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Recej ver with a tunable parallel resonant circuit. ¢ ”q‘”‘l}—
PHN 16.185 SG 1 1 POS
Receiver with a tunable parallel resonant circuit. \
: * This Shee
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FIELD OF THE INVENTION

The invention relates to a recelver comprising a tunable parallel resonant
circuit which is coupled to an input of a transistor circuit via a coupling network which
includes a coupling capacitor,

BACKGROUND ART

Philips television (TV) tuners of the type UV816 include a tunable
bandpass filter which can be tuned throughout the VHEF-low band ranging, say, from 43
to 168 MHz. The tunable bandpass filter is coupled between a radio-frequency (RF) input
amplifier and a mixer circuit which forms part of an integrated circuit. It comprises two
parallel resonant circuits which are mutually coupled. One of the two parallel resonant
circuits is coupled to the RF input amplifier, The other of the two resonant circuits is
coupled to an input transistor of the mixer circuit via coupling network which includes a
coupling capacitor and a varicap diode of the type BB131. A tuning voltage is applied to
the varicap diode so as to vary its capacitance throughout the VI-IF-}OW band.

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.
Claim 1 defines a receiver in accordance with the ixlvenﬁoxi. 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. The transistor
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FEI LD OF THE | NVENTI ON The invention relates to a
irecei ver conprising a tunable parallel resonant circuit which is coupled

to an i nppgNofis. Bstg@nsi stor circuit via a coupling network which includes
a coupling capacitor. 5 BACKGROUND ART

Phi | i ps t @it shosld p(-dféﬁbly e ras oweeha sm;rpeempeé@@e whidh, remains SERSANIAY, o ndpass
to 166 N ESREWIF e faBPle TS aaed fftul o bl sapAcl phbmparaley, Trom 48
radi o- f I e QUGRRY cifdaith ghutsilly lanp aitésonancefiquenay iapedance which substantially
varies while they are tuned. The coupling network should therefore compensate, as best
5 as possible, tuning-dependency of the resonance-frequency impedance of the tunable
parallel resonant circuits. If the coupling network fails to do 5o, the signal-handling will
suffer from this in terms of noise, gain and frequency characteristics.

Tn the background art, it is essential that the coupling network includes the
varicap diode to which the tuning voltage is applied. If the varicap had not been present,

10 the background-art tuner would have suffered from relatively poor signal-handling in
terms of noise and gain, Moreover, the tunable parallel resonant circuit would not have
been sufficiently comrectly tuned thréughout the relevant frequency band, which is the
VHE-low band, as a result of a tracking-error with an oscillator resonant circuit in the
background-art tuner,

15 In accordance with the invention, the coupling network lacks a varicap
diode but includes a coupling resistor which is coupled in series with the coupling
capacitor. The coupling resistor and the coupling capacitor, which are coupled in series,
provide an equivalent bridging capacitance between the tunable parallel resonant cireuit
and the transistor circuit. This equivalent bridging capacitance varies as a function of

20 frequency in the same sense as how the varicap diode ca;iacitance is made to vary by
means of the tuning voltage in the background art. Consequently, the invention allows
compensation of the tuning-dependency of the resonance-frequency impedance of the
tunable parallel resonant circuit, without the use a varicap diode. Varicap diodes are
relatively expensive, in particular the varicap diode used in the background-art coupling

25 network. Thus, the invention allows more cost-efficient implementations than the
background art.

Moreover, the invention also allows implementations which, with respect to
the background ﬁrt, have a comparable performance. At first sight, this may seem strange
because, in the invention, the coupling resistor is a potential source of noise which is

30 placed right in a signal path. Therefore, one might expect a pénalty in terms of noise

- performance. In most practical cases, the penalty will be relatively mild, because the
resonance-frequency impedance of the tunable parallel resonant circuit will generally be
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circuit which forms part of an integrated circuit. It conprises two
sparal l el resonant circuits which are nmutually coupled. One of the two

paral | el Q6Afs 8rcuits is coupled t» the RF input amplifier. The
other of the two resonant circuits is coupled to an_input t{oansi sf fl, of the
i xer iffieiehtly Wigh veidumspecttathe iropddandei tit coupling, EReistas, 3,10 MGV Capaci t or

and a varicap, dioge of the.ty ning voltage is applied to
the vari c£puilingJesister %gm%wﬁqu%ﬁgﬁ?ﬁg%i ance through?@il tgg VHF- | ow
band. The invention dri aadiGiam] Tturesz ovhichamey gpanally,pe pFddP npdi at e
frequency anplifier system avi n b ot ardd QidatdédP@Rh A mat chi ng
net wor k atlmgi)%ﬁ é%‘yeﬂam%"a‘ﬂ?%?at‘&fg‘?%‘%ai i Ho conpri ses a resistor and
a capgci t QLfraRe & ihe UrivingLddssbeddierabmafict.ne out put terninal and the base 20
el ectrode of the transistor. An R F. tuner is coupled to an input term nal

of the bandpass network. SUMVARY OF THE | NVENTI ON

BRIEF DESCRIPTION OF THE DRAWINGS

10 Fig, 1a is a diagram showing the basic principles of the invention;
Fig. 1b is an equivalent circuit diagram for further explaining the basic
principles of the invention;
Fig. 2 is a diagram illustrating an additional feature which may optionally
be used to implement the invention to advantage;
15 Fig. 3 is a circuit diagram of an example of a receiver in accordance with

the invention.

DETAILED DESCRIPTION OF THE DRAWINGS
20
First, some remarks are made on the use of reference signs. Similar 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.

25 Fig. 1a illustrates the basic pﬂnc{ples of the invention. In Fig. 1a, a
tunable parallel resonant circuit PRC is coupled to an input IN of a transistor circuit TRC
via a coupling network CNW. The coupling network CNW includes a coupling capacitor
Cc and a coupling resistor Rc which are coupled in series. The coupling network CNW
lacks, however, a varicap diode.

30 Fig. 1b is a circuit diagram which is equivalent to Fig. 1a. Fig. 1b shows,
a resonant-frequency impedance Rp of the tunable parallel resonant circuit PRC, an input
capacitance Ci of the transistor circuit TRC and, in broken lines, a source impedance Rg
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Theﬂnventlon seeks, inter alia, to provide a receiver of the subject type
25 which, with respect to the background art, allows nore cost-efficient

i npl erent ati g 1 and 2 defigne receivers in accordance with
the i nventlBﬁ‘n’Sl6 ﬁs%ém The invention takes the foll ow ng

aspects intQeeanst ¢efedbly MW teddiftok 'ciBEE TROMat the input IN. Furthermore, Fig. 1b
2 circuit s oul ref’erab see, as it were, acseo C‘ﬁw @ggoatﬂc%umfnh
renmai ns subshows i bridging resxstance Rb and a bridging capacitan y
parallel between the tunable parallel resonant circuit PRC and the input IN of the
transistor circuit TRC, The parallel-coupled bridging resistance Rb and bridging
5 capacitance Cb are the equivalence of the series~coupled coupling resistor Rc and
coupling capacitor Cc shown in Fig. 1a.

The resonant-frequency impedance Ry is transformed to the source
impedance Rg by means of the bridging capacitance Cb, the bridging resistance Rb, and
the input capacitance Ci of the transistor circuit TRC. If the tunable paraliel resonant

10 circuit PRC is tuned to higher frequencies, the resonant-frequency impedance Rp will
increase to a certain extent, However, the source impedance Rg will not increase to the
same extent, or will even not even increase at all. The reason for this is that the bridging
capacitance Cb decreases with frequency. This decrease compensates to a certain extent
the increase of the resonant-frequency impedance Rp. Of course, the foregoing will

15 inversely apply, if the tunable paralle]l resonant circuit PRC is tuned to Iower frequencies.
Thus, if the tunable parallel resonant circuit PRC is tuned, any variation in the source
impedance Rg will less than the variation in the resonant-frequency impedance Rp.

Fig. 2 illustrates the following additional feature. The coupling capacitor
Ce has an impedance Z(Cc) which is lower than the impedance Z(R<) of the coupling

20 resistor Re in at least a portion of a frequency range FR throughout which the tunable
paralle} resonant circuit can be tuned, Fig. 2 is an impedance (Z) versus frequency (F)
graph having two curves denoted Cc and Re. The curve denoted Cc shows the impedance
Z(Cc) of the coupling capacitor Cc. The curve denoted Re shows the impedance Z(Rc) of
the coupling resistor Re. In the graph, a formula has been placed which expresses the

25 bridging capacitance Cb as a function of the impedances Z(Cc¢) and Z(Rc) of the coupling
capacitor Ce and the coupling resistor Re, respectively.

The Fig. 2 feature is based on the following considerations. If the
impedance Z(Cc) of the coupling capacitor Cc is lower than the impedance Z(Rc) of the
coupling resistor Rc by at least an order of magnitude, the bridging capacitance Cb will

30 vary substantially inversely proportional to the square root with frequency. That is, if the
frequency increases by a factor of 2, the bridging capacitance Cb will decrease by a
factor of 2 to the square root, which is 4. In contradistinction, if the impedance Z(Cc) of
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constant while the tunable parallel resonant circuit is tuned. However,
‘tunabl e parallel resonant circuits generally have a resonance-frequency

[ npedance%w fdh%ug?@t antially varies wgile they are tuned. The coupling
net wor k shoul d therefore conpensate, as best as possible, tuni Ug-?&eendency
t

o thet reﬁlle?@t : | i o iy t ama;_hleim?ddmw ]?‘tbap_e&lnﬁég fi}\% & 4 il
circuits. e coupl i net wor ai,ls to SO N9 W
suf fer fr byt lepst aPﬁ"i)eéP aSPt‘WGDi @8&"&%%&‘%‘\‘%&36@%- g‘f%& e?i s?cs.
{Retcgr Pgapidi gy]dg) ?ic:)éhv\t}nv%rghmﬁ\e tu%imr?glA\f?{I?ﬁaumhiﬂ};w - I m%tluleav\ogk l/gﬂ gggs
had not beesanast-freguency iml@d%l?@'wﬁirﬁi%pe?ﬁ rto\ﬂdﬁﬁﬁ"ér\gvtgeseu@egjga from
rel at4 vely poor si gip@lle Fighd lféafte igapplied, Qhe biidging eapacitancenCb Mili oaryess & he
tunabl e parallel resonant circuit woul d not, E been sufftgl ??téﬁé

corr ect | y fungtieniof freqneneyoioranappreciable extent Withig E?q"ﬁgﬂd% T ;iseERh

VHE- | oW baith s od Gt bwic CRWin b iiclly bbshfkrile @0 irlafib® n thesonant
circuit in the backgrotnd-art tuner. In accordance with the

i nvent i on resohant-frequsncy, impesangs R, saak 4o maipain the source ia i fites a
coupl i ng a5k Ponaheibvel trbRHBLERe g RGEY ShgdiFRofl IRRr&QUP HeNgiter is the

10 case, a relatively good signal-handling in terms of noise, gain and frequency
characteristics will be achieved. Thus, the Fig. 2 feature contributes to good
signal-handling, '

Fig. 3 shows an example of a receiver in accordance with the invention.
The Fig. 3 receiver receives a signal S(RF) at a radio frequency RF within the VHF-low

15 band and converts it to a signal S(IF) at an intermediate frequency IF of, say, 40 MHz,
The receives comprises an input amplifier RFA, a tunable filter TUF and a
mixer-oscillator integrated circuit MOIC. Details of the input amplifier RFA, which may
comprise a further tunable filter at its input, are not shown. External components of the
integrated mixer-oscillator circuit MOIC are also not shown for reason of conciseness,

20 The tunable filter TUR includes two tunable parallel resonant circuits PRC1
and PRC2. Tunable paralle]l resonant circuit PRC1 receives an amplified signal from the
input amplifier RFA. Tunable parallel resonant circuit PRC?2 transfers an amplified and
filtered signal to an input IN of the mixer-oscillator integrated circuit MOIC via a
coupling network CNW. The coupling network CNW has a coupling resistor Rc having a

25 resistance of 1 kiloOhm and a coupling capacitor Cc having a capacitance of 3.3
picoFarad. The input IN of the mixer-oscillator integrated circuit MOIC has an input
capacitance Ci of, say, 2,5 picoFarad,

_ The two tunable parallel resonant circuits PRC1 and PRC2 are mutually
coupled by means of two top-coupling capacitors Ctl and Ct2 and a foot-inductance Lf.

30 The two tunable parallel resonant circuits PRC1 and PRC2 are tuned by means of varicap
diodes to which a tuning voltage Vt is applied. The varicaps, which have no reference
sign, may be of the type BB133 for example. The function of other elements which have
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capaci tor. The coupling resistor and the coupling capacitor, which are
‘coupl edin seres, provide an equival ent bridgi ng capacitance between the

t unabl e pQ}gtkllgl 8% nant circuit and tge transistor circuit. This
equi val ent [ d‘i gac)apaci tance varies as a function of frequency in the

same Se.”seho%féﬁai%%ﬁsWbﬁﬁﬂd&ét&%fﬁ@%ﬂmqﬁtﬂeﬁrmtmw ibis natans of
the tuning voltage ' the background art. Consequently, the invention
al | ows coneeessaryito furtier diseuss thes glemei®dndency of the resonance-frequency

| mpedance of the tURgDIes, PRfBLl & indlER M MolEwing Wibisiondl Miaits. (T conpiing
vari cap di ode. Varicap es are relatively expensive, in rt.icular the
vari cap di cgacikscecofithe coupling expgeitnr fer Emﬂ@bﬂbﬁdﬁboﬁgﬁ%‘?’@ Ogﬁﬁé','p'# he

i nvent. on 3| - | kP sSNRE | ; jMoechbackgr ound
art. 5 m&&&ﬁw@fﬁgﬁ%@@gfﬁ ?ﬂ@gment I on glﬁigé al I%l\;\h'g“i npl ement ati ons
whi ch, Wi t Funtiesmene} theccotnplingleapacitonGo dnd fhe, conpling rasigerBe hays whbsartialy nance.

Coupl | ng rSorbimptirgel B BAETHE HAEVICER AR byl WRKE TS @b 10
si gnal pat paralfd e¢sohamt eircuinPRER it bewped: tThessuiditiong] feptures have emtriiaddto
perf o mance. |0 [0St pract (o8 e BSOS eodliS, AR b i blar B ibihg Vel v m 1 .
10 network CNW lacks a varicap diode.
The table below illustrates the operation of the coupling network CNW in
the Fig. 3 receiver. In the table, Ftun represents a frequency to which the tunable filter
TUF is tuned, Rp represents the resonance-impedance of the tunable filter TUF, Cb
represents the bridging capacitance between the tunable parallel resonant circuit PRC2 and
15 the input IN of the mixer-oscillator circuit MOIC as provided by the coupling network
CNW, and Rg represents a source impedance seen, as it were, by the mixer-oscillator
integrated circuit MOIC at its input IN.

Ftun (MHz) Rp (kiloOhm) Cb(picoFarad) Rg(Ohm)
50 1 1.59 151
20 100 4 0.622 139
150 9 0.308 108

The table clearly shows that, although the resonance-impedance Rp of the tunable filter

TUF changes drastically with frequency, it is transformed down to an almost constant
25 source impedance Rg by the coupling network CNW. As a result, a satisfactory

signal-handling is obtained, In particular, it allows the Fig. 3 receiver to have an gain

which is substantially constant throughout the VHF-low band over which it can be tuned.

The drawings and the above description thereof, illustrate rather than limit

the invention, Evidently, there are numerous alternatives which fall within the scope of

30 the appended Claims, To that respect, the following closing remarks are made.
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resonanc-frequency i npedance of the tunable parallel resonant circuit wll
general ly be 3
sufficiently high with respect to the inpedance the coupling resistor, so

as to prev pling resistor from being a dom natng noi se source.
The i nvent ?gé\q gér]igasgggitional features, \r/?hi ch may optionally be used to

i npl ement the inventtiphe @ mifhéaons 339s oPbhysicRy SRR funétidaglon fehcbnali dat ed
weh elements over various units. In this respect, the drawings are very diagrammatic and
respectively represent only one possible embodiment of the invention,

The coupling nefwork CNW may comprise elements in addition to the

5 coupling capacitor Cc and the coupling resistor Re shown in the drawings. To give an
example, it may comprise an additional coupling capacitor coupled in parallel with the
coupling capacitor Ce and the coupling resistor Re. All that matters, is that the bridging
capacitance Cb, shown in Fig. 1b, has a capacitance which varies as a function of
frequency. To that respect, additional elements may improve the manner in which the

10 capacitance varies as a function of frequency and, as a result, they may improve the
signal-handling.

Whilst the invention can be used to great advantage in television receivers,
in particular in VHF-low band circuitry thereof, applications in other types of receivers
are by no means excluded.

15 Any reference signs between parentheses shall not be construed as limiting
the Claim concerned.
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reference to the drawi ngs descri bed hereinafter. BRI EF DESCRI PTI ON OF
THE DRAW NGS Fig. lais a diagramshow ng the basic
pri nci pl esm_?,%I fe@sigeyention; Fig. 4—b—|—s—an—equp\,ta4-em- CI rcuit
rorurt

diagram fo er expl ai ning the basi c principle
Fig. 2is k2gramillustrating an additional feaﬂ"mlmﬂﬁ"l mm tional | y
be used to Inplenent the invention to advantage; 3is a
circuit diagramof an exanple of a receiver in dccordance Wi t h the

i nventi on.

1, A recelver comprising a tunable parallel resonant circuit (PRC) which is

coupled to an input (IN) of a transistor circuit (TRC) via a coupling network (CNW)

which includes & coupling capacitor (Cc), characterized in that the coupling network

(CNW) lacks a varicap diode but includes a coupling resistor (Rc) which is coupled in
5 series with the coupling capacitor (Cc).

2, A receiver as claimed in Claim 1, characterized in that the coupling
capacitor (Ce) has an impedance (Z(Cc)) which is lower than the impedance (Z(R¢)) of
the coupling resistor (Re) throughout at least 2 portion of a frequency range (FR)

i0 throughout which the tunable parallel resonant circuit (PRC) can be tuned.

3. A receiver as claimed in Claim 1, characterized in that the coupling
capacitor (Cc) has coupling capacitance which is within an order of magnitude of an input
capacitance (Ci) at the input (IN) of the transistor circuit (TRC), and in that coupling
15 capacitor (Cc) and the coupling resistor (Rc) have substantially equal impedances at a
~ lower end of a frequency range (VHF-low) throughout which the tunable parallel resonant
circuit (PRC2) can be tuned.
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DETAI LED DESCRI PTI ON OF THE DRAW NGS First, sone remarks
are nmade on the use of reference signs. Simlar entities will be denoted
with an identical l|ettercode throughout the drawings. In a single draw ng,
vari ous Sigf 4ies may be shown. hn that case, a nuneral wll be
added to trf\ﬁghﬁétlf%g?(%de, to distinguishsimlar entities from eachot her.
Fig. la iIaA_@%é?tes the basic principles of the invention. In Fig. la, a
tunabl e paralTel resonant circuit PRCis coupled to an input IN of a
transistor circuit TRC via a coupling network CNW The coupling network CNW
i ncl udes a coupling capacitor Cc and a coupling resistor Rc which are
coupled in series. The coupling network CNW I acks, however, a varicap
di ode. Fig. Ibis acircuit diagramwhich is equivalent to

Fig. la. Fig. 1b's h??(‘@ receiver, a tunable parallel resonant eircuit (PRC2) is coupled to an
input (IN) of a transistor circuit (MOIC) via a coupling network (CNW). The coupling
network (CNW) lacks a varicap diode but includes a coupling resistor (Rc) in series with
a coupling capacitor (Cc).

Fig. 3
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paral l el between the tunable parallel 2d@onant circuit PRC and the i nput I N
-of the transistor circuit TRC. The parallel-coupled bridging resistance Rb

and bridgi ng capacitance Cb are the equival ence of the series-coupled

coupling resistor Re and coupling capacitor Cc shown in Fig. 1la.

The resonant -frequency i npedance R iis transforned to the source inpedance

Rg by means of the bridgi ng capacitaffice Cb, the bridging resistance Rb, and

the i nput capacitance G of the trHﬁ~|stor CIrCUIt TRC If t he tunabl e

parall el resonant circuit PRC isg e 2 e s, the

resonant - frequency i npedance mnll |ncrease to a certain pxtent. However,

the source i npedance Rg ygll incregfe to the same extenf, or will even

; po

not even increase at all = Jhe-lason this is that the b
capaci tance Cb decreases«sw 5 decrease conpgnsates to a
certain extent the increase of requency i npedpnce Rp. O
course, the foregoing wll inve jf the tunable baralle
resonant circuit PRCis tuned to Thus, if the tunable
parall el resonant circuit PRC is_ tun

__‘...o.-.—-—_
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Fig. 2 illustrates the follow ng additional feature. The coupling clgadfra?-¢
Cc has an inpedance Z(Cc) which is |ower than the inpedance Z(Rc) of/Agge
coupling resistor Rc in at least a portion of a frequency range FR

t hroughout which the tunable parallel resonant circuit can et —2
i s an inpedance (Z) versus frequency (F), graph having two | (REPAACHMEIE éﬁEEi
and Rc. The curve denoted Cc shows the ilrrpedance Z(Cc) of fhgcoupltng

capacitor Cc. The curve d not Re s he i npedance Z(RE)| of

coupl i ng r eRessiver wigh 2 wpa qf@‘r‘@g]a‘ﬁf?“"g%r hul a has been pl afef 18%:% w97
expresses the bridging capacitance Cb as a function of theji pcdances e
and Z(Rc) of the coupling capacitor Cc and the coupling repistor Rc,
respectively. : The Fig. 2 feature is based on"The TolTow ng
consi der ations I f the inpedance Z(Cc) of the coupling capacitor Cc is

| ower than t g@g%ﬁ%b of the coupling resistor Rc by at |east an
order of m df r'ng capacitance Cb will vary substantially

i nversely proportlonal to the square root with frequency. That is, if the

frequency | ncreases b’)‘\?aiﬂifr?&&rfﬁh% t$a &mmwamwmw |

decrease by a factor quare root, which is I n k which
cont r adi st i neitcuit whichfis eduplef mpmm;@ stt%'fﬂmml vxaacouplmg networ whic

includes a coupling capacitor.

BACKGROUND ART

Philips television (TV) tuners of the type UV816 include a tunable
bandpass filter which can be tuned throughout the VHF-low band ranging, say, from 48
to 168 MHz. The tunable bandpass filter is coupled between a radio-frequency (RF) input
amplifier and a mixer circuit which forms part of an integrated circuit. It comprises two
parallel resonant circuits which are mutually coupled. One of the two parallel resonant
circuits is coupled to the RF input amplifier. The other of the two resonant circuits is
coupled to an input transistor of the mixer circuit via coupling network which includes a
coupling capacitor and a varicap diode of the type BB131. A tuning voltage is applied 1o
the varicap diode so as to vary its capacitance throughout the VHF-low band.

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.
Claim ] defines a receiver 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 mkes the following aspects into consideration. The transistor
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5 the coupling capacitor Cc is higher than the inpedance Z(Hic?ﬂ‘\@'fff""&WeShEET
coupling resistor Rc by at |least an order of magnitude, the[Dbridging
icapacitance Cb will vary as a function of frequency to a rkl ativemad 1997
extent only. As a result, any variation in the resonant-frgqtency i npedancg
Rp will. be conpensated to a relatively Little extent too. - T
the Fig. 2 feature is applied, the bridé)i ng capacitance Cojwill vary as a i

circuit should preferably see, as it were, a source impedance which remains substantially

constant while the tunable parallel resonant circuit is tuned. However, tunable paraliel

vesonant circuits generally have a resonance-frequency impedance which substantially

varies while they are tuned. The coupling network should therefore compensate, as best -
as possible, tuning-dependency of the resonance-frequency impedance of the tunable

parallel resonant circuits. If the coupling network fails to do so, the signal-handling will

suffer from this in terms of noise, gain and frequency characteristics.

In the background art, it is essential that the coupling network includes the
varicap diode to which the tuning voltage is applied. If the varicap had not been present,
the background-art tuner would have suffered from relatively poor signal-handling in
terms of noise and gain, Morsover, the tunable paraliel resonant circuit would not have
beén sufficiently correctly tuned thréughout the relevant frequency band, which is the
VEF-low band, as a result of a tracking-error with an oscillator resonant circuit in the
background-art tuner, .

In accordance with the invention, the coupling network lacks a varicap
diode but includes a coupling resistor which is coupled in series with the coupling
capacitor. The coupling resistor and the coupling capacitor, which are coupled in series,
provide an equivalent bridging capacitance between the tunable parallel resonant cireuit
and the transistor circnit. This equivalent bﬂdging'rzpacitance varies as a function of
frequency in the same sense us how the varicap diode capacitance is made to vary by
means of the tuning voltage in the background art. Consequently, the invention allows
compensation of the tuning-dependency of the resonance-frequency impedance of the
tunable parallel resonant circuit, without the use a varicap diode. Varicap diodes are
rejatively expensive, in particular the varicap diode used in the background-art coupling
network. Thus, the invention allows more cost-efficient implememaﬁoqs than the
background art.

Moreover, the invention also allows implementations which, with respect to
the background art, have a comparable performance. At first sight, this may seem strange
because, in the invention, the coupling resistot is a potential source of noise which is
placed right in a signal path. Therefore, one might expect a penslty in terms of noise
performance. In most practical cases, the penalty will be relatively mild, because the
resonance-frequency impedance of the tunable parallel resonant circuit will generally be
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Fig, 1a is a diagram showing the basic principles of the invention;

Fig, Ibis an eqﬁivalent circuit diagram for further explaining the basic
principles of the invention; '

Fig. 2 is a diagram illustrating an additional feature which may optionally
be used to implement the invention to advantage;

Fig. 3 is a circuit diagram of an example of a receiver in accordance with
the invention,

DETAILED DESCRIPTION OF THE DRAWINGS

First, some remarks are made on the use of reference signs. Similar entities
will be denoted with an identical lettercode throughout the drawings. In a single drawing,
various similar entities inay be shown. In that case, 2 numeral will be added to the
lettercode, to distinguish similar entities from eachother.

Fig. la illustrates the basic print_:iples of the invention. In Fig. Ia, a
tunable parallel resonant circuit PRC is coupled to an input IN of a transistor circuit TRC
via a coupling network CNW. The coupling network CNW includes a coupling capacitor
Ce and a coupling resistor Rc which are coupled in series. The coupling network CNW
lacks, howevér, a varicap diode, .

Fig. 1b is a circuit diagram which is equivalent to Fig. 1a. Fig. 1b shows,
a resonant-frequency impedance Rp of the tunable parallel resonant circuil PRC, an input
capacitance Ci of the transistor circuit TRC and, in broken lines, a source impedance Rg



and PRC2. Tunabl e parallel resonant circuit PRCl receives
signal fromthe input anplifier RFA Tunable parallel reso m F Gt
transfers an anplified and filtered signal to an input IN pf}the

m xer-oscillator integrated circuit MJC via a coupling ne wbr Kl TMAR 159
coupling network CNWhas a coupling resistor Rc having a resistance of 1
kil oChm and a coupling capacitor. Cc havihg a capacitance o . 3 pi coFar ad.
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function of o ave
coupling capacitor Cc shown in Fig. la.

The resonant-frequency impedance Rp is transformed to the source
impedance Rg by means of the bridging capacitance Cb, the bridging resistance Rb, and
the input capacitance Ci of the transistor circuit TRC. If the tunable parallel resonant
circuit PRC is tuned to higher frequencies, the resonant-frequency impedance Rp will
increase to a certain extent. However, the source impedance Rg will not increase to the

REdR e SHF':T

- same extent, or will even not even increase at ell. The reason for this is that the bridging
capacitance Cb decreases with frequency. This decrease compensates to a certain extent
the increase of the resonant-frequency impedance Rp. Of course, the foregoing will
inversely apply, if the tunable parallel resonant circuit PRC is tuned to lower frequencies.
Thus, if the tunable parallel resonant circuit PRC is tuned, any variation in the source
impedance Rg will less than the variation in the resonant-frequency impedance Rp.

Fig. 2 illustrates the following additional feature. The coupling capacitor
Ce has an impedance Z(Cc) which is lower than the impedance Z(Rc) of the coupling
resistor Re in at least a portion of a frequcncy range FR throughout which the tunable
parallel resonant circuit can be tuned. Fig. 2 is an impedance (Z) versus frequency (F)
graph having two curves denoted Cc and Re. The curve denoted Cc shows the impedance
Z(Cc) of the coupling capacitor Cc, The curve denoted Rc shows the impedance Z(Rc) of
the coupling resistor Rc. In the graph, a formula has been placed which expresses the
bridging capacitance Cb as a function of the impedances Z(Cc) and Z(Rc) of the coupling
capacitor Cc and the coupling resistor Re, respectively.

The Fig. 2 feature is based on the following considerations. If the
impedance Z(Cc) of the coupling capacitor Cc is lower than the impedance Z(Rc) of the

- coupling resistor Re by at least an order of magnitude, the bridging capacitance Cb will
vary substantially inversely proportional to the square root with frequency. That is, if the
frequency increases by a factor of 2, the bridging capacitance Cb will decrease by a
factor of 2 to the square root, which is 4, In contradistinction, if the impedance Z(Cc) of
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by at least an order of magnitude, the bridging capacitance Cb a funchon of

frequency to a relatively little extent only. As 2 result, any variation in the
resonant-frequency impedance Rp will be compensated to a relatively little extent too.

If the Fig. 2 feature is applied, the bridging capacitance Cb will vary as a
function of frequency to an appreciable extent within the frequency range FR of interest.
This allows the coupling network CNW to substantially compensate any variation in the
resonant-frequency impedance Rp, so as to maintain the source impedance Rg at a
relatively constant level throughout the frequency range FR of interest. If the latter is the
case, a relatively good signal-handling in terms of noise, gain and frequency
characteristics will be achieved. Thus, the Fig. 2 feature contributes to good
signal-handling,

Fig. 3 shows an example of a receiver in accordance with the invention.
The Fig. 3 receiver receives a signal S(RF) at a radio frequency RF within the VHF-low
band and converts it to a signal S(IF) at an intermediate frequency IF of, say, 40 MHz.
The receives comprises an input amplifier RFA, a tunable filter TUF and a
mixer-oscillator integrated circuit MOIC. Detmils of the input amplifier RFA, which may
comprise a further tunable filter at its input, are not shown. External components of the
integrated mixer-oscillator circuit MOIC are also not shown for reason of conciseness,

The tunable filter TUF includes two tunable parallel resonant circuits PRC1
and PRC2. Tunable parallel resonant circuit PRCI receives an amplified signa! from the
input amplifier RFA, Tunable parallel resonant circuit PRC2 transfers an amplified and
filtered signal to an input IN of the mixer-oscillator integrated circuit MOIC via a
coupling network CNW. The coupling network CNW has a coupling resistor Re having a
resistance of 1 kiloOhm and a coupling capacitor Cc having a capacitance of 3.3
picoFarad. The input IN of the mixer-oscillator integrated circuit MOIC has an input
capacitance Ci of, say, 2,5 picoFarad. '

The two tunable parallel resonant circuits PRC1 and PRC2 are mutually
coupled by means of two top-coupling capacitors Ctl and Ct2 and a foot-inductance Lf.
The two tunable parallel resonant circuits PRC] and PRC2 are tuned by means of varicap
diodes to which a tuning voltage Vt is applied. The varicaps, which have no reference
sign, may be of the type BB133 for example. The function of other elements which have



contributed to a satisfactory performance of the Fig. 3 regcéiver, despite
‘the fact that the coupling network CNWlacks a varicap died¢. 4g MAQ ;997
The table below illustrates the operation of the coupling{négtwork CNWi
the Fig. 3 receiver. In the table, Ftun represents a freqyer
tunable filter TUF is tuned, Rp represdnts the resonance-iinpedance of the |}

: 322{;: g L;L;Ier;fsgﬁeﬂgga\;ﬁ resent S t he br hg‘?qld%t‘}c%g‘u? tﬁntce”bet me‘{&t he
m xer - osci | & ﬁ:ﬁhl-,‘rtdxs%?s @,&smy ded by the coupling network CNW and
It car at od ci roui ¢ MBS Topave igsiieh e Tolowind aafions s, TR Touply' || 21 Of
( kiloOhm  capacitance of th@%@hﬁ? Gapadid) Ce is within by 6:Bendf magnitude of the ifgut
capacitance Ci at tie input IN of the nuxer-oscnla%r integrated circuit MOIC.
Furthermore, the coupling capacitor Cc and the coupling resistor Re have substantially
equal impedances at a lower end of the VEF-low band throughout which the tunable
parallel resonant circuit PRC2 can be tuned. These additional features have contributed to
a satisfactory performance of the Fig. 3 receiver, despite the fact that the coupling
network CNW lacks a varicap diode.
The table below illustrates the operation of the coupling network CNW in
; the Fig. 3 receiver. In the table, Ftun represents a frequency to which the tunable filter
TUF is tuned, Rp represents the resonance-impedance of the tunable filter TUF, Cb
represents the bridging capacitance between the tunable parallel resonant circuit PRC2 and
the input IN of the mixer-oscillator clrcuit MOIC as provided by the coupling network
CNW, and Rg represents a source impedance seen, as it were, by the mixer-oscillator
integrated circuit MOIC at its input IN. '

Ftun (MHz) Rp (kiloOhm) Cb(picoFarad) Rg(Ohm)
50 1 1.59 151
100 4 0.622 159
150 ) 0.308 108

The table clearly shows that, although the resonance-impedance Rp of the tunable filter
TUF changes drastically with frequency, it is transformed down to an almost constant
* source impedance Rg by the coupling network CNW. As a result, a satisfactory

signal-handling is obtained. In particular, it allows the Fig. 3 receiver to have an gain

which is substantially constant throughout the VHF-low band over which it can be tuned.
' 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.
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table clearly-shows that, although the resonance-i npedande Rp—eft—i-he
tunable filter TUF changes drastically with frequency, it} ils tr@a ?‘&0{9?’3
down to an al nost constant source inpedance Rg by the coupli né &l CNW,
As a result, a satisfactory signal-handling is obtained. {In particular, it
allows the Fig. 3 receiver to have an ga¥n which is substfntially constant |
t hroughout the VHF-1ow band over which it can be tuned. +he
drawi ngs and t he abov@hetesrermumeroys wayscf physically rpyeading ifuncrionsins functional | i i t
.the inventio %i%gs wr a;eﬁy gll within
t he scope of afrﬁgl\ﬂ &Ui{;% M}gl Irrrgt!i‘ﬁTo ﬂyr&gg’h{egg?ﬁ &?ggi'mfgém&n%n cl osi ng
rem arks ar eTespegtively represent only one possible embodxment of the ‘invention,

The coupling network CNW may comprise elements in addition to the
coupling capacitor Cc and the coupling resistor Re shown in the drawings. To give an

example, it may comprise an additional coupling capacitor coupled in parallel with the
coupling capacitor Cc and the coupling resistor Rc. All that matters, is that the bridging
capacitance Cb, shown in Fig. 1b, has a capacitance which varies as a function of
frequency. To that respect, additional elements may improve the manner in which the
capacitance varies as a function of frequency and, as a result, they may improve the
signal-handling.

Whilst the invention can be used to great advantage in television reccivers,
in particular in VEIF-low band circuitry thereof, applications in other types of receivers
are by no means excluded.

Any reference signs between parentheses shall not be construed as limiting
the Claim concerned.
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Claims,

1. A receiver comprising a tunable parallel resonant circuit (PRC) which is
coupled to an input (IN) of a transistor circuit (TRC) via a coupling network (CNW)
which‘ includes a coupling capacitor (Cc), characterized in that the coupling network
(CNW) lacks a varicap diode but includes a coupling resistor (Re) which is coupled in
series with the coupling capacitor (Cc).

2, A receiver as claimed in Claim 1, characterized in that the coupling
capacitor (Cc) has an impedance (Z(Cc)) which is lower than the impedance (Z(Rc¢)) of
the coupling resistor (Re) thronghout at least a portion of a frequency range (FR)
throughout which the tunable parallel resonant circuit (PRC) can be tuned.

3, A teceiver as claimed in Claim 1, characterized in that the coupling
capacitor (Cc) has coupling capacitance which is within an order of magnitude of an input
capacitance (Ci) at the input (IN) of the transistor circuit (TRC), and in that coupling
capacitor (Cc) and the coupling resistor (Rc) have substantially equal impedances at a
lower end of 2 frequency range (VEF-low) throughout which the tunable paralle] resonant
circuit (PRC2) can be tuned.

This Sheet Has Been Rep
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In a receiver, & tunable parallel resonant circuit (PRC2) is coupled to an
input (IN) of a transistor circuit (MOIC) via a coupling network (CNW). The coupling
network (CNW) lacks a varicap diode but includes a coupling resistor (Rc) in series with
a coupling capacitor (Cc).

-~

Fig. 3
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1. A receiver conprising a tunable parallel resonant circuit
(PRC) which is coupled to an input (IN) of a transistor ]

a coupling network (CNW which includes a coupling capacilt SEPLERMENTHEHEET
coupling network (CNW | acking a varicap diode but including a coupling
resistor (Rc) coupled in series with the coupling capacit (Cq)s MAR 1997
characterized in that the coupling capa@tor (Cc) has an i edance (Z( Cc))
that is l'ower than the inpedance (Z(Rc)) of the coupling rieststor—tRey

t hroughout at |east a portion of a frequency range (FR)} throughout which
the tunable parallel resonant circuit (PRC) is t unabl e. 10 2. '

A receiver conprising a tunable par allel resonant circuit (PRC) which is
coupled to an input (IN) of a trauns stor circuit (TRC) via a coupling
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resonant circuit (FRE2) is

Receiver with a tunable parallel resonant circuit.

FIELD OF THE INVENTION

The invention relates to a receiver comprising a tunable paralle] resonant

circuit which is coupled to an input of a transistor circuit via a coupling network which includes
a coupling capacitor.

BACKGROUND ART

Philips television (TV) tuners of the type UV816 include a tunable bandpass
filter which can be tuned throughout the VHF-low band ranging, say, from 48 to 168 MHz. The
tunable bandpass filter is coupled between a radio-frequency (RF) input amplifier and a mixer
circuit which forms part of an integrated circuit. It comprises two parallel resonant circuits which
are mutually coupled. One of the two parallel resonant circuits is coupled to the RF input

amplifier. The other of the two resonant circuits is coupled to an input transistor of the mixer

15

20

25

circuit via coupling network which includes a coupling capacitor and a varicap diode of the type
BB131. A tuning voltage is applied to the varicap diode so as to vary its capacitance throughout
the VHF-low band.

US 3,519,737 shows a transistor intermediate frequency amplifier system
having a transistor input stage. A matching network at a bandpass network output terminal

comprises a resistor and a capacitor connected in series between the output terminal and the base

electrode of the transistor. An R.F. tuner is coupled to an input terminal of the bandpass network.

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 2 define receivers in accordance with the invention.

The invention takes the following aspects into consideration. The transistor
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1. A receiver comprising a tunable parallel resonant circuit (PRC) which is
coupled to an input (IN) of a transistor circuit (TRC) via a coupling network (CNW) which
includes a coupling capacitor (Cc), the coupling network (CNW) lacking a varicap diode but
including a coupling resistor (Rc) coupled in series with the coupling capacitor (Cc),
5 characterized in that the coupling capacitor (Cc) has an impedance (Z(Cc))
that is lower than the impedance (Z(Rc)) of the coupling resistor (Rc) throughout at least a

portion of a frequency range (FR) throughout which the tunable parallel resonant circuit (PRC) is
tunable.

10 2. A receiver comprising a tunable parallel resonant circuit (PRC) which is

coupled to an input (IN) of a transistor circuit (TRC) via a coupling network (CNW) which
includes a coupling capacitor (Cc), the coupling network (CNW) lacking a varicap diode but
including a coupling resistor (Rc) coupled in series with the coupling capacitor (Cc),
characterized in that the coupling capacitor (Cc) has a coupling capacitance

15 that is within an order of magnitude of an input capacitance (Ci) at the input (IN) of the transistor
circuit (TRC), and in that the coupling capacitor (Cc) and the coupling resistor (Rc) have
substantially equal impedances at a lower end of a frequency range throughout which the tunable
parallel resonant circuit (PRC2) is tunable.



