WO 02/ 097966 PCT/I1B02/01870 1 Power supply ripple rejection in tuner
oscillator stage Field of the invention The invention relates to a tuner
osci | | at owoskagmse a t uner conprising such a stage, and amrcaliBeX/o18TI C
apparatus conprising such a tuner. 5 Background of the invention Power
supply voltage ripple rejection may be perforned with the well-knowmn RC

| ow pass@wéﬁs% IyAigpRSieRb86n St Qstitiedr kgseries with one of the power
supply vol tage }FI nes and a capacitor is connected between both power
supply lines to which the load is connected. 10 The capacitor snoothes the
supply voltage supplied to the load. The filtering action of the RC
circuit inproves by increasing the value of both the resister and the
capacitor. However, the amount of filtering is limted because a too high
val ue of the resistor causes a too large voltage drop across the resistor,
whi ch Ie}gdi éfo a.too.high dissipation and to a too | ow voltage across the
| oad. A TEIGYEHEMYEMIR {he capacitor gives rise to a too large and/or a too
expensive 15 capathd RkentDTeRfeY t@h tiRe osolkant sipe, 4 tunksc@fipdipeaichaf t he
invention to provide a tuner oscillator stage with an 20 i1 nproved supply
vol t age stagpland suplseiaenic apparatss ¢mpyisiREISuch a t aspect of the invention
provides a tuner oscillator stage as defined in claim1l. A second aspect
of the invention provides a tuner as defined in claim4. A third aspect of
the iswivention provides an el ectronic apparatus as defined in claimb.
Advant ageous enbodj pents are defined in the dependent clains. 25 The tuner
osci |l | at gﬁcﬁr‘é‘g@(?iféﬂ%ﬁ"%@?na transi stor which has a control electrode, and
two el ectrodes of i r s A5t wellRhesent
bet ween a first aﬁ%@?%g@grfgﬁt%eer%ﬂﬁgm&g%?%t&:ﬁﬁgﬂg&gﬁ(ggﬁ?g&coupI ed

bet ween RiGelowoepdss Gilter Lersisiodés maddedin sefies with vae of thalpowar sunphe¥oliage ingferent

of an el gn Q tcapha%}ltgrnig cgnrlegele\:/d 'b%e%g %%ﬁl I.;O%\I/:Cr él?pp(i

§lfj [iﬁéasq% which the load is connected.

10  The capacitor smoothes the supply voltage supplied to the load. The filtering action of the RC
circuit improves by increasing the value of both the resister and the capacitor. However, the
amount of filtering is limited because a too high value of the resistor causes a too large
voltage drop across the resistor, which leads to a too high dissipation and to a too low voltage
across the load. A large value of the capacitor gives rise to a too large and/or a too expensive

15  capacitor.

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



and a well defined voltage drop for DC current and a second inpedance is
coupl ed between WO 02/ 097966 PCT/1B02/01870 2 the control electrode and
t he secomwotoenmion@al . The el enent (which may be a circuit PCOMPONEBTIY
several elenents) allows a decreased value of the second inpedance which
causes the supply voltage ripple on the collector originating fromthe
suppl y uht tagml eleppdde amd th¢ feeondtermodal. tTée rlensnt (whidk oragdee oitctittout
di sturbing the DC drjvye of the trapsistqr. In_this , o.the supply ripple
on the d@ﬂ%@%r’cgrse&‘fr?le%‘fm?‘@ﬁll’ﬁﬁl‘”ﬁét eﬂf@ﬁ%ﬁﬁaﬁ«l“ﬁ L ﬂéﬁfﬁﬁ%’,\@we@%‘bcg "?fgaget ter
conpens WiGkE BHpE TR EBIREtor bASNSE Bk the s PelRgehibslB ohs
pol ed tgéaggeﬂﬂéosn%@@{i ve.é 1nghese and gtrhegnaspects of Stfbﬁgi nvgnt Fglnoare
appar entthé comrad matminal ko teereast withduit distuskingthe BXeduvecef the trangistenybotismeat, s
descr.i bed hereinafter.. Brigef descrjption. .of .the.draw,ngs, In the draw ngs:
o 51 sHeaGy B ShieaiEponAregltirehiE Sl Fpuadds B, Lo0s o
typical @mifhsaéd series mixer and oscillator design, Fig. 3 shows a
sinplified oscillator circuit according to an enbodi nent. of the invention,
and Figs. 4 shows avs¢ferradembodimgnaithe ddereent i adiods which ispaisdite bed
osci IIatcorn ctivrcuits of Fig. 2 and Fig. 3. 20 Detail ed description of a
preferre g‘rl‘r%bgi ment Fig. 1 shows a typical prior-art oscillator tank
circuit. Ri pple susceptibility in a TV receiver is defined as the
peak-to-peak value_of a _sine-wave signal from?20 Hz to 500 k super posed
on tile power suppllpesoicefber aspes ﬁé‘hﬁﬁ“’e?%o%ﬁlapf’ﬂﬁét f%ﬁﬁ%’%ﬁ”ﬂﬁh‘ew th a
modul at | 3cidaps B refraB2tPe EBoBinfenll RsGibell hfeilflef” Passing  the Nyquist
sl ope of e TE filter of the receiver.

Brief description of the drawings

In the drawings:

Fig. 1 shows a typical prior-art oscillator tank circuit,

15 Fig. 2 shows a typical prior-art series mixer and oscillator design,

Fig. 3 shows a simplified oscillator circuit according to an embodiment of the
invention, and A

Figs. 4 shows waveforms of signals occurring in the simplified oscillator
circuits of Fig. 2 and Fig. 3.

20
Detailed description of a preferred embodiment

Fig. 1 shows a typical prior-art oscillator tank circuit.

Ripple susceptibility in a TV receiver is defined as the peak-to-peak value of a
sine-wave signal from 20 Hz to 500 kHz superposed on the power supply voltage, causing an

25  amplitude modulation with a modulation depth of 0.28% on the picture carrier after passing
the Nyquist slope of the IF filter of the receiver.

Fig.1 shows a typical oscillator circuit with a bipolar transistor BJT1 and an
emitter resistor Re, and a resonance circuit comprising a coil L1, a capacitor C1, and the
capacitors C2 and C3 together with a varicap diode D1 whose capacitance value depends on

30 the voltage across it. The supply voltage ripple is introduced via two paths. The ripple on the
power supply voltage Vs will be present on the collector of the transistor BJT1 via the
collector resistor Re. The ripple on the band-switch power supply voltage Vbsl will be
attenuated with the low-pass filter comprising the resistor Rb and the capacitor Cb. The

ripple originating from the supply voitage Vbsl can be easily suppressed by using a resistor



Fig.1 shows a typical oscillator circuit wwth a bipolar transistor BJT1 and
an emtter resistor Re, and a resonance circuit conprising a coil L1, a
capaci t orwQlo2/ogme66 t he capacitors C2 and C3 together w thraTuBed/@&pm di ode
DI whose capacitance val ue depends on 303the voltage across it. The supply
voltage ripple is introduced via two paths. The ripple on the power supply
vol t age R withld hifievgoeshivh does hétdeabiol agod targovoltage drapeavsossttiis raBFTr R a t he

collector resistor Rc, The ri n the d-switc wer su vol t age
Vbs| wi | pecaese ??%Fﬁﬁla{né‘agvﬁ‘iaﬁg ‘%?E‘el 8&%‘%&%@3’? 191 VEey SRy th?aegm ‘Frﬁtilx PEYY'st or
Rb and téhg) BﬂRﬂﬁF& 95 wild be PRRent/onRtRé BolRciod dRadtiyhd thihdshe bs filigled Vol t age
Vbsl can 8 easi 'y suppreSsed by using a resistor WD 02/ 097966

PCT/ | BO2suBifigatly, 3vhith gik¢ tisators lgtge\aatlion expensine denasitpioinot shawm) beerusdlargs ge

vol t gge dro ross . this resist. be i t se of
t he taS? an‘éﬁlg{)%ﬁg 15 ?{?é? i I?‘?&fﬂe le_\:\%ether ‘.egag‘i‘%@é#%? ﬁ@%‘é"%"“gﬁ}g& tgﬁ?/rg’laat age
Vs will ta@%enfaﬁaﬁm cQRed Broblin B&datse Wk kpRt iynaadaildbls sb dmt heefyexbedsiwer ed
sufficiently, which give rise to a |large and/or expensive capacitor (not
shown) b@n@ﬁs@cwam@rgér@uuad-ue of the resister Rc is not possible due the
relatively large current through it. In tuners, a |arge capacitor causes a
pr obl em because the space is not avail able, so that a very expensive

t ant al um capaci t orFigs2 stegus & ®gicalpripr-a2t shievmixer g bsallatpr designalhe seri es

] d oscill ator desj .. The  10. i)l I Lcuit | Fi g. [ | t
"iort e apsciianeeuS s 2 b dtmget igenticanioihe Sheive P nd W sdie e Dy
the s ama'alre%tﬂ%t@&' Bg e shih€ rOfdkehcdl. The bERGEIESndathad AR GAkBEERstor BR&INas Or RC

fl
has been replace y an i npedance L2 The m xer conprises a transistor
BJT2 wi t beea rbplseed hyomrimpedahce &.2aThamdxes wpmptises avieansisiop BV 2vwath abase Vbs2 vi a

the resistor filter. capacitar tQget her,with. t resi.st :
filters F?‘Pé‘ef)tgi&)- é&ﬂdeﬂv% p[ogvéé SW&V&%‘% upﬁ% Jehe RS, t A_Léitgru(%é?c?o?i ppl e
on the baggogkhdr MethitheRsistr®1 BT the Bagd swiitlevslige0fbsk e siippaess itsd poweBI T2 i s
connected to the power supply voltage Vs via the resjstor R2._ A capacitor

C5 t byet smplywipple on the hase psthg trapsistor By EZ- JThe allesdonen! thespnsistidtizge vs to
suppress _the ' 3 T ] Sthet Y BIT2.
The r oa: SeiEeREYihe BADBL XoRlP BB s PEe SR GRTIA el O B

the resistor R2 filters the power supply voltage Vs to suppress the power supply ripple on the

collector of the transistor BJT2. The resistor R3 improves the DC behavior of the mixer stage

M.

20 The mixer stage M has the functions of both mixer and ripple rejecter.

Fig. 3 shows a simplified oscillator circuit according to an embodiment of 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



20 The m xer stage M has the functions of both m xer and ripple rejecter.
Fig. 3 shows a sinplified oscillator circuit according to an enbodi nent of
the invewDioon9796 the oscillator circuit of Fig. 1 and tireTaBey/d1B2 or and
m xer circuit of Fig.2, 25 the suppression of the power supply voltage Vs
requires a |large and/or expensive capacitor. This problem becones nore
sever e i causabigmhiesopply veltigelcohpled tcathb@mllmvewhsn@ppﬂhysaﬁmm}wﬂe corgriftions

exanple, 5 vol ts The | o ower t r.equires t vol t age

dr op acr]&%‘@ OPPRY ef“‘?gntse?n ggﬁ? FOIPB&%@%\?@%/ @%&Fpe PHQHH F‘Pl?fﬁa‘gln(’fexcesm vel y
l'arge or @%ﬁﬁg%&ﬁﬁ@%ﬂb%ﬁ th€BRBGhd BA the [ddHle&6Y AsGRueH 4sARBSIBRAVIlIGIt ERe

m xer and"the oscillator” shown in Fig. 2 has the 30 further drawback that,

due to thmw@ht@gmahcwpp@eam t he m xer tran5| stor BJT2, the voltage

avai | abl e for the cill ator creases, Thi MRS obl em
at power suppf@e@ﬁf d«g:srq% Eﬁ'leconﬂecée(f So%ve?%%@ﬁ%% gt%he r(g%lg%lm tion
t hat t hemdafbk U@RRE s@itch etde) Ah afrbPHRbER 1 @M §dms aﬂmhgmem of sddst0ahd khe

ri ppl e caused via the base and the ripple on _the collector WD, 02/ 097966
PCT/ | BO2registsy &114s eennseted bytwepr b @i@p@aﬁyﬂ%ﬂt%%w@auwwfﬂbe traesigion Tidg ¢ or

wher ein @é}&%aeg@h%gwe ug)gyr {difagt kAR m@%f@%&aﬁg@% taad%w&ﬁm@mh&hus may

conpensate eac lor<art approa Suppressing both the
ri pple OﬁaﬁdiwomasmnﬁdWemlamsismtR)n The noltdgean thesalldstar whith 1sﬁﬁt give

ri se to an opti sa 5 The tra istor Tr has a base connected

to alh O\Alé‘?mléréﬁ‘iﬁniq n&ﬁg %ia(IRBIFé:ﬂmpﬂ’é?‘ "a band-switch voltage) via a

resistor R10. A Seﬂtﬁénggléaﬁwer@a y%@%@mqswﬂ Ad thegpsibeht® | is
co

connect ed bet ween base round ector of the transistor Tr is
connect egower supplypoitege ‘émﬁp‘{h;z thelripplgevolisge Var omthei sopledanise Zc, and the
emtter of the transistor is connected to earth via resistor R12. The

vol tage on the collector which is Vo 10 conprises a DC part Vodc and a

ri ppl e conponent Vor. |If thg ripgle on the power supply voltage Vbs is Vrl,
and the ripple on Vhe—\’pam}g—s%t?pf—%—vb’rl age Vs is Vr2, the ripple voltage
Vor on the collector is:

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 Vrl (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
limit 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



Vor = Vr2 - ZCR"' Vrl Rl12 Ro + R11 15 Wthout the diode D10, and due to
the required DC operation of the oscillator, the resistor RI 1 usually has
a val ue (Worn2exanpl e, 2.7 kohm) which causes the ripple @cirgBoaiiBTyg from
the base to be much larger than the rippke originating fromthe power
supply voltage Vs, see Fig. 4A. 20 Wth the diode D 10, the value of the
resi st oraliigossivile foeusd ecpgasadiswhinsteadrodithet ginrtrangistou sbewamtli &ldogsiblado bavee DC
operation. Now the rjpple contripution to.the collector, r.ipple voltage Vor
ori gi nats§oHecHR QoH eﬂ&%@“@b@ﬁ@ﬁ@ﬁ%“ ﬁﬂegnﬁgﬁ?épe%ﬁﬁﬁéﬁgﬁﬁﬁbn i s achi eved,
see Fig. 4B. 25 Fig. 4 shows waveforns of signals occurring in the
sinplified oscillator circuits of Fig. 2 and Fig. 3. Figs. 4A and 4B show,
in the left di agramth¢ bleingwey mference agnsgdanad batyvech parcnthebis shall naides vr |

(in | d) apd Vr2.(dashed) .an in,.the ri.ght,di agram. the r I i ppl e
vol t age %Wt,m?de?ﬁﬁg’in\g&?%la\ﬁ%JFrbar?SW’gWgt ﬁ%‘?g? %‘%}é“fﬁi@?‘s g(selélnt%?gg%% ‘d be
not ed t hb pkdyen@OET P brod ofEh BslinTBoKeStdidd Ui dlaie Thaihentishem bel i ni t
the invention, and that those skilled in the art will be able to des%gn

many al tienplemenied b msens eidiwrdwaie comprisiag paveral distinelrlemenis.oud hy mpFans g
appended_gcl aj ns. For |t 1 - 7 SO
possi bl eSL?%‘gkspéogragﬁ%e%ﬁ%gﬁ’ S|e§ t fgﬁh‘% %%%@a%égg%%ﬁﬁgg%eyggﬁgﬁf &sv ﬁlgl\l/\g1L I t
possi bl ethbs: Maums cahibe efdblied byone andiledame itemrdfthapiwaat i al and the emitter
to a negative potential. In the clains, any reference signs placed between
parent hesis shall not be 5 construed as |imting the claim The verb
"conprising" and its conjugations does not exclude the presence of

el enents or steps other than those stated in a claim The invention can be
i npl ement ed by neans of hardware conprising several distinct elenents, and
by neans of a suitably programed conputer. In the device claim
enunerating several neans, several of these neans can be enbodi ed by one
and the sane item of hardware.




WO 02/ 097966 PCT/I1B02/01870 6 CLAIMS: 1. A tuner oscillator stage
conprising: a transistor (Tr) having a control electrode, and two

el ectrodewowbk/ogrosmi N current path, a first inpedance (RLO®CThBIZAYSTOUpP! ed
between the control electrode and a 5 fgrst termnal (Vbs), a second

i npedance (R11) being coupl ed between the control electrode and a second
term nalCL&MSa third i npedance (R12) bei ng coupl ed between one of the two
el ectrodes of the main current path and the second termnal (G, and 10 an
el enent (D10) being arranged in series with the second inpedance (R 1),
the el enment (D10) having a | ow i npedance for AC current and a wel |l -defined
vol tage drop for DC current, the first and the second term nal being
arranged to receive a power supply voltage (Vbs). 15 2. A tuner oscillator
stage as clained in claim1, wherein the transistor (Tr) is a bipolar

transi stpr having ﬁé&%§8mﬁﬂm89t%§ﬁﬁﬁﬁrﬁﬁl:a” emtter, the first inpedance
et ween t

(R10) bei'ng couple base and the first termnal, the second

i npedance (Rl 1) beiragistayl)dvinget coménl ¢lbarddasmdang déverodecalimdnsaier mi nal , a
col | ector inpedance (Zc) being coupled between the collector and a third

t er m nal CY%&Y Patithe third i npedance (R12) being coupl ed between the 20

emtter and (he scqARdihGRAAGER)0FbengBhul OFocth IRRE obrck lcchiohaRl T anged

in series with the second | npedance A tuner oscillator stage as
cl ai rfed first tkminal (Vie), 2, wherein the elenent (D 10) conprises a diode,

6501 11 atoF st age 2bNErH BroPRearal hpdine Somled PRk ihs SR sy ™"
conpri si f@od tewnial €3),cl ai med in claim 4.
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.



