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(54) TunerforR.F.receiver

(57) The output of a doubly-balanced
mixer {210) of atuner of e.g. a television is
terminated by a network {(500) which
exhibits the characteristicimpedance of the
mixer for both the sum and difference
frequency components. The difference
frequency component termination (510}
comprises an inductor (511) and a capacitor
{513) connected as a series-tuned circuit
and a resistive element (515) connected in
series between the output of the mixer and
signal ground. The inductor and capacitor
are selected resonate at afrequency in the
passband of the IF section and the resistive
element s selected to exhibit the
characteristicimpedance of the mixer. The
sum frequency componenttermination
(520) comprises a capacitor (621)and a
resistive element {523) connected in series
between the output of the mixer and signal
ground. The capacitor is selected to exhibit
negligible impedance just below the lowest
frequency of the sum frequency
component and the resistive elementis
selected to exhibit the characteristic
impedance of the mixer.
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SPECIFICATION
Tuner forareceiver

The present invention relatesto atunerfora
receiver and concerns a termination arrangement for
amixerofthetuner.

Anillustrative example of the invention comprises a
doubly balanced mixer to which referenceis made
herein after by way of example.

Itis desirable to use a doubly-balanced mixerina
television tuner because of its properties of inhibiting
the inputsignals from reaching the output and of
inhibiting the generation of unwanted frequency
components. These properties are due to the balanced
configuration of a doubly-balanced mixer.

When receiving single ended inputsignals (i.e.,
input signals which are referenced to signal ground}), a
balun for converting a single ended signal to a double
ended or differential input signal is provided for each
input signal. The output signal of the mixer is usually
taken from one of the two baluns. ltis desirable to
terminate the output of the mixer with the characteris-
ticimpedance ofthe balun in the frequency range of
the output signal of the mixerto preventimpedance
mismatches which would tend to produce distortion
causing unwanted frequency components. More spe-
cifically, since the output signal of a mixer contains
both sum and difference frequency components, itis
desirable to provide a termination network which
inhibits the characteristicimpedance of the balun for
both the sum and difference frequency components.
Generally, this requires a relatively compiex and
therefore expensive network.

Itis herein recognized thatforusein atunerofa
television receiver, in which the sum and difference
frequency components are very far apartin frequency
and the local oscillator is tuned to provide a difference
frequency component is the same for each channel,
i.e., alwaysinthe nominal IF frequency range, the
termination network for a doubly-balanced mixer can
have a very simple configuration. Specifically, in
accordance with the invention, the termination net-
work simply includes a capacitor and a resistance
element having a value substantially equal to the
characteristicimpedance of the mixer connected in
series between the output of the mixer and signal
ground for the sum frequency component and an
inductor, capacitor and a resistance element havinga
value substantially equal to the characteristic impe-
dance of the mixer connected in series between the
output ofthe mixer and signal ground for the
difference frequency component.

“The invention will be described in greater detail with
reference to the accompanying drawing in which:

FIGURE 1 shows the schematic of a preferred
embodiment of the presentinvention; and

FIGURES 1a and 1b show graphical representations
ofimpedance characteristics useful in understanding
the embodiment shownin FIGURE 1.

In FIGURE 1 there is shown a television tuner for
tuning VHF broadcast and cable chanrelsand UHF
broadcast channels. By way of example, for useinthe
United States, the tuneris capable of tuning channels

forwhich the RF picture carrier and local oscillator
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frequencies are specified in the following table.

BAND RF RANGE (MHz) LO RANGE (MHz)
B1 55.26 — 83.26 101-129
B2 91.25 - 151.26 137-197
B3 157.25 — 265.25 203-311
B4 271.25 — 463.25 317-509
B5 471.25 - 801.25 517-847

ltwill be appreciated that: band B1 corresponds to
channels of the low VHF broadcast band (i.e.,channels
2-6); band B2 correspondsto channelsin alower
portion of the midband cable band; band B3 corres-
pondsto channelsin the remaining portion of the
midband cable band, channels in the high VHF
broadcast band (i.e., channels 7-13) and channels in
the lower portion of the superband cable band; band
B4 correspondsto channels inthe remaining portion
ofthe superband cable band and channelsin the
hyperband cable band; and band B5 corresponds to
channelsinthe UHF broadcast band (i.e., channels
14-69).

The RF signals received at respective VHF and UHF
inputs are coupled to an FR section 100 where the RF
signal corresponding to the selected channel is
selected and coupled to a mixer. A local oscillator
signal having afrequency corresponding to the
selected channel produced by a local oscillator section
300is also coupled to mixer 200. Mixer 200 combines
the selected RF signal and the local oscillator signal to
produce an output signal having sum and difference
frequency components. The output signal of mixer
200is coupledto an IF section 400. The frequency of
the local oscillator signal for each channel is control-
led so that the difference frequency componentis in
the passband of [F section 400 which, for example, in
the United States is approximately between 41 and 46
MHz and has sound and picture carrier frequencies at
41.25 MHz and 45.75 MHz, respectively. The conven-
tional tuning contro! portion of the tuner for controll-
ing the tuning of RF section 100 and local oscillator
section 300 in the various bands is not shown.

Mixer 200 is a doubly-balanced mixer including a
diode bridge 210 as the mixing elementand baluns
220 and 230 for converting the single ended RFand
local oscillator signals to respective pairs of differen-
tial signals for application to respective pairs of
opposite corners of diode ridge 210. Each of baluns
220 and 230 includes two pairs of bifilar wires (221 and
222 and 231 and 232, respectively) wound around a
ferrite core and connected in conventional fashion as
shown to provide a 1/4impedance transformatiion
between the unbalanced {single ended) input and the
balanced {double ended) output. RF section 100is AC
coupledto balun 220 through a capacitor 240. Local
oscillator section 300 is AC coupled to balun 230
through capacitor 250. The output signal of mixer 200
is coupled from balun 230 to IF section 400 through
termination network 500, to be described in greater
detail below.

Bias currentfor diodes 211a and 213a of diode
bridge 2101s provided from a source of positive
voltage +VB through a resistor 215a. The return for
the bias currentis provided by balun 220. Bias current
fordiodes 211b and 213b of diode bridge 210 s
provided through resistor 215b in corresponding
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“-fashion. ithas been found desirableto biasthe di'od,es

inor near saturation for more linear mixer operation. -
DC blocking capacitors 217a and 217b, which have

,n'egligible_impedancein the frequency range of mixer

210, are coupled betweer diodes211aand 213b and

~_ diodes211band213a, respectively, to DCisolate the.
- two biascurrent paths. More specifically, capacitor

' 2t7a prevents the bias current of diodes 211aand 213a

10

fromiinfluencing the bias current of diodes 211b and
213b and also prevenis the| DCvoltage developed at -

o the junction of resistor 215b and diode 213bfrom

o _ being “shorted"” to ground through the relatively low -
‘DCimpedance of winding 222 of balun 220. Capacitor’
217bservesina correspondrng mannerto capacitor

15

217a.DC blocking capacitors 219a and 219b, also with
negligible impedance in the frequency range of mixer
200, prevent the DC voltages atthe junction of diodes

- 217aand 213a and atthejunctlon ofdiodes 211band

20

*213bfrom being “shorted” to ground through the
windings of balun 230.

Foroptimum operatlon ofdoublv-balanced mixer -
200 to provide an output signal substantrallyfree of

- unwanted frequency components, it is desira ble that
* - baluns 220 and 230 be terminated in impedance

25

matching those presented by the balun atitsinputs -

“and outputs. Thus, if baluns 220 and 230 have a given

'characterlstlcrmpedanceforthe unbalanced con-

. . figuration, e. g.,50 ohms, itis desirable that RF section

30

100 and loca! oscillator section 300.connectedto the -
unbalanced inputs of baluns220 and 230, respective-

- ly, exhibit outputimpedances substantially equal to
" the unbalanced characteristicsimpedance, e.g., 50
_ohms, and that diode bridge 210 connected to the

T balanced outputofbalunsZZOand230exh|b|ts an
35
S unbalancedcharactenstrcrmpedance e.g., 200 ohms.

input impedance substantially equal to four times the

Theatter is achievable to a good approximation since.

- ‘atypical diode bridge exhibits an lnput lmpedance of

- .40

approxrmately 200 ohms ‘Forthes samereasonsas
stated above, since the outputof mixer200is™ -~ -

" -unbalanced, rtrsdestrablethatltbetermmatedm an

impedance substantially. equalto the unbalanced

- _ characteristicimpedance of balun 230 throughoutthe
- 'frequency range of the outputsignal of mixer 200 for

boththe sumand drfferencefrequency components

" Thisisthe purpose of termination network 500.

Términationnetwork 500 lncludes a dtfference "

frequencytermlnatlon portion 510, coupled between - -

o _the outputofmixer 200 and lFsectlon_4OQ and asum

50

signal termination portion 520.
_Sincethe difference frequency component ofthe

_- outputsignal of mixer 200isthe sameforeach
--channel,ie., itis alwayswrthrnthe passband of IF

- section400duetothe tuning of local oscillator section
- bb-
B portion 510 S|mply includes a series tuned cireuit; -

300, d|fferencefrequency com ponenttermination

conS|st|ng ofaninductor 51% andacapacitor513-

o ~ resonant at a frequency substantially equal to the

60

_center frequency, e.g., 44 MHz, of the passband of IF '
‘section 400, and aresistor 515 having aresistance
"(RO) substantially equal to the.unbalanced character- -

* isticimpedance of balun 230 connected in series
-~ between the output of mixer 200 and signal ground.
The input of IF section 400 is connected to the junction

65 ofthetuned crrcurtand resrstor 515 Thls arrangement 130

» exhlblts the lmpedance characterrstrcshown in: Fl-

GURE 1a. Itis noted that resistor 515 may comprise the e

mput impedance of IF section 400; The series tuned .

- circuitnot only establishes (togetherwith resistor 51 5)

70

the desired termination for the difference’ frequency

. component butalso preventsthesum and other -

75

unwanted frequency com ponents from reach ing IF )

_section 400.

Sincethe lowest sum frequency componentofthe
output signal mixer200is approximately 155 lVle 18 e
thesum ofthe frequency of the lowest sideband .

-component of the RF picturecarrierand the frequency

- ofthe localoscrllatormgnalforchannel2 andthatis .
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) morethan 99 MHz from the hlghestsrdeband compo- :

nentofthelF picture carrier, sum frequency compo—
nenttermmatlon pomon 520 simplyincludesa
capacitor521 and a resistor 523 havinga. tesutance

?(RO)substantlallyequaltotheunbalanced character-’

" isticimpedance of balun 230 connected in'series-

85

between the output of mixer 200 and signal ground

" Capacitor 521 is selected to isolate resistance 523 from f';
- difference frequency componenttermination portion. -

’ 510forfrequencresbelowthelowestsumfrequency '

90

andto havemsrgnrfrcantrmpedance atfrequencies - o

abovethe lowestsumfrequency soasto prov;de the
impedanice characteristic shown in FIGURE 1b: . -
- ltwill be apprecnatedthatmodrﬁcatlons can be’ A
madetothe preferred embodiment. For example,the

" orderof resistor 521 and capacitor 523.in.sum

95

frequency componenttermination portion 520 may be

'f;lnterchanged Furthermore, lfthemputlmpedance of

100

o in- dlfferencefrequency componenttermination por-

IF section400is very high, the input of IF section 400
may be directly coupled to the output of mixer200- .

instead of the junction of the tuned ctrcurtandresrstor - '}

515ofdrfferencefrequencycomponenttermmatlon -
portion510. lnthelattercasetheorderoftheelements

** tion 510 is notimportant, however, thefiltermg

105

‘provided by the tuned circuitin the confrguratlon .

shown no longerexists. Furthermore, ifthe use ofa.

- srngle resrstlve termination element is desrred resis- .
" tor523'maybe ehmlnated and capamtor 521 maythen

110 7
: ofthepresentlnventlondefmedbythefollowmg L

’ 'iCLAlMS

115 °

- 120°
' selected channel;

125

* said mixermeans and. havrng a predetermmed B

be connected in parallel with the series connectior of
inductor511and capacitor 513.These and other~ L
modifications are contemplatedto be within the scope

claims. -

Atunerfora receiver comprrsmg
an mput for receiving RF srgnals correspondrng to
various channels;-

RF means for selectmg the Rangnal correspondmg

toaselected channel;

local oscillator means for generatmg a Iocal oscﬂla-

tor signal having a frequency correspondmg to the

mixer meanstorcomblmng sald selected RFsrgnal

fand saidlocal oscillator srgnal to produce an ou_tput
sngnal atan output having? sum and drtference e

frequencycomponents, )
IF means having aninput. coupled to the outputof

passband; .
said local osmllator srgnal bemg controlled so that S
said dlfferencefrequency componentis withinsaid - L
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passband;

sum fequency component termination means cou-
pfedte said output of said mixer means for terminat-
ing said output of said mixer substantially inits
characteristic impedance including a capacitorand a
resistance element connected in series between said
output of said mixer and a point of reference potentiai,
said resistance element having a resistance value
substantially equal to that of said characteristic
impedance of said mixer, said capacitance having a
value such thatit has a negligible impedance in the
frequency range between the highest frequency of
said difference frequency componentand the lowest
frequency of said sum frequency component; and

difference frequency component termination
means forterminating said output of said mixer
substantially in its characteristicimpedance including
aninductor and a capacitor and a resistance element
coupled in series between said output of said mixer
and said point of reference potential, said resistance

- element having a resistance value substantially equal
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to that of said characteristicimpedance of said mixer,
said inductor, capacitor and resistance element
formed atuned circuit having aresonance ata
frequency within said passband of said IF means.

2. Thetunerrecitedin Claim 1, wherein:

said RF means, said local oscillator means and said
IF means are adapted for tuning television signals.

3. ThetunerrecitedinClaim 1

said inductorand said capacitor of said difference
frequency component terminating means are con-
nected in series between said output of said mixer
means and said input of said IF means.

4. Thetunerrecitedinclaim 1,2 or 3wherein:

said capacitor of said sum frequency component
terminating means has a value such that it has
negligible impedance just below the lowest frequency
of said sum frequency component.

5. Thetunerrecited in any impeding claim, where-
inthe said resistance elementis common to both the
sum and difference frequency component termination
means.

6. Thetunerrecitedin Claim 3, wherein:

said resistance element of said difference frequency
componentterminating means comprises the input
impedance of said IF means.

7. Thetunerrecitedin any preceding claim,
wherein:

said mixeris a doubly-balanced mixer.

8. Atunerforareceiver substantially as hereinbe-
fore described with reference to Figure 1.
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