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;e3e"dvr &6T"n[ WO 02/ 09280 PCT/ EP01/08398 , The invention relates to a TN
receiver conprising a tuning circuit including a digitally controlled Al |
capaci t orwbank9asoth n 5 capacitors being nonolithically imrcegrai/egiosn -

\

pl anary form and being _controlled by a tun| ignal, as well as“to
a capacitor bank. A rg‘mlﬁmmwwwmum a digit !mulﬁ@mwmw capaci tor bank of
this type is known e. tent nunber . 10 The capacitor
bank of the known receiverispsovi des a vari abl e ‘E?%Pﬁ%im tance, included in a
filter circui tReardvies campridired at dighcakEnentoalthylVad yeddee ittomi hgnkr equency
of the filter and/or the receiver. The use of a -capacitor bank instead of
a single variable capacitance diode, allows to |lower the bias 15 voltage
«and to avoi d t hEherdary g oRGH PG e \ker BersceFgn vomipsi 8ing e tvnd&@aci t or s

of the di giigddi c‘l%tlﬁehﬁgdaczﬁpﬁ 'atng bankeHaidig caprel i d:higald wikAt ggrat ed
in pI anary formenable to <E)tl m se the apove receiyer and/or t he capacitor

bankSused FRRAEITPTS ReLBY MR ITHICEA ¥ +RTFHETEESr AP BIARFY FOop%r fPdul ar 20
in tuning bernaglldmutroﬂimmevw a [turimactboerol he gmanpoasnteMalases oot circuit

el enent s |g§ nt e%anﬂ pAaglgé% Jgchnol ﬁdgr Q;gI a@l?%&ﬁ? ﬁ%b' n integrated

circuit (I Mo ogy have 5T ut'e Ve~ sprea sol ute spread
i s under st GQIQIaQJ(tOb?e beh& spridais |trypphe825n<am walg- céﬁp@n@ﬁtpmn@eguﬁlbém a,
wanted or avei@gejval ue, whereas relative spread is understood to be the
spread in the conponent val ues of the elenents relative to each other.
AbsdPut e spread™s FARATFOEabaRE DYy Hgr FRPYBNF TSRS PRPEAKFREL or the

conposi ti Oﬂa@iameara;&@abay&ﬁée, mhanees el ativesspeeaduis falsed 30 by the
i nhonogeni ti the X and Yla_Lxes of the | anar _| ayers. %ttheypes of
I at

e
spread cauSg" %ﬁe sct 081 TVaEf u%e Fo bt SGF 4t W SBESt ET PR
unpr edi ct abiytér canob(omatgetlwmueer Wihehusa-qara icepkhait$orbardd atmsvéw smal |

val ues of the, capagid ace-ARY @éﬂ&&l&aﬁn@e%@ﬁo&g MAnBws THh S1 s Rhgvenhed so

far 35t0|ntegratethe capaci t or nk for use in a receiver tuning
cirdgit. THeltsRmidko ABREYdhe |n§e6a§%6 %?/Q%é’opéfééb‘?ﬁ% OWI’ECI'*?@P“PH‘E{ he

02/ 09280 PT| EPCLI 08395 2. o ouet ﬁ?l?aw-‘fe?fhm’”'w e & ““‘“"‘m@“"f@ he
evee rma ecting.the accuracy of the
capaci tanchQfé? d‘éonoqaﬁ%ﬁéc"élg{)%cﬁ B d7 o4 e TPOHi R ee%éency. I'n
consequencept ambrgstheokhevet heerisved tandéoa_ntmjcanac@tor He}azilnvmetii onis to
mini mise tBeooYEl Al $86Ra0oPlp LR BetapARliANGaal URa o, NG aRAEL Or

bank. Now therefore, accord tlo 0 .1ts aspects, t%e invention is
char®ct eri éédt‘bfyl%ﬁ?hﬁvéaﬁém tors prOV| d| ng - various capacitance val ues

including a uni Hnga@a,cnxtxplpraaweeng @w@owoh&lﬁwafma% owhei i tcapaci tors
havi ng capaﬁl t ance \val ues 11_:0 sma er th an un| taédca aci Lar. gaver

respect i ve I ERErT ad®d S AT 2 pplraélﬁgyt B rfo Hei™ Ay

are sl '8r than
sai d uni tylhtbgmﬁe;bezlandlv\heﬂé) n-ecdpadptprisatrmabsg lobpaeid arrdetiykeues

greater thap,.said Aﬂyotmtgagaféé@rl@ L 8aRekPGod ArdTed BYeChysi el S Ok he

capacitors, each coverin C surface corresponding to sard 15 unity IC
surfce. TRFEUSk AIROTICS b&é%lﬂe%rifl%q‘fb ar BepEPT t9oVieRaret el el atioreaspr ead

of an int egéaaﬁﬂvéel@f@aa ignthddr49dd ebl BE ke idpregral 8016 RREIHBENt
i ncreases W %éqcr eeaséll’L 1% |C surlf ge t greeé)éﬁ ov,\ckgl%rreaibsgl e|csalregll enment
structures’d E?%a e, SPENgRT Y eretative p
is mainly caused by variation of the thickness or the
composition of planar layers, whereas relative spread is caused
30 by the inhomogenities along the X and Y axes of the planar
layers. Both types of spread cause the actual value of
integrated elements to deviate unpredictably from a target
value, which in particular for relatively small values of the
capacitance may amount to 30% or more. This has prevented so far
35 to integrate the capacitor bank for use in a receiver tuning

circuit. The invention, however, 1s based on the recognition

that in the above integrated capacitor bank, said spread can be
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20 spread with the square root of the nultiplicity of application thereof.
Said neasure therewith allows by a proper choice of the unity capacitor to
m ni m se teeoiotsl spread in the capacitance val ue of the mapamijgiosbank.
In a preferred enbodi nent of the invention said n 25 capacitors forma

bi nary wei ghted sequence of capacrtance val ues ranging from2 to 2n-1,
whereas said unity capacitor is chosen?to correspond to a capacitance val ue
2k, k being larger than 1 and snaller than n. In a further preferred
enbodinentprévéﬂh@diﬁvemtifﬁeatﬂng theB&bddnadgrdErthé caglditadee ofalifs

wher eas k i applying this
nmeasur e oﬁ%?na% %g QQéSP Fgaz I%? § %§5é5¥ spread of the
«capacitors to OB%&KWE§QRﬁﬁPﬁUW¥6VEﬁéIPtbﬁrdédlﬁﬁ:thé tapatiadece of the

capaci t or Q@@&r@reneaeﬂ value it Rl Be t g tdi-RG1T & ;gg@ad%% Ruef erably said
unrt% capaci tor, being chosen to define the u er oundary limt of the
g

‘¢t uni ran&‘fé"’%c‘n1 LEOfBeliRELT O FAFaSPPREtEs & WO 02/ 09280 3 PCT/ EPU 1

/ 08398 Furthernnnethbeeabﬁyeeﬁﬁﬂpﬁﬂmbrﬁu 6ﬁeeﬂpam5t@£§eduschmﬁiers of unity
capaci tors, C in I to_further
m nim se tjhlle&%n\r;cg(r%a ﬁgspr ea t|eﬁ1:£l%he I dgvlrr%ulalcgp %gér(%ﬁd“’gg%%%?t ors of the
capaci t or VRFlkeUs5 CARacheangs efdieedirpbiatinent Uity eananiénari cavesing

therefore ghatact et sgdrdde t herereehdc%aﬁ&rx% BE v Ui Lo RRRELEET 2 AKSs Dei ng
surrounded by i sol ated dumry capacitors. This neasure allows to conpensate

f or QpreadFW?F%ﬂ?ét@éﬁaﬁ?%%uﬁﬂitWaFGE§c%ﬁ0?Iﬁ?vfépéﬁFE?ﬁgﬁquectSUBF%%ﬁﬁn ty

ef fects. Ifhiln rledp@ep@ﬁrmtum tﬁfefleC{r&quélﬂ*é Sﬁ.ﬁBleVﬁl’tHaSl eeefjem;b&y bei ng
character|f¢ g}aceatné ac%%ors e _ca acrtor t i structured
in lay out Yo tormcfuste ébrngaﬁ% ?ﬁr AWAPEs PEr e qn 8rfetts.

Anot her objesatesf thhe .sawcémmd?ry |cepaglt¢rpramebamdgsfcrm¢ed @ylsltlh‘eex:@nt rol
of the Cap@@'ééﬂéd%@@&s,Téﬁ%ﬁﬁéyﬁ%rxﬂgrQEQRY%hr%QgéOEoﬁﬁﬂﬁﬁkkﬂh bégksald
conpri sing n, capacitors being controlled by a (tuning) contro? si gnal ,
accdPdi ng ¥BLHhdG FR&REFBN is characterised by an AD converter for
converting an anaoaikastiyai Ng wEd oh ehenﬁécdqﬁlelaﬁ théxt tth20 renBalyesi gnal
bei ng coupled de% brtgunb%r conv rsgon de%{ce fort vertrn% ﬁmrj{nént

bi nary si giai it &R nn%fqé%rnarge? Bhal F e PRET L HEI e ATt RERSHE2'SH d n
bi t bi nar ycapamidlori nokudasep biitth: & decﬁéa%eppdﬁrBet@a@@nﬂmﬂbbfng capacitors
1 to n of fhe LAPAGELLE cDANK ergt TRE SuIBAMY Yelc$ R85 PR HAE fgCOgN ti on
that the nunber of binary wei ghted capacitor val ues necessary to obtain an
appr8pri at BPERAS A thf thR cEMuRNP iHeotuff nghe redidRétetty o mpplérathem. n,

bei ng t he whars .Ofsabbimasyswed grmteedw@an@micﬁrssbgf al peogapaticiee banknseeded
to cover the, tunrn lgnget IQ{& measy %e 3qi§' Lo, use an anal o ue t uni ng
control srgnéﬁ ) tunrng lﬁﬁpu 1% rSpr fdrt & morect t srnplrfy
t he oper at valmarwt ¢hpleﬂﬁm¢¥ﬂqn3ma@k the AD converter while maintaining an
appropriate degfee, ofrReGULACYmb it NG T £8AUSRELES on AsPI T LT T ed

enbodi nent of the invention is characterised in 35 that the bitnunber
convér si on“URRF IO EoAPER se PR ek ghEed| BLRERFE of epRAG tapsragelues

| ocati ons fafigsiprirmg thejeichiamifekdds Banarynsiwnalpatetot oy r@lddsngtbhe n

capacitors g@régg%r n%egrat

a5201tance value 2%, k being larger than 1 and

smaller than n.
In a further preferred embodiment of the invention n is in

30 the order of magnitude of 10, whereas k is being chosen in a
range between 3 and 8. By applying this measure optimal use is
made of the IC surface dependent spread of the capacitors to
obtain a minimum overall spread of the capacltance of the .
capacitor bank at each value within the tuning range.

35 Preferably said unity capacitor being chosen to define the
upper boundary limit of the tuning range in compensation

parasitic effects.



digitally controlled capacitor bank. WO 02/ 09280 4 PCT/ EP111/ 08398 The

bi t nunber conversion device nmay alternatively conprise a mcroprocessor for
execut i ngyemadgoerithm for converting an mbit binary sigmpal/groi/essen n bit
bi nary signal. Preferably, the bitnunber conversion device conprise nmeans 5
for adjusting the dependency of capacitance variation of the integrated
digitally controlled capacitor bank on3the control signal e.g. to effect

| i near dependency between the tuning frequency and said control signal.

Anot her ObjectFﬂEthéEmérBNﬂﬁé aboivs tam@gEptionhef compamiltcafs 16 thestrers

capaci tor g 50‘11”%@52 %Eg%{%‘i' 9%@&5&&‘% @ggyﬁer efrfez%% A GAPACL tl%{y val ues.

A preferr et he ravention I's or'e eh aracterised by a
.cal i brati owtcideeiyn ﬁQﬂfQﬁ§§§Hrmh@9¥%ﬁ§b¢@?e0§9¥%%&iﬁ9¥3?ﬁel@aﬁﬁéitance val ues

of the n Gapacitess Oftdfracds LabLa:ed¢apasi tafadiadk Behrg coupled to
t he bitnunmber conversion device to adapt salgaconver5|on to congensate f or

.sai &P absol ute SPPESFE Hifﬁfserﬁfélsﬁ@o‘fﬁ% P ARV iihdeti bhebti e
absol ut e &mmﬁadtéfigadlmm.thatngatmﬂmmusnamsobftﬁmnﬁyuuapae&taﬁd are 20

parti cul ar t%% §Er£QPQ§cI It§g0£h§e OémFQbF. aggéd@noE%E éeck%of t he

invention T0 rFnprove recei ver signa I'on an proce55|ng
enbodi mentaldfwa teceimpEnsgteofdr ngpigrd ha- theepapaontagcehsptfies eof the

charact erised -By,a8 &ﬁé|tgpggo§5$1@%.ény@E%3|ng a 25 further capacitor bank
being controlled by a control | generator conprising nmeans to provide

par &'l el trackFﬁgrSFu??mPﬁﬁﬂﬁlﬁéchFE%?ﬁsQﬂﬁ?cph§eFF1Y?qt%ﬁ'prgﬁﬁﬁa?%%ns may
i ncl ude vakﬂm@5ch@f*bu5rﬂsém es Eﬂﬁh'@ﬁﬂﬁﬁ@ﬁbmgoﬂinxSHﬁkﬁgephCE%ﬂﬂ(H&hﬂ(ﬂ
storing therel t he c? 0 bln Sé rol.ling the n capacitors of

%f 5 uct y P %9 %ﬁggtrs hav g mln T?%
the integrate |g| y con ro cap ci bahk, a rnatively

i ncl ude n&&n@sublemecunEJ&ﬁfabgar|thn1mh|ch perforns the sane t ask.
. Anot her obj ectyafhLhe ﬁw&nwforehbslwe& o lfsh@odmﬁ&;ee a3 gimﬁiﬁflyw se -

capaci tance variation of the capacitor bank from becom ng critical i'n some
spedtfic éﬁﬁiF@&FF%%SIQH%Fbé@Ptht%%ﬂ¥¥%%lar when being applied in phase

| ocked | 00pS. Therefore, a receiver and/or capacitor bank comprising n
capacitors being controlled by a (tuning) control signal,
according to the invention is characterised by an AD converter
for converting an analogue tuning control signal inte an m bit

20 binary signal being coupled to a bitnumber conversion device fox
converting said m bit binary signal into an n bit binary signal,
m being smaller than n, said n bit binary signal including bits
1 to N respectively controlling capacitors 1 to n of the
capacitor bank.

25 This measure is based on the recognition that the number of
binary weighted capacitor values necessary to obtain an
appropriate degree of accuracy in tuning frequencies is smaller
tian n, being the number of binary weighted capacitors of the
capacitor bank needed to cover the tuning range. This measure

30 allows to use an analogue tuning control signal for tuning the
RF input filter and furthermore, to simplify the operation and
implementation of the AD converter while maintaining an '
appropriate degree of accuracy in tuning frequencies.

A preferred embodiment of the invention is characterised in

35 that the bitnumber conwversion device comprises a look up table
comprising m*n storage locations for storing therein an n bit
binary signal for controlling the n capacitors of the integrated

digitally controlled capacitor bank.



WO 02/09280 5 PCT/EPO 1 /0f3398 Therefore, a preferred enbodi nent of a
recei ver accordingto the invention is being characterised by a phase | ocked
| oopconprwsi @ymocontrol | abl e oscillator, a continuous tumcigrehgos si gnal
bei ng supplied through an anal ogue to digital 5(AD) converter to said
capacitor bank and to a first input of adifferential stage, an output of
the AD converter bei ng coupl edt hrough at di gital to-anal ogue (DA) converter
to a second inputof a differential stage, an output of the differential

st agebei ng couplbd bitramdent cohversivmaleviteamynraldidmatapaty t cmmgeliGei ode
bei ng arraagﬁﬁicf{)bme@slo@ b9 LHe-HARACLKOL) DA LINIES L MBASIL A RILUEN,S the
phase | ocked | oop fromrepeated--swtching between two settings of the
Jdigitally &éhtpPbraetEdsReit 6Pt datk TANEr PabReY cHg&éilt ance devi ce accordi ng

to the inventiopl&feranisg ithet Beth@me MRIMNvAREHoK EES8HR cbipehad agdLisl sed

by acontinyous tuning control signal being supplied through ananal ogue to
»di gi %’al ( ADP*cB Q/‘ésrft]g}g t%g‘eagﬁﬁ??cﬂeé}cycz? affg?%? %‘J}ﬂ?aﬁ'&rfﬁtgo’?i tt%e. put - of
a dif f er entinakgsdtage dign taldl putofrdlieADcepaverdemapé ng Cloeplathtirhiough a
digital to ( e i o] i.f.ferential
stage, an 829%%?8%9%5%21%?? grg gnﬁ%alts;& Sggﬁﬁéﬁgﬁg Bc%%}egdg?% gh{:%%{rol

term nal offrgaverfulAne EapdcreaieR dilg®élbei ng arranged in parallel to
thedigitally cophbohéebwppACickotndankdBiti3pphyi A ddhase tRrassesacgor di ng
to the i nv%?‘tl on, 250per ati on 0;1 t he dl,%l t al I% control I ed capacitor ,bank

wi t hi*n acont*fol ¢ SGuilesha TRRATIEEReP2Rprt Y AFoPFRER! t FRATEShENt i onal
vari abl e capaatiasceradivedes, whereas the vari abl ecapacitance di ode i ncl uded
0 e, vari abl eacBpasl LANE S ARULERC A 410 h0eRDE eeatipaeorly needs to
vary within a range30corresponding to only one s epvmcf’tho e

capaci t ancehatcpehenisechbw Recdl Hoxatlion conendt |ear cwpaviring absolute

bank. Pref erabbya {Me&1taRAGLA05EcY 81808 T 86, Harhber¥aki sbleeapaci tance
diode is chosen to corresép,o d he capaci tancevariation. stepwi dth of the

nd to t
capald t or BRARIERESH G oAt 385 dnge COFPERL SuthGt PSFgREreof the AD
converter. lconaeps brerdead cembodati@mm Gfi dt kentaveidn ar, campehidtcaticanneans
are used tq aps difference between the original anal ogue control
signal on t ggoﬁ%s‘%lﬁ“ S% 8 ﬁé digitised WD 02/09280 6 PCT/EPO1 /08398
anal ogue cont r ofhéf gpedsiny Hreridapatdn an lsdakipatidie ot e Aasellute t he
avai | abl e capaght ARGE 1 RNtLAL nhabde-Rlou-hervand abl & capaghfiance di ode. A
further preferred enbodi nent of the invention allowing 5 |inear control of
t he $hri abPETEAFAEFT diftee BE d8BYH tHites t8°€8phei t ance variation range is
characterised bytt he gentddutouws 6BNEE0OlofSitgaak nhehtiprs wrplimpdotdr ough sai d
control i nput. to_a é?lai n.control. irglpatljr}d ofmtcggsgn l'ification neans. Another
preferred énbodi nen BtaVarrabl e capgm tance 110 device according to the
i nvention, in whinchnbpdimdtett ef repererk iaschgdihertontiiariggdntien is
characteri sedrByoiHcdiiing oirfl s8q COPTERN RFOYSLRY £1T&dr apdpsesond 4 ook up
tabl es a comon i nput thereof being supplied with a tuning. contraql signal
and DUt put SUERBREFARRAT TP 68K R RS FOPSECAHET SBE AhFORBABE 3 HRE | y
i nt egr at ed gkhedhfbt addnpraengohtets capatiotrate bpaiksl fer ti-hekitse dhemneof in
first and nd filter circuits,.respectively, the first and second | ook
up tables [s)cﬁlglvflai %Jgr%%lrt ;%lrdalLtl SIRI?ithS’L%re%t'r acking. The foregoing and ot her
obj ects and adva&drchgesand ndie i2¢lpdesemtidusy depkonP widdlaseeemk nore readily
appar ent f rQpLERg: 49!l-aWRQ A8 CTd PRIt QR OkPr 8f SF R corRedh "Bl &, 1as taken
in conjunction wth the acconpanyi ng draw ngs, which are a part hereof and
wher ¥ n: Fibdﬂﬁéy”l%?%ala I ECLOHEY gy &APBELECHD IR (HhRi é%g?‘%/raé?d
i nt egr at ed diggtaal { ycaraniadldlebiedapsaganit @ankankr atopradicegnbditdiey i nventi on;
Fi gure 1B i, 3.l ogk. di qaram.of, 2 111t preferyed enbod ment of avariabl e
“capaci t ancé "daVr e aetordi NG ot o T he itveAt 8h H PRSP R T &Fuit: 30
Figure 2 i$agkbl ock diagramof a first ,preferred enbodi nrent of a receiver
.according to the RKeRt bifeet FHAOULE 3nidnd@ibd Csl 8Y QW1 SihldChYEEdSed. I N
the inmplenmentation of the nonolithically integrated digitally controlled
capatd tor RGP YiFQur €APRC1ISENES giREH 1P G bR ICarEdFam 1K Hé Fr ont
end of a seeewrdipyefeitiethledhodom®nipafifadcr appl veitiaeeotidengot 0 1rhe

I nvention l‘f)sza.lr@gcglgzlr‘l‘v&hen being applied in phase locked loops.



WO 02/ 09280 PCT/ EPOL/ 08398 Figure 5 is a signal plot show ng the
capacitance variation wwthin a control range of an ideal capacitor bank
havi ng 23wo §/dbgacr et e capaci tance -val ue settings using F@apGiosog s
wi thout spread; 5 Figure 6 is a signal plot show ng the capacitance )
variation within a control range of a nonolithically integrated digitally
control |l ed capacitor bank having 23 - 85discrete capacitance val ue settings
using first to third capacitors, the second capacitor having 305 spread; 10
Figure 7 a bl agkrdFage am @frctesee®shiyament edr esrhadidieiet abcaratald abl e

capaci tance device accordin 0.t he invention r use.in tracked filters;
Frbure 8 ats CHEL hT G baengotHE Ao E haLe” et onpaP: LEEr Lob

.char act er i stomproféinag comaeritriodhable ardcdillet s, capawitiancesdiading Fi gure 1A
shows a fu [ | . di.agr am...qf it hi |y i rate Lgistakly
controlledqggggg?t%gé anEﬂ%g%agﬁgggﬂ%gﬁ&gégagé%Efg%ﬁ%g?% ? gig%&%ﬁtion
‘conmprd si ng (AR10ceapaEiante ealeocamFigon kgnh Prhdry 2w ght ethdq@eénee of
val ues 2 t @i2@er¥hidn GRS hAdbwigitallry t 5 A hadhvctevgBe {85 RRKLI1¥E

swi tches SO. S9 bepme§ibfirst and second t?rninals tl and t2 under control
of a digitatre§bit 3 IATer PRAETIHRPEEY t PR E6nAetEET PR al | el
to the capadti bods$fCO£H Al weagel hen fautpiitantl gec ahid f2rehetal nedegyet 1 and
t2. The tri i i qgﬁg te-for p i ct.ahl
parasitic é%gggi%gﬁggggg%h%LF8§F£€% t egpégiﬁ%l%H%%?g%#%négﬁ%gg%§¥%baused
by b¥hdi ngsiicdadreendrannpnded iotparaddsdcirabte canitrngbarkoss t he

capaci tor bank 49ia3 predeterdiedehixed pralsue1bbked | TbdY aebinCeepdited | xed
value 30 Cfix is kept as small as possible, An jnductor L is coupled in
paral | el b&FHEER BRI FIITR THRSSE C&r MRt PN PBHER ¥t m wi t h t he
capaci tor s d&apacitan h&hk.uning circuit being controlled in its tuning
frequency over certalh frequency range, faqr t AM r adi o

br oadcast frequghg?rﬁgéger%ﬂ%?ﬁﬁaégef@%ﬁ%ﬁbgcf§§§g%%ﬁk g%eAﬁPﬁ%%% Yin this
exantd e, 1Gds useaie %re Uadstymepgidnad tegedvorris hehangldteriipeédhpyf requency
range, the J£hkahl¥8s SPLLAE IdnE 2BPONERIA 1V BEYRS AipdN@LRRAEHLONS, CO- C9
cause the nunber of essential infornmetion carfying bits to be WO 02/ 09280
PCT/ EPOL/ 08398 °8UF| ke t &P ite latt PRbsEovShites bRl §. FHHd e CaPAEYt ¢ bank

capaci t anceinsal-ueaobt ashablpeitWoha 7ot fes-cafMEDt Stdde, appr oxtpat ey 1,

whi chnore qr, |l ess_conforns to th uracy gbtainable in int egr.at.ed
inplenenta?gbﬁénﬁSFggﬂa(Tu%%ﬁggP %%géuﬁhgﬁeg H%%E%T§§ ﬁgg?o ?%n{ Rcant

bi t s2&ir e alomaysrizerotoia esecondt thest S 89aiEfaterlyislopdagenwher ead-tugr | ar ge
capaci t ancevahues; FRerd:{iieal gRale AN IeaRlBI {5 AT RnRkWAYSeiiRl1e¥@nt as
their value isless than said 1% Spread.” A 7 bits word can be used according
t ot he i nveift i"GA EBLGafrPIHE 2R5Fatt PO FTERPIRT tior PREAKLIGH tiL¢he
capaci t or s diictibbnl1g ¢efetagied vapagitangankby appl yi ng bi t nunber conversion
means to conver%ss%idl7.git€ht§gﬂ ng 89nt23k§kﬁggl %gﬂéhéifH% g%gsntuning
control signal for “FheY¥tapacttor bank = Thi®s arfo > Use a7 biTe AD

convéds ter faperafiignadboiiet dlidiigplay ecworiverldedncapactoaneniowstitiuniang
control signal.L9Thenbi t, LONVRESLOR.GAN RRrCALELEH Witk d¥napihgcal Iy by
usinga trial and error calcul ation schenme-. The bit conversion

canal t er nat33PERtherebatp BiPier 6APacticiiccupirdsfe TieaRe §Phoeaiice using
10 bits reathperliyafesodi®s dddnessedibytHehea?ibbl svotgsdftahbe @bwideal
tuning control,.ybtage i addition §a pidadourber, conversion Lhed ook up
tabl e may also conﬁrlse tata toprovi &% o conpensaﬁfon of “or ?oﬁiadjusting
t he d@pendarrayresbeagacy ttamceilyaprhat $epwifdthhefdilyt teddacitenteol | ed

capaci tor bapkeRehbg LHNNY LHOALLOy St 1t aqeliecti @, bagp! dependency

of the tuning frequency of the 'LC tuning circuit on said tuning25contr.ol

“si gnal . The functisSifegiPstichtrosapgctadtes Watahéorxprrinatf ithiorerHks |

Wi th referepgadi®ahtguifode RisgdhesdB & ddrrkepkndi By ehpacpreisarred
.enbodi nent cgrfg%ggiab e ca %Fitagﬁe devic% vaaC£ordiq9i5% tﬁg { vention
for30use in & FecervBFPY- Wit &F SPenEHRATIESHr BERONHT i 6 T RE& éHent s shown
in FBYure Iheamge pfoviheeshtptth sdgnel ref ehenéBnopeyattszr.The vari abl e

capaci tance devigg 0%, C@aPLES SuRcARRRL LOF RANK GRAEOUD! edidigtwegp; i r st
and second termnals tland t2 and connected in parallel to an inductor L to
form an LCHASESUATRGUERT ckR 2daPhethardidficg 0 4pabrtrfte eV PEEI®R 2 onpri ses
acontrol i rgildgukecagt soPMig@@iwoh htige ot hadAusand aid @igitgsadit o vary the
capaci tance of Cv and therewith the tuning frequencyof the LC tuning
circuit, this control signal hereinafter also WO 02/ 0928U PCT/ EPOL/ 08398
9 being referred to as tuning control signal Vtune. The control input | is
coupl ed through an anal ogue to digital converter ADto a control input of a
digitally controlled capacitor bank Cb as well as to a first input .of a

I LY Y oy T~~~ = . Y M o o o - v - ey —~



through .a digital to anal ogue converter DA to a second input of the
differential stage DS. An output of the differential stage DS is coupl ed

t hr ough awR) d2fivesat i on neans AMP to a control term nal td gicoepidosH®! €
capaci tance diode D at the commobn 10 , connection between a seri al
arrangenment of said variable capacitance diode D and a bl ocki ng capacitor
C. This serial arrangenent is coupled i@ parallel to the capacitor bank Cb
bet ween said between-first and second termnals t1 and t2. The '

anpl i fi cat !mlagaescét&@mll hhesréherRuipyhcst gPabard dhhendSohidd ereat i al
stage DS, i the ference of the mgmg?lsofaﬁ the first and second
St

i nput of s&lod G ?X?b c§‘tpﬁfjé PERSOEREF L & eny2Fetrted to as

.di scretion «hchtétence didde.. adapt the sane to the avail abl e capacitance

variation rangetzahffu%ﬁ %é@@&e&a%ﬁéé%% %'foggenimféi—[t er IR &y %Varyi ng

the 20 gain of e arrp catl on nmeans depen on the tuni ng ctontrol
ol t e Vt Ui@say eonpens 4l 6#?50Vath@lmm:at>eﬁe§en<t%rﬂwecb’hthem gl t age

dependent capRacktanes variAlioanrehqgd hes @h@@ﬁc@etﬁs&bt@ Red. st Galbdre seen
fromthe cg%am t ance versus voltage characteristjc of conventi onal

vari abl e cdPpAEFPANELIRvbRERS SBPRHLHh ST PGPS, C"Hﬁé"%l OPR Ot X & d
characteri s;am dentea}seﬂlpaitr @mgtyevmﬁﬁlmidanﬁ:bﬂamm Az un| ng control .

vol tage. By incrgasing %lti' °V eﬂéb&ﬁé%@f %& afé'.t%Qr? LM W th
an increasing tuning co tage & confro apacitance of the
di od#& D carf€yd caandecapiing |tr¢eehet hreveew:torm 30nj W]G¥@a§1hﬁfg et‘fﬁecedm" repiread

accuracy. T RLY¥hEE R Lofideayious! Mhé’:?édﬁ'e&gseép@_f'ix%l%l‘ﬁ@ Ug AlcAmldnkew se
varying tuning control vol tage Vtune at the in , the Capacitance

vari ation dngr TERet vand fﬁlcénéab%%‘f tué’nc?ébélteﬁd% RIS LAPEE Fhergot
correspond Heinh_;heupppm tvairtee avaﬁnﬁxtq atonErogt epag\m@tt harf ocliputapacdde@f bank
Cbh at an incr.enental . chan 0 the out ut SI n of t.he AD converter. The
capaC| tancerb Sari g? 8%1 ?gtncggflofttﬁe Var é’t()jl e ga%%t%l %anlc 88 ‘B:l S chosen
in steh a wiwithatyi @OIG@Yﬁﬂrl?dS&'ﬁE&*ylt@/@ﬂlmhﬂ §pr utite o \hhtenefoﬁelmor st WO

02/ 09280 PG EROLLE83980154 flLQt%@S@:LP&Pﬁ:esSSr%@?@é)glvél@e icRer ROt alng
capaci tance variation stepwidth of {he capaci bank.” However, to prevent

t he occur r e¥fEOT6f l@PFtIéH’n?f’é’l@IS PReVtaigt iftanear vl te fd‘fltteﬁetééﬁéﬂgt ‘or bank
when being varied, the capacitance variation 5 range of the variable
capaci tance di o refera hosen. t o] t smal I e in

practi se approxi maet fjon %%‘g oafm{ >é(‘at%letrtceb En n§ag§%t1?t var iglé i on

st ep® dt h giresgetcapuent o badk. b&"h@ne/arrq@bh:eadapﬁcanmtdévometla/
according @4 LOYEPLAORAS £ apALE IcS HBENI MBS S et 2Bken Lo, be

substituted for any single conventional variable capacitance di ode and
functions PTEPERFTLER $HgpIHrey SFETHRRN SRS CXATLAPFy YoV 2fRaR RHe suppl y
vol t age ne&dﬁ_daoﬁoanaueﬂilemmﬁenti onal variabl e capacitance di odes Thi s
elimnates the nEeed fo% %/uncttag Jfopverters . |n A5 TS ers with | ow
bi as vol t age. N the ~abSehte o requi Plenerts atmo r 3VREEE COI’lfaI ntiousl y
vary@hg capaci tazmt@g\rateé atgixdlillve wpserarad m@ptagmtwg okt mglcovdirades t he
use of a singlegapaeitar:Hank, such as the capacitor bank Cb, as
substitute for a conventional variable capacitance di ode may suffice. The
20 variabl e capdGitifcéBdéyiteIOF adedrtihet & thest RAESHSIES however ,

fully neets sai dmncmmmeeﬁe@fSa wltdablls ¢tdpddltehcdsaerned lﬂiﬁforﬂlﬂtgty@es of
tuneabl e fil ters,, vvhetvhe}r;| not bei n? art ., of of, a t ning circuit and/or |oop
circuit, such as & g “phadd *° PH¢ P %uency Hrcg% 8 1oops. 25 The .
capagPtance var ikitduoe éf :Lshe hadkabiegrapart trafdesdeprete1@ecacnbrdiment o

the invention a%fs@%cbgvgf gégc%rq:@nbn% udidg JRnkd6a! ; capaci tor bank with
n=3 is given in Figure 5. Such i1deal "capacitor bank i ncl udes 3 capacitors

"Wt hout spread d@UFEs323s-21 Hi JEVePBL cEPRT T HGc B8Rt 1 g€ The

capaci tance 30 \iafdlaimefBat 8o OfthehRoflo Dilehil2d19 yehasefrdtes aigespong t o
.the capacitance var,i %rlllgg sge%)vm dt h. of thP Ec%‘am r bank at an increnental
change of the ou‘t 8 gnaf FOYHRE RBPERV e fve cb of Figure 5 shows
the 8apacitance Eitgttme4| deat klagzdcidiegrimankt Ghe vientagnd Ve secofidt hi s
Figure 5 is showigre3delihgnboidlentaRacht AOCE Wy LReoYaLARH £ tgapaci tance
device Cv. For each value of the tuning control input signal, the variable
capaci t ance devid¥WBFiRaviatParf ifdédl capacitor bank Cb defines a certain
capaci tance val ue.



WO 02/ (19280 11 PCT/ EPO1/ 08398 The capacitance variation of a variable
capaci tance device Cv according to the invention as shown in Figure 1Bin a
practi calwpmphesentation in integrated form including a eromipteréssgmpaci t or
bank with-n=3 is given in Figure 6. This non 5 ideal capacitor bank has 23
= 8 discrete capacitance settings and includes first to third capacitors
Cl-C3, in which C=1.3 * C1*2 and in which C3 = 4 * d. C2 shows a val ue
spread of 300. The capacitance variation range of the diode D is chosen to
cover the capadiilgameeSvasiatdigmadt ppok ditrovdingt hbecappatitomdsamkraaton 10

i ncremental  change; gf ot B ONLPYLASEIDR! 21Pfi dehg ADLGOIVES tiehy BBRing 2°
capaci tance variation range of thé diode D therewth corresponds to the
capaci t ance vari & PdACEEEPVIRARIEAREREVR AP G 6 - RBANRS Y shiCdPRAtT @Ffent al
change of the quiputitSkgRadq,0of the AD converter. Curve cb of Figure 6.
ShOV\g t he capaci,tance of 15 the non-i deal cj\?%a%%t or _ban de whereas curve
.cv i showing t'HEEEt I 1R apatitancBigE 3 r P86 EARAPAATEN YT HRVT YR ov.
Al so here the wartihdbl e capacilt anagedefi £endioldehinetly Dapaciatadce val ue
for each val ue gfc;40¢, {UDLAG GIRL BLok AL SBRRhavTHL S0l pugiddise the
vari abl e capacitance (Ji vice v accordi ng to 5 the invention as shown in
Figure 1B in pieapacitered Yaops sestinys Wwilnsk SRasheloi whinst €2@eecatPTwi t h
reference to Fiiy @etonfl GMS£-iF c3hAWSiAg B3 BCkpdags am of a second preferred
enbodi nent of a variable cqpacitance devi ce according to the_inventjon

confPising a tJriFgecdntrBiodt GHAPTERNRT &t Gi°CEE BEFhG oY SUPPFHeE i th a
tuni ng control & gnakridbee tedyaed tannerddvisiegralcocdhnget@ wentinnaotuson
signal, in whic £ygnt iBh@ ééﬂ@f%iﬁggiﬁ%pl signal generator CSG includes an
anal ogue to di g|°t al “Comverter: or € funing control signal can be a

di gital signal FigwrghBch everal rhett ghpwine diter sersrghancyeitasasor CSG nay
conprise 30 di gjdalag2i gRgLa B OG8RI LN MRaNSARE 1R eyeRiald y be di spensed
with. The tuning control signal generator CSG supplies an mbit digital
tuni'fg control RIEGEEE FHfiR's of first and second | ook up tables LUL and
LU2. These first and second | ook up tables LUlL and LU2 each conprise nfn
storage |ocatigns, for 35 shoring thereln, respecti ve Linstoand seeepd n bit
bi nary signals WY e are suppl edton capacitors of fi rstand second
capaci t or bardcraCisd dhdiGhily wobbirnglédrguadiian hanlheaddaisorahank dond
capaci tor banksy;(hl +8neh&hZ,ank i BRNGLIL M Sald Yi=h BPELSES RS & @0-cYO 02/ 09280
12 PCT/EPI11/(18398 reduce the absolute spréad and ngy be gconmonly nounted
i n 80si ngl EOHBPS AgPLTREY fY5idhteAdSSRERRE oK 2bPeEabl &8 FricMideD SPArt

;r Iom bi t nbmmﬁfdiﬁ@a_\éanfyowﬁaﬂ@d daltﬁﬁo\(éj@ﬁ a:ergpé\éitdiregz‘pﬁtrca{elglsot—sacki ng of
ilters, in ich_the first and second capaci t.o anks n 2 are
used as t UNEabIRE ApaEi PHRACE Ta gg?l@pse%geﬁ do;r;]zt]ﬁ% 7 5(:?11515%83 %f? erence
bet ween sudtgitredcREdbLE| verd. Fparainher carmokitog Rbylsecpinestedeirapaci t ance

of the first, 0ARACKLOELRANK, (D] tQ ¥BLYo AletdNathbY s PF&diLlalkong |
(cal cul able)-difference fromthe capacitance of the second 10 capacitor

bank®Ch2 wreAMRader tai Andatrs atihen tefmmee FREAY tAFgFt at s tthiFIPEBRRT B

si gnal . Thisr capacuhpRe: 8t 4418y epeasitis adiadiakanek N nlenediintol the he
generation_of, the first.and second nbit di.gital signals..The.inplenpentation
Phereot 1158 itemE AL A0 o G Pruted Y plpelheal g R eRE Y ane
shal | 15 thetrsl crpagdtahes desorirbed aardss tiper cdpeaitor Ammdpphli gati on of
such a variaht& Lapaekt aness davieeckdxa fil laRuekethed enhediaept of a

receiver according to the invention is shown in Figure 2. The recejver
sho®l i ncl GEE% I RPti Aput™@tl B PesApPiei My dPAHstopal atd &lovpesdi +Rui t

LI Cbl, 20 peraExkibpetneant eand rANEtl HAG s@iMy tasmdnal adtctod 2 8ad t he
above first variable capacitor bank Chl. The RE.input filter .is coupled to
"a m xer st%‘é’ém I\ijacg‘r %ggn\glg???lh%orfn%:éFggi Yhar® FEPRGIsE1MEEEEd By Phe RF i nput
filter RF patorciddEisi ghal tumitioc Krefustignatvers ahernyapr otespedcyn known
manner i Nt oo A0l B shaRBle ! hPPapd0ab PEOLRSSNG-BRA0SCP naHiC by Biq St age

"Mis supplied”with a [ocal osci tor signal being generated by a funeable
osci®l at or FeBE Whpa 4PAY Bhseddridorghedd| 1'éf”LsC‘ac'f‘i"ii“f‘é’giat 1255 6#Fri si ng an
i nductor Lactwaypiy aldogh ratit o thisreabave serpndidiwie&bkguenpadianae, bank Ch2.
The contro%%fatl)tlf capaci_t.or _banks Cbh %quCbZ Aare bei n

ve read 1n -Componen es © e capgcitors C0-C9

cause the number of essential information carrying bits to be



30 provided with first and second n-bit digital control signals from
respectively said first and second | ook up tables LUl and LU2. The

f requencywaro2toezsol ocal oscillator OSC devi ates over the | Pdwerpuesmdy from
the -carrier frequency of the wanted RF signal. For a correct tuning to a
wanted RF signal within the receiver 35 tuning range, the second tuneable
LC circuit L2Cb2 should track the first8parallel LC circuit LI Cbl within
the receiver tuning range over a constant frequency difference

cor I‘espondilﬁglltédt‘lh@ dif rlosequenLys oiiys Theasbdwnrs, Wnt Bapapitonese
adaptation_o 09 PCT/ EPOl/O 398 13 above st Qand second
n-bit digi tvaFL g?rojrnasbgéengﬁggor kf e firs § Secor llélﬁp%%}’tl” banﬁg Cbhl
«and d a2. ﬁioggr er Al sppwendiorappt ¢ cdtd @N:C@ﬂraaywaiwma@leapacw ance device Cv

as shown i QnEle%Hé@e&%xﬁﬂle?:{%nBEti&PUtFJﬂ Isk81 1 aRgh Atk eGoe LHDLAY tGd CUi t Of a
second preferréd enbodj nent of a receiver _according to the invention.

cont riast t $hERE FREki VRIS CRREUPEED auenaLlFRYER| YR /sHofin AW RS §85 a’
phase | ockegel ampa;(zPLd@en V\Aazhebemcfdxde_&rtgleecaplmﬁiHrﬁ:el @eaheesmel ltatree OSC.
An ' out put, of the 3_9 s%k E?C i S, n]gare a. ref rence 10
frequency d€ftVed FromTNE 68 FI'T”?E afyrseéﬁjé Y ot ﬁ‘scF{}?i”él S 'fat or XO

. i n a phaséedet ebanrsafd e spteadsmgw RULIE sf word | cars ber aped| yecamdingf twi t hi n
the LC tunipg GLECHE for? toc%ég' ﬂQC&p‘é?JfEané de-{ined c&@gret%nﬁtk f.figquency
wi thin the tuning range. bsence "of capacitance a ues ich may occur
when'Qsi ng 18 £3PeapaRTY ot thanka oht e Wisth SURiad vieai el @YcaEEeY%%c%tdl ode,
may gi ;/e r'rﬁﬁlbtbQ &e@e@ﬁTﬁdJnygeugﬁgcm rttQDI?ferﬁ:hQaQ@pﬁ%it@ tbﬂ;ﬂkgbct&iﬂf’@:@]l Itwlo L
capaci tance se i nput fi ri ses irs ralle
et Rt D0 RkA B F T Gt F oMy ThE SROoOS A or L1
and a firstoankr.i abie xblpac tanueedeVi ¢ tEvRDacowvralitay tfort Ap amadenpieon. The
RF input filt HE| £ e : Lo si gnal
bei ng sel ect egﬁgﬁa}% ?Cr?%g%l ?}%e%on%ﬁ—'%lglﬁ%%ﬂ %‘%{ﬁrﬁos@%ﬁ%w \Aﬁh#:l F signal
i s b& ng proces§bg PhtkeRAFFIFERREFAT MRD RAdilsPeost gimariradiiynay wsing

processi ng J1eang1 Pand f@rﬂexxeeleaweld\ll isneHep| t1ed it Roavkesedn Qagd | | at or
si gnal bei nq(?%enerat ed }Z/ a tuneabl e oscill-ator OSC conprising a second

tuneabl e LEIEFFREFLVED &6Afr PET nlf&h & gkt 1Pl lBaFQFI VSl th a
second var |aiah@1eapa;tm¢ danceideviesd @zﬁyamemr)flieg ddidd@ednventterv. bilke
first and sg 3 r nd._s rd abl
capaci tance eV| e %ﬁ%‘:ﬁpggt Fgggg(ﬁcjﬁlt}rﬁgl % egpgc ?‘\((}g?gl%!?rﬂs% l%l%
secof | oowwe@faﬁPegeH}PIaﬁéeLwdéﬁm t@ﬂvémytaymesq epEhey dAta HT@ I ocal

osci |l ator pQ%Gleevsse%eéo@eefsattbenlgf faeqdgnemifisomd ft@;eceeEFeaeﬁéﬁq;fency of
the wanted RF signal. For correct. tuning 35 to a want ed nal within

the recei véPPEGATARST aY:Fg%latllﬁé‘ SEchMY T HEablE TR THIG °pP Gh &Ry
track the fdmr shepanaihelcdireilr eiighal [ty EAfethi a Iheaarxe@epeedemwcrfg range

V0 021 0628011 “BETE PO OEYoB T TRIS 1o S av ok W in 8 SPeRer Saibtati on
of tHe abowentiredt shgmekecond n-bit digital control signal for the first

and second Capa@hfeorfuﬁéﬂf&i% sRae ib&;qip tthe1bi {811 ad sgaandeyardable
capaci tance device Cyvl and Q2 according to the invention. 5 Figure 3 shows

an | C lay SWrSsEPhgtlreiisefienchhie ThpgEMERt 4tion of the nonolithically

i ntegrated digi tEanhlyrecthis)lal & ocpdtadoam hemle pi:efegwmaembédamdnﬁcgmrae 1B
with n capag] a uenc e

't ogr at od idasse; Fapattahe, BLL TR IR Sy unf BpkESn S
junc®? ons, usst Kot ecnﬁe%‘gﬁleenbehhghL@ﬂelenestt@oéoreeﬁ@rwlmafcy thte bl ocks

i ndi cat ed taaemémeer Sh&RE N eRLASEM A 8 A igvEaRACHI I LRAMERERGrénddlity | C
surface. Am)n%t e n_capacitors is a unity capacitor being indicated by a

"singl e bl odRMSTEEAL | TR d" 3R R EnEaPRTF e JRUMET &V CHRILEGSe?i ng a singl e

unity IC capacitor bank Cb coupled between first and second terminals tl

and t2 and connected in parallel to an inductor L to form an LC
35 tuning circuit. The variable capacitance device Cv comprises'a

control input I being supplied with a continuous control signal

to vary the capacitance of Cv and therewith the tuning frequency

of the LC tuning circuit, this control signal hereinafter also



15 surface. Capacitors smaller than said unity capacitor 1 are being

i ndi cated by blocks A, B and C. These capacitors cover respective IC

sur f aces, wihgdo28on proportion to their value are smaller thEmemaiostognity | C
surface, hereinafter also indicated as scal ed capacitors. The capacitors
greater than said unity 20 capacitor are being formed by clusters of a

bi nary wei ght ed nunber of unity capacitrs referred to by blocks wth
reference nunerals: 2, 4, 8, 16, 32 and 64. The unity capacitors of the
clusters abeibeirfesurrotndes tuningobatexbldwhgpalnVtyneapde tonsred provi de
for a conp [ [ f.neilg 5 t out er
boundar i esg t hltca)qrseggggt%|eé\i/§\£ﬁ%OQI 'Perg}s) Q%%gdejv%ngt:% gg?g% n&rngegg?%@

M nimsati A # reAaEte LBPEY 05 5t é&dléﬁltﬂ‘t@q}?&rroé&@dc@?ﬁ%@tt&rs bapkr¢her nor e,

the clustegs v?éﬁ_t Slsf Eﬂ%tb!rﬁﬂrétﬂ llr@mtoatf a @i At $81 PSH tUsQ whring
o i ment t e total spread_in, t capaci tance

effects. In a

wal u@ of tRBt lﬁ Cﬂftf’f;ﬁaﬁ‘?f‘ P94 SRy TR ER Vi I AT BT AP att t%’r glegrger t - han
the unity capaoit ar digveaa tcotaata]sgneadomvemﬂw DACapaei saroel vapue of | %

Capact tor s SO Slc1030a1 e 40l 1 CARAGLLAL: dr EncCAPRRLIGHS A Grogbow @

much Iarger procent ual “spread . in‘their capacitance va owever; these
35 capaci t BFsiarewrieg thedidh ampABIERSET B iR St AMP ke ty wapaelt or and/ or

one or noreeeaANA0H tter Sl ar g8Fi 481N chB8cvidiide cARAE! boat th $ohinBh N ses the
effect of the | arger read in the calg_am tance val ue of said_capacitors A-C

on t'fle oveFgrrectigy @?EU@?%OE‘ FEHER0 71 53T R Ggpﬁét?a%a@tle t he
capaci tor bapkchtaresChivabur amd ki blobeis@nidmlciabrt ani Tigis argeal

Pr ef er abl Yy the n paC|t 0 the ca t.or nk_ar hose forma
bi nary wei gh%an %mee%%ence glglslcaCI aci arrtggftg/%l ues%% Caﬁagﬂ‘c T fpo% 28]9t 2n-1,
wher eas sabdtuegn wa@alpbzetweenl@mto%d secout rt@s’pendlts otJa aap&li-t hee’ val ue

2k, k bei nQmi:ﬂﬂféattﬂ&%nméaﬁé‘da@ﬂ%dpqafagéntﬂe Ju'%p%tpéégﬁéfadf gpRodi ment, in
which n was in the order of gni t ude_ of f%prorlatelowspreadln

t he apaci fahterspliice éFaBﬁeD%'aﬁ‘acﬁ tGF’eb‘é‘hW% tdﬁ1 SEPRCE ot o PARDBRIA0 i s
obt ai ned wathtke bieiny ehassscdid dnpanger beiween fFeandt Bal T&t&g\eabae—of t he
unity capa |tor r@cyrel $9 bg chose erregeél ne td(%%et hgr V\,tctl he above_ Cfi x

t he upper BSURLH Cof S the ]t Ui g r ange “SrmafT est ceé—”ﬁé’-EFtort% in

t he capaci edepbatile Gowef tFi gur eavES 18bils ciemeitangedehihet tdre tepgengt
stepwi dth. .}n @aHaﬁtﬁté (‘c% a@ﬂ@é’ﬁéé@%dﬁahﬁ UR £ oh LAR3E BQrvéﬁzﬁﬁo%E@ at a

capaC| tance val ue of g and the smailest capacitor C of the capacitor
bani€%t a Sébﬁc??éﬁt?eatiﬁll& igt ory mepns\HHEp éiGtH?éldﬁPEs‘éht“i‘%Fé’t%Pan has been

illustrat e@oﬁﬂﬁoﬁﬂfdiﬁt&@él bednay tah ddﬂ@)@ﬁﬁ&ticﬁh mh%pﬁﬁhilﬁn@”fbadhﬂﬂ@t S
thereof, it tf) under st 00 that resent .i nvent| sdb% no_. means
?5° b Bh S

linmted thér8 ERE0APREEE affp(?ﬁ?ihg%%e and 1R6arTi 2 catl ShSWAECR will
beconme possisbbetaindd.nAsheasclopesasn tflremappe e cgitanns. vétsyss VthEaeé ore

possi bl e t @yal $or Uselihe oieny e HaeR1 25: ARRIY NALEAS: Yakd QS ERgSUr es
according to the invention separately and nutually I ndependent from each

ot he?® For SBRHRptR Figures 8y akle vigharepaésppte qk@ré’ﬁﬁﬁylts £° 85 3PEE0 use of
scal ed cap&eb:bﬁcgsylwttepehl nati&ds Wd huﬁhﬂ@t&ﬁrﬂ:xﬁl wBltygeam@eitors, the !

reaeur e 0 aEey B MIDSE RN A5 LR AL 0 AP A0 TRRLY 2
any rmut ual mgmaﬂmg dmniogheent halh widwager nthdeadrtanwilngf tha/\o 02/ 09280 16
d ai ms PCTQEB;é%téﬁggﬂy% the diode D can be made more linear therewith
30 increasing the control accuracy.
To provide a continuously varying capacitance value at a
likewise varyling tuning control voltage Vtune at the input I,
the capacitance variation range of the variable capacitance
diode D should at least correspond to the capacitance variation
35 stepwidth of the capacitor bank Cb at an incremental change of
the output signal of the AD converter, The capacitance variation
range of the variable capacitance diode D is chosen in such a

way that it covers safely, even in situations with the worst



1. Receiver conprising a tuning circuit including a digitally controlled
capacitor bank with n capacitors being 5 nonolithically integrated in

pl anary fwigw2angsebei ng controlled by a tuning control sigmyembhespst eri sed
by said n capacitors providing various capacitance values including a unity
capacitor covering a unity |IC surface, wherein capacitors having

capaci tance val ues smaller than 10 sai dOunity capacitor cover respective IC
surfaces; "which in proportion to their value are smaller than said unity IC

surface an@a%eb%éb@&%ﬁiefaar StH@Virrtg:eﬁ@a@aiLt s italndesvareat €n t han said
unity capamtor are b i.ng formed b I]J(f]t %?VeOf capacitors 1%Zch covering

an | C surf &E8PT59E0 %% 6‘ n§FRICT " ﬁa Y& sttt &EEVeBt Btei ver
-accordi ng teeccolraemed ot lpdi&chéng setl the sapdcitaapacisloesofotid ng a bi nary

wei ght ed sequenee, ofy, Qzﬁ’l'e‘haﬂgfn%a\}alﬁ%dr apgin éa[c%%a%fkovgﬁémhoﬁﬁ' d unity

2D capaci t or “correspon to a capacitance va bel'n osen | arger
‘than ? and *$RgE| ef ?Wﬁu?%?laﬁleF@%@ﬁQRﬁanﬁécéiﬁ@%QDFG*@F&ﬁﬁ??b X Haresster i sed

by n being tlonbtehgozﬁéxﬁiféft Qhaaen) tm%ﬂctlgeaagpi@ﬁ%aﬁgzl?hQﬁﬁﬁ di thd ange
25. between 3 and 8 RECEI ver according to cJ characteri sed

or o,
by said uni*ffrEEFALH ocra §RERo%ET A e PRV L?EpEPebS%?ﬁf&rRPﬁ imt of

the tuningbeakge. 30 5. Receiver according to one of claims 1 to 4,

charact er! sed 1auLnot palfl lustet s, of HRLLL EAPACLLOLSALS BN

surrounded by iso apaC| I'ver “according to one of
clai s 1 tgngenther Rt & |W§@ée| hsw\%ﬁty méls ahdtapisstter Heopubaplivitiast Foar e

structured dny kay Péltcézﬂréﬂtﬁbﬂhﬁev%%‘i'et bap%ua&gceefoﬂ‘l%%sand Mﬂ&%@%ZSO
17 PCT/ EPO1 0839% Recei ver _according to one of clains

charact eri §€8p8§l§éna‘:ﬂﬁ%3n§’e?%?a‘¥%? %@PFF%&%&%@ GBGE T%lsdﬁpéﬁnt r ol
si gnal |nt®oamagebméedddlf@mysﬁcgn@dndyﬁtngnemupéfmhnﬂm aabhtnustxex conver si on

devi ce for dﬂgggert¢$¥% qf%uggpgg Shdifary F%%gﬂéj véit%nepn2+$?f n%LIPS 1

S|gnal m béing sna ann. sald i inary signa
to Ni& espedtewev?l@dmtrlbl‘-HQanleapmﬂtames Int bhe fsarive @épa@mmelmms 10

8. Receiver 2L dhd g t&n@1§&h%§l¥ Mﬁ%@'&hﬁgglﬂa(héeh%lhgeap' 4 nunber
conversi on devi ce conprise nmeans Ii néari si ng the dependency of

capaC|tancél#ﬁﬁFéflfﬁFXﬁn%f??nFﬁgeﬁﬁ%ﬁﬁﬂi HP&FPQ?dfﬂEbNPPoPﬁeﬂ THPEE t or bank

on the tunicagaenbds abarsi,grRalch 45 the RegRICYebr ALN dY)J als0sGhbat Mut DS,
characterised in Lhat the bltﬁgnber cal er5|@ eV|ce coggrlsegmg | ook up
ort

t abl e conprlsfﬁg %P% orage ocafions nbl¥ﬂ%re|n fhe n'hit bi nary

si gndl contveslipbhg ¢draditemgacdevise ¢iv talqr@omlnmtiegrtéteednuagticahl y

control | ed (eRR3ek! OFubBNk RS sashuactd x%heﬁ@bd amcpl teDichany sf gl . 10.
Recei ver according to ¢laim9, characterised in t he bit nunber

conver si on ‘PEHEES cFhpridEs 95rFE%@F?%ﬁJF1&Ee?5't%ﬁﬂ?ﬁ?réééhDEBH?ﬁﬁﬁﬂ ng mn
storage | ogairtoBs & Otwsiry idigcuber &bdy dheaobpbtir&iitgr yushgaal e cpntgriski ng

the n capaC|t9qu8£né§mioék %giated digitally controlled capacitor bank.

25 The capacitance variation of the variable capacitance
device Cv according to the invention as shown in Figure 1B
including an ideal capacitor bank with n=3 is given in Figure 5.
Such ideal capacitor bank includes 3 capacitors without spread
and has 2° = 8 discrete capacitance settings. The capacitance

30 variation range of the diode D 1s chosen to correspond to the
capacitance variation stepwidth of the capacitor bank at an
incremental change of the output signal of the AD converter.
Curve cb of Figure 5 shows the capacitance of the ideal
capacitor bank Cb, whereas curve cv of this Figure 5 is showing

35 the total capacitance of the variable capacitance device Cv. For
each value of the tuning control input signal, the variable
capacitance device Cv having an ideal capacitor bank Cb defines

a certain capacitance value.



30 11. Receiver according to claim7 or 8, characterised in that the
bi t nunber conversi on device conprises a m croprocessor for executing an

al gori t hmwmaz/@eswerting an mbit binary signal into an n gig/ERieesos
signal. 35 12.. Receiver according to one of clains 7 to 11, characterised
by a calibration circuit for neasuring absolute spread in the capacitance
val ues of the n capacitors of the integthted digitally controlled capacitor
bank bei ng WO 02/ 09280 PCT/ EPOL/ 118398 18 coupl ed to the bitnunber

conver si on devi cmd eapdaptasdd GQREBEI 6N 4 XGARPERSSLsadansRi deabss! Ut €
p 12, characterised 5 by

spread. 13._ Receiver according to one of clains.1

a phase Ioc%vecfﬁcgb:gl%%n%?itgﬂiengngeggﬁ??oﬁ aBICER0 &R Y1855t 2 Ba*Rofit i nuous
tuni ng contpwictdicghaimpeemeptsipphi éd ihrangitedn fam) ogud uddngi gi tah- (AD)
converter | Qiaal dapappels WadaseAntd &2 Jivesl shipih Ol 2 dhblersatia
stage, an output of the AD convertel bein couplled through adrgital to
-anal oYue (BASHoRTBREEFOE Papksdesnd imPublsrratesamacdhanas sttdgagsannd
out pu; | of tih&:ldid%fsefﬁgé‘i alo g;mga b@beﬁl@i’@&_’t@d |CQdCBQ|1|3n|G,Qﬂtdh0E2T=QK§“n_3€%1*(§ a
vari abl e capaciitance di ode being_arranged in parallel to the_ capacitor
bank. 15 1 .ncgzel@elwgé?hag or di ng%fLo E?a%ﬁ“?s,a gﬁ;}lﬁc’f%]?‘?aéje(?fi ﬁgf’ hat™§ he
capaci t ancecapgdisthoa varngs loh trtheggast alilee ddapacDt Anchatieadeocesvesponds

t | t ot i Lkl at i i dt-h Ci at an
o eqent al A SsPABSELAANNE B B BLLSLERM BNEAL HIREIRIT LML 20
Receil®er ackwrgmegted epangn rd shelqutmbardenedi sédthy Ansloneehet ofheans

precedi ng theaRbhet tLFIANAN 9hngal & uaHd 3RbBCBPALd 1ANEE dbodesfMas
anplifying the mutual 25 difference of the signals at the first and second

i nput of tHe dier EPBATT AR JGE 260N RIS RaeE of b iFheGitPai ek at
char act er i sedidby nameneiipal @fangeeocADclc® nuaider shghay eouplecdnt 0 a gain

control | NPtnyial | B8 AR LCaON RIS of LhofSCaly fladRGRLLLg 1 0 one
of claims 1 to , Characteri séd by an I npu Il ter conprising a further
capadPt or Bdik Nearigeebnearsdidg rbpank cent mblerspgnabryre et disosheohpy i Bieng 35
means to prtde caghaitShod IFCRBIVAE: A6 tiRLRgL GhaL WdvidRdchhen R il ter.
here the variable capacitance device Cv defines a capacitance
value for each value of the tuning control input signal. This
allows to use the variable capacitance device Cv according to
20 the invention as shown in Figure 1B in phase locked loops as
will be explained in more detail with reference to Figure 4.
Figure 7 show$s a block diagram of a second preferred
embodiment of a variable capacitance device according to the
invention comprising a tuning control signal generator CSG being
25 supplied with a tuning control signal. The tuning control signal
can be a continuous signal, in which event the tuning control
signal generator CSG includes an analogue to digital converter,
or the tuning control signal can be a digital signal, in which
event the tuning control signal generator C3G may comprise
30 digital signal processing means and may eventually be dispensed
with. The tuning control signal generator CSG supplies an m-bit
digital tuning control voltage to inputs of first and second
look up tables LUl and LU2. These first and second look up
tables LUl and LU2 each comprise m*n storage locations for
35 storing therein respective first and second n bit binary signals
which are supplied to n capacitors of first and second capacitor
banks Cbl and Cb2, n being larger than m. The first and second

capacitor banks Cbl and Cb2 are monolithically implemented to



WO 021 09280 PCTI EPUI | UB398 19 18. Vari abl e capacitance device conprising a
digitally controll ed capacitor bank with n capacitors being nonolithically
i nt egr at egyg ar/@bsanary form and being controlled by a cont ridy/spodngdesf or
varying the capacitance 5 of the capacitor bank, characterised by said n
capacitors providing various capacitance values including a unity
capacitor-covering a unity |IC surface, 1®herein capacitors having

capaci tance val ues smaller than said unity capacitor cover respective IC
surfaces, whiheke itlhepl?abp@[ﬁ‘t@ﬂsﬁx@aaﬁhahﬁ Iﬂ@y\zﬁl ldﬁmﬁbﬁl§ eddrfed hanasai d unity
I C surface a0 V\,her e| n.c let haV| n tance, val ues gﬁegt er than
sai d unity>Capacitor afe BHat ng orme8 By° ers Bf %alpef’m §%%each
.covering aard® si‘inotna@etcowmfsrpmmgsuon scmtdi @disbyddir qurdvedéngl5 19.

Vari abl e Cﬁ&@&iﬂé”%@a@ﬁ!h&%@%@q@'rgg iQ v&li%hmt%é £ ERA! AT LIe86HgPY said n
capaC|tors fornln |nar WEIECPB sequence of capacltance val ues ranglng
| r

fronP2 to Q%Paimtsoar a’aah?t‘;bjc aé%r‘ﬂ%%‘jp@ﬁ‘dﬂiﬁae%‘%l% ERFséteanee 20
val ue 2k, &e\bﬂtensg @Iapaﬁaeﬁarcgerthtehameafu@w HErkeentd e tveedOsudari abl e

capaci t anc Vi .accordin laim 19, characterised by n being in the
orger of rrgg&hce]f udgglg °1d a%%f%%ﬁgi %ﬁa&‘%&%ﬁ“ﬁyn rﬁqi’l%\ﬁﬁeql?e%lciﬁé’éﬁlga iy 8. 25
21. Vari abbg t:’raqaidirtsancepd@mcue rack&ocdi nlgo tv@rqzl atma 18xart 120 preacashbr | sed
by said uni &é(I&ﬁ%%(i' 0959’? LG &hosen LR. def gﬁeeugpeghéo g@g%y limt of

t he control ran, Var| abl'e capacit nce evice according to one of
clailfls 18 eapaal Oéh&ﬁaét ep? sBFH B cratakhitrrdlagdper of otheunibytcdpatialbor s

are bei ng suiiynded by sﬁ@ha@t e@hd@mpg@m&eoaiffééez?é’e iVakbahke
Capaci t ance deV| accord %%ﬁb% one of clainms 18 to_g22, characterised in

that the sTé‘f‘lﬁerl fePEBF NEoPERGF T (0t GPEderrnsq &0GEPR i mi se
parasitic hitidigichilectignals. WDU2mPISBEN 120 iIRGTLERHdL /D830 24 in Vaitd abl e

capaci t anceo ey 68:a6e0r gk ng 1 0e 0t ) FLAIIE A8 LO: 2,4 Ghgnacteri sed by an

AD converter conve tThg &n anal ogue cont si'gnal 1 nto an mbit binary
si gl bei FEeBIvEred Pe depitimedbén E@hwrsld@ﬁaéléw ce for converting said

m bit binary 5|lgrﬂaelpﬂl'1tcgt§8nnof"§ucm RAKYr ShigNal cagBREhAGe SiBiler shhan n,
said n bit _binar g:nal i ncl udle# bits 1 to N respectijvely-controlling

capaci t or st1*%% fh Bank. FATIST YaFPEBIY dEhEBPt ance devi ce

accordi ng mvezhtaldm 2&, shhamancﬁ ariiged £n THairddeevbict shovherineondes Saon

devi ce RF input filter comprising a first parallel LC circuit L1Cbl,

20 formed by an antenna ANT functioning as an inductor L1 and the
above first variable capacitor bank Chl. The RF input filter is
coupled to a mixer stage M for converting an RF signal being
selected by the RF input filter RF into an IF signal, which IF
signal is being processed in known manner into audible signal in

25 signal processing means P. The mixer stage M is'supplied with a
local oscillator signal being generated by a tuneable oscillator
OSC comprising a second tuneable LC circuit L2Cb2 comprising an
inductor L2 in parallel with the above second tuneable capacitor
bank Cb2. The contrallable capacitor banks Cbl and Cb2 are being

30 provided with first and second n-bit digital cpntrol signals
from respectively said first and second look up tables LUl and
LUZ. The frequency of the local oscillator OSC deviates over the
IF frequency from- the carrier frequency of the wanted RF signall
For a correct tuning to a wanted RF signal within the receiver

35 tuning range, the second tuneable LC circuit L2Cb2 should track
the first parallel LC circuit L1Cbl within the receiver tuning
range over a constant frequency difference corresponding to the

IF frequency. This is achieved with a proper adaptation of the



- conprise nmeans for l|inearising the dependency of capacitance variation of
the integrated digitally 15 controll ed capacitor bank on the control

signal . 2¢.0 )anpbsabl e capacitance device according to cl ai pEHemi/ 8hs
characterised in that the bitnunber conversion device conprises a | ook up

tabl e conprising nfn storage | ocations 20 for storing therein the n bit
bi nary signal controlling the n capaciti®s of the integrated digitally
controll ed capacitor bank as a function of said mbit binary signal. 27.

Vari abl e capagkt apse: dd Gecasgon-ding otl@lebal &x&@soﬁ%l@hamaﬁéﬁrﬂh%ed in that
t he bitnumger rsion device con‘l%aglﬁ( ]\égrl 0 ook up tabl es each

conpri si ng "R s?%‘?a%eecqngcgﬁpﬁﬁjst?% H Cé? the n bit binary
-.si gnal controll ifmgurbes nsteaEaeint epplmattm bt egvatietbld gepatiyammntrol | ed

capaci tor bagko 30, 28 NakkabhereaRacibaRcea oy G RECRIILDY L Gk 24 or
25, characterlsed In that the bit er_conversion-device conprises a
‘i cr@roce%isl@ﬁngoﬁﬂﬂé@éééutqfn@ ﬁﬁc@ll%dmetfﬁﬁﬁfﬁ@remm‘tngfaﬁ RIBIUVEBI nary

signal intQcaBrlikyteditial ¥ndensighalin 29ntVast ald e;zﬁaga@éwéus%fdew ce
accordi ng tQ ong\o%) clainms 18 to 30, characterised by hase | ocked | oop

conpri si ng FFIUr 027%%6’%?5&9%%@39%‘“@%@%@1 ﬁ’BIa okt GPP a
conti nuous { (BLmM;oWhS¢mﬂmﬁclheeagtseuuﬁnea%lbhnocaﬂ1dntlanatoguesmx)ﬂﬁ gi tal

(AD) Conve %u&oofaél'ge C_I.%%%cil EQ% %&g%gct 95 ?(;Il!l’lg srtedI QIEEB Qf eé} trﬁance

differential Stage, an out put conver el ng coupl rough 5 a
digit@l to fmaxu@g% %@A}Veéoﬁvemt gre topaildacden frgawensty afdafémrddtl al

stage, an QHRYlpbr LS G &f BRERL I &t Sidgecbeiig BalPlsdnt Br.R A81H8hs
term nal of a variable capacitance diode being arranged in parallel to the

capacit or BHRST® FLY vidr AbPan i diG éEH@énGe%]&%l%c@oFaPﬂ@l?’ﬁmﬁ ai m 29,
char act er i seduenikhadf it cfapra@a&lanﬁ:@qtawcgt wothinge elinihe waigeabirae
capaci tance,di ode cPrresa%gLnds at least t?ut Qe capaC| tan%e vari atl on

, arb t
st epwi dt h “Che® capaci Bank at an’'15 incrermental chaﬁneu%Jf 1 fe out put
si gn¥ of tdegpasbtor bank only w1thout a variable capacitance dlode, may

give rise to repeatedly switching of the capacitor bank between
two capacitance settings.
The LC RF input filter comprises a first parallel LC

circuit Ll1Cvl, formed by an antenna ANT functioning as an

20 inductor L1 and a first variable capacitance device Cvl
according to 'the invention. The RF input filter is coupled to a
mixer stage M for converting an RF signal being selected by the
RF input filter RF into an IF signal, which IF signal is being
processed in known manner inta audible signal in signal

25 processing means P. The mixer stage M is supplied with a local
oscilltator signal being generated by a tuneable oscillator 0OSC
comprising a second tuneable LC circuit L2Cv2 comprising an
inductor L2 in parallel with a second variable capacitance
device Cv2 according to the invention. The first and second

30 capacitor banks of the first and second variable capacitance
device Cvl respectively Cv2 include respectively first and
second look up tables LUl and LU2 (not shown). The frequency of
the local oscillator 0SC deviates over the IF frequency from the
carrier fregquency of the wanted RF signal. For a correct tuning

35 to a wanted RF signal within the receiver tuning range, the
second tuneable LC circuit L2Cv2 should track the first parallel
LC circuit L1Cvl within the receiver tuning range over a

constant frequency difference corresponding to the IF frequency.



converter. 31. Variabl e capacitance device according to claim29 or 30,
characterised by anplification neans preceding the control 20 term nal of
sai d vari sy e/®agaci t ance di ode for anplifying the nutual mif/kenerse of the
signals at the first and second input of the differential stage. 32.

Vari abl e capaci tance device according to claim 31, 25 characterised by an
out put of the AD converter being couple@ to a gain control input. of the
anplification neans. 33. Variabl e capacitance device according to one of

clb ai lms 24 tmli%g,i_sCﬁaﬂri]ﬁ@’&&{ aed Byp@olser% iama@];taeﬁoﬁidﬂtﬂﬂe fa@bvmﬂ?wﬂ RGd30
absol ut e Sprea In the capacl.tance v ues the n c pa ltors o t he
Nt egr at ed CGPETTY b oTtF o e AR AFAL TP aba iR bErhg Hotpred FE°%
‘bi t nunber cmpaeisoonbaielvs i1t enddelpl S@itthec Givet siwd dewonwinpensaitle f or said
absol.ute Spéa%%%itéﬁcé“deééadé %gheaﬁéRﬁfi %%!&%?d@ﬁé' £& &&CQ& .ng; £, one of

to , C nc

clainms 27 Characterised by | uding In common housing first and
'secor®l | ook up tFABMES 3 s @i Afulay etledft etHge UseRl Gy 39280 22

PCT/ EPOL/ 08339 etdRPht £6h Wi hnd £ORSTAINiTAANY 1 AREyAHPUIS libgr epf being
coupled to first second nopol jthically integr a%ed, dlr%l tall ontroll ed
d* 3 oritf

n o

capaci t or lﬁﬁﬂ@oﬁg? t FRPAEE Y hBPRHFOF THITEE A i Il?eVXJ‘i:t? rtuits,
respecti velgapaidieotsrSoriirand dpévanyg waichted, stqbewse priowaduag. fthe paral | el
filter track] .

. AFe. AYh" . &l%%a.t R0 R RPEAPES. RY (B8 A APRLEMAIE AR AFAPR MHRTAL. AUL.
Ag_Aﬂ)e_Ahuuﬁ&fpejpgguﬁﬁgm@>ﬁﬁ¢p technologies being understood to be

*<?\ ~yt o] d_piEeall cahs ab &adcahaatsad s al s aheal s abll gal<qheakaal caliqal cal ¢

aU] cal ca] ca] cal calU] ca] cal calU] ca] cal] cRaU calU ca >@\
Y ]' ] Japéhitgl céveginéﬂa uLit; IclgurfgLe. Aggng'the n capacitors is

a unity capacitor being indicated by a single block, identified
with the reference numeral 1 .and covering a single unity IC

15 surface, Capacitors smaller than said unity capacitor 1 are
being indicated by blocks A, B and C. These capacitors cover
respective IC surfaces, which in proportion to their value are
smaller than said unity IC surface, hereinafter also indicated
as scaled capacitors. The capacitors greater than said unity

20 capacitor are being formed by clusters of a binary weighted
number of unity capacitors referred to by blocks with reference
numerals: 2, 4, 8, 16, 32 and 64. The unity capacitors of the
clusters are being surrounded by isolated dummy unity capacitors
to provide for a compensation in the lack of neighbouring

25 capacitors on the outer boundaries of the respective clusters,
therewith oEtaining a further minimisation in the relative
spread of the various capacitors. Furthermore, the clusters are
structured in lay out to minimise parasitic wiring effects.

In a practical embodiment the total spread in the

30 capacitance value of the unity capacitor is 1%. Therewith all
capaciters larger than the unity capacitor have a total spread
in theilr capacitance value of 1%. Capacitors smaller than the
unity capacitor, i.e. capacitors A-C, show a much larger
procentual spread in thelr capacitance value, however, these

35 capacitors are only used in combination with the unity capacitor
and/or one or more capacitors larger than the unity capacitor.
This minimises the effect of the larger spread in the

capacitance value of said capacitors A-C on the overall
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~~8HJ] ’\{vql ]clcalc (]Cca] calc ]:ca ca] ca].ca] ca] ca] ca] ca] ca] ca]ca] cal ca]c
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10KK . Receiver comprising a tuning circuit including a digitally
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(10%& ()_34gg@wﬁggﬁngggég;c&gggg@%rovidinq various capacitance values
including a unity capacitor covering a unity IC surface,
wherein capacitors having capacitance values smaller than

10 said unity capacitor cover respective IC surfaces, which in
proportion to their value are smaller than said unity IC
surface and wherein capacitors having capacitance values
greater than said unity capacitor are being formed by

clusters of capacitors, each covering an IC surface

15 corresponding to said unity IC surface.

2. Receiver according to claim 1, characterised by said n
capacitors forming a binary weighted sequence of
capacitance values ranging from 2° to 2%, said unity

20 capacitor corresponding to a capacitance value 2¥, k being

chosen larger than 1 and smaller than n.

3. Receiver according to claim 2, characterised by n being in
the order of magnitude of 10 and k being chosen in a range
25. between 3 and 8.

4, Receiver according to claim 2 or 3, characterised by said
unity capacitor being chosen to define the upper boundary

limit of the tuning range.

30
5. Receiver according to one of claims 1 to 4, characterised
in that said clusters of unity capacitors are being
surrounded by isolated dummy capacitors.
35 6. Receiver according to one of claims 1 to 5, characterised

in that the said clusters of capacitors are structured in

lay out to minimise parasitic wiring effects.
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7.

Receiver according to one of claims 1 to 6, characterised
by an AD converter for converting an analogue tuning
control signal into an m bit hinary signal being coupled to
a bitnumber conversion device for converting said m bit

5 binary signal into an n bit binary signal, m being smaller
than n, said n bit binary signal including bits 1 to N
respectively controlling capacitors 1 to n of the capacitor
bank.

10 8. Receiver according to claim 7, characterised in that the
bitnumber conversion device comprise means for linearising
the dependency of capacitancelvariation of the inteérated
digitally controlled capacitor bank on the tuning control
signal.

15

9. Receiver according to claim 7 or 8, characterised in that
the bitnumber conversion device comprises a look up table
comprising m*n storage locations for storing therein the n
bit binary signal controlling the n capacitors of the

20 integrated digitally controlled capacitor bank as a

function of said m bit binary signal.

10. Receiver according to claim 9, characterised in that the
bitnumber conversion device comprises various lcok up
25 tables each comprising m*n storage locations for storing
therein the n bit binary signal controlling the n
capacitors of the integrated digitally controlled capacitor
bank.

30 11. Receiver according to claim 7 or 8, characterised in that
the bitnumber conversion device comprises a microprocessor
for executing an algorithm for converting an m bit binary

signal into an n bit binary signal.

35 12. Receiver according to one of claims 7 to 11, characterised
by a calibration circuit for measuring absolute spread in
the capacitance values of the n capacitors of the

integrated digitally controlled capacitor bank being
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conversion to compensate for said absolute spread.

13, Recelver according to one of claims 1 to 12, characterised
5 by a phase locked loop comprising a controllable
oscillator, a continuous tuning control signal being
supplied through an analogue to digital (AD) converter to
said capacitor bank and to a first input of a differential
stage, an output of the AD converter being coupled through
10 a digital to analogue (DA) converter to a second input of a
differential stage, an output of the differential stage
being coupled to a control terminal of a variable
capacitance diode being arranged in parallel to the
capacitor bank.
15
14. Recelver according to claim 13, characterised in that the
capacitance variation range of the wvariable capacitance
diode corresponds at least to the capacitance variation
stepwidth of the capacitor bank at an incremental change of

20 the output signal of the AD converter.

15. Receiver according to claim 13 or 14, characterised by
amplification means preceding the control terminal of said
variable capacitance diode for amplifying the mutual

25 difference of the signals at the first and second input of

the differential stage.

16. Receiver accofding to claim 15, characterised by an output
of the AD converter being coupled to a gain control input

30 of the amplification means.

17. Receiver according to one of claims 1 to 16, characterised
by an RF input filter comprising a further capacitor bank
being controlled by a control signal generator comprising

35 means to provide parallel tracking of the tuning circuit
and the RF filter.
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. monolithically integrated in planary form and being
controlled by a control signal for varying the capacitance
5 of the capacitor bank, characterised by said n capacitors
providing variocus capagitance values including a unity
capacitor -eovering a unity IC surface, wherein capacitors
having capacitance values smaller than. said unity capacifor
cover respective IC surfaces, which in proportion to their
10 value are smaller than said unity IC surface and wherein
capacitors having capacitance values greater than said
unity capacitor are being formed by clusters of capacitors,
each covering an IC surface corresponding to said unity IC
surface.
15
" 19. Variable capacitance device according to claim 18,
characterised by said n capacitors forming a binary
weighted sequence of capacitance values ranging from 2° to
21, said unity capacitor corresponding to a capacitance

20 value 2%, k being chosen larger than 1 and smaller than n.

26. Variable capacitance device according to claim 19,
characterised by n being in the order of magnitude of 10
and k being chosen in a range between 3 and 8.
25
21. Variable capacitance device according to claim 19 or 20,
characterised by said unity capacitor beihg‘chosen to

define the upper boundary limit of the control range.

30 22, Varlable capacitance device according to one of claims 18
to 21, characterised in that said clusters of unity
capacitors are being surrounded by isolated dummy

capacitors.

35 23, Variable capacitance device according to one of claims 18
to 22, characterised in that the said clusters of
capacitors are structured in lay out to minimise parasitic

wiring effects.
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being coupled to a control terminal of a variable
capacitance diode being arranged in parallel to the

capacitor bank.

10
30. Variable capacitance device according to claim 29,
characterised in that the capacitance variation range of
the variable capacitance diode corresponds at least to the
capacitance variation stepwidth of the capacitor bank at an
15 incremental change of the outpuf signal of the AD
converter.
31. Variable capacitance device according to claim 29 or 30,
characterised by amplification means preceding the control
20 terminal of said variable capacitance diocde for amplifying
the mutual difference of the signals at the first and
second input of the differential stage.
32, Variable capacitance device according to claim 31,
25 characterised by an output of the AD converter being
coupled to a gain contrel input.of the amplification means.
33. Variable capacitance device according to one of claims 24
to 32, characterised by a calibration cjircuit for measuring
30 absolute spread in the capacitance values of the n
capacitors of the integrated digitally controlled
capacitor bank being coupled to the bitnumber conversion
device to adapt said conversion to compensate for said
absolute spread.
35

34. Variable capacitance device according to one of claims 27
to 33, characterised by including in a common housing first

and second look up tables a common input thereof being
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