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WIDE FREQUENCY SPECTRUM TELEVISION TIJNER wmI SINGLE 
LOCALOSCILLA1UR 

S FIELD OF THB INVENTION 
The present inven~i_on concerns a television receiver 

having a conversion tuner for producing an intermediate 
frequency signal from an RF source signal. 

1 0 BACXOR.OUND 
It is a common practice to use more than one local 

oscillator to tune the full frequency range of television RF sources, 
which for a television receiver in the United States, can extend 
from 55 lVIHz of channel 2 of the lower VHF band to 847 MHz of 

1 S channel 69 of the UHF band. a frequency range of more than 17:1. 
This requires that the local oscillators for conventional all band TV 
tuners cover a wide frequency range of from approximately 90 
MHz up to almost 1 GHz. 

It is desirable that a local oscillator not be required to 
2 0 tune over more than a range of 2: l, with an outside limit of about 

3: 1, due to problems of assuring that the oscillator will oscillate, 
reliaJ>ility of frequency and signal amplitude of the generated 
oscillator signal over the wide spectrum, and tracking problems. 
since other circuits. e.g., tunable filters, must track as the local 

2 S oscillator frequency is changed. Further, varactor diodes, which 
typically are used to tune the local oscillator, have a limited range 
of adjustment and become non-linear in the low capacitance part 
of their adjustment range. For these reasons, in a television 
receiver, at a minimum, two local oscillators are often used with 

3 0 each covering only part of the tunable spectrum, e.g., one for the 
VHF band and the other for the UHF band. 

It is further desirable that a single oscillator be used 
in order to eliminate beat frequency problems between oscillators. 
which requires that oscilJators not in. use be turned off. Still 

3 S further, a reduced number of oscillators would result in reduced 
components, reduced printed circuit space. ·and reduced cost. 
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SUMMARY OFmE INVEN110N 
A tuner includ_,s a ~q11version (or heterpdyning) stage, 

including a local oscillator and a muer, fot conveiting an RF signal 
.. •. . :..., .. ..... ·. 

S corresponding to a selecied channel tO a first IF signal. The local 
oscillator has only one tunable osclllating ponion for generating a 
signal, and • controlable fTequency converter, such as a 
contr0llable divider, for ~onveniqi the frequency of the signals 
generated by said o~~ll~ni _ poi!~n, -so ~at the r~eiver is able to 

1 0 tune through the ueP and VBP bands. The operation of the 
frequency converter is respottslve -to a digital Chbnel selection 
conttoller, such as a ~cr9pr~~·?'·. 

In one emb°"imcnt coinprising a direct conversion 
. ... .. : .: .•1 ·. 

tuner, the output signal of the l~al oscillator, when operated upon 
1 s by a phase shift network., can pfpvide two local oscillator signals 

which are in quadrature phase. Tbe quadrature ~i1nals are 
suitable for use in ~ direct COftVerSiOi, tuner whU:h can tune the 
entire VHF and UHF bands. 

2 0 BlUBPDESCRlP110N OFmE hfL\W{kbs 
• • ~ • • - t,.,;: I ~;' t 

Fig. I sb~w,, in bl- d.i~gram form, a prior an 
' . - ·- ! • • . 

television tuner wherein ~ phas~. ~9Clted loop (PLL) is used to 
comrol a voltage conttolled osCiJi&ior (VCO) serving as a first local 
oscUlator (LO) in cbm~inaiion witfi. a mher for converting an RF 

2 S input signal to an IP signal. _ . 
Fig. 2 shows. iJ:P blQGt diagram fonn9 a VCO according to 

aspects of the present. ~nve~ti~J inpluding an oscillatory portion 
and a count down divider in a oascade arrangement. 

. ' . . ' - .. ~ 

Fig. 3 shows, in blo(ik qi~gram form -according to 
3 0 aspects of the preseiit inv.Ution~ a1'l alternate emb~diment of the 

local oscillator of i:ig. 2. _ ~hich is suitable for use in a direct 
conversion tuner. 

3. 
35 

Fig. 4 shows wave s~pes found in the oscillator of Fig. 

. . 
Fig. S shows, in bloqk diagram form according to 

aspects of the present inventioit, another alternate embodiment of 
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the oscillator of Fig. 2, which is suitable for use in a direct 
conversion tuner. 

Fig. 6 shows, in block diagram form, a direct 
conversion tuner suitabie for using the embodiments shown in 

S Figs. 3 and S. 

DETAD..ED DF.SCRJP110N OFTimPREFERRBD EMBODIMENTS 
A tuner 1 selects the RF signal corresponding to a 

selected channel from the plurality of RF signals provided by an 
I 0 RF source 3 and converts the selected RF signal to a corresponding 

IF signal in the conventional IF frequency range (e.g., in the 
United States between 41 and 46 MHz). RF source 3 may, for 
example, comprise a television broadcast receiving antenna, a 
cable distribution network, a video cassette recorder, a video disc 

IS player, or a home computer. The IF signal produced by tuner 1 is 
demodulated and separated into luminance, synchronization, 
chrominance and audio components by a video and audio signal 
processing unit S. The various components are further processed 
by video and audio signal processing unit S to produce the video 

2 0 and audio responses comsponding to the selected channel. 
The present tuner includes an RF input terminal 7 to 

which the RF source 3 is connected. The RF signals received at 
terminal 7 are filtered by an RF filter. section 9 to select the RF 
signal corresponding to the selected channel and the resultant RF 

2 S signal is coupled to a first mixer 11. A local oscillator (LO) signal 
having a nominal frequency corresponding to the selected channel 
is generated by an LO 13 and also coupled to first mixer 11. As 
shown in Fig. 1, LO 13 comprises a VHF local oscillator 13a and a 
VHF local oscillator 13b, with the appropriate oscillator being 

3 0 chosen by the bandswitching signal from channel selector 43, 
depending upon which channel is selected. Mixer 11 heterodynes 
the selected RF signal and the LO signal to produce an IF signal. 
Mixer 11 produces the sum and difference frequency products of 
the LO signal and the selected RF signal. The IF signal is coupled 

3 S to an IF filter stage IS which has a passband response selected to 
pass the difference frequency product of the LO signal and the 
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selected RF signal. The frequencies of the LO signal determine the 

frequency range of die IF signal •. 
LO 13 is a voltage controlled oscillator and RF idter 9 

l • 

are controlled in resPQ11se fo ~e magnitUde of a tuning control 
S voltage Vt. The magnitude of die tuning control voltage Vt is 

conttolled in accordance with the selected channel by a tuner 

control section 25 including a plilse locked loop (PLL). In the PLL, 

the frequency of the outjJ~t sipll Of a crystal oscillator 27 is 

divided by a frequency divider (+R) 29 to produce a frequency 

10 reference signal. The Pu also hi_cl~d,ss a frequency divider (+K) 

31 and a frequency divider ( +N) .33 for dividing the frequency of 

the local oscillator sipil to priid-.co a frequency divided version 
of the LO siinat. .TJie freq~eiicy r~rence signal and the 

frequency divider local oSClllator signal are compared by a phase 

1 S comparator 35 to produce a pulse iigaal which represent the 

magnitude and sense of f~unby deviation betWeen them. 'The 

pulse error signal is fih~~a by art inte&tator 37, which serves as a 

low pass filter,. to prOduce the tdning control voltage· Vt for LO 13. 

The magnitude of the uinlng c~ft.trol voltase is changed until the 

2 0 frequency of the frequency tefercnce signa) and the frequency 

divided LO signal arc ;ubstalltiat1y equal. 
Division fictdr ·a ot divlder 29 is selected to determine 

the frequency (t'R.BF) of the rrequency r~ference signal. Division 

factor K of divider 31 is selected to reduce the frequency of the 

2 S relatively high frequency LO signal before further processing and 

determines together with division factor R the division factor K. 

Division factor N of 4ivider 33 is controlled by a control unit 39 to 

set the frequency of dti fmt LO .signal in accordance with the 

binary representation . ~f the channel number of the desired 

3 0 channel stored in a reais.ter 41. The binary representation of the 

channel number is entered into channel number register 41 in 

response to a user's_ operatjon of a channel .,tector 43, which may • 
. . 'l. ,, • t ·i .. , . ~- ·. : ~. ·. ':; ·t' . 

for example, compnse a QalClilator.;.like keyboard by which the 
.. -~ • ~ ij io I ~ . . . 

user may enter in sequenee the tens and units digits of the 

3 S channel number of the desired channel. 
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. One aspect of the present invention, shown in Fig. 2, 

presents an embodiment of a local oscillator' e.g., local oscillator 
13, which is able to tune over the wide frequency range of 
frequencies necessary for a television receiver, as discussed above 

5 in the background section. 
Tuning voJtage Vt (see Fig. 1) is applied through an 

appropriate resistor 60 to varactor diode 62 for varying the 
capacitance of varactor diode 62 for tuning oscillating ponion 64 
of VCO 13, which in the exemplary embodiment, is an oscillator 

1 0 which can be tuned from 0.5 to 1 GHz. The output signal 66 from 
oscillator 64 is coupled to a frequency divider control 68, which b 
a programmable binary counter which divides the oscillatory 
signal of oscillator 64 by a binary number in response to a divider 
control signal applied to terminal 70. The divider control signal at 

1 S terminal 70 can be provided by tuning control microprocessl·r 72 
or it can be derived from channel selector 43 of Fig. 1 (not shown). 

For a division number of i, the output signal Vo is _the 
same frequency as the frequency of C)Scillator 64, i.e., SOO to 1000 
MHz tuned by Vt, and the frequency divider can be considered as 

2 0 a divider bypass. For the oscillating frequency range of 500 MHz 
to 1000 MHz, as the division number of divider control 68 
increases, the frequency of signal Vo decreases, as follows: 

25 

30 

Division Number of 
divider 68 

N=2 
4 
8 
16 

Frequency of Vo 

F = 250 MHz to 500 MHz 
125 MHz to 250 MHz 
62.S MHz to 128 MHz 

31.25 MHz to 62.S MHz 

1be value of N is chosen· for sroups of channels and is 
changed when the channel chosen is in a different group. This 
table is an illustration as to the relationship of the frequency of 

3 S the oscillating portion 64 to the frequency of output signal Vo 
with a change of division number for divider 68. The frequency 
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6 
and range of oscillation ot the oscillating portion 64 can be 
adjusted as required. Additionally, t~e frequencies chosen for Vo 
depend upon whether the ~um or ,difference signals from the 
mixer are used as the IF sipal. 

S In the alternative, oscillating ponion 64 can oscillate 
at a much lower frequency, e.g., ~t a VHF frequency, and control 
68 can be a frequency multiplier (not showta), e.g.. a doubler or a 
tripler. In which case. V~ can achieve fr~uencies higher than the 
frequency signal generated by O$Cillatory portion 64. 

1 0 Another embodiment is,, shown in Fig. 3. The 
embodiment of Fig. 3 has JWQ additioi'lal divide by 2 circuits 74a, 
74b and 90 degree phue shifted clocks 76 to obtain two output 
signals of quadrature phase Vol.Vo2 which ~ useful for direct 
conversion tuners discussed in connection with Fi.. 6 bolow. The 

1 S wave forms of the embodiment of F~. 3 are shown in Fig. 4 and 
show bow the 90 degree phase sh~fted clocks 76 are obtained, 
using Q and not-Q clocks and divid,ing them both by two. The 
connection from the output ot divider 74a synchronizes the two 
dividers 74a, 74b such that the clock of 74a always leads. This 

- ' 
2 0 embodiment shows an additional division by divtde~s 74a, 74b 

and thus, the voltage con~olled qscillatC)l 64 is tunable between 
the higher frequenciei of 1 Gib to 2 GHz. 

Another alt,m.JJte em~diment with respect to Fig. 3, 
of a VCO 13 for a direct conversion tuner discussed in connection . , \ :. . 

25 with Fig. 6 below, is shQ~ ~n Pig. S wh~ein the 9uadrature phase 
signals Vol, Vo2 for the UHF band is accomplished by two 
discrete LC phase shifter netWOJ~~ 76a, 76b for output 
frequencies at Vol, Vo2 •bove 500 MH~. For local oscillator 
frequencies below sclO MHz, the arrailgement is switched so that . . ;•. . •, 

3 0 the quadrature phase sig~al~ Vol •. Vol, are produced by the divide 
by 2 divider as prevously described with reference to Fig. 3. The 
output signals Vol, Vo2 are switched between the external 
components and the extra dividers 74a and 74b by switch 78. 

Fig. 6 shows a direct conversion tuner according to PCT 
3 S patent application No. 94/00138. Basically,· the direct convenion 

tuner contains two channels. each with two conversion stages. 
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The received RF signal is coupled to each of two mixers MIA and 
MIB via a tuned RF amplifier which provides gain and some 
selectivity. Desirably, the gain of the RF amplifier is automatically 
controlled in response to an automatic gain control (AGC) signal 

S (not shown). The rust local oscillator signal generated by a first 
local ·oscillator LOI, such as shown in Figs. 3 and · S discussed 
above, is tuned to the center frequency wO of the frequency band 
of the desired channel between the lower sided band (LSD) and 
the upper side band (USB). The fmt local oscillator signal is 

l 0 provided in quadrature components, Vol, Vo2. that are used to 
drive mixers M1A and MIB. Tbe respeetive IF output signals of 
mixers MIA and MlB are filtered by two low pass filters LPF A 
and LPF B. Low pass filters LPF · A and LPF B provide the 
necessary selectivity to reject the responses from the adjacent 

1 S channels and higher order products of mixers MlA and MlB. 
Each of the output signals of mixers MlA and MlB 

includes both a lower side band portion and an upper side band 
portion corresponding to the LSB and USB portions of the received 
RF signal. The output signal of low pass filters LPF A and LPF A 

2 0 arc coupled to respective ones of a second pair of mixers M2A and 
M2B. Mixers M2A and M2B arc driven by respective ones of a 
second pair of quadrature local oscillator signals ·generated by a 
second local oscillator L02, such as shown in Figs. 3 and 5. Each of 
the second local oscillator signals has a ·frequency wN located 

2 S above the cutoff frequency of the low pass filters LPF A and. LPF B 
fdters to fulfill the Nyquist criteria. The output signals of mixers 
M2A and M2B are added in a summer unit SU to produce an 
output signal. This output signal is coupled to a demodulator (not 
shown) for demodulation, and the demodulated resultant is 

3 0 coupled to further signal processing sections. 
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WHAT IS CLAIMED IS: 
l. A tuner for tuning ~ sipials coiresponding to 

respective channels, each of said RF sipals having at least one .. ~· . 
infonnatiob. bearing cirri.er, inCJ,\ld~~I a,. mixer and a local 

s oscillator means which · cooperatl for converting the RF signal 
corresponding to a selected chlnnel to a rll'st IF signal having an 
information bearing cmier c~esponding to that of said selected 
channel, and control means for controlling said first 19Cal oscillator 
means, wherein: 

1 0 said local osciliator comprises an oscillating portion 
tunable in response to said control means and having an output 
signal tunable to frequencies over a predetermined range, and 

frequency cOn.V.rter riieans operating upon the 
tunable output signal and pl'Oviding an oscillator output to said 

1 S mixer which is further tunabl~ ~o frequencies outside of the 
predetermined range of the_. oscillating portion. 

2. The tuner of claim 1 wherein the frequency 
converter ·means is a proarammable co~nter which is controllable 
by a digital controlllng me1:_ni;. 

20 3. ne tuner of cl~m 1 further compri,sing a phase 
shift means, for Pn>vlding two iocat oscillator signals which are in 
quadrature phase, for the frequency conversion of signals in a 
direct conversion tuner. 

4. A television tuner for tuning channels with 
25 respective RF signals wi~ picture, color, and sound carriers. 

comprising: 
focal oscillator means for generating a local oscillator 

signal; 
channel selector means for selecting ~ne of said 

3 0 channels; 
local oscillat~ ~o~itpJ .. D;ie~s for contiolling the 

. . , - . ·' _ • .,, .. !- •.• ., . '· . . . 
frequency of said local oscl.~liltQt ~Jiial ~ ~cordance with a 
channel selected by said ch.tie~ . -~J~ic)~" ~eans; 

mixer means resi>onsive to said RF signals and to said 
3 S first local oscillator signal for generating a IF signal having 
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9 
picture, color, and sound carriers corresponding to those of the RF 
signal of said selected channel; · 

said local oscillator means comprising an oscillating 
portion tunable in response to said control means and having an 

S output signal tunable to frequencies over a predetermined range, 
and 

frequency converter means operating upon the 
tunable output signal and providing an oscillator output which is 
further tunable to frequencies outside of the predetermined range 

1 0 of the oscillating portion. 
5. The tuner of claim 4 wherein the frequency 

converter means is a programmable counter which is controlled 
by a microprocessor. 

6. The tuner of claim 4 further comprising a phase 
1 S shift means for providing two local oscillator signals which are in 

quadrature phase for frequency conversion of signals in a direct 
conversion tuner. 

7. The tuner of claim 4 wherein the frequency 
converter means is a frequency multiplier. 

2 0 8. A television tuner for tuning channels of RF signals 
through the VHF and UHF bands. said tuner having a local 
oscillator and a mixer for converting said RF source signals to an 
intermediate frequency signal, said local oscillator having only one 
tunable oscillating portion and a frequency converter for 

2 S converting the frequency of the signals generated by said 
oscillating portion, the combination of the single tunable 
oscillating portion and the frequency convener being tunable for 
tuning the television tuner through the UHF, and the upper and 
lower VHF bands. 

3 0 9. The television tuner of claim 8 wherein the 
frequency converter is a frequency divider. 

10. The television tuner of claim 9 wherein the 
frequency divider is a programmable counter. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
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11. A television tuner for tuning channels of RF 
signals through the VHP and UHF bands, said tuner having a 
conversion means for converting the frequency of received RF 

5 signals to an intermediate frequ•ncy, said conversion means 
comprising: 

means for receiving the RP signals, 
means for generating a local oscillator sig11al, and 
means for mixing the local oscillator signal with the RF 

1 0 signals for producing an IF signal. 
said means for generating a local oscillator signal 

comprising an oscillating ponion which is tunable, and a 
frequency converter in cascade with the oscillating portion for 
operating upon the signal generated by the oscillating portion. 

15 12. The television tuner of claim 11 wherein the 
frequency converter is a frequency divider. 

13. The television tuner of claim 12 wherein the 
frequency divider is a programmable counter. 

14. The television tuner of claim 11 wherein the 
2 0 frequency converter is a freque!tcy multiplier. 

15. A television tutter for tuning the television 
spectrum through the VHF and UHF bands, said tuner having a 
mixer for mixing the received RP signals with a local oscillator 
signal far producing an IF sipal, said tuner having only a single 

2 5 local osciUator. 
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