; <=e3ed/ 6wd, ttudu"vvevTéw#.\ ., WD 02/097966 Power supply ripple rejection
in tuner oscillator stage Field of the invention PCT/IB02/01870 The (%~
i nventi onwpah@ad®sst 0 a tuner oscillator stage, a tuner comgmisin@sauch a - -
stage, and an el ectroni c appar at us corrpr'Lsi ng such a tuner. Background of
the invention Power supply voltage ripple rejection nmay be perfornmed with
the well o] ; f ik esistor is provided in series
W th onepéé?erwg&gg&g%ﬁs@ﬁ%ﬂg yﬂlvo ?rgsglh |oﬁat§g%nd a capacitor is connected
bet ween bath power supply lines to which the load is connected. The

capaci tor snoot hes t | tage supplie he | oad. The filtering
action of the RC ci rlmmgwmmm@’mms by i ncreasi amm@“mwmwmof both the
Jesister and the capacitor. wever, the anou ng is limted
because a too high val ue®®¥®the resistor causes a*se*l arge vol tage drop
across the resistor, which |eads to a too high dissipation and to a too |ow
ol t age Bielbekthe vepey. A | arge val ue of the capacitor gives rise to a too
| arge and/or a too i i 4 f i is an
obj act of e i nveRls By ERioHEeEARRTh tier oSCHHIR docR, 2 er LAMBRIAL Rl 0

i npr ovedstagfpahy an elet@gec appapates compymishsséoh a tiwert hi s end, a first aspect of
the invention provides a tuner oscillator stage as defined in claiml. A
second aspect of the invention provides a tuner as defined in claim4. A
thirdsaspect of the invention provides an el ectronic apparatus as defined
in claim5. Advantageous enbodi nents are defined in the dependent clains.

25 The t Backgrownd ¢fithe twertiange conprises a transi stor which has a control

ket e e sl U T By SO b

vol tage i s present a second termn I rst 1 npedance

is coupl Rt Re-pReTlkha &eRior® prolided nsteieandthidhe of ilegiowee supphploltalie Siees es
arrangenent of  an el enent having a | ow i npedance for Q,C current and a well

g efined wod ta&gp;e;qiipbi@ cpapectod hetveen hotlpriver supnly Hges chthe IP%‘P is Sﬂlﬁqe@ffd'
WD 02/ i ; . .
Seont", I CadfiORdOlesnE i POR R Sfhiie %o BRI e HREHALASIOANA iR

sec enen e a clrcul conprising several
el enent skirahit GuprosesigCinerssing telvameal§ bbtheths esited ahdfredapadtoniiehevsadkes t he

supply voltage ripple.on the collector,.qriginating fromthe supply voltage
ri ppl e ofmoyat GIHE 1% QWHF&QP“P%? "d@Brbéa%%aq‘&ﬁ ‘?ﬁ{bﬁ?eslﬁtqgtcm’%?ﬁﬁ °‘$ﬁ§é/eDC dri 8e
of the ! BRshcirBh actol ilirckishGhy whihllB@ls SR Rohih BRbigah dritoaabd ki asltage

directly originating fromthe supply voltage I's better conpensated. |n a
pr ef er r ecicrnsh i lomh A latgeevabicanfhin capacitor gived aiseni £ 190jlargggnd/gr a épogapensive
condyctive. 10 These and ot her aspects of the invention are apparent from
and WPl | BB*Pfici dated with reference to the enbodi ments descri bed
hereinafter. Brief description of the drawings In the draw ngs:

Summary of the invention
It is an object of the invention to provide a tuner oscillator stage with an

20  improved supply voltage ripple suppression.

To this end, a first aspect of the invention provides a tuner oscillator stage as
defined in claim 1. A second aspect of the invention provides a tuner as defined in claim 4. A
third aspect of the invention provides an electronic apparatus as defined in claim 5.
Advantageous embodiments are defined in the dependent claims.

25 The tuner oscillator stage comprises a transistor which has a control electrode,
and two electrodes of a main current path. A power supply voltage is present between a first
and a second terminal. A first impedance is coupled between the control electrode and the
first terminal, A series arrangement of an element having a low impedance for AC current

and a well defined voltage drop for DC current and a second impedance is coupled between

N
!



Fig. 1 shows a typical prior-art oscillator tank circuit, 15 Fig. 2 shows a
typical prior-art series mxer and oscillator design, Fig. 3 shows a
sinplifiegoas@iok@tor circuit according to an enbodi nent ofcTiiBe/é1BUENt i ON,
and Figs. 4 shows waveforns of signals ?curri ng in the sinplified
oscillator circuits of Fig. 2 and Fig. 3. 20 Detail ed description of a

pr ef er r age goRA elBREdeRind. thd seebAMEermiray. it @lenitink OWhiah inagSeid diguir t ank
circuit. Ripple susceptibili t%rewn a TV receiver is defl ned as the

peak- t o- qwaklsmssreerdfe@n@l@@l @ dsrigased velug ol flae segondhinmprdanqaviiehher posed

on the power

nodul at i %?Hseééﬁ? ﬁ’%gﬁ' %)?J?gg/ﬂgglecoﬁgﬁ%?@ egfr?)(ra 8@%‘?‘?@5 ﬁgﬁetllggg?slg{“ﬂ&%? #gbll\wqw st
sl ope oftht Benttdt térirlifitto @dcrédie withoai distarbing the DC dtios\sf thettmpsmtaﬂ Imthts Wwhyt or
circuit with a bipolar transistor BJT1l and tter i St.0 and a

r esodanciae éilm&)[rrlpp]é@ﬁﬁ]r‘fr &qllsgtos dirgstly qriginaiing {Reos,up@_y VOAgF 15 Rett @apacr tors
»C2 and rﬁ\}ﬁ% her with a varicap diode D1 whose capacitance val ue depends
on 30 the Fage across it. The supply voltage ripple is introduced via
two paths. The ri piplagrefertdempodiarens tigptlgmendlis admdvsvhigh is poledgo bsent on t he
collector of the transistor BJTlI via the collector resistor Rc. The ripple
on the bevdueliye ch power supply voltage Vbsl will be attenuated with the

| ow-pass filter conprising the resistor Ro and the capacitor Cb. The ripple
originating fromthe supply voltage Vbsl can be easily suppressed by using
a redi stor WO 02Tg67 asbotheTispsge pHthe hovegti@bargiaphargntfremn apd Wil bohi ch does

t lead t | a d t Rob b th
Cur ront PodRen S Ged fr dE RGP B e T ple on

t he powenrist@Rbiptival dfdgedrdeindsl | be present on the collector directly and
thus has to be frltered sufficiently, which give rise to a |arge and/or

expensi ve capaci tokltbﬁéta“gﬁgﬁfm) because a |l arge value of the resister Rc is
not possible due R | ShAk ¥ Bptcal HACEUCNB ddll QHBlR L. 10 tuners, a

| arge capacitor cauSes a pro ecause the space 1s not avail able, so
that1m very expensFige2 skhowsed typicabpdai-droseries miegyand escill@ogdesiznshows  a

typical prior-art serr es m xer d,osgj || at.or, desi The 1 scr

circuit in Fig. 2 lig %\Fkﬁﬂ%”@&%ﬁ?@&?m %OE%WltéﬁB%ﬁ“‘igﬁoﬁpﬁm Oﬁh% sane
el ement s; arp.denpted by the sane references. The only drfference i s that
the col | éctor r’esr stor Rc has been replaced by an inpedance L2. The m xer
conpri ses a transi Etg&r4 1@ wivieforeosloéi signals neaveting in e sineplifiedoagillater power
suppl y vtha& g{b él el: e resistor RL. Afilter capacitor C4 together
with theFeEPAdie-Aaniiger s the band-switch vol tage Vbs2 to suppress the
powes 15 supply ripple on the base of the transistor BJT2. The collector of
the transistor BJT2 is connected to the power supply voltage Vs via the

r esi storDQLalleAd@W@M@faEE ferengeamhodimgnth the resistor R2 filters the power
supply voltage V s on the coll ector of
the transistor BJT %g&%gl t‘%a? ﬂgloﬁn%?czl\%gt ebl%%h'ehavi or of the mixer
stage M 20 The mi Rﬁfplsh&g@ti\ﬂllmmaﬂ“&’ ﬂeumcd:rns)dsﬁm’d dsdhdpeakxtepeanvalvg i e

rejecter. Fig. 3,sho fli oscrII tor.circuit according to an
enbod rremnearawewegrrahé@rﬂ e 0 300 E S0l g bt furfy e ol e
osci PS at Sffiatioh Vit 4 nraﬁulﬁhan &)t@ 5f 6. DY VHPRE PRBireRaRfer hHE HAKNRY
suppfy vo age S requires a |arge and/or expensive capacitor. This problem
becones iy Wyguestesiapeiofi thedfefilter olitherrsceirdrch have a | ow power supply vol t age
Vs (for exanmple, 5 vo

, h A i h
vol tage drop acr os& @h‘ﬁﬁ arrté'slcrag‘sﬁcgfgq%rcf%‘lﬂgg’“éea\rﬁb&%g&?n\ﬁ F%erfaﬁg lténe

excessi V%hMttéﬁéﬁﬁtoPRe exAedonanctiRuiticBapadnaeaicbiL], 4 bepasitod €k and tiengenent
of the m xer and the oscillator shown in Fi Bé 2 has the 30 further dr awback

‘that, dueapasitorseCand G3jtogsthep withaggsicamaiods 14 whasa fapacitenceyaing depeids 9B  age
av a| bl t h [t | em
07 p ot Poutag B R Bbo aRTERRRTLe FlhPodtloBd RARKIRMATREMBHE shURD, O
' t hat t he polfel bipteveltmgt (Vs wititte! presepipdrethe polldveoradithetimsistorsBI 1suathef t he

I h pl h 2 7
"ipple C%lcj)lslee:cciorv rleglsrtor ﬁc b’?heen}?p g 0}1 ee braInB sw?tcl?goxgveresu%gly vo(itage VbslV\%v)ﬂf 10979(C

attenuated with the low-pass filter comprising the resistor Rb and the capacitor Cb. The

ripple originating from the supply voltage Vbs! can be easily suppressed by using a resistor



4 PCT11B02/ 01870 caused by the supply voltage coupled to the collector,
wherein these two ripple contributions have opposite signs, and thus may
conpensatwoap®brogs her. The prior-art approach of suppressipeg/ei/distde
ripple on the base and on the collector @s nmuch as possible will not give
rise to an optinmal conpensation. 5 The transistor Tr has a base connected

to a povRp valRPhigh VeluE adiech\dues hodleaditomiso hergavéladpd-dsop dczbssvbistresiegr Rb a a
resistor R10. A Series arrangenent of a diode D 10 and_ a resister R11l is

connect ebecgusetbe aunsens énte e baseahidie transisiar B fssrerpsmall. khea e e thePsverry | s
connect e QMEL; v ; ' nd the
emtter %ufptpf%%&ﬁggnsi g p?j)lré%?é%%toogin%g? glclje\ét§O 5\%%?45;;&?/4 ﬂgggg%ﬁg'?) g%ﬁt%egl' The

vol t age quffitietlyavieicgioe rishiochlaige aid/dt @xpansiveicspeeitar (Gt glarwn)\Veckusan dhrge

ri pple conponent Vor. 1f the ripple op the, r supply.,voltage Vbs is Vrl,
and the Falpppkthgsesisier Bronapt E%@Pﬁﬁ%ﬂ? ‘afé‘g“’%gwe e\ﬁ”%%n th@“@&‘ﬁtgﬁbm\‘)ﬁrls’taage
»Vor on t G LS 0 S RS not aVhilatte, 20 At avvefy ¥ hout
t he di od{eﬁ% %Fagkgaﬁhiapw%%bé%q%ﬁtrhégpa[%lo%oeraati%n 019 thea g?c?xljp;égtor, t he
r esi st or tanfalum sapdcityr ihasquaredal ue (for exanple, 2.7 kohn) which causes the
ripple originating fromthe base to be nuch [arger than the ripple
originating fromthe power supply voltage Vs, see Fig. 4A. 20 Wth the

di ode D 10, the vabiger ghowd@typRal pliGtartetics aiixd?end sdiRasLdesivh. The
mai nt ai ni ng subst ant al Ig_t he same DC operation. Now the rip
a

| - . pl e
cont 10 bupsaltatorcitonis ie Blg. 8ds almost identical isf thatghows in §ig. di ansk tha §ame eleMENE base
decreases_apd a,better conpensati i chieve i . i 4
shows vva@ré’fdt}flﬂt!?d g’?’ ﬂ%ﬁ S@fﬂﬁ rgpea%a r rT?l r%lé) nlﬁln(ﬂ "|reegas/ei l(rgr%]ilﬁﬁ?l? eeé(?l%gtco? %Sgt?% rli:dcllﬁrS cuits
of Fig. Beseplat@i bydan im@danctA.2aMle Abxalvomprises d tansisedrtBIdagitiaarbasehe

waveforns representing the ripple voltages Vel  (in bgld)_and _Vr2 (dashed)
and, in cerneciegie a@a@cgmmh paveer surRly vakage, Y s véa theiresigjer %gré filtescbasiiofel v,
wi t hout i . i haQuw

Above. ot SAMHHEEHE KRR fterd g fond SRR DAY B2 b S B The pover e
t hat 15 hoseppikiibplednithe base ofitle tuankistos BIERI Ehetcolldetor githetmaysistot BF Hatsi ve

enbodi nents wi thoyt departing fromthe scope of _the a nd cl ai ns.... For
exanpl e, cP@eFEed t°&BM@@@W%O@%&%N%%@F@%%R%|gﬁal%ﬁgf ggéogceﬁlebgétha pnp
transi st ofe feB8PRY Merd the RBQ/& 41.1&)?1_}5&‘0%@6 VS BPMpprdst theSpodRs Siplleribpledaviee t he
col l ector coupled to eart ifal and the emtter to a negative

ot en
pot ent i alcolldctortdf¢hectranisistor BBIE'Q- Tl weistor R3Igmprayep thedad bebaviewe! thambrer §ess s
shall not ,be S construed as limting the claim The verb "conprising” and
its conjugations does not exclude the presence of elenents or steps other
t hangphose stated iThe tigdrastdpe M hgs the\fedtiopslotavih bexérnpd eippiv rejdctey. means of
har dwar e conpri sing several distinct elenents, and by neans of a suitably
programed conputer. In the device claimenunerating several neans, several

of these means cangheeiBRML SRR EifGSREBditgHS 0 kNG Bf the

invention.

In the oscillator circuit of Fig. 1 and the oscillator and mixer circuit of Fig.2,
25  the suppression of the power supply voltage Vs requires a large and/or expensive capacitor.
This problem becomes more severe in modern tuners which have a low power supply voltage
Vs (for example, 5 volts). The low power supply voltage Vs requires the voltage drop across
the filter resistor to be very small, requiring an excessively large or expensive smoothing
capacitor. The series érrangement of the mixer and the oscillator shown in Fig. 2 has the
30 further drawback that, due to the voltage drop across the mixer transistor BJT2, the voltage
available for the oscillator decreases. This also becomes a severe problem at low power
supply voltages Vs.
The invention is based on the recognition that the influence on the total ripple

on the collector is a sum of the ripple caused via the base and the ripple on the collector



WD 02/ 097966 6 CLAIMS: 1. A tuner oscillator stage conprising:
PCT/1B02/ 01870 a transistor (Tr) having a control electrode, and two

el ectrodegoQbheyegi N current path, a first inpedance (RLO0)pHZ400084HP! ed
bet ween the control electrode and a 5 first termnal (Vbs), a second

| npedance (R11 ) being coupl ed between tfie control electrode and a second

term nal | ' g&a& ' : t wo
el ect rodcezgug;%)q bfﬁingxwgﬁr en'(tEl ﬁlggﬁ@aerfgﬁ%ﬂgr’ g@g%lggﬂlteer m na 1??3(%3&2%%1&%0 an
el ement havelPpodit signspandathgehay nompensets each dthehdhe prionart appredenaie (Rl 1),

t he el ement

D1 havi. I ' f AC t ' wel |- def i ned
Vol t age. HBESFE s BEFPEReN DhCF PR oo atkr REOCEE B rerir i wirg™
arrangedrig@torﬁqﬂtmg\al @m?lgéqﬁgﬁwppl y voltage (Vbs). 15 2. A tuner oscillator

‘stage as clainméd in claiml, wherein the transistor (Tr) is a_ bipolar
transi stor havi ng Ehouensister Trdias abessy comnectethtogravras supplygoftagesybs nce

" npotianc Ay A HUBGIHICk Sush ecsnan (i A Sl sl AT P DRERERT |

col | ect OfesjsfaR®AANS BorlnéEtkd BeivAgn badRind ErHgidVE EThetdotlectol bbb aandstdr Br ishi r d
termnal (Vs), the third inpedance RlZél bei ng coupl ed between the 20
em tter eoitnected tathemawer sypphnxoliage)Vs vigtheimpedanes€py andrhe omitiss phthear r anged

in serie : ; | 0 ! Ll age as
ol ai ed TG iy GuRSRY S PO 30T e Yol i BEolttln LRI ¥, 00
whi ch0 i s cpapeststadC pmd Vokic iand apippletdoompon@fi Vhr. A t uner conprising a tuner

oscillator stage as.clained in claiml.. 5.  An el ec ni aratu
conprising a tuner Ifége ’E!PP:\[‘I; ﬁﬁdﬂq PPVEST SHPRLY VY °1t%?[‘§8SAEé{rX§E‘%A§gﬁREIP ° the

LMist dgj e ltage Vs is V12, the ripple voltage Vor on the collector is:

- { upkf a\ \:’:&gt] Sggf%’a‘jocg eca (l:saui éa]ecréﬁpc%‘],%aa ga]ocl:g?cae] c(:oa]egzgt)]r %:Sa] ca)] ca]calca]calc
aJ ca] cRa] ca] ca] cRa] ca] caU] calca]caUca! 3 w { % uE

R
V0r=Vr2_ _Z_C..___l..]_-—..
RIZ RlO +‘R“

Vrl
15
Without the diode D10, and due to the required DC operation of the oscillator,

the resistor R11 usually has a value (for example, 2.7 kohm) which causes the ripple
originating from the base to be much larger than the ripple originating from the power supply
voltage Vs, see Fig. 4A.

20 With the diode D10, the value of the resistor R11 can be decreased while
maintaining substantially the same DC operation. Now the ripple contribution to the collector

ripple voltage Vor originating from the base decreases and a better compensation is achieved,
see Fig. 4B.

25 Fig. 4 shows waveforms of signals occurring in the simplified oscillator
circuits of Fig. 2 and Fig. 3. Figs. 4A and 4B show, in the left diagram, the waveforms
representing the ripple voltages Vr1 (in bold) and Vr2 (dashed) and, in the right diagram, the
resultant ripple voltage Vor, respectively, without and with the diode D10.

30 It should be noted that the above-mentioned embodiments illustrate rather than
Jimit the invention, and that those skilled in the art will be able to design many alternative

embodiments without departing from the scope of the appended claims. For example, it is
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10s510% & () - F410@/{'§?)t &S‘P%‘g“%%@ P?‘bg-c%gl/?%&é‘)(‘)”-een, ] /&%&{‘g eéﬁjcgfgé‘@ %& ()-
Norned " fikdgaginngl &3by, " Headi ng 23] c" "Heading 33]c" "Heading 43]c"
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Def aul t Par agr apha sesan{ Jemedapces®d:1xbeing coupled between the control electrode and a
{kK6! " * $H&' +0- %& ()*+,-./01234567896Ti mes New RonanAri al Couri er
New" h Rog%og&%?@cunent 6w ! "H$IUR ()*+, -./0123456789: ;

a third impedance (R12) being coupled between one of the two electrodes of

the main current path and the second terminal (G), and

10 an element (D10) being arranged in series with the second impedance (R11),
the element (D10) having a low impedance for AC current and a well-defined voltage drop
for DC current, the first and the second terminal being arranged to receive a power supply

voltage (Vbs).

15 2. A tuner oscillator stage as claimed in claim 1, wherein the transistor (Tr) is a
bipolar transistor having a base, a collector and an emitter, the first impedance (R10)being
coupled between the base and the first terminal, the second impedance (R11) being coupled
between the base and the second terminal, a collector impedance (Zc) being coupled between
the collector and a third terminal (Vs), the third impedance (R12) being coupled between the

20  emitter and the second terminal (G), and the element (D10) being arranged in series with the

second impedance (R11).

3. A tuner oscillator stage as claimed in claim 1 or 2, wherein the element (D10)
comprises a diode, which is poled to conduct in operation.
25

4. A tuner comprising a tuner oscillator stage as claimed in claim 1.

5. An electronic apparatus comprising a tuner as claimed in claim 4.



