtr{l‘!ﬁéérgg’tt)gf@&% tg? r;Eh&“(elf’i‘d@ é)fé?gé‘t'\;amﬂhnéQ%n?gﬁ@'GZE Ii}\lﬂﬁch are
Tneh connogied quisisin i/ racﬂ&?wﬁxemeﬁnm ugh cppgegipns and
imétar eese8tard 64 irt tred lowsrametadi tayiep. Tioe Bppbsite ends of the lines
B 005 Ry T68 Sundoet S ATBVRRRE 354 3, ompectvons
dinenbens tafirmetal linke 6 hadodt6? arrangedhato tywotgsoqus,pso that three
outmost turns form a first group, and four innermost turns form a second
group. Spacing between the groups is larger than the spacing between turns
within each group. Correspondingly, the mutual inductance M4, between the
inductor portions L1, Lo, and L3¢, Lao is lower. The switching nodes SWp and
SWm are formed to the innermost turn of the first, outer group. As a conse-
quence, when the switch S1 is in the open switch configuration, the inductor is
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and Qutmare fornmed at the inner ends of netal lines 6
1 and 62, which are then connected outside the

w0 pabaobass7 by means of through connections and Pet/ai2006/050328

lines 63 and 64 in the lower netal |ayer. The opposite
ends of the lines 3 1 and 32 fgrmthe differenti al

out puts/inputs Qutm and Qutp, Pespectively. The turns
of netal lines 6 1 and 62 arranged into two groups so
t hat three outnost turns forma first aﬂoup and f

igrRscRgeof indudancaspertiors bad Lyn dup . Losdae ARE Lb@tawéeﬁwtable for
udsw-tmrn@U(nB) ioperatice In theshdhicutiRecarfigubsions ehe bWitdls device S1

4 Sliefaiias 46 ABes Siyprae Eﬁiémgibépa%%ﬁg T tRugtor pyrgons Lo

,andric,), e oufutinodes\@utp arfteOsitintard) algleastliasd&dlfcandition, see-
rn of th [ St i .

%ﬁ%'bﬁfyechg%ragﬁﬂsé Bf {H&ggjﬂgﬁéﬁ%ﬁodﬁn‘{% I?zﬁéf_gear{d { i This. configu-
|rathm@ar¢pemtlbmd mremﬁme@uthﬁ irrmroveq!lélghecn@@ndr(HuBé@peratlon In
GRS 38, h mve%%a%soﬂﬁﬁé@ﬁﬁhbfﬂ-vahib of-#He hig h%%-nd inductor
L(%Ié‘)ﬁ@e ﬁ and sui tabl.e for | ow band rg ageratl I di ;

Jrdhe dagreased SRITERPRANGETeqURNCY AT Hecfegse aegading o
1hé snrisdrointdastor ibygtheheutes dedudivd (smallss\Vioh, ) b Fpethermare, like high

SRRl s éﬁﬁﬁﬁ@w&%‘rﬁ I huh&%@ieﬁ#%f?%gﬁ%? Rt iew. 1

tis weryashviols thiat irheystaohuen-chippcondepis; the highe? bandAHB)rodntains
lrﬁo rrB?otﬂQH\faHQU |hf’érté?838§ %lﬁm‘étn'rﬁérﬁedthtaﬁn thﬁé e'l&%r band.

roved t1on
disadvantages are Bt Hlighty d%reaﬁ@dQQv\éalue offthe H@wrhagw (LB) in-
mﬁtbrlamﬁm&@aséw@e-éb@a b@némﬁpﬁdwr eased sel f-resonance

fre enc and ased | oadi n
by e cEidies 1oaTicws & comiasprar 2 eyt s nEDf 8 hRfjgductor
leigginsh awd sepdrate GrnH andmkasm}dra:bnaémt}ormlrmmmtorsnThe conventional

LGRS S5 000 SRbadO ALY Bl By Lhadea i riuted induc-

ste
thomis sarnlbatesbmtbul\ﬁemﬁnttén pmtb\butat’mt $Ldoatrrat@ shleidanc e

envi r onngid Eﬂ@g ﬁﬁﬁ?\ )
a.slightly (’ﬁ creggg?v{"%% 0{1:%‘1939& g\rﬁgm@gfgd i the dis
dikyts 'ﬁﬂHCtPh@PMEﬁ’?édaQW@'ﬁg da theigvemianoare QIV&DrQ@OW’ without
SitenEord t6 PEAEH m@rprééer&’t iflvshtidrdty Bésé diddrﬁplé@ Mthe approach is

d { t te
o5, S0, Seer50 08 “WRER ' Govo imPBimeter Win. NyQs grPMOS
mbrrdmlendutgaba tpecmmiadnh;nodee/ouageldevelnm typical implementa-
‘ii'oﬁ% :N&I g éS\B ﬁ &‘%Q;&He%t%ﬁ\l\ée@&om Q\{\ﬂt%h in resona-
ftonse thud rfos Instguce atbe efOidﬁdoéaa@QdP T¢PQ|ﬁ@Y debewesmhlschrellmmary
Satideor devices according to the invention are given

o .

nvent i ol EoSwirees darges. SBlcot e sA3AimES SRemamos and
SPMOSIdé@césllﬁ@m @nstahdaid BICMODS pradessedredpresthteiMaSFigure 8.
%L?, peclté { C{;e%legyvﬂ.g ﬂ@ﬁl}' 8?1 Q%o WCQUgPydEOFSIls ﬁ%?ely dimen-
sion centric quantity, and therefore, resulting almost device-independent re-
sults. The shortcutted condition (Zon or actually Ron) gives results regarding
the mobility of p- and n-type transistors. It is notable that in multi-band opera-
tion the frequency band of interest is not at the same frequency for different
switching condition. This enlarges the effective range of switching dynamics
clearly as sketched with the diagonal segment lines (SD NMOS & SD PMOS)
in Figure 8. In this exemplary case below, the dual-band operation is aimed for
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tions, a NMOS switch is used in degenerations and a
PMOS switch in resonators, but for instance the fol ded

W@ amcoas6t opol ogy relieves this prelimnary preCL/FRe6/050328

The switching dynam cs (SD) of the 1000 nmmi 0. 35 nm
NMOS and PMOS devices froma standard Bi CMOS process
are presented in Figure 8. As Expected the open switch
condition {ZOFF or actually COFF) is nerely dimension

centric quanti therefore, resulting. al nost

Aol STARcRAVRHRY reR Tod Db MG (e NGAMBab: oAnd at
(1980 MHzact uaI ly RON) gives results regardi ng the

That i n Anofer Arodgh i % blsRRE vithing dindjpa LGS device
isiztieg éslarge tocchiavet aesastlsfa{:tdryeﬁu;erhuylot aetatidrate thet Q-value of
3 W@éﬂ%ﬂ?ﬁ@“‘ﬂ*ﬁ#&?ﬁ%ﬁﬁ 2R IR Mckotfiefl of Mg, KrdsHfi Bapaci-
dangs farr Anghiherefore,avakepthevosemtiop aiNiigher frequensies difficult.
A blﬂblérhdéw@é@ﬂmtfﬁ %Mtlle%‘aetobﬁ'aﬂWallnté‘%dﬂé’#htéBﬁMV RON W|th a sig-
SO bl 25 ahd s Bl Coroh vl sl ce-

My xdbveéleped kb ppbmtaiavhighér switthingt dyrnamié ieM§gecial purposes

i LZ] s la 0 achieve a satisfactory RONto
%%ﬁegalilafb%ﬁ?ﬂgé'@sél ue of the higher band
i nduct or . InTikigurea@,sthis tspecifinceuwrranit Ieakinghleipphraead/itdfb device is

?’f‘@ﬁéﬁ&ﬁ& ai'? rrgﬂéﬁg Ic‘é@rﬂg&ﬁ%‘é%&%a‘ﬁsué@@@ 4ha égvﬁgr%t bé’§és of Q4

Fad Rz afez@@rtes:t%tma &pmraorwba?@r\mltagﬁ Vlaiaﬁ F&mi meﬂrrfx&lectors are
%gggg?ffpgarthé )éuﬁw Vttagdevis ¢orse>zaﬁnp|@n ¢hbfé#glttggsv gre connected
B8 R switEhinornagtes, SR ?eﬁi%m%@ﬁ] JsifhlaghEebpicr. 7 otable
mhmﬂorﬁnssbom-szpﬁed addnditain thlg ldevider ragjuinesi asonsﬂant:logeramon point
1 hi r | C
a2 IR ROl SRR oERhE;  HbhER o ¢ Bevice
aTm Wersiandpblecdisadvantage @f dhig device @nih@clpetjvoltaga headroom
%?'Hmad&géﬁawawéi%o}-{?uﬁ@n nWHe'?\e!h'é (géx}réé%i‘st %ﬁné&ft@% in series

connect e e supply Vo exa

vith thersignal é’%’%ﬂfﬁ‘@c‘f%fégﬁd‘qqﬁ’éo%% 1§ é’ﬁpfﬁfsﬁgdw% |samnnected
SYWaialel hﬂhdhékr gnBUpath, tsloeient. cdntsuhﬁ)tlbﬁtlélmcﬁeéébii l n

short-cu dltlon evi U|res g cons

oper at | ol MBanFiBauFar & 1By hrani fefine: HES 2y F6H°S ¥ simpe.
IV¥hémn b'gas;akiraidlgdm opbmatiba\pairt thé lirputrinhpedancel fBbe can be given as
di sadvantage of this device is the | ost voltage

headr oom or an additigpal current consunption. Wen

t he devi ce i Ziksnneet in series with the signa

path, the voltage8hedfcoomis decreased. Wien it is (1)
connected in parallel with the signal path, the

current consunption is increased.

where Z;, is the input impedance (emitter impedance) of a differen-
tial cascode configuration (common-base) with shortcutted collector and base
nodes, gnm is the transconductance of the bipolar device, k is the Bolizmann’s
constant, T is the temperature in Kelvins, q is the electronic charge, and /¢ is
the collector current at the operation point of the device. In an open condition
(Ic=0), the input impedance the device is defined by transistor parasitics, which
are negligible for a small area device. The performance advantage is mainly on
the maximized high-frequency isolation of the open condition state.
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The introduction of the BJT switching device of Figure
9 is sinple. Wien biased at the operation point the
wo nabodisapedance { RON) can be given as where ZP¢EHFR2b/050328

i nput i npedance (emitter inpedance) of a differen tial
cascode configuration (commn-?SSe) with shortcutted

col l ector and base nodes, gmis¥the transconductance

of the bipolar device, k is the Boltzrrann s const ant

Tis the tenperature in Kelv IS the el ectroni

charge, #hdigwre;10,ithe C&@W‘é"@f‘%ﬁ'csc‘afr thenbipgtargydtch at the opera-
QipAr pbnno:lﬁqemmr\ ret pesdatdd: €. THa o@h‘e@péﬁdlﬁgnﬂésfult@rbf CMOS-
e | e an evice |I'S

Siisbs o slPRtie; BB M oA Tefnbhey & dhp feGudoy range

405l GHar.ea 0 deédz]owith 5Imagrma°l tinermmar&ingd Asrdaegee neticad, @ispecially

35 ST RHLLr 58 iRyl GHUERE s SREVRLLRY i M SRary tre

tide qum eperaiipn ds ClﬁaFWHmREQ‘éQCh Themassings A @addistate for the

FWAtcRIMRS@Hafics Bhglmg](g? ﬁggq::l\ﬂggl ;(B%Lﬁvhﬁ:h@% at then gequency of 2

t%fgzsf \ﬁﬂg Bﬁi‘y %ere% %q@zsam%pg\'?%qﬁnqﬁ ta(f:l the ltrequency of

dl1a©B||za(A) bhd20n8Hki (B). As can be noticed, especially

t he high L tchi L C | . .

Lhe g iechiiaolodBBeR i LHERR A o disrgte desion, he

swalichtdanrbé impleswntsd mithrdifferent Tommarcial atisrnatives), ich as pin-

P e T R iR iR g, [ con
séanflard @'ﬁ@%ﬁ@%@ﬁoa%w@é Iﬁ /Nﬁ@, ﬂlx‘iﬁﬁ@u’f@nwrsdﬂnslﬂ?f the BJT

d@vﬁtgpﬁrggémta%ﬁ@gz i ssumbear e“*g“ﬁ aacnmm@tm.stér @ry 0

I S S | W
et ol ehBhus o Sticuihe uREinoéa s Sbie nifudst AdebydEs to te
smveantiaa ipi soe depplieaflonmdarbd sdsoniatarseahtypicahlRF design blocks

'5'?%'???%1 c?ét i go“tgngﬁgpl*%tlbn'asrggaféPg} Hﬁ‘&r‘f’ ﬁ@ﬁdﬁ%ﬁr area is

ors ar rs ons
Belatlwlvtlangepaed éherefprebalargedligasea bae be.spared bl this invention.

weaﬁ%laé linfdtha- ink&¥a BQtW/e%tnungfe?é}ﬁ Blogkg 'cQHtl?@' found
svm t’ c

e |n uct or accord ng he 1 nvention In

Sanificant; khihe fAllowingsa var 'GFys, OBﬂ'ff%FﬁPEE?qu@g'%§P5ﬁb|e f°r load
bessretory @pér’mngtmtlowap@r hfywer o meRinmeéde abRegd Mveldatilizing

NNPR: GBS B GRS EOIRET T BnBountfits,  his ™

i nventi om\ prifeed trésormtor denfiguratiomatay beé e¢hé atistebuted inductor

:&ﬁb\’)@‘%ﬂllﬂgﬂw&’r?ghg ?r \?/Eh% ﬁ?fb(j@?){fl\fm@% ?C\Aé rg%cﬂ'ﬁg cohffuration

erent
4% tsaipbler oforl omnvqﬁ@natod@acbpéemnaigrs'at commte@r to higher

E@ PRROBPBr TEWE ggﬂotégﬂM@s bﬁeﬂé‘hbh 'v%iltﬁge '\Mﬂ'@e @hductor can
SWtc

ferent HB config

s or di
&@e@%’?ﬂ%ﬁ z%éh%t Qe ReTAGNAYG! WGM“W$ r%N'tCh'ng device with
cijrsreramws&ﬁitchrn@mynmeMWbe milizegures 1 and 2 with a

PMCS or I\/‘Psgures h' nc912TPhe § %nJlét ur?etsiuﬂg related to such resona-
tor configuration are presented. Figure 11 presents simulations of inductance
and Q-value for high band (HB) condition with a closed NMOS device
[400...2000 um] / 0.35 um and with an ideal short-cut. Figure 12 presents
simulations of inductance and Q-value for low band (LB) condition with an
opened NMOS device [400...2000 mm] / 0.35 mm and with an open configura-
tion. The simulations exclude the substrate shield. The switching device used
is @a NMOS ftransistor with out-of-date 0.35um transistor length with only a
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is suitable for conventional |oad resonators connected
to higher ( ¢ ¢ = > PMXS) or |ower (gnd NMOS)

wop@rabisen voltage. If the inductor can be conPeTFRO06I030328

the | ower operation voltage, a NMOS swi tching device
with preferable swtching dynar]n c can be utilized. In
Figures 11 and 12, the sinulati dn results related to
such resonator configuration are presented. Figure 11
presents sinul ations of |ndu tance and Q val ue for

pm%qlprg aW( F@Pgmm'Poﬁhﬁn pugneg gt eRFalRtes damping resistance

[%go?nd p&%ﬁld’ﬂ"ésétaﬁcéfl?pgﬁ‘(ir:tmbtw &fsﬂtbhnﬁtj?dbwce) on Q-value of

shor nts si ons_of

ahebaCitbuclr 3 v Y S8 ivdachind idiRe Fapnd 44. A relevant

wiatue fon dapepieg! rM&ﬂBr iefevwc buhdred. Ohm%(rﬂﬁi imthe/exangde nonbe pre-

%%ﬂfé’(‘i BQIOW@@%‘hrﬁo%'isgﬁfa?x%é %}T% {) eg;hlrgﬁ‘%nt (Q<10) for a
e s 255

ude the substra
lesenater Q-valussin manyidasign bloeks.out - of - date 0. 35nm

tr a23| st %‘%@ﬂ??ﬂﬁ’ﬁ%ﬂ"ﬁ"ﬁk Yeléf&gtééﬁﬁg%réwl)rﬁ] %Ulrtgglesespemally for
R Tefisonay apraion s orerenied e Tt B 1§ accordance with
$hé babicrideal ef thechvemtica, \tad ireduetarive mebaaionbmﬂwmplanaofnd&ctor is

ol bt sro Rl PAHEE ot RS Ty W ol s RS Out

tamd Gutppl thetwtbeepdssaéitineamdwtm\/pcn'ﬂ@nshm armth1 ateadifferential
V%Lflg' A%lﬁOléP%ﬁ@fﬂHb&&ﬁF@‘@%%@ 9fi é;poﬁné é&%&\%en the node

reson

ue in man S
g Bdb@t!\fﬁqng%\%'ﬂitﬁfﬁ‘%iﬁtﬁdﬂﬁéc@é Perion | ang the @Hter inductor

fooREBIEDGY ame!th%t '??]me Bwvnﬂ-fas eBtweser-tren! irﬂérrﬂéduaf&mli@ctdrrpomon
e as|, C

1< a0 e oulér Beigios erhan. L @, Siovidiishaniint o Righer frequency
cQHBl) rodevatam whtan theﬁrdrsrstmnsomatand Qar arecswitdhed dRiby,a voltage

'\ﬁb? | Qﬂﬂﬁ s JI ﬂ{?ogr‘vﬁgc‘ﬁqqofqﬁggt@ﬂ% %ﬁ!}ﬁ @tto tFyurgué fd connected

detweer rathar ends poift the intermediate dnductor podionsi hy aod Lo, the
Fo@%é%\ﬁllpLB ér%‘?ﬁ?ﬁwg@ Wﬁttr‘f@ﬁ re'&lefé% %&% R, WAtsh Q1 and
| on h

e I nternedl ate inductor e out er

iR @Fe switshed iashby yoltage \fl?’?e thedeansigters Be: ard A4 Aee switched
ld‘ﬁﬂ @nﬂaﬂt:@tv@rswdNﬁéﬁﬁh@Qfdris@ﬂod-Balr adidsed, 8 differential emitter

d f hi
RS, Bakals B dldte i SRt cEHBAy Whhtas BF 4M% By ansistor
@airdt equais to henbrasntlby:apamtﬂrtcmg ee Vg .open. ihdlpresnnted configura-
glgﬁ 'éc uﬂ?WLet fd"mgggrd‘t gﬁngﬁbﬁﬁé}éﬁgﬁ'%oﬁ?%g 'vﬂfcﬁ g tr%dhétion of the
iveliage deagmanm.ofe exampig @ypgabis shaven inddigurest@L B meaolithic pla-
P Rdudtdr tid Sormhed & 4 rc%&kﬁf'é‘éfvgi?ﬁf AataNiindB Ghd #&Junter-

Shnekais S elahine 162 MaRanOPEES,RiSair OpR&ATEHROIEE SWpLB
tandrSWaihloB, toadrhittiess bf a§ edd CMJ eTI@b bpposite eads ehihetliies 161 and
1:@5 ﬁq@? tlfe?giﬂtqrgbﬁ?ll |npu Hutrcnu%g dOquF')t] egsgctlvely The
switching nodes SWpHB and SWmHB are connected to emitters of Q1 and
Q2, respectively.

A converted topology suitable at lower common-mode level is pre-
sented Figures 17 and 18. In accordance with the basic idea of the invention,
the inductance of a monolithic planar inductor is distributed into smaller induc-
tor portions L44, L2y, L2, and L12. The common mode node CM is connected to
ground. The nodes Outm and Outp at the outer ends of the inductor portions



10

15

20

25

30

35

pair it equals to a parasitic capacitance, i.e it is
open. The presented configura tion is suitable to

woparabvaeat hi gher operation voltage with a r ePOTFI2006/050328

of the voltage headroom An exanple layout is shown in
Figure 16. A nonolithic pla nar_.inductor is fornmed of
a clockw se spiral metal Iine 181 and a counter

cl ockwi se spiral metal |ine 162 interconnected at

t heir one ends, nodes SWLB and SWiLB, to emtters

&g2 2rd len. arendifigmnial uteniss Avpinalar syitehing glevigry afeczrzimg to
fRguret MR @brfrfe@téiﬁbét&&eewhauioﬁ’e SV Setdien tA8 dnterthBdiate induc-
t t chi des S\p S
res 1V e S cnLn no S
& B ondCeiand e BileGradstor SRt iy Gofciie; JalS, SUKAHB be-
d:weee rth@mtemmﬂla’@/mductbabbetlcm L (awdrthe oubarrinducter pertion L1, to

RoiE SIRRGEICT uhgad,ang, At oBe/Res ier e st ar
rmdoQQt arecswitchesk on yua veltage \(h.sthe enaleny hes amexiracurrent

P S OhePaWEHIAG dethe'—:fh an é)?a"mpleaié%bi % sHdWen GP'Midlite 18, a
mdefdﬁi(‘)de CMi.s tonnec groun

des
PianarijRdycipe s @’i@@dcﬁf 9 H'QCEWlﬁ?c?FB'ia t@loﬁ}r% (g and a
Zodntar-ciockwisé spirainnetd! lingt182 conndctedat ﬂtfeusané ehd® €M to the

SR, TR bl i 5 AP RR R i v .
lpeis/aapaits Peitrolanet Oulp) uespectiyely. iThve switchinginodes S¥¥e and SWm
%V\g@gﬂhéctbmg Rnli gérs' &tG’f aRdi@ ereé@é’é{%gf portion L2i

e outer In ortion rovi de short cut

for hi ghéfmefﬁeé‘@uérﬁgphpmn afaa istin wilghahle ipductor configurations
tfélﬂtrﬁéhéﬁdhﬂﬁc@née teges’ & Séhtiﬁdlﬁiﬂlv@rdie@brétldf‘%ﬁérgﬁlput stage.

RitwEranoten NEN-VR ; Z‘e? @é@&%&%@%fﬁe gjigigh bif other types
fe. g;uPNPl&IMGSnmcFPMt)ll areppossiblei asxdwetl oin the fotlowind, af variety of
o %é}é{r wpoldicy é‘é"@'g 19 '"ﬁ@?ﬂ‘fé’( ﬁﬁgeﬁl%rft%do P&l slages, operating
tedpweorar bigher mmmonﬁeo@e ooltage Tiewelspylilizing: NMOS or PMOS
ts'ilﬁtchbgeo? &?féré}ﬂq-léﬁ*zcérﬁ lg"’\’ét%sd"lfl'feeb H&ér@ onQUFrortnCﬂl to p-type

put s/ i nputs Qu respectively. The sw
h@&@“%t'%a%@%ﬁ@econnect ed to enmtters of Q1 and

r espeigures |19 aﬁ@eowéna@@mmatwmem e transistors of the

““ ek e R (HE) G BUet BEaBoS 1157 Iyt siages e are utize
de:gtheas;wubchlmg fum:tuon pUEmitterg ©f ther HBhinput transistors Qpxe and Qure

I}ﬂe\" cb%ﬂ@ct%ﬁklgﬂa %@Wpﬁ%@é‘e#%é‘ dt%?rﬁ@&*aﬁuﬁ\dﬁtcﬂﬁ noortlon

0SSI

e angitheautef, induotar pertiorbt raiandciherode,sWmhiRsketween the in-
é‘r‘nﬁé@hﬁe |f18&cfoF BRI Bén@letﬁértﬁftékt ifduttoP PbrifdnAldB o provide the

e Sratency (RS iqpaeatin lvces o e b gpd 415 B e differen-

rﬂalFHB)bﬁtm of ItI@él$ndu'Eit®' andities HB irspUtrstage aré @baihgd drom the
'c%ﬁtlagtngana bIPSBngng rCFMFBO H k?ar?y, transistors Qp s and Qus are now con-
nected to the switching nodes SWpLB and SWmLB (outputs Outp and Outm)
to provide the LB operation for inputs LB INM LB INP. The differential LB out-
puts of the inductor and the LB input stage are obtained from the collectors of
Qprs and Qume. The layout shown in Figure 20 is similar to that of Figure 18,
except that the two input transistor stages are utilized to provide the switching
function as explained with reference to Figure 19, and no separate switch is
needed.
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Fi gures 19 and 20 show an exanpl e wherein the
transi stors of the higher frequency (HB) and | ower

wo e@guoessey (LB) input stages itself are utilizedr/Fnrno6/0s50328

the switching function. Emtters of the HB input

transi stors QPHB and Q MHB are_gonnected to the node

SWHB between the internedi at ePnduct or portion L22

and the outer inductor portion Ln, and the node SWB

bet ween the in _ternediate inguctor portion L2j and the

out er i ndiR4r8F ZJAd 4 shey 2 rﬂ?%ﬁ@@ﬁ'ﬁévhﬁrglﬁ'elﬂpu’ftra"S'StOFS

fQ&QH@Wof hB)mmmeétage MVéQheir rRipittersEonddted b R bM¥r termi-
out [ ndLI.%t or...and .t
Il

P i ndicidt Aol Tt 4 s Bipbeie ot PECHTRE AN Sutputs of
@RéiBnductoQdd 1R rimpuair Iransistars saret obtin@d BramdthéMedlectors. A

%5@19@9‘? ﬁfﬁ%ﬂ@‘fﬁ%ﬁ{é\ﬁdé&‘%&?ﬂlﬁ;mw t:‘%ﬂgfgfo%%% main elec-
émeawrmecr@d te fhfpﬁamd@ESV\MVbe@qeqatheTmermedléheemdusior portion

LB, aHé the! ottt indti&ot QHEJTnCLﬂ agRd the otk r inidiH el SétAsR 8drthected

bt ai ned f he co ect 0
185k s M hemﬁnﬁ o8 patbrk sl ine outer
wduc&mc ppttionhht, terdwide ishprttut f(ﬂ'nhlghéﬂlfreﬁimles% (RIB3 operation

G PN AR 8RR SESARY i Sy, i con-

diguration, @ pmmuyﬁogeﬂse theisaanel irgut stage a danceivable. The lay-
SXRLRbRN R i 1”%% sﬁéiﬁﬂﬁbﬁ/&é’rﬁsa liBafior! ofJMeo%1 cH¥matic of Fig-

i nput st age elr emtters connected to the outer
ﬂ%@@ptﬁéh%abpwﬁ’@%ﬁ*@ﬁd eetBns Lu and Li 2,

r es pect | YFedutes PBcaridi 24 ghgwta till forthBHbRamble \hﬁetmwtransus-

105 Opand Biot i tanit Jhge Heve el ommisrs GBanBsiedig the outer

Mnalsaafsndmctor partiong Lanandi4) resmextivelyd €T e diffecd retial outputs
t .

o thInad5r 2HY L HBEF reSisRs EE°Ghired RBHF Y coleciors. A

swilehingafunctioris prasidesh by eurent ieaking: swide G\RZoeonaasted be-

tt\k}geh RiRe rﬁ'aaeasw;i BHH %ano‘a‘éf SMRH tb?ﬂroﬁaé éHb‘?i]c‘&W@rr higher fre-

)

UCtOT portion provi de short cut

fAueqae Hﬁ)@nsfatwbwaﬁndheMewrfw Rﬂ@gtwml d¢ §W'tP§ed on by
SME icohadl mpubyoltage WtAIQb i mlﬁhstcoﬁ\ﬂgul'atldnhlaspmblllty to re-use

bi
18 TBaCsPSRs o contlvatly’ 3" BuBH, STAWR: L e 24 s
istraightfoneaghtapmplicatiah agfplhe stchematic theFigareer2d ito tfe above-

= t he above-described inductor. Figures 23
degcgla@d E]Q’UEgbrstl I further exanple wherein input

transi st dnsingiractiecexamplerofhe imtiband aperatignavitl peesented be-
f& ! WF@U?@QBeﬁtrﬁdltlbﬁnH henR'elcebrdinty 8 i ﬁlv@ﬁtlbﬁ‘%‘%éiﬁtam op-

iaian at 850 M and E SVEHRGK ands s shownatbp RS Bimed for a

@bb@nﬂ@ﬁj [EMAM the infelstectrasbusinesd. ITHe indubion @510and the input

d’e'sdfgz %Y e’ Ei[]glnﬁarllc? fHAnSroSv%et %hco(afiéu%ioﬁovr\}fﬂﬁ%t gtguc*fﬁre and
operation similar to those of the configuration shown in Figure 20. A monolithic
planar inductor L1 is formed of a clockwise spiral metal line and a counter-
clockwise spiral metal line connected at their one ends CM to the ground. The
opposite ends SWpLB and SWmLB of the metal lines are connected to emit-
ters of the lower-band (LB) input transistors Qp.s and Qms, respectively. The
differential LB outputs of the inductor and the LB input stage are obtained from
the collectors of Qps and Quie. Emitters of the HB input transistors Qpps and
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tween t the node SW and the node SWnto provide
shortcut for higher frequency (HB) operation when the

whyoocoasent | eaking switch is switched on by tPer/FI2006/050328

control input voltage Vb. Also in this configuration,
a possibility to re-use the saqﬁ i nput stage is

concei vabl e. The | ayout shown i'i Figure 24 is a

strai ghtforward application of the schematic of Flgure
23 to the abovedescri bed .inductor. An instruct]j

ShamATe eannegstedhin fh%ﬁ‘ﬁ'&cm%r"%%rSWHB prae éWIf%r&"B%' HB out-
lpeité of theFngucter %\ﬁtd the B ﬁnﬂlﬂ@b ta’lgl@@imﬁﬂoﬁgthbhfbllectors of
ven 0 ymai ntain ration, a .
ereris s Talshwordf e uahsiSE"s o6 stliced for.prpviding
Iﬂhuxswntchmg ﬁunt:hm;tsuuhtthabﬁn tawso morecus|y selfswitohedr didband in-

Qﬁu@t,\t,(%] %Patlaﬁ?@ﬁﬁta% of the dual -band LNA provide

a con Ion w ructure and operatl on simlar

to t hose Tdsve qaflectoss pf therippubifarsisars QaerQue.cQae and Quxs are
C@ggﬁbtbgle Sg'@&bﬂg{%@ Q53Lof1’5jHeZd2%’lﬁt??gir PN Outputs from the
Sancate-Raca 253 ed GonneeieBciodne: eyt SBgs 2! i Idlowing de-
tite lmrtihprsibnélr tpatio ek 4saeniter %utademb%iaMeraﬁdwmh. A dual
Lyl I e e IS. { .
BB nplRE? of e FRRAREOr T RbufRd ol feigBlis, Ofjpesgevice 254 by
mesqrec Of thel dlistrithuediindustent iand 1he BMQRiswitsh 25%in accordance
Loﬁfg%%r}@ﬂ?é %? g#%ph%% Wﬂgén Re %ﬁll‘ﬂﬁﬁ éﬁa{_lrgplﬁ@@ctor L is
fermed of & slockwise spirRhvRBtah @ecanqq@c@@mt%cbﬁwse splral metal

$|Wét|ﬁt@kétﬂ1rfé@ﬂﬁﬁaﬁ%ﬁ%newﬁdsjtd forfretie! GmrBnH8dePBVBcdinected
he |nd¢1 tor and ut s

19 Ground 1% cBPastepnds slane Rl red: Rep he, dEerangl outputs
|d0pﬂécﬂedat03heurmtﬂsmf meJSHalgezzijan fldve switohing ngdéh SWp and SWm

%ﬁhggtcﬁl"tgcth cﬁ%c@Hﬁgb %ggr?@ﬁgﬁg%% ﬁlde on the induc-

d@rt a%r@wOSrBwltclmnge‘uneh@ a55twb|0hn¢an berismiereotes @ith PMOS
Rlafch B, QPHB and QVHB are connected to a
cascode-stage 253 of the dual -band LNA Qutputs from

the cascddé- @V%rgt@rns@ also kaHfkzadin fplﬁj%%aﬁcﬁﬁﬁttoﬁf"&@@s in a

3filaf mahaef abluﬁ\mmét@rsvtci:ﬁnpr@vé RRe Smﬂédiari@labberaﬁﬁdﬁhFully n-
eratl o

WndolbiVee ot huithhiag (R ERS cafrhe) el ulh offeft 1old8d%pscode
tcbeflgenatloas 2BAFigyre@éna fofd@easto@terhobobgty suiibta for \ariety of

i ng@@pzﬂs}/@?l\é‘#r@eﬁén é%&@é%wekqnhnﬁeg {0 a n-type in-
mtﬁﬁtﬂga 2eilicthe outpiué Cﬂﬂ'ﬁﬁ’blﬁ%fmm theoiowut §tag§p26h|s applled toa

8idflg impgRy a%BQ 2%2%%9? k@ Fipit 8Fa %@b&@(ﬁe §ﬁtgél 263. The folding
i nt erconngéé their one

en onmobn !
HoRedanse tpPlgmaited Wﬁ%eafb 66’&%‘? V'Qﬁ a5y fapsistor or
rEpadsive device GRITLI RE, RIf, fe@rRINC indtworkispUTise sighakfldidg tivin this

%%gegeﬁgrﬁeﬁ{edt I%%a%iﬁaethésgd?bu;lrg po% ttla‘i rbutqt cgr(i’I be %V&emented
regarding any other potential as well. A distributed inductor with an n-type
switching device is provided at the output of the cascode stage 263 and pro-
duces an output voltage Vour. In this case the folded cascode topology en-
ables n-type switching device with better switching dynamics.

Distributed inductor device according to the present invention can
also be implemented with “Discrete Inductors”, so that a quite compex model-
ing of the distributed inductor device can be avoided. Example of such distrib-
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are connected to the second outnost turns at the
opposite side on the induc tor. A CMOS switching

wo povaoasn7 255 whi ch can be inpl emented w th PMISI/ERIGIS0328

255. The invention can also be utilized in fol ded
cascode topologies in a simlar _manner as in
resonators to i nprove the wi de1Band operation. Fully
ntype or p-type of switching devices can be ut|I|zed
with djfferent fol ded cascode conflguratlons

it %FILS’UE@F devics igshowadpddgureodto| 1 device QB'I“@"P% two substan-
\tuall|¥ séuaﬁt?\l Blér@emcmtttt@* sivns, sWnémreMeemrtst :htdmctdrrmbtuon 271is
0 age I.Npu e S
oA gt Sl miedal ifle 282 ah84 et obdwise spira
apetal knk 263 gohnécted @t itgiedae ead2 €M do the grdumel; sb@s to form the

BBl iR orfAROC, 2 I nd BoBOOE: LARCHRRE metal lines

be | acti Vv vice o

272rnd 268 f@rfm dhe gwdichisgadescS\n and $p, mspeﬂtlv CThe sec-
%H}Ngﬁgﬁttbr s&iﬁ‘oﬁ QGH% f{)lﬂhéﬁ B a'nc%od:lﬂmké'sblriéﬁﬁ%gall I{ne 275 and a
ORI % SPEG L TRl gz By SRMasich & (AT JRNGHeTds to the

A\Adﬂchtrf muwswml latnUC$Wp' Theajuter erﬁd’spef thei ling8i 275 and 276 form

S5 g o4 b8 Rl AR PO b iR R s con-

tténd, staindadd libracy dwdetpby thy vemdaridassben dirgeity wsed. daclegr disad-
giégéo %@mh@éﬁffnc? déoCBie”&e% u‘lzriptlolal BGt étpluﬁr%%dln% single

accor nt invention
amtga‘a%fcprrmul&h@nﬂ@@emm Di screte | nduct ors", so that

a quite CI"h@P?@ang@@Lpééé&\t@H dodvedob Vatibus gﬁqddﬂhéhwof the in-
VRALSE oS Buaredhd oobiprs it meltiBhad Flcir de feasible as well. A

wvenp straightforwarl insplemeniatidry isstep praide phutiple inddotor steps, for

BGHA0T) a PSTRk ol 1fi5led DHURES 36 Sl Rl s 281 ano

Cl ockwm'se s
@8dnarer pmw.dﬁdmsgethap |th@r firsitends are: cengeciodrioca expmmon-mode

trﬁ)%brCIQIn ?h@r&ﬁeﬁ%dé’of e IR WH, an°’d’28% fér?h e E?ﬂﬁep@ntlal outputs

i nt ernmedi_at e I nduct or portions

Hifesand Ditig of the fiﬁier%ttaéunq!uqt%rs Firsp paﬁcpfmtqhmgrne%s SWp3
sawdtszg i) effgredSibmane 6¥¥he [rﬁfél@-ﬁ?ﬁéstvcal'n/of ’Eﬂéeln‘éia@tdimSecond

ection 2

R s n6lers SR D ahf SEn DisdBpBed M BRe R the intermedi-

Iataéurﬁn_%&fctheneﬂhehbraﬂ'htrﬂq)alr ohewitcleingsnadest 8&/p2 and SWm2 is
ARG BRES1 Y SRR Mnd BF U RSP pcton -
Cﬂlﬂl}ftppth@f pregenidinvestientis Arovided @t wach pair mfsiheoswﬂchmg to
tc%&%e atlséélgggféjsﬁdrgﬁﬁrWh@ﬁC{Hbﬁa Byr%dagﬁor’fésiﬂd?fe |ﬁ€l[]ct*6? operates in
le Toues} firaicncy barsh e Tom fevodt ol SWRFH0SIAdES SWp3 and
sswaiaelsl shicgiclitied, & mexibighebfredueney band s usdéd: Whenthesecond
%:ﬁ:ﬁf Igg/ﬂcﬁi%vﬁo & S\Wpll %4 %‘W%q' frsegﬁgrt(?uttetcp a still higher fre-
quency band is used. Finally, when the first pair of switching nodes SWp2 and
SWm2 is shortcutted, the highest frequency band is used. A typical example is
a multiband design block with octave-scale frequency steps e.g. 2 GHz, 900
MHz, and 450 MHz. Very small frequency steps are not feasible because of
relatively small switching dynamics of the currently existing switching devices.
In Figure 28, two switching devices are planned out-of-device and one exem-
plary switching device is planned inside the inductor device.
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are dual -band i nductors but nulti-band i nductors are
feasible as well. A very straightforward

WO ppi7eomet ation is to provide nultiple i nduct oPCEFRPE/050328

for exanple in a manner shown in Figure 28. Again two
spiral nmetal |ines 281 and 282 Sre provi ded so that

their first ends are connect ed1 0 a conmmon- nbde node

CM The outer ends of the lines 281 and 282 formthe
differential outputs Diffm and Diff of the )

di f f er en? BIOGraMMakle gajn axpli C@&) Sah terMeRenied with the

oipait 2o6fi %ﬁoh %hbamomF |§Uﬂﬂ29 nA rﬁétritxhﬁ AOr®uplBdsinput transis-
in

turn.of t ctor..Seco pal S chi ngqnodes
445 Qaog ""fBépp%'dHﬁ“r Bt o 0 sy iRonds grovided
tfurrrmsd td botreinpotiutBa@and FBI. Differaint gafn codasctam berssdiected by bi-

t% %a@ﬁ\ ﬁ@g llahfj\ﬁcilz g@g%&ro gémf rﬁﬁﬁ %gsccor gfllffereP { contri-

iiiops ian PRy dransistorssComnanterd o dhe 4 inpshiave biasddeon then
e 1GRigath hfbderidSaIfifled A RIddrVaivaintd é“suéomiﬁl%@ foh&®cBniéntional

s‘:’wa%.iéﬁth b GibsrahV GrsuhRa %éﬁ'?ta'nﬂp 200 Rerhyonidads

w3 and |{SWiithe @b\ﬁdstﬁ] foralpbRsbn KilRgxin the @lethaf, JaRAHensYhnology
| S e secon cnin node
SiFnSs, 1BEveNVE soPCent £ Delidlempntid fhSArdfls Jwas The in-

vention andstsdemBodmhénts anb et limiteddi tosthe padampiés described above

| j shortcutted, the
E’W&h@%g‘gﬁ‘my%&ﬁ?&tﬁ%ﬁ% typi cal exan‘pl eis a
mul ti band design bl ock with octave-scal e frequency
steps e.g. 2 GHz, 900 MHz, and 450 MHz. Very snal
frequency steps are not feasible because of relatively
smal | switching dynamics of the currently existing
swtching devices. In Figure 28, two switching devices
are planned out-of-device and one exem plary sw tching
device is planned inside the inductor device.A
programmabl e gain anplifier (PGA) can be inpl enented
Wth the circuit configuration shown in Figure 29. A
matrix of A C coupled input transis tors QHBI --
-QHBn, QHBI - QnHBn, QLBI- -Q@LBn, and QrLBI- -QrLBn
S provided forned to both inputs LB and HB. Different
gain codes can be selected by biasing (wth the bias
vol tages Vbl ...Vbn) the input stages with different
contri butions. When only transistors connected to the
LB i nput are biased on then the |ow gain node is
fulfilled. A clear advantages conpared to a
conventional "constant IM3" Glbert Cell VGA is that a
constant O P3 can be provided. It will be obvious to a
person skilled in the art that, as the technol ogy
advances, the inventive concept can be inplenented in
vari ous ways. The in vention and its enbodi nents are
not limted to the exanpl es descri bed above but may
vary within the scope of the clains. CLAl M5
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1. A nonolithic inductor device for nultiband
operation at radio fre quencies (RF), conprising a

woesloodski ¢ pl anar i nductor distributed into feCT/FR2006/050328

nore smal | er inductor portions in a cascode
configuration causing said inaﬂ tor to function as a
di fferential inductor device rein an internmedi ate
node between first ends of the intermedi ate inductor
portions fornms a common-node point and the outer ends
of the outer inductor portions formdifferential-node

of the differential inductor for operation at
| east in a | ower frequency band, and neans for

bypassi ng ?\Oﬁﬁ)nBLtl'ﬁ@%du?: éycéjﬂfrtmﬁlﬂﬁaﬁd %%Fétlo‘?@éﬂ padio fre-

inrelation to olnt in one or
auepsiesdRFYRIMPIYATi n one or nore hi gher radio

frequency v\ﬂ@ﬂgptg% plaAat m#gfo?rdl&ﬁ%t%% |ﬂfd°FH 'oﬁ‘gn&% smaller in-

claim1, onprises swtc
@éﬁt@@%ﬂomm&ﬁww serfimyation sagsing said Hldé'P’F?édP dyrction as

'dqalﬁéféﬁtlapﬁfddcﬁﬂﬁié\ftib@méﬁén td?ﬁntéfh@"d’%i@' rﬁ%d% b &e&nOfirst ends
1 ON 1 on | radl o re

62 he SRte A8 inducion bariofs, ok PAMBRIIGHE Point and the
mnt@femtb af the outec irdugbar portions form diffsratiialrmode olagputs of the

ofS5AGY e pbratin AeAAH S Bpvep a8 a7 GORE

tO clhalm erein sal nono
i nduct or mearfsoiombypassiag spowkof e isguetar podmmwmreetncally in

rél%ﬁoﬁ‘?@'trﬂa E&Hmo‘?f rrode ﬁﬁ‘ cﬂé‘ oF@&@EE%N@pér&aﬁ@n in one or

arranged to alternate hin eac ot her

imerer igheradiniiraquency, tPa"tfhe ends to formthe
i nt er nedipatsn nedlgstort béw@épébc@r@mgel@délafrﬁrm Whetdi® said means

Bomiisam, svitos B4 Sondeeteh telivéeh the sarpfd e idhpdnterme-
iatel indinctor pbetivars tortrypassthe amiprinediate fndustorqortions for opera-

%Bhslhs;g'ﬁ ég{%ryraglosﬁégﬁgnéya A4 a'nﬁdt%cﬁ@é/,o%eﬁﬁe' 8 ﬁ{:\gi E?fl‘\ through

casco sect1 on
dhe giteimedigis Inducf@b nedtms\f@r operatigndn the Iower frequency band.

cougf: er- @,gg@kﬁévgagtgi Bbvi’cégac%BFHiHﬁtt% }??Iﬂg}‘ﬂ@i’ §5whéﬂe|n said mono-
G e duRios, olprae oh du RLKW6: ShiEFlscandcliys Higg and a
l’@:!)uhfé?;dldﬁﬂ@\ﬂwsplréILU’d’meCtl\l?e«lrﬂi§ arbngbe ;ccsaltémbte within each other
EOPE Y a3t uRIER0S Bofs 1§ Forrt HE B riiiblerfag e oppo-
sitedandsiformingribe diferemiialioudiputsor devi ce according to

any one af aql A8t d%v*c%c%‘r@nb riﬁ ke 1B G & %vhereln the said

i nductor_portions are éaﬁ ut most tu
Periipnsoef sajd peagiihici planeat Gduc &ommlseétce‘rtwprﬁru@pﬁe substan-

Rially diesetd fandr ifBdcteY sbBforisiAgd 88sdode configuration, each section
being formed of a clockwise spiral conductive line and a counter-clockwise spi-
ral conductive line.

5. An inductor device according to any one of claims 1-4, wherein
the intermediate inductor portions are formed by the innermost turn or turns of
the spiral conductive lines, and the outer inductor portions are formed by the
outermost turn or turns of the spiral conductive lines.

6. An inductor device according to any one of claims 1-4, wherein
the intermediate inductor portions are formed by the outmost turn or turns of
the planar inductor, and the outer inductor portions are formed by the inner-
most turn or turns of the spiral conductive lines.
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turn or turns of the spiral conductive lines.7. An
i nductor device according to claim®6, wherein spacing

wheoorwessr7 t he | nnernpst turn of the internedi aP€T/FI2006/050328

i nductor portions and the outer nost turn of the outer
i nductor portions is enlarged. g An i nductor device
according to any one of cIainB1 7, wherein said neans
conprises one or nore of: conplenentary netal on
silicon transi stor swtch; pol ar _transi stor

swi t ch; (ﬁ%éﬁ‘@i‘@%ﬂﬁ‘('@ﬁ a%%d'ago@ec"@!ﬁe@ WhefeiR; spacing be-

ftwaéd t8é fmﬁérrﬁdsm&rlnsbﬂme( |E@Tr}nedm&€idd§&bt @brtions and the outer-
t ro witch. 9. An

|
SRt S0E RS T RrPRS I BRbed ! L e 178,
vvher ei n SaiAth melactor adevice aecordinguior any oneaddi clgints pe?,awherein

SR Thaay ftpists, Bio, O MO S cotle ety “hiddghysilcon

{eMO L inssisiomsmitchsbigotarteansisien switch; @a@ﬁﬁ@etéﬁw&pax pin-diode

ha3B4i §klf&h S\‘I@I(! ifech Mandl3esre{FE T ebh sl %Vﬁ’tbhd%wc‘ﬁ%mechamcal
furtEer C es.a second current [eaking bipol ar

Wa Wt t he conmmon node between t he
i nter nedlgatAm pauttoprdevicel acdordingdiechny onevofcelaims 1-8, wherein

3 e cofel et Grroniv Al plioten Fina P bl G eans”
corrprl sed 0t r Ansinduotos devicehactordingeta pnyrgne of ickajeas 1-9 for a
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13. An inductor device according to any one of claims 1-8 for a pro-
grammable gain amplifier, wherein said means comprises a matrix of inde-
pendently controlled transistors of the frequency input stage connected to the
differential output nodes of the inductor, and a matrix of independently con-
trolled transistors of the higher frequency input stage connected to the inter-
connection nodes of the intermediate inductor portions and the next outer in-
ductor portions.

14. An inductor device according to any one of claims 1-13, wherein
said planar inductor is distributed into six or more smaller inductor portions in a
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ductor portions. 14. An inductor device according to
any one of clains 1-13, wherein said planar inductor
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18. A programmable gain amplifier comprising an inductor according
to any one of claims 1-13.
19. A folded cascode circuitry, comprising an input stage, a folding
inductance, a cascode stage, and an inductor according to any one of claims

1-13 at the output of the cascode stage.



