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stage is mixed with a local oscillsator (LO) signal generated by a

local oscillator to produce an intermediate (IF) signal.

An excellent description of various types of mixers,
20 their operation and their relative advantages and disadvantages is

provided in Introduction to Radio F en esign, by W.H.

Hayward, published by Prentice Hall, copyright 1982, pages 232-

245. :

Some mixers utilize an active device, such as a
25  ansistor configured as an amplifier, while others utilize a passive _
- device, such as diode. Passive mixers have an advantage over b
active mixers in that active mixers tend to amplify unwanted
mixing products, making it more difficult to remove them. The
mixing devices of mixers may be operated in a "square law" mode
30 or in a “"switching” mode. Switching mode mixers tend to generate
fewer unwanted products than square law mixers. Of the
switching mode mixers, so called "balanced” mixers provide
unique advantages, among them being the elimination of at least

one of the two input signals at the other iriput and at the output of
35
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These Indianapolis, Indiana, USA, in 1985, employs a doubly-balanced

mixer similar to the one disclosed in the Price patent. These

20 doubly- balanced mixers include two pair of mixing diodes

arranged in a bridge configuration and two baluns for coupling

respective ones of the LO and RF signals to the mixing diodes in a

balanced impedance configuration. Each pair of diodes are biased

by a current source network including a voltage supply and a
| 25 resistor coupled between the voltage supply and the junction of
e the two diodes.

The present invention is based in part on the

30 recognization that in order for the advantages of balanced mixers

to be reliably produced, the bias for the mixing devices, e.g.,
~ diodes, of balanced mixers should be more stringently controlled

than in the prior art. More specifically, the present inventor has
recognized that rather than biasing the diodes from a current

35 source, the diodes of a balanced mixer should be biased from a
voltage source having a relatively low value source impedance.
The present invention is also based in part in the recognition of
the manner in which a voltage source biasing network for a
balanced mixer can be simply and inexpensively provided. These
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RCA 85, 468 and ot her aspects of the invention

bel ow in detail with reference to the acconpaying Draw ng.
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the schematicic representations of Figures 1, 2 and 3 are arranged
in the same manner so that similarities and differences between
the various embodiments may be readily discerned.

Detailed Description of the Various Embodi

The tuners shown in Figures 1, 2 and 3 are useful in
both television and radio receivers. However, by way of example,
the tuners will be described with respect to the television
environment.

As shown in Figures 1, 2 and 3, a radio frequency (RF)
signal supplied by an antenna or other RF television signal source,
such as a cable distribution system, is coupled by way of an RF

| input terminal 10 to a tunable RF amplifier 12. A tunable local

35

40

oscillator 14 generates a local oscillator (LO) signal. The amplified
RF signal and the LO signal are coupled to a balanced mixer 16
which combines (heterodynes) these two signals to produce an
intermediate frequency (IF) signal. Desirably, the IF signal
produced by mixer 16 is filtered by an IF "pre-filter" 18 before
being coupled to the IF section of the television receiver by way
of IF output terminal 20. Pre-filter 18 is designed to be more
selective than the conventional IF filters utilized in the IF section
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terminal 28 of balun 22, at the junction of lar windings 221
20 and 227, and a second input terminal 30, at the junction of bifilar
windings 223 and 224, is connected to ground. The amplified RF
signal is coupled through a capacitor 13 to a terminal 32 at the
junction of bifilar windings 227 and 223. A "center” terminal 32,
at the junction of bifilar windings 223 and 224, is connected to
25 ground. Diodes 24 and 26 are connected in series, poled in the
S  same sense, between a first output terminal 34, at one end of
winding 221, and a second output terminal 36, at one end of
winding 224. An IF signal is produced at the junction of diodes 24
and 26 and is coupled through a capacitor 38 to IF pre-filter 18.
30 The tuner described so far with respect to Figure 1
(without a biasing network 40 to be described below) is similar to
the tuner disclosed in us-a-5,034,994
and to the TCCR and TCHR type tuners employed in RCA brand
o color televison receivers including CTC 156 and CTC 157 chassis,
35 documented in "RCA/GE Color Service Data - CTC 156/157"
published by Thomson Consumer Electronics, Inc., Indianapolis,
Indiana, USA. -
As earlier indicated, the present invention is
particularly concerned with biasing networks for balanced mixers.
40 Biasing network 40 for singly-balanced mixer 16 shown in Figure
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USA. As earlier indicated, the present invention is particularly concerned
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wo m xer re anced, m in Figure as two
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"a" ah@ "mixesci6Seshawnnin Figure -2 vidhhed dsmbgdursncwlvr biasieg 16"
SpeC|f|cal,{awoqlgybbgedoqham@q% Rixers ated"GigfiRg. 2 20 first balun 22'

havi ng the sane con 0 bal.un 22 used I n i | agnced m xer 16
shown in Figure 1. I-b&k!é&h E‘J\cﬁﬂ prixer s16]s éﬁof‘ﬂ‘ dﬁuﬁﬁgﬁ%é &aﬁgp{éoended RF
314 gnaI%bi rpiencbfoimixingl @icdesaind it dimpedaincei xrangfosmation24a, ZSa and _,
| | wuUdes a
second balr&ﬁ%&ﬁg dch‘;iyﬁﬂaagﬁeﬁ@po\&% failhl g&“\ﬂ%’e‘%‘i&fawﬁz@ d 483,
484, WAi crshiown siad Ftlgumlzolgmemllx mjwdertueqlemmsguwd tio singly-of mi xi ng
di odes 24g,4 éﬂ“%?ﬁi‘ 36§hbﬁmalﬁaf~'giﬁ€dl' fi .]eanwigwms' Qﬂm e/he LO
signal is ceﬁ ed |r§t 1N m nal un t Lh"e j unction
of bifilarf® fﬁ&Fﬁg F@?‘r‘f 13 l[%?er]"‘ ditignal SIMH?puta“ erBinal 52, at
the junct ikeeaake bof i ther doubly-tadaridedl configuration of mixer 16".
Specifically, doubly-balanced mixer 16" includes a
20 first balun 22' having the same configuration as balun 22 used in
singly-balanced mixer 16 shown in Figure 1. However, balun 22'
is used to couple the single-ended RF signal, instead of the LO
signal, to pairs of mixing diodes 24a, 26a and 24b, 26b in balanced
impedance configuration. Mixer 16" also includes a second balun
25 48, having pairs of bifilar windings 481, 482 and 483, 484, which

is used to couple the single-ended LO signal to pairs of mixing -

diodes 24a,26a and 24b, 26b in a balanced impedance
configuration. The LO signal is coupled to a first input terminal 50
of balun 48, at the junction of bifilar windings 48] and 482, and a
30 second input terminal 52, at the junction of bifilar windings 483
and 484, is connected to ground. A first output terminal 54 is
~ coupled to the junction of diodes 24b and 26b through a DC
blocking capacitor 56b, having neglible impedance in the
frequency range of interest of mixer 16", and a second output
35 terminal 58 is coupled to the junction of diodes 24a and 26a
through a DC blocking capacitor 56a. An IF signal is is produced at
a "center" terminal 60, at the junction of bifilar windings 482 and
483, and is coupled to pre-filter 18. Due to the presence of DC
blocking capacitors 56a and 56b, capacitor 38 may be eliminated
40 if desired.
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and 484, is connected to ground. A first output termnal 54 is coupled to
the junction of diodes 24b and 26b through a DC bl ocki ng capacitor 56b,
havi ng negli bl e i npedance in the frequency range of interest of mxer 16",
and a second output 3 5 termnal 58 is cogpl ed to the junctign of diodes
24a and 26a through a DC bl'otking capacitoP-56a. An~IF signal RGAj 85,468
prgdzggd at da_ "Centelrv(ljitﬂtirmdﬁféxfcé %ioﬁt clwiérﬁalsiﬂgt:tne?ﬁmﬁrk@ f40haanafeM J[ﬂ)%b,ngs 482
an , and i;s cpupl e re- r .18, 0.the presenc

bl ocking caffadie ghsCusied. hela, the . Basie; spnbigurayoncof| dalyroslaneed ¢

desi r ed. mifer 16" shown in FigurRC2 BS sififlayV toh theéedenblypbalanced bi asi ng
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doubl y- Bal aNEEHOGT xiyipes hengrsi empleyed in ghe (REAphraadpnamer caler t hat used
Teceivers |y gfor USRENAS TNl ating " CIE T30, Shats, A ORueeed (8 SV i on
Basi ¢ Servi ﬂgbga@q@ﬁ%%l%@s@r §é§‘°, SgrHce &y@&%‘?’ﬂ?ﬁ"at i on,

lPdi agapgl :publlisdhﬁdamy ml :e?rpmaﬁmptlmﬂanipélli\g Md amlal on and advant agfes
of 1 al anced m xeRs L] J. 1 at u ndi ng .0 e reagons for
the need for and the %arbf}e(gupgggﬂéhhéﬁgﬁt %Foﬁﬂgﬁ%&hsqmg qﬁ%’%‘fg@ and
40' of 1€ ngbalanetdinmixiersi weilk fagilitate 161 undepstanding yofs thenréasofisgfores 1
and 3 and hjasi n a = G ' Wn in
Figure 2. liﬂ " ForUnle, efE" Raaft?/c '{iggt%neﬁg#ﬁg%sqb ?fﬁwﬁgf'g]nég%v?n xer is

A pri L
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oyt put t er nglivavn dimd Rigerdsk1i andt 3 t sidibiasin@U aetwoikie 40anand! 40b o6f of the
two?l ocal o c‘i@!ygéﬁr S|(ﬂnal. conmponent s vel opged across the bal anced hal ves

of the out AR MR SNPN . H18YFSt By nmti on network. In a
doubl ylBal anced ni xerA peimarnbfeature 6f can dingly-balanved. Mixer #8Ftheé gnal are

{rom the’ LO R RERiion fof ontliBliohf 0B the LOESYAAICR: (h8THE) °0 ("
cont ri but i cHpRt cerminalrand ghe REr inputr terminal eduer tenithe eancedlatione O
I nput ter mgpRkhe HWEVIRcal (RN Sfgnal Aothp¥nOids2BEGEldped across the
balanced halves of the output side of the impedance
20 transformation network. In a doubly-balanced mixer,
contributions from both of the LO and RF signal are virtually
eliminated at the IF output terminal. In addition, contributions
from the LO signal is virtually eliminated at the RF input terminal
and contributions from the RF signal are virtually eliminated at
25 the LO input terminal. However, the cost of a doubly-balanced is
N greater than that of a singly-balanced mixer due to the relatively
greater number of parts. '
Typically, the diodes of balanced mixers are operated
as switches which have their conduction states controlled in
30 response to the LO signal. In the exemplary embodiment shown
in Figure 1, 2 and 3, the mixing diodes desirably are Schottky
diodes, such as the HSM 88S available from Hitachi Corporation of
Japan, exhibiting a much more abrubt transistion between a
relatively "non-conducting” region and a relatively "conducting”
35 region than a diode exhibiting a "square law" characteristic. The
voltage versus current transfer characteristic of the HSM 88S
diode is shown in Figure 4. _
A square law mixer depends on the square law
characteristics of the mixing devices (i.e., either diodes or
40 transistors) to multiply the two input signals together. In a sense,




greater than that of a singly-balanced m xer due to the relatively greater
nunber of parts. Typically, the diodes of balanced m xers are operated as
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J tHBught that the amplitude of the LO signal is not critical and that
20 a bias supply for the diodes is not necessary as long the amplitude
of the LO signal is high enough to cause the diodes to switch
between the non-conducting and conducting states reliably.
However, it may not be possible to readily maintain the amplitude
of the LO signal at a sufficiently high level throughout a relatively
25 large frequency range such as that of the VHF and UHF bands. In
that case, it has been found desirable to bias the diodes at or near ~7
the transition point between the non-conducting and conducting
regions of the current versus voltage transfer characteristic for
the diodes in order to more reliably cause the diodes to switch
30 between the two states.
In the Price arrangement, a bias current is provided
for each pair of similarly poled diodes by connecting a respective
resistor (13 kohms in the case of the CTC 133 chassis) between a
source of supply voltage (+ 18 volts in the case of the CTC 133
35 chassis) and the anode of the first diode of the pair of similarly
poled diodes. Two DC isolation capacitors, having negligible
impedance in the frequency range of interest for the mixer, are
utilized to separate the two bias current paths. The returns to
ground for the bias currents are provided through windings of the
40 RF input balun. The relatively high value resistors not only



of the LO signal is high enough to cause the diodes to switch between the
non- conducti ng and conducting. states reliably. However, it may not be
possible to readily maintain the anplitude of the LO signal at a
sufficiently high level throughout a relatiyvely 25 |arge frequency range
such as that of the VHF and-UHF bands. In that case; it has beREA Bhdo

desirabl e t qyrgivide tthe Hiadefirht' biealsd ffrevémthd IRF #0d "LOPRigRAS the
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bi as current {;S V} . Ls f agh Nl ar '
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separat e t hectopdi ga&oc ¢ epies8t Navention’ awrsigniﬁcﬂnw ndifféxent hgndi as
currents are rgul E’glthrouap .ndi ngs L t he 4nt RE in ut.balﬁjer}. The
relatively TG CFEF 2sps P8 é‘:lﬁﬂfyoﬂf& ¢ cugent source Diasing

85, 468 bOoviafePrice bs awilt be explainedtbelosa prevent the RF and LO signals

from bei ng attenuat ed'T%éjﬁf"ggéﬁ‘g?@ﬁi‘“g‘;“-C‘Qmaéé‘fgﬁgio?h‘t‘ k et ed t hat
ilesih

resistors 42a and, 42b ¢ source o y voltage +[err] and
the associ atreeognition (dat while;thes Pricen anixer, appangements perfonms pr esent

appli cati on s¥equatdly Cwhes fifé lamplifieoot the 1O §ighul faamhiben as
corf espondi E&a'el gma ts sgownal n er#ﬁc'ur e, leéf the Price L{)at ent. However,
ot her aspect@aiftained \Jvithin, a .predelermined, £anes; nthe: FUTFRNL SOUIEE | nvention
2L frz Intghg]:) Lﬁbmlhug dﬁaﬁlﬁgeﬂmntaiwlmteo?tig@lﬁdsuiteqa toekhe Cs'iaxutii/mm(‘j ihheOW e
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m xer arr anghersireqpendyo rapgedelyintesest, specially anpthet MHFoand WeHIO si gnal
by asi ng. o 1 SASSE did Srotn® iieE 85 i T MIQRD SpcciRoally, T predbhe 1 ©
invention is based in part on the recognition and tl?at a voitage
20 source biasing arrangement should be used instead of a current
source biasing network. The present invention is also based in
part to the manner in which a voltage source biasing arrangement
may be provided in an extremely simple manner requiring only
the addition of a single resistor.
25 In the Price arrangement, for each of a pair of mixing
N diodes (24a, 26b and 24b,26a), a voltage due to the rectification
of the LO signal by the diodes may be developed across a
respective DC isolation capacitor (44a and 44b, respectively),
especially at high amplitudes of the LO signal. This is so because
30 the DC impedance presented at the junction of the resistor and
~ the DC isolstion capacitor is relatively high. The rectified voltage
will vary as the amplitude of the LO signal varies. The variation
may be very significant over the frequency range of interest and
from tuner to tuner. As a result, the bias point for the diodes may
35 vary significantly, and together with the variation of the
amplitude of the LO signal itself, may cause unreliable diode
switching action and less than optimum mixer performance.
In comparison to the source impedance of a current
source, a voltage source presents a relatively low impedance.
40 Accordingly, load variations will not significantly affect the




whi ch the anplitude of the LO signal may vary significantly over the
frequency range of interest, especially in the VHF and UHF bands, and from
tuner to tuner. More specificdlly, the present invention is based in part
on the recognition and that a voltage 20 source biasing arrangenent should
be used instead of a current source biasi%hg network. The preREA 85468t i on
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1, the 1s throug wmdmgs 221, 222 and 2%, of balun 22. In singly-
20 Dbalanced mixer shown in Figure 1, capacitor 44 is used to by-pass
resistor 46. In comparison, the topicologically corresponding
capacitor of the Price biasing network is used for DC isolation.
Corresponding clements of biasing networks 40a and 40b of the
doubly-balanced mixer shown in Figure 2 are arrange in similar
25 voltage divider configurations. Desirably, the voltage division
ratio is selected to provide a bias voltage for each diode which is ~
slightly less than the conduction voltage. By way of example, with
respect to the the transfer characteristic of Hitachi HSM 88S
Schottky diode shown in Figure 4, the voltage division ratio is
30 selected to provide a total bias voltage of 0.445 volts, or 0.225
volts per diode, which is slightly less than the conduction voltage
of 0.3 volts.
The Thevenin equivalent circuit of the voltage divider
biasing networks of the mixers shown in Figures 1 and 2 is a
35 voltage source (called a Thevenin voltage source) providing a
voltage which is determined by the voltage divider ratio in series
with a resistor (called the Thevenin source resistor) which is
determined by the parallel combination of the two resistors. Since
resistors 46, 46a and 46b of the voltage source biasing networks
40 40, 40a and 40, respectively, shown in Figures 1 and 2 have a




connection of relatively | ow val ue val ue resistor 46 across capaci tor 44
converts a relatively high i npedance current source:biasing network as
disclosed in the Price patent to a relatively |ow i npedance vol tage source
bi asing network. Specifically, relatively 1 5 high value registo 4% and
relatively | ow val ue resistor 46 conprise'bOVOItage_divider féﬁﬁﬁréﬁﬁ Sng
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vol tage division ratio 1s selected to prfovide a.bias volfage,fo ach di ode
which is s|dlgnfqr§ aees Shrowugh ¢ bifilap wirdings of balyas. Byfﬁhf%&flyeié le, with
respect 1o jpfjpedange! t@?baﬁdcisapewi@easwim qéspédtaghithéIRF8afd SEQot t ky
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provi de a {53808 1S “"vf’)l'f‘"szl b oSy @Vgl t'gl, eg : rta§1 S'er di ode,
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20 configuration. The specific resistance values of resistors 42 and
62 may also be selected to be somewhat unequal to compensate
for slight imbalances of balun 22 itself.
By way of example, the following table indicates
component values suitable for voltage source biasing network 40

25 when employed in the singly-balanced mixer of the TCCR tuner

U used in RCA brand name color television receivers including CTC
156 chassis referred to above. . _
COMPONENT - VAL
. Ve 17 volts
30 R42. : 1500 ohms
R46 . 56 ohms
R62 o 1200 ohms

C44 - : 1000
35 picofarads -
Tests indicate that the addition of voltage source
biasing network 40 significantly improves the peformance of the
TCCR tuner in several respects. With respect ot the VHF band,
voltage source biasing network 40 permitted a reduction of the
40 local oscillator drive voltage in the order of 7 to 10 db. This



However, because the DC return paths to ground for the voltage dividers are
through bifilar w ndings -of baluns, a relatively high inpedance to ground
is provided with respect to the RF and LO signals. As a result, the

bal anced inpedance configuration 1 0 provided by the baluns is not

di st urbed. It is signifi cant to note thatlthe ground isol atiREA rB;ﬁa,éé&ce
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bet weehh oimterferenced nAs 36 resultgcomplex and teostly cirauritxy otherwisa! anced

| rrpedance n t T CI . st istors
42 and 62 %er&?sgdrggﬁgel %Q?O%c nzgﬁsomew éd negua l@r@?énﬁ%a?g f or
slight inpg ubammslmntt@wf a wllanme bf nlecal osei lnm owi ng
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1

network4 V\,hene | oyed i,n the baIan e TCCR tuner
used in ‘Eﬁ%fn&oﬂé %I gp the éPF%f(ﬂf%F &W&!F{R!'F ews for chassis

ref err@d aofwdther reddtibn Vof its compexity and cost Similar Benefitst ¢ar0

Egz ohis RE’E expected with respect to the w&mﬂm caa

1000 35 pi cof ar ads Staglysbalasicedt mixemt16'hshowni in Figute vd| hagya sour ce
bi asi ng n%wagb ﬁ@ufdégrlh&#iﬁ Mnietwol" 2030 ﬁgﬁ%ﬁ@é UMERTC 10" voltggd COR tuner

in several spe age sourte. bi asi ng™
net wor k 460% 'E%BBa“P ﬁ? 0&54 b shewn,d Bl 1gurss 4rand volt age

in thes Oraerbulf is/ diffei:éhtdhl tlibl ﬁnanner linl which the DC returii46 $Poudrid
advant ageousp%“&eél ¢ Scatur}.ee ot "the 1mqpe anrcr:%mtransformer utﬁxzed for
coupling the LO and RF signals to mixing diodes 24 and 26. In
comparison to singly-balanced mixer 16 shown in Figure 1, singly-
balanced mixer 16' utilizes a RF transformer 64 instead of a balun.
20 Specifically, the LO signal generated by local oscillator 14 is
coupled across a primary winding 641 of transformer 64 by
means of the connection of the output of local oscillator 14 to a
first input terminal 66 and the connection of a second input
terminal 68 to ground. The the amplified RF signal produced by
25 RF amplifier 12 is coupled to a center tap terminal 74 of a

secondary winding 642 of transformer 64. Mixing diodes 24 and ~

26 are connected in series across secondary winding 64b through
output terminals 70 and 72.
As carlier explained, in mixer 16 shown in Figure 1, a
30 DC return to ground for voltage biasing source 40 consistent with
a balanced impedance configuration for the RF and LO signals is
advantageously provided by virtue of the connection of windings
221, 222 and 223 of balun 22 to ground through terminal 30. In
comparison, the balanced impedance configuration of secondary
35 winding 642 of transformer 64 of mixer 16’ shown in Figure 2 is
disturbed if secondary winding 642 is directly connected to
ground to provide a DC return path for voltage biasing source 40'.
To provide for a DC return path for voltage source
biasing network 40' while also maintaining a balanced
40 configuration, a single relatively high value resistor

v



oscillator and therefore allows the local oscillator to be | ess conplex and
costly. It also reduces the | eakage of ‘the:local oscillator signal to the
RF i nput and therefore the potential for 5 interference. As a result
conplex and costly circuitry otherwi se required for this purpose can be
elimnated. The inprovenent of perfornmanceliZs consistent over RCAeB4i1468&| y
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78.

For the same bias voltage provided by biasing network
40 of singly-balanced mixer 16 shown in Figure 1, assuming
. 25 resistors 42 of biasing networks 40 and 40' have the same
~/ resistance value, resistors 76 and 78 should each have a
resistance value substantially equal to one-half the resistance
value of resistor 42. If secondary winding 64b is balanced with
respect to center tap terminal 74, resistors 76 and 78 should both

30 have the same nominal resistance value to maintain the balanced
impedance configuration. If secondary winding 64b is slightly
imbalanced, the resistance values of resistors 42 and 62 may be
selected to be somewhat unequal to compensate the imbalance of
secondary winding 64b. '

35 The voltage source provides a relatively low value bias
voltage and a relatively low value source resistor by virtue of
relatively low value source resistor 46. The relatively low value
bias voltage is suitable for biasing diodes 24 and 26 slightly below
the conduction voltage. The relatively low value source resistor

40 ensures that the bias voltage developed across by-pass capacitor



-12- RCA 85,468 (corresponding to resistor 42 utilized in
vol t age source biasing network 40 shown in Figures 1) is replaced by two
relatively high value resistors 76 and 78 of substanstially the sane val ue.
Resistor 76 is connected in the sanme circuit location as resistor 42 5 of
bi asing network 40 shown in Figure 1 and-}3sistor 78 is connB&GAd85468a
bal anci ng 4@'@{31 HoL b hfﬁéaﬁm 'dangbd b URCPedticit ofuRy L0 0und.

Resi stor 46 a co ctedint sane nner. as I n vol tage
di vi der | AGIER) ﬁmiegu% 67 stipweves, a% eartier Motedvitly ol tage

di vi dgrdbM'eS’pédtUﬁ:jlh@ RF gﬁ& LO sipias;! the viotta eﬁblilféal it Qicgaﬁﬂzznd 5826 _
provi de secon ndi n VO e _far e an is.
fevel oped o Louid with; @e%ceﬁphkp"w@cﬁﬁ Stgsifdn’ 3balgosd “\ne

equi va$ entimpedance obnfllgaranbnaby wirtueleof i resistop| 78ge source conprising a
1 5 Thevenin vol tage source supplying a voltage which is determ ned by the -
vol tage divi sion between resistor 46 and the series conbi nation of
resistors 76 annd 78 and a Thevenin source resistor which is determ ned by
the parallel comnation of resistor 46 and the the series conbination of
resistors 76 and 78. The 20 voltage source is isolated fromground wth
respect to RF and LO signals in a bal anced i npedance configuration by
virtue of resistor 78. For the sanme bias voltage provided by biasing
networ k 40 of singly-balanced m xer 16 shown in Figure 1, assum ng 25
resistors 42 of biasing networks 40 and 40" have the sanme resistance val ue,
resistors 76 and 78 should each have a resistance val ue substantially equal
to one-half the resistance value of resistor 42. If secondary w ndi ng 64b
is balanced with respect to center tap termnal 74, resistors 76 and 78
shoul d both 3 0 have the sane nom nal resistance value to maintain the

bal anced i npedance configuration. If secondary winding 64b is slightly

i mbal anced, the resistance val ues of resistors 42 and 62 nmay be selected to
be somewhat unequal to conpensate the inbal ance of secondary w ndi ng 64b.
35 The vol tage source provides a relatively | ow val ue bias



voltage and a relatively | ow val ue source resistor by virtue of relatively
| ow val ue source resistor 46. The rel aj pvely low val ue bi aspeq| t#figeRs
suitable for biasing diodes 24 and 26 slightly ‘bel ow the co ton-

voltage. The relatively |ow value source resistor 40 ensure | as o
vol t age Md across by-pass capacitor -13- ﬂm wm "Cmm
85, 468 4 ot be significan.tli/ changed by the rectificatkone Ol v
signal by di odes 24l.anin2%.tunendaclyding means cfornsupplying tt respect to the

RF ard L : i t OMiE Embsns agisbld, ] d wth respect

to RF angaﬁyg?giu? éﬁé@)bg@%e@% biﬁné,e ance, ¢ | a%r&t’glon by virtue of
iresistor osgillator (LO) signal, a mixer for combiging, sai I@% i' In a tuner

i ncl ugi ngsigRARS td Oprodie! MnhinRridiste’ HRYguency (lﬂl?) stgr@dain and neans for
suppl yi n?ﬁﬂa | ocal oscillator (LO signal, a m xer for conbining said RF and
vLO 5 si grIT8PT1B8oduce an internediate frequency (1F) signal in
conprising: at |easat dedstratfipsti pairf ofinunitdirectionablcondudtioni on devi ces
connect edyJ ri I Y &Jlﬁ%i?& | rection. A Jtance el enent,
havi ng negﬁl‘)i?%l Ideo iﬁiﬂ'farrggdg%ééeyi n-the regiuetﬁgyéér}g% glr(g)%qgg’l d RF and LO

si gnal's, connected 3 rcapacit@acei elementy hayings negligible on of said uni-

di regpi onplpedaneecin he MREGEATCy IriRES VI Said RIS Taid MO NighkRNS i ncl uding at
| east first and cond .w ndi.pgs for coupli e qne of 1 5 said RF

€ ng at | east
and LO sicpmmested: ins series Jvith, said éSﬁﬁ%c‘E‘?‘H%cé'lo"séﬁ dS¥i Y87 ect i onal
conduct i alirestionsls conduction adevdces;ance el enent in a bal anced i npedance

connect ed bet ween J0ueties drpsfoRatRI mBaht | BelbdRE BT OCrTon
between deast fizst andcsecond iwindings fon coupling ast legstiongoefucti on devi ces
15 said RF and LO signals across said series connection of said
uni-directional conduction devices and said capacitance
element in a balanced impedance configuration;
a source of supply voltage;
a first resistance element connected between
20 said source of supply voltage and the junction between said
series connection of said uni-directional conduction devices
and said capacitance element;
a second resistance element connected across
said capacitance element;
25 a point of reference potential; and
connection means for connecting said point of
reference potential to said second resistance element
through at least one of said windings so that said first and
~ second resistors form a voltage divider between said source
30 of supply voltage and said reference potential for providing
a bias voltage for said first and second uni-directional
conduction devices, the Thevenin equivalent circuit of said
voltage divider being a. voltage source having a relatively
low source impedance.

35



and said capacitance el enent; a second resistance el ement connected across
sai d capacitance el enent;- 25 a point of refere PQlcertd a
and connection nmeans for connecting sailé poi nt of reference%@ﬁeﬁsi’éﬁgto
sai d second resistance el enment through at Ieast one of said wi ndings so
that said first and,secgnd . .resistors for oieta e _divider between said
source 3 0 of suppl% %d unet, §© %‘5?‘& e ?lé'h H’glegﬁlf‘i'al for providing a
bi as vol tage for sasdld | impedante ctransfarmation emeansalcomprises i on devi ces,

the Thevepi Baﬁl u'ﬁ(améh Ciarlﬁ “ﬁ}stosnaakéi:dﬂa W‘ﬂlﬂ%% zﬂ@rﬁ?n'ag a. vol tage

source hayvi ng rela

RCA 85, 468 2blfllﬂé fﬁh&n rand tféﬂthq{ m@nﬁ#a thmbrm fowsthy i npedance

W e S ihGmgt el A bififert thiiva, saigh e, secenlt uied oSNNI O

wi ndi ngs ar und 1n bjfil fashi on an rther |ncludes th
5  wi ndi ﬂ@& Wr\“&!'\‘&sl iF‘ﬂ&s#{Poﬁongﬁq"Gﬂf iR s¥€MN&Sacond third ahd folrth *

wi ndi ngs being are gaihaetied connection; of 2éxids ani-<irectivmatt i on of said

uni -directio conduction _devic and ta | ement being

connect edcgﬁ B%téogaaﬁv"fgﬁi égsc%ﬁz(ﬁ‘ﬁp&ﬁﬁgp‘d’%aﬁ?@?@@t 3’?&5 connecti on of

said fi rsconmmoddactds'srslaldn' defiesr connectibmpf csaldseaemelsm un; and said

Conn‘i@m@oﬁ'ﬁ@&?o Bﬁfsﬁﬁt @&?& Qﬁiraeil‘i\? difi sbgfween two of
sal d sal

said w ndin un and sar d poi nt erefice potential. 1 5
3. The tufRid badure@nd, C aim 2, wherein: said mxer |s a singl y-bal anced

m xer; said capacit gajde di‘irﬂi&ﬁbni snmwmphses S@igbriniectiony ndi ng; and 20

a third rss'stance.el e{!re en o sal nsa rsgix mati ng the val ue
of said fPrEYeshd JpaKHQ te g
~ balun and said point of said reference potentxal. ~
15
3. The tuner recited in Claim 2, wherein:
said mixer is a singly-balanced mixer;
said capacitance element is connected to said
first winding; and '
20 a third resistance element, having a value at
least approximating the value of said first resistance
element, is coupled between the junction of said series
connection of said uni-directional conducting devices and
said fourth winding and said point of reference potential.
25
4. The tuner recited in Claim 2, wherein: ..V
said LO signal is coupled to said balun.
. 5. The tuner recited in Claim 2, wherein:
30 said RF signal is coupled to said balun.

6. The tuner recited in Claim 1, wherein:
said first and second windings comprise the
primary and secondary windings of a transformer;



el enent ,

is coupled between the junction of said series connection of said

uni di rectional conducting devices and f@ldf ourth w ndi ng aﬁ@&aggi‘tggi nt of
re ’

reference potential. 25 4. The tuner
signal is coupled to said balun. 5. The tuner recited in G-am2—wherern:

30

ited in daim2, wheréin:"’sard LO

Cect ted | Gl SEPIMNERS o saia 1115t and second wi nai nos| NN "
* C L M s *

primary and secondasaidwseries gsonfectian afs8aidrauni-direatsonal

RCA85, 408, (dih{Bd

&QQ j Uﬁm i i n kAP Kdingai d uni -directional
conducti on devices an I:J;ssgi_ czs?égi ?i%%‘g&éﬁgngﬁﬁ g?n%&c‘:‘ nnect ed across said
: secondar yconnegted; agrosssaid seqandasy owipding; ofTaid uner recited in O aim 6,

wher egn:

i¥ah9fotmer.i s a singly-balanced nixer; said capacitance elenent is

-connected to one end 1 0 of said secondary wi nding; and a third resistance

el enent,

having a val ue at | east approximating the value of said first

resi stance el ement,7,i sTheupnet reeitedein tClaimt 6o wherdimf sai d secondary

wi ndi ng and sai d poj.n A f.eren 1 ialy 1..5.8. The tuner recited in
wherein: s lé ﬁ%‘é‘edﬁa& ggg@gt?gli%&&do@ ¥ primary w ndi ng. 17
RCA 85,468 9. |n a saidecapacitan¢englements is wonnested iteg oaer gado frequency
(RF)18i 9 r i a local oscillator (LO signal, a m xer
19 9G¥ s&f&’aﬁﬁﬂﬁaéﬁ dwf_r@iﬂky dHd

Claim?7,

for conbining s

15

a third resistance element, having a value at
least approximating the value of said first resistance
element, is coupled between the other end of said secondary
winding and said point of reference potential.

8. The tuner recited in Claim 7, wherein:
said LO signal is coupled to said primary
winding. '



signals to produce an internedi ate frequency (IF) signal in 5 conprising:
at least a first pair of uni-directional conduction devices connected in
series and poled in the sane directiong7inpedance transfor nR@,Qngsw'q?gs for
coupling at |east one of said 'RF and LO signals across said series 0
connection of said uni-directional conduction devices in a bal anced

| npedance confi gur @ i of: : aRennidihd St resistance

el ement, connect ed ?e't vviehenﬂstg‘;?%kr g(ﬁ;ﬁ@fgéﬁgfmgéfg%%&vgﬁ%@éﬁ%n% t he junction.
bet ween fadie frequeacye ERF)nsignal andomeany fori supplying thdocabnducti on =

devi ces QReilRt6PRRO) signal,chomikér for eonfbifding shid RE and £@Nt connect ed _
across salélwﬁapam taﬁce el emer_%i‘ adfagl ni. of ref eéﬁ._:}ce.é)otent lal; and 20 :
means f oS18NAIN 1 iRTQAUGE jan fitetmediate  frequensy, IR) signal 10 ¢ second '
resi § ancomprsing: t hrough at | east a portion of said inpedance

transformation net\wri%a.g)p 4 stsﬁﬁﬁi Brréhb_gﬁ%c\@gﬁ?pdcémgﬁ&{s forma -

vol tage divi der befween said source O age and sald reference 25
pot ent i adevigespconnected in pseries; andapoledrins the same: diraetiontond
uni -directional cog lafte d NS ESrMAtiSn T pEeAY rfoqq@'buglﬁ, dircuit of said

' | vel y +ew source— —

vol tage divider bein ol t source having a, el ati
i npedancdeastone of said b%&%ﬁpaﬂgn § 4?69%59%14 §fBC8escri b '
A

r ef er@nceohfieéfion dofvédidsuni-directional conduction devices in a
balanced impedance configuration;
a source of supply voltage;
a first resistance element connected between N
~ said source of supply voltage and the junction between said
15 series connection of said uni-directional conduction devices
and a capacitance element;
a second resistance element connected across
said capacitance element;
a point of reference potential; and
20 means for connecting said point of reference
potential to said second resistance element through at least
a portion of said impedance transformation network so that
said first and second resistors form a voltage divider
between said source of supply voltage and said reference
25 potential for providing a bias voltage for said first and
second uni-directional conduction devices, the Thevenin
equivalent circuit of said voltage divider being a voltage
source having a relatively low source impedance.

10. A tuner substantially as hereinbefore

described with reference to the drawings.




