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Typical Self-Quenched Super-Regenerative Detector

flows from cathode to grid and back to ground via grid-leak
R1, cherging arid cepacitor C2 neqatively. This neqgative
grid bias, in turn, causes a slight reductian in plate cur-
rent, and a consequent rise in plate voltage. When the
carrier is modulated by an audio siqnal, the grid bias varies
at an audio rate in accordance with the modulation. When
the qrid bias increases, the plate current decreases. So
far, this is conventional grid rectification and detection.
In the regenerative detector this change of plate current
induces a field around tank coil L2 which produces an in-
phase voltoge in the qrid portion of the tank coil. Hence,
as the plate current decreases a positive voltage is fed
back to the grid, and causes still smaller plate current to
flow. In the conventional reqgenerator, this feedback is
limited to on amplitude which is just below the point where
continucus oscillations are produced. Conseguently, even
though this type of regenerative feedback results in a gain,
it is not as large a gain as could be obtained if the circuit
were prevented from oscillating until a-larger feedback
amplitude was obtained. Such action is accomplished in
the supet-regenerator by developing a low frequency oscil-
lation in the grid circuit known as the quench voltage. In
the self-guenched circuit described above, the quench
voltage is obtained by using a larqe qrid-leck resistance
and capacitance to provide a long time-constant. Because
of the large time-constant very little voltage can leak off
capacitor C2 during the negative portions of each -f input
cycle, so a cumulative build-up in neqative bias voltage
develops as the input signal is applied, until the bios is
sufficiently large to drive the grid to plate cumrent cut off
and hevond, When C2 is charged to this cut-off voltage,
grid and plate current flow ceases while capaciter C2 dis-
charges through the long time-constant grid-leak. During
this discharge peried the detector circuit is inoperative.
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Thus, the cction consists of an ON period followed by an
OFF period. During the ON period the cudio output is
developed, while during the OFF period no output is de-
veloped, although this action results in a signal consisting
of chopped up pieces of the original modulation, the modu~
lation frequencies are very low in comparisen to the oper-
ating frequencies (cycles compared with meqocycles), so
that only a small portion of the modulation is lost during
any one OFF cycle, as shown in the exanoerated waveform
in the accompanying illustration. It is evident that the
overall waveform shape is retained, but a ripple cemponent
at the quench frequency is introduced. This ripple of
quench voltage is filtered out by capacitor G3which hy-
passes it to ground. Thus, only the audic frequencies pass
through the primary of output transformer T2, and induce
an output voltage in the secondary. Since the cutput wave-
form is chopped up and is not exactly the same as the input
waveform, distortion is produced (this is in addition to any
normal distortion caused by qrid-leak detection). Thus, it
is evident that the output of the super-regenerator must
always contain more distortion than in the ordinary reqene-
rative detector. However, this inherent distortion is some-
what nullified by the large gain possible throuah super-
regenerction. The gain is of the order of one hundred times
or more than that of the ordinary reqenerative detector,
When a separate quench oscillator is used, it is con-
nected in series with either the qrid or plate circuit, and
the grid-leak values are changed to pravide additional gain,
since the tube does not have to develop its own quench
woltage. However, for the sake cof economy and simplicity
the single tube self-quenching circuit is usually used.
Since the super-reqenerator is unique in its action, operating
at very high frequencies, at low frequencies and at audio
frequencies practically simultonecusly, it is necessary to
examine the operating sequence more closely to completely
understand operation. First consider the quench woltage,
regardless of whether or not it is externally supplied, or is
generated internally, it primarily serves to qate the arid
clrcuit. During the positive half cycle it permits operation,
and during the negative half cycle it reduces operation to
almost zero. At the same time, this quench voltage control
permits the circuit to oscillate at a very high frequency
(the tuned tank frequency) during the conducting half cycles
and prevents these oscillations during the non-conducting
half eycle. In the self-guencher, the off period allows time
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for the grid-leak network to discharge, so that a train of
1-{ pulses may be generated during each on-period. Crid
leak bias is developed by rectifying the positive half
cycles of this train of -f pulses each time they cause a
flow of qrid current. Thus, the qrid-capaciter is charqed
negatively at an r-f rate, and since the discharqe time con-
stant is longer than the charge time constant (the conduction
of grid current presents a low resistance charge path), the
charge cannot leak off the qrid between r-f pulses and,
therefore, builds up and eventually reaches cutoff bias.
This cut-off bios point in the self-quencher determines the
start of the off-period, and the tube is held inoperative
during this period unti! grid capacitor C2 discharges through
the large grid-leak resistance.

It is important to note that during the on-period r-f
oscillations occur at the tank frequency, regardless of
whether or not an input signal is applied. This action
ocewrs because of the large feedback from plate to grid.
Thus, in the absence of an input signal, the tank circuit is
started oscillating by random current flow in the tube due
to noise, which through feedback quickly builds up to a
high amplitude and develops a d-c bias ocross the qrid-
leak. This grid bias, in turn, reduces the amplitude of the
r-f oscillation slichtly and maintains it at this value for
the remainder of the on-period. When an input signal is
applied, the amplitude of the r-f oscillation does not
change, but instead, the oscillation starts sooner (it has
the signal to help it), and the duration of oscillation for
the on-period lasts for a slightly longer time than without
an input signal, as shown.in the accompanyina illustration.

INITIAL NO
BIAS LEVEL
LEVEL REDUCED BY
/GRID LEAK BIAS
[] [l

NO INPUT WITH INPUT
Typical Grid Waveforms

Since a neqative qrid bias is produced by the rectifi-
cation of this r-f oscillation, the plote current is decreased
slightly when a signal appears. Because the high-frequency
oscillations exist even when no input signal is applied,
the cutput response is limited to the average change of
plate current which can eceur from the start of the on-
period to the beqinning of quiescent oscillation. The
result is that if the incoming signal is strong enough to
mask out the hiss noise, there is little difference between
weak and strong signals, since the detector output current
varies logarithmically as shown in the accompanying qraph.
As a result, lorge amplitude noise variations caused by
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ignition interference, static, and similar impulse sources
are clso reduced in intensity, What would be a loud crash
in the conventional detector appears as g rather small
noise in the super-reqenerator, and car be more easily —
tolerated without distraction from the desired signals. In o
similar manner, small varigtions in omplitude caused by low
percentages of modulation produce weak and unreadable
signals, while the large verictions in 100 percent modulated
signols are sufficient to produce an appreciable output.
DETECTOR

CURRENT
CHANGE

GRID INPUT VOLTAGE — =

Detector Response Characteristics

The amount of feedback and plate voltace is controlled
by potentiometer RZ, For larqer feedback and qreater
amplification the plate voltage is increased, while for less
amplification and feedback it is reduced. For each setting
of the control the 1-f oscillations will reach a maximum
value limited by the saturation voltage for this operating
condition, and fixed by the developed qrid-leak bias.

FAILURE ANALYSIS.

No Output. A defective tube, loss of plate voltage, or
open or shorted input or output circuits will cause a loss of
output, Use a high resistance voltmeter to measure the
supply and plate voltages and eliminate the possibility of
an inoperative power supply or blown fuse. Since theplate
voltage will depend on the position of plate potentiometer
R2, it is qood practice to vary B2 over its range to de-
termine whether or not an cutput can be obtained. If R2is
open at some point hetween the slider and qround, the
plate voltage will be higher than nomal, if open on the
slider side there will be nc voltage (provided T2 primary
and the RFC and wpper helf of coil L2 have continuity).
No voltage for any setting of R2 indicates that T2 primary,
the RFC, orcoil L2 is open. Check forcontinuity with an
ohmmeter or measure voltage to ground. If there appears
to be sufficient plate voltage present, check the values of
the grid-leak resistor and capacitor using a voltohmmeter
and an in-circuit cdpacitance checker. Check L2 for pas-
sihility of a defective tuning condenser C1 which will
usually crecte @ noise when rotated, if shorted. If still no
output exists it is possible that T2 secandary is open or
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shorted. Place a pair of headphones actoss the primary
winding or couple a speaker to the primary by a coupling
capacitor. Any output indicates the secondary of T2 is at
fault. Note also, that if C3 is shorted, plate voltage will
appear about normal but no output will occur because of
the shorted load winding. However, this condition usually
is determined at the time that continuity checks are made
of L2, T2, and B2. Tt is importont to note that lack of an
input signal will not result in a no-output condition, since
the circuit will still operate, and produce a hiss.

Low Qutput. A low or reduced output can be caused by
a wedk input signal, a partially shorted input circuit, an
improperly modulated signal, a defective tube, low plate
voltage or o defective output transformer, T2, Signals be-
low the threshold leve! for detection and those signals with
low percentages of modulation {say 3% or less) will not
be detected, this is normal operation. If, however, the
signal is wedk because of an open ot @ partially shorted
input transformer, it can be found by checking the coils with
an chmmeter. Likewise, with a low plate voltage indicated
on the veltmeter, both feedback and output will be low. 1f
the trouble is not in the plate supply, most likely bypass
eapacitor C3 is at fault and leaky, check it with an in=
circuit capacitance checker. Check the values of the
grid-leak and grid capocitor, using an ohmmeter and ca-
pacitance checker, Continued low output indicates Llis
either open or partially shorted,

Distorted Output. The output will normally be scmewhat
distorted, particularly on voice peaks, however, the signal
should be intelligible. If distertion is such that the voice
is badly qgarbled, improper biasing is usually the cause.
Check the grid-leak resistor with on ohmmeter and the crid
capacitance with an in-circuit copacitance checker. To
eliminate the following cudio stages from suspicion, place
a pair of headphones across the primary of T L. If the
distortion disappears, the distortion is ccused by the audio
amplifier stages after the detector.

PRODUCT DETECTOR.

APPLICATION.

The product detector is universally used as a detector
for heterodyning and demodulating single-sideband trans-
missions in medern communications type Teceivers.

CHARACTERISTICS.
Is usudlly self-biased.
Opetates as 6 combined heterodyne mixer and detector,
Has excellent selectivity.
QOffers a slight improvement in quin.
Is more linear than the diode detector.

CIRCUIT ANALYSIS.

General. The product detector can be considered a
form of heterodyne mixer with an audio output instead of
the usual 1-f output. The purpose of this detector is to
mix locally generated low frequency carrier oscillations
with the incoming r-f sideband signals to generate beat
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notes in the audio frequency range. For single-sideband
the beat varies in both pitch and amplitude, producing the
detected audio. The product detector may also be used

for code reception using the beat frequency oscillator
{BFO) to produce a single-tone audio beat. The use of
mixing to develcp the beat eignal reduces the tendency to
grid-bloek, when strong signals from a local oscillator are
applied to the grid simultaneous!y with g wedk input signal.
Crdinary double-sidebond AM signals can also be detected
with the preduct detector, provided the BFO is tuned to
zeto-beat. When used with a strong BFO input and a weak
signal input exalted carrier reception is simulated. With

a strong (exalted) local carrier inserted, phase cancellation
of the sideband frequencies during fading isminimized, as
the local BFO substitutes for and fills in thecarrier. Al-
thoughduring extreme fading this represents an improve-
ment in ardinary AM reception it has the disedvantage

that it is vsually necessary to continually adjust the local
BFO fine tuning control to keep the local oscillator at

zeto beat. Otherwise, the steady CW beat note produced
by the two carriers (input signal end BFC) beating together
gatbles the signal.

Circuit Operation. While there are a number of product
detector citcuits, one of the most prevalent in use is the
typical pentagrid converter illustrated in the accompanying
schematic.

Pentagrid Product Detector
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A single pentagrid tube is connected as a heterodyne
converter, with the triode portion connected as a simple
series-fed Hartley oscillator and operating as the beat
frequency oscillator (BFQ) to supply a carrier signal. The
1-f input with its comier missing is injected in mixer qrid
no. 2, which is shielded by the screen construction around
it, and the audio output is taken from the plate of the
pentode section. Tuned tank L and C is connected in a
Hartley circuit with V1, and the lower end of the tank is
bypassed to ground by C4, while C2 is the arid capacitor
with R acting as a shunt grid-leck to supply the bias for
the oscillator. The screen receives its supply voltage
from dropping resistor R3 from the plote supply. Capacitor
C5 bypasses the screen to ground and effectively connects
it to the lower end of the tank thereby forming the tricde
oscillator portion of the circuit, The BFO signal is elec-
tron-coupled to the pentode section by electron flow from
cathode to screen and plate.  The input sianal is capaci-
tively coupled through C1 ta the mixer grid, and Rlis the
d=c return resistor supplying qrid bias far the mixer grid.
This resistor is made adjustable to set operation at the
proper point for complete mixing and reduction of inter-
modulation distortion from input signals. The BFO siqnal
ig thus mixed with the r-f input siqnal and is heterodyned
to produce audio beat signals, which vary in accordance
with the medulation of the r-f input signel. Since the plate
of V1is bypassed to ground for rf by C3, anly the audio
frequency cutrent variations appear in the plate circuit.
These audic current variotions develop an output voltage
in passing through load resistor R4, and thus develop the
audio output which is coupled through Ce to the following
cudio amplifier stage.

With no signal applied, V1iests in its quiescent state
with the triode section oscillating at the i-f {carrier)
frequency, and with no input signal there is no output de-
veloped, Operaticn of the BFQ is by feedback through tank
coil L between the grid and screen (plate} to supply a
centinucus feedback from screen to grid and produce con-
tinuous oscillations at thefrequency determined by the
tuning of tank capacitar, C. Since C4 has a low r-f reac-
tance to ground, and C5 which grounds the screen also has
a low reactance to 1-f, the screen is effectively connected
to the lower end of the tank. During the oscillation period,
grid-leak network C2 and R2 dlternately charge and dis-
charge, During the conduction pericd on positive half-
cycles the grid capacitor is neqatively charged, ond de-
velops ¢ Class C bias on the grid of V1 through grid current
flow from the cathade through R2 to ground. On the rega-
tive half of the oscillation, grid capacitar C2 discharges to
ground through grid-leak R2, so that the bias is reduced to
value which will permit conduction on the next positive r-f
excursion. Meanwhile r-f is supplied to the circuit by the
tank during the non-conducting period thus producing cor
tinuous oscillation at the tank frequency. {See Chapter 7
in this Hondbook for a complete discussion of Hartley
oscillator operation. )

When an input signal is applied to themixer grid of V1
through coupling capacitor C1 the input signal appears on
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themixer grid. Curing the positive haf-cycle of the input
signal plate current flow is increased, end during the neqa-
tive half-cycle it is decreased. As the electron flow from
cathode to plate occurs, the electrons pass throuch the
screen, and the BFC oscillations are heterodyned with the
input signal to produce an audio beat note in the plate cir-
cuit, A portion of these electrons also flows through the
mixer grid and return resistor R to provide bias for the
mixer grid. Qince the pentode section of V1is connected
as an amplifier, this bias fixes the operating point of the
number Z (mixer) grid at the position for maximum undistotted
operation (usually in the Class A region). However, when
undesired signals close to the tank frequency are strang,
the strong signals tend to over-ride the weaker signal and
cause response to both signals regardiess of the tuning of
tank capacitor C. Therefore, if R1is adjusted to preduce
clear undistorted reception on the strongest siqnal, weak
signals will not be pulled in frequency and the strong
signal will not cause saturation and produce intermodule-
tion distortien. The change in plate current caused by the
input signal alternately increasing and decreasing plate
current flow through load resistor R4 develops an cutput
voltage across R4. Since C3 bypasses any 1-f signal com-
ponent and any BFO signal component to ground, only the
audio beat note will be effective in producing output voltage
across the locd. Thus, the modulation amplitude variations
of the r-f sideband signa!, in effect, modulate the oscillating
electron stream and produce the output. If the BFQ stopped
oscillating there would be no output, since there would be
no beat note developed between the low frequency i-f sig-
nal and the high frequency r-f sianal to produce audio
variations in the electron stream between cathode and
plate.

Although B1is shown as variable in the schematic,
some circuits use ¢ fixed value of resistance which, to-
gether with screen resistor B3, is selected to provide
optimum operation. In other circuit varictions a separate
BFO is employed and pentagrid tube V1is connected as a
simple mixer with both control grids biused to operate as
amplifiers, so that only a simple mixing function is ac-
complished. The combined circuit discussed above repre-
sents a saving in tubes and economy of circuit components,
hence its more prevalent use. Reqardless of circuitry, the
two signals are always heterodyned to produce a beat out-
put which is in the audio range and thereby demodulates
the sidebard signal.

FAILURE ANALYSIS.

No Output. Loss of plate or screen woltage, lack of
oscitlation in the tricde section of V1, an open ar shorted
input or output circuit, as wel! as a defective tube can
produce a loss of output.  Check the plate and screen volt-
ages with a high resistance voltmeter, to make certain that
a faulty supply or blown fuse is not at fault. If plate volt-
dage is lacking, either R4 is open or C3is shorted. Like-
wise, if no screen voltage is present, either R3 is open or
C5is shorted. Measure the resistors with an ohmmeter and
check the resistance to ground across the capacitors, or
use an in-circuit cepacitance checker to check for shorts,
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leakage, and proper value, Determine if the BFOQ is
oscillating, and if there is an input signal., Use on oscil-
loscope and an t=f probe connected between the no. 1grid
and ground to check that cscillation occurs. An alternative
procedure is to use @ high-resistance voltmeter, and place
a l-megohm resistor in series with the probe, and measure
the voltage across qrid-leck R2. If oscillating, usually a
10-volt ot better indication is obtained and, in addition,
when grid-leak is shorted with your fingers the oscillation
will cease as indicated by a drop in voltoge to about 1
volt or less. If oscillations do not occur check coil L for
continuity, and tuning capacitor C for a short ot leakage
{(use an in circuit capacitence checker). Check qrid-leak
R2 for proper resistance value and C2 for leakage and
proper value. If still no vscillation, check C4 for an open
circuit (if shorted it would still oscillate). With the BFO
operating it is still possible that R1is shorted and is by~
passing the input to ground through 4, or for C1 or Ce to
be open, check each caopacitor with a capacity meter.
Usually it is only when the BFO is not oscillating that a
true no-output cendition occurs, and the set sounds dead.
If the BFO is working and enly the input signal ismissing,

there will probably be some hum or occasional noise noticed,

except of course if output coupling copacitor Ce is open.
Low Output. Low plate or screen voltage, a defective
tube or @ change in some parts values can produce a weak
output. Measure the plate, screen, and supply voltages
with o high resistance voltmeter. Low voltage indicates
that CSor C3is leaky or that V1is shorted and drawing
larger than normat current. Check the copacitars with a
capacity checker. With normal plate and screen voltages
check the voltages on both qrids with an oscilloscope and
on 1-f probe. On some detectors it is still possible to get
a weak output even though the BFC is not operating. Also
check the adjustment of Rl since the signal may be biased
off too far and provide a weak output. Normally both the
oscillator and incoming signal should be about the same
level, but in no case should the BFC voltage be qreater
than the - sideband voltage. Check also the setting of
the receiver RF GAIN contral since it may be set too low.
Distarted Output. If the input signal is tco strong, the
detector can be overlooded and cause distortion, make
certain the receiver R-F GAIN or AVC system is holding
the input signal to the proper level. Also check the ad-
justment of R, since if it is set up for weak signal recep-
tion the detector will overload and distort on strong sig-
nals. When it is adjusted so that the strongest signal is
clear, the weaker signals will still be readable. Tt is also
necessary that the receiver be tuned to the proper sideband
in single-sideband reception otherwise, the modulation may
be present but inverted and be garbled and unintelligible.
In this case on o receivef equipped with upper and lower
sideband switching, placing the switch to the opposite
sideband position will eliminate the distortion. Since it is
necessary to keep the inserted corrier within 10 to 12
cycles of the proper frequency, slight frequency instability
in the receiver local oscillater may constantly keep the
station frequency drifting. This will show wp as distortion
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which disappears as the BFO tuning is slightly readjusted.
In the last case the trouble exists in previous receiver
stages, not the detector, It is, however, advisable to check
the BEO for drift first using a stable primary standard, if
available.

FM (OR PM) DETECTORS.

The process of detection {demodulation) removes the
modulation (transmitted intelligence} from a received 1-f
signal and transforms it back to its original form so that it
may be used for communications ot other purposes. While
the AM detectors explained previcusly in this section of
the Handbook are used to demodulate an amplitude-modulate:
(AM) 1-f signal, the FM detectors explained in the following
paragraphs ore used to demodulate o frequency-modulated
(FM) r-f signal. Because of the similarity between a
frequency-modulated {FM) signal and a phase-modulated
{PM) signal, FM detectors may also be used {with minor
circuit changes or adjustments) to demodulate a phase-
modulated signal.

Although the circuits used in FM transmissicn and 1e-
ception are more complex than those used in AM, FM has
a number of advantages which for outweigh this disad-
vantage. An important advantage af Pl over AM is the
reduction of distortion due to natural and man-made noise.
Most noise accurs in the form of amplitude variations in
the r-f signal, and in AM, the intelligence is also carried
by the amplitude variations. The AM receiver can not
distinguish between the amplitude variations caused by
the intelligence and those coused by noise, and conse-
quently reproduces both thenoise and the intelligence. In
FM however, the intelligence is carried by frequency vari-
ations in the 1-I signal ond the M receiver is designed so
that it does not respond to anplitude variations. Conse-
quently, the noise is not reproduced in the FM receiver
output. Another important advantage aof M over AM is the
possihility of wide-band transmission. Because of the
highet carrier frequencies normally used in frequency modu-
lation, it is possible to use a much wider band of modw-
lating frequencies. This cllows FM to be usedfor such ap-
plications as high fidelity transmission {such as in the

-FM broadcast band} and for multichanne! communications

(such as incommercial communications). Moreover, TM
rransmitters can also be designed to produce a namow-band
output signal {comparable to AM band-width) when it is
desired to operate many FM transmitters within o smatl
portion of the frequency spectrum.

The FM signo! contains the transmitted intelligence in
theform of instantanecus frequency varigtions to a constant
amplitude r-f signal. Therefore, to demodulate the re-
ceived IM sigral without distortion, the FM detector must
converl these {requency variations into voltage variations
which are identical to the variations in the original modu-
lating voltage. Any variations in the amptlitude of the re-
ceived M signal are the result of unwanted noise or
fading, and will result in distortion of the output signal if
passed through the FM detector. Therefore, the FM detec-
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tor must respond to input frequency variations, but not to
input amplitude veriations.

Three types of FM detectors are presently in common
use: discriminators, ratio detectors, and gated-beamn
detectors, Discriminator circuits exhibit excellent response
to frequency variations, but also respond to amplitude
variations, and therefore, must be preceded by limiters to
ensure that the discriminator input is of constant amplitude.
Ratio and gated-beam detector circuits exhibit slightly
poorer response to frequency variations than discriminator
circuits,-but when properly adjusted, do not respond to
amplitude variations. Therefore, ratio orqgdted-beam detec-
tors are used when economy and simplicity are desired,
and some distortion con be tolerated. Discriminators ae
used when an extremely distortionless signal is desired,
or precise control of frequency {AFC) is needed.

FOSTER-SEEL EY DISCRIMINATOR.

APPLICATION,

The Foster-Seeley discriminator is used as the detector
in high quality FM receivers to demodulate the received
1-f signal, and in cutomatic frequency contro! {ATC) cir-
cuits to transtorm frequency changes into d-c control voltage
changes.

CHARACTERISTICS.

Converts instantaneous frequency variations into in-
stantaneous d-c voltage variations.

Employs a double-tuned transformer andtwo dicdes.

Has very low inherent distortion.

Must be preceded by a limiter since the output is
affected by input amplitude variations.

CIRCUIT ANALYSIS,

General. The Foster-Seeley discriminator (also known
as the phase-shift discriminator) uses a double-tuned
tronsformer connected in such g way that the instantanecus
frequency variations of the input FM signal are converted
into instantaneous amplitude variations. The amplitude
variations are then rectified and filtered in a menner similar
to thot employed in AM detectors to provide a d-c output
voltage which varies in anplitude and polarity as the input
signal varies in frequency. The output voltage {s zem when
the input frequency is equal to the center frequency {(un-
modulcted carrier frequency). When the input frequency
rises above the center frequency, the cutput wltage in-
¢reases in one direction (for example, become more positive),
and when the input frequency drops below the center fre-
guency, the cutput volicge increases in the cther direction
(for example, becomes more neqative). The specific
polarity of autput voltage obtained for an increase or a de-
crease in input frequency is determined by the desiqn of the
circuit and moy vary in different circuits.

The output of the Foster-Seeley discriminator is de-
pendent not only cn the input frequency but also, to a cer-
tain extent, on the input amplitude. Since variations in the
amplitude of the FM signal are due to unwanted noise or
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fading, they must be prevented from recching the discrimi-
nator. Therefare, the discriminator is normally preceded by
a limiter stage, The limiter produces en output of constent
amplitude reqardless of variations in the input anplitude,
and thus, effectively removes the noise from the received
FM signal. (Refer to section 15 of this Handbook for o
complete explanation of limiter circuits,)

Circuit Operation. The accompanying circuit sche-
matic illustrates a typical Foster-Seeley discriminatot.

o —=
i .

va

Foster-Seeley Discriminator

The input tank circuit, made up of capecitor Cl and
the primery winding of transformer T 1, is tuned to the
center frequency (iR) of the received t-f signal. Capacitor
C3 and the secondary winding of transformer T1 also form
a tank circuit tuned to the center frequency. Capacitor C2
couples the input signal to the center tap on the balanced
secondary winding of transformer T1, which is returned to
ground through radio~frequency choke RFC to form q de
retutn path for the diodes. Diodes V1and V2 rectify the
signal from the secondary tank circuit and develop opposing
voltage drops across load resistors Rland R2, respectively.
Capacitors C4 and C5 are 1-f filter capacitors which remove
any remaining r-f signal from the output. The cutput is
taken from across the series combination of the two load
resistors (from the cathode of V1 to the cathode of V2.

The operation of the Foster-Seeley discriminator can be
best explained with vector diagrams which show the various
phase relationships between the voltoges and currents in
the circuit.  The accompanying vector diagram illustrates
the circuit phase relationships when the input frequency
(f) is equal to the center frequency (R},

The input voltage applied to the primary tank circuit
is shown as vector ep on the diagram. Since coupling
capacitor C2 has negligible reactance at the input fre-
quency, and 1-f choke RFC is effectively connected in
parallel with the primary tank circuit, veltage ep also
appears across the choke. When voltage ep is applied to
the primary winding of transformer T, a voltage is induced
into the secondary winding which causes cument to flow
arcund the secondary tank circuit. When the input fre-
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Yector Diagram at Resonance

quency is equal to the center frequency, the tank is at
resonance and acts resistive. Therefore, tank current is

is in phase with primary voltage ep, as shown in the vector
diagram. The current flowing in the tank causes voltage
drops to be produced across each half of the belanced
secondary winding of transformer T1, which are of equal
magnitude ond opposite polarity with respect to the center
tap of the winding. Since the winding is predominately
inductive, the voltage drop across it is 92° cut of phase with
the current through it. Because of the grounded center tap
arrangement, the voltages to ground at each end of the
secondary winding are 1800 cut of phase, and are shown

as e, and e, on the vector diagram.

The voltage applied to the plate of V1 consists of the
vector sum of voltages ep and e, shown as e, on the dia-
gram. Likewise, the voltage applied te the plate of V2
consists of the vector sum of voltages ep and e,, shown as
e, on the diogram. Since at resonance there is no phuse
shift, voltages e, and e, are equal s shown by the same
length vectors. Equal plate voltages on diodes V1 and V2
produce equal plate currents, and with identical load re-
sistors produce equal and opposite voltages (E, and E.) &
ctoss Bland R2, respectively. Thus capacitors C4 and C5
are charged to equal voltages, and, since these voltages
are of opposite polority, the output voltage at resonance
is zero. Since the opposite ends of the secondary winding
are out of phase, only one diode conducts at a time, and
conductian occurs as a series of d-c pulses occuring at the
center radio frequency. Although the output of the diode

. iz a direct current it contains a ripple component at the
" center frequency. This 1-f component is [iltered out by
capocitors C4 and C5 since they offer a low reactence path
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to ground {action is similar to a power supply filter capaci-
tor except for thefrequency).

When an input frequency higher than the centerfre-
quency is applied to the discriminator circuit a phase
shift occurs, and the current ond voltage phase relation-
ships change as shown in the cccompanying vector diagram.

Yector Diagram For Higher Input Frequency

When a tuned circuit operates at a higher frequency
than resonance, the inductive reactance of the coll in-
creases, while the capacitive reactance of the tuning capaci-
tor decreases, Thetefore, above resonance the tank is pre-
dominately inductive and acts like an inductor. Hence,
secondary curtent is lags the primary tank voltage ep.
Althcugh secondary voltages e, and e, are still 180 degrees
out of phase, they are also 90 degrees out of phase with
the current which produces them (is). Thus the change to
a lagging secondary current rotates the vector in o clock-
wise direction. Referring to the vector diagram it is seen
that e, is brought nearer in phase with ep, while e, is shifted
further out of phase with ep. Thus the vector sum of ep
and e, is larger than that of ep and e,. Therefore, above
the center frequency, diode V i conducts heavier than diode
V2 Consequently, voltoge E, developed ccross Rl is
greater than E, developed across B2, and the voltage on
capacitar C4 is likewise greater than on C5 The combined
output voltage is therefore, a positive voltage.

When an input frequency lower than the center frequency
is applied to the discriminator circuit a phase shift also
occurs, and the current and voltage phase relationships
change as shown in the accompanying vecter diagram.

When a tuned circuit operates at a lower frequency than
resonance, the capacitive reactance of the tuning capa-
citor increases, while the inductive reactance of the ceil
decreacses. Therefore, below resonance the tank is pre-
dominately capacitive and acts like a capacitor. Hence,
secondary current is leads the primary tank voltage ep.
Although secondary voltages e, and e, are still 180 degrees
out of phase, they are also 90 deqrees out of phase with
the current which produces them. Thus the change to a
leading secondary current rotates the vector in a counter-
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Yector Diagram for Lower Input Frequency

clockwise direction. From the vector diagram it is seen
that e, is now brought nearer in phase with ep, while &,
is shifted further out of phase with ee. Thus the vector
sum of ep and e, is targer than that of ep and e,. There-
fore, below the center frequency, diode V2 conducts heavier
than diode V1. Consequently, voltage drep E4 across R2
is greater than E3 acrass R, and the voltage on capacitor
CSis, likewise, greater than on C4 thus the combined
output voltage is a negative voltage,

When the input voltage is varied from a lower frequency
thtough the resonance point of the discriminetor and {s
then raised higher in frequency, the typical discriminatar
response curve shown in the accompanying illustration is
obtained. The usable portion of the typical 8" shoped
response curve is from point A to point B in the illustration.
Between these points, the curve is linear and the instan-
taneous cutput voltage is directly proportional to the instan-
taneous frequency deviation.
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Discriminator Response Curve
Whenweak A-M signals which are too small in ampli-

tude to reach the limiting level pass through the limiter
stage, the amplitude variations couse primary voltage ep
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ta fluctuate with themodulation and induce a similar
secondary voltage in Tl Since the dicdes are connected
as half-wave rectifiers, these small A-M signals are de-
tected as in a dicde and appear in the output. This un-
wanted AM interference is cancelled out in the ratio detec-
tor {to be discussed later in this section of the Handbock)
and is themain disadvantage of the Foster-Seely circuit in
comparison with other FM detectors.

FAILURE ANALYSIS.

Mo Qutput. A defect inthe primory winding of trans-
former T1, in the RFC, or in capacitors C1, C2 or C3 may
cause @ no-output condition. Use an ohmmeter to check
the primary winding of transformer T1 and the RFC for
continuity; also check bothfor leckage or shorts to ground.

If these checks fail to locate the trouble, use an in-circuit
capacitance checker to check capacitors C1, C2 and C3.

Note that the failure of either diode will couse distertion —
rather than a nc-output condition; if bath diodes fail, how-
ever, there will be no output.

Low or Distorted Output. A defect in nearly any com-
ponent in the discriminator circuit may cause the output
to be either low to distorted. Therefore, it is good practice
to use un 1-f sweep generator and an oscilloscope to isolate
the trouhle. First, use the oscitloscobe to ohserve the
input to the discriminator to be certain that the preceding
(limiter} stage is not at foult. If the input sionel does not
change in amplitude as the input frequency varies, the
trouble is mast likely in the discriminator circuit. To de-
termine if the discriminator is at fault, ground the grid of
the preceding limiter stoge, connect the r-f sweep generator
to the discriminator input, and connect the oscilloscope to
the discriminator output, With the sweep generator set to
praduce an output which varies above and below the center
frequency, the pattern abserved on the oscilloscope should
be similar to the discriminator respense curve illustrated
previously. Defects in the circuit will cquse either the en-
tire curve, or a portion of it to be distorted or flattened.

If the entire response curve is distorted, the trouble
may be caused by either improper alignment or by a defect
in transformer Tl First check to be certain that both the
primary and secondary tank circuits are properly tuned to
the center frequency. If the discriminator is properly aligned,
the trouble is most probably caused by a defect in trans-
former T1.

If only the upper portion of the response curve is
distorted, the trouble may be caused by a defect in diode
V1, capacitor C4, Resistor R, or transformer T1, Use a
capecitor checket to check capacitor C4 for value and
leakage, and use an ohmmeter to check resistor Rl for a
change of value. If these checks fail to locate the trouble,
transformer TL is probobly defective.

Conversely, if only the lower portion of the response
curve is distorted, the trouble may be caused by a defect in
diode V2, capacitor C5, resistor R2, or transformer T1.
Check capacitor C5 for value and leckage, and use an
ohmmeter to check resistor B2 for o change of value. If
these checks fail to locate the trouble, transformer T1 is
probably defective.
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TRAYLS DISCRIMINATOR.
APPLICATION.

The Travis discriminator is used as a detector in FM
receivers and for automatic frequency control (AFC) cir-
cuits.

CHARACTERISTICS.

Converts instantaneous frequency variations into
instantaneous d-c voltage varjations.

Employs a triple-tuned transformer.

Has low inherent distortion.

Circuit is difficult to align.

Must be preceded by a limiter since the output is
tfected by input emplitude varictions.

'IRCUIT ANALYSIS,

General. The Trovis discriminator uses two secondary
tank circuits, with each tank tumed so slightly different
resonant frequencies to convert the FM input siqnal fre-
quency veriations into amplitude variations. The r-f ampli-
tude variations are then rectified and filtered to produce a
d-¢ output voltage which varies in accordance with the vari-
ations of the input frequency. When the input frequency is
equal 10 the center frequeney (unmodulated carrier frequency),
the discriminator output voltage is zero. As the input
frequency rises cbove the center frequency, the output
voltage increases in one direction, for example, increases
in the positive direction, and as the input frequency drops
below the center frequency, the output voltage increases
in the other direction {for example, incregses in the negative
direction). Thus, the instantaneous discriminator output
voltage is dependent on the instantoneous input frequency
deviation {shift) from the center frequency. The specific
polarity of output voltage obtained for an increase or a de-
crease in input frequency is determined by the design of
the circuit and may vary in different circuits.

The Travis discriminator output is dependent not only
on variaticns in the input frequency, but also to a certain
extent, on variations in the input amplitude. Since vari-
ations in the amplitude of the M siqnal are caused by un-
wanted noise or fading, they must be prevented from reach-
ing the discriminator or the circuit will reproduce the un-
wanted noise as well as the desired intelligence. To pre-
vent this, the discriminator is usually preceded by a limiter
such as those explained in section 15 of this Handbook.
The limiter produces an r-f output signal of constant
amplitude reqardless of input amplitude variations, and
thus effectively eliminates any AM noise from the FM
signal.

Circuit Operation. The accompanying schematic
diagram illustrates @ simple Travis discriminator.

Capacitor C1 and the primary winding (Lp) of trans-
former T1 form a resonant tank circuit which is tuned to
the center frequency. The upper half of the secondary
winding (Ls,) of transformer T1 and capacitor C2 form a
resonant tank circuit which is tuned above the center fre-
quency by on amount slightly qreater than the maximum
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Travis Discriminater

input frequency deviotion. The lower half of the secondary
winding (L.s;) of transformer T I and capacitor G3 form a
resonant tank circuit which is tuned below the center fre-
quency by the same amount that the upper tank circuit is
tuned above the center frequency. The r-f signals from the
two tank circuits are rectified by diodes V1 and V2, and

a d-c voltage is developed across load resistors Rl and
R2. Capacitors C4 and C5 are filter capacitors which re-
move the 1-f ripple component from the detected signals
developed across resistors Bl and R2, and holds these
voltages relatively constant. The total output voltage is
taken across the series combination of resistors R1 and R2
(that is, from the cathode of dicde V1 to ground).

When an input signal with a frequency equal to the
center frequency is applied to the primary tank circuit
{LP and C1), o voltage is induced into the secondary wind-
ing of transformer T 1 which develops r-f voltages of equal
omplitudes in secondary tank circuits Ls, and CZ2, and
Ls, and C3, as shown in the accompanying illustration of
tank circuit respense.

Since the two secondary tonk circuits are tuned to
resonont frequencies (f1 and {2} equidistant from the
center frequency, both tank circuits are tuned off-resonance
by equal amounts and equal r~f voltages are produced. On
the positive half of the input cycle the anode of V1is
positive and current flows throuah resistor Rl, developing
a d-¢ output voltaqe with polarity as marked on the sche-
matic. Simultaneously, the anode of diode V2 is clso
positive and the d-c output voltage produced across R2 by
current flow is equal and opposite thot of RL  Therefore,
the total output voltage taken across the two resistors in
series {from cathode of V1 to ground) is zero. This con-
dition is shown at the center frequency (fr) on the eccom-
panying discriminator response curve illustration.

Voltoge E, is developed acress load resistor R1{with
respect toground), and voltage E, is developed across lead
tesistor B2 As shown in the illustration, voltage E, is
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equal in magnitude and opposite in polarity to voltage E,
at the center frequency. Thus, at the center frequency,
the output voltage (Fout} is zero.

When an input frequency higher than the center fre-
quency is applied to the primary tank circuit of the discrimi-
nator, a voltage is induced into the secondary winding of
transformer T1 which is nearer to the resonant frequency of
the upper tark, and therefore, a larger voltage is applied
to V1 anode, Consequently, V1 conducts heavier and the
larger current flow through Ri produces a larger d-c output
voltage, E1, charging C4to a higher value. In o similar
manner, the voltage developed across the lower tank circuit
as shown by response curve B is further away from the
lower-tank resonant frequency and the positive anode volt-
age on V2 is lower than that of V1. Hence, the small cur-
rent flow through resistor R2 develops a smaller output
voltage, E2, and C5is chorged to a lower value. The net
sutput voltage, Eout, across the two resistors is positive
when the input frequency is higher than the center frequency,
since Elis adlways positive and greater than E2. When a
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still higher frequency is applied the primary tank, the same
action occurs except that E1 becomes much larger and E2
becomes much smaller. Likewise, when the input frequency
is lower and neorer the lower tank frequency the opposite
condition prevails. That is Bl becomes smaller, while E2
becomes larger. Consequently, the net output voltage,
Eout, across the two resistors is negative when the input
frequency is lower than the center frequency, since E2 is
always negative and larger than EL

Thus, the output voltage of the Travis discriminator
varies in magnitude and polarity s the input frequency
varies above and below the center frequency. As mentioned
previously, the discriminator output is dependent not only
on the input frequency, but also to a certain extent on the
input amplitude. If the input siynal amplitude drops below
the limiting level of the preceding limiter stage, the siqnal
and any varigtions in the signal amplitude will appear at
the discriminator. Since the discriminator diodes are
essentially half-wave rectifiers, they will detect the ampli-
tude variations in much the same menner as an AM detec-
tor, producing noise in the discriminator output. Thus, far
proper operation, the input signal to the limiter must al-
ways remain above the limiting level of the stage. Another
disadvantege of the Travis discriminator is that it is difficult
to align because each of the three tank circuits must be
tuned to a slightly different resonant frequency. Becouse
it is sensitive to amplitude variations, and because it is
difficult to align, the Travis discriminator is not often
used in modern FM circuits,

FAILURE ANALYSIS,

No Qutput. Loss of input signal, the failure of capaci-
tor Cl, transformer T, or both diodes can cause a no~output
condition. (Note that if only one diode fails, the cutput
will be distorted rather than completely absent,) If the
diodes are not at fault, either transformer T1 is defective
ar capacitor Cl is shorted.

Low or Distorted Output. The failure of nearly any
component in the Travis discriminator may cause the output
to be low or distorted. Therefore, it is qood practice to
use an r-f sweep generator and an oscilloscope to locate
the specific portion of the circuit that is faulty, First,
use the oscilloscope to observe the input to the discrimi-
nator to be certain that the trouble is not due to distorted
input signal. If the correct discriminator input signal is
present, ground the grid of the limiter stage preceding the
discriminator, connect the r-f sweep generator to the dis-
criminator input, and connect the oscilloscope to the dis-
criminator output.  With the sweep generator adiusted to
produce an cutput sirnal which varies above and below the
center frequency, o characteristic '$'' shaped discriminator
response curve will be obtained if the circuit is operating
propetly and aligned correctly. Defects in the circuit or
alignment, however, will cause a portion of the response
curve to be distorted.

If only the upper (positive) portion of the response
curve is distorted, the trouble may be coused by a defect
in diode V!, resistor Ri, capacitors C2 or G4, transformer
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T1 or misalignment of tank C,, Ls,. Check resistor R1 for
proper value with an chmmeter, and check capacitor C4 for
propet value, leakage, or o short with an in-circuit capaci-
tance tester. If these checks fail to locate the defective
component, the transformer assembly (consisting of T1 and
Cl, C2, and C3) is either misaligned or defective. Check
the alignment.

When only the lower {negative) portion of the response
curve is distorted, it may be caused by o defect in diode
V2, resistor R2, capaciters C3or C5, transformer T, or
misalignment of tank C3, [.s,. Check resistor R2 for
proper value with an chmmeter, and check capacitor C5 for
proper value, leakage, or a short, with an in-circuit capaci-
tance tester. 1f these checks fail to locate the defective
component, the transformer assembly (T1, C1, C2, and C3)
is either misaligned or defective. Check the alignment.

Distortion or flattening of the entire response curve is
usuclly caused by improper alignment of the discriminator,
although it may also be caused by low diode emission.

RATIO DETECTOR.

APFLICATION.

The ratio detector is used in FM receivers to demodu-
late the received 1-f signal, and in automatic volume con-
trol {AVC) circuits to transform frequency changes into d-c
control voltage changes.

CHARACTERISTICS.
Converts instantaneous frequency variations into in-
stantaneous d-c voltage variations.
Employs a double tuned transformer and two diodes.
Has very low inherent distortion.
Output not affected by input amplitude variations.

CIRCUIT ANALYSIS.

General. The ratio detector uses a double tuned trons-
former, connected so that the instantanecus frequency
variations of the FM input sigral are converted into instan-
tanecus amplitude variations. These amplitude variations
are rectified to provide a d-c output voltage which varies
in amplitude and polarity as the input signal varies in
frequency. The output is zero when the input frequency is
equal to the center frequency {unmodulated carrier fre-
quency). When the input frequency rises above the center
frequency, the output voltage increases in one direction
{for example, becomes more positive).

When the input frequency dreps below the center fre-
quency, the output voltage increases in the other direction
(for example becomes more neqative ). The specitic polari-
ty of the output voltages obtained for an increase or de-
crease in input frequency is determined by the design of
the circuit and may vary in different circuits.

Circuit Operotion. The accompanying schematic dig-
gram illustrates a rypical ratio detector.
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The input tark circuit, made up of capaciter Cland
the primary winding of transformer T1, is tuned to the
center frequency (fr) of the received r-f siqnal. Capacitor
2 and secondary winding L2 of transformer T form a tank
circuit also tuned to the center frequency. Tertiary wind-
ing L.3 provides additional inductive coupling which reduces
the loading effect of the secondary circuit of the detector
on the primary citcuit of the detector. Diodes V1and V2
tectify the signal from the secordary tenk circuit. Capaci-
tor C5, in conjunction with resistors R1 and R2, determines
the operating level of the detector, while capacitors C3
and C4 determine the amplitude and polarity of the output.
Capacitors 06 and C7, together with B6, form a filtering
network at the output. Resistor B5 modifies the peak dicde
currents. Besistors R3and B4 {shown in dotted lines on
the schematic) were used in the original design of the cir-
cuit to compensate for the changing reactonce of the diodes
for different amplitude input signals, In proctical circuits,
however, they are combined with R1and RZ, and achieve
the same result. The output of the detector is taken from
the common connection hetween C3 and C4 to the common
connection between R1and R2 which is also grourd.
Besistor AL represents the load.

Operation can be best explained with vector dicarams
which show the various phase relationships between the
voltages and currents in the circuits, The accompanying
vectar diogram iHlustrates the clrcuit phase relationships
when the input frequency (1) is equal to the center frequency
(fe).

The input voitage applied to the primary tank circuit
is shown as vector op on the diagram. 3ince L3 is effec-
tively connected in parallel with the primary tank circuit,
voltage cp appears acress it. When voltage ep is applied
to the primary winding of transformer T, a voltae is in-
duced in the secondary winding which couses current to
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Yector Diogram at Resonance
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flow around the secondary tank circuit, When the input
frequency iz at the center frequency, the tank is at
resonance and acts resistive, Therefore, tank current is
is in phase with the primary voltage ep, as shown in the
vector diagram. The current flowing in the tank causes
voltage drops to be produced across each half of the
balanced secondary winding of transformer T, which are
of equal magnitude and opposite polarity with respect to
the center tap of the winding. Since the winding is pre-
dominately inductive, the voltage drop across it is 90P
out of phase with the current through it. Because of the cen-
ter tap arrangement, the voltages to ground at each end
of the secendary are 180° out of phase, and are shown as
e, and e, on the vector dianram.

The voltage applied to the cathode of V1 consists of
the vector sum of voltages ep and e, shown as e, on the
diagram. Likewise, the voltane applied to plate of V2
consists ot the vector sum of voltages ep and e,, shown as
e, on the diagram. Since at resonance there is ne phase
shift, voltages ¢, and e, are equal as shown by the same
length vectors,

Consider now the manner in which the tubes aperate
with the discriminator veltages discussed above. When @
positive input signal is applied to L4, a voltage of cpposite
polerity is induced into secondary L2, As shown in the
accompanyiny simplified schematic, the cathode of V1is
negative with respect to its plate, while the plate of V2 is
positive with respact to its cathode, Since both veltages
are of equal magnitnde at resonance, both tubes conduct
equally. Hence, current flow through V1 is in one direction,
while current flow throuth V2 is in the apposite direction.
This direction of current flow causes a neaative polarity
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at point A and a positive polarity ot point B, and through
RL applies o positive charge to C3 In a similar marner
current flow through V2 produces a negative polarity at
point B and a positive polarity at C. Hence, capacitor C4
is charered nenatively. Since the polarities are edditive,
capacitor C5 across the output charges to the series value
of twice this voltage. In the example shown it is assumed
that equal but opposite voltanes of 5 wolts exist across
C3and C4 Therefore, the total chare across C5is 1)
volts. Since the voltages across C3 and G4 are egual in
amplitude and of opposite polarity the output across load
RL is the algebraic sum or zero,

r.,CS
+10 VOLTS

cs
F 10 VOLTS

vz
Current Flow and Polarities ot Resonance

When the input sicnal reverses polarity, the secondary
voltae across LZ also reverses polarity, The cathode of
V1is now positive with respect 1o its plate, and the plate
of V2 is nequtive with respect to its cathode. Under these
conditions neither tube cenducts, and there is no out-
put. Meanwhile, C5 retains most of its charge because of
the large time constant supplied by Rl and R?, and dis-
charges very slightly.

When an input frequency higher than the center fre-
quency is applied to the detector circuit, a phase shift
occurs and the current and voltage phase relationships
change as shown in the accompanying vector diagram,
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Yector Diagrom for Higher input Frequency

When o tuned ~ircuit operates at a higher frequency
than resonance, the indnctive reactance of the coil in-
creases, while the copacitive reactance of the tuning
capacitor decregses.  Therefore, above resonance, the
tank is predominately inductive and acts like an inductor,
Hence the secondary cirrent is lags the primary voltage
ep. Althounh secondary voltaye e, and e, are still 180
degrees out of phase, they are also 81 deqrees out of
phase with the current which produces them {i=). Thus the
change to a lagqing secondary current rotates the vector in
a clockwise ditection. Feferring to the vector diaqram it

can, be zeen that e, iz brouqht rnearer in phase with ep, while

e, is shifted further out of phase with ep. Thus the vector
sum of ep and ¢, i loraer than that of ep and e,. Therefore,
above the center frequency, e, which is appliad to the
cathode of Vi becomes rreater than e,, the veltage applied
to the plate of VZ.

Let us now examine the manner in which the tubes
operate with the discriminator voltages developed above
resonance ag discussed above, When a positive input
signal is applied to L1, the same polarity as in the
previous example discussed above exists, namely, V1
cothode is neqative and V2 plate is positive and both
tubes conduct. However, e, is now grecter than e,. There-
fore, diode V 1 conducts more then diode V2, and C3
charges ta a higher voltege than at resonance, as shown
in the cecompanying simplified illustration,

Thus we assume in the fiqure an 8 volt charge on C3
and only a two volt charge on C4 Since C3 is positive
with respect to C4, the output is a 6 volt positive sianal.
Meanwhile, capacitor C5 still remains charged to the sum
of these woltages, or 10 volts, as origindly stated. When
the input signal reverses polarity, the polarity of the
secondory alsc reverses, bigsing both diodes in the opposite
direction and preventing conduction, During the non-
corducting period, 5 discharges very little because of its
long time constant.
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Current Flow ond Polarities Above Resonance

When an input frequency lower than the center fre-
quency is applied to the detector circuit, a phase shift
also oceurs, and the current and voltage phase relation-
ships.change as shown in the accompanying vector diaqgram.

Yector Diagram for Lower Input Frequency

When a tuned circuit operates at a lower frequency
than resonance, the capacitive reactance of the tuning
capaciter increoses, while the inductive recctance of the
coil decreases. Therefore, below resonance, the tank is
predominately capacitive and acts like a capacitor. Hence,
secondary current is leads the ptimary voltage ep. Although
secondary voltages e, and e, are still 180 deqrees out of
phose, they are also 90 deqrees out of phase with the cur-
rent which produces them. Thus the change to a leading
secondary curent totates the vector in a counterclockwise
ditection. From the vector diagrom it can be seen that e,
is now brought nearer in phase with ep, while e, is shifted
further out of phase with ep. Thus the vector sum of ep
ond e, 15 larger than that of er and e, Therefore, below
center frequency, e,, which is applied to the plate of V2,
becomes greater than e, the voliage applied to VL

The following simplified schematic shows the polari-
ties and voltages developed for the lower than resonance
cordition. Once aqain V1and Y2 are conducting, but this
time V2 is conducting mote than V i, and hence, capacitor
C4 is charmed to the larer voltage 8 valts while C3is
only chargad to 2 volts. The output veltaqe across e load
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in this case iz g negative 6 volts because C4 is neqatively
charged with respect to C3 Again the charge across capa-
citor C5 consists of the sum of the veltages across C3 and
C4, or 10 velts as originally developed.

10
VOLTS

Current Flow ond Polarities Below Resonance

When the input aianal reverses its polarity, the siqnal
across the secondary also reverses its polarity, The
cathode of V1 is now positive with respect to its plate,
and the plate of V2 is negative with respect to its cathode.
Under these conditions, neither tube conducts, but the time
constarit of "2 and T4 mairtains the current through the
load in a neqative direction nntil the next cycle of input.

When the inpic signal is varied from @ lower than center
frequency, through center frequency, and is raised to a fre
quency higher than the center frequency, the typical 'S
shaped discriminator tesponse curve shown in the accompa-
nying illustration is obtained. The usable portion of the
typical ”'S"" shaged respense curve is from peint & 1o point
B in the illustration. Between these points, the curve is
linear and the instantoneous output voltage s directly
proportional to the instantaneous frequency deviatfon.

The output of the ratio detector adjusts itself auto-
matically to the averane r-f amplitude of the input siqnal.
Through the oction of resistors R and R2, together with
capacitor (5, audio output varictions which would occur
due to r-f amplitude variations in the input (such as noise)
“are eliminated. As previously mentioned, C5 charqes to
the sum of e, and e,. The average sum of e, and e, depends
upon the average -f amplitude of ep. Any amplitude
variations at the input of the detectar tends to chonge the
voltages across R1and R2, but tecause of the long time
censtant of C5, across the resistors, these voltages are
held constant. Before the copecitor can charge or discharge
to the higher or lower amplitude veriation the impulse
disappears, and the difference in charqe on C5 is so slight
that it is not discernable in the output. Recause the volt=
age across C5 remains relatively stable and changes only
with the emplitude of the center frequency, ond since it is
negative with respect to ground it is usually used for
automatic volume control { AVC) applications.

Capacitars C6 and C7 together with resistor R6 form a
low pass filter which attenuates the high audio frequencies
and passes the lower frequencies. This is known as a
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de-emphasis network, which eompensates for the pre-

emphasis with which the high frequencies are transmitted
and returns the audio frequency balance to normal. When
pre-emphasis ts not cmployed these parts are not needed.

FAILURE ANALYSIS.

No Output. A defective discriminator transformer, T1,
shorted tuning capacitor Clor C2, an open output resistor
R6, an open coupling capacitor C8, or shorted Flter capaci-
tors {C6 or C7) will produce a no output condition. Cherk
the continuity of the windings of T1 with an chmmeter.
Check capacitors C1, C2, C6 and C7 for shorts, and capac-
itor C8 for an open with an ohmmeter, and measute the
resistance of BB, [f above checks fail to restore the out-
put, check all capacitors with an in-circuit capacitor
checker. Note that one defective diode will produce a
partial loss of output, and that hoth diodes must fail to
cause a complete loss of output.

Low or Distorted Qutput. A defect in neorly any
component in the detector circuit may cause the output to
be elther low or distorted. Therefore, it is qood practice
to use an r-f swoep generator and an oscilloscope to isclote
the trouble. Ground the rrid of the last I-F tube, connect
the 1-f sweep generator to the detector input, and connect
the oscilloscope to the detector output, With the sweep
generator set to produce an output which varies above and
below the center frequency, the pattem observed on the
oscilloscope should be similar to the discrimingtor re
sponse curve illustrated previously. Defects in the circuit
will cause either the entire curve, or a portion of it to be
distorted or flattened,

[f the entire response curve is distorted, the trouble
may be caused by either improper alignment or by a defect
in the transformer T First check to be eertain that both
primary and secondary tank circuits are croperly tuned to
the center frequency. If the detector is propetly aligned,
check capacitors C1 and C2 with an in-cireuit capacitor
checker. Check R1 and RZ with on ohmmeter for their
propet values, and capacitor C5 for value and leakage with
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an ir-cireuit capacitor checker, If the trouble is still not
located, the trouble is most likely caused by a defect in
transformer T1.

1f only the upper portion of the response curve is
listarted, the trouble may be caused by a defect in diode
¥1, capacitor C3, or transformer T1, If the diode V1
shecks good, use an in-circuit capacitor checker to check
>3 for value and leakage. If these checks fail to locate the
rouble, transformer T1 is probably defective.

Conversely, if only the lower portion of the response
awrve is distorted, the trouble may be caused by a defect
in diode V2, capacitor C4, or transformer T1. Use an in-
zircuit capaciter checker to check C4 for value and ledkage.
[f these checks fail to locate the trouble, transformer T1
is probably defective,

GATED-BEAM DETECTOR.

APPLICATION.
The gated-beam detector is used in FM recelvers 1o
demodulate the received r-f signal.

CHARACTERISTICS.

Converts instantanecus frequency variations into in-
stantaneous d-c voltoge variations.

Employs three tuned tank circuits and a special beam-
power tube,

Has low inherent distortion.

Output is independent of input amplitude variations.

Provides both limiting and discriminator oction in a
single tube.

CIRCUIT ANALYSIS.

General. The gated-beam detector uses a gated-beam
tube to limit, detect, and emplify the received f-m r-f sig-
nal. The output is a d-c voltage which varies in amplitude
and polerity as the input varies in frequency. This output
voltage is zero when the input frequency is egual to the
center frequency {unmodulated carrier frequency). When
the input frequency rises above the center frequency, the
output veltage increases in a positive directicn, and when
the input frequency dreps below the center frequency, the
output increases in a negative direction.

Circuit Operation. Before attempting to explain the
circuit operation of the gated beam detector, a hrief review
of the tube used in the circuit is essential. The accompany-
ing illustration shows a cross-sectional diagram of a typical
gated-beam tube,

There ate two major differences between the gated-
beam tube and an ordinary pentode. First, the flow of
electrons fom the cathode to the plate is maintained in a
concentrated beam formed by the elements of the tube, ond
secondly, cathede current flows at oll times, even during
the period of time during which no plate current flows.

The shield around the cathode, known as focusing
plate No. 1, is internolly connected to the cathode, and as
the electrons leave the cathode they pass through a narrow
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opening in the shield, which is at cathode potential and
repels electrons. Thus o narrow stream of electrons is
formed.

As the electron stream enters the accelerating chamber,
which is at a high positive potenticl, it tends to spread,
due to the attroction of the positive field. Crdinarily, the
stream would continue to spread, but as it appreaches the
No. 1control grid, it is prevented from spreading further by
the repelling action of @ second focusing plate, also con-
nected to the cathode. Once the electrons pass through
the first control grid, they are attrected towards the accele-
rator grid, which is ot the same potential as the accelerator
plate, and again the electron stream tends to spread. How-
ever, before the spreading hecomes excessive, the stream
enters the field of focusing plate Ne. 3 which is also at
cathode potential, and further spreading is checked. The
focusing plate is provided with a narrow opening, which
concentrates the beam into a narrow stream cgain as it
passes through this orifice. The electron streom then
passes through a second control grid (referred to os the
quadrature grid) ond is attracted to the potential positive
plate.

Tf @ siqnal is applied to the first control qrid, and it is
sulficiently negative to prevent the electron stream from
passing thiough it, the electrons approaching this grid
rapidly build up a dense space charae in front of the orid.
Because electrons repel each other, the cecumulated space
charge aids the control qrid in quickly cutting off plate
current flow, and accounts for the sharp cut-ff tube
characteristic. (This control grid is also referted ta as the
limiter qrid for this reoson.) The electrons cannot return to
the cathode because of the narrow opening in the focusing
plate, and they are attracted to the wall of the acceleratar
chamber instead, thus maintaining cathode current flow,
as illustrated below.
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In a similar manner, when a siqnal of sufficient strength
and of proper polarity to repel the electron stream is applied
to the guadrature arid (No. 2 control qrid), with the limiter
qrid ahove cut-off, plate current will not flow, Cathode
current flow continues, however, because the electron
stream is attracted to the accelerator wall instead, as
illustrated below.

ACCELERATOR

e

Second Control (Quadrature) Grid at Cut—off

To summarize tube operation, both the limiter qrid and
the quadrature grid must be suificiently positive at the
same time to permit passage of the electron stream to the
plate.

The accompanying circuit schematic illustrates the
gated beom tube connected as a typical gated-beam
detector.

The input tank circuit, consisting of L1, the primary
of i-f transformer T 1, and capacitor C1, is tuned to the
center frequency of the incoming f-m signal. L2, the
secondary of the transformer T1, ond capacitor C2, also
comprise another tank circuit, which is also tuned to the
center frequency. The first grid of the tube and the cathode,
perform the function of a limiter stage, with resistor Rl
and capacitor C4 in the cathode circuit to provide a method
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of adjusting the limiter hias. The acceleratar qrid is con-
nected to voltage-dropping resistor K3 which establishes
the proper voltage on the accelerator grid, and C5 bypasses
it to ground. Copacitor C3, together with L3, form another
tank circuit also tuned to the center frequency, andis con-
nected to the secend control arid.  Resistor 32, (usually of
a small value) is placed in the plate lead to increase out-
put linearity. Resistor R4 is the plate load, and together
with capacitor C6 forms an intenrating network which oro-
duces the sine-wave output. The output is taken from
across U6, and applied to the oudio stages through coupling
capacitor Ce.

The limiting capobilities of the qated beam detector
are much better than that of a conventional pentode, be-
cause of the sharp control characteristic, as shown in the
graph below,

N
]\‘.\"B‘AS POINIT

[¢]

PLATE CURRENT
IN MILLIAMPERES

=}

«— LIMITER GRID VOLTAGE IN VOLTS —a

Limiter Grid Tube Control Curve

Cathede resistor R1 is adjusted ta bias the limiter at
the center of the steepest part of the control-characteristic
curve. With no signal applied to the limiter grid, the tube
conducts, When the electron stream arrives at the quadra-
ture grid, some electrons are absorbed by this grid, and
the resulting current flaw charges C3 of the quadrature
tank circuit. When C3is charged sufficiently negative,
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the grid current stops and this negative charge momentarily
maintains the quadrature arid at cut-off. Tank inductor

£.3, however, tries to keep the current moving in the same
direction, but when its field collapses it couses a reverse
flow of current which discharges C3. When C3 discharges
sufficiently, the qrid again becomes positive and begins
drawing grid current, and the cycle repeats. Since the tank
is tuned to the center frequency of the received signal,

it oscillates at the tuned frequency. The voltage across
3 1lags the current which produces it, and the result is a
series of pulses appearing on the guadrature grid at the
center frequency, but lagging the limiter grid voltage by 90
degrees. Because the quadrature grid hes the same control
characteristics os the limiter grid, these pulses place the
tube alternately at cut-off and at saturation on alternate
half cycles of oscillation.

When a signal appears on the limiter arid at the center
frequency ond increases slightly in a positive direction,
the tube is effectively driven into saturation. That is, as
the electron stream passes through the limiter and accele-
rator grids, and arrives at the quodrature arid, the quadra-
ture qrid is out-of-phase and is at cut-off, and the electron
stream is attracted to the accelerator wall. However, some
90 degrees later, the quadrature grid shifts in a positive
direction because of the favorable oscillation of the quad-
reture tank, and this time the electron stream is permitted
to pass through the quadrature grid to the plate. Before
the quadrature grid phase changes, the signal applied to
the limiter qrid drives the tube guickly into cut-off, and
plate current aqain cecses. The resulting signal appearing
on the plate, therefore, is o square shaped pulse, which
starts with the delayed opening of the quadrature grid, and
ends with the closing of the limiter qrid, as illustrated
below.

LIMITER

GRID PULSE

—_—— e m———— e —

QUADRATURE
GRID PULSE

PLATE
PULSE

Relationship of Pulses ot Center Frequency
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If the signal on the limiter qrid shifts to g frequency
higher than the center frequency, the pulse appears on the
limiter qrid at an earlier time than at the center frequency,
and therefore, also arrives at the quadrature grid at an
earlier time. Since the pulses on the quadrature grid are
still occurring at the center frequency (because of tank
circuit oscillation), and the limiter pulse arrives earlier,
the resulting pulse relationships are as shown in the second
waveform illustration.

LIMITER

GRID PULSE

QUADRATURE
GRID PULSE 1

PLATE
GRID

Relotionship of Pulses cbove Center Frequency

Since plate current starts with the delayed opening of
of the quadrature grid, and ends with the closing of the
limiter arid. the olate pulse is now norrower thon it was
at the center frequency.

Conversely, if the siaral on the limiter qrid shifts to a
frequency helow the center frequency, the pulse arrives on
the limiter grid at a later time, and thus arrives at the
quadrature grid at a later time. 1t is therefore nearer in
phase with the pulses on the gquadrature grid, since these
quadrature pulses are still occurring at the center freguency,
and the resulting pulse relationships are os shown in the
third waveform illustraticn.

Under the three circumstances discussed above, the
peck amplitude of the plate current remains the same (it is
effectively at saturation and limited), while the variations
in the frequency of the input pulses are represented at the
plate anly by the length of time for which plate current
flows. A higher input frequency produces a shorter duration
of plate current, and d lower input frequency produces a
longer durction of plate current.

These plate pulses, however, are occurring at an r-f
rate, and therefare will nat be reproduced by the following
cudio stages. However, since the width af the plate
pulses constantly vary in accordance with the f-m modu-
lation, the plate pulses also vary ot on audio rate. There-
fore, the average plate current varies at qudio frequencies,
and ¢ useable audic output is obtained by an integrating
network consisting of C6 and R4 Since the charqe on C8
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varies ot the same rate as the average plate current, taking
the output from capacitor C8, provides an audic output,
and at the same time, it changes the squared pulse into a
ugeable sine-wave to minimize distortion,

The advemtage of the Gated Beam Detector lies in its
extreme simplicity. It employs only one tube, vet
provides a very effective limiter with a Linear detector,
It requires relatively few companents, and is very easily
adjusted. Operation, however, is limited to the frequencies
below 20 Mc. Since at the higher frequencies, the shunting
effect of the interelectrade capacitance between the Nmiter
and quadrature grids is sufficient to produce an cut-of-
phase voltage across the quadrature grid, which subtracts
from the guadrature voltage and reduces the output. Thig
effect is minimized in some circuits by the addition of g
screen grid, to the tube ot by careful shielding, but neither
method completely eliminates the out-of-phase effect, and
for this reason, the gated-beam circuit s usually used
only in low frequency applications,

FAILURE ANALYSIS.

No Ovtput. A defect in nearly any component in the
circuit could cause a no-output condition to exist. Check
the plate supply voltage at the tube socket, if plate volt-
oge s not present, check resistors R2 and R4 and capaci-
tor C6. 1f plote and grid veltages are normal, the tube is
probably defective,

Check for ¢ signal on the limiter qrid with an oscil-
loscope. If no signdl is present, check for a signal on the
primary af the transformer. If still no siqnal appears, the
trouble is somewhere in the preceding stages, and the de-
tector is probably not faulty, If there is ¢ sional on the
primary of the transformer, check the hining capagitors
with an in-circuit capacitor checker, [f they are found to
be good, the troubie is probably a defective transformer.
Check cathode resistor R 1 for proper value and adjustment,
and capacitor C4 alse, usirg an in-circuit capacitor check-
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er. With the escilloscope, check for a signal on the quad-
ratureqrid. If o signal is present, make sure it is at the

center frequency. If no signal is present, check O3 with

an in-circuit copacitor checker, and L3 with an ehmmeter. —
Check R3 for proper value, and ©5 for @ short to round,

Low or Distorted Qutput. It is unlikely that q low
output condition will exist, but if it does, R2, R4, or CH
ismost likely at foult. Check R2 and B4 for proper value,
and CB with an in-cirenit capacitor checker,

If the output is distorted, make the checks fust
mentioned above for a low autput conditicn, and if the
distortion still occurs, make certain that the three tanks
are alinned vroperly, ard contain ro defective components.
Also check R for proper value and adjustment, using @
voltohimmeter and alse check capacitor C4 with an in-
circuit ecpacitor checker.

YIDEO DETECTORS

A video derecior s very similar to the standard AM
detector, with the exception of the requirement for handling
a braader range ol lrequencics. Since it is located between
the I7 an the video amplifier stanes, it must be able to
handle the sere wide range of requencies as the IF and
video amplifier stanes witheut distortion. The IF fre-
quencies used in radar applications vary from about 30 Hz
0 8 MHz, and in television, from about 20 MHz 1o 4.5 Hz.
This requirement necessitates the use of high-frequency
compensating circuits in the detector cutput, which consist
of toth series and shunt peakirg circuits. {See paragraph
2.5.2 in section Zof this Handbook for an explanation of
RL pedking circuits), Another precoution, though less
eritical, is the selection of @ dicde with g low plate to
cathode copacitance, Operation of the vides detector
is the same as that of a typical AM diode detector, except
for tha frequency response chanoes caused by uze of the
compensatinn circuits,

BASIC YIDEO DETECTOR

APPLICATION.
Thke video detector iz used to change the received amp-
litude modulated video sianal into q d=c valtage.

CHARACTERISTICS.

Employs a hasic AM diode detector,

Has a wider bondwidth then the conventional AM
detector,

Employs compensating networks for frequency compensa-
tion and to imprave linearity,

CIRCUIT ANALYSIS.

General. The operation of the basic video detector is
identical to the operation of the AM diode detector pre-
viously discussed in this section of the Handbook, The
only difference lies in the addition of compensating circuits
for the added frequency response requirements. Discussion
of the operation of the detector in stripping off the modi~
lation from the carrier is covered completely in the previous
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discussion of the diode detector. The reader should refer
to the discussion of the Diode Detector in this section of
the Handbook for proper background before proceeding with
the discussion of the video detector.

Circuit Operation. The schematic diagram of a typical
video detector employing series and shunt pedking is
shown in the accompanying illustration.

0967-000-0120 DETECTORS

of ZL These circuits are so tuned that some overlap of the

tuned circuit response curves occurs, as shown in the
following illustration.

ZI RESONANT FREOQUENCY Z2 RESONANT FREQUENCY

LN N

Besic Yideo Detector

The anode of diode V1 is connected to the untuned
secondary of IF transformer, T 1, with the primary tuned
by capacitor C. Inductance L1, in series with resistor
R1, together with capacitor C1, forms a shunt peaking
circuit, referred to as impedance network 21 Inductance
L2, together with B2, forms a series peaking circuit,
referred to as impedance network Z2. Capacitor C2 is the
output ccupling capacitor. Resistor R broadens the
bandwidth of Z1, and RZ broadens the bandwidth of ZZ.

Pecking circuits Z1and Z2 are utilized to improve the
output linearity, and provide a wide band-pass character-
istic. The circuit operates in the following menner. A
frequency increase causes the copacitive reactance of
the stray capacitance to decrease, and since this stray
capacitance (represented by C1} shunts the output, the
output voltage tends to decrease at high video frequencies.
Z1is a parallel-tuned circuit resonated ta the high fre-
quency at which the output first tends to decrease, by the
stray and distributed wiring end ¢ircuit copacitance repre-
sented by C1. Since the impedance of the paralle! tuned
(shunt peaked) circuit is maximum at resonance, the cutput
remains linear beyond the high frequency drop-off point
(without compensation). The bandwidth of this tuned
{shunt peaked) circuit is widened because the Q of the
circuit is decreased by the presence of series resistor R1.
As the output frequency is increased still further, it passes
beyond the resonant peak of Z1, and as the impedance of
Z1 now decreases, the output again tends to decrease.
Z2, however, forms another broadly-tuned circuit, and is
series-resonated at ¢ point above the resonant frequency
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Combined Response Curve of Z1 ond Z2

Since the impedance of a series tuned circuit is mini-
mum at resonance, and because Z2 is in series with the
load, the output once again is extended, Actually L2 is
serles peaked using the stray capacitance to ground, and
is also broodened by shunt resistor B2

The resultant overall response curve for the video
detector is as shown below.

Zl RESOMANT FREQUENCY Z2 RESONANT FREQUENCY

SRRV §

INCREASING FREQUEMCY —————&=

Overall Response Curve for Video Detector

FAILURE ANALYSIS.

No Output. A defect in transformer T, a defective
tube, or an open C2 will cause a no-output cendition.
Check the continuity of the windings of T1 with an ohm-
meter. Check CZ2 for an open with an ohmmeter. If ¢ no-
output conditicn still exists, check the value of the capaci-
tor with an in-circuit capacitor checker.

Low or Distorted Output. A delective diode is about
the only component in the circuit that would cause a low
output condition to exist. While a low output is also possi-
ble because the values of L1 ar L2 may change and
change the response curve, this possibility is rather remote.
Do not neglect the possibility of either Rl or R2 changing
value sufficiently to affect the response,

If the output is distorted only at the lower frequencies,
the defect is probobly in ore of the components of Z 1.
Check the value of L1. Check L1 for continuity and Rl
for proper value with an chmmeter.

If the output is distorted only at the higher frequencies,
series peaking circuit 22 is probably defective, Check C2
with an in-circuit capacitor checker. Check L2 for con-
tinuity and R2 for proper value,
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PART B. SEMICONDUCTOR CIRCUITS

AM DETECTORS.

Detector circuits are used to remove the modulation from
the received modulated r-f signal and transfer it back to its
original form, so that it may be used for listening, viewing,
communication, or other purposes, There are many forms of
detector circuits and many variations of these circuits.

The circuits used in the semiconductor field are similar

to those used in the electron-tube field. The diode AM
detector is a particularly good example of this paratlelism,
since the semiconductor diode merely replaces the diode
tube. Only AM detectors will be discussed in the following
paragraphs; other types of detectors will be discussed
later.

The semiconductor diode evolved from the original
"crystal detector’! of the early radio era, which was
basically a point-contact galena diode. Today’s grown PN
{(or NP} junction diode is more stable and physically more
rugged than the early galena detector. It is usually de-
signed to handie fairly high voltage and current, since it
acts as a large-siqnal detector after a number of r-f ot i-f
amplifiers. Because of its small size, good power-handling
capabilities, lack of power consumption, and small cost,
the design trend is to replace the electron tube diode with
the semiconductor diode.

Generally speaking, the semiconductor diode detector
for AM is used in one of two types of circuits: the veltage-
output circuit and the current-output circuit. (In other texts
these circuits may be called “'series diode detector and
shunt diode detector’’.) Although semiconductors operate
basically by virtue of a changing current, when current is
passed through a resistor a veltage drop is produced across
the resistor, Therefore both types of circuits are appli-
cable to either tubes or semiconductors, ond the functioning
is similar regardless of whether tubes or semiconductors
are used. The voltage cutput circuit is usually preferred
for electron-tube applications.

Because of the lack of gein in the diode detector, tran-
sistors are also used for detection. The transistor detector
provides ampliiication of the detected signal. With the
proper circuit connections and bias it can be made the semi-
conductor equivalent of the grid, plate, or infinite-impedance
electron-tube detector. By suitable arrangement of biasing
potentials and proper selection of the transistor, either
square-law or linear detection can be achieved.

While the semiconductor diode detector is used univer-
sally in electron-tube equipment, the wansistor triode de-
tector is generally used only in all-transistor equipments.
When used, the transistor detector is limited to the common-
base and common-emitter configurations because of the
less-than-unity gain provided by the common-collector cir-
cuit.

YOLTAGE OUTPUT DIODE DETECTOR.

APPLICATION,

The semiconductor diode detector with a voltage output
is usually used as the second detector in superheterodyne
receivers, or as a linear detector where large input signals
are supplied. It is also used in test equipment where

ORIGINAL
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linear response Is desited, as in VTVM's and field strength
indicators.

CHARACTERISTICS.

Operates linearly over a large range of voltage.

Does not amplify the input signal.

Has an average efficiency of approximately 90 percent.

Normal large-signal distortion is on the order of 1 to 2
percent.

Is not restricted to any partlcular frequency range, but
is operable on the entire electronic spectrum.

CIRCUIT ANALYSIS.

General. Since the electron tube diode detector is prac-
tically identical with the voltage-output semiconductor
diode, read the discussion on Diode Detectors in Part A
of this section, before continuing; refer also to the discus-
sion on Junction Diode Theory, in paragraph 3.2.1 of Sec-
tion 3, for a review of the basic operation of the diode. It
should now be evident that the principal difference between
a tube diode and a semiconductor diode is the reverse-
leakage current of the semiconductor, plus a difference in
current and voltage ratings. As far as the diode detector is
concemed, the reverse-leakage current is usually negligi-
ble, Although it does produce a slightly increased loading
effect on the input circuit, this increased loading is of
interest only when the diode is operoted as a small-signal
detector. In this instance operation is not linear, but ob-
serves a square-law response {output varies as the sguare
of the input voltage). It is this wedk-signal square-law
response which creates the inherent distortion in the diede
detector. As normally operated, the diode voltage-output
detector is employed after a number of stages of amplifica-
tion. Thus, the input signal to the detector is relatively
large in omplitude, the response is relatively linear, and the
basic fidelity of the diode detector is achieved,

Circuit Operation, A simplified schematic of the volt-
age~cutput diode detector is shown in the accompanying
figure.

From this figure it can be seen that dicde CR is in
series with the input voltage; it acts as a simple rectifier,
with R1 as the load and C1 as the filter. The diode con-
ducts only during the positive half-cycle of the input signal.
During the negative half-cycle it remains inoperative, since
it is then reverse-biased. When the diode conducts, cur-
rent flows through R1 and produces a voltage drop across

CR

INPUT QUTRUT

Yoltage-Output Diode Detector
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the resistor. The voltage developed across Rl is equal to
the peck value minus the drop across the diode (which is
very small and much less than in an electron tube diode).
Since capecitor C1 is connected in parallel with RY it
charges to the some voltage. Since the diode response is
considered linear, the larger the input voltage the greater
the current through R1 and the larger the charge on C1. As
the positive hall<ycle ceases, the diode ceases conducting
and capacitor C1 discharges through Rl for the duration of
the neqative half-cycle. The cepacitor discharge is con-
trolled by the time constant of R1 end C1, and is not quite
completed before the positive half-cycle again begins. The
diode again conducts, and capacitor C1 is again charged
for the durution of the positive half-cycle. Since these
alternations are at radic-frequency rates and the RC time
constant is on the order of seconds, the voltage to which
Clis charged never has time encugh to reach the full peuk
value of the input voitage, and the voltage to which Clis
discharged never has time enough to reach zerc value. The
voltuge is, however, proportional to the envelope of the
modulation, rising as the input signal amplitude increases,
and falling as the input signal amplitude decreases, as
shown in the following illustiation, Thus, the voltage
across Cl is o nearly linear replica of the original modu-
lation.

INPUT
VOLTAGE

QUTPUT
VOLTAGE

CURRENT
PULSES
ENVELOPE i
S . vEnase
bl iad
ull (el
DETECTOR WAYVEFORMS

When the time constant of R1 and C1 is too short (ca-
capacitor, 1esister, or both are teo small), the capacitor
voltage cannot follow the envelope (it reaches full charge
before the signal reaches its peak), part of the signal is
lost, and the detected modulation is distorted. When the
time constant is too long, the capacitor tends to smooth out
variations in the modulation (it cannot respond to very fast.
voltage variations—only slow variations), and distortion
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occurs. With the proper time constant, the capacitor is
never fully charged or fully discharged, but rather follows
the peak excursions of the envelope in accordance with the
audie modulation,

FAILURE ANALYSIS.

Ne Ouiput. A no-output condition can occur from failure
of the diode to conduct, from an open or shorted load resis-
tor, or from ¢ defective capacitor. A resistance and con-
tinuity check will determine whether the resistor is satis-
factory, whether the diode front-to-back resistance is nor-
mal, and whether the capacitor is short-circuited. With the
resistor and diode checked out, it is a simple matter to
connect d capacitor in parallel with the suspected capaci-
tor to determine whether it is open (an output will appear if
the capacitor is open). If an oscilloscope is available, it
may be used to observe the waveform across the load resis-
tor.

Low Output. Low output can occur from a change in the
time constant of the circuit, or from a lack of sufficient
input to the detector to produce the desired output ampli-
tude. Poorly soldered connections, a leaky capaciter, or
a defective diode can couse this condition, Under normal
operation, the amplitude of the signal across the detector
should ke from 80 to 90 percent of the input amplitude,
Less than this value indicates lack of efficiency due to
increased resistance in the diode or leakage in the capaci-
tor.

Distorted Output. This can result from o chonge in
capacitcr value, Either too loige or too small a capacitor
will cause distortion. A change in a resistar or capaciter
value, producing tco short or too long a time constant, will
also cause distortion. The parts should ke within 10 to 15
percent of their rated values. If the values are nomal, the
trouble must be in the diode. A high-resistance condition
caused by a poorly soldered joint is always a possibility.

CURRENT OUTPUT, DIODE DETECTOR.
APPLICATION.

The current output diode detector is used to detect
the audlo modulation in semiconductor recetvers, where
the voltage output is small and does not vary sufficiently
to produze full output from the audio amplifier stages.

CHARACTERISTICS.

Is usually self-ticsed.

Linear cutrent swings produce linear cutput voltage
swings.

Impedance at the output is low, and usuclly direct
coupling is employed.

Is inherently a small signal detector.

CIRCUIT ANALYSIS.

General. The cument form of diode detector operates
similarly to the voltage form of dicde detector. Except
that the output variations are in the form of current pulses
rather than valtage pulses. However, by passing this cur-
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rent through @ shunt resistor, ¢ voltage cutput is developed
across the resistor.  The voltage output is, however, much
reduced so that a current amplifier is required to build up
the signal to a respectable output level, Thus, while the
voltage detector will supply an output which can drive the
following audio stage, the current detector usually utilizes
direct coupling and an additional transistor stage to con-
trol another transistor stage in the output. Because of the
direct coupling, response is somewhat better. On the other
hand, the higher frequency signals are slightly attenuated
by the coil reactance of the series inductor, which operates
gimilar to the power supply low pass filter. This hes the
effect of eliminating eny high frequency ripple and distortion
in the output, so that practically the response is identical
to the voltage dicde hut of lesser magnitude. Actually the
current detector operates as o square law detector and is
usually used in circuits other than the superheterodyne
{which uses the voltage form of detector). Therefore, the
shunt diode {current) detector is used mainly in regenerative
receivers af the pocket voriety and is usually combined with
reflex audic circuits to provide a loud but disterted output.

Circuit Operation. The circuit of a typical current dicde
detectat is shown in the accompanying illustration.

e A

Lt
O —_— YY) -0
CRI
INPUT Rl OUTPUT
o— -O

Current Diade (Shunt) Detector

As shown, the dicde is connected in shunt with the in-
put circuit, and L1is connected in series, with load
resistor R1 also connected in shunt to ground. The LR
comhination of L1 and R} have a combined time constant
which is sotisfactory for detection.

When the input siqnal is opplied across CR1 the output
is shunted to ground for the neqgotive half cycle of the 1-f
input signcl because CR1 conducts ond no output occurs.
During the positive half~cycle the signal is applied to L.1
and current flows threugh Rl to ground and produces an
output current which follows the ~f envelope. This action
occurs because of the integrating effect of the LR circuit.
During the current flow through L1 and R1 to ground a field
is built up around L1 which tends to keep current flowing in
the same direction when conduction ceases, and during
the time that the detector diode is shunting the signdl to
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ground, the field discharges through Rl Thus an inteqratir
action occurs similar to that which would be produced if

R1 were shunted by a capacitor, and the cutput current
follows the peak wavelorm closely. Because of the react-
ance offered to high frequencies by L1, there is always a
loss of voltage which makes the output smaller than the
applied signal. Since @ conducting path to ground is
offered on the positive half-<cycle of input signdl, the
rectification efficiency is lower than for a series connected
diode (voltage detector) hence this circuit is not often used.
In addition the low shunting effect during conduction and
the low averall impedance to ground during the nonconducting
period provide o heavy load on the source, and creates dis-
tortion when sufficient driving power is not avoilable.

Thus, the shunt detector is usually less preferred than the
higher impedance, voltage-output form.

FAILURE ANALYSIS.

No Output. If the diode is shorted, or if either L1 or
R1 are open there will be no output. Because cf the few
components involved a resistance check with an ohmmeter
will usually locate the defective part.

Low Output. A defective diode CR1, high resistance
soldered joints, ot large changes in L1 or Rl can reduce
the output. Check the values of L1 and R] with an ohm-
meter,

Distorted Qusput. 1f the output is continucusly
distorted, check the diode, If the distartion still persists,
use an oscilloscope to abserve the input and output sig-
nals, since the distortion is probably located in an earlier
-f stage or a loter qudio stage.

COMMON-EMITTER DETECTOR.

APPLICATION.

The comman-emitter transistor detector is usually
used in semiconductor superheteradyne receivers to supply
a detected end amplified cutput.

CHARACTERISTICS.

Uses self-bias.

Offers a high input impedance,

Is equivalent to the diode detector in quality, with
more gain avoilable.

May be operated as either a small-signal, or a large-
signal detector, depending upen bias voltage.

CIRCUIT ANALYSIS.

General. This detector is equivalent to the arid
detector used in electron tubes, The base-emitter junction
acts as d diode rectifier for large-signal linear detection
when hiased sufficiently, or us a square-law, smatl-signal
detector when operating with low hins. When used in a
receiver with only a few transistors it operates as a small
signal detector, when used in superheterodynes it is used
as a large signal detector. The operation is similar to
that of the electron tube counterparts {grid and plate
detectors) described earlier in Part A of this section.
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Diode detection cecirs in the base-emitter junction and
amplification occurs using the emitter-collector junction,
The combination can be considered the same as that of g
diade and g transistor used separately.

Circuit Operation. The schematic of a typical transistar
common~emitter detector is shown in the gccompanying
illustration,

L

INPUT ©CI

Common-Emitter Detector

Tuned input transformer, T1, has o primary and second-
ary winding. The primary winding, L1 is tuned by capoci-
tor C1 to the operating frequency {in supetheteradyne re-
ceivers it is tuned to the IF), while secondary 1.2 remains
untuned and inductively coupled., Resistors Rl and B2
are fixed-hias voltage dividers connected from the supply
to the base end ground.  Hesistor R1 is bypassed by C2 for
radio frequency and this RC combination also acts as the
load resistor and bypass capacitor as used in ¢ diode
detector, The audio is detected in the base-emitter circuit
and is applied as a d-c bias varying at audio frequencies
to control collector current. The output is developad
across collector load resistor R4, which is bypassed for
r-f but not for oudio frequencies. The emitter is connected
to ground through o conventional swamping resistance
(R3} for temperature stabilization, and is bypassed by C3
for both RF and aqudio.

In the absence of an input siqnal, transistor Q1 rests in
a Closs A-biased condition, drawing a mederate but steody
collector current, and no cutput is obtained, When an input
signal appears on the bose of Q1 it is rectified by the
base-emitter junction (operating as a diode} and appears
as a d-c bias voltage with a varying audio frequency com-
ponent across R1. This a-f component is developed across
Bl as in the conventional diode detector previcusly dis-
cussed earlier in this section, Verigtions in bose current
flaw caused by the input signal develop a voltage across
R1 which follows the modulation envelope of the
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signal, any degenerative blas which tends to develop
across emitter resistor B3 is eliminated by bypass capaci-
tor C3, The output is developed by cellector current flow
from the supply through R4 which varies under control of
the bios voltage across RL Any radio frequency ripple in
the output is hypassed across the collector load resistor
by copocitor T4 The audio frequency variations, how-
ever, ae not bypassed, and as the base is forward-biased
by the negative halfcycle of input, it increases collector
current flow, and a positive output voltage is developed
aeross load R4, Likewise, when the base current is made
to decrease on positive portion of the input signal {which
reverse-bioses the junction) collector current flow is re-
duced, and the collector cutput voltage rises towards the
supply {becomes mare neqative), Thus since the output
rises cnd falls in accordance with themadulation envelope,
an amplified output of similar wavefomm is cbtained and
passed threugh coupling capacitor Cec to drive the base

of the following audio stage.

When a small fixed-bius is applied Q1, operation is on
the lower (curved) portion ¢f the base-emitter transfer
curve and square law detection is ohtained, with an in-
crease of distortion. When biased higher {on the straight
portion of the curve) the transistor operates as a linear
diode detector with the additional amplification supplied
by the collector circuit.  The type of operation is determines
during design by selecting the proper values of R and R2
to provide the desired bias for square law detection, and by
choosing the proper value of emitter resistor B3 and bypass
eapacitor C3 for linear detectian. The cutput in both
instonces is equivalent to that from a separate diode,
amplified by a separate transistor operating at the same
bias voltages. Usually when operating as a high-level
{targe signal) detector it is capatle of driving an audio
output stoge directly. In this respect, it is the transistor
equivalent of the electron tube power-detector.

FAILURE ANALYSIS.

Ne Output. Loss of an input siqnal, lack of bias, a
defective transistor, loss of supply voltoge, an open load
tesistor, or an open output capacitor can produce @ no-
output conditicn. Check the bias, supply, and collector
voltages with @ high resistence ohmmeter, If normal base
bias is obtained, L2 and bias divider R1, and B2 are satisfac
tory, and C2 is not shorted. Likewise, with normal collector
voltage R4 is okay and C4is not shorted. An emitter
voltage slightly larger than the bias applied and still no
signal indicates that B3 and C3 are operating satisfactorily
ond that either L1 is open or Cl is shorted. Check the
input circuit for continuity and shorts with an chmmeter.

The possibility exists that coupling capacitor Cec may be open.
In this instance, use of an oscilloscope weould immediately
show an output on the transistor side of Cee, but nothing

on the output side. When an oscilloscope is available,
follow the signal through the circuit and note where it dis-
appears orf changes in shape or amplitude to locate the
trouble.
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Low Output. Improper bias, low collector voltage, or
a defective transistor are the most likely causes of low
output. Check for proper bias and collector woltage, and
also check the supply to be certain that a blown fuse or
the supply itself is not the cause. With normal voltages,
the transistor must be defective.

Distortion. Normatly the output is distorted to a certain
extent, however, the modulation should be intelligible.
When it is so distorted that it is garbled, check the output
circuit to make certain the trouble is not in the following
audio stege. When the distortion appears in the output
stage but not in the detector, the trouble is in the output
stage. Improper bias is usually the foremost cause of ex-
cessive distortion, and should be checked first with o
voltmeter. If the bias voltages are normal, use an oscil-
loscope and follow the signal through the circuit until the
pattemn changes and shows the part at fault. It is important
to remember to use an 1-f probe when checking with the
oscilloscope, since distertion in the r-f portion of the
circuit will not show unless it is first detected by an r-f
probe.

COMMON-BASE DETECTOR.

APPLICATION.

The common-base detector is usually used in small
portable semiconducter receivers to provide detection with
some amplification, and where extreme fidelity is not
required.

CHARACTERISTICS.

Employs qrid-leak bias.

I equivalent in output to o diode and a separate ampli-
fier stage.

Produces mere distortion than the common-emitter
detector, or g diode detector,

Operates as a small signal detector which can easily
be overloaded.

CIRCUIT ANALYSIS.

General. The common-base detector is the tansistor
equivalent of the electron tube grid-leak detector. Detection
occurs in the base-emitier junction and amplification occurs
through use of the collector junction. The output is the
equivalent of a dicde detector followed by a stage of audio
amplification, but with more inherent distortion. Where
less distortion and better quality are required o separate
diode and transistor audio stage are used.

Circuit Operation. The schematic of a typical common-
base detector is shown in the accomponying illustration.

Transformer T1is an 1-f trensformer when used in simple
two or three stage receivers, or an i-f transformer when
used in superheterodynes. It is tuned tc either the i-f
frequency or the operating frequency, as applicable. In
the drawing T1 is single tuned in the secondary, but may
d=o be tuned in the primary. Resistor R1 and capacitor
C1 form a qrid-leak bias network which sets the operating
point of the emitter junction. The cudio output is taken

CHANGE 2

0967-000-0120 DETECTORS

INFUT L

Common-Base Detector

from the collector ¢ircuit through audio output transformer
T2, however, RC coupling may be used to help improve
fidelity if o smaller output is satisfactory. The primary
of T2 forms the detector output load arnd is bypassed for
1-f ripple by capacitor CZ,

The input signal is applied to either the tuned or un-
tuned primary and inductively coupled to the .2 secondary.
When tuning capacitor C is tuned to the proper frequency,
the input signal is coupled through C1 to the emitter.

In the absence of a signal, contact bias exists as deter-
mined by resistor RL The smal! flow of reverse current
develops small hias voltage across R1 which is near zero
and only the small normal reverse current flows. When the
positive portion of the input signal occurs, current flows
through the emitter-base junction driving the emitter posi-
tive {forward bias) and capacitor Cl is charqed negatively,
establishing the operating point. On the neqative excursior
of the input signal capaciter C1 is discharged through R1
creating a neqative, reverse-bias which reduces conduction
in the emitter junction. The bias developed follows the
wave envelope of the medulated signol and produces a d<
emitter bias which varies at audio frequencies. Veriation
of the emitter bias causes the collector current to flow in
accordance with the audio frequency variations of the modu-
lation, and the output voltage is developed by collecter
current flow through the primary of audio transformer T2,
Capacitor C2 effectively acts as a low pass filter, and
filters out any t-f or i~f component (ripple) existing in the
collector circuit. Thus only the cudio variations induce a
voltage in the primary of T2, and the field around the sec-
ondary of T2 varies in accordance with collector current
changes, inducing an output voltage in the secondary.
Strong signals may develop too much bias on the emitter,
cut off collector current flow, and cause blocking, Since
the bias ordinarily is small, the transistor operates on the
lower portion of the emitter-base transfer characteristic
curve and is o square law detector. Thus, at 100% modu-
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lation, distortion up to @ meximum of 25 percent can exist,
Such high values of distortion render this type of detector
unsuitable for music or high fidelity broadcast use, except
in cheap receivers in which the distortion can be lerated
for the sake of simplicity, economy, and portability,

FAILURE ANALYSIS.

General. When making voltage checks use a vacuum-
tube voltmeter to avoid the low values of shunting resistance
employed on the low voltage renges of conventional volt-
ohmmeters. Be careful, also, to observe proper polarity
when checking for continuity with the obmmeter, since q
forward bias through any of the transister junctions will
cause a false low-resistance reading,

No Output. Lack of collector voitage, an open input
or output circuit caused by ¢ defective transformer (T 1 or
T2), or a defective transistor can equse a nc-output con-
dition. Measure the collector voltags with a VTVM. Nor
mal collector voltage on Q1 indicates that T2 and the out-
put circuit are satisfactory. If no collactor voltage exists,
either T2 is open or C2 is shorted. Use a velt-ohmmeter
mnd a capacitance checker to check these two parts. When
collector voltage exists but there iz no output, check T1
primary and secondary for continuity with an ohmmeter and
tuning capacitor C for a short circuit, There is glso the
possibility of C1 being open. Use an ohmmeter and capaci-
tance checker to check continuity and the capacitor for
proper value. If Tlis satisfoctory the transistor must be
at fault,

Low Output. Lack of collector voltage or an open out-
put circuit, as well as a defective transistor can cause
a reduced output. Measure the collector voltage, if it is
normal, either output transformer T2 is open or shorted,
ot Ol is defective. Check the transformer for continuity
or short circuit with an ohmmeter, and check G2 with a
capacitance checker,

Distorted Output. The output will normally be dis-
torted, but should be intelligible. If the distortion is
so bad thot the modulation is qarbled, check the input and
output waveform with an oscilloscope. 1f the waveforn is
undistorted in the base circuit but appears distorted in the
collector circuit, check the values of C1 and 1. Since
these parts set the bias peint, a change in the value of
either one can cause clipping or pedk distortion effects.
I1 these parts values are proper and within the tolerance
indicated in the instruction book on the equipment, the
tramsistor is most likely ot fault.

FM DETECTORS.

The f-m detectors discussed in the following paragraphs
are used to demodulate a frequency modulated r-f siqnal.
Because of the similarity between g frequency modulated
{FM) signal and « phose modulated {PM) siqndl f-m de-
tectors may also be used with minor changes to demodulate
@ phase-modulated signal. While the circuits used in FM
transmission and reception are more complex than those
used for AM, FM provides more advantages which outweigh
the additional complex circuitry. One of the most im-
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portant advantages is in noise reduction of both man-made
and natural static. Since most of these noise variations
oceur as amplitude variations, and the FM receiver is de-
signed so that it does not respond to emplitude variations,
noise is cutomatically eliminated in FM reception,

Semiconductor FM detectors can be divided into roughly
‘three groups of circuits, namely, discriminators, ratio
detectors, or slope detectors. These detectors are very
similar in circuitry to that of their electron tube counter-
parts in that crystal diodes are merely substituted for the
vacuum-tube diodes. Although these diodes do net have
the practically infinite back resistance of the electron
tube, otherwise, their performance is similar. And, they
do have the advantage of not requiring filoment power. For
precise frequency response or frequency control, discrimi-
nator circuits are usually employed. Whereas, the reduced
tespense of the ratio detector is reserved for recei vers
where economy and simplicity are desired. Each of these -
circuits is discussed in detail in the follewing paragaphs.

FOSTER-SEELEY DISCRIMINATOR.

APPLICATION.

The Foster-Seeley discriminator is used in semiconduc-
or communjcations receivers and particularly where quto-
matic frequency control or high fidelity is required.

CHARACTERISTICS.

Must be preceded by limiter stages to eliminate any AM
response,

Uses a double-tuned transformer.

Uses two separate diodes,

Has low inherent distortion,

Converts instantaneous frequency variations into in-
stantaneous d-¢ voltage variations.

CIRCUIT ANALYSIS.

The Foster-Seeley discriminator {also known ds the
phase-shift discriminator) uses a double-tuned r-f trans-
former to convert the instentaneous frequency variations
of the received f-m signal into instantaneous amplitude
variations. The amplitude variations are then tectified
and filtered to provide a d—c cutput voltage which varies
in amplitude and polarity as the input signal varies in
frequency. The output voltage is zero when the input
frequency is equal to the center frequency (unmodulated
carrier frequency), When the input frequency rises above
the center frequency the output increases in one direction
(for excmple, becomes more positive), and when the input
frequency drops below the center frequency, the output in-
creases in the other direction (for example, becomes more
negative).

Since the output of the Foster-Seeley discriminator
is dependent not only on the input frequency, but also
to 0 certain extent upon the input amplitude, it is neces-
SaTy to use one or two limiter stages before detection.
When propetly limited, and the input frequency is varied
from a lower frequency through the resonance point of the

——
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discriminator, and is then raised higher in frequency, the
typical discriminator response curve shown in the accompa-
nying illustration is cbtoined.
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Discriminator Response Curve

The usatle portion of the typicol **S" shaped response
curve is from point A to point B in the illustration. Be-
tween these points, the curve is linear and the instantan-
eous output voltage is directly proportional to the instan-
taneous frequency deviation.

Cireuit Operation. The accompanying circuit schematic
illustrates a typical Foster-Seeley semiconductor dis-
criminator.

)
o

Foster-Seeley Discriminator Circuit
(including limiter stage)

The collector portion of the preceding i-f {limiter) amp-
lifier Q1 is shown on the schematic with conventional
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emitter resistor RE and bypass capacitor CE, The col-
lector circuit tank consisting of Cl and L1 is the primary
tank of i-f input tronsformer T1, while L2 and C2 form the
secondary tank circuit; both tonks are tuned te the center
frequency. Chcke L3 forms the d-c return for diode recti=
fiers CR1and CR2. While CR1 and CR2 are shown by~
passed by equalizing resistors Rl and R2, they are not
always used (they are usuolly used when the dicde back
resistonces are different). Resistors B3 and R4 are the
load resistors bypassed by C3 and C4, respectively, for
t-f, capacitor C5is the cutput coupling copacitor,

The center tap on ccil L2 is capacitively coupled
through coupling capacitor Coc to the primary, And the
full voltage exists across choke L3 At resonance (the
center frequency) equal voltages e, and e, ore preduced
across both halves of L2, thus equal voltages are applied
to the anodes of CR1 and CRZ Assuming these voltages
are positive, conducticn occurs and current flow through
diode load resistors R3 and R4 produce equal and oppesing
voltages oeross filter copacitors C3 and C4. Since the
output is taken from C5 to ground, the equal and oppositely
polari zed signals cancel and produce no output at the center
freauency. However, as the frequency is raised above the
center frequency, the phase relationships in the halves of
the tank circuit couse a voltage change so that e, becomes
larger than e,. Since it is larger than the voltage actoss
R4, the voltage of R3 predominates, creating a positive
output voltage.

Conversely, when the input signal frequency drops be-
low the center frequency and is lower, voltage e, is
larger than e, and the voltage across R4 predominates,
creating a neqative output. As lonq as the input frequency
variations remain within the limits of peak separation
merked A and B on the discriminator curve, a linear fre-
quency versus amplitude relationship is maintained, That
is the higher the frequency the larger the positive output
voltage becomes, and the lower the frequency the larger
the negetive output becomes, (If desired, the discriminator
transformer can be wound and connected to produce opposite
polarities from that described above.) In any event, the
output voltage is always developed across both R3 and R4,
and it is always the algebraic sum of these. Capacitors
C3 and €4 are used to store the instantaneous voltages and
develop an average output which varies at aqudio frequencies,
This output, in turn, is coupled to the audio amplifying
stages by coupling copacitor C5 (any coupling method may
be used), Thus, while the input consists of a constantly
varying {-m signal of steedy amplitude, the output is an
audio frequency which varies linearly both in frequency and
amplitude in accotdance with the frequency swing of the
input signal.

FAILURE ANALYSIS,

No Cutput. A defect in the primary or secondory wind-
ings of T1, in the RFC, or in tank tuning capacitors C1,
C2, or C3, as well as defective diodes can cause @ no-outpu
condition. It is also possible for coupling capasitors Cec
or C5 o be open, or for bypass capacitors Ce, as well as
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C3 or C4 to be shorted and bypass the siqual to ground.
Use an chmmeter to check the primary and secondary of T1
and the RFC for continuity, and for shorts to ground. If
these checks fail to locate the trouble, use an in-circuit
capacitance checker to measure the values of C1, Ce, Cee,
C3, end C4. Note also, that both diodes must fail to cause
no-output, since if anly one fails there still will be an out-
put. When possible, use an oscilloscope to ohserve the
waveform at the input and follow the signal through the
circuit noting where the signal disappears to locate the
source of the trouhle.

Low or Distorted Output. A defect in nearly any com-
ponent in the discriminator circuit may cause the output to
be low or distorted. Use an B-F Sweep Generator and an
oscillescope to isolate the trouble. Connect the sweep
generator to the input and check the output with the scope
on Qi and at the anode of diode CR1 or CR2, Lack of
signal at Q1 indicates defective transistor or part in the
transistor stage of QL A signel on Q1 but not at the
diode ancdes indicates Cec is either open or shorted to
ground. If the input signal does not change in amplitude
as the input frequency varies, the trouble is most likely
in the discrimingtor circuit. To determine if the diserimis
nator is at fault, ground the base of limiter stage Ql and
connect the 1-f sweep input to the discriminator input, with
the oscilloscope connected to the discriminator output.
Adjust the sweep generator to produce an output which
varies both below and above the discriminator center fre-
quency and observe if the pattern on the oscillescope is
that of the typical “’S"” curve shown in the first illustration
of this discussion. Defects in the circuit will cause either
the entire curve or a portion of it to be distorted, or
flattened.

If the entire response curve is distorted the trouble
may be coused by either improper alignment or by a de-
fect in transformer T1. First check to be certain that both
the primary and secondary tank circuits are tuned to the
proper center frequency. If the discriminator is aligned
properly, the trouble is most likely in the transformer.

If only the upper portion cf the response curve is dis-
torted, the trouble may be caused by o defect in diede
CR1, capacitor C3, resistor R3 or transformer T1. Use an
In-circuit capacitance checker to check capacitor C3 for
value and leakage, and use an chmmeter to check resistor
R3 for a change of value.

Conversely, if only the bottom portion of the discrimi-
natot response curve is distorted, the trouble may be
caused by diode CR2, capacitor C4, resistor R4, or trans-
former T1. If the trouble persists use an in-circuit copaci-

tance checker to check G4 for value and leakage, and use an

ohmmeter to check resistor R4 for a change of value, If
these checks fail to restore the output to normal, trans-
former Tl is most likely defective.
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RATIO DETECTOR,

APPLICATION.

The semiconductor ratio detector is used in semi-
conductor type FM receivers to demodulate the recejved
-f, f-m signal, end in afc contro! circuits to transform
frequency chonges into d-¢ control voltages.

CHARACTERISTICS.

Employs a double tuned transformer and two solid
state dicdes,

Converts instantaneous frequency variations of the f-m
signal into instantaneous d-c voltages.

Distortion {s inherently low.

Cutput is not affected by input amplitude varictions
when preceded by a limiter stage.

CIRCUIT ANALYSIS.

General. The semiconductor ratic detector, like the
electron tube ratio detector previously discussed in Part
A of this Handbook, uses @ double tuned transformer
(diseriminator) connected so that the instantaneous fre-
quency variations of the FM input signel are converted
inte instantaneous amplitude varictions. These amplitude
variations are rectified by the diodes to provide q d-=
output voltage which varies in amplitude end polarity as
the input signal varies in frequency. The output is zero
when the input is equal to the center frequency {unmodu-
lated carrier frequency). When the input frequency rises
above the center frequency, the output voltaqe increases
in one direction (for example, becomes more negative).
The specific polarity of the cutput voltages obtained for en
increase or decrease in input frequency is determined by
the design of the circuits and may vary from circuit to
circuit.

Circuit Operation. The accompanying schematic dio-
gram illustrates a typical semiconductor ratio detector.

The input tank circuit comprised of C1 and primary
winding L1 of Tl is tuned to the center frequency of the
received f-m signal, Secondary winding L2 and capaciter
C2 also form a tank circuit tuned to the center frequency.
Tertiary winding L3 provides additional inductive coupling
which reduces the loading effect of the secondary on the
primary circuit of the detectar, Solid state diodes CR! and
CHRZrectify the signal from the secondary tank. Capacitor
€3, in conjunction with resistors R1 and R2 determines the
operating level of the detector, while capacitors C3 and
G4 detemmine the amplitude and polaity of the output. Re-
sistor R3 modifies the peak diode current and furnishes a
d-c return path to qround. The cutput of the detector is
teken from the common connection between C3 and C4 to
ground, which is also the common connection of Rl and RZ.
Resistor RLis the load resistor. A low-pass filter is
formed by R3 together with C6 and C7 to provide high fre-
quency deemphasis. Capacitor CB is the output coupling
capacitor.

When input voltage ep is applied to the primar vy, it also
appears across L3 since it is effectively connected in

11-8-8



ELECTRONIC CIRCUITS NAYSHIPS

Ratio Detector

parallel with the primary tank circuit by inductive coupling.
When voltage ep is applied to the primary winding of trans-
former T1, a voltage is also induced in the secondary wind-
ing and causes curent to {low around the secondary tank
circuit, When the input frequency is at the center frequency,
the tank is at resonance, is resistive, and acts like a re-
sistor. Therefore, tank current is in phase with primary
voltage ep. The current flowing in the tank circuit couses
equal voltage drops to be produced across each half of the
balanced secondary winding of T1, which are of equal mag-
nitude and of apposite polarity with respect to the center
tap of the winding. Since the winding is gredominately
inductive, the voltage drop across it is 90 degrees out of
phase with the current through it.” At the same time, be-
cause of the center tap arrangement, the voltages to ground
at each end of the secondary are 180 degrees out of phase
and are shown as e, and e, on the schematic.

The voltoge applied to the cethode of CR1 consists of
the vector sum of e, and ep. Likewise, the voltage applied
to the anode of CR2 consists of the vector sum of voltages
e, and ep. Since at resonance there is no phase shift,
both voltages are equal. Consider now the monner in which
the dicdes operate with the discriminator voltage discussed
above, When a positive input signal is appliedto L 1, a
voltage of opposite polarity is induced into secondary L2,
As shown in the accoempanying simplified schematic, the
cathode of CR1 is negative with respect to its anode and
is forward biased, while the anode of CRZ is positive with
Tespect to its cathade ond is likewise, forward bigsed.
Since both voltages are of equal magnitude at resonance,
both diodes conduct equally. Hence current flow through
CR1 is in one direction, while the cutrent {low through
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CR2 is in the opposite direction. This direction of current
flow causes a negative polarity at point A and a positive
polarity at point B, Through RL a positive charge is op-
plied to C3 In a similar manner current flow through CRZ
produces a negative polarity ct point B and a positive
polarity at C. Hence capacitor C4 is charged negatively.
Since the polarities are odditive, capacitor C5 across the
output charges to the seties value of twice this voltage.

|- 10
B YOLTS

Simplified Schematic

In the example shown, it is assumed that equal but
opposite woltages of 5 volts exist ceross C3 and C4
Therefore, the total charge across C5is 10 volts. Since
the voltage across C3 and C4 are equal in amplitude (5
volts) and of opposite polarity, the output across lood re-
sistor BL is the algebraic sum or zero.

When the input sicnal reverses polarity, the secondary
voltage across L2 also reverses polarity. The cethode of
CR1is now pasitive with respect to its anode, and the
anode of CRZ is negative with respect to its cathode.
Under these reverse-bias conditions neither diode conducts,
and there is alsono cutput. Meanwhile C5 retains most of
its charge because of the long time constant offered by
R1 and R2 ond discharges very slightly.

When a tuned circuit operates at a higher frequency
than resonance, the inductive reactance of the coil in-
creases, while the capacitive reactance of the tuning capac-
itor decreases, Therefare, above resonance the tank is -
predominately inductive and acts like an inductor, Hence
the secendary current (is) lags the primary voltage ep.
Therefore, when an input frequency higher than the center
frequency is opplied to the detector circuit, a phase shift
occurs. Although secondary voltages e, and e, are still
180 degrees out of phase, they are also 90 degrees out of
phase with the current (is} which produces them. Thus the
change to a lagging secondary current rotates the vector
in a clockwise direction and e, is brought nearer in phase
with primary voltage ep, while €, is shifted further out of
phase with ep. Thus the vector sum of ep and e, is now
larger than that of ep and e,. Therefore, above the center
frequency the voltage applied to the cathode of CRI be-
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comes greater than the voltage applied to the anode of
CR2.

Consider now the manner in which the dicdes operate
with the discriminator voltages developed ahove resonance,
as discussed above. When a positive input is applied to
L1the same polarity as in the previous example discussed
above exists, namely CR1 cathode is neqative and CR2
anode is positive, and hoth diodes conduct. However, e,
is now greater than e,. Therefore, diode CRI conducts
more than diode CR2, and C3charges to a higher voltage
than at resonance, as shown in the accompanying simplified
illustration,

CR1

A

vOLTS
o Jevar

R

Current Flew ond Polarities Above Resonance

Thus, we assume in the fiqure an 8-volt charge on G3
ond only a 2-volt charge on G4 Since C3 is positive with
respect to C4, the cutput is a 6-valt positive siqnal.
Meanwhile, capacitor C5 still remains charged to the sum
of these voltages or 10-volts, as originally stated. When
the input signal reverses polarity, the polarity of the sec-
ondary aiso reverses, biasing hoth diodes in the opposite
direction, and preventing conduction. During the non-
conducting period, C3 discharges very little because of the
long time constant.

When o tuned circuit cperates at a lower frequency
than resonance, the capacitive reactance of the tuning
capacitor increases, while the inductive reactance of the
tark coil decreases. Therefcre, below resonance, the tank
is predominately capacitive and acts like a capacitor. When
an input frequency lower than the center frequency is ap-
plied to the detectar circuit, a phase shift also sccurs and
secondary current is leads the primary voltage ep. Although
secondary voltages e, and e, are still 180 degrees out of
phase they are also 90 deqrees out of phase with the cur-
tent which produces them, Thus the change to a leading
secondary current rotates the vector in a counterclockwise
direction, and e, is now brought nearer in phase with ep,
while e, is shifted further out of phase with ep. Thus the
vector sum of ep and e, is now larger than that of ep and €,
Therefore, below the center frequency the valtage applied
to the anode of CRZ becomes qreater than the woltage ap-
plied to the cathode of CR1 as shown in the occampanying
simplified schematic.
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10 VYOLTS

CR2

Current Flow and Polarities Below Resonance

Once again CRI1 and CR2 are conducting, but this time
CR2is conducting more than CRI, hence, capacitor C4 is
charged to the larger voltage of 8-volts, while C3is only
charged to Z-volts. The output voltage across the load in
this case is a negative Bvolts because C4 is charged
negatively with respect to C3, Again the charge across
capacitor C5 consists of the sum of the voltages across
C3and C4, or 10-wolts as originally developed.

When the input signal reverses its polarity, the sig-
nalacross the secondary dlso reverses its polerity. The
cathode of CRI is now positive with respect to its anode
and the anode of CH2 is neqative with respect to its
cathode, Under these conditions, neither diode conducts,
but the time constant of C5 together with R1 and RZ main~
tains the current through the load in a negative direction
until the next cycle of input, and C5 discharges but slight-
ly.

The output of the ratio detector adjusts itself auto-
matically to the average amplitude of the input signal.
Through the action of resistors Rl and R2 together with
capacitor C5, audio output variations which would ocour
due to 1-f amplitude variations in the input {such as noise)
are eliminated. Since CS charges to the sum of the voltages
developed across R1and RZ, any amplitude variations at
the input of the detector tends to change the voltages
across R1 and B2, but because of the long time constant of
C5 across these resistors, these voltages are held to a
minimum, Before C5 can charge or discharge to the higher
or lower amplitude variation the impulse disappears, and
the difference in cherge across C5 is so slight that it is
not discernible in the output. Because the voltage across
(3 remains relatively stable and changes only with the
amplitude of the center frequency, and since it is negative
with respect to ground, it is usually used for automatic
volume control (AVC) applications.

Capacitors C6 ond C7 together with resistor RS form
a low pass filter which attenuates the high audio frequencies
and passes the lower frequencies. This is known as a
de-emphasis network, which compensates for the pre-
emphasis with which the high frequencies are transmitted,
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and returns the audio frequency balance to normal. When
pre-emphasis is not employed these parts are not needed.

FAILURE ANALYSIS.

Mo Qutput. A defective discriminator transformer,

T1, shorted tuning capacitor C1or €2, an open output
resistor K5, an open coupling capacitor C8, or shorted
filter capacitors {C6 or C7) will produce a na-output con-
dition, Check the continuity of the windings of T1 with an
ohmmeter. Check copacitars C1, C2, C6 and C7 for shorts
and capacitor C8 for an open with an chmmeter, and meas-
ure the resistance of R5. If any of these checks fail to
restore the output check all capaciters for value with m
in—circuit capacitance checker, Note that while one defec-
tive diode will produce a partial loss of output, both diodes
must fail to cause a complete loss of output.

Low or Distarted Output. A defect in nearly any com-
ponent of the detector will cause the output to be either
low or disterted. Therefore, it is good practice to use an
f sweep generatot and an oscilloscope to locate the
trouble. Ground the qrid of the last I-F stoge and connect
the tf sweep generctor to the detector input, and connect
the oscilloscope tc the detector output.  With the sweep
generator set to produce an output which varies above and
below the center frequency, the pattern observed on the
oscilloscope should be similar to the discriminator response
curve illustrated previously. Defects in the response
curve will cquse either the entire curve or a portion of it
to be distarted or flattened.

1f the entire cutve is distarted, the trouble may be
caused by improper alignment or by a defect in transformer
T1. First check to be certain that bath primary and sec-
ondary circuits are tuned propetly to the center frequency.
If the detector is properly aliqned, check capacitors C1
and C2 with an in-circuit capacitance checker. Check Rl
and R2 for their proper value with an ohmmeter, and capaci-
tor C5 fer value and leckage with an in-circuit capacitance
checker. 1f the trouble is still not located, it is most likely
caused by a defect in transformer T1.

1f only the upper portion of the response curve is
distorted, the trouble may be caused by a defect in diode
CRI, capacitor C3, or wansformer T1,

Conversely, if only the lower portion of the response
curve is distorted, the trouble may be caused by a defect
in dlode CR2, capacitor C4, or transfermer T1.

YIDEO DETECTORS.

The semiconductor video detecter is very similar to the
vocuum tube video detector. Generally spedking, the video
detector must handle a larger range of frequencies than the
standard detector. Thus we usually find either shunt or
series peaking, or both systems, used to compensate for
loss of the higher frequencies. Actually, whether or not
there is excessive loss of high frequencies is sometimes
doubtful. For example, using the standord diode detector
provides a broad response and it is the relctive omount of
loss of cutput voltage in respanse to frequency that is
important. Thus in the case where the high frequency out-
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put tapers off gradually it is questionable if peaking is
necessdary. On the other hand, where the cutoff is rather
sharp, then boosting circuits are in order.

The simplest circuit, of course is that of the diode
video detector, however, this provides little or no gain
since inherently the diode has no amplification. On the
other hand by using o transistor type of detector, the
emitter-base junction can provide the detection while
amplification is obtained from the collector-base junction,
Thus, in one stage bath detection and amplification are
obtained and fewer driver circuits are needed to boost the
output amplitude sufficient to drive an indicator.

1f the diode is used it is necessary to keep the input
impedance level on the high side to maintain the rectificatior
efficiency of the diode at « high level. On the other hand,
a transistor con serve efficiently as a video detector into a
relatively low value of impedance. The high base imped-
ance provides the necessary high impedance input, while
the output ot medium or moderately low impedance matches
the following video amplifier stage. Hence the general
trend is to use triode video detectors, rather than diodes
fallowed by extra stages of video amplification which do
require ndequate equalizing and pecking.

BASIC YIDEO DETECTOR.

APPLICATION.

The basic video detector is used in semiconductor
receivers of the superheterodyne type to provide a high
gain video output.

CHARACTERISTICS.

Uses either fixed or self-bias.

1s equivalent of a diode and one stage of transistor
amplification,

Uses videe pecking circuits to provide goed high
frequency responses.

CIRCUIT ANALYSIS.

Generol. The operation of the basic videe detector is
identical to the operation of the AM diode detector previous-
ly discussed in Part A of this Handbook. The only dif-
ference lies in the use of the base-emitter junction of the
transistor as a diode in place of o separate diode. Com-
pensating circuits are added in the collector circuit to
ensure better high frequency response. The reader should
refer to the discussion of the Diode Detector, in Part A of
this section of the Handbook, for proper background before
proceding with the discussion of the semiconductor basic
video detector.

Circuit Operotion. The schematic of a typical tran-
sistor video detectar using shunt peaking is shown in the
accompanying illustration.

The hase of transistor Q1 is connected to the untuned
secondary of i-f transformer T1, with the primary tuned by
capaciter . Resistors R2 and R3 from a base bias volteae
divider from the negative supply to ground, with the voltage
drop ecross R3 supplying the base bias ta Q1 through the
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Basic Yideo Detector

secondary winding L2 of T1, R3is bypassed by CZ to pre-
vent @ degenerative woltage from being developed across
R3 with the instantaneous bias swings, thus allowing
voltage divider R2 and B3 to provide o steady forward bigs
to the base of Q1. Resistor R1is g conventional emitter
swamping resistor used to stablize the transistor against
thermal chanqes and, likewize, is bypassed by Cl 1o pre-
vént degeneration in the emitter circuit and negative feed-
buck effects. Inductor L3is a shunt peaking inductance
with R4 supplying resistanee to widen the response. L3
dso acts as the detector output load resistor across which
the output voltage is developed and applied through cou-
pling cupecitor Cec 1o the following stage, or direct to the
CRT if sufficient drive exists.

When an input signal is epplied to T1, the i-f frequency
is selected by tuned circuit .1 and C, and this i-f together
with any modulation component is inductively coupled
through secondary L2 which is left untuned for o broad re-
sponse, and the signal is opplied to the base of QL The
emitter-base junction of Q1 acts as a rectifier and instan-
taneously changes the hias in accordance with the low fre-
quency varigtions of the modulation envelope, Any remain-
ing i~f is bypassed through cepacitors Cl and G2 to ground
and has no effect on circuit operation. As the audio en-
velope of the received signol changes the bias on Q3 the
collector current is varied likewise, and the collector cur-
rent fluctuates in accordance with the modulation. The
audjo frequency variations are bypassed across emitter re-
sistor R1 by capacitor C1 so thot only the long time temperg-
ture variations can produce o voltage change across RL
However, the flow of collecter current through 1.3 and R4
preduces a change of collector voltage on the collector side
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of the choke. A positive modulation swing causes a de-

crease of forward conduction and raises the instantaneous

collector voltage. Likewise, g negative audio excursion

causes an increqased forward bias and conduction, and the -
collector voltage of Q1 reduces. Since only a small ¢hange

in base current causes a large change in callector current,

amplification of the detected signal is obtained in the

collector circuit of Q1 and oppears as a larger output volt-

oge across L3 and B4 By resonating L3 with the stray

capacitance in the circuit, the normal drop off in amplitude

at higher frequencies is compensated for and the high fre-

quency range is extended. Resistor R4 keeps L3 loaded

down so that the overall frequency respense of the detector

is broodened. As the output voltage is developed across

L3t also is applied through Cee to the output. Where the

output woltage is sufficient the CRT may be driven directly.

Where the woltage is not sufficient, an edditional voltage

amplification driving amplifier stage is added to increase —
the overall drive, as required,

FAILURE ANALYSIS.

No Ovtpur. An open input transformer, an open base
circuit, emitter circuit, or collector circuit, as well as a
defective transistor or open coupling capacitor can cause
o ncroutput condition.  Check the collector, base, and
emitter bias with a high resistance voltmeter. Voltage at
the collector indicates that L3 and R4 are not open, while
emitter voltage indicates that Rl is not open of shorted.
Likewise, bose bios indicates that voltage divider R2 and
R3 is operating, and that secondary L2 of T1 has con-
tinuity, With these voltages obtained and no output, either
winding L.1of Tl is open or shorted, or Cec is open. Check
C and Cce with an incircuit capacitance checker, ond also
check the continuity of T1 primary L1 with an ohmmeter.
1f base bias is zero R3 is shorted, also check C2 for co-
Pacity with an in-circuit capeaitance checker. If the emitter
voltage is also zero Rl is shorted by Cl, however, the
transistor will still function and produce an output which
will vary with temperature. If there is no collector woltage,
check the supply voltage to make certain it is not at fault,
check the value of R4 with an ohmmeter and check L3 for
continuity.

Low Output. High base bias, low collector voltage, or
a defective transistor can couse a no~output condition. If
bias voltage divider resistor 53 chonges to @ higher value
of resistance, or if B2 becomes lower in value, the net
effect is to make the total base bias higher, check these
resistors with an ohmmeter. If R4 becomes higher in re-
sistance, the collector voltage will also drop and reduce
the cutput. Check R4 with an ohmmeter. If g high hias is
measured across emitter resistor R, capacitor C1 is open,
check C1 for value with an in-circuit capacitance checker,
Do not neglect the possibility that the input tank controlled
by capecitor C may be detuned from the desired i-f input
frequency. If not shorted, tuning C wili peak the response.
It the response does not pedk as C is tured around the
Enput frequency, check capacitor C for a short or open on a
capacitance meter.

11-8-12



ELECTRONIC CIRCUITS HAVSHIPS
fi{ = {o sc ~ fs

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 wiode, or a multigrid tube.
When a triode, tetrode, or pentode electron tube is used as
the nonlinear circuit element, the tube is bigsed at ot near
cutolf, or otherwise operated on a nonlinear portion of its
characteristic curve. Triode and multigrid electron tubes
used as the mixer in superheterodyne receivers generally
produce some signal omplification {conversion gain}, in
addition to the desired frequency conversion. A discus-
sion of similar nonlinear elements is given in Section 11,
Detector {Demodulator) Circults.

Mixer-local oscillator combination clreuits can provide
reasonable frequency stability in superheterodyne re-
ceivers up to approximately 500 me. The mixer circuits
described in this section are representative of typical
clectron-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) outpat signal.
The electron-tube diode mixer is generally used in appli-
cations where signal-to-noise ratio is an important con-
sideration or where the transit time at very high frequen-

cies becomes critical for other types of electron-tube mixers.

CHARACTERISTICS.

Requires a sepmate local-oscillator circuit to supply
the heterodyning voltoge.

Utilizes the principle of rectification by a nonlinear
device.

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

Conversion gain is less than unity.

Signal-to-noise ratio is good.

CIRCUIT ANALYSIS.

General. The diode mixer is one of the simplest types
of mixer circuits employed as a frequency convertet. In
this application, voltages of the two input frequencies to
be heterodyned are applied in series to the diode, and the
mixer-output voltage is obtained from a tuned transformer
or impedance-coupling arrangement. The output circuit is
tuned to the difference frequency (intermediate frequency)
s0 that it will pass this frequency on to the succeeding
intermediate-frequency amplifier stages but will attenpuate
{reject) all other frequencies.

The electron-tube diode used as a mixer is subject to
tronsit-time effects; therefore, its use as a mixer ot very
high frequencies is somewhat limited. When transit-time
effects are important, the crystal diode s frequently used
as o mixet in preference to the electron-tube diode.

Circuit Operation, A simple diode mixer circuit is
illustrated In the aceompanying circuit schematic, Trans-
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former T1 consists of an untuned primary winding and a
tuned secondary winding; capacitor Cl and the secondary
winding of T1 form a resonant circuit at the frequency of the
rf signal to be received. Transformer T2 is similar to T1,
except that capacitor C2 and the secondary winding T2

form g resonant circuit at the frequency of the locak-os-
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 and 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.

Transformer T3 is ¢ double-tuned transformer, with the
primary 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.

Vi
Tl
R-F
SIGNAL Ci
INPUT
T3
T2
INTERMEDIATE~
OSCILLATOR, FREQUENCY
SIGNAL cz SIGNAL
INPUT OUTPUT

Diode Mixer Circeit

When no 1-f signal is applied to the input of transformer
T1, but the local-oscillator signal is applied to the input
{primary) of transformer T2, diode V1 acts only 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 those of the local-cscillator frequency;
however, the tuning of transformer T3 does not permit the
local-oscillator frequency to reach the cutput because of the
bandpass characteristic of the transformer.

When the r~f signal and the local-oscillator signal are
simultaneously applied to their respective tuned circuits
(T1 and T2), the two signal voltages are applied in series
to the mixer diode, V1-

Since the two applied signals differ in frequency, the
voltages are not always in phase with each other. Period-
ically these two voltages algebraically add or subtract to
produce an amplitude varigtion at regular intetvals; it is this
periodic amplitude variation in the form of a beat-fre-
quency voltoge which is of greatest importance. The beat
frequency is actually the difference frequency produced
by the Instantanecus signal voltages as they combine to
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increase amplitude when approaching an in-phase relation-
ship and to decrease amplitude when approaching an out-
of-phase relationship.

Because the two sine-wave frequencies are superim-
posed, the mixer diode rectifies, or detects, both 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 accordance with the differerce frequency.
The pulsating curents forming the carrier envelope flow
through the primary winding of transformer T3. Since the
primary circuit is tuned, it presents a high impedance to
the difference {intermediate) frequency. Consequently,
this frequency is passed by transformer T3, and a voltage
is induced in the secondary winding which varies in ampli-
tude in accordance with the amplitude of the original -f
signal.

If the received r-f signal contains emplitude-modulation
components, the beat difference will also contain ampli-
tude-medulation components, which vary in accerdance
with the audio frequencies modulating the original r-f sig~
nal. If the received 1-f signal is frequency-modulated, the
beat difference will deviate ot the same rates as the original
1-f signal, Thus, it is seen thai the characteristics of the
intermediate-frequency siqnal are the same as those of the
original received signal, except that the frequency of the
received signal has been converted’” to a lower frequency.

The output siqnal 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 diode mixer is re-
latively simple, failure of the circuit to operate con be re-
solved to one of several possibilities. The diode, Vi,
should be checked to determine whether it is in satisfac-
ary condition and whether the correct filoment (heater)
voltage is applied to the tube,

The presence of an 1-f signal (or a test signal) and the
lecal-oscillator signal must be determined, since no out-
put can be obtained from the mixer circuit unless bath
signals are opplied to the mixer input. Resonant circuits
T1,'Cl 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 cne or more open windings in the
tuned circuits (TY, 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 in receiver circuits to combine
or “mix" the 1-f signal from the lacal escillater with the
incoming r-f signal, to preduce the desired intermediate
frequency (I-F) output.
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CHARACTERISTICS.

Requires a separate local oscillator circuit to supply
the heterodyning veltage.,

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.

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

By operating over the non-linear portion of the tube's
characteristic Eg-Ip curve, harmenic distortion is produced
In the plate circuit, and as a result of this harmonice distar-
don, new frequencies, which are hamonics of the input, are
introduced. By proper selection of the local oscillater
frequency, specific output frequencies can be obtained.
This mixing of frequendies is called heterodyning, and the
result at the plate is the presence of four basic frequencies:
Namely, the sumand the difference of the two inputs, and
the two original inputs {varicus other beats are also pre-
duced but are not often used particularly because of the
small amplitude remaining as compared with the basic out-
puts). A rescnant 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 attenuate oll of the other beat frequencies.

Clrevit Operation. The accompanying circuit diagram
Hlustrates a typical triode mixer.

L2, the secendary of Tl, together with Cl, foms a tank
clrcuit tuned to the desired r-f frequency, and this selected
r-f signal is applied directly to-the contrcl grid of whe V1,
The tube is biased class "C* by the use of C2 md Rl,
which forma cathode bias circuit, and it is for this regson
that the tube operates on the non-linear portion of the Eqip
curve. Thesignal from thelocal oscillator is coupled
through transformer T3 to the cathode circuit of the tube,
ad because the tube operates on the non-linear portion of
thecharacteristic curve, the two Input signals are mixed,
The result at the plate is ¢ signal containing the sum and
difference of the two inputs, plus each of the two originally
applied signals. The primary,1.3, of T2, together with C4,
forms a tank circuit tuned to the difference, or i-f frequency,
and capacitor C5 bypassed the unwanted f frequencies to
ground.

With no -f signal applied, and with the siqnal from the
local oscillator applied te the cathode circuit, tube V1 con-
ducts. The current through the cathode starts charging
capacitar C2, but because of its long time constant, the
cycle ends before the eapaciter can charge to the peak
value of the input, The charge is slow to leak off, however,
because of the value of R, and within a few cycles, the
cathode circutt siabilizes at a voltage which determines
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o
it

LOCAL OSCILLATOR
INPUT

MECHANICAL
COUPLING TO LOCAL
OSCILLATOR

Typical Triade Mixer

the operating bias of the tube. For additional information
on cathode bias, refer to section 2, paragraph 2.2.1 of the
Handbook. Because of the large cathode bas, the tube
operates class #C*, and thus over the nonlinear portion of
the Eg-Ip curve,

Capacitor Cl end the wning capacitor in the local oscil-
lator are mechanically connected, so that whenever the
value of Cl is changed to operate the 1-f tank at a particular
frequency, the local oscillator tank is also changed aute-
matically by the same amount. This results in the local
oscillater frequency and the r-f frequency always being
separated by the same amount at any frequency which may
be selected at the input. The amplitude of the local oscil-
lator voltage is approximately ten times s great as the
1-f signal amplitude, for efficient mixing and the frequency
is selected either above or below the 1-f frequency, depend-
ing upon the application of the circuit, by an amount which
is equal to the i-f frequency.

Under actual operating conditions, the following action
takes place, The input 1-f frequency and the local oscil-
lator frequency are simultaneously applied to the qrid and
cathode circuits, respectively. As previously mentioned,
these two inputs are of different frequencies, and con-
sequently, they periodically vary in their phase relation-
ships with each other. For this reason, they add or sub-
tract algebraically at reqular intervals, and the result at the
plate is a new signal whose amplitude varies at a steady
rate. This variation in amplitude is of primary importance,
and is known as the *beat-frequency’’. This '‘beat-
frequency’ is in reality, the difference frequency which
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results from the clgebraic addition of the two inputs as they
approach un in-phase relationship, and their subtraction as
they approach an out-of-phase relationship. This beat fre-
quency is equal to the desired i-f frequency.

The resulting plate current pulses, whose amplitudes
vary at 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 primary of T2 is
tuned to this i-f frequency by the use of C4, it presents
a maximumload to the plate at the i-f frequency and the
changing field that is developed arcund the primary wind-
ing induces an output in the secondary. All other beat
frequencies present in the primary are not developed, be-
cause the impedance to these frequencies is at @ minimum.
For a detciled description of the heterodyning action, refer
1o the introduction to this section of the Handbook.

If the teceived r-f signal contcins amplitude medulated
components, the beat frequency also contains similar ampli-
tude modulated components, which vary in accordance with
the qudio frequencies moduloting the original r-f signal. 1f
the received 1-f signal is frequency modulated, the bect dif-
ference will deviate in frequency at the same rate os the
original 1-f signal. Thus, the characteristics of the i-f
signal are the scme os those of the original received
signal, except that the frequancy of the received signal is
converted to a lower frequency.

A commenly used circuit variation of the tricde mixer
applies both the local oscillator and r-f signals to the arid
of thetube. 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 tricde mixer lies in its relative
simplicity and relatively high signal to noise ratio. The
convetsion gain is about one third of that of the same tube
used as an amplifier.

The use of the triode mixer, however, is limited to the
VHF spectrum or lower, Above these frequencies, the ef-
fect of the interelectrode capacitance of the tube elements
becomes too great, and the low output is not practical.

FAILURE ANALYSIS.

Mo Outpur. A defective tube, an open or shorted C1,
C4, or C5, or a defective Tl or T2 can cause a no-output
condition to exist. If no output exists, check the plate of
V1 with a voltmeter for the presence of plate voltage. If
plate voltage is not present, check L3 for a possible open
and C5 for a short, with an chmmeter. I no output still
exists check C2, C4, and C5 with an chmmeter for shorts
ot opens, also check Tl and T2 for continuity or possible
sharts. Check the secondary of T3 also for a possible
open circuit. If the above checks fail to locate the trouble.
check all capacitors for value with an in-circuit capoci-
tor checker.

Low or Disterted Output. A defective tube, or low
plate supply voltage can cause a low cutput condition to
exist. Check the plate supply voltoge with o voltmeter
for the proper voltage. Check the output of the ocal oscil-
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lator with an oscilloscope to make sure that it is of proper
amplitude.

A distorted output can be coused by a defect in nearly
any component in the circuit. Check for the presence of
the r-f signal on the grid of V1 with an oscilloscope. If
no signal is present, check for a signal on the primary of
TL. If the signal is present on the primary, check the trons-
former windings with an ochmmeter 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 tocal oscillator signal on the cathode.
It not present, check for its presence on the primary of
transformer T3,. If not on the primary, the trouble lies in
the oscillator circuit,and the mixer is probably not at fault,
If the signal is present on the primary, check the secondary
of the tremsformer for a short or an open, and check Rl
and C2 for proper value. If both the local oscillator and
the input 1-f signals are present at the grid and cathode of
the tube, the trouble is in the plate circuit. Make certain
that the plate tank circuit is tuned to the proper i-f fre-
quency. Check C5 with an in-circuit copacitor 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.
APPLICATIONR,

The pentode electron tube is used as o mixer in super-
heterodyne receivers to combine, or *'mix", the r-f signal
from a local oscillator with the incoming 1-f signal, in
order to preduce the desired intermediate frequency (i-f)
output signal.

CHARACTERISTICS.

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

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

Plate resistance and transconductance are fairly high.

Operates on non-linéar portion of Eqg-Ip curve.

Qutput frequency (i-f) remains constant under normal
cperating conditions.

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

CIRCUIT ANALYSIS.

General. The pentcde mixer is frequently used in fom
equipment for the v-h-f band, At frequencies where the
screen quid is effective, the.pentode mixer provides good
isolation between the input and output circuits. This memns
reduced input loading and elimination of possible instability
as compared with a triode mixer. The oscillater and signal
voltages are usually applied to the contrel grid simultane-
ously. In this way, a noise fiqure is obtained which exceeds
that of a normal pentode amplifier, but which is much lower
than in any of the multigrid mixers,

CHANGE 2
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The pentode has an extremely high conversion trans-
conductance and permits high voltage gain 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 transconductance of pen-
todes, the overall performance can exceed that of most
triodes. Since the triode has o certain amount of stray
coupling between grid and plate circuits, it is at a dis-
advantage in this respect when compared with the pentode.
At the signal frequency, the i-f circuit is capacitive, and
this, because of Miller effect, results in o reflected low
resistance in the grid circuit. The screen in a pentode
effectively stops this loading. With o pentode, cathode
injection of the cscillator signal is possible, but this
mode of injection increoses the effective cathode induct-
ance. Since the input load {s proportional to the cathode
inductance, cathode injection lowers the voltaqe gain of the
input circuit and alse the noise performance. The stability
of the oscillotor, 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 pulling becomes severa, Interaction of the
oscillater and the signal is greatest when they are both
applied to the same grid. Similarly, oscillator radiation
becomes a greater problem; however, the high transconduct-
ance of the pentade permits the use of small ¢scillator
wltages, and radiation is net as great a preblem as in a
triode.

In operation, the use of a pentode as a mixer is similar
to the use of q triode as o 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 circuit and the local oscillator
circuit, Using the pentode as a mixer, onesiqnal may be
applied to the suppressor qrid and the other signal to the
control grid. By applying the input signals to separate
qrids, it provides some isolation between the local-
oscillator and r-f signals. The value of the cathode re-
sistor is chosen so that it will cause the tube to operate
on the non-linear portion of the Eq-Ip curve (the lower bend
of the reponse curve). The plate current of the tube then
contains the twe otiginal input frequencies as well as the
sum and difference frequencies of the two original signals,
The signal from the local oscillator is normally mode much
stronger than the =-f input signal so that the percentaqe 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
transter characteristic of a tube or other circult element.
The transfer characteristic expresses the relaticnship be-
tween the signal applied to the input of a device and the
signal obtained from its output. The transfer cheracteristic
of a vacuum tube is not a straight line, since the relation-
ship of Eg to Ip usually is curved at law values of plate
current. Therefore, the vacuum tube is @ non-linear device.
When the voltage on the grid of a vacuum tbe becomes
more negative and reaches the plate curtent cut-off value,
no current {lows in the plate circuit. Consequently, for @
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entire range of voltages no current flows in the input circuit.
Therefore, the vacuum tube is non-linear, even if its trans-
fer characteristic is perfectly straight.

Circuit Operation. The schematic of a typical pentade
mixer circuit is shown in the cccompanying illustration.

TO LOCAL
OSCILLATOR

M-

T2
I-F
QuUTPUT

Typical Pentode Mixer Circuit

Transformer T1 consists of an untuned primary winding
and a tuned secondary winding; capacitor C1 and the
secondary winding of T} form a resonant circuit at the
frequency of the -f signal to be received, Electron tube
V1 is a pentode; the filament {heater) circuit is not shown
on the schematic.

After being amplified in the step-up transformer T1, the
r-f signal is applied to the grid of mixer tube V1 along
with the local oscillator signal which is applied through
coupling capacitor C3. Blocking capacitor CZ isolates the
contact bias resistor Rl from the signal source. Screen by-
pass capacitor C4 hes o low enough reactance to place the
screen at ground potential. Dropping resistor R2 determines
the screen voltege on the screen qrid of V1. An r-f bypass
toground is provided by capacitor C5; and the primary wind-
ing of transformer T2 in parallel with tuning capacitor b
provides a resonant tank circuit for tuning the desired i-1
output signal.

With no «f input, the control qrid of V1 has only contact
higs. That is, some of the electrons in the space charge
have enough velacity to reach the grid. This flow of elec-
trons from cathode to grid couses a small qgrid current to
flow. By making the value of Rl a highresistance (ap-
proximately 1 megohm) the resulting voltage drop across it
provides a neqgative bias on the tube, which is called
contact-potential bias. Capacitor C2 charges to the volt-
age developed across R1, holding the tube near cutoff.

Varying capacitor C1 tunes the tank circuit to the de-
gired incoming r-f signal. This signal is amplified in step-
up transformer T1, and is applied to the control grid of V1.
along with the local oscillator signal. The amplitude of the
local oscillator voltage is approximately 10 times the value
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of the incoming r-f signal veltage. The local oscillater
frequency is either above or below the desired i-f frequency
{depending on the circuit application), by an amount which
is equal to the desired i-f frequency.

Since the two applied signals differ in frequency, their
voltages are not always in phase with each other. Period-
ically these two voltages algebroically add or subtract to
produce an amplitude variation at reqular intervals; it is this
periodic amplitude variation in the formo! a beat frequency
voltage which is of greatest importance. Thebeat frequency
is actually the difference frequency praduced by the in-
stantaneous signal voltages as they combine to increase
amplitude when approaching an in-phase reletionship, and
10 decrease when approaching an cut-of-phase relationship.

If the incoming 1-f signal contains amplitude modulated
information, the resulting beat frequency will also contain
the same amplitude modulated information. This informa-
tion varies in accordance with the audio frequency modu-
lating the incoming -1 signal. 1f the receiver - signal con-
tains frequency modulated information, the beat frequency
difference will deviate at the same rate as the incoming
r-f signal frequency. Thus the characteristics of the re-
sulting i-{ are the same as those of the original r-f signal,
except that the frequency of the received signal has been
converted to a lower or higher frequency depending upon the
application.

As a result of the heterodyning action teking place
within the elements of the tube, the output signals present
at the plate of V1 are: the sum of the twe input signals, the
difference of the two input signals, ond the two input sig-
nals themselves. Since the primary winding of transformer
T2 is tuned, it will present a high impedance to the desired
i~f frequency. This frequency is passed by the tank circuit
consisting of the primary winding of T2 and variable capaci-

-tor-CB, and a voliage ic induced in the secondary winding

which varies in amplitude in accordance with the amplitude
of the original r-{ signal. All other signals are bypassed
to ground through capacitor C5. The output signal voltage
developed across the secondary windings of T2 then con-
tains all of the information present on the desired -f input
signal.

One variation of the pentode mixer circuit is to use
cathode injection of the local oscillator signal, but using
this mode will increase the effective cathode inductance.
Beccuse the input is proportional to the cathode inductance,
cathede injection will lower the voltage gain of the input
circuit and also the noise performance. Another variation
of the pentode mixer circuit uses the suppressor grid for cne
of the inputs and the control grid for the other. This pro-
vides a slight amount of isolation between the two inputs.

FAILURE ANALYSIS.

No OQutput. A defective tube, m open or shorted Cl,
5, or CB, or a defective T1 or T2 can couse a na-cutput
condition. Check the plate of V1 with a high resistance
voltmeter. If plate voltage is not present, use an chmmeter
to check the continuity of the primary winding of T2 and to
check Cl, C5, and C6 for a shorted or open condition. If
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the previous checks fail to locate the trouble, the circuit
supplying the plate voltage is probably at fault.

Low Output. A low output would normally be cqused
by a defective or weak V1, or o low filament or plate velt-
age, or if the i-f and r-f tank circuits are not tuned to the
proper frequencies. A wedk local sseillator voltage can
cause a low output. Check the filament and plate voltages

-with a VTYM. [f 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,

i check C3 with an in-circuit capaciter checker., If the out-
put is still low, the trouble is probatly in the local oscil-
lator circuit.

Distorted Quiput. A distorted output can be caused
by a defect in nearly any component in thecircuit. With an
oscilloscope, check for an 1-f signal on the secondary
winding to T1. If the r-f signal is not present, check the
windings of T 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 escillator signal an
the high side of C3.. If it is not present, the local oscilla-
tor is at fault. If it is present, both the 1-f and local
oscillator signals should be present on the control grid of
V1. 1 the local oscillator signal is not present, C3 is de-
fective. If the r-f signal is not present, C2 is defective.

If bath the r-f and local oscillater signals are present on
the control grid of V1, Tube V1 is probably defective, If
the output is still distorted, check the plate and screen
voltoges with a VTVM, If bath voltages are low, check
the output of the plate voltage supply. I it is low, the
trouble lies in the plate supply. If it is normal, and the
screen voltage is low, check R2 with an ohmmeter, and
C4 ard C5 with an in-circuit capacitor checker. If the plate
veltage is low, check C§ with an in-circuit capacitor checker
and the primary wirding of T2 with an shmmeter. If the out-
put is still not present, check the secondary winding of T2
with an ohmmeter,

PENTAGRID MIXER

APPLICATION.

The pentagrid mixer is used in modem superheterodyne
receivers as a frequency converter. Incoming rf signals
are combined with signdls from a local escillator to pro-
duce an intermediate frequency (i-f).

CHARACTERISTICS.

Offers qood selectivity.

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

Signal-to-noise ratio is poor.

Requires u separate {ocal escillotor to supply the het-
erodyning voltage,

Uses two input control qrids to provide electron cou-
pling,.
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Operates with either cathode-self, fixed, or ave bias
voltage.

CIRCUIT ANALYSIS.

General. The functicnal aperation of the pentagrid
mixer is very similar to that of other mixer circuits dis-
cussed previously in this handback. B-f and cseillater
voltages are injected into the tube and added algebraically.
The fundemental frequencies, along with their sum and
difference frequencies, appedar across the output circuit.
The output circuit is a parallel resonant tank, tuned to the
i-f. The desired i-f signal is transformer coupled into the
next stage.

The primary difference between the pentaarid mixer cir-
cuit and other mixer circuits is the input arrangement. In
the diode, triode, and pentede mixer the r-f and oscillator
voltages are inserted on the same tube element, allowing
for greater interaction between input signals. In the penta- —
gqrid mixer, =-f and oscillator signals are inserted on sepa
rate contral grids, isolated from each other and the plate by
screen grids. Consequently, the frequency pulling effects
and signal interaction, common to other mixer circuits, s
virtually eliminated.

Circuit Operotion, Before discussing operation of the
pentagrid mixer it will be helpful to review the operation of
the pentagrid tube,

The pentagrid tube consists of a plate, cathade, fil-
aments ond five grids, hence the name pentagrid. Two of
the qrids are used as contrel grids (Gl and G3), two are used
us screen grids (G2 and (4), and the fifth is used as a
suppressor grid. For all practical pumposes the qain of
the pentagrid tube is comparable to that of the pentode,
however the introduction of an extra screen grid increcses
the partition ncise, and consequently, the circuit noise.

The screen grids are operated at o positive voltage and
serve as the accelerating ancdes for electrons leaving the
cathode. However, the electrons strike the plate of the
tube with such force that they bounce off {secondary emis-
sion) and form a space charge around the positive screen
grid (G4).

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

By following the above discussion it ean be seen that
the pentagrid tube plate current is made independent of
plate voltage. In fact, the plate voltage moy swing as low .
as, or lower than, the screen voltage withaut sericus loss
of amplifier gain capabilities. In mixer circuits gain {gm)
is referred to as “conversion transconductance® and rep-
resents the quotient of i-f output current divided by rf
input voltage; or, conversion transconductance = Ti£/Frf.

In pentagrid tubes conversian transcanductance may run
as high as 500 micromhos.

In the mixer circuits previously discussed, such as the
triode and pentede mixer, the 1-f and oscillator signals are
injected cn the same control grid. Thus the r-f input cir-
cuit is “'seen’’ by bath inputs and stray coupling induces
oscillator detuning, or frequency pulling. In pentagrid
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mixers, -f and oscillator signals are simultaneously in-
jected on separate control grids (Gl and G3). As stated
previously in this discussion, GZ acts asan electrostatic
shield betwsen the input elements, and is effectively
grounded at 1-f frequencies by capacitor C3. Thus, the
input circuits are shielded from each other, and interaction
coused by stray capacitive coupling is virtually eliminated.
Hence the instability of operation and frequency pulling ef-
fects common to other mixers is not experienced in the penta-
qrid circuit.

Thus, in the pentagrid mixer the gain is high, and a
small amount of r-f woltage produces ¢ high rf output, and
the input grids are also isaloted crecting o stable circult
free from frequency pulling effects.

A typical pentagrid mixer circuit is illustrated in the
occompanying schematic diagram,

FROM LOCAL
5 MG QSCILLATOR

INPUT

Pentogrid Mixer

Fixed bias froman external bias supply is applied to the
control grid Gl through decoupling resistors Rl and coil
L2 and to G3 grid via R3 and R4. The tube is biosed below
cutoff with ne input from the r-f and local ascillator, so
that in the absence of a signal the tube will net conduet.
Capacitors C2 and C6 are 1-f bypass copacitors which pre-
vent r-f signals from entering the bias supply.

Dc voltage is applied to the plate and screen through
plate deccupling resistor RS and coil 1.3, and through
screen resistor B2. Copaciters C3 and C5 are also 1-f by-
pass capacitors to prevent 1-f from entering the power supply.

With no -f signal applied to Gl, and oscillator voltage
applied to G3 the tube begins to conduct, with the plate
current varying at the oscillator frequency; however, due to
the highly selective tuning of the output tank comprised of
L3 and C4, thecurrent variations are by-passed through the
tank to ground via C5 and no output is realized at L4,
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As the teceiver is tuned to the desired r-f frequency the
-f signal is impressed across coil L1, Transformer action
takes place and the signal is transferred inductively from
the primary tosecondary winding .2, Coil L2 and capacitor
Cl form « parcllel resonant tank between the control arid
(Gl) and cathode, tuned to the selected r-f frequency.
Capacitor C2 by-passes extraneous frequencies to qround
and prevents their entering the hias supply.

As 1-f and oscillator signals gppear simultaneously on
Gl and G3, respectively, plate current increases and the
tube operatas just above cutoff on the non-linear portion of
the Eq-Ip curve {the lower bend in the response curve).

Harmenic distortion, caused by operating the tube non-
linearly, results in mixing action within the tube. The
two original frequencies, plus their sumand difference fre-
quencies, appear between the plate and ground across L3,
and C4. The parallel resonant tank, formed by L3 and C4,
selects the difference frequency and transformer acticn
occurs between the primary or secondary of T2, resulting
in the i-f appearing across L4. The unwanted frequencies
(the two originals and their sum) are bypossed through C5
to ground., Capacitor C5 is 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 a
high primary load impedance, only the i-f signal is de-
veloped across it and is inductively coupled to the second-
ary or output winding. The output then consists of a sianal
at the intermediate frequency which contains all the oriai-
nal signal modulation and any hum modulation from the
local oscillator, if not adequately plate filtered.

FAILURE ANALYSIS.

Mo Output. Before troubleshooting the mixer stage it
is necessary toascertain that r-f and local oscillator signals
of proper amplitude and frequency are present at the inputs
ta the mixer circuit. The operation of the mixer circuit
depends upon the heterodyning of these two signals and if
either is absent an i-f output will not cppear across L4,

An oscilloscope, equipped with a high frequency—high
impedance probe, must be used to check the presence of
1-f and oscitlator signals on L1 and G3 respectively.

After assuring the presence of input signals, check the
de and hias supply cutput voltage for nominal output and
ripple as directed in the equipment handbock.

If power supply voltages are present and of cerrect
amplitude, check each component visually for signs of
overheating. Also check connections for good slectrical
and mechanical contact.

Use a vacuum tube voltmeter 1o check each tube element
on the base of the socket. If plate, filament, or screen
voltage is absent the tube will not conduct, resulting in no
output. Remove power and check power supply plate de-
coupling resistors A2 and R3 and ooil L3 for correct dc
resistance. Alsc check capacitors C3 and C5 with a in-
cireuit capacitor checker to determine if they are shorted or
lecky. If bias voltage is appraciably off volue the tube
will either be cutoff {increased bias) or satursted (decreused
hias). Check bias resistors Bl, R3, and R4 and coil L2
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for correct dc resistance. Use an in-circuit capacitor
checker to check capacitors C2 and. CF for a sharted or
leaky condition.

If all circuit compenents are within tolerance and the
presence of both 1-f and oscillator signals is verified, the
tube is most likely at foult,

If still no output is obtained, check the tuning of the
input and output circuits as directed in the equipment
handbook. If eithet tank will not tune, carefully check
the cepacitor and coil associated with the tank. Bemove
power and use an ohmmeter to check the primary and sec-
andary windings of Tl 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 cbtain.

Low or Distorted Quiput. Check the r-f and oscillator
input circuits for proper amplitude and frequency with an
oscilloscope. 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 30-103 pf,
250 v de blocking copacitor in series with the probe).

1t the waveform appearing on the plate is clipped or
small in amplitude, check for comect de operating voltages
on the tube elements. Check bios voltage first, as in-
creased bias will cause abnormal plate voltage due to
decrease conduction. If bias voltage is incorrect check
resistors R1, R3 und B4 and coil L2 for comect de resist-
tance. Check r-f by-pass capacitars, C2 and C6, for sharts
using an in-circuit capacitor checker.

If bias voltage is correct and plate voltzge is low check
thedc resistance of RS and L3, Alse check C5 for a
shorted or leaky condition.

If all voltages ate correct and the output of the tube is
still weak, the tube is probably defective.

If the cutput of V1 appears normal ard the output of the
mixer stage is still weak or distorted, check the tuning of
the cutput tank circuit. If the tuning of capacitor 4 has
shifted appreciakbly the band pass of 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 signal frem the locol oscillator
with the incoming r-{ signal, to produce the desired inter-
mediate frequency {i-f} output.

CHARACTERISTICS.

Uses two triodes connected in push-pull.

Fixed, class ''C'* bias is used.

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

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

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

General. The purpose of the mixer stage s to convert
the incoming r-f frequency, usually into g lower frequency,
which contains the same characteristics {(modulation) as
the original r-f frequency. This lower output {requency,
called the intermediate, or i-f frequency, remains the same,
regardless of the frequency of the r-f signal recefved.

The local oscilloter signal is applied in parallel to
thegrids of tbes V1 ond V2 while the r-f signal input is
applied in series with the local oscillater input so that the
1-f input alternately aids ond opposes the local oscillator
signal.

By operating both tubes class "*C"*, and by applying
two different frequencies te the input of the tubes, a mixing,
or heteredyning action cccurs, and the result at the plates
is a number of different frequencies, which consist pri-
marily of the sum and the difference of the two inputs, and
the twe originally applied signals.

Since the tubes are connected for push-pull operatian,
the outputs aid each other at the output transformer, which
is usuclly tuned to thedifference frequency, and for this
reason, a higher amplification factor is obtained.

Circuit Operation. This accompanying circuit diagram
illustrates a typical balanced mixer.

Typical Balanced Mixer

The input -f signal, applied to the primary of T1,
is selected with tuning capacitor Cl, which is mechanically
connected to the tuning capaciter in the local vscillator.
The secondary of T1 is split, ard the lecal oscillator sicnal
is applied through transformer T2 to the center tap of the
split secondary, Capacitor C2 pravides an effective ground
for the center tap of the split secondary, and C3 provides
a ground return for the secondary of T2 and keeps 1-f out
of the bias supply. Resistor BRI estoblishes Class C bias
on tubes V1 and V2, and capacitor C4 is an r-f bypass to
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ground. Resistor RZ is ¢ plate voltage dropping resistor
which establishes the plate voltage for the tubes. Capaci-
tors C5 and C8 in the output circuit are used to tune the
primary of the output transformer, T3, to the desired dif-
ference frequency,

With no 1-f siqnal applied at transformer T1, and the
signal from the loca! oscillator epplied at transformer T2,
the voltages applicd to the grids of V1 and V2 are in phase
with each other.

By applying a signal at the input transformer T1, volt-
ages are Jdeveloped in the secondary windings L2 and L3,
which are equal und apposite with respect to each other,
because of the grounded center tap arrangement. Thus,
when the grid of V1 is positive with respect to its cathode,
the grid of V2 is negative with respect to its cathode, and
conversely,

Caopacitor Cl and the tuning copaciter in the local
oscillator are mechanically connected, so that whenever
the value of C1 is changed to operate the r-f tenk ot o
particular frequency, the local oscillater tank is also
changed automatically by the same amount, This results
in the local oscillotor frequency and the 1-{ frequency always
being separated by the same ameunt at any frequency which
may be selected at the input. The ampliwde of the locdl
oscillator woltage is approximately ten times as great as the
1-f signal emplitude, for efficient mixing, and the frequency
is selected either above or below the r-f frequency, depend-
ing upon the application of the eircuit, by an amount which
is equal to the i-f frequency.

When both the local oscillator and the r-f inputs are
applied simultanecusly, the following action results.

Assume that the local oscillater signal and the r- in-
put signals on the qrid of V1 are positive and in phase.

A voltage is developed in the plate circult which is the
algebraic sumof the two applied signals. At the same in-.
stant, a positive local oscillator signa! and a negative

r-f input signal is applied to the grid of VZ. The result in
the plate circuit of V2, therefore, is also a signal which is
the algebraic sum of the two inputs. Since the two inputs
are 180 degrees out of phase with each other, they subtract,
and the siqnal at the plate of V2 is smaller in amplitude
than the signal at the plate of V1. Because the tubes are
connected in push-pull, the two aut-of-phase r-f signal in-
puts add in the primary of T3, and the two in-phase local
oscillator components subtract. The local oscillator com-
ponents are of equal amplitude, and of opposite polarity at
the plate, so their algebraic difference is 0 volts. The
two 1-f signals are in phase, and they odd in the plate cit-
cuit, the result being a positive going signal.

[.et us consider the opposite set of circumstances.

As the polarities of the local oscillator and the r-f signals
at the gride of the tubes change, the signal in the plate
circuit also changes. When the signal from the local osail-
lator becomes negative on the grids of thetubes, and the
1-f signal input is such that it applies a neqative sianal on
the qrid of V1, and a positive signal on the arid of V2, the
following results occur. Becguse both of the sicnals en
the grid of V1 ore in phase, they add algebraically, and the
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result at the plate of V1 is a neqative going signal which
is the sum of the two input signals. The two signals on
the grid of V2, however, are out of phase, and the tesult

at the plate is the algebraic difference. Because the local
oscillator component is cancelled out in the plate tank cir-
cuits, the resultant output is a negative geing sianal which
is the algebraie sumof the two 1-f inputs.

The local oscillator signal is of o different frequency
than the t-f input, so their phase relationship with each
other is constantly varying. The closer they are in phase
with each other, the greater is the output, and the further
out of phuse they are, the smaller the cutput. These varia-
tions in the amplitude of the plate current occurs at the
desired difference frequency, and it is this difference fre-
quency or i-f towhich the plate tank circuits are tuned.
Since the tanks present a high impedance to the i-f, a
changing field is develaped around the primary winding,
which induces an output in the secondary winding.

The loeal oscillator component is eliminated in the
plate circuit because they are of opposite polarity, and
since they always are equal in amplitude and opposite in
polarity, they cancel. All other frequencies in the plate
circuit are bypassed to ground through capacitor C4 with-
out being developed. For a detailed description of
heterodyning action, refer to the introduction to this section
of the Handbook.

If the received 1-f signal contains amplitude medulated
components, the beat frequency also contains similar ampli-
tude modulated components, which vary in accordance with
the audio frequencies modulating the original r-f sigal.
1f the received 1-f signal is frequency modulated, the beat
difference will deviate in frequency at the same rate as the
original r-f signal. Thus, the characteristics of the i-f
siqnal are the same as those of the original received siqnal,
except that the frequency of the received signal is con-
verted to a lower frequency.

FAILURE ANALYS!S.

Mo Output. The only components which will cause a
no autput condition to exist is en open BZ, a shorted C4,
or a defective T3, Check the value of B2 with an ohmmeter,
and check C4 for an open or a short with an ochmmeter.
Check the windings of T3 for continuity. Nete that one
defective tube will not cquse a no-output condition to exist.
Both tubes must be defective,

Low Dutput and Other Conditions, If the output appears
to be low when observed on an oscilloscope, it could be
simply a heterodyned signal of insufficient amplitude, or
a output which is the result of one or the other of the in-
put signals being coupled through the mixer stage without
being mixed, and thus useless. Determine first of all
whether or not the mixer is ot fault by checking for the r-f
input and the locadl oscillator input on their respective trans-
former primaries. Remember to disable the r-f amplifier
when checking the local oscillator input, and the local
oscillator input when checking the -f input. If either one
of them are not present, the mixer stage is probably not
foulty, and the output will most likely be restored with the
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renewal of the missing input signal. If ecch siqnal is
present on its respective primary, check the continuity from
the grid of V1 to the grid of V2 with an ohmmeter. If it is
an open circuit, the secondary of Tl is probably open.

Also 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 RI for proper value with on chmmeter. If the
above components 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 grid, and the output
is low, the wbes are probably defective. Do not ovarlook
the possihility of the tuned circuits being misaligned, If
the low output still exists, check the hias supply and the
plate voltage supply to be certain that voltages are nommal,
Check Rl and R2 with an chmmeter for proper value. Check
C4, C5, and C6 for an open or a short with an ohmmeter,
and the primary and secondary of transformer T3 for con-
tinuity. I above checks fail to locate the wouble, check all
capacitors with an in-circuit capacitor checker, and doyble
check all transformers.

PERTAGRID CONVERTER.
APPLICATION.

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

CHARACTERISTICS.

One tube functions as bath oscillator and mixer.

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

Signal-to-noise ratio is poor.

Offers high gein {conversion transconductance).

Osciilator section is electron-coupled and isolated
from input signals to minimize "pulling effects".

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

used for frequencies up to and including the h-f band.
Perhaps the most frequent application of the pentagrid con-
verter is in the standard ac-de house-hold receiver where,
due to the high goin characteristics of the pertagrid tube,
an t-f amplification stage is not requited. By combining the
-f amplifier, local oscillator and mixer inta one tube the
over-all cost of the receiver is greatly reduced withaut
sacrificing quality; however, in more sophisticated receivers
where greater sensitivity and selectivity are desired, the
pentagrid converter is usually preceded by at least one
stage of amplification.

Basically, the pentagrid converter can be divided into
two separate circuits; an electron-coupled oscillator
{formed by the cathode, inner contral grid, and screen grid)
and a conventional pentagrid mixer with separate qrid in-
jection.
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The tube is hiased below cutout by a shunt qrid leck
bics network, and plate current enly flows when the oscil-
lator signal is large enough to overcome the heavy neqative
bias. Thus, conduction takes ploce for the small amount
of time that the oscillater signal is at its peak amplitude.
This breaks the plate curmrent into pulses varying at the
oscillator frequency. As the receiver is tuned to the desired
1-f frequency, the r-f voltage injected on the outer control
grid is added algebraically with the oscillator signal so
that plate current now follows their combined sum voltage.

Operating the tube just above cutoff on the non-lnear
portion of the Eg-Ip curve couses harmonic distortion,
Consequently, in addition to the two original frequencies,
their sum and difference frequencies are now present in the
plate circuit.

A parallel resonant tank eircuit is ploced in the plate
circuit and is tuned to the desired i-f, which can be either
the sum or diffetence of the twe original frequencies.
Transformer oction transfers 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 r-7) are by-passed to ground through the
relatively low impedance offered by the screen bypass
capacitor.

Circuit Operation. A typical pentogrid converter cir-
cuit is illustrated in the accompanying schematic diagram.
Pentagrid converters are occasionally modifisd to funetion
in special circults, consequently, circuit arrangements
which vary from the accompanying schematic may be in-
corperated in different receivers; however, the functional
operation remains basically the same.

o

Ti
Ll L2
T2
INPUT
c3
—_— / =
-/

Pentagrid Converter
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R-f signals arriving at the antenna are impressed across
L1 and coupled across transformer T1 to the secondary
tuned tank formed by inductor L2 and capacitor Cl. C2
is d trimmer capacitor used totrack the high frequency end
of C1 during alignment. The selected 1-f frequency is in-
serted into the converter tube on the outer control arid, G3.

Oscillator signals are developed in the grid tuned tank
farmed by inductor L3 and capacitor C4. C5 is u trimmer
capacitor used for tracking the high frequency end of the
main tuning capaeiter C4, and CB is a padder capacitor
used to track the low end of CA. The oscillator signals are
coupled to inner control grid Gl through coupling cepacitor
C3 which, working in conjunction with R1, develops the
shunt qrid leak bigs voltage for the tube.

Conduction takes plece when the positive peaks of oscil-
lator siqnal overcome theclass C bias, causing plate cur-
rent to flow in pulses at oscillator frequency. The pulsed
electron stream is further medulated by the r-f signal and
poth frequencies, plus their sumand difference frequencies
appecr in the platz circuit. The porallel resonant tuned
tank formed by inductor L4 and capacitor CB acts as ¢ plate
load, and is tuned to the desired i-f frequency. Capacitor
C7 prevents 1-f fromentering the power supply.

The output is taken across the parallel tuned tank formed
by inductor LS and capacitor C9 which further selects the
desired i-f frequency.

The schematic diagram shown incorporates an electron-
coupled Hartley oscillator as the frequency generating
section. For illustrative purposes the oscillator portion of
thepentagrid converter has been re-drawn in the accompo-
nying schematic diagram. Notice that the screen grids (G2
cnd G4) form @ composite oscillator anode. A detailed
operational description of the oscillator section is included
in the following paragraphs.

Oscillator Section

In frequency cenverter circuits it is desirable to have
as nearly a stable oscillator injection signal as possible

with little variation in frequency or amplitude. In the
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pentagrid converter this need was intensified by combining
two sepatate functions into one tube envelepe. It is known
that variation in the plate load of conventicnal oscillator
citcuits causes considerable variation of oscillator fre-
quency. Hence, the need for an cscillator whose output
circuit is completely isolated from the tuned grid circuit.

In the electron coupled Hartley oscillator, the internally
connected screen grids are supplied with a dc potentic!
and act as a composite anode for the ascillator section of the
pentagrid converter. Electrons are attracted from the
cathode and flaw towards the screen qrids (anode); however,
because of the relatively large spacing between the wires of
the screen grid, most of theelectrons pass on through te the
plate element of the pentagrid tube. Consequently, only a
small ammount of screen current flows and the screen volt-
age remains comparatively constant. It can be seen then
that electrons leaving the cathode “see’ a relatively con-
stant loed because of the stable ancde potential on the
screen grid, but the actual cutput circuit of the cscillator
is in the pentagrid tube plate. The screen grids are held at
t-f ground potential by -f by-pass capacitor C7 whose im-
pedance is very low at r-I. Thus the only coupling which
exists between the input and output circuit is the electron
stream, hence the name *‘electron-coupled’! oscillater.

Te sustain oscillations in the grid circuit it is neces-
sary to "feedback’! an in-phase portion of the output siqnal.
In theelectron coupled Hartley the tapped inductor acts as
an autotransformer to accomplish this purpose. For illustra-
tive purpeses the grid and cathode circuit has been redrawn
in the accompanying schematic diagram.

cT 5

s
1
H
[ M ——

Simplified Oscillator Circuit

The inductor L3 is divided into two sections which will
be desiqnated L3k {cathode winding) and L3g {grid wind-
ing). It can be seen that the total inductance former by
L3, in parallel with the tota! capacitance of C4, C5 and C6,
forms the frequency determining tank circuit. The solid
lines represent the initial flow of current {charge path)
and the broken lines represent the reverse of current (dis-
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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 discussion it will be helpful to remember
that cathode current */follows’! plate current. Increased
cathode current develops a voltage potential across inductor
L3 and capacitors C4, C5 and CB, represented by CT, begin
to charge (0 to 1 on the sine wave). At point 1, the capac-
itors have charged to approximately the applied voltage and
begin to discharge back through inductor L3, {point 1 v 2)
setting up a magnetic field, (point 3). The magetic field
begins to collapse, {point 3 to 4) re-charqe capacitor CT
(point 5} and the cycle tepeats itself; however, notice that
the woltage at point 5is less then that at point 1. This is
due to inherent circuit losses (coil resistance,etc.} and
eventually, after a few more cycles, the oscillations wiil
dampen out entirely. Thus, it con be seen that an in-phase
signal of sufficient amplitude to cancel cut circuit losses
is necessory 1o sustain oscillations.

For simplification, bias voltages are disregarded in this
discussion and will be discussed later on in the text.

The positive going grid (0 to point 1) causes an increase
in plate {and cathode) current, resulting in an increased volt-
age across inductor L3k, 180° out of phase with the grid
signal. The mutual inductive action of the autotransformer
L.3g and L3k produces another 180° phase shift, so that
regenerc ive (in-phase) 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
mutuclly induced voltage from L3k, impresses a linear sine
wave on capacitor C3, which is part of the shunt grid leak
bias circuit.

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

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

The oscillator input signal 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, causing current to flow from cathode
to grid through the intemal tube grid-cathode resistance,
Rgk {The value of Rgk is cansidercbly lower than that of
the parallel resistance Rl sc the mojor portion of the cur-
rent will flow thraugh Rgk) 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 to slowly discharge through resistor
Ri. The value of Rl is considergbly larger than Rgk, so
discharge time is longer than charge time. Before C3 can
become fully discharged the oscillator signal begins to
swing positive and grid current flows again, charging C3 to
a higher potential and placing more bics voltage on the con-
trol qgrid. - Eventually, after a few more cycles of oscillator
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signal, the charge on C3 becomes stabilized and qrid volt-
gge remains at a constant level.

If the time constant of the R-C bias network is too
leng, capacitor C3 will eventually become fully charged,
placing the tub in absolute cutoff end no current will flow,
consequently, oscillations will cease. Hence, the value of
qrid leak resistor R1 is critical. It must be large enough to
develop a sufficient negative voltage for cutting the tube
off and small enocugh to dllow a partial discharge of C3 be-
fore the next oscillator cycle begins. Thus, by using the
correct value of grid leak resistance the circuit may 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 peaks of the oscillater signal brings the
tube out of cutoff and modulates the electron stream in
pulses. R-f signals arriving at the antenna are impressed
across inductor L1, the primary winding of T1. The
signals are transformer coupled to the secondary winding,
inductor L2. Capaocitor Cl and L2 make up a paraltel
rescnant tank tuned to the selected 1-f frequency. Notice
that C1 in the r-f section and C4 in the oscillator section
are mechanically ganged, and varying one will cause the
other to vary by an equal amount, hence the oscillator and
1-f stage are always, theoretically, separated by the inter-
mediate frequency. However, on the extreme ends of the
tuning range the variable capacitors become somewhat non-
linear and if proper tracking is to be acquired it is neces-
sary to insert trimmer and padder capacitors to *fine tune’?
the local oscillator and r-f sections. Capacitors C2 and
C5 are "trimmer’ capacitors used to track the low fre-
quency end of Cl and C4 respectively and CB is ¢ 'padder’
capacitor used to track the high frequency end of capaciter
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 r-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 begins
flowing at a rate, as determined by the algebraic sum of the
two signals. Hamonic distortion, caused by operating the
tube non-linearly, produces verious frequencies (the original
rf and oscillator signals and their sum and different fre-
quencies) in the plate circuit. The fixed wned output tank
comprised of [.4 and CB is tuned to the desired i-f, which is
usuclly the difference frequency, and inductively couples
the selected i-f to the secondary winding tuned circuit
comprised of L5 end C9.

The unwanted original frequencies and their sum fre-
quency are shunted to ground through r-f by-pass capacitor
c7.

FAILURE ANALYSIS.
Ne Quiput. Before troubleshooting the converter stage
check each comporent visually for signs of overheating,
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Also, check all comparient connections for good electrical
and mechanical contact. Check the mechanical coupling
between the ganged capacitors C4 and Cl. 1 the cnupler
has locsened the oscillator and -f signals will not be sep-
arated by the desired i-f frequency and no output will be
obtained from the converter circuit.

The output tuned tank comprised of L4 and C8 is tuned
to the desired i-f which iz @ mixture of the locally generated
oscillator signal end the received r-f signal. Thus, if both
input signals are not present on their respective cantrol
grids the tube will not operate properly, resulting in no out-
put. Before further troubleshooting is accomplished the
presence of both input signals must be ascertained. It is
important to remember that oscillator signals are dependent
upan tube conduction.

To check the 1-f signal, connect an oscilloscope (equip-
ped with a high impedmece-high frequency probe) between
the outer contral grid and ground. In receivers where the
converter is not preceded by an r-f amplifier the r-f signal
may not be of sufficient amplitude to produce an indication
on the oscilloscope. If this is the cese a signal generator,
adjusted to the selected 1-f and loosely coupled to the
antennd oop, should produce an indication on the oscillo-
scope. 1f no signal is obtained after perfarming the preced-
ing checks, use an ohmmeter to check inductors L1 and L2
for the correct dc resistance. Also, check capecitors Cl
and C2 for a shorted condition using an in-circuit capa-
citor checker. In receivers where an external cntenna is
used the atenna transmission line must be checked for a
short or open.

Since qrid leak bias voltage depends upon the applied
oscillator input signal, both the bios voltage and oscillator
signal may be checked simultansously by connecting a
vacuum tube voltmeter between the inner control grid and
ground, If no voltage is present on the control arid, remove
power and check the dc resistance of inductor L3 using an
ohmmeter. Also check copacitors C4, C5and C6 for a
shorted condition. If the components forming the oscillator
tank appear nomal, use an in-circuit capacitor checker to
check capacitor C3 for a shorted or leaky condition. U C3
is defective the bigs on V1 will decrease and the tube will
be saturated. Alsc check resistor Rl using an ohmmeter,

If Rl has increased in value the bigs on V1 will increase,
cutting the tube off.

1 both signals are present on the control grids, check
the plate and screen elements for the correct de potential,
If plate or screen voltage is abnommal check inductor L4
for nominal dc resistance using an ochmmeter. Also check
capacitor C7 using an in-circuit capacitor checker.

1f all the circuit camponents are found to be within
tolerance check inductors L4 and L5 for the exact d-c resis-
tance os specified in the equipment handbook. Also, use
@ in-circuit capacitor checker to check (8 and C2 for o
shorted condition.

1f it is verified that the circuit components are within
tolerance and the correct voltages are applied to the tube
elements and a no-output condition still exists, tune the
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primary and secondary of the output transformer T2 as
directed in the equipment handbook.

Low or Distorted Output. A low or distarted output
in converter stages could be caused by numerous defec-
tive components within the circuit; however, the two most
tikely causes would be either distorted input signals or
improper bias voltage.

First, check the 1-f and oscillator signals for correct
amplitude and frequency using an oscilloscope equipped
with ¢ high impedance-high frequency probe. Be especially
watchful for distorted waveforms caused by noise, hum,
clipping, etc.

1f the quality of the received r-f signal from the antenna
{ar r-f amplifier) is questionable, disconnect the antenna
and inject the signa! from an r-f signal generator and re-
check the signal applied to thecontrol grid. [f the signal
is distorted, check the tuning of the grid tark. Also, care-
fully inspect the grid tank ground connections for good elec-
trical contact. A loose or intermittant ground connection
would introduce hum and distort the signal.

If the oscillator signal shows signs of distortion,
check the d-c resistance of tapped inductor L3 and resistor
Rl. Use an in-circuit capacitor checker to check capacitor
C3 for a shorted or leaky condition.

If the input waveforms present on the control grids ap-
pear to be nomal, check the cutput waveform in the plate
circuit. (Use a d-c blocking capacitor in series with the
oscilloscope probe). If the output wavefarm is clipped or
small in amplitude, check ‘the cathode and inner contrcl
grid for proper operating vohqqes. A roticeable 60 cycles
hum in the output wavelorm could be caused by o cathode
to heater short or high grid leckage.

If the waveform at the plate appears normal, but
the output of the converter remains distorted, tune the out-
put transformer T2 as specified in the equipment handbock.
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TRIODE MIXER

APPLICATION.

The transistor triode mixer is used in transistorized
supetheterodyne receivers to combine the incoming 1-f
signal with the local oscillator signal to preduce the de-
sired i-f frequency.

CHARACTERISTICS

Provides conversion gain.

Requires a separate locd oscillator to provide the
heterodyning signal.

Utilizes the nonlinea transfer characteristics of the
transistor to provide heterodyning action.

The transistor is biosed in the low current region where
nonlinearity is high.

A relatively high signal to noise ratio is obtained.

Operates better at higher frequencies bacause of reduced
transit time effects.

CIRCUIT AMALYSIS.

General. The purpose of the mixer stage is to convert

the incoming r-I frequency usually into @ lower frequency
which contains the same characteristics {modulation) as the
original r-f- frequency. This lower output frequency, called
the intermediate 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 an intermediate frequency by o process called
heterodyning. When the input signal, along with another
specific frequency referred to os the Hocal oscillator
signal,” is injected into the base (or emitter) of a
transistor, four basic frequencies are obtained at the col-
leetor (aithough many other beat frequencies are also gen-,
erated they are seldem used). These are the origindl two
frequencies and the sum ond difference of these inputs.
A resonant tank in the collector circuit is tuned 1o the dif-
fetence frequency, so that it will accept and pass this fre-
quency on to the following stages and effectively attenuate
all the other unwanted frequencies present.

There are also applications where an incoming signal
is converted to a higher frequency, as in Very Low Fre-
quency receivers andin Single Side Band generators, where
the sum frequency instead of the difference frequency is
used as the intermediate frequency. Clrcuit operation is the
same far this cpplication, the impertant change is that the
output tank i s tuned to the desired (sum) frequency.

The efficiency of frequency conversion in the transistor
at lower frequencies is stongly dependent on the alpha
rating or maximum usable gain copability of the transistor.
Over the medium ireauency range conversion output depends
ptimarily on base resistance, and in the high frequency
range conversion efficiency is limited by the amount of
emitter reverse shunting capacitance, theless the capaci-
tance the better is the performence. Conversion qain also
influences the ncise factor. At low frequencies the transis-
tor is equal to a crystal diode with a transistor amplifier,
while at vhf some gain may still beobtained, the noise is
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usually higher than that produced by the diode and transis-
tor amplifier combination.

Cirevit Operation. 'The accompanying diagram illus-
trated a typical common-emitter type triode mixer,
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Common- Emitter Triode Mixer

As can be seen from a study of the schematic, resistors
Rl ond R2 form a voltage divider to provide base bias
for Q1. Resistor B3, bypussed by capacitor C3, is a con-
ventional emitter swamping resistor used to prevent temper-
ature changes from altering transistor performance.

Winding L1 is the primary of T1, and, together with capac-
itor C1, forms a paralle! resonant tenk circuit tuned to the
selected r-f signal irequency. This signdl is inductively
coupled to secondary L2 of TL. Transfcrmer T2 injects the
local oscillator signal on the base of Q1, Transistor Q1
is the nonlinear device used for heterodyning. The primary,
L5, of transformer T3 together with C4 forms a parallel
resonant. tank circuit tuned to the difference (i-f) frequency,
and capacitor C5 also shunts the unwanted Irequencies re-
maining in the collector circuit to qround.

The bias voltage divider formed by R} and R2 together
with emitter resistor B3 biases transistor Q1 in the low cur-
rent region of its dynamic transfer curve. Operation in this
region provides good heterodyning action since consider-
able nonlinearity occurs here.

The received r-f signal is coupled through Tl in series
with the local oscillator signal injected through T2, to the
base of QL. Since these two frequencies are different the
phase relationship between them is constantly changing.
This causes these two signals to constantly add or subtroct
algebraically so that emplitude variations appear on the
collector at reqular intervals in the form of a newly devel-
oped beat frequency. This bect frequency is the desired
product of heterodyning the two signals end is called the
intermediate frequency. If the received r-f signal is ampli-
tude modulated the resultant i-f signal will have the same
amplitude modulation characteristics (the modulation is
transferred linearly from onesigndl to theother). Likewise, if
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