ELECTRONIC CIRCUITS NAYSHIPS

SECTION 13
FREQUENCY (HETERODYNE) CONVERTER CIRCUITS

PART A. ELECTRON-TUBE CIRCUITS
MIXERS,

The frequency-conversion function in o superheter-
odyne receiver is gccomplished either by g mixer circuit
with a separate local oscillator or by a pentagrid converter
circuit {described later in this section).

The term mixer used in this section should not be con-
fused with the term audio mixer, which designates the
linear circuit used to combine audic signals, The term
mixer, us used in (is seciion, desiguuies u nuniliew cl-
cuit that heterodynes radio-frequency and local-cscillator
signals 1n o superheterodyne receiver to produce an inter-
medigte-frequency signal.

in receiver design pructice, it is desirable (o convert
the received r-f signal to an intermediate frequency hefore
further amplification takes place. The principle of fre-
quency conversion and subsequent amplification at an in-
termediate frequency results in excellent selectivity ana
cver-all gain characteristics for the receiver. The lrequency
conversion is obtained by the heterodyne process, which
is the combining of an incoming radio-frequency signal with
a locally generated signal in a nonlinear device, to pro-
duce frequencies equal to the sum and difference of the
two combining frequencies. The mixer staye sometimes re-
ferred to as the first detector in the superheterodyne re-
zeiver, perfomms anly the {frequency conversion function,
and must be supplied a heterodyning r-f voltage generated
by a separate local-oscillator circuit. The output fre-
quencies of the mixer stage, in addition to the frequencies
of the input voltages, are primarily the sum and difference
of the signal-input frequency and an integral multiple of
the local-oscillator frequency. The outpuat circuit of the
mixer stage is tuned to select only cne trequency, which
is usudlly a beat frequency equal to the difference between
the signal-input frequency and the local-oscillater frequency.
This difference, or beat, frequency is known as the inter-
mediate freqency.

At this time a brief discussion of the heterodyne prin-
ciple is helpful in order to better understand the produc-
tion of haats in a superheterodyne receiver. The ac-
companying |
{inmtermediate) frequency is produced when twe different
signa! frequencies ot unequal cmpiitude are comblned,

If the two waveforms, parts A and B, are superimposed,
the waveform given in part C results; this wavetorm shows
amplitude fluctugtions with respect to the time axis. At
each instant, the two signal frequencies (A and B) com-
bine 10 produce a resuitant amplitide which is squal in
value to the algebraic sum {A + B) of the individuai signal
values. The amplitude varigtions, represented in part U
as the dottad lines forming an envelope for the resnitant,
are called beats, and vary in amplitude at ¢ frequency that
is equal to the difference between the frequencies of the
two signals being combined. Thus, from a study of the
rambined woyetormimyen wnonart [ 1teoan he:geen that
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beats per second is equal o the difference between the
two frequencies given in parts A and B.

Far simplicity, frequencies of 12 and 8 cycles are
given in parts A and B, respectively. The envelope of the
resulting waveform in part C is shown as 4 cycles per
second. The output signal which results after the combined
signals Gre acted upon by G nonlinear device in the mixer
stage is shown in part O us the intermediate (beat) fre-
quency. Although the frequencies {12, 8, and 4 cycles)
used in the illustration are extremely low, the heterodyne
principle would be the same for other corresponding fre-
quencies, such as 1200, 800, and 400 kilocycles, or 12, B,
and 4 megacycies. Thus part A can be thought of as the
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ELECTRONIC CIRCUITS NAYSHIPS
received r-f signal, part B as the localoscillator signal,
and part D as the intermediate-frequency (beat-frequency}
output of the mixer stage after demodulation.

To produce an output which has very little distortion,
the amplitude of the locally generated signal must be larger
{usually at legst ten times larger) than that of the received
r-f signal. This principle is shown by the previous iilus-
tration representing the heterodyning of two signals of
vnequal amplitude. The occompanying illustration shows
the hetercdyning of two signols of equal amplitude, and
the distortion which results, Note that the envelope of the
waveform shown in part C drops to zero, and that there is
resulting distortion in the demodulated waveform shown in
part 0.

if one of the two frequencies (A or B) being heterodyned
is modulated, the same action as previously described will
occur, excepl that the resultant waveform shown in part D
will vary in amplitude according to the modulation com-
ponent of the original input frequency (A ot B).

The accompanying block diagram illustrates the heter-
odyne principle of g frequency converter consisting of a
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mixet and local oscillator. Twa voltages of different fre-
quency are each fed to the input of the mixer; one voltage is
the r-f signal voltage, and the other is the voltage generated
by the local oscillator. These two voltages beat, or heter-
odyne, within the mixer to produce an output having, in
addition to the frequencies of the two input voltages,

many sum-and-difference frequencies. The output of the
mixer includes a tuned circuit to select the desired beat
frequency. The beat frequency is generally chosen tec be

a frequency which is the ditierence between the two mixer-

input frequencies.
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Block Diagram of Mixer and Local Oscillator

In the block diggram, o modulated -f signal is applied
to the mixer stage; an unmedulated r-f signal of constant
amplitude from the local-oscillator circuit is alsc applied
1o the mixer stage. 'The heterodyning, or mixing, ot these
two signals produces, in the mixer output, cn intermediate-
frequency signal which contains all of the medulation
characteristics of the original modulated 1-f signal. The
undesired sum-and-difference frequencies and the two
mixer-input frequencies (r-f and oscillator signals) are
rejected by the tuned circuit in the output of the mixer;
only the desired intermediate (difference or beat) fre-
quency is permitted to pass through the tuned circuit. This
intermediate-frequency signol is then amplified and detected
in succeeding stages of the receiver.

The localoscillator frequency differs from the frequen-
cy of the received r-f signal by cn amount equal to the
intermediate frequency; therefore, the local-oscillator fre-
quency can be either abeve or below the received r-f signal
and, in either case, produce the desited intermediate
frequency. Depending upon the design requirements of
the receiver and the frequencies involved, the local os-
cillator is tuned to a lrequency etther higher or lower than
the r-f signal frequency. When the local-oscillator fre-
quency is below the received r-f signal, the following for-
mula applies:

fmf = fs‘fc:sc
where: {j; = intermediate frequency
s =received r-f signal frequency
{ose = local-oscillator frequency

When the locol-oscillator frequency is cbove the ro-

ceived 1-f signal, the following formula applies:
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The mixer circuit includes a nonlinear element, con-
sisting of either an electron-tube or semiconductor device;
if an electron tube is used, the nonlinear element can be
a simple rectifier (diode), a triode, or a muitigrid tube.
When a triode, tetrode, or pentode electron tube is used as
the nonlinear circuit element, the tube is biased at or near
cutoff, or otherwise operated on a nonlinear portion of its
characteristic curve. Trlode and multigrid electron tubes
used as the mixer in superheterodyne receivers generclly
produce some signal amplification (conversion gain), in
addition to the desired frequency conversion. A discus-
sion of similar nonlinear elements is given in Section 11,
Netactor (Nemodulator) Circuits.

Mixer-iocal oscillator combination circuits can provide
reasonckle frequency stability in superheterodyne re-
ceivers up to opproximately 500 me. The mixer circuits
deseribed in this section ate representative of typical
elactron-tube mixets found in many communication-elec-
tronic equipments.

DIODE MIXER.

APPLICATION.

The diode mixer is used in superheterodyne receiver
circuits to combine, or “‘mix", the r-f signal from a local
oscillator with the incoming r-f signal, in order to produce
the desired i-f (intermediate-frequency) output signcl.

The electron-tube diode mixer is generally used in appli-
cations whete signal-to-noise ratio is an imporiant con-
sideration or where the transit time at very high irequen-
cies becomes critical for other types of electron-tube mixers.

CHARACTERISTICS.

Requires a separate local-oscillator circuit to supply
the heterodyning voltage.

Utilizes the principle of rectification by
device.

Qutput circuit is tuned to the difference frequency, or
intermediate frequency.

Conversion gain is less than unity.

Signai-to-noise ratic is good.

CIRCUIT ANALYSIS.

General, The diode mixer is one of the simplest types
mixer circuiis employed as ¢ frequency converter, In

5 appnuanon voltages of the two input frequencies to
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tuned to the difterence frequency {intermediate frequency|
50 that it will pass this frequency on 1o the succeeding
intermediate-frequency amplifier stages but will attenuate
(reject) all other trequencies.

The electron-tube diode used as a mixer is subject to
transit-time effects; theretore, its use as o mixer at very
high frequencies is somewhat limited. When transit-time
effects are important, the crystal diode is frequently used
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Circwit Ooeration. A simple dicde mixer circuit is

iliustrated in the accompanying circuit schematic. Trans-
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former T1 consists of an untuned primary winding and a
turied secondary winding; capacitor Cl and the seccndary
winding of T1 form a resonant circuit at the frequency of the
1-f signal to be received. Transformer T2 is similor to T1,
except that capaciter C2 and the secondary winding T2

form @ resonant circuit at the frequency of the localos-
cillator signal. The resonant circuits, shown in the sche-
matic as T1, Cl and T2, C2, are actual L-C circuits com-
posed of inductors and capacitors at all radio frequencies
up to the ultra high frequencies. At the ultra high frequen-
cies ond above, the tuned circuits may be in the form of
tuned lines or resonant cavities.

Electron tube V1 is a cathode-type diode; the filament
{heater) circuit is not shown on the schematic,

Transtormer T3 is a double-tuned transformer, with the
orimary and secondary circuits resonant to the output
{intermediate) frequency. This transformer exhibits a
bandpass characteristic and thereby discriminates against
frequencies above and below the desired output frequency.
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Diode Mixer Circuit

When no r-f signal {s applied to the input of transformer
T1, but the local-cscillater signal is applied to the input
{primary) of transformer T2, diode V1 acts unly as a recti-
fier. For this input condition, the current pulsations pass-
ing through the primary winding of the double-tuned trans-
former, T3, are these of the local-oscillator fraquency;

however, the tuning of transformer T3 does not permit the
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increase amplituce when approachinz an in-phase relation-
ship and to decrease amplituce when cpproaching on out-
of-phase relaticnship.

Because tnhe two sine-wave frequencies are superim-
paosed, the mixer diode rectifies, or detects, hoth frequen-
cies. As aresult, pulsating currents which vary in ampli-
tude at the beat-frequency rate are produced in the primary
of transformer T3, Thus, a carrier envelope is formed
which varies in occordance with the difference frequency.
The pulsating currents forming the carrier envelope flow
through the primary winding of transformer T3, Since the
primary circuit is tuned, it presents o high impedance to
the difference (intermediate) frequency. Consequently,
this frequency is passed by transformer T3, and a voltage
is induced in the secondary wirding which varies in ampli-
tude in accordance with the amplitude of the original r-f
signal.

If the received -{ signal contcins amplituce-madulation
compgnents, the beat difference will also contain ampli-
tude-mcdulation compenents, which vary in accordance
with the audio frequencies moduleting the origiral -f sig-
nal. If the received r-f signal is frequency-modulated, the
beat difference will deviate at the same rctes as the original
i-f signal. Thus, it is seen that the characteristics of the
intermediote-frequency signal are the some as those of the
ariginal received signal, except that the frequency of the
received signal has been converted’” to a lower frequency.

The output signal voltage developed across the second-
ary tuned circuit of transformer T3 is applied to succeeding
intermediate-frequency amplifier stages and is subsequent-
ly detected, or demodulated.

FAILURE ANALYSIS.

General. Since the circuit of the dicde mixer is re-
latively simple, failure of the circuit to operate can be re-
solved to one of several possibilities. The diode, V1,
should be checked to determine whether it is in satisiac-
ary condition and whether the correct filement (heater)
voltage is applied to the tube.

The presence of an 1-f signal (or a test signal) and the
local-eseillator signal must be determined, since no out-
put can be obtained from the mixer circuit unless hoth
signals are applied to the mixer input. Rescnant circuits
T1, C1 and T2, C2 must be properly aligned, each to its
specified frequency. The double-tuned cutput transformer,
T3, must also be correctly tuned to the desired intermed-
iate frequency. Since one or more open windings in the
tuned circuits (T1, T2, and T3) con cause a lack of output,
these windings should be checked with an ohmmeter to de-
termine whether continuity exists.

TRIODE MIXER.

APPLICATION.

The triode mixer is used inreceiver circuits to combine
or "'mix" the 1-f signal from the local oscillator with the
incoming r-f signal, to preduce the desired intermediate
frequency (I-F) output.

CHANGE 2

0967-000-0120 FREQUENCY CONVERTERS
CHARACTERISTICS.

Requires a separate local oscillator circuit to supply
the heterodyning voltage.

I-F frequency remains the same for any selected input
frequency.

Operates on the non-linear portion of the Ea-Ip curve.

Has an amplification factor, which is referred toas con-
version gain.

CIRCUIT ANALYSIS.

Generol. The purpose of the mixer stage is to convert
the incoming 1-f frequency, usually into a lower frequency,
which contains the same characteristics (modulation) as the
original 1-{ frequency. This lower output frequency, called
the intermediate or i-f frequency, remains the sume, regard-
less of the frequency of the r-f signal received.

By operating over the non-linear portion of the tube’s
characteristic Eg-Ip curve, harmonic distortion is produced
in the plate circuit, and as a result of this harmenic distor-
tion, new frequencies, which are hammenics of the input, are
introduced. By proper selection of the local oscillator
frequency, specific output frequencies can be obtained.
This mixing of frequencies is called heterodyning, and the
result at the plate {s the presence of four basic frequencies:
Namely, the sumand the difference of the two inputs, and
the two original inputs {(varicus other beats ore also pro-
duced but are not often used particularly becouse of the
small amplitude remaining as compared with the basic out-
puts). A resonant tank in the plate circuit is tuned to the
selected difference frequency, so that it will pass only this
frequency on to the succeeding i-f amplifier stages and thus
effectively cttenuate all of the other beat frequencies.

Circuit Operation. The accompanying circuit diagram
{llustrates a typical triode mixer,

L2, the secondary of T1, together with C1, forms a tank
circuit tuned to the desired r-f frequency, and this selected
1-f signal is applied directly to the control grid of tube V1.
The tube is biased class *'C*" by the use of C2 and Rl,
which form a cathode bias circuit, and it is for this reason
that the tube operates on the non-linear portion of the Eq-lp
curve. Thesignad from thelocal oscillator is coupled
through transformer T3 to the cathode cireuit of the tube,
and because the tube operates on the non-linear portion of
thecharacteristic curve, the two input signals are mixed.
The result at the plate is a signal containing the sum and
difference of the two inputs, plus each of the two originally
applied signals. The primary, L3, of T2, together with C4,
forms a tank circuit tuned to the difference, or i-f frequency,
and capacitor C5 bypassed the unwanted rf frequencies to
ground.

With no r-f signal applied, and with the siqnal from the
local oscillater applied to the cathode cireuit, tube V1 con-
ducts. The current through the cathode starts charging
capacitor C2, but because of its long time constant, the
cycle ends before the capacitor con charge to the peak
value of the input. The charge is slow to lesk off, however,
because of the value of R, and within a few cycles, the
cathode circuit stabilizes at a voltage which determines
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the operoting bias of the tube. For additiencl infermation

on cathode bias, refer 1o section 7, narcgroph 2,201 of the
..... Lyroragract of the

Handbook. Because of the large ccthode hias, the tube
operates class "C', and thus over the nonlinear portion 27
the Eg-Ip curve,

Capacitor Cl and the tuning capacitor in the local oscil-
lator are mechanically connected, so that whenever the
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results from the algebraic addition of the two inputs as they
approach an in-phase relationship, and their subtractior as
they approach an out-of-phase relatienship, This heat fre-
quency is equal to the desired i-f frequency.

The resulting plate current pulses, whose amplitudes
varyat the beat-frequency rate, arrive at the primary of trans-
former T2, and a carrier envelope which varies at the beat
{i-f) frequency is developed. Since the primery of T2 is
tuned to this i-f frequency by the use of C4, it presents
a maximum load to the plate at the {-f frequency and the
changing field that is developed around the primary wind-
ing induces an output in the secondary. All other bect
frequencies present in the primary are not developed, be-
rmise the irmnedancs to thees fremuancies ic at a minimam,
For a detmled description of the heterodyning action, refer
to the introduction to this section of the Handbook.

If the received 1-f signal contains amplitude moduiared

t'rD hant Irmnpnm; nTﬁf\ containe oim T a-.m'?_
Qat regue Z alr ATLLAT o0

comperents,
tude modulated compenents, which vary in accordance with
the audio frequencies modulating the original -f signal, If
the received r-f signal is frequency modulated, the beat dif-
ference will deviate in frequency ot the same rate as the
otiginal 1-f signal. Thus, the charccteristics of the i-f
signcl are the some as "nose of the ori"in al receivec'

converted to a lower frequency.

A commonly used circuit variation of the triode mixer
opplies both the local oscillater and r-f signals to the arid
of the tube. There is little operational difference, but

cathode injection provides better oscillator stability, since
the load impedance presented to the oscillator is lower.

The advantage of the triode mixer lies in its relative
simplicity and relatively high signal to noise ratic. The
conversion gain is about one third of that of the same tube
used as an amplifier.

The use of the triede mixer, however, is limited to the
VHF spectrum or lower. Above these frequencies, the ef-
fect of the interelectrode capacitence of the tube elements
hecomes toc great, and the low cutput is not practical.

FAILURE ANALYSIS.

No Dutput, A defective tube, an open of shamsd 20,
C4, or C5, or a defective Tl or T2 con cquse a ne-output
condition to exist. If no output exists, check the piate of
V1 with a valtmeter {o¢ the presence of plate voltage. I
piate voltage is not present, check L3 for o possible open
and C5 for o short, with an ohmmeter,
exists check C2, C4, and CS with an ohmmeter for shorts
or apens, alse check Tl and T2 for continuity or possibie
sherts. Check the secondary of T3 aisa for o possible
open circuit, If the above checks fail to locate the trouble.
check all capacitors for valye with an in-circuit capaci-
10 Cnecker.

Low or Distorted Outpus. A defective tube, or low
plate supply voitage can cause a low output concition to
exist. Check the plate supply voltage with a voltmeter
for the proper voltage, Check the output of the local oscil-

If no output stiil
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later with an oscilloscope to make sure thet it is of proper
amplitude.

A distorted output can be caused by a defect in nearly
any component in the circuit. Check for the presence of
the t-f signal on the grid of V1 with an oscilloscope. If
no signal is present, check for @ signal on the primary of
T1. If the signal is present on the primary, check the trans-
former windings with an ohmmeter for an open or short, and
capacitor Cl for a possible short. If no signal is present
on the primary, the trouble lies in the preceeding r-f ampli-
fier stages, and the mixer is probably not defective, Check
for presence of the local oscillator signal on the cathode,
If not present, check fot its presence on the primary of
transformer T3. If not on the primary, the trouble lies in
the oscillator circult, and the mixer is probably not at fault.
If the signal is present on the primary, check the secondary
of the transformer for @ short or an open, and check Rl
and C2 for proper value, If both the local oscilletor and
the input t-f signals are present at the qrid and cathode of
the tube, the trouble is in the plate citcuit. Make certain
that the plate tank circuit is tuned to the proper i-f fre-
quency. Check C5 with an in-circuit capacitor checker to
determine if it has changed in value, Check the windings
of T2 for a partial short, as this can change the resonant
frequency of the tank.

PENTODE MIXER.

APPLICATION.

The pentode electron tube is used as a mixer in super-
heterodyne receivers to combing, or “'mix", the r-f signal
from a local oscillator with the incoming r-f signal, in
order to produce the desired intermediate frequency (i-f)
output signal.

CHARACTERISTICS.

Requires a separate local oscillator circuit to supply the
heterodyning voltage.

Qutput circuit is tuned to resonate at i-f frequency.

Plate resistance and transconductance are fairly high.

Operates on non-linear portion of Eq-Ip curve.

Qutput frequency (i-f) remains corstant undsr normal
operating conditions.

Has a relatively high conversion gain and signal to
noise ratio,

CIRCULT ANALYSIS.

General. The pentode mixer is frequently used in f-m
equipmen? for the v-h-f bond. At frequencies where the
screen grid is effective, the pentode mixer provides good
isolation between the input and output circuits. This means
reduced input loading and elimination of possible instakility
as compored with a triode mixer. The oscillater and signal
voltages ate usually applied to the control arid simultane
ously. In this way, a noise figure is obtained which exceeds
that of a normal pentcde amplifier, but which is much lower
than in cny of the multigrid mixers,

CHANGE 2
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The pentode has an extremely high conversion trans-
conductance and pernits high voltage qain in the mixer
stage. The equivalent noise voltage produced by the tube
is twice that of atriode mixer of the same transconductance.
Because of the high obtainable transconductarce of pen-
todes, the overall performance con exceed that of most
triodes. Since the triode has a certein amount of stray
coupling between qrid and plate circuits, it is at a dis-
advantage in this respect when compared with the pentode.
At the signal frequency, the i-{ circuit is cupacitive, and
this, because of Miller effect, results in a reflected low
resistonce in the grid circuit. The screen in a pentode
effectively stops this loading. With o pentode, cathode
injection of the oscillator signal is possible, but this
mode of injection increases the effective cathode induct-
ance. Since the input lood is proportional to the cathode
inductance, cathode injection lowers the woltage guin of the
input circuit and also the noise performance. The stability
of the oscillator, however, is improved at very-high fre-
quencies, where a low-impedance oscillator load is needed.
Unless the oscillator and mixer are loosely coupled,
interaction and putling becomes severe, Interaction of the
oscillator und the signal is greatest wher they are both
applied to the same grid. Similarly, oscillater radiation
becomes a greater problem; however, the high transconduct
ange of the pentode permits the use of small oscillator
voltages, and radiation is not as qreat o prablem as in o
triode.

In operation, the use of a pentode as a mixer is similor
to the use of « triode as a mixer. However, the use of @
single grid for both the carrier and local oscillator signals
sometimes gives rise to difficulties resulting from coupling
between the carrier input eircuit and the local oscillator
cireuit. Using the pentode as a mixer, one signal may be
applied to the suppressor grid and the other signal to the
control grid. By applying the input signals to separate
qrids, it provides seme isolatior, between the local-
oscillator and r-f signals. The value of thecathode re-
sister is chosen so that it will cause the tube to operate
on the nor-linear portion of the Eg-Ip curve (the lower bend
of the reponse curve). The plate current of the tube then
contains the two original input frequencies as well as the
sum and difference frequencies of the two original signals,
The signal from the locol oscillater is nomally mede much
stronger than the 1-f input signal so that the percentage of
modulation is kept low. The low percentage of modulation
required for frequency conversion can be produced in several
ways. The method most frequently used depends on the
trensfer characteristic of a tube or other circuit element.
The transfer characteristic expresses the relationship be
tween the signal applied to the input of o device and the
signal obtained from its output. The transfer characteristic
of ¢ vacuum tube is not g straight ling, since the relation-
ship of Eq o Ip usuolly is curved at low values of plate
current. Therefore, the vacuum tube is a non-linear device.
When the voltage on the grid of @ vocuum tube becomes
more negative and reaches the plate current cut-off value,
no current flows in the plate circuit. Consequently, for an
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entire range of voitages nc curment “c'.-.-f in the input circuit.
Therefore, the vacuum tube is non-linear, even if its trons-
fer characteristic is perfecty strmc_ht.

Cireuit Operatien. The schematic of a typical pentode

- ) ~ i~ TR .
mi¥ereirouitis shiown in the oocempanting illustration,

TG LOCAL

OSCILLATOR
; AN~

I-F

Ebb
Typical Pentode Mixer Circuit

Transformer T1 consists of an untuned primary winding
and ¢ tuned secondary winding; capacitor C1 and the
secondary winding of T1 form o resenent circuit at the
fraquency of the v-f ciongl 'o he received. Elsctron wibe
V1 iz a pentode; the fllqr“ev t {(heater) circuit is not shown
on theschenstic:

After being cr:pilfiec‘ in the step-up ucnsformer Ti, the
r-f signal is applied to the orid of mixer tube V1 along
with the ocal oscillator signal which is apphe'i through

fatel |p\ i nn

T t |-C\I(‘I‘D&
contact bias resistor Rl from *l"e alg"m source. Screen oy-
pass capaciter i has a low enoughreactance to place the

screen at ground notenticl, Dmpnim resistor B2 determines

R s apreen s of VI i G
the screen voltoge on the soroen wicof VI An of bypass
bm e A (o el A e b s e 3
toground i provider by copacitor 5

ing of tran=former T2 in parailel with 1unira rapaciter 008

provides a resonant tank circuit for tuning the cesired -1
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of the incoming r-f sigral voltaze. The laca! escillater
frequercy is either above or below the desired i-f frequency
{depending on thecircuit application), by an amount which
is equal to the desired i-f frequency.

Since the two applied signals differ in frequency, their

voltages are nct always 1o ohase with cach other. Period-
ically these two voitoges slgebraically ads of subtract to

produce an ampiitie vaniction ot reguler intervels: it is this
periodic amplituce variat
voltage which is of createst importance. The beat frequency
is actuclly the difference freqienzy produced by the in-
stontaneocus siqnan voltaes as they combine to increase
ampiituce when appreacning an in-rhase relationshic, and
10 decrease when aporeachina an out-of-phase relationshio,
if the incoming i signai contains ampiitude modulated

\nfnrmghnhl

fa hen ;mm.anm.
a Bent frenuency

tro rocnlti

the sar
fdon vories
lating the incomina -t sigqnal. [f the receiver -1 siqnai con-
tains frequenC‘_f modulated inf cm:mon, the Deot Jequencv

e Gl e A e

E 2 JCCIE‘II:[

o
-f signal {'e”;ler'cy.
sulting {-f are &

appiicction.

As a result of the heterodyning action taking place
within the elements of the tube, the output signals present
at the plate of V1 are: the sum ¢f the two Input sianais, the
difference of the o 1 k3 is, and the two input sia-
nals themselves. Since the primary winding of tronsformer
T2 is tuned, it 1
i-f frequerncy. 2t
consisting of the primary windin: 4 varicble capoci-
tor CB, and ¢ veltege 1o induced in tne oﬂccndzry winding
which varies in "'T"h'lf e in Arcordnmoe wi

Fish imnedoance to the dezired

~1 £ e S N T

P S P ~1 ; o - a b
ci the vllkju LAY -)‘\jinul A SURET 31003 OIE OYPO3SCd

to .—wonnn threnish r-:]r‘mf-\"\r- 78, The gutnut simnal ‘.’c!the

LS SR (O} s

deveioped a across the seconlary windings of T2 then con-
wains gil of the informeticn cresent on the desired -f input
signai.

Ore vanation of the pentore mixer o rr*ui? ?s. 0 use
catngae injeclion oI 1ne .oCai lOBE 200dy
this mode will increase tne effective cathode inductance.
Becauze the input is pmpor ional to the catn '\dp ircuctance,

COthOUe njoclon Wil aoiaT

Mo Output. 24 . S VIt
Cy or Ub, or a detective 1) or Iz oon cause a ne-gutput
condition. Check the plate of V1 with a high resistance
voltmeter, If plate voltage is not present, use an ohmmeter
to check the centinuity of the nrimary winding of T2 and o

check 1, C5, and Chior o Spr_/‘\\"ter:: or oper, condition, [
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the previous checks fail to locate the trouble, the circuit
supplying the plate voltage is probably at fault.

Low OQutput. A low output would normally be caused
by a defective or weak V1, or o low filament or plate volt-
age, ot if the i-f and -f tank circuits are not tuned to the
proper frequencies. A weck local gscillator voltage can
cause a low output, Check the filament end plate voltages
with a VTYM. If they are not normal, refer to the procedure
in the previous paragraph. If they are normal, check the
amplitude of the local oscillator signal. If it is low,
check C3 with an in<circuit cepacitor checker. If the out-
put is still low, the trouble is probably in the local oscil-
lator circuit.

Distorted Qutput. A distorted output can be caused
by a defect in nearly any component in thecircuit, With an
oscillascope, check for an r-f signal on the secondary
winding to T1. If the r-f signal is not present, check the
windings of T1 with an chmmeter for continuity, Should
the windings not be defective, the trouble lies in the pre-
ceeding stages and the mixer is probably not defective,
If the signal is present on the secondary winding of T1,
check for the presence of the local oscillator signal on
the high side of C3. If it is not present, the local oscilla-
tor is at fault. If it is present, both the r-f and local
oscillator signals should be present on the control grid of
V1. If the local escillator signal is not present, C3 is de-
fective. If the r-f signal is not present, C2 is defective,
If both the r-f and local oscillator signels are present on
the control grid of V1, Tube V1 is probably defective. If
the ocutput is still distorted, check the plate and screen
voltages with a VTVM. If both voltages are low, check
the output of the plate voltage supply. If it is low, the
trouble lies in the plate supply, I it is normal, and the
screen voltage is low, check B2 with an chmmeter, and
C4 and C5 with an in-circuit capacitor checker. If the plate
voltage is low, check C6 with an in-circuit capacitor checker
and the primary winding of T2 with an ohmmeter. If the cut-
put is still not present, check the secondary winding of T2
with an chmmeter.

PENTAGRID MIXER

APPLICATION.

The pentaqrid mixer is used in modern superheterodyne
receivers as a frequency converter. Incoming r-f signals
are combined with signals from a local ozzillator to pro-
duce an intermediate frequercy (i-1).

CHARACTERISTICS.

Offers qood selectivity.

Serves both as a frequency converter and a high gain
amplifier.

Signal-to-noise ratio is poor.

Requires o separate local oscillator to supply the het-
erodyning voltage,

Uses two input control qrids to provide electron cou-
pling.

CHANGE 2
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QOperates with either cathode-sell, fixed, or ave bias
voltage.

CIRCUIT ANALYSIS,

General. The functional operation of the pentaqrid
mixer is very similar to that of other mixer circuits dis-
cussed previously in this handbook. B-f ond oscillater
voltages are injected into the tube and added algebraically,
The fundamerital freguencies, along with their sum and
difference frequencies, appear across the output circuit.
The output circuit is a parallel resonant tank, tuned to the
i-f. The desired i-f sianal is trensformer coupled inte the
next stage.

The primary difference between the pentaqricd mixer cir-
cuit and cther mixer circuits is the input arrangement. In
the diode, triode, and pentode mixer the ~-f and oscillator
voltages are inserted on the sume tube element, allowing
for greater interaction between input signals. In the pento-
grid mixer, =-f and oscillator signals are inserted on sepa
rate control qrids, isolated from earh other and the plate by
screen grids. Cornsequantly, the frequency pulling effects
and signal interaction, cormmon to other mixer circuits, is
virtually eliminatec.

Circuit Operation. Before discussing overation of the
pentagrid mixer it will be helpful 1o review the operation of
the pentagrid tube.

The pentagrid tube consists of a plate, cathode, fil-
aments and five qrids, hence the name pentagrid. Two of
the arids are used as control grids (Gl and G3), two are used
as screen grids (G2 and G4), and the fifth is used as a
suppressor grid, For all practical purposes the gain of
the pentagrid tube is comparable to that of the pentode,
however the introduction of an extra screen grid increases
the partition naise, and consequently, the circuit noise,

The screen qrids are operated at ¢ positive voltage and
serve as the aceelerating anodes for electrons leaving the
cathade. However, the electrons strike the plate of the
tube with such force that they bounce off (secondary emis-
sion) end form o space charge around the positive screen
arid (G4).

The space charge greatly limits the plate voltage swing,
so a negetive grid (G5) is placed between screen and plate,
and its negative charge diverts electrons back to the plate.

By following the abave discussion it can be seen that
the pentaqrid tube plate current is made independent of
plate voltage. In foet, the plate voltage may swing as low
as, or lower than, the screen voltage withaut serious loss
of amplifier qain capabilities. In mixer circuits goin {(gm)
is referred to os conversicn tronsconductance’’ and rep-
resents the quotient of i-f cutput current divided by r-f
input voltage: or, conversion transconductance = 1i6/Ert,

In pentagrid tubes conversion transconductance may run
as high as 500 micromhos.

In the mixer circuits previously discussed, such as the
triode and pentode mixer, the r-f and oscillotor signals are
injected on the same control grid. Thus the r-f input cir-
cuit is “'seen’ by both inputs and stray coupling induces
oscillator detuning, or frequency pulling, In pertagrid
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mixers, -1 and oscillator signals are simultanecusly in-
jected on sepcrate control grids (Gl and G3). As stated
previously in this discussion, G2 acts as an electrostatic
shield hetween the input elements, and is effectively
grounded at r-f frequencies by capazitor C3. Thus, the
input circuits are snielded from each other, and intercction
cmised "w stray copacitive oo inqis mr[nr'.hy eliminated.
Hence the 1r.stcolhty of aperation and fraquency pulling ef-
fects comman to other = ixer. is not experienced in the peria-
grid circuit.

Thus, in the pentagrid mixer the gain is hirJh. anc a
small amount of r-f woltage produces o high -1 output, and
the input grids cre :1"?" : :C;Gtec‘ reating & seaklaigiva

froe from fracnon o ou
EREEt

A typical pentaqnd mixer circuit is illustrated in the
GCCOII‘lpuhjuug schematic L.Lmjl'ﬁm.

FROM LOCAL
5 MC CSCILLATOR
T2 L3
O
C47£ QUTPUT
[
. ey —
= )
= A5
R4
*Epy

-BIAS
Pentagrid Mixer

Fixed bigs from an external bias ‘%'Jpply is applied o the
1

tral mrid T themiaa
montesl grrhld by

L2 and te G3 arid via F‘.B
tofl with no input i

in tha dbserca 5 5

.0
«

upphém GG tung ‘u&qiim V] \,‘i;'luu\.L, Wil
qurrent varying at the oscillator frequenzy: now
the nighly celective wnir 1:1 of the ot pu tank compﬂaed of
L3 and 74, thecusren i
oty SV e] e TSI oL
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As the receiver is tuned 1@ the desitec r-f frequency the
r-f signal is impressed across coil L1, Transformer action
tokes place and the siqnal iz transferred inductively from
the primary to secandary winding [L2. Cail L2 ond capacitor
Cl form a paratlel resorart tank between t'le control grid
(Gl) and cothade, tuned to the selected ¢ frequency.

Comacitor T2 buy-nosses extranecus frequencies to around

paciior L2 DY-pusses SURENCIEE W QICUNG

and prevents their entering the biaos supply.
As -1 and oscillator signals apear simultanecusly on
Gl and G3, respectively, plate current increases and the
tube operates just cbove cutoff on the non-linear portion of
the Eq-Ip curve (the lower bend in the response curve).
I-urmomc dlStOl’thl‘., ccuscm oy onmu‘r\q t'ne UDe non-

fan]
oteriietn wn, iE u.'t:‘ luur: LT

Linearly, results ins :
two original frequencies, plus their sumard difference fre-
quenmes, appedr netween (ne pmte Cﬂ(l ql’OdnC‘ acress LJ,
and C4. The parallel resonant tank, formed by £.3 and C4,
selects the dilierence Treguonsy cnd trunsfonmer action
occurs between the primary or secondary of T2, resulting

in the i-f appeoring scross L4, The unwanted frequencies
(the two onqinals ond their sum) are svpessed throush C5
ta ground. Capacitor C5 iz of a circuit value which will by-
pass the high frequency components in the plate, but not
the relatively low frequency i-f. Since the i-f tank offers @
habeorimary loadiimeedanee: only the bsime! isde
veloped across itand is inductively coupled to the second-
ary or output winding. The cutput then consists of o signal
at the intermedicte frequency which contains all the origi-
nal siqgnal modulatior and ary hom rrrv'ulmirm fram the

i)

g o0,

iocal oscillator, i not udeguetcly plaw dit
FAILURE ANALYSIS,

Ne Output. Before troubleshooting the mixer stege it
is necessary toascertain thet r-f md local oscillator siqnals
of proper cmplitude and frequency are present at the inputs
o the mixer circuit., The cperation of the mixer circult
depends upon the heterodyning of these two signals and if
either is absent an i-f output will not appecr across L4.
An OSCluu_m_Opc, t,x.]ulp;)ct.. witiiu high Sequency—nigh
impedance probe, must be nseﬂ' 0 c‘rer‘k the presence of
-1 and oscillator s'qrcns on L1 and G3 respectivety.

Alter \.;:;ul'..uj the RS EFR G = l;“;ﬂ“ ;31.,1’:1.11:.3, Glicthk e
de and bics supply ostput voltage for nominal output and
tipple as ditected 1 the equipment handoook.

I, cHedk comsirar panrn

BT R AT ELERL A e BB AR e AR Rt

3
]

(.Uup]il]g feslolofs e Qi 1D and ooll L3 10T culrect <o

P

resistance. Also Lre 4 25 with ain-
clrcult CARASIer checksr 15 detemmine i they are shorted or
leakv. I‘ b10= valtaye is appresi

i Eoie: CE an:d
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for carrect dc resistonce. lre on in-clrcuit cupacitor
checker to check capaciterzs 02 mmd 2 %r 2 skerted or
legky conditior.

1f all cireuit compenents are within telerance :d the
presence of roth ~f =7 ozcillater ziqnels is verified, the
tube is most likely at fault,

If still no ocutput is obtained, check the tuning of the
input and output circuits as directed in the equipment
handbook. If either tank will not tune, carefully check
the capacitor and coil associgted with the tank. Hemove
power and use an chmmeter to check the primary and sec-
ondary windings of T1 and T2 for the correct dc resistance.
If the resistance has increased the Q of the circuit will
be decreased and output at the desired frequency may be
impossible to obtain.

Low er Distorted Qutput. Check the r-f and oscillator
input circuits for proper amplitude and frequency with an
ascilloscope. Be especially watchful for distorted input
waveforms caused by noise, hum, defective coupling, etc.
If input waveforms are correct and free from distortion,
check the waveform at the plate of V1 (use a 30-100 pf,
250 v dc blocking capaciter in series with the probe).

It the waveform appearing on the plate is clipped or
small in amplitude, check for correct de operating voltages
on the tube elements, Check nias veltaae first, as in-
creased bias will cquse abnormal plate voltage due to
decrease conduction. If biaz voltage is incorrect check
tesistors R1, R3 and R4 and coil L2 for comect de resist-
tance. Check r-f by-pass capaciters, C2 and C6, for shorts
using an in-circuit copacitor checker,

If bias voltage is correct and slate voltoge is low check
the dc resistance of RS and L3, Also check C5fora
sherted or leaky condition.

If ali voltages cre correct and the output of the tube is
still weak, the tube is probably defective.

1f the output of V1 appears normal and the output of the
mixer stage is still weak or distorted, check the tuning of
the output tank circuit. If the tuning of capacitor C4 hos
shitted appreciakly the tond pass cf the tank circuit will

be greatly reduced and the i-f frequency will be suppressed.

BALANCED MIXER.
APPLICATION.

The balanced mixer is used inreceiver circuits to
combine or “'mix’! the r-f aignal from the local escillator
with the incoming r-f signal, to produce the desired inter-
mediate frequency (i-f) output,

CHARACTERISTICS.

Uses two triodes connected in push-pull.

Fixed, class "'C** bics is used.

Requires a separate lecal oscillator circuit to supply
the heteradyning voltege.

Provides amplification, which is referred to as conver-
sion gain.

I-F frequency remains the same for any selected inout
frequency.

CHANGE 2
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CIRCUIT ANALYSIS.

Genersl. he purpose of the mixer stage {3 to convert
the incoming -7 frequency, uzually into o lower frequency,
which containg the same cheracteristics {medulation) as
the criginal r-f frequency. This lower output freguency,
ceiled the intemediate, or i-f ‘frequency, remains the sane,
regardless of the frequency of the ! signal received.

The local oscitlator sienal is applied in perallel to
the grids of tubes V1 and VZ while tne 1-f sinal irput is
applied in series with the loccl oscillator input so that the
t-f input clternately oids and oppezes the local oscillator
signal.

By cperating both tubes class “C*, and by applving
two cifferent frequencies to the irput of the tuzes, ¢ =iring,
or heterodyning acter. aczurs, and the result at the plates
is @ number of differert frequencies, which consist pri-
marily of the sum and the difference of the two irputs, and
the two originally applied signels.

Since the twbes cre connected for push-oull operation,
the outputs aid ecch other ot the output transformer, which
is usually tured to thedifference frequency, and fer this
1eason, a higher amplification fecter is ohtained,

Cireuit Dperation. T his accempanying circuit diagram
illustrates o typical balanced mixer.

OUTPUT

Typical Balanced Mixer

The input 1-f signel, applied to the primary of T,

iz selectec with tuning capacitor Cl, which is mechanically
connected to the tuning capacitor in te local ozzillator,
The secondary of Ti is eplit, crd the local oscillator signal
is applied through trensformer T2 10 the center top of the
split secondary. Capacitor C2 provides an effective qround
for the center top of the split secondary, and CF provides

a ground returr for e seconzary of T2 and keeps 1-f out

of the bigs suprly. Resistor Bl esteblishes Class C bigs
on tubes V1 and V2, and capzciter T4 s on r-f bypass to
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ground, Resistor B2 is ¢ plate voltcge drepeing resistor

which establisbes t e plote valtoge for the tubes, Tapaci-
tors C5 and Ch i ¢ie output circuit are used 10 tune the
primary of the output tronsformer, T3, 1o the desired dif-

ference frequency.

With no r-f zignal app!
signal trom the local o3
the voltages applingd to
with each other,

By applying a signal at the input trm;fomer 1, volt-
ages are leveloped in tne swcondary 50 [of gl
which are equa! crd apposite with respect to eacn other,
hecause of ?“'* Fround
when the
the gric of ¥z

com'ercely.

A mErtar fan Treemesment,  nos

IH1ws it TeoTast fo jta sethnin

L5 NeZONe v pect 1o s cathone, ang

1 and ths
f=all

Capaciter
Aamitatar are m,_,_.,Lw -~

eXgaaiion in

the value of C1 is chanaed to coerate e o-f tank ot o
pcrtxculor frequency, the looal of
changes nomf'tl*r‘l v i
in tre lozal c:cnlnt
beirnz zeparated by

may be selected aith ok

ascillatur voituse 1s u Cigly en ;

r-f sigral amplitude, for 2ificient mixing, ard the frequency
is selectec either above or below the 1-f frequency, depend-
ing upan the application. ot the clreudt, by an amount which

is equal to the :-f frequency.

When hoth tha losel ozaillarse o b

applied simulne

IS oi Vi arc pesitive o
loped In the "iatL circult wai
i the two apzlic mnala. At the same in-

put
A voltaqe 1s dev
algebraic sumo

e

StEL, GG L ; :
-t input sigral is appiied te the qrig of »’.4 The result in
the plate circuit of VZ, '"nreiore, is also ¢ signal whicth is

s, Since the two inoute

A the eimannl 4t ¢
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emide b a R Es
NG N two

b frem A
tas NL., SOOI

cuit, the res
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result at the plate of V] is a negetive poing signul which
is the sum of 1re vwo input signels. The two signals on
the grid of V2, however, are out of phase, and the result

at the plate is the quob’ﬂ" difference. Be~cuse the local
oscillater camponent is cancelled out in the plate wnk cir-
cuits, the resultant output is g negative going signal which
is the algebraic sumof the two r-f inmuts.

The local oscillator signal is of ¢ different frequency
than the r-f input, sotheir phase relationship with ecch
other is constantly varying. The closer they are in phase
with each other, the greatet is the cutput, and the further
ot of phase they are, the smaller the output. These varia-
tions inthe cmplitude of the umte curtent accurs at the

"’r\l“1v-ﬁ-1 AL FE Ar e e e e o sy s
O GQLINCICOCT HOGaTnTy, aha 1t NS iiE B

quency or i=f wowhich the plate tan¥ ciicuits ars wned,
Since the tanks present @ higt impedance to the i,
""("F’Jlnq field is ceveloped around ¢

woltrrindiess 8.8 st {me ged Iy w

The loco! cseillator component iz nl'"mrr*tec in the
plate circuit because they are of opposite polarity, and
since they always are equal in amplitude cnd opposite in
polarity, they cancel. All other frequencies in the plate
clrcult are bypessed to zrouns theough capacizor T4 with-
out being developed. For o dewiled description of
heterodyning action, refer to the introduction to this section
of the Handoook.

11 the received r-{ sicnal contains amplitude modulated
compenents, the beat {requencx; also contairs similer ampli-
tude modulated comporents, which vory in accordance with

Taus, the o druﬁtﬂrlstlu ft
mgnol are the same as these of the oricing! reca
except that the frequency of the received signgl i
vesed to & lower frequency.
FAILURE ANALYSIS.

No Dutput. The only components which will cause a
o outpat condition to exist is an open R2, ¢ shorted T4,
o detective T3, Check e volue of B2 with on ormimeter,
and BhEED (P4 ke aeeEiaed slies G aRiehEeiene.
Mote that cne

teul euneition &

Check the windi

FITIR

C

1
u)}‘uL GG heaSeal weciil et FIRTEN TR

Livu teapeud

- e b 5w
e A ARG

Wiy enes kl g
oscillatzr 3
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renewal of the missinc input sicnai. H each signal is
present on its respective primary, check e continuity from
the grid of V1 to the grid of V2 with an chemmeter, [Ditis
an open circuit, the secondary of T1 is probably open.

Alsc check the secondary of T2 for continuity with an
ohmmeter. Check C2 for a possible short, as this would
place a short across the secondary of T2, Check C3 for an
open, and R1 for proper value with an ohmmeter, If the
above compornents check good, and the proper signals are
applied to their respective primaries, these signals should be
present on the grids of the tubes. If the trouble still exists,
one of the transformers is probably defective.

If both signals are present on each arid, and the output
is low, the tubes are probably defective. Do not overlock
the possibility of the tuned circuits being misaligned. If
the low output still exists, check the bias supply and the
plate voltage supply to be certain that voltages are normal.
Check R} and R2 with an chmmeter for proper value. Check
C4, C5, and Cb for an open or a short with an chmmeter,
and the primary and secondary of transiormer T3 for con-
tinuity. If above checks fail to locate the trouble, check all
capacitors with an in-circuit capacitor checker, and double
check all transformers.

PENTAGRID CONVERTER.

APPLICATION.

The pentagrid converter is used in modern super-
heterodyne receivers to convert radio frequencies (r-f}
tointermediate frequencies (i-f) by heterodyring (mixing)
the received 1-f signal with o locally generated signal.

CHARACTERISTICS.

Cne tube functions as both oscillator and mixer.

Qutput is stable up to ord including the h-f band.

Signal-to-noise ratio is poar.

Offers high qain {conversion transconductance).

Oscillator secticn is electron-coupled and isolated
from input signals to minimize *"pulling effects’’.

Circuit cost is lower than that of twe separate tubes.
General. The pentagrid converter is o low cost, high
gain, frequency converter with excellent stability, commonly

used for frequencies up to and including the h-f bond.
Pethaps the most frequent application of the pentaqrid con-
verter is in the standord ac-de house-hold receivar where,
due to the high cain choracteristics of the pentagrid tube,
an - amplification stage i3 not requires. By combining the
r-f amplifier, local oscillater and mixer into one tube the
over-all cost of the receiver is greatly reduced without
socrificing quality; however, in more sophisticcted recelvers
where grecter sensitivity and selectivity are desired, the
pentaqgrid converter is usually preceded by at least cne
stage of amplification.

Basically, the pertaqrid converter can be divided into
two separate circuits; an electron-coupled oecillator
(formed by the cathode, inner control grid, and screen grid)
and a conventional pentagrid mixer with separate grid in-
jection.
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The tube is biased below oitout by 2 zhunt grid leak
bias network, and plate current enly flows when the oscil-
lator signal is large encugh to overcome te keawy negative

bigs. Thus, conzucteon takes picce for the small ameunt
of time that the oscillator signal is at its peak amplit:de.
This hreaks the plate current into pulses varying at the
oscillator frequency. Az the receiver is tuned to the desired
1 frequency, the 1-f voltage injected on the outer control
grid iz addec algebraically with the oscillator signal so
that plate current now follows their combined sum voltoge.

Operating the tube just above cutoff on the non-linear
portion of the Eg-Ip curve causes harmoric distortion.
Consequently, in addition tothe two criginal frequencies,
their sum and cifference frequencies are now present in the
plate circuit.

A parallel resonant tenk circuit is placed in the plate
circuit and is tuned to the desired i-f, which can be either
the sum or difference of the two original frequencies.
Transformer cetion translers the selected i-f to the input
of the next stage. The two original frequencies and their
sum or difference (depending upon which frequency was
selected for the 1-f) are by-pussed to ground through the
relatively low impedance offered by the screen bypass
capacitor.

Circuit Operation. A typical pentagrid converter cir-
cuit is illustratec in the accompanying schematic diagram.
Pentagrid converters are occasionally medified to function
in special circuits, consequently, circuit arrangements
which vary from the accompanying schematic may be in-
corperated in cifferent receivers; nowever, the functional
operation remains basically the same,

Ti
Ll L2

Te2
L5

Pentagrid Converter
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B-f signals arriving at the antenna are impressed across
Ll and coupled acrass transformer 71 to the Secondary
tuned tank formed by inductor L2 and cepacitor Cl. G2
is a trimmer capacitor used totrack the high frequency end
of Cl during aligament. The selected - frequency is in-
serted into the converter tube on the cuter control arid, G3.
Oscillator sionals are dew eloped in the grid tuned tank
formed by inductor L3 and capacitor 4. C5 is a trimmer
capacitar used for tracking the high frequency end of the
main tuning capacitor C4, and C6 is a padder capacitor
used to track the low end of Cd. The oscillater signels
coupled to inner control grid Gl through coupling capaciter
C3 which, working ir. i El, Zevelons the

shunt orid losb hige o
Giil L0Ox IIoC i

e in

lator siqml overcome the class O higs, o ing plote our-
rent 1o {low in pulses At ¢ :,ctllr-to* frequency. The pulsed

i

v:n:\..uux S i uy thew ;qu‘.GI 30l
::ffere* ze hrequencies
appear in the plate clrcuit. The paralle] resorant tuned
tank formed by inductor L4 and capacitor C8 acts ¢s a plate
load, and is tuned to the desired i-l frequency. Capacitor
C7 prevents 1-f from entering the powar supply.

The output is taken aeross the paralle] tuned wank formed
by inductor LS and capecitor ©8 whizh further selects the
desired i-f frequericy

The schematic diagram shown incorperates an electron-
coupled Hertley oscillator as the frequency geﬁerctin*
section. For illiatrative purposes the
the pentegid convertar i.cs. DESR Te~arawh in the ucoorr.pc—
nyinj schematic dicgr Notice that tne screen gnids (G2

¢ G4) form o composite cscillator arode, & Jetgilas
opemuonal description of the oscillator section is included
in the following paregraphs.

c4 c5

Oscillator Section

LG L eaLeney OF aenlitads T
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pentagrid converter this reed was intersifies by combining
two separate functions into one tube envelope. It is known
that variation in the plate load of conventional oscillator
circuits causes considerable variation of cacillater fre-
quency. Hence, the need for on oseillater whose output
circuit is CONyl@tCl‘y’lSOlu[Eu froz the tmed fmd c1mm
Inthe electron coupd tlev oot
connected screen grids are supplie vith o f:‘ potentia
and act s o composite anode for the nsetllator section of the
pentagrid converter. Electrons are aitracted from the
cathode and flow towards the screer. qrids {anode): however,

because of the relatively large spccing between the wires of
the sereen gric, most of theelectrn ¢ pass on through to the
ﬂ‘f‘m elomart of the F“E‘"Jtlﬂ ‘wb\, uunbf:u J'-'I'L’Y utly a

small ammount of sereen currert flows and the screen volt-

age rexnglns cowpuratively constant. It can be seen ther

thut electrons leavmq the cathade ”qap” T relatively
s . ;

ot

sign u(‘\,u

ot
SCreen qud Hut "1&" lctml ol t“ toirouir of the oaei lator
Is inthe pentagrid tabe plate. The scresn qrids are Hel? at
I-f ground potenticl by r-f by-pass cagzcttor 07 whose
pedance is very low at i-f. Thus the only \,ouohr.q whch
exists between the 1r.pht and output gireuir is the electron
stream, hence the name * aectmm-co-‘nlnd” oscillater.

To sustein-oscillotions in the arid cifuit i is neces-
sary to "feedback’’ an in- pl”a-*e portion cf the output simmal,
In theelectron coupled | \Grtley the teoped inductor acts as
an autstransformer to accomplizhi this purgose. For illustra-
tive purpases T]"P srid and ,.,,L 7

'
ada sirciir boa
WS CATUUIT DA

Alugrsm,

Simplified Oscillator Circuit

The inducter | L Il U sections which will
be designated L3k (cathnde « winding) and L34 (orid wind-
ing). It can be seen that the total inductance former hy

L4, in parallel witn trne total capacitaree of T4 00 0t 8

9, BS el

™

RO CerJll The solig

forms the Frrm ienzy
lmp: rer‘.rn
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charge path].

At the instant power is applied to the tube, zero bias
exists on the control grid and the tube readily conducts,
For the following discussicn it will be helpful 1o remember
that cathode current *“follows’” plate current. Incregsed
cathode curent cevelops a voltage potential across inductor
L3 and capacitors C4, C5 and CB, represented by CT, bedqin
to charge (0 to 1 on the sine wave]. At point 1, the capac-
itors have chargad to approximately the epplied voltage and
begin 1o discharge back through inductor L3, (point 1 to 2)
setting up o magnetic field, {(point 3}. The mometic teld
begins to collapse, (point 3 1o 4) re-charge capacitor CT
(point 5) and the cycle repeats itself; however, notice that
the voltage at point S is [ess then that at point 1. This is
due to inherent circuit losses (coil resistance,ete.) and
eventually, after a few more cycles, the oscillations will
dampen out entirely. Thus, it con be seen that an in-phase
signal of sufficient amplitude to concel out circuit losses
is necessary to sustain oscillations.

For simplification, bios voltages are disreqarded in this
discussion and will be discussec later on in the text.

The positive going grid (0 to point 1) causes an increase
in plate {and cathode) current, resuiting in an increased volt-
age ocrose inductor L3k, 180° out of phase with the qrid
signal. The mutual inductive action of the autotransformer
L3g und L3k produces another 1807 phase shift, so that
regenera ive (in-phose) feedback is accomplished. The feed-
back voltage will be relatively small due to the tums ratio
of the transformer but it is of sufficient amplitude to re-
insert and compensate for any circuit losses, Thus, the
flywheel effect of the tuned tank circuit, aided by the
mutually induced voltage from L3k, impresses a linear sine
wave on capacitor C3, which is part of the shunt grid ledk
bias circuit.

As has been previously mentioned, it is required that
@ mixer operate over the nonlinear portion of the Eo-Ip
curve, thus the tube must be biased helow cutoff.

The qgrid leak bias circuit comprised of resistor Rl and
capacitor C3 performs this function and will be discussed
in detail in the following paragraphs.

The oscillator input siqnal arriving from the qrid tank
circuit is impressed on the tank side of capacitor C3.

On the positive swing of the oscillator input signal the

grid is driven positive, cousing current to flow from cathode
to grid through the intemal tube qrid-cathode resistance,
Bgk (The value of Fgk is considerably lower than that of
the parallel resistance Rl so the major portion of the cur-
rent will flow through Rak) and C3 charges rapidly, placing
a negative voltage on the control grid.  As the oscillator
signal swings negative, grid current ceases to flow and
capacitor C3 begins 1o slowly dizscharge through resistor
Rl. The value of Rl is considerably larger than Rk, so
discharge time is longer than charge time. Before C3 can
become fully discharged the oscillotor signal begins to
swing positive and grid curtent flows again, charging C3 to
a higher potential cnd plecing more bias voltage on the con-
trol grid,  Ewventually, after o few more cycles of oscillater

CHANGE 2
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signal, the charge on C3 becomes stabilized and qgrid volt-
age remains at @ constant level,

If the time constont of the R-C bias network is too
long, capacitor C3 will eventually become fully charged,
placing the tubo in obsolute cutoff and no cusrent will flow,
consequently, oscillations will cease. Hence, the value of
grid leak resistor R is critical, It must be large enough to
develop a sufficient negative voliage for cutting the tube
off and small enough o allow a partial discharge of C3 be-
fore the next oscillator cycle begins, Thus, by using the
correct value of grid leak resistonce the circuit moy be de-
signed to cut off for 90% of the time with only 10% (the
positive peak) of the signal causing tube conduction.

The positive pecks of the oscillator signol brings the
tube out of cutoff and medulates the electron stream in
pulses. R-f signals arriving at the antenna are impressed
deross inductor L1, the primary winding of T1, The
signals are transformer coupled to the secondary winding,
inductor 1.2, Capacitor Cl and L2 make up a parallel
resoncnt tank tuned to the selected r-f frequency, Notice
that Cl in the r-f section and C4 in the oscillator section
are mechanically gonged, and varying one will cause the
other to vary by an equal amount, hence the oscillator and
1-f stoge are always, theoretically, separated by the inter-
mediate frequency. However, on the extreme ends of the
tuning range the variable capacitors become somewhat non-
linecr and {f proper tracking is to be acquired it is neces-
sary to insert trimmer and padder capacitors to “'fine tune”’
the focal oscillator and 1-f sections. Capacitors C2 and
CS are trimmer” capacitors used to track the low fre-
quency end of Cl and C4 respectively and C5 is a “padder”’
capacitor used to track the high frequency end of capacitor
C4.

The frequency selected by Cl and L2 is applied to the
outer control grid, G3. The r-f signal grid is electro-
statically shielded from the oscillator grid by screen grid
G2 which is at ground potential. Consequently, very little
electron coupling exists between the «f and oscillator
circuits and frequency pulling effects are virtually elim-
inated.

The electron stream, varying at oscillator frequency,
is further modulated by ther-f signal and plate current beqine
flowing at a rate, as determined by the algebraic sum of the
two signals. Hammenic distortion, caused by operating the
tube non-linearly, produces various frequencies (the original
tf and oscillator signals and their sum and different fre-
guencies) in the plate circuit, The fixed wned output tank
comprised of L4 and CB is tuned to the desired i-f, which is
usually the difference frequency, and inductively couples
the selected i-{ to the secondory winding tuned circuit
comprised of L5 and 9.

The unwanted original frequencies and their sum fre-
quency are shunted to ground tnrough 1-f by-pass capacitor

1.
FAILURE ANALYSIS.

Mo Output. Belore troubleshogting the converter stage
check each component visuzlly for simms of ovetheating,
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PART B. SEMICONDUCTOR CIRCUITS

MIXERS.

The mixer circuit performs the function of a het-
ercdyne frequency coenverter. As used in the super-
heterodyne receiver, the mixer serves to convert the
received r-f siqnal to an intermedicte fraquency (i-1)
which uses g fived-tuned omplifier to obtain turther
amplification and selectivity nefore detection. In this
application, two radio-frequency inputs are mixed tagether,
and the output, usually at o lower radio frequency {the i-i},
is applied to the intermediate-frequency amplifiers. How-
aver, the mixer circuit is not restricted to use in this
manner: it con be used wherever it is desired to change,
ST convont, on2 fge:gen«"y tn nnather, 1ne conversion
of frequency can be trom g lower 10 o highel (I&quehly
(used in VLF and 1T receivers), as well as from o
higher to a lower frequency (used in medium, I, ¥
apd UHF recaivers), In VHE aad I'HE superneterodynes
double, ar eventriple, conversion may be used to
transiorm the original frequency toa lower i-t more suitable
for ohtaining the required selectivity with qreater amplifica-
tien than can be obtained ot the signal frequency. The
genetal data on mixers discussed in Part 4, Electron
Tube Circuits, in this secticn is alse genarnlly applicable
to semi-conductor mixer ciiculis, and sh i
background before continuing with this discussion.

Where two 1-f signais ate applied to o semiconductor
and the nonlinear teansfer characteristic is used to
produce heterodyne octicn, the circuit {unctions as a

alxer. #here a single -f mput is applied o the semi
conductor and the semiconductot furnishes a seli-
generzted r-f nsciliation for neterodyning, the circuit
functions as o converter. 1n both the mixer and the
converter, the heterodyning process is ased to perform
frequency conversion. The 1erms mixer and converter
are sometimes used interchangeably, but they reclly define
whether the clrcuit function invelves only mixing or g
more complex process.

Mixers in the semiconductor field are divided into
two general groups - the diode and the tricde {the ew
other types which exist are specially designed transistors),
The diode mixer uses a conventional semiconductor diode
10 provide mixing without ampithication. The triode mixer
uses the diode functicns to provide mixing with amplifica-
tion, and produces a gredater output than the simple diode
mivar, Ag presently used, ihe sonventiongl sesiconductar
{crystai} mixer provides sificiont fraquency conversion
Jp 1o about 1030 me, Tor the higher fzguencien, wpeninl
microwave mixers are designed. The mictowave crystal
diode mixet funclions ug 10 he wsabie hmitn 2f e
radio-frequency spectrum with o good signai-io-ralse

satio (Detter than thot of any ather 1yoe of mizer) While

T

¥
the eqily crystai mixefs were baaically point-contact
devices, today's mixers (with ihe exceplion ol suue
mictowave units) gre geown of alloy junctions specially
processed for low-noise peticrmance, 1unnel dicdes
are also used for mixing, but they are generally employed

g5 converters, with thelr neqative-resisland chargctenistic
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being used to provide seli-oscillation, as well as diode
mixing; they will be discussed in a later part of this
section, under qutedyne converiers.

In all of the mixers that are discussed in this sec-
tion, the heterodyne process of beating together two
t-t signais is emploved. This heterodyne process has
the unigue ability to transfer all modulation compc-
nents (including noiss and hum) existing on either of
the two signals to the outpui fiequensy o7 frequencies,
The heterodyne trocess dees not require signol detec-
tion and subsequent addition of the modulation to the
new signal frequency, Instesd, the conversion from
one frequency to another with complete transfer of the
modulation from the original frequencies o the ocut-
out frequency is ohtained simply and sasily ina
single mirmut. This is the pLisiCle upoa which the
superheterodyne receiver is hased. By heterodyning with
uper (highar} requency (usually obtained from a

ascillater), the ariginal frequency is converted to
much lowst trequency oy the first jetector of mixer.

ignal is then amplified, and unwanted

L

so-called second detector.

The cutput of the mixer stage 1s always tuned io
select only one mand of frequencies, usually the lowes
of Intermediate frequency, from the number of frequencies
existing in the output circuit. Several frequencies are
present in the output circuit, because the heterodyning,
or baating together, of the r-f signal and the local-
osciliator signal produces 3 number i heat-frequency
combinations. Thus the cutput circuit contains the
orizinal frequency, the loal-nsciilatar frequency, and
the sum and difference of these {requencies, together with
2 series of other frequencies which are multiples (and
submultiples) of these baslc frequencies, genstated by
the hetercdyning of the beats with the original signals and
the other beat frequencies. kLach beat multiple (ot
submultiple) has a reduced amplitude and need not e
cenaidered further, Tn the cose of the first four
frequency combinations, which have appreciable am-
plitude, it is ¢ simple matter to nrovide a tuned circuit
=k will calact The desirs] output frequency.
Except for reduced size and power consumption, the
semiconducior mixer is 2om rahle to the vacuum-tube

r

mixer. In foct, it offers two important advantages over

ne vacuum-tube circuit: cpersticn at maner frequencies
. s : -~

and o tower noiae level ot the higner lIequUencles. The

semiconductor mixer can cpercie At higner irequencies
then the electron the hecause the electron tube is limited
=t thp Rizhar frequencies by transit time effects (cuused

\ 'sly large spacing between the electrodes). Lue
1o the tninness of the P il i i
sohiagt to tronsit time eitects until 4 mu

15 renched. Because of the increasec rndom collisions
of =lactrons due to thermal agitation {shot effect) in the
slectron tube, moie noise 5 pr duced by a tuhe mixer
than by the rebatively cold semjcondus A

; RS T -
ctar mixers are invarindly ussd ot th

Thp i s OO0

!
oL
ch hughet f2guenty

soi. Az oooresult,
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used (diode, triode, etc) is purely a matter of desion
considerations. The following circuit explanations will
discuss these considerations only where they are

relevant to an understonding of circuit operation.

DIODE MIXER.
APPLICATION.

The semiconductor diode mixer is used in tansistor-
ized superheterodyne receivers in heterodyne frequency
converter circuit arrangements to provide the inter-
mediate frequency; and in electron tube high-frequency
receivers 1o provide a low-noise 14 1o i-1 mixer. Special
rurpose applications include test equipment, microwave
repeaters, and single-sideband transmitters, in which
mixers are used for frequency conversion.

CHARACTERISTICS.

Hequires a separate source of heterodyning voltage
{local osciliator).

Uses nonlineor transfer characteristic of a dicde
to provide mixing action.,

Conversion gain is less than one, and efficiency
is high.,

Signalo-noise ratio is high {better thun that of
an electron tube),

Heterodyne-signal (local oscillator} amplitude must
e larger thon received-signal amplitude for minimum
distortion and best efficiency.

CIRCUIT ANALYSIS,

General. The semiconductor disde mixer is cne of
the simplest types of mixer circuiis employed in frequency
conversion. In this applicotion, the two signal voltoges
to be heterodyned are supplied in series o the diode, and
the mixer output voltage is obtained from a turi=d-
transformer arrangement. Ths sutput circuit . tuned
to the intermediate frequency, whicr '3 usuaily the
difference frequency between the two signals, Thus all
other unwanted frequencies are rejected, and the i-{ signal
(which alse contains the moedulation compenents of the
input signal) is supplied to the i-f amplifier for further
amplification. The precading discussion cencerns the
use of the mixer in receivers whete the input signal is
converted to a lowsar frequency. In very low frequency
receivers, or in ¢ sideband generator where the signal
is generated gt a low frequency and heterodyned to a
higher frequency, the cpposite condition exists, and the
sum frequency is the output frequency. In each case, the
circuit actions are the same, b the frequencies of
interest are different.

Circult Oparation. The accompanying circuit sche-
matic shows a simple diode type mixet.

In this circuit, T1 is tuned to the high frequency input
signal, and T2 is tuned to the lower-frequency local-
oscillator signal. The secondaries of T1 and T2 are
conniected in series, and the t-f input is superimposed on
the local oscillator signal. The combined signals are
eftectively rectified by crystal diode CR, preducing o
difference frequency current in the primaty of output
transformer T3, conaectad in seties between the cathode

ORIGINAL

$00,000.102 FREQUENCY CONYERTERS

DIFFERENCE
FREQUENCY

TI _AV&VAV‘

- I-F
CR QUTPUT
- 3
R-F 7] p>
INPUT )

T2
% b g
LOCAL Q8¢

SIGNAL

Divde Mixer

of the crystal and ground, Since T3 is tuned to the
desired intermediate frequency, it offers « high impedance
at that frequency, and thus setves as the load across
which the output voltege is developed. The secondary of
T3 is alse tuned to the i-{ signal, and together with

the turied primary, it provides g highly selective circuit
with bandposs characteristics.

When the signal veltages in the secondary of T and
T2 are in phase, they add and the voltage applied to
the crystal is increased. When they are out of phase,
the voltages subtract and the crystal input voltage
is reduced. Since the two voltages are sinuseidal,
the resultant signal will alse be sinusoidal, and vary
similarly. Because the new signal is a composite
signal, its maximum end minimum emplitudes will occur
at different times from those of the other signals. Thus
the frequency of the new siqnal will be different from
the original frequencies. Any intelligence existing as
modulation (either AM or FM) on these carriers will be
transferred to the new signal. Since the local-gscillatar
signal is unmodulated, the new signal will contain the
modulation of the high-frequency received signal, tagether
with any unwanted hum or noise components present on
the locol-oscillator signal.

Since the crystal conducts only when its anode is
positive with respect to the cathode, only the positive
alternations are effective. Pulses of current are
produced at the rate of the original signals plus the
composite signal. This current flows through the
primary of T3 and induces a voltage in the secondary
of T3. Since both the primary and secondary of T3 are
tuned, the greatest output voltage will occur at the
frequency or over a range of frequencies for which the
highest impedance is offered. Frequencies cutside this
band will be offered a low impedance, and little or na
output voltage will be developed. Thus only the selected
output frequency is obtained.

The basic principle of mixer operation is the use
of the nonlinear transfer characteristic of the crystal
diode to produce signal voltages in the output which
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did not exist in the input signal, At the same time, all

modulation components present on the original signal

must be effectively transferred to the new signals. The

desired output frequency is then selected by o tuned

circuit and separated from all the sther unwanted

frequencies The manner in which this is accomplished

is shown in the cccw'*pcm
r:rst let us examine the !

of a crystal dicde and compare it with g }mecr

characteristic, as shown in the accompenying iliustrations.

ina 11||1c:trrqfinnq

il
Fron:
L

1 I
!
/
- 0 + 0 g
E
CRYSTAL DIODE LINEAR
CHARACTERISTIC CHARACTERISTIC

As the input voltage to the crystal varies the cur-
rent also varies, but net equally for all increments of
input voltage.” On the other hand, the ideal linear
curve will result in equal current increments for equal
voltage increments. [f the diode voltage-current characteris-
tic wete linear, the input voltoge would produce a current
which, when passed through a resistor or locd impedance,
would praduce an output voltage identical to the input
voltage. Therefore, if two different voltages were
applied as inputs, exactly the same voltagas would be
abtained in the output (except for a slight loss due to the
resistance in the crystal). Thus, frequency conversicn
could not occur if the diode transfer characteristic
were linear. On the other hand, when an input voltage is
applied to the nonlineat diode, a distorted output is ob-
tained. The distortion consists of signols which differ
in frequency from the original signal. If two different
signals are applied to the nonlinear diode, the cutput
circuit containe distartion preducts for both signals.
These extraneous signals are the sum and difference fre-
quencies of the cniginal signals, pius b :
original signals ana the distoriion prodocts o
heat signals themselves), as illustiotad below
To produce the desired conversion with |
one input {usually the input supplied by the 1Ocu1
oscillator]) must be ‘ﬂr’*Prvw" the uthc;
accomplished by using the weak high-frequency input
signal as the smoll signal, and the strong local-oscillulu
zignal as the lerqe signal. When the input voltage is
large encugh to appear at the point of greatest inflection
on the diode characteristic zurve, the hest efficiency is
obtained. The fsllowing figure illustrates Lhe COTEr

transfer araphically. In e:::m il
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and produces 1 1-mc beat signal, which rides on the local-
oscillator carrier somewhat like a ripple voltage. The
output circuit contains pulses for each positive cycle

of the two input frequencies, plus the beat signal.

Selection ¢f the desired output frequency is obtained

by using q tuned circuit as the load. The greatest output

is developed, of course, at the beat frequency to which

the locd is tuned, and the other frequencies are effectively
rejected,

The manner in which the conversion efficiency varies
with local-oscillater signal qmplitude is shown gre-
phically in the accompanying flgure. As can be seen
the best efficiency is obtained for the strongest local-
oscillator signal that can be handled by the diode. Since
the detector output increases very slowly after the
maximum inflection point of the characteristic curve is
reached, the efficiency changes very litile beyond this
point. Thus there is a limit beyond which not much
change of efficiency occus i the local-oseillator power
is increased. Note, however, that for very small stgnals
the efficiency is low. In addition to low conversion
efficlency when the input signal is of the same amplitude
as the local-oscillator signal, extreme distortion is
produced, becquse the beat signal varies from zero to
a maximum of twice normal (in effect 100% modulation).

In this case the circuit acts somewhat like o square-law
detector. Little use is made of this circuit characteristic.
Naormally, the local-oscillotor signal amplitude is fixed at
about ten times the amplitude of the received signal.

!
CONVEI;SIGN
EFFICIENCY

L.O PWR ————& MAX

Conversion Efficiency Yariation

It is interesting to cbserve that the local-oscillator
signal is always unmodulated; if bath signals were
modulated, the linear tronsfer of modulation would be
annulled because of phase cancellation between modula-
tion components. The norma! transier of modulation
occurs linearly even though the beat is produced by
deliberately distorting the r-f signal. This deviation
from the normal rule of avelding distortion is due to the
large separation in frequency between the modulation
(usuaily an qudio-frequency signal) and the input cnd
local-oscillator signals {which are always radio-frequency
signals). The audic modulation varies at such o relatively
slow rote that many r-f eycles can be lost without a
naticeable change in fidelity; that is, any change in the
amplitude of a single t-f cyele has little effect on the
over-all cperation.

ORIGINAL
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Since the semiconductor diode will conduct in a

reverse direction, it represents a lower-impedance load

than the conventional electron tube diode, and it also

has a lower forward resistance. Neither paremeter,

howevet, has any great effect on the opetation of the

dicde as a mixer.

FAILURE ANALYSIS,

No Output. If the local-oscillator signal or the
r-f input is missing, no i-f cutput will be produced. Both
signals must be present to obtain frequency conversion,
An open circult in the input transformer {T1) or the
local-oscillater transformer (T2} - either primary or
secondary - will also render the citcuit inoperative. A
defective crystal may be checked by maoking forward- and
reverse-resistance checks of the diode. The reverse
resistance shauld be very much larger than the forward
resistance. Since the proper functioning of transformer
T3 is necessary 1o select the output signal, an open
circuit in this transformer could also result in no cutput.
Moreover, it is possible thot mistuning of the input
circuits could cause cbsence of one of the signels ond
produce g no-output indication, A resistance or continuity
check of the transformers should be made to insure that
the circult is comp te, and a test signal should be ap-
plied to the innput v ~tetodyne with the local-oseillator
signal while checks = made for an output signal in T3,
It will be necessary t.  se a VTVM with an r-f probe
to determine whether the i-f voltage is present. Witha
maodulated input to the mixer, an oscilloscope with an r-f
prabe can be used to observe whether the medulation
appears in the output.

Low Output. A low-cutput condition can occur ifthe
local-sseillator signal is equal to or less than that of
the input signal. Such a condition could be caused by
mistuning of T1 er T2. Substituting a test signal in
place of the local-oscillator signal will quickly determine
whether the oscilletor output is low (if the proper value
is knawn, the oscillater voltage can be measured with a
VTVM and r-f probe). A similar tesult could be produced
by the locel-oscillator being tuned off frequency as a
result of improper padding or clinement.

Other Conditions. Defective shielding or lack of
proper lead dress after tepair moy permit the locat-
oscillator signal to leak into the preceding stages
of the receiver and reduce the recelver sensitivity
by producing a high avc voltage. Or it may qllow the
local-oscillater signal to feed back through the i-f
and detector stages and cause birdies and vnwanted
signals. Such troubles will disappeat when the local
oscillater is temporarily disabled and a well shielded
test-signal source is substituted in its place.
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TRIODE MIXER

APPLICATION.
The transistor triode mixer i3 used in transistorized
superheterodyne receivers to combine the incoming r
sign

€ i€ InComing r-f
signal with the local oscillator signd to produce the de-
sired i-f frequency,

CHARACTERISTICS

Provides conversion gain.

Requires a separate locd oscillator to provide the
heterodyning signal.

Utilizes the nonlirecr transfer characteristics of th
transistor to provide heterodyring action.

‘Ihe transistor is binged in the !
nenlinearity is hign,

A relatively hich signdl 10 noise ratio is obiained.

Operates better at higher frequencies because of reduced
transit time effects,

ow mTTent recinn where

CIRCUIT ANALYSIS.

Genera!. The purpose of the mixer stage is o convert

the incoming 1-1 frequency usually into ¢ lower frequency
which contains the same characteristics {modulation) as the
original -f- frequency. This lower output frequency, called
the intemmediate frequency, or the i-f frequency, must re-
main the same for any -1 signal received within the range
of the receiver for proper operation. The radio frequency is
converted to on intermediate frequency by a process called
heterodyning. When the input signal, along with another
specific frequency referred to as the local oscillator
signal,’’ is injected into the base {or emitter) of o
transistor, four basic frequencies ore obtained at the ool-
lector (although many other bect frequencies are clso gen-,
erated they are seldom used). These are the origingl two
frequencies and the surm md difference of these inputs.
A resonant tank in the coliector circuit is wnec 0 the dif-
ference frequency, so that it will occept and pass this fre-
quency on to the foliowing stages and effectively atienuate
all the other unwanted frequencies present.

There are alse applications where an incoming signal
is converted ic a higher frequency, as in Very Low Fre-
quency receivers andin Single Side Band generators, where
the sum frequency instead of the dlffefer*ce freq wm'*,' is

used as the intermediate fro
eG &8 ihe inlermedicle ire

[‘

sameforthisierplisatan ahsisisu nhh: 40 tn el
output tank s tuned to the desired(sa "r') frequency.

The efficiency i frequency conversion in the transistor
at lower frequencies is strongly dependent an the alnha
tating or me m ueable tatn copohility of the trapsieiny,
QOver the medium frequency rars % conversion cutput depends
primarily o base resistance, @id In e g eguency

¥

tange conversion r-'of‘F'(‘u:nh» iz limited b the gm

emitter reverse snunting capocitance, !re‘esa tne' capaci-

tho hmde e $ ot e rte s tora Tl et e e o le To i b e M al Rt
{GnCe tnc ootier ising PCTISTIMGNRTS, WONVEITIon Jain Z.00

influences the noise factor, At low frequencies the wramsis
tor is equal to a crystal .A.cde with o IFGFQIS[C" amolifier,

while at vhi some qain may still beahtainad, e rolas s
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usudlly higher than that produced by the diode and transis-
tor amplifier combination.

Circuit Operation. The accompaying diaaram illus-
trated ¢ typical common-emitter type triode mixer.

3IMC
S W Ay
LOCAL

CSCILLATOR

Common- Emitter Triode Mixer

As can be seen from a stucy of the schematic, resistors
Rl and RZ form ¢ voltage divider to provide base bias
for Q1. Resistor R3, bypassed by capacitor C3, is a con-
ventiondl emitter swamping resistor usedto prevent temper-
awre changes irom altering ransistor performance.

Winding L1 is the primary of T1, and, together with capac-
itor C1, forms a parcllel resonant tank circuit tuned to the
selected r-f sigral frequency. This signal is inductively
coupled to secondary L2 of Tl Transformer TZ injects the
local oscillator signal on the base of Ql. Transistor Ol
isithemenlinen davi d for heterodvning.

neniinear device usedior The primary,
L3, of uansiormer T3 together with C4 forms a paraliel
resenent tank circuit tuned to the difference (i-f) frequency,
and capacitor C5 also shunts the unwanted frequencies re-
maining in the collector circuit to qround.

The bias voltage divider fomed by Bl and R2 toge .her
with emitter resistor B3 biases transistor 51 in Lhel Cur
rent region of its dynomic transfer curve, Operation in this

region provides good Feterodyn

able nonlin ity oocurs
dDue neniinecnily occurs h

The recelved -4 signs! is wup‘w th IL_J

with the local oscillator s :
base of Gl. Since these two frequenmes are diiferent tnz
phase relationship between them is constantly chomaing.
This causes these twe siqnals t d
algebraically sc that amplitude variations appear :
collector ut reqular intervals in the form of o newly cevel-
aped beat frequency, This heat framency |

product of heteradyning the two simgnals o is called 'ce

intarmadiate framuence, T the reopived 18 nireal i0 pwnli
inlemecicie requendy, o e rcCoives [ 1 SIgNaL i3 umwr

i
tude modulated the resultant i-f sicnal wiil nave the sume

emplitude modulation sherasteristics {the modulation

tramsferred lineorly from onesimmal 10 4
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the received r-f signal is frequency modulated the resultant
i-f frequency devictes ground a center frequency at the same
rate as theoriginal - signal deviatec. See the introduction
to Part A, Section 13 of this Handbook for a detailed discus-
sion of frequency conversion. Cl and the turing capacitor
of thelocal oscillator are mechanically connected so that
whenever Cl is tumed to tune the 1-f tank to a differen:
frequency, thelocal oscillator frequency is, likewise,
changed a correspending amount. This results in a constant
difference frequency being produced as the receiver is tured
over the entire range. The local oscillator signal amplitude
is made approximately ten times that of the incoming 1-f
signal forefficient mixing. The resonant tank formed by the
primary of T3, and consisting ¢f LS and C4 15 tuned to the
difference frequency or i-f. This rescnant tank presents o
high impedance only to the intermediate frequency and a
maximum amplitude cutput signal is developed and in-
ductively coupled 1o the secondary, (L8}, of T3. Capaciter
C4 which tunes the output tank circuit clsc presents a low
impedanice to the unwanted frequencies in the collecter
circuit, and they are shunted around LS and bypassed to
ground by C3. MNommally this bypessing is sufficient. It has
been noted, however, that in strong signal areos, and espe-
cially in all-wave types of superheterodyne receivers, that
sometimes strong bedat harmonic frequencies are generated
which areof sufficien: amplitude to apear somewhere in the
ning range. Since these signals seem to appear at non-
hammonic frequency peints on the dial they cause the opera
ter to infer that this station is operating off-frequency. This
effect depends upon the chcice of the i-f, whether or not it is
single or double conversion, andit also depends upon how
well the shielding is effective, md varies from model to
medel. This effect is mentioned here tg indicate the im-
portance of selecting only desired requencies.

FAILURE ANALYSIS,

General. When making voltage checks, use a vacuum-
tube voltmeter to avoid [ow value of multipiier resistance
employed on the low voltage ranges of the standard 20,000
ohm per volt meter. Be careful to observe proper polarity
when checking continuity with an ohmmeter. Since o forward
bias through any of the transistor junctions will cause o
false low resistance reading.

No. Qutpur. A ro-output condition is usually indicative
of a defective transistar, or an open base, emitter, or
collector circuit. In the commen-emitter circuit a shorted
base or coliector would also cause no output. These con-
ditions can easily be found by resistance cnd continuity
checks with an ohmmeter. To prevent false readings, be
careful to observe proper polarity when checking resistance
or continuity. Check the power supply voltage to make
certgin that loss of output is not due to a blown fuse or
defective power supply.

1t should be noted that an i-f frequency could not be
produced by the mixer if the local cscillator signal can rot
reach the base of QL. Presence of this signal can be deter-
mined by simulating this siqnal with a signal of proper fre-
quency from a signcl generator and ipisciny it into the
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base of QL. An output then would indicate a fault in either
the local osciliator, or local oscillater coupling trans-
former T2, Troudle could then be lccalized to either the
local oscillator or T2 by injecting the simulated local
oscillator signal in the primary of T2, If this causes an out-
put it would be safe to assume that the local oscillater is
at fauit. If signal injection into the base of Q1 produced an
i-f output onciniection into the primary of T2 dic not, T2
can be assumed to be at {cult. It should also be roted that
failure of theloccl oscillator will cause very little noise

to be present at the output of the receiver, In contrast,
failure of the - staqes would not greatly affect the noise
present at thereceiver output, but would prevent or greatly
diminish rodio reception.

Presence of the r-f input siqnal can be determined by
utilizing the procedure deseribed above and applying it to
transformer T1.

If resistance and continuity checks reveal that all
components are qood but ar cu'put cannot be produced even
when injecting frequencies from ¢ signal generator it is
possible that the output tank, the primary of T3 is badly
mistuned or the troukle probably exists in the secondary of
T3. Check the resistance of the secondary of T3 with an
ohmmeter. If the trouble persists the defect could possibly
be in the input circuits to the following stage.

Low Output. Low output could be caused by a change
in bias of o defective wansister. Check TC bias levels with
a vacuum tube voltmeter. With power removed, indications
of impropet bias should be followed up with resistance
checks to determine the component at fault.

It should be noted that deterioration with cae cousing
lack of gain may result under high temperature conditions,
Unlike vacuum tubes, however, transistors have operated
for years without noticechle deterioration under proper oper-
ating conditions.

Another possible couse of decreesed cutput would be
insufficient local escillater signal reachingne nase of Q1
This condition could be checked by tracing thelocel oscii-
later signal through transiormer T2 to the base of Q1, with
an oscilloscepe, notingthat the amplitude is suificient on
the primary of T2 ond thet there is not excessive attenuation
theough T2. Less likely though a still possible couse of
low output would be msufficiert r-f signal recching the base
of Q1. This condition could be isolated to the proceeding
r-f stages or transformer T1 by using the procedure de-
scribed above for checking the local oscillator signals
Should all the conditions necessary for proper operation
be met, i.e., proper cperating bias, qood tronsistor and suf-
ficient amplitude input md local ¢seilletion signals, poor
performance could be theresubtof mistuning of cutput tank
T3, With an -1 ipat inte the receiver try tuning T3 for a
pedk receiver cutput.

MICROWAYE DIODE MiXER.
APPLICATION.

The microwave diode mixer is used in superheterodyne
radar receivers to combine, or 'mix’, the incoming r-f
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microwave signal with thelocadl oscillator signal to produce
the desired intermediate frequency (i-f) output signal. The
microwave diode mixer is generally used in applications
where signal-to-neise ratio is an important consideration or
where transit time at very high frequencies becomes critical
for other types of semiconducter mixers.

CH

ARACTERISTICS,
1-f voltage is linearly dependent upon sianal amplitude,
for signals small compared with the local oscillator power.
Transit time effects are minimized.
QOverall noise fiqureis cs low as 7db ot frequencies up
to 25,000 MHz.
PEquires a separate local oscillator to supply the
P ~le
nesiEineanle,

Output circuitistuned to the i-f frequency.
Conversicn qain is less than unity,

CIRCUIT ANALYSIS.

General. The crystal is the most effective "
the superheterodyne receiver at microwave frequencies.
The operation of a crystal es ¢ mizer is similar to that of
the dicde electror, tube. Since a crystal is not ar amplifier,
thete can be no conversion gain, The conversion loss is
taken as the ratio of the available i-f signal power to the
gvailable r-f signa! power. It varies with the circuit im-
pedance but is normally about 6 to 10 db. Crystals are
easily damaged, and voltages should not be applied which
are greater than about 5 volts in the blocking (anode to

r'ﬂrl—shria\ diraction o1 which regult in more then aheut 1ude

In aresistive lood. in gppiication, the desired r-f input
signal and the local oscillator signal are appiied in series
o the microwave Ziode, @ia tne mixer cutout voltage 1s
obtained from a trarnsforrer tuned to the desired i-f signal
so that it will poss this frequency anc reject ali other fre-
quencies.

Citeuit Operation. A simnlitied microwave diode miver
circuit is snown in the accompanying illustration.
CRi
Tl T3
—-O
AMA_ Oy ﬁ ﬁ

Yyyy R+ _ng !
T2 cam 61
M- s 13 j

Microwave Diode Mixer Equivalent Circuit
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Transformer T1 consists of @ untuned primary winding
and a tuned secondary winding; Capociter C1 and the sec-
ondary winding of T1 form o resonant circuit ot the fre-
quency of thereceived 1-f signal. Transformer T2 is similar
to T1, except that capacitor C2 and the secondary winding
of T2 form a resonant circuit at the frequency of the local
oscillator. The resorant circuits, shown in the schematic
as T1, Cl and T") 7 are gotiel 1.0 Aireite reoad Af

as Tl, C2, are actual L-C circuits compesed of
inductors and ccrpomtors at radio frequencies.

Semiconductor CRI is a point contact crystal dicde
used at microwave frequencies. Transforrer T3 is o double
tuned transformer, with the primary and secondary circuits
tesonant 1o the intermediaie frequency. This transformer
hc‘.s a burcpcus chamseterigtic whics Sistilninates o5ainst
U!:-'qut'llblﬂb LIUL)VI:‘ U..IlU UEIUW LH.C UUDJH:‘U. UU.LPUL JJCLiLlUllCY.

When no r-f signadl is applied 1o the input of transfomser
Tl, but the locel oscilictor sigral is aprlied to the input
(primary) of transformer T2, cemiconducter CR1 acts only
cs a rectifier. For this input condition, the current pul-
sations possing through the primary winding of the double-
tuned transformer, T3, are those of the locd oscillator fre-
quency; however, the tuning of transformer T3 does not
pemit the local oscillater frequency to reach the output
because of the bandpass characteristic of the transformer.

Wher: the r-f and locel cscillator siancls are applied
simultaneously to their respective tuned circuits, the
two signal voltages are applied in series to semiconductor
mixer diode CR1.

Since the two applied siqnals differ in frequency, the
v’GlLGgCS oigeTea W3y 3 1T yuu*c with each other. Pericd-
ically these vwo voltages algebraically add or subrract
to produce an amplitude variation ot reqular intervals; it is
this periodic amplitude variction in the form of a beat fre-
quency voltage which is of greatest importance. The beat
frequency is actually the difference frequency produced by
the instantmeous signal vollages as they combine to in-

e satiR.eksee saldasn
crease amolitudewhen cpprocehing &iin-phee relalion

ship andto decrecse amplitude when approcehing an out-of-
phase relationship.

Becouse the two sine-wove frequencies are super-
imposed, the mixer CRI rectifies, or detects, both frequen-
cies. As aresult, pulsating currents which vary in amplitude
at the peqt trequency Tale are procuced i the primary wind-
ing of transformer T3. "lhus ¢ carrier envelope is formed
which varies in accordance with the difference frequency.
The uumuunq Culitlils lulmning tne carrier CIIVE‘IOU[“ flow
thin Tough the Primasy win vit.g vl Gunsiomer T3, Since ine
plimuty Clicuit is U,!,(‘d, il Diesenis O g rpeddnce 10 e
difference (i-1) frequency. Consequently, this frequency is
pussed Dy uURSICImEr 3, Gnd e SuDul voltage 18 induced
in the secondary wirding which vories in amplitude in ac-
cordance witn the grpiituze of the amig

I the received - signal contains amplitude-modulation
components, the beat difference will deviate at the same
tates as the original r-{ sianal. Thus, the characteristics
of theintermediate frequency signal e the scme as tha
of the original r-f sigual, except thot ve received sino
has been changed to a lower frequency.

-t zromad
=l zignal.
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The output {i-f signal) voltage developed ccross the
secondary tuned circuit of transiormer T3 is opplied to the
succeeding stages where it is amplified and de-

modul ated.

FAILURE ANALYSIS.

General, When making voltage checks use a VTVM o
avoid the low values of shunting resistance emploved on
the low ranges of conventional voltohmmeters. Be care-
ful to chserve the proper polarity when checking continuity
with an chmmeter, since a forward bias through any of the
diode junctions will cause a fclse low resistance reading.

No Qutput. Since the circuit of the microwave diode
mixer is relatively siriple, foilurz of the circuit to provide
an output can be resolved to one of several possibilities.
The resonant circuits T1, Cl anc T2, C2 must be properly
aligned to their respective frequencies. The double-tuned
output transformer T3, must also be correctly aligned to the
desired intermediate frequercy. The presence of the desired
1-f and local oscillator frequencies must he determined,
since no output can be obtained from the mixer circuit unless
both signals are appliad to the mixer input circuits. One or
more open windings in the transformers T1, T2, or T3 can
cause a no-output condition, so these windings should be
checked with an chmmeter to detemmine whether continuity
exists. Capagitors Cl, €2, 3, and C4 can he checked with
an in~circuit capacitor checker.

Low Output. If the tank circuits are not tuned to the
proper frequencies, or if one of the capacitors should become
leaky, o low output condition could occur. Check to see
if the r-f, locel oacillator, and i-f tank circuits are tuned
properly, and check all capacitors for ¢ leaky condition.

AUTODYNE CONYERTER.
APPLICATION.

The autodyne converter is generally used in transis-
torized radio receivers to convert the incoming r-f signal to
an intermediate frequency (i-f), and amplify the i-f, for ap-
plication o succeeding stages.

CHARACTERISTICS,

Uses a single transistor to provide the functions of these
stages.

Acts as a local oscillator,

Acts as an i-f omplifier.

Acts as a self-contained mixer.

Has lower conversion qain than circuit using a separate
oscillator.

CIRCUIT ANALYSIS.

General. The autodyne converter is used ¢s o combina-
tion local oscillator, mixer, and i-f amplifier in transistor-
ized radio receivers. In operaticn, randorm noise in the
oscillator section produces ¢ slight veriation in base current
which is amplified to a larger variction of collecter current.
This signal is induced into the secordary winding of o
transformer tuned to the oscillator frequency, end is then

CHANGE 2

0967-000-0120 FREQUENCY CONVERTERS
fed back to the emitter circuit, With the feedback winding
of the transformer prope:ly chased, the feedback is positive
(regenerative) and of sufficient amplituce to couse sus-
tained osciliations.

in the mixer section, tie transistor is biased in = rela-
tively low current region, thus operating on quite non-linsar
characteristics. As the zesired incomirg of signal is tuned,
it mixes with the local pscillator signal ans provides at the
output the following four sigrals; the original r-f signal,
the local oscillator signel, the sum of the two, and the
difference of the two, Because the i tank circuit is tuned
to the difference of the two signals, it is this signal which
is selected, amplified, and applied 1o the following stage.

Circuit Operation. The schematic of 2 typical autodyne
converter is shown in the accompanying illustration,

I-F QUYPUT

Yoo

Typical Autodyne Converter Circuit

Q1 is a PNP type transistor whose base is capacitively
coupled to the r-f input by Cl. Fixed base bias is supplied
by the voltage divider consisting of Rl and B2 bypassed
for -f by C2 (see paragraph 3.3.1, base biasing, in Section
3 of this Hendbook for a detailed explanation of hiosing).
Capacitor C3 couples the local oscillator tank circuit to the
emitter of Q1, and also bypasses emitter swamping resistor
R3 to prevent degeneration. The swamping resistor stabilizes
the transistor against thermal current changes (see paragraph
3,4.2, bias stebilization, in Section 3 of this handbock for
a detailed explanation of emitter swamping action). The
secondary winding of T together with tuning capacitors
C4 and C& form the oscillator tank circuit, which is
inductively coupled to the collector by the primary winding.
Thus, feedhack is obtained from collector to exitter to sus-
tain oscillation. Arother tunsd tank circuit resonated at
the i-f is formed by the primary of T2 and capact tor Ce.
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Collector voltage is obtained from the supply thiough drop-
ping resistor R4, bypossef‘ by C7 for undesired of and i~
51gnals. The secondary winding of T2 is inductively
cougled to the primary & ish :

using one *mn 5

-1
e
=

[

t frequency, w
in taIm con oe mixed v 1o fumish an on uxli'—‘u
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FAILURE ANALYSIS.

General, When making voltage checks use a vacuum tube
veltmeter to avoid the low values of skunting resistonee
employed on the lower ranges cf conventional voltmete
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