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FIELD OF THE INVENTION
The invention relates to a receiver comprising at least two tuners for
concurrent reception of mutually different signals. The invention also relates to a

multimedia apparatus and an add-on card comprising such a receiver.

BACKGROUND ART

The Philips television (TV) set type 32PW9761 comprises two tuner
modules for allowing a concurrent display of two mutually different TV programs. TV
programs are broadcast at various respective radio frequencies in a range from, say, 45
MHz to 860 MHz. The broadcasted TV programs enter the TV set via a radio
frequency inlet and are supplied to the two tuner modules via a splitter in the TV set.
Each of the two tuner modules has a shielded encasing which houses an oscillator and a
mixer for converting a radio frequency to an intermediate frequency of, Say, 40 MHz.
The respective oscillators have adjustable oscillation frequencies. An oscillation
frequency determines which radio frequency, and therefore which broadcasted TV
program, is converted tb the 40 Mhz intermediate frequency for further processing so as
to be displayed. If, for example, the oscillation frequency is 500 MHz, a TV program
which is broadcast at a 460 MHz radio frequency, is converted to the 40 MHz

intermediate frequency and, consequently, may be displayed.

SUMMARY OF THE INVENTION

The invention seeks, inter alia, to provide a receiver of the subject type
which, with respect to the background art, allows more cost-efficient implementations.
Claims 1 and 8 deﬂne recelvers in accordance to the invention. Claims 9, 10, 11 and 12
respectively deﬁne a method o? receiving, a multimedia apparatus, an add-on card and a
single shlelded encasxng, all in accordance with the invention. Additional features,

which may optlonally ‘be used to unplement the invention to advantage, are defined in
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concyrrent reception of nutually different signals. The invention also
relates to a mul ti medi a apparatus and an add-on card conprising such a
receiver. 5 BACKGROUND ART The Philips television (TV)
set type 32PWPHN bS8 86es two tuner no@ul es for allow ng a concurrent
di splay of two nutually different TV prograns. TV prograns are
broadcast at vmesentisthe demand iforcreceiders el dam corarrefitlya récaivgamiituany different45
MHz to 860 MHz. The broadcasted TV prograns enter the TV set via a radio 10
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TV program  are produced in relatively largé quantities and, therefore, are relatively cheap.

However, the situation may be different in the future. The amount of

information and entertainment offered to consumers is increasing rapidly. With that, the

10 variefy of ways in which information and entertainment is offered, is also increasing.
For example, it may be transmitted in an analog or digital form via satellite, cable TV
networks, telephone networks, et cetera. Furthermore, multimedia tends to centralize
various types of information like text, data, audio and visual information. In view of the
aforementioned, the demand for receivers which can concurrently receive mutually

15 different signals, may increase to such a level, that other solutions than the
background-art solution may be more cost-efficient.

In accordance with the invention, two or more tuners are Iherged into one
module. If the two or more tuners are merged, various components may be shared by
the two or more tuners like, for example, crystals, integrated circuits, printed wire

20 boards, metal ware, connectors, and pin blocks. Costs which will be saved if various
components are shared, may outweigh costs related to merging the two or more tuners
into one module, once the demand for receivers of the subject type is sufficiently high.

The invention and additional features, which may optionally be used to
implement the invention to advantage, will be apparent from and elucidated with

25 reference to the drawings described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Fig. 1 is a conceptual diagram illustrating the basic principles of the
invention;

Fig. 2 to 7 are diagrams illustrating additional features which may

optionally be used to implement the invention to advantage;
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whi ch i s, broadcast at a 460 MHz radi o frequency, is converted to the 40 MHz
I nternmedi ate frequency and, consequently, nmay be displ ayed. 20 SUMVARY
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DETAILED DESCRIPTION OF THE DRAWINGS

First, some remarks are made on the use of reference signs. Similar
10 entities will be denoted with an identical lettercode throughout the drawings. In a single
drawing, various similar entities may be shown. In that case, a numeral will be added to
the lettercode, to distinguish similar entities from eachother. Furthermore, if an entity
forms part of a higher entity, the numeral in the reference sign of the entity will
indicate that it belongs to the higher entity which has the same numeral in its reference
15 sign. In the description, and in the claims, any numeral in a reference sign may be
omitted if this is appropriate.

Fig. 1 illustrates the basic principle of the invention. In Fig. 1, at least
two tuners TUN1,TUN2 are merged into one module MOD. Although Fig. 1 shows
two tuners TUN1,TUN2, further tuners may be merged into the same module MOD.

20 Fig. 2 illustrates that each of the two tuner TUN1,TUN2 has an oscillator
OSC coupled to a mixer MIX for converting a signal at a radio frequency to an
intermediate frequency. Fig. 2 also illustrates the following additional feature. The
oscillator of each of the two tuners has an oscillation frequency, Foscl or Fosc2, which
does not coincide with the radio frequency, RF2 or RF1 respectively, or any

25 sub-harmonic of the radio frequency, of the signal received by the respective other
tuner. This preferably applies substantially throughout respective tuning ranges of the
two tuners TUN1,TUN2.

The Fig. 2 feature is based on the following considerations. The two
tuners TUN1,TUN2 which are merged into one module may mutually interfere each

30 other. In particular, the oscillator of one of the two tuners, may interfere with the signal
received by the respective other tuner. An oscillator signal may propagate to various

points in the receiver in many different ways. For example, it may propagate by means

of induction in metal parts and by means of crosstalk into printed wire board tracks
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present, the demand for receivers which can concurrently receive nmutually

di fferent signals, has been relatively low. To give an exanple, of the
total nunber PHNWY6SIE5SG sold, only a redatively small percentage has
two tuners to allow, for exanple, a picture- in-picture (PIP)

functi onal i tywhicr carhgtfor easmple, switching eighly and variedp edlfages. €Ttie éverallpl ement
5 PIP TV sets in a background-art nanner, That is, two.separate tuner
nodul es are uwpagatwmﬁ@ﬁamwhmi the @seillator signy experiences | is often Mighly ot her

types of TV sgﬁﬁﬁeﬁ{gggﬁ &ﬁ{,%g{egverr étt'?]%l%?/&{: %%égsrdasi £ edefhiBh ioY?lle&uén%Eg&Evigr ,

quantities an ore,’ ‘are re
the situati onaivayipbRaritifhétesi@oé theosciitdrikighiag mayhiot dABUCSmSYise a fundamendBt | on

and entertai nment offered to consuners is increasing rapidly.. Wth that,
t he 5 frequency component but also harmonic frequency components as ‘well. The amplitude
of an harmonic frequency component may therefore be higher than that of the
- fundamenta] frequency component at certain points in the receiver.

There are varioqs ways to counter the above described mutual

interference. One solution could be to keep oscillator signals at sufficiently low levels. -
10 However, if an oscillator signal level is reduced, this will generally degrade
performance in terms of noise and frequency stability.

An other solution could be to electro—magﬁetically shield the oscillators.
However, shielding is relatively expensive and, in some cases, it may even be
insufficiently effective. The following example is given as an illustration. In TV

15 reception, an interference distance of at least 60 dB is desirable. Assuming that the level
of a TV signal received by a tuner is 1 mV, which is a typical, the level of an
interfering signal may not exceed 1 pV. Assuming that the level of the oscillator signal
in an other tuner is 1 V, which is typical, a 120 dB attenuation is needed between the
two tuners. If the two tuners are merged into one module, any internal shielding for

20 providing such attenuation, if feasible at all, will be costly and, moreover, difficult to
design.

Yet another solution could be to block reception for radio-frequency
combinations at which the two tuners TUN1, TUN2 would mutually interfere. This may
be achieved by means of, for example, a suitably programmed computer which controls

25 the two tuners TUN1,TUN2. However, as also harmonic frequency components of
oscillator signals need to be taken into account, it may be needed to block reception for
relative many radio-frequency combinations. In that case, end users will be stuck with a
relatively constrained variety of signals which can be concurrently received.

If the Fig. 2 feature is applied, neither the fundamental frequency

30 component nor any harmonic frequency component of an oscillator signal in any of the
two tuners TUN1 or TUN2, will directly interfere with thé signal being received by the
respective other tuner, TUN2 or TUNI, respectively. The oscillators OSC1,0SC2 are

_therefore allowed to operate at signal levels which provide satisfactory performance in
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digital formvia satellite, cable TV net wor ks, tel ephone networks, et
cetera. Furt h®HNM6,1758Gi nedia tends to cenfralize various types of

information |like text, data, audio and visual information. In view of the

af or enent i onedernishef mbiserard dtabilitye Shatds mondyi this does neitheg Lreqeird telativeBeeldBorate
mutually 15 djfferent si gl‘r:‘al S, may increase to such a level, that other
sol uti ons t hashickiing nor blogking sereption forgslativelymany, ragio-frequensy sembmatiensant .

I'n accor danceg\ﬂ%,g,flth[e Iﬁ%?g re Yontriies b qggg@ JnH%Es%tiﬂégomEgﬁﬁgi Jr}r)ggcogge

nodule. If th Wo or uners are ner vari ous npon

shared by effiviericyp eitlierrinrcombination ok iakguclf.or exanple, crystals,
integrated circuits, printed wire 20 hoards, netal,L ware, connectors, and
pi n bl ocks.d Costs whi chTif Fig-Fefeaiye avill provide ap additional aduaHags, 4t & sRINGT P ed,

may out wei gh | [ 0,
nodul e, once tQl g@ %e%@hn}gggg%ﬁ ?%?gelr @%({1@%439{!2)3%” ?Iggf&{l t?lﬁggﬁlir@o% fffr?l ?dc%lﬁ'ce)ln '?\5‘
hi gh. case, the splitted lneed noteprbvida higidatesdhdatiorobeiveére eeltw@Stuneys i TN bATUN2

optionally be used to i n‘%*l;“errent the invention to advantage, wll be
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hereinafter. i relatively few active components, or it may even be realized without any active
10 components. Active components consume power and produce noise and distortion.
Thus, the Fig. 2 feature allows a relatively power-efficient, noiseless and distortionless
splitter. It should be noted that these advantages will also be obtained, if two tuners are
separate, as in the background art.
Fig. 3a illustrates the following additional feature. The oscillation
15 frequency Foscl in tuner TUN1 exceeds the highest possible radio frequency RFmax2
which tuner TUN2 can receive. This preferably applies substantially throughout the
tuning range of the tuner TUN1. |
The Fig. 3a feature is based on the following considerations. If the tuner
TUNT1 needs to be tunable throughout a relatively wide tuning range, it may be difficult
20 to avoid coincidence of the oscillation frequency Foscl with the radio frequency RF2,
or any sub-harmonic of the radio frequency RF2, of the signal received by tuner TUN2.
Relatively complicated and, hence, costly measures may be needed to avoid such
coincidence. However, if the Fig. 3a feature is applied, ahy such coincidence will be
excluded by definition. Thus, the Fig. 3a feature contributes to cost-efficiency, in
25 particular if the tuner TUN1 needs to be tuned throughout a relatively wide tuning
range. |
Fig. 3b illustrates the following additional feature. The oscillation
frequency, Foscl or Fosc2, in each of the two tuners exceeds the highest possible radio
frequency, RFmax2 or RFmax1, respectively, which the respective other tuner can
30 receive. The Fig. 3b feature is effectively an addition to the Fig. 3a feature. The
addition is that the oscillation frequency Fosc2 in tuner TUN2 also exceeds the highest
possible radio frequency RFmax1 which tuner TUN1 can receive. Thus, the Fig. 3b
feature contributes to cost-efficiency, in particular if the two tuners TUN1,TUN2 both
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conceptual diagramillustrating the basic principles of the I nventi on;
Fig. 2 to 7 are diagrans illustrating additional features which may
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need to be tuned throughout a relatively wide tuning range.

The following remarks are made with respect to the Figs. 3a and 3b
features. When the Fig. 3a feature is applied, provisions may be made that the tuner
TUNI receives the signal with the lower radio frequency and that, consequently, the
tuner TUN2 receives the signal with the higher radio frequency. If, in addition, the
oscillation frequency Fosc2 in the tuner TUN2 is located above the radio frequency RF2
of the signal received by this tuner, it will for sure exceed the radio frequency RF1 of
the signal received by the tuner TUNI. The overall result will be that the oscillation
frequency Foscl or Fosc2 in each of the two tuners will exceed the radio frequency
RF2 or RF1, respectively, received by the other tuner. Consequently, neither
fundamental components nor any harmonic components of the oscillation signals can
interfere with the signals received. Thus, the Fig. 3a feature can provide advantages
similar to those of the Fig. 3b feature. _

Notwithstanding that what is mentioned above, the Fig. 3b feature may be
preferable over the Fig. 3a feature for the following reason. Assume that fwo signals
S(X) and S(Y) are concurrently received. The signal S(Y) has a higher radio frequency
than signal S(X). The reception signal S(Y) needs to be discontinued in favour of an
other signal S(Z) which has a lower radio frequency than S(X). The following will
happen in the case of Fig. 3a with the provisions as described above. The tuner TUN2
will have to take over the reception of signal S(X), which is maintained, from the tuner
TUNI1. Such a take-over is needed in view of the higher-lower radio frequency relation.
The take-over may cause an interruption in reception of signal S(X). In
contradistinction, any take-over will not be needed if the Fig. 3b feature is applied.
Thus, the Fig. 3b feature allows an uninterrupted reception while changing any
concurrent reception.

Fig. 4 illustrates the following additional feature. The difference AFosc
between the oscillation frequencies Foscl,Fosc2 in the two tuners TUN1,TUN2,
exceeds an intermediate frequency bandwidth BWIF. This preferably applies
substantially throughout the respective tuning ranges of the two tuners TUN1, TUN2.

The Fig. 4 feature is based on the following considerations. The
oscillators OSC1,0SC2 may mutually phase modulate each other as a result of mutual
electro-magnetic coupling. This will cause the oscillator signals to have sidebands. Fig.

4 shows sidebands Fsb+1,Fsb-1 belonging to oscillator OSC]1 and sidebands
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3 ; . Fig. 8 is a block schematic di agram of an exanple of a
receiver in accordance to the invention; and Fig. 9
is a diagramillustrating an exanple of a nultinedia apparatus in
accordance W tHHNI®.173v8Gtion. 5 DETA7LED DESCRI PTI ON OF THE
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-AFosc from the oscillation frequencies Foscl,Fosc2. The sidebands of each oscillator
signal will mix with the respective signal received. As a result, the signals received
which have been converted to the respective intermediate frequencies, will also have
sidebands located at +AFosc and -AFosc from these respective intermediate
frequencies.

If the Fig. 4 feature is applied, the aforementioned sidebands will not
directly interfere with the respective signal received. Thus, the Fig. 4 feature counters
mutual interference between the two tuners TUN1,TUN2 which may arise as a result of
mutual electromagnetic coupling of their oscillators. Consequently, there will be
relatively little need to counter such mutual electro-magnetic coupling with measures as,
for example, providing internal shielding or improving the quality Q of an oscillator
tank circuit. Such measures are relatively costly, in particular at relatively high
frequencies. Hence, the Fig. 4 feature contributes to cost-efficiency.

The following additional remarks are made with respect to the Fig. 4
feature. The sidebands Fsb+,Fsb- could cause intermodulation products which may
hanﬁ reception. However, the respective sidebands will generally have such a small
amplitude that, in many cases, this form of mutual interference may be neglected.
Furthermore, the amplitude of the respective sidebands Fsb+,Fsb- will decrease, if the
difference AFosc between the oscillator frequencies Foscl,Fosc2 increases.

When one of the two tuners TUN1,TUN2 is operated in an auto search
mode, it may be advantageous to skip a frequency range where mutual phase
modulation can occur e.g. by measures in software. To that respect it should also be
noted that any harmonics of the oscillation frequencies Foscl,Fosc2, do not substantially
contribute to any mutual phase modulation of the oscillators OSC1,0SC2. Thus, there
will be little or no mutual phase modulation if one of the oscillator frequencies, Foscl
or Fosc2, is relatively close to an harmonic of the other oscillator frequency, Fosc2 or
Fosc1, respectively. Consequently, if the frequency ranges of the oscillators
OSC1,0SC2 do not overlap, any skip during an auto search will not be necessary.

Fig. 5a illustrates the following additional feature. A frequency divider
DIV1 is coupled between the oscillator OSC1 and the mixer MIX1 in the tuner TUNI.
Before any advantages of this feature are discussed, the following should be noted. The
frequency divider DIV1 generates a sub-harmonic of the oscillator signal. In principle,
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drawi ng, .various simlar entities may be shown. In that case, a nuneral

wll be added to the lettercode, to distinguish simlar entities from
eachother. Furthernore, if an entity forms part of a higher entity, the
nuneral in thePHNII® EIC8Gsi gn of the entity gill indicate that it

bel ongs to the higher entity which has the sane nuneral in its reference 15

sign. In the dRrésit-Rirnfunic ARAY ihterfefeewith e Signa ticeivedEt thel tindd TENR! Q8C&hown
sign nmay be omtted if this is appropriate.

Fig. 1
i | lustrates tHs Hgsde BrusnBiepdivider DIMé as edhas @renitryy ceupding it thmixeed\é%(l,
two tuners TUNL, TUN2 are rged int.0.on dul Al though Fi.g. 1 shows
two tuners TONIONERES, RRfiE e Gngrbing A BB Falitnet, HOREYE, vt pronft
MOD. 20 design, these po@ntizlly intedferingitBmsinitttrs QAT Be Qf)piebﬁbl?ﬂ\@eéldéﬂ @ian the
TUN1, TUN2 has an oscil | ator OSC coupled to a mxer. MX for converting a

signal at adSr aetentinly inferfesing trangmitter whichdherpspibater OSEdueerdg hayg jeemifshe o

the" two-t uner dfeaion WsEof i CORkRR) b€ Fia; . fepprel ol Wifhafd §° 5 O

not coinci de \ghérBinghsf twdtu@ers'ig QuaREIer wilich ®oukifrot Has®BEdn peskible Y thany 25
sub- harnmoni ¢ of the radio frequency, of the signal received by the

respective ot |b@¢kgrpun¢ &ﬁer. This preferably applies substantially
throughout respective t AN &R:aﬁéggﬁf th%fFi%.hga feature will be explained with reference to

10. Fig. 5b. Fig. 5b is a frequency diagram showing the radio frequency RF1, the

oscillation frequency Foscl, and a mixing frequency Fmix1. The mixing frequency
Fmix is the oscillation frequency Foscl divided by N1, N1 being the division factor of
the frequency divider DIV1. Fig. 5b also shows the intermediate frequency IF1 which is
the difference between the mixing frequency Fmix1 and the radio frequency RF1.

15 Assuming that the intermediate frequency IF1 preferably has a certain:
desired value, for example 40 MHz in the case of TV reception, an advantage of the
Fig. 5a feature is as follow. It allows the oscillation frequency Foscl to Ee such that
mutual interference between the two tuners TUN1,TUN2, as described in the foregoing,
can be countered by a suitable choice of the division factor N1 of the frequency divider

20 DIVI. If, in addition, a frequency divider is also coupled between the oscillator OSC2
and the mixer MIX2 in the tuner TUN2, all shown in Fig. 1, this will provide a greater
number of possibilities to counter mutual interference. The division factor of the last
mentioned divider introduces, as it were, an extra measure of freédom to achieve this.

The following additional remarks are made with respect to the Fig. 5a

25 feature. The Fig. 5a feature is neither essential to the invention, nor is it essential to
any of the other features described above. The oscillation frequency Foscl, shown in
Fig. 5b, may be directly applied to the mixer MIX1 without any frequency division.
However, in that case the intermediate frequency would be the difference between the
oscillation frequency Foscl and the radio frequency RF1. Consequently, the

30 intermediate frequency would be higher. Circuitry for processing relatively high
intermediate frequency signals is relatively costly, power-consuming and/or critical.
Consequently, because the Fig. 5a feature allows a relatively low intermediate

frequency, it contributes cost-efficiency, power-efficiency and robustness.
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two tuners TUN1, TUN2. The Fig. 2 feature is based on the
foll ow ng considerations. The two tuners TUNL, TUN2 whi ch are nerged
into one nodule may nutually interfere each 30 other. In particular, the
oscillator of ppme16f1758G two tuners, may interfere with the signal '
received by the respective other tuner. An oscillator signal may propagate

to various poi nts ipigt Bquﬁﬁpﬁésvm& fo oW Yad@itiohl' feathre\ahe- diVitfon FAE0P Na
it may propagate by neans i nduction I'n metal parts and by nmeans of

crosst al k i nt of phei fnequeney dylctmjd)Ia’lt, ishewn in Fig. 5a, is adjustable. Fig. 6 shows various
4 mixing frequency ranges R2,R3,R4,R6,R8,R12,R16 obtained with division factors

N1=2,3,4,6,8,12,16, respectively, if the oscillator OSC1 is tunable between 1000 and
5 2000 MHz. Thus, if the frequency divider DIV1 can be adjusted to have any of these
division factors, it allows mixing frequencies throughout a range extending from 62,5
MHz to 1000 MHz. If, however, the division factor N1 were fixed, the oscillator OSC1
would have to be tunable over a wider range, to allow a similar choice of mixing
frequencies. This would make it more difficult, or even impossible, to realize the
10 oscillator OSC1. As a solution, several tunable oscillators could be used, each tunable
oscillator covering a certain portion of the range of mixing frequencies. This solution is
common in TV where, for example, oscillators are used for the bands VHF-low, VHF-
high and UHF, respectively. The Fig. 6 feature, however, allows tuning throughout a
relatively wide frequency range with a single oscillator which needs only to be tuned
15 over a relatively narrow frequency range. Consequently, the Fig. 6 feature contributes
to cost-efficiency.
Fig. 6 also illustrates the following advantageous additionai feature. Over
a substantial portion of the.range of mixing frequencies, namely between 83.33 MHz
and 666.67 Mhz, there is more than one oscillator frequency with which a certain
20 mixing frequency can be obtained. In other words, for a certain mixing frequency, there
is a choice of oscillator frequencies. This choice allows the oscillator frequency Foscl
in the tuner TUN1 to be relatively distant from the oscillator frequency Fosc2 in the
tuner TUN2, thereby countering mutual interference. To that effect, it does not matter
if the oscillators OSC1,0S8C2 operate in respective frequency ranges which overlap. A
25 suitably chosen division factor N1 can prevent the oscillators OSC1,0SC2 from being
too close in frequency. Moreover, if an adjustable frequency divider is also coupled
between the oscillator OSC2 and the mixer MIX2 in tuner TUN2, there will be an even
greater choice in keeping the oscillation frequencies Foscl,Fosc2 apart. Suitable
software may be used to choose the optimal division factor, or division factors, in a
30 certain case. _
In Fig. 6, two frequency ranges remain for which no choice in oscillation
| frequency exist, namely a frequency range below 83.33 MHz and a frequency range

above 666.67 Mhz. Although it would be advantageous if there were a choice within
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whi ch carry, for exanple, switching signals and varicap voltages. The
overal | propagation attenuation which the oscill ator signal
experiences, is often highly unpredi ctabl e and, noreover, it may vary

strongly as apiNqki@s ¢ frequency. This igg an inportant fact, since
the oscillator signal may not only conprise a fundanental 5 frequency

corponent but tl?ésé(freﬁ £ Yafigds! %H&'%H&ﬁc&ﬁﬂgﬁl?@oﬁv?u gxgnﬁﬁises-r d jude

of an harnonic frequency conponent nay t er than t at of the
fundanment al f moqcmb@mumabmnﬁfﬂrem Einst of all,pwiontusers rgenelally mced war concurrently
There are various watE?to cou r the aboye de cribed
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sufficiently aicﬁl’a‘iﬂoﬁ #1 ﬁ@%ﬁ?ﬁ*ﬁg ,p&c?woaggédlﬁaa@& Aédy mhag@l regp%cnvel

reduced, this gener a pertormance 1n t noi'se ant
frequency s} aﬂﬁutthmnore it hardly occurs that twéradgeachatr rad - frequencye ohdmielseare occupled
el ectro- magnebl cal I Shl I d t e o CI | ] at or er, shieldin
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reception, an interfere tance” of at |east 60 dB Is desirabl’e.
Assumi ng t hat neéded| ¢heedscillation frequencies Fosc 1,Fosc2 will be spaced apart by an amount
which is N times the distance between the two adjacent radio-frequency channels, N
10 being the identical division factor of the dividers DIV1,DIV2. Thus, because the
oscillation frequencies Foscl,Fosc2 are divided, they will be relatively spaced apart
such that any sidebands, as a result of mutual phase modulation, will fall outside the
intermediate frequency bandwidth, even if an identical division factor is used.
Fig. 7 illustrates the following additional feature. The mixer MIX1 and
15 the frequency divider DIV1 form part of an integrated circuit MOIC1. Hence, the
circuitry carrying the sub-harmonic Foscl+N1 of the oscillation signal, has a small
geometry. As a result, any radiation of the sub-harmonic Foscl+N1, which may
potentially interfere with the signal received by the tuner TUN2, will be relatively
modest. Consequently, the Fig. 7 feature enhances the extent to which the two tuners
20 TUN1,TUN2 may be merged. '
The following additional remarks are made with respect to the Fig. 7
feature. First of all, the mixer MIX1 is preferably implemented in the form of a
- balanced circuit. This provides inherent suppression of any oscillator sub-harmonic
residues at input and output ports of the mixer circuit MIX1. Preferably, the divider
25 DIV1 is also implemented in the form of a balanced circuit. Secondly, it should be
noted that the integrated circnit MOIC1 may comprise further circuits. The dotted lines
in Fig. 7 illustrate that the oscillator OSC1 may wholly or partially be included in the
integrated circuit MOIC1. If the tuner TUN2 also comprises a frequency divider
coupled between the mixer MIX2 and the oscillator OSC2, these circuits may also form
30 part of the integrated circuit MOIC1. As an other example, the integrated circuit
MOIC1 may also include a phase-lock loop circuit.
Fig. 8 shows an example of a receiver in accordance with the invention

and including the Figs. 2 to 7 additional features. The Fig. 8 receiver is.a dual TV/FM _
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of a. TV signal received by a tuner is 1 mv, which is a typical, the |evel

of an interfering signal may not exceed 1 [err]V. Assum ng that the
| evel of the oscillator signal in an other tuner is 1V, which is
typical, a 12@HM 18it78@ti on i s needed betwden the two tuners. If the

two tuners are nerged into one nodule, any internal shielding for 20

provi di ng suchedeives tdpdbl®Bf codcubeady béivihg kb muthdlly diffefe@f TVystatishs, or two
noreover, difficult to desi Yet anot her sol ution

n.
coul d be to binysuallyedisisrens EMﬁacﬂa Atatieny,rerca dNcspation andoabFMaradim staden.who ghat

achi eved by meBi gpmbrises 35 el TRy NG GF eichreep S RBing wro sty
controls 25 tdifferedCratliorREquehbPNeighaibiBi1(RIVRME Si2(RF) 8 Srterfidiand freqidnedl $ainaM

conponent s of oscillator signals need to be taken into account, 1

t _
be needed td $03dK) aad Sp2(IB2), respectively.chmy pf therranip-freauency sigaale SEMRF) and
nbi nati ons. i | - : ati vel
Comet o noay SPIEEY U G881 0P AT BB PR i Redhived o AR Ay

constrai ned varie e concurre

If the Fig. 2ijflesti(T¥) usd KFM), eespettdvelyner the fundamental frequency 30
conponent nor any harnonic_ frequen { conponent of an oscillator signal _in

any of the two tunelsFigud caeh , twigy quperg FENT TUN inclydes @ spyitch SWe
signal being thre& 'rXtﬁg-fRa\ﬁuéﬂ:?' input circuits RFIL, RFIM and RFIH, and an integrated circuit

10 MOIC. Radio-frequency input circuits RFIL, RFIM and RFIH are arranged for
processing signals within a VHF-low band, a VHF-high band and a UHF band,
respectively. Each of the integrated circuits MOIC houses a mixer MIX, a divider DIV
and an amplifier portion AMP of an oscillator OSC. A resonator portion RES of the
oscillator OSC is external to the integrated circuit MOIC. Each of the integrated circuits

15 MOIC further houses a phase-lock loop circuit PLL and a digital-to-analog conversion
arrangement DAC. The two tuners TUN1,TUN2 share a memory circuit MEM and a
crystal XTL which resonates at a reference frequency Fref. -

Each of the two tuners TUN1,TUN2 operates as follows. The switch SW
is set to a position TV or a position FM depending on whether reception of a TV station

20 or an FM-radio station is desired.-In the first case, a radio frequency signal Si(RF) may
be processed in any of the three radio-frequency input circuits RFIL, RFIM or RFIH.
In the latter case, that of FM-radio reception, the radio-frequency signal Si(RF) is
processed by the radio frequency input circuit RFIL for the VHF-low band. In any
case, the relevant radio-frequency input circuit supplies a suitably processed radio-

25 frequency signal Sp(RF) to the mixer MIX in the integrated circuit MOIC.

The radio-frequency input circuits RFIL, RFIM and RFIH comprise
tunable bandpass filters which are not shown for reasons of conciseness. Tuning
voltages VT, which control the tunable bandpass filters, are obtained as follows.
Control data CON, which comprises information on the desired radio-frequency,

30 effectively selects which tuning data TD is read from the memory MEM for supply to
the digital-to-analog converter arrangement DAC. The selected tuning data TD is such
that the digital-to-analog conversion arrangement DAC provides the tuning voltages VT

for which the relevant radio-frequency input circuits suitably processes the desired
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respective other tuner, TUN2 or TUNL, respectively. The oscillators

OSC1, OsC2 are therefore allowed to operate at signal |evels which
provi de satisfactory performance in
REPLACEMENT SIH#EN 16.175 SG 12 5

terms of noise and stability. Wat is nore, this does neither require

relatively el aghfibat&uency sighdl FidRI)I Avesrda ﬂlgg}g ) ap,%ﬁﬂitb Qﬁlmhg dafa®térel R e

many radi o-frequency coirbi nati ons. ure
contributes t aneoeryi MEMnthe\handpass ffilters may- s:mswtordyi bartunedo@roughout the VHF-

efficiency, ei t\gejilﬂfphlg%ngdrﬁﬁ!l:obanas gny aﬁ:eratlons in the tuning of the bandpass filters

relative to each other may be reduced by means of a manual adjustment.

S5 The mixer MIX in the integrated circuit MOIC effectively multiplies the
suitably processed radio-frequency signal Sp(RF) with a mixing signal Smix having a
mixing frequency Fmix. In principle, the mixing frequency may either be the sum or

. the difference of the radio-frequency of the desired station and a desired intermediate
frequency. For the Fig. 8 receiver, the mixing frequency. is the sum. The desired

10 intermediate frequency is, say, 40 MHz in the case of FM-radio reception and, say,
10.7 MHz in the case of TV-reception. To given an example, if reception is desired of
a TV station having a 210 MHz radio-frequency, the mixing frequency will have to be
250 MHz. To give another example, if reception is desired of a FM-radio station having
an 89.3 Mhz radio frequency, the mixing frequency will have to be 100 MHz.

15 The mixing signal Smix having the mixing frequency Fmix is obtained as
follows. The oscillator OSC provides an oscillation signal Sosc at an oscillation
frequency Fosc which may vary in a range between 1000 MHz and 2006 Mhz. The
oscillation frequency Fosc is controlled by the phase-lock loop circuit PLL accordance
with the control data CON and on the basis of the reference frequency Fref which is,

20 for example, 4 MHz. The frequency divider DIV divides the oscillation signal Sosc with
an adjustable frequency division factor N, to obtain the mixing signal Smix. The
adjustable division factor N may be any of the following values: 2,3,4,6,8,12 or 16.
Thus, the Fig. 6 frequency diagram applies to both tuners TUN1, TUN2 of the Fig. 8
receiver. To give an example, there are three options to set the mixing frequency to 250

25 Mhz. The first option is Fosc = 1000 MHz and N = 4, the second option is Fosc =
1500 MHz and N = 6, and the third option is Fosc = 2000 MHz and N = 8.

The following remarks are made with respect to the Fig. 8 receiver.
There is no fixed relation between the oscillation frequency Fosc and bandpass filter
centre frequencies in the radio-frequency input circuits RFIL, RFIM, RFIH. For

30 example, if reception is desired of a TV station having a radio frequency of 210 Mhz,
the bandpass filters in the relevant radio-frequency input circuit will have be tuned to
that radio frequency, whereas the oscillation frequency may either be 1000 MHz, 1500

- .MHz or 2000 MHz. It would be rather complicated and, hence, costly, if the tuning
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5 . . The Fig. 2 feature will provide an additional advantage,
If a splitter is used to apply signals to the two tuners TUNL, TUN2
froma comon terminal. In that case, the splitter need not provide

hi gh attenuat ipgaNbet y8egGt he two tuners TUNI3TUN2 in order to prevent
mutual interference. For that reason, the splitter may be realized

wi th 1 el ativelyihg Weivete deAVRPRBA the Lfunldy VERMeCYSlicd o tBALIARAOMOSLOU!
any active 10 conponents. Active components constme power and produce noise
and di st orti orbecause ththdiyjsiohéactargN soilé deuakenzintooacsountr dhus,itheimanner in which

power -efficient,. noisele and distortignles .spl.itter. It shoul.d be
hoted that t hdUlnEJolAges UL 3y prmerated, in, heJER mraeiyel fis refaijely, Gosteicient.
separate, as in the backgy kdnt applications 9600125.5, 9660123 53and b600ADA & €S
the follow ng additional nggdtwgrp’e&. Tﬁ%p :)cgcl?tllsl ati on5 fB fdry_oequency Foscl in
tuner TUN1 8xdaitainey’halobkeyh BHIN1S64% PHN 16648 and PHYISG49, espeatizely) desatibe h
tuner TUN2 can._receive.., This preferabl plies substanti,ally throughout
the ' tuni ngearraeviagh fay onfinBalBRisea  fmpfeindi ' A5 Bhergfvan g aiietage.
feature is baspg forehfeatibAdd SYliosticiRAeé siRhafeld Hafein by refRferct NS well as B
needs to be tunable throughout a relatively wide tuhing range, it may be
difficul.t 20 corresposdingcapplicatitesce of the oscillation frequency Foscl with
the radi o frequency RF2

Fig. 9 shows an example of a multimedia apparatus in accordance with

10 the invention. The Fig. 9 multimedia apparatus comprises a box BOX and a picture
display device PDD. The box BOX houses various data processing circuits, not shown,
and it houses an add-on card AOC with two tuners TUN1,TUN2 which are placed in a_
single shielded encasing SSE. The two tuners TUN1,TUN2 have radio frequency inlets
I(TV) and I(FM) for receiving TV stations and FM-radio stations, respectively. The two

15 tunes TUN1,TUN2 may be implemented, for example, as shown Fig. 8. The two tuners
TUN1,TUN2 allow concurrent display of, for example, two mutually different TV
stations P1 and P2. Software for controlling. the two tuners TUNl,TUNi may be loaded
in any type of memory which forms part of the multimedia device. Such software may
be used, for example, to select an appropriate division factor for any frequency divider

20 DIV which is included in any of the two tuners TUN1 or TUN2 as shown in Fig. 8 for
example. _

The drawings and the above description thereof, illustrate rather than limit
the invention. Evidently, there are numerous alternatives which fall within the scope of
the appended Claims. To that respect, the following closing remarks are made.

25 There are numerous ways of physically spreading functions or functional
elements over various units. In this respect, the drawings are very diagrammatic and
respectively represent only one possible embodiment of the invention. Furthermore, the
invention can be implemented by means of hardware comprising several distinct
elements and, at least partially, by means of a suitably programmed computer.

30 Whilst the invention can be used to great advantage in multimedia
apparatuses, applications in other types of apparatuses are by no means excluded. The
invention may also be used to great advantage in, for example, TV sets, video tape
recorders (VCRs) and in TV/VCR combinations. The invention may allow such
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or any sub-harnonic of the radio frequency RF2, of the signal received by

tuner TUNZ2. Rel atively conplicated and, hence, costly neasures nay be
needed to avoid such coi nci dence. However, if the Fig. 3a feature is
applied, any PN 160i75c8@ence will be exdgl uded by definition. Thus, the

Fig. 3a feature contributes to cost-efficiency, in 25 particular if the

tuner TUNL ne@ﬁﬁarhﬁséketothmdfedtﬂie@lﬂmhpf&.e&aﬁ?le@TPiIP,eSMith&étnt ahidi eParate TElfREE-
Fig. 3b illustrates the follow ng additional feature. The oscillation

frequency, Foscl or Fos®hilst axasaples weret gizen ab TVuansr EMesedicotesepting, iothgsdypes of

possi bl e radig . frequenc REmax 2. or maxl.. respecti yel ich the .
Feapect | ve ot feseplioh afe RS Sorat SR Tk B rion FERCA BE uies 1P xethebOf of
an addi tion t gorft &nipl€) bréadbafatddiatast.The addition is that the
oscillation frequency Fosc2 in tuner TUN2 al so exceeds the highest

possi bl e radi o frequenc)ViRishesampies wre: given off ke mesged; Waersy norerhan twe guners

,'[: :Ng t 3ﬁer S Tbﬁiafy%iﬁjﬁ&\%g%%iﬁh%%xﬁsms&lgpﬁf th%flli&é}'c%b‘f Yit wollidPse He‘f&LﬁE if thefd"fvere
a greater choice in oscillation frequencies than illustrated in Fig. 6. This may be
accomplished, for example, by providing more mutually different division factors or by
increasing the oscillation frequency range, or both.

10 Whilst examples were given of binary and non-binary division factors,
like 2,4,8,16 and 3,6,12, respectively, fractional division factors, like 1.5, may also be
used. In the latter case, a filter is preferably coupled between the divider and the mixer.
Fractional dividers generally provide signals having relatively asymmetrical duty cycles.
As a result, mixer performance, in terms of noise and signal handling, may be

15 degraded. The filter will reduce any asymmetry in duty cycles and, consequently, will
counter such degradation.

Any reference signs between parentheses shall not be construed as limiting

the Claim concerned.
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6 . need to be tuned throughout a relatively wide tuning rEilﬁﬂi|||I||III||||I|||||||

The follomﬁng remarks are made with respect to the Figs. 3a an
features. Wien the Fig. 3a feature is applied, provisions may bé& nhde ttfat ® *
t he tuner PHNUYG. 1768 ves the signal w thsthe | ower radio frequency and

t hat, consequently, the 5 tuner TUN2 receives the signal with the higher
radi o frequen@aimdsf, i n addition, the oscillation frequency Fosc2 in

the tuner TUN2 is [ocated above the radio frequency RF2 of the signal
received by this tuner, it will for sure exceed the radio frequency RF1l of

the signal received by the tuner TUNL. The overall result wll be that the
oscillation frequency Foscl or Fosc2 in each of the two tuners wll
exceed the radi o frequency

1. A receiver comprising at least two tuners (TUN1,TUN2) for concurrent
reception of mutually different signals, characterized in that the at least two tuners are

merged into one module (MOD).

5 2. A receiver as claimed in Claim 1, characterized in that two tuners
(TUN1,TUN2) each have an oscillator (OSC) coupled to a mixer (MIX) for converting
a signal at a radio frequency to an intermediate frequency, and in that the oscillator of
each of the two tuners has an oscillation frequency (Foscl or Fosc2) which does not
coincide with the radio frequency (RF2 or RF1), or any sub-harmonic of the radio

10 frequency, of the signal received by the respective other tuner.

3. A receiver as claimed in Claim 2, characterized in that the oscillation
frequency (Foscl or Fosc2) in at least one of the two tuners exceeds the highest
possible radio frequency (RFmax2 or RFmax1)- which the respective other tuner can

15 receive.

4. A receiver as claimed in Claim 2, characterized in that the difference
(AFosc) between the oscillation frequencies (Foscl,Fosc2) in the two tuners exceeds an
intermediate frequency bandwidth (BWIF).

20
5. A receiver as claimed in Claim 2, characterized in that at least one of two

tuners has a frequency divider (DIV) which is coupled between the oscillator (OSC) and
the mixer (MIX). |

25 6. A receiver as claimed in Claim 5, characterized in that the frequency

divider (DIV) has an adjustable division factor (N).

7. A receiver as claimed in Claim 5, characterized in that the mixer (MIX)
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10 RF2 or RF1, respectively, received by the other tuner. Cons
nei t her fundanent al conponents nor any harnonic corrponentﬁmmmu“"m"
oscillation signals can interfere with the signals receivell. Thuds, "t hé
Fig. 3a feat uPEIN46.1758G de advant ages 16imlar to those of the Fig. 3b
feature. Not wi t hst andi ng that what is nentioned above,
the Fig. 3b fedd diecfreqienbe dibdddr (EIV) d6ine paY F ah iftefriated cituftqMOI®. for the
foll owi ng reason. Assunme that two signals S(X) and S(Y) are
concurrently received. The signal S(Y) has a higher radio frequency

t han si gnal S%X). The r RGERL

favour of an ot her i gné*ggi%&\l}ﬁ%@%@gage(ﬁ?v@ﬁ%ﬁ gﬁf?gﬁb@%ﬁgre{cﬁlgwn

S(X). The fol opwiutgallyi different sigagpeeachmvf tthe twa amers hdvirg arBascilldtor f((BSC) coupled
provi sions as described above. The tuner TUN2 20 will have to.take over the

reception o & gmirers(MIX) fosiconverting-aisignal Alcdiradio &iequensy tto ga intermediaygy . -
such a take-o ’quérfcg”@ﬁa‘}?&eﬁiéd"ih%t%e %Qallﬁp%?ééc'p%ﬁhe R ‘nihe@{ UG CY

rel ation. e ké-over may cause an Interruption In receptilon of
signal S(X). bscillationchequedcy §FdsoL or BRosc2)whitlaleesontt icoticide with tieeradrefieghenty
the Fig. 3b feature_is applied. Thus, the Fig. 3b feature allows an

uni nt er r upt ed REZ epRE) Mhanyes RIS ofithe ralio frsauency e af theerignal ireseived by

the respective other tuner.

10
9. A method of concurrently receiving mutually different signals by means of
at least two tuners (TUN1,TUN2) each of the at least two tuners having an oscillator
(OSC) coupled to a mixer (MIX) for converting a signal at a radio frequency to an
intermediate frequency, said method comprising the step of operating the oscillator of
15 each of the at least two tuners at an oscillation frequency (Foscl or Fosc2) which does
not coincide with the radio frequency (RF2 or RF1), or any sub-harmonic of the radio

frequency, of the signal received by an other of the -at least two tuners.

10. A multimedia apparatus comprising a receiver as claimed in Claim 1.
20 '
11. An add-on card (AOC) suitable for forming part of a multimedia

apparatus, the add-on card comprising a receiver as claimed in Claim 1.

12. A single shielded encasing (SSE) comprising at least two tuners for

25 concurrent reception of mutually different signals.
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Fig..4 illustrates the followi ng additional feature. The difference AFosc
between the oscillation frequencies Foscl, Fosc2 in the tw tuners

TUNL, TUN2, exceeds an internedi ate frequency bandwi dth BWF. This
preferably ap@HNs16.175 SGbstantial |y throughBut the respective tuning
ranges of the two tuners TUNL, TUN2. 30 The Fig. 4 feature

I s based on t hgbstakl. oM ng consi derati ons. The oscillators OSC1, CSC2 may

nmut ual Iy phase nodul ate each other as a result of nutua

el ectromagnetic coupling. This will cause ‘the oscillator signals to have
si debands. Fig. 4 shows sidebands Fsb+1, Fsb-1 bel onging to oscill ator
OSC1 and si debands

In a receiver, two tuners (TUN1,TUN2) allow concurrent reception of
mutually different signals. The two tuners are merged into one module (MOD). This _
may give rise to mutual interference. However, there are various cost-efficient measures
to counter any mutual interference. One such measure is that an oscillation frequency in

5 any of the two tuners does not coincide with the radio frequency, or any sub-harmonic

of the radio frequency, of the signal received by the respective other tuner.

Fig. 1
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7 Fsb+2, Fsb-2 bel onging to oscillator OSC2. The sidebands are | ocated

at *+AFosc and -AFosc fromthe oscillation frequencies Foscl, Fosc2. The
si debands of each oscill ator signal will mx with the respective
signal received. As a result, the signals received = whi ch have been
converted to the respective internediags/ﬁrequencies, will also have 5

si debands | ocated at +[err] Fosc and -[e€frYFosc fromthese respective

i nternedi ate frequenci es. If the Fig. 4 feature is
applied, the aforenentioned sideaands will not directly interfere with
t he respective signal received. us, the Fig. 4 feature counters

mutual interference between the ﬁmo tuners TUNL, TUN2 which nay arise as a
result of 10 nutual el ectrgmagmettccoupttng o] their oscillators.
Consequently, there will be relatively lityle need to counter such
nmut ual el ectromagnetic couglifdg with neasires Fs, for exanpl e,

providing internal shieldifqg qr i vinglthe quality Q of an oscillator
tank circuit. Such neasureq arle re ively cosf{ly, in particular at
relatively high _

TUN2

FIG. 1

TUN1 |

MIX2 M=123..

TUNZ |

|
os—@) Fosc2 ¢ 1sM FIG. 2
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frequencies. Hence, the Fig. 4 feature contributes to cost-efficiency. 15
The' fol f owi ng additional remarks are nade with respect to the Fig. 4
feature. The sidebands Fsb +, Fsb- coul d cause internodul ati on products

whi ch may harm recepti on. However, the respective sidebands w ||
general ly have such a snall anplitggf hat, in many cases, this form of
mutual interference may be negl ect ed. Furthernore, the anplitude of the

respective sidebands Fsb+, Fsb- wi jykqidecrease, if the 20 difference AFosc
bet ween the oscillator frequencies)Foscl, Fosc2 increases.

When one of the two tundRf§ TUNL 2 is operated in an auto search

node, it nay be advant ageous to a'T?Eﬁuency range where nutual phase
nodul ati on can occur e.g. by neas#es in software. To that respect it
shoul d al so be not ed t hat har noni cs of the oscillation frequencies
Foscl, Fosc2, do not substantiiﬂﬂi'ZS contribute to any nutual phase

nmodul ation of the oscillators OSCl1, OSC2. Thus, there will be little or
no nmutual phase nodul ation if on f the oscillator frequencies, Foscl

or Fosc2, is relatively cl 38Ct Fasctodi RFmox2 he ot her oscill ator
frequency, Fosc2 or Foscl, respectively. Consequently, if the frequency
ranges of the oscillators OSC1, OSC2 do not overlap, any skip during an
auto search will not be necessary.

MIX2 M= 123,

TUN2 |

|
os—@) rs2 kv FIG. 3a

TUN1 |

TUNZ |

|
05020 Fosc2 > Remaxt FIG. 3b
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30 | Fig. Sa illustrates the follow ng additional feature. A
frequency di vi der DIV 1 is coupled between the oscillator OSC 1 and the
mxer M X1 in the tuner TUN 1. Bef ore any advantages of this feature
are discussed, the foll ow ng should be noted. The frequency divider

Dl V1 generates a sub-harnonic of 'the osWQator signal. In principle,

8 the sub-harnonic nay interfere th the signal received by the
tuner TUN2, not shown in Fig. 5a. Thus, the divider DIVl as well as
circuitry coupling it to mxer M} 1, :

I
=1 >
Fsb-11 - I\ Fsb+1
- : Fosc1

A Fosc > BWIF

Pl 2

~ ~
Fsb-2 \ Fsb+2

Fosc2 FIG . 4

MiX
—_——— ¢ —_—
UN1
~N1—-DIVi
O FIG. 5a
IF1
z T -
RF1 Fm|x1 Fosc1+ N1 Fosc1

FIG. Sb
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shoul d he regarded as a potentially interfering transmtters. However, with
pr oper design, these potentially interfering transmtters wll be
appreci ably weaker than the 5 potentially interfering transmtter which
the oscillator OSClL woul d have been if i nvention were not used.
Consequently, the Fig. 5a feature doeséulz(éwithstand a mer gi ng of two
tuners in a manner which woul d not have ‘been possible in the

background art. _ An advantage of the Fig. 5a feature wll
be explained with reference to 10. Fig. 5b. Fig. 5b is a frequency diagram
showi ng the radi o frequency RF1l, the oscillation frequency Foscl, and a
m xi ng frequency Fm x1. The m xi ng fREqUency ' Fmx is the oscillation
frequency Foscl divided by N1 beiqig theldivision factor, of t he
frequency dijvider DI V1. Fig."3b al sq-s-hmvrﬁﬁnrmﬂm-eLHNaqﬂency | F1
which is the differdice

i xilng f{%guency Frix1 and the
radi o frequgncy RF1l.,15 Assum n(“:f‘l t the inlernediate
frequency I H1L prefer MN&:} desired value, for example 40
MHz in the dase oRBT 'orN;l:%n advant age of the Fig. 5a feature is

as follow I]t 1I oscil I'at"on frequency Foscl to be guch that
nmut ual i nt er|f ereQc et we two tuners TUN1, TUN2, as de;;cri bed in the
f or egoi ng, R16 N1=12 : _ |

P'|_1\N1=16 |

| ! |

LL, ' M >

100 200 300 400 500 600 700 800 900 1000 Frmix

(D)
FIG. 6

MIX1 -—MOIC1
TUN1
2N 1DV
A
| 645,0301 |
L -
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can be countered by a suitable choice of the division factor N1 of the
frequency divider 20 DIV1l. If, in addition, a frequency divider is also
coupl ed between the oscillator OSC2 and the mxer M X2 in the tuner
TUN2, all shown in Fig. 1, this will provide a greater nunber of
possibilities to counter nutual interf d% e. The division factor of the

| ast mentioned divider introduces, ds i1t were, an extra measure of
freedomto achieve this. S ' 6t i onal remarks
are made with respect to t klg 5aVb a feature is
neither essential to the ingention, nor any of the
ot her features descri bed apove. The

nc scl, shown in
Fig. 5b, may be dire @%ﬁ E%g Q any frequency
di vi si on. Howeve cas requency woul d be the
di fference between t oscratT and the radio
LlreﬂuenC)c/) RF1. ts%)}(r&?)? RAIMT vyt he 30I quengyl e u![d ]E)e
i gher r cui procgssing re r | ate frequency
signals is relat, "’vm m
Consequent |y, be t he %%F 5a e a%hmﬂly | ow
I nternedi ate frequency—tt—cormt ijlency,
power - ef fi ci ency| and|r obust ness. —DIV1
v e 0SC1
M 9 AED> R .--T———-—-L—.
W7 1 ~ T e
RFIL1 | L ~ I
TUN1 _l —~ AMP1
I(Tv) —
10 PLLY
*
MEM Frof 3————0—
XTL
—
- TUN2 o e
I(FM) RFIL2 -~ — N
sz | [ RES?2
iy “LH? XD (
—DIV2  0SC2
—Smix2
———P % D % >
Si2(RF) - —MIX2
RFIM2 S02(F)
— DX
CON2
RFIH2 -1 DAC2
| =< I
MOIC2

""" FIG.8
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9 . Fig. 6 illustrates the follow ng additional feature.
The division factor N1 of the frequency divider DIVl shown in Fig.
5a, is adjustable. Fig. 6 shows various m xi ng frequency ranges

R2, R3, R4, R6, R8, R12, R16 obtai ned wi.th division factors N1 =
2,3,4,6,8,12, 16, respectively, if the d%gf | ator OSCl is tunabl e between
1000 and 5 2000 MHz. Thus, if the fregquency divider DIVl can be adjusted
to have any of these division factors, it allows m xi ng frequencies
t hroughout a range extending from®62,5 MHz to 1000 MHz. If, however,
the division factor N1 were fixed, the oscillator OSCl
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5 BACKGROUND ART
The Philips television (TV) set type 32PW9761 comprises two tuner

modules for allowing a concurrent display of two mutually different TV programs. TV
programs are broadcast at various respective radio frequencies in a range from, say, 45
MHz to 860 MHz. The broadcasted TV progra:ﬁs enter the TV set via a radio

10 frequency inlet and are supplied to the two tuner modules via a splitter in the TV set.
Each of the two tuner modules has a shielded encasing which houses an oscillator and a
mixer for converting a radio frequency to an intermediate frequency of, éay, 40 MHz.
The respective oscillators have adjustable oscillation frequencies. An oscillation
frequency determines which radio frequency, and therefore which broadcasted TV

15 program, is converted to the 40 Mhz intermediate frequency for further processing so as
to be displayed. If, for example, the oscillation frequency is 500 MHz, a TV program
which is broadcast at a 460 MHz radio frequency, is converted to the 40 MHz

intermediate frequency and, consequently, may be displayed.

20 SUMMARY OF THE INVENTION
The invention seeks, inter alia, to prdvide a receiver of the subject type
which, with respect to the background art, allows more cost-efficient implementations.
Claims 1 and 8 define receivers in.accordance to the invention. Claims 9, 10, 11 and 12
respectively define a method of reééivi’hg,. a multimedia apparatus, an add-on card and a
25 single shielded encasing, all in accordance with the invention. Additional features, |
which may optionally be used to implement the invention to advantage, are defined in
the dependent Claims.

The invention takes the following aspects into consideration. Up to the
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in-picture (PIP) functionality. For that reason, it currently is cost-efficient to implement

PIP TV sets in a background-art manner. That is, two separate tuner modules are used
which are individually also applicable in many other types of TV sets and, therefore,
are produced in relatively large quantities and, therefore, are relatively cheap.

However, the situation may be different in the future. The amount of
information and entertainment offered to consumers is increasing rapidly. With that, the
variety of ways in which information and entertainment is offered, is also increasing.
For example, it may be transmitted in an analog or digital form via satellite, cable TV
networks, telephone networks, et cetera. Furthermore, multimedia tends to centralize
various types of information like text, data, audio and visual information. In view of the
aforementioned, the demand for receivers which can concurrently receive mutually
different signals, may increase to such a level, that other solutions than the
background-art solution may be more cost-efficient.

In accordance with the invention, two or more tuners are rherged into one
module. If the two or more tuners are merged, various components may be shared by
the two or more tuners like, for example, crystals, integrated circuits, printed wire
boards, metal ware, connectors, and pin blocks. Costs which will be saved if various
components are shared, may outweigh costs related to merging the two or more tuners
into one module, once the demand for receivers of the subject type is sufficiently high.

| The invention and additional features, which may optionally be used to
implement the invention to advantage, will be apparent from and elucidated with

reference to the drawings described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a conceptual diagram illustrating the basic principles of the
invention;
Fig. 2 to 7 are diagrams illustrating additional features which may

optionally be used to implement the invention to advantage;
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DETAILED DESCRIPTION OF THE DRAWINGS

First, some remarks are made on the use of reference signs. Similar
10 entities will be denoted with an identical lettercode throughout the drawings. In a éingle
drawing, various similar entities may be shown. In that case, a numeral will be added to
the lettercode, to distingunish similar entities from eachother. Furthermore, if an entity
forms part of a higher entity, the numeral in the reference sign of the entity will
indicate that it belongs to the higher entity which has the same numeral in its reference
15 sign. In the description, and in the claims, any numeral in a reference sign may be
omitted if this is appropriate.

Fig. 1 illustrates the basic principle of the invention. In Fig. 1, at least
two tuners TUN1,TUN2 are merged into one module MOD. Although Fig. 1 shows
two tuners TUN1,TUN2, further tuners may be merged into the same module MOD.

20 Fig. 2 illustrates that each of the two tuner TUN1,TUN2 has an oscillator
OSC coupled to a mixer MIX for converting a signal at a radio frequency to an
intermediate frequency. Fig. 2 also illustrates the following additional feature. The
oscillator of each of the two tuners has an oscillation frequency, Foscl or Fosc2, which
does not coincide with the radio frequency, RF2 or RF1 respectively, or any

25 sub-harmonic of the radio fréquency, of the signal received by the respective other
tuner. This preferably applies substantially throughout respective tuning ranges of the
two tuners TUN1,TUN2.

The Fig. 2 feature is based on the following considerations. The two
tuners TUN1,TUN2 which are merged into one module may mutually interfere each

30 other. In particular, the oscillator of one of the two tuners, may interfere with the signal
received by the respective other tuner. An oscillator signal may propagate to various
points in the receiver in many different ways. For example, it may propagate by means

of induction in metal parts and by means of crosstalk into printed wire board tracks
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i ncluded in the There are various ways to counter the above described mutual

interference. One solution could be to keep oscillator signals at sufficiently low levels. -
10 However, if an oscillator signal level is reduced, this will generally degrade
performance in terms of noise and frequency stability.

An other solution could be to electro-magnetically shield the oscillators.
However, shielding is relatively expensive and, in some cases, it may even be
insufficiently effective. The following example is given as an illustration. In TV

15 reception, an interference distance of at least 60 dB is desifable. Assuming that the level
of a TV signal received by a tuner is 1 mV, which is a typical, the level of an
interfering signal may not exceed 1 pV. Assuming that the level of the dscillator sighal
in an other tuner is 1 V, which is typical, a 120 dB attenuation is needed between the
two tuners. If the two tuners are merged into one module, any internal shielding for

20 providing such attenuation, if feasible at all, will be costly and, moreover, difficult to
design.

Yet another solution could be to block reception for radio-frequency
combinations at which the two tuners TUNI1, TUN2 would mutually interfere. This may
be achieved by means of, for example, a suitably programmed computer which controls

25 the two tuners TUN1,TUN2. However, as also harmonic frequency components of
oscillator signals need to be taken into account, it may be needed to block reception for
relative many radio-frequency combinations. In that case, end users will be stuck with a
relatively constrained variety of signals which can be concurrently received.

If the Fig. 2 feature is applied, neither the fundamental frequency

30 component nor any harmonic frequency component of an oscillator signal in any of the
two tuners TUN1 or TUN2, will directly interfere with the signal being received by the
respective other tuner, TUN2 or TUNI, respectively. The oscillators 0SC1,0SC2 are

therefore allowed to operate at signal levels which provide satisfactory performance in
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shielding nor blocking reception for relatively many radio-frequency combinations.
Thus, the Fig. 2 feature contributes to quality and versatility of reception and cost-
efficiency, either in combination or as such.

5 The Fig. 2 feature will provide an additional advantage, if a splitter is
used to apply signals to the two tuners TUN1,TUN2 from a common terminal. In that
case, the splitter need not provide high attenuation between the two tuners TUN1,TUN2
in order to prevent mutual interference. For that reason, the splitter may be realized
with relatively few active components, or it may even be realized without any active

10 components. Active components consume power and produce noise and distortion.
Thus, the Fig. 2 feature allows a relatively power-efficient, noiseless and distortionless
splitter. It should be noted that these advantages will also be obtained, if two tuners are
separate, as in the background art. |

Fig. 3a illustrates the following additional feature. The oscillation

15 frequency Foscl in tuner TUN1 exceeds the highest possible radio frequency RFmax2
which tuner TUN2 can receive. This preferably applies substantially throughout the
tuning range of the tuner TUNI. -

The Fig. 3a feature is based on the following considerations. If the tuner
TUNI1 needs to be tunable throughout a relatively wide tuning range, it may be difficult

20 to avoid coincidence of the oscillation frequency Foscl with the radio frequency RF2,
or any sub-harmonic of the radio frequency RF2, of the signal received by tuner TUN2.
Relatively complicated and, hence, costly measures may be needed to avoid such
cdincidence. However, if the Fig. 3a feature is applied, any such coincidence will be
excluded by definition. Thus, the Fig. 3a feature contributes to cost-efficiency, in

25 particular if the tuner TUN1 needs to be tuned throughout a relatively wide tuning
range.

Fig. 3b illustrates the following additional feature. The oscillation
frequency, Foscl or Fosc2, in each of the two tuners exceeds the highest possible radio
frequency, RFmax2 or RFmax1, respectively, which the respective other tuner can

30 receive. The Fig. 3b feature is effectively an addition to the Fig. 3a feature. The
addition is that the oscillation frequency Fosc2 in tuner TUN2 also exceeds the highest
possible radio frequency RFmax1 which tuner TUN1 can receive. Thus, the Fig. 3b
feature contributes to cost-efficiency, in particular if the two tuners TUN1,TUN2 both
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the signal received by the tuner TUN1. The overall result will be that the oscillation
frequency Foscl or Fosc2 in each of the two tuners will exceed the radio frequency
10 RF2 or RF1, respectively, received by the other tuner. Consequently, neither '
fundamental components nor any harmonic components of the oscillation signals can
interfere with the signals received. Thus, the Fig. 3a feature can provide advantages
similar to those of the Fig. 3b feature. _

Notwithstanding that what is mentioned above, the Fig. 3b feature may be

15 preferable over the Fig. 3a feature for the following reason. Assume that two signals
S(X) and S(Y) are concurrently received. The signal S(Y) has a higher radio frequency
than signal S(X). The reception signal S(Y) needs to be discontinued in favour of an
other signal S(Z) which has a lower radio frequency than S(X). The following will
happen in the case of Fig. 3a with the provisions as described above. The tuner TUN2

20 will have to take over the reception of signal S(X), which is maintained, from the tuner
TUN]1. Such a take-over is needed in view of the higher-lower radio frequency relation.
The take-over may cause an interruption in reception of signal S(X). In
contradistinction, any take-over will not be needed if the Fig. 3b feature is applied.
Thus, the Fig. 3b feature allows an uninterrupted reception while changing any

25 concurrent reception.

Fig. 4 illustrates the following additional feature. The difference AFosc
between the oscillation frequencies Foscl,Fosc2 in the two tuners TUN1,TUN2,
exceeds an intermediate frequency bandwidth BWIF. This preferably applies
substantially throughout the respective tuning ranges of the two tuners TUN1, TUN2.

30 - The Fig. 4 feature is based on the following considerations. The
oscillators OSC1,0SC2 may mutually phase modulate each other as a result of mutual
electro-magnetic coupling. This will cause the oscillator signals to have sidebands. Fig.

4 shows sidebands Fsb+1,Fsb-1 belonging to oscillator OSC1 and sidebands
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mutual interference between the two tuners TUN1,TUN2 which may arise as a result of

10 mutual electromagnetic coupling of their oscillators. Consequently, there will be
relatively little need to counter such mutual electro-magnetic coupling with measures as,
for example, providing internal shielding or improving the quality Q of an oscillator
tank circuit. Such measures are relatively costly, in particular at relatively high
frequencies. Hence, the Fig. 4 feature contributes to cost-efficiency.

15 The following additional remarks are made with respect to the Fig. 4
feature. The sidebands Fsb+,Fsb- could cause intermodulation products which may
harm reception. However, the respective sidebands will generally have such a small
amplitude that, in many cases, this form of mutual interference may be neglected.
Furthermore, the amplitude of the respective sidebands Fsb+,Fsb- will decrease, if the

20 difference AFosc between the oscillator frequencies Foscl,Fosc2 increases.

' When one of the two tuners TUN1,TUN2 is operated in an auto search
mode, it may be advantageous to skip a frequency range where mutual phase
modulation can occur e.g. by measures in software. To that respect it should also be
noted that any harmonics of the oscillation frequencies Foscl,Fosc2, do not substantially

25 contribute to any mutual phase modulation of the oscillators OSC1,0SC2. Thus, there
will be little or no mutual phase modulation if one of the oscillator frequencies, Foscl
or Fosc2, is relatively close to an harmonic of the other oscillator frequency, Fosc2 or
Fosc1, respectively. Consequently, if the frequency ranges of the oscillators
OSC1,08C2 do not overlap, any skip during an auto search will not be necessary.

30 Fig. 5a illustrates the following additional feature. A frequency divider
DIV1 is coupled between the oscillator OSC1 and the mixer MIX1 in the tuner TUNI.
Before any advantages of this feature are discussed, the following should be noted. The

frequency divider DIV1 generates a sub-harmonic of the oscillator signal. In principle,
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in Fig. 5a. Thus, the divider DIV1 as well as circuitry coupling it to mixer MIX1;
should be regarded as a potentially interfering transmitters. However, with proper
design, these potentially interfering transmitters will be appreciably weaker than the

5 potentially interfering transmitter which the oscillator OSC1 would have been if the

‘ invention were not used. Consequently, the Fig. 5a feature does not withstand a
merging of two tuners in a manner which would not have been possible in the
background art.
An advantage of the Fig. 5a feature will be explained with reference to

10. Fig. 5b. Fig. 5b is a frequency diagram showing the radio frequency RF1, the '
oscillation frequency Foscl, and a mixing frequency Fmix1. The mixing frequency
Fmix is the oscillation frequency Foscl divided by N1, N1 being the division factor of
the frequency divider DIV1. Fig. 5b also shows the intermediate frequency IF1 which is
the difference between the mixing frequency Fmix1 and the radio frequency RF1.

15 Assuming that the intermediate frequency IF1 preferably has a certain-
desired value, for example 40 MHz in the case of TV reception, an advantage of the
Fig. Sa feature is as follow. It allows the oscillation frequency Foscl to be such that
mutual interference between the two tuners TUN1,TUN2, as described in the foregoing,
can be countered by a suitable choice of the division factor N1 of the frequency divider

20 DIV1. If, in addition, a frequency divider is also coupled between the oscillator OSC2
and the mixer MIX2 in the tuner TUNZ2, all shown in Fig. 1, this will provide a greater
number of possibilities to counter mutual interference. The division factor of the last
mentioned divider introduces, as it were, an extra measure of freedom to achieve this.

The following additional remarks are made with respect to the Fig. Sa

25 feature. The Fig. 5a feature is neither essential to the invention, nor is it essential to
any of the other features described above. The oscillation frequency Foscl, shown in
Fig. 5b, may be directly applied to the mixer MIX1 without any frequency division.
However, in that case the intermediate frequency would be the difference between the
oscillation frequency Foscl and the radio frequency RF1. Consequently, the

30 intermediate frequency would be higher. Circuitry for processing relatively high
intermediate frequency signals is relatively costly, power-consuming and/or critical.
Consequently, because the Fig. 5a feature allows a relatively low intermediate

frequency, it contributes cost-efficiency, power-efficiency and robustness.

12



rel ative to each ot her may be reduced.by neans of a manual adjus
The mxer MX in the integrated circuit MJOC effectively multi{plies the
suitably processed radio-frequency signal Sp(RF) with a nixing $i ghlAPSiI997

S S

havi ng a m xi ng frequency Fm x. In principle, the mxing|ff[equency may
either be the sum or ~the difference af the radio-frequengy of the
desired station and a desired internediate frequency. For-the Eig 8

receiver, the m xing ﬁ%”ﬁﬁﬂ&:{’ tésSthk *f&lloé?ﬁﬁgﬁg ARSfehiite. %e'dl%ﬁ%‘ﬁ%t@? &1

frequency is, say, e Case dr'o reception an
10.7 MHz i nofthe fceqneuqf diVider d2IM1t, ishown TmFgg.\Ban 1saadjastampl Big. |6fshbwse/|atxom i's

desired of | a TV station haV| 21;(L di o-frequency, the m xing

frequency wPHKIngdtequengyyanges R2 8194@5 &»816+R/’é5a%1?f6¥1ﬁ% Wiivisian faptors

reception igdesgrsesl 80§2 f6 F%fﬁe@ﬂ#éb( Sirdhe BEkillAY @_9[8 3 1mxﬁﬂlf8t%t§eé\41fodoaﬂfd0
CYy W e . 15

frequency, the i ki'ng’Tredue have to
The m xi rig 2@@1MH28rfI‘hushMagrdqucm divider qu cemby afjustedits habe anyofitese

e 150 s T S s el Sl v
and 2000 Mh | f | b
Fg% 11000 1 ;iﬁbelt Rov&Ver, | the ANRE6Y ff&c?}rcNFﬁvé}Q Hxe®! th %ang&EIQ)sc

phase- | ock accor dance e control ata
t he basi s oWwotkichaveftebernusabie evgrenwideF radgeyio albow @, similar choice of mixing

frequencies. This would make it more difficult, or even impossible, to realize the

10 oscillator OSC1. As a solution, several tunable oscillators could be used, each tunable
oscillator covering a certain portion of the range of mixing frequencies. This solution is
common in TV where, for example, oscillators are used for the bands VHF-low, VHF-
high and UHF, respectively. The Fig. 6 feature, however, allows tuning throughout a
relatively wide frequency range with a single oscillator which needs only to be tuned

15 over a relatively narrow frequency range. Consequently, the Fig. 6 feature contributes
to cost-efficiency.

Fig. 6 also illustrates the following advantageous additionai feature. Over
a substantial portion of the range of mixing frequencies, namely between 83.33 MHz
and 666.67 Mhz, there is more than one oscillator frequency with which a certain

20 mixing frequency can be obtained. In other words, for a certain mixing frequency, there
is a choice of oscillator frequencies. This choice allows the oscillator frequency Foscl
in the tuner TUN1 to be relatively distant from the oscillator frequency Fosc2 in the
tuher TUN2, thereby countering mutual interference. To that effect, it does not matter
if the oscillators OSC1,0SC2 operate in respective frequency ranges which overlap. A

25 suitably chosen division factor N1 can prevent the oscillators OSC1,0S8C2 from being
too close in frequency. Moreover, if an adjustable frequency divider is also coupled
between the oscillator OSC2 and the mixer MIX2 in tuner TUN2, there will be an even
greater choice in keeping the oscillation frequencies Foscl,Fosc2 apart. Suitable
software may be used to choose the optimal division factor, or division factors, in a

30 certain case.

In Fig. 6, two frequency ranges remain for which no choice in oscillation
frequency exist, namely a frequency range below 83.33 MHz and a frequency range

above 666.67 Mhz. Although it would be advantageous if there were a choice within
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radi o-frequency input circuits REIL, RFIM RFIH_ For 30 exanple, if
recepti on it gciliption Bequengies Jogel i BRSCR VQuld) caineidgios nearly, &eweweorequ@vwz
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P ?\e/ce]ute)ﬁcy lm/yusabtdmgnﬂmaﬂcﬂﬁﬁeme, theGRed for Mﬂnltmeoﬂﬁ@&eglsr;n all twonadjhgknbe
rather Corrprlzulh%(El eeq%egg)g Charll]?lglg elS vgrcgtsstlux InI tfhe turﬁﬁké? r::ver(i:]t that such reception is
needed, the oscillation frequencies Fosc 1,Fosc2 will be spaced apart by an amount
which is N times the distance between the two adjaceht radio-frequency channels, N
10 being the identical division factor of the dividers DIV1,DIV2. Thus, because the |
oscillation frequencies Foscl,Fosc2 are divided, they will be relatively spaced apart
such that any sidebands, as a result of mutual phase modulation, will fall outside the
intermediate frequency bandwidth, even if an identical division factor is used.
Fig. 7 illustrates the following additional feature. The mixer MIX1 and
15 the frequency divider DIV1 form part of an integrated circuit MOIC1. Hence, the
circuitry carrying the sub-harmonic Foscl+N1 of the oscillation signal, has a small
geometry. As a result, any radiation of the sub-harmonic Foscl+N1, wﬁich may
potentially interfere with the signal received by the tuner TUN2, will be relatively
modest. Consequently, the Fig. 7 feature enhances the extent to which the two tuners
20 TUN1,TUN2 may be merged. '
The following additional remarks are made with respect to the Fig. 7
feature. First of all, the mixer MIX1 is preferably implemented in the form of a
balanced circuit. This provides inherent suppression of any oscillator sub-harmonic
residues at input and output ports of the mixer circuit MIX1. Preferably, the divider
25 DIV1 is also implemented in the form of a balanced circuit. Secondly, it should be
noted that the integrated circuit MOIC1 may comprise further circuits. The dotted lines
in Fig. 7 illustrate that the oscillator OSC1 may wholly or partially be included in the
integrated circuit MOIC1. If the tuner TUN2 also comprises a frequency divider
coupled between the mixer MIX2 and the oscillator OSC2, these circuits may also form
30 part of the integrated circuit MOIC1. As an other example, the integrated circuit
MOIC1 may also include a phase-lock loop circuit. '
Fig. 8 shows an example of a receiver in accordance with the invention

and including the Figs. 2 to 7 additional features. The Fig. 8 receiver is a dual TV/FM
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end, it comprises two tuners TUN1,TUN2 for concurrently converting two mutually
different radio-frequency signals Sil1(RF) and Si2(RF) to intermediate frequency signals
Sol(IF) and So2(IF2), respectively. Any of the radio-frequency signals Sil(RF) and
Si2(RF) may either be a TV station or an FM-radio station, received at radio-frequency
inlets I(TV) and I(FM), respectively.

In Fig. 8, each of the two tuners TUN1,TUN2 includes a switch SW,
three radio-frequency input circuits RFIL, RFIM and RFIH, and an integrated circuit
MOIC. Radio-frequency input circuits RFIL, RFIM and RFIH are arranged for
processing signals within a VHF-low band, a VHF-high band and a UHF band,
respectively. Each of the integrated circuits MOIC houses a mixer MIX, a divider DIV
and an amplifier portion AMP of an oscillator OSC. A resonator portion RES of the
oscillator OSC is external to the integrated circuit MOIC. Each of the integrated circuits
MOIC further houses a phase-lock loop circuit PLL and a digital-to-analog conversion
arrangement DAC. The two tuners TUN1,TUN2 share a memory circuit MEM and a
crystal XTL which resonates at a reference frequency Fref. .

Each of the two tuners TUN1,TUN2 operates as follows. The switch SW
is set to a position TV or a position FM depending on whether reception of a TV station
or an FM-radio station is desired. In the first case, a radio frequency signal Si(RF) may
be processed in any of the three radio-frequency input circuits RFIL, RFIM or RFIH.
In the latter case, that of FM-radio reception, the radio-frequency signal Si(RF) is
processed by the radio frequency input circnit RFIL for the VHF-low band. In any
case, the relevant radio-frequency input circuit supplies a suitably processed radio-
frequency signal Sp(RF) to the mixer MIX in the integrated circuit MOIC.

The radio-frequency input circuits RFIL, RFIM and RFIH comprise
tunable bandpass filters which are not shown for reasons of conciseness. Tuning
voltages VT, which control the tunable bandpass filters, are obtained as follows.
Control data CON, which comprises information on the desired radio-frequency,
effectively selects which tuning data TD is read from the memory MEM for supply to
the digital-to-analog converter arrangement DAC. The selected tuning data TD is such
that the digital-to-analog conversion arrangement DAC provides the tuning voltages VT

for which the relevant radio-frequency input circuits suitably processes the desired
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mul ti medi a apparatus conprises a box BOX and a picture di sgl ay qlsv'Apﬁ 1997
PDD. The box BOX houses various data processing circuits, not hﬁwn,
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invention. Evidently, there are nunerous alternatives ich fall within the
scope of mixing frequency Fmix. In principle, the mixing frequency may either be the sum or

. the difference of the radio-frequency of the desired station and a desired intermediate
frequency. For the Fig. 8 receiver, the mixing frequency. is the sum. The desired

10 intermediate frequency is, say, 40 MHz in the case of FM-radio reception and, saglr,
10.7 MHz in the case of TV-reception. To given an example, if reception is desired of
a TV station having a 210 MHz radio-frequency, the mixing frequency will have to be
250 MHz. To give another example, if reception is desired of a FM-radio station having
an 89.3 Mhz radio frequency, the mixing frequency will have to be 100 MHz.

15 The mixing signal Smix having the mixing frequency Fmix is obtained as
follows. The oscillator OSC provides an oscillation signal Sosc at an oscillation
frequency Fosc which may vary in a range between 1000 MHz and 2006 Mhz. The
oscillation frequency Fosc is controlled by the phase-lock loop circuit PLL accordance
with the control data CON and on the basis of the reference frequency Fref which is,

20 for example, 4 MHz. The frequency divider DIV divides the oscillation signal Sosc with
an adjustable frequency division factor N, to obtain the mixing signal Smix. The
adjustable division factor N may be any of the following values: 2,3,4,6,8,12 or 16.
Thus, the Fig. 6 frequency diagram applies to both tuners TUN1, TUN2 of the Fig. 8
receiver. To give an example, there are three options to set the mixing frequency to 250

25 Mhz. The first option is Fosc = 1000 MHz and N = 4, the second option is Fosc =
1500 MHz and N = 6, and the third option is Fosc = 2000 MHz and N = 8.

The following remarks are made with respect to the Fig. 8 receiver.
There is no fixed relation between the oscillation frequency Fosc and bandpass filter
centre frequencies in the radio-frequency input circuits RFIL, RFIM, RFIH. For

30 example, if reception is desired of a TV station having a radio frequency of 210 Mhz,
the bandpass filters in the relevant radio-frequency input circuit will have be tuned to
that radio frequency, whereas the oscillation frequency may either be 1000 MHz, 1500
MHz or 2000 MHz. It would be rather complicated and, hence, costly, if the tuning
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Smgapore patent applications 9600125.5, 9600123.5 and 9600124.3
5 (attorney’s dockets PHN15647, PHN15648 and PHN15649, respectively) describe
features which may optionally be used to implement the Fig. 8 receiver to advantage.
The aforementioned applications are included herein by reference, as well as any
corresponding applications.

Fig. 9 shows an example of a multimedia apparatus in accordance with

10 the invention. The Fig. 9 multimedia apparatus comprises a box BOX and a picture
display device PDD. The box BOX houses various data processing circuits, not shown,
and it houses an add-on card AOC with two tuners TUN1,TUN2 which are placéd ina
single shielded encasing SSE. The two tuners TUN1,TUN2 have radio frequency inlets
I(TV) and I(FM) for receiving TV stations and FM-radio stations, respectively. The two

15 tunes TUN1,TUNZ2 may be implemented, for example, as shown Fig. 8. The two tuners
TUN1,TUN2 allow concurrent display of, for example, two mutually different TV
stations P1 and P2. Software for controlling the two tuners TUNI,TUNQ may be loaded
in any type of memory which forms part of the multimedia device. Such software may
be used, for example, to select an appropriate division factor for any frequency divider

20 DIV which is included in any of the two tuners TUN1 or TUN2 as shown in Fig. 8 for
example.

The drawings and the above description thereof, illustrate rather than limit
the invention. Evidently, there are numerous alternatives which fall within the scope of
the appended Claims. To that respect, the following closing remarks are made.

25 There are numerous ways of physically spreading functions or functional
elements over various units. In this respect, the drawings are very diagrammatic and
respectively represent only one possible embodiment of the invention. Furthermore, the
invention can be implemented by means of hardware comprising several distinct
elements and, at least partially, by means of a suitably programmed computer.

30 Whilst the invention can be used to great advantage in multimedia
apparatuses, applications in other types of apparatuses are by no means excluded. The
invention may also be used to great advantage in, for example, TV sets, video tape

recorders (VCRs) and in TV/VCR combinations. The invention may allow such
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Whllst examples were ngen of TV and FM-radio reception, other types of

reception are by no means excluded. The invention may also be used for reception of,
for example, broadband datacast.

5 Whilst examples were given of two merged tuners, more than two tuners
may be merged into one module. In the latter case, it would be preferable if there were
a greater choice in oscillation frequencies than illustrated in Fig. 6. This may be
accomplished, for example, by providing more mutually different division factors -or by
increasing the oscillation frequency range, or both.

10 Whilst examples were given of binary and non-binary division factors,
like 2,4,8,16 and 3,6,12, respectively, fractional division factors, like 1.5, may also be
used. In the latter case, a filter-is preferably coupled between the divider and the mixer.
Fractional dividers generally provide signals having relatively asymmetrical duty cycles.
As a result, mixer performance, in terms of noise and signal handling, may be

15 degraded. The filter will reduce any asymmetry in dilty cycles and, consequently, will
counter such degradation. |

Any reference signs between parentheses shall not be construed as limiting

the Claim concerned.
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Claims.

1. A receiver comprising at least two tuners (TUN1,TUN2) for concurrent
reception of mutually different signals, characterized in that the at least two tuners are
merged into one module (MOD).

5 2. A receiver as claimed in Claim 1, characterized in that two tuners
(TUN1,TUN2) each have an. oscillator (OSC) coupled to a mixer (MIX) for converting
a signal at-a radio frequency to an intermediate frequency, and in that the oscillator of
each of the two tuners has an oscillation frequency (Foscl or Fosc2) which does not
coincide with the radio frequency (RF2 or RF1), or any sub-harmonic of the radio
10 frequency, of the signal received by the respective other tuner.

3. A receiver as claimed in Claim 2, characterized in that thé oscillation
frequency (Foscl or Fosc2) in at least one of the two tuners exceeds the highest
possible radio frequency (RFmax2 or RFmax1) which the respective other tuner can

15 receive.

4, A receiver as claimed in Claim 2, characterized in that the difference
(AFosc) between the oscillation frequencies (Foscl,Fosc2) in the two tuners exceeds an
intermediate frequency bandwidth (BWIF).

20
5. A receiver as claimed in Claim 2, characterized in that at least one of two
tuners has a frequency divider (DIV) which is coupled between the oscillator (OSC) and
the mixer (MIX). |

25 6. A receiver as claimed in Claim S, characterized in that the frequency

divider (DIV) has an adjustable division factor (N).



: REPLACE .
15 d ai ns. 1. A g@ﬂ@ﬂéﬁf; Tom)ri Si ni; Hulu
two tuners (TUN1, TUN2) for concurrent reception gf jmutual ;

I

signals, characterized in that the at | dasl X ABRt1992r 4 dre mergeLd i

one nodul e (MOD).

10

15

20

25

16
and the frequency divider (DIV) form part of an integrated circuit (MOIC).

8. - A receiver comprising two tuners (TUN1,TUN2) for concurrent reception
of mutually different signals, each of the two tuners having an oscillétor (OSC) coupled
to a mixer (MIX) for converting a signal at a radio frequency to an intermediate
frequency, characterized in that the oscillator of each of the two tuners has an
oscillation frequency (Foscl or Fosc2) which does not coincide with the radio frequency
(RF2 or RF1), or any sub-harmonic of the radio frequency, of the signal received by
the respective other tuner.

9. A method of concurrently receiving mutually different signals by means of
at least two tuners (TUN1,TUN2) each of the at least two tuners having an oscillator
(OSC) coupled to a mixer (MIX) for converting a signal at a radio frequency to an
intermediate frequency, said method comprising the step of operating the oscillator of
each of the at least two tuners at an oscillation frequency (Foscl or Fosc2) which does
not coincide with the radio frequency (RF2 or RF1), or any sub-harmonic of the radio

frequency, of the signal received by an other of the at least two tuners.
10. A multimedia apparatus comprising a receiver as claimed in Claim 1.

11. An add-on card (AOC) suitable for forming part of a multimedia

apparatus, the add-on card comprising a receiver as claimed in Claim 1.

12. A single shielded encasing (SSE) comprising at least two tuners for

concurrent reception of mutually different signals.
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MULTI-TUNER RECEIVER

In a receiver, two tuners (TUN1,TUN2) allow concurrent reception of
mutually different signals. The two tuners are merged into one module (MOD). This
may give rise to mutual interference. However, there are various cost-efficient measures
to counter any mutual interference. One such measure is that an oscillation frequency in

5 any of the two tuners does not coincide with the radio frequency, or any sub-harmonic
of the radio frequency, of the signal received by the respective other tuner.

Fig. 1
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