ELECTRONIC CIRCUITS
SECTION 11

NAYSHIPS

DETECTOR (DEMODULATION CIRCUITS)

PART A, ELECTRON TUBE CIRCUITS
AM DETECTORS.

Detactor circuits nre uzed to remove the modulation
{trunsmitied intelligence) from @ received 1-f signal and
transter it back into its original form, so that it may be
used for listening, viewing, communication, ar other pur-
poses. The process of detection is also called demedula-
tion, which should ot be confused with the special methods
used for reducing the percentage of modulation.

There are many methods of detection and many circuit
warivtions, 1 this paiagraph only amplitude medulation
detectors will be discussed. Other types of detectors are
discussed later in this section. While the diode forms the
basic detector, triodes (or other multielement electron
wubes) can als be used to obtain additional amplification,
or can be connected to operate as diodes. ¥hen triodes
(or other types) are used, the detector circuits are divided
into two general classes - qrid detectors and plate detectors.
Square-law~detectors, small-signal detectors, large-signal
detectors, or power detectors may be either grid or piate
types. When detection occurs in the grid circuit, it is
called grid detection; when it occurs in the plate circuit,
it is colled plate detection, Grid detectors are usually
small-signal detecters, and nearly always have a '‘square
law'! response, with the output varying as the square of the
input voltage. This type of detection is characterized by
extreme distortion (s high ¢s 25 percent] at high percent-
ages of modulation, in contrast to practically linear opera-
tion for diodes or plate detectors. Strictly specking, from
a technical standpoint every detector, whether considered
linear or not, produces a certain amount of distortion; how-
ever, some circuits produce less than others.

Generally specking, small-signal detectors are linear
over g very small range of input voitoges, and, as the input
increases, so does the distortion. On the other hand, plate
detectors are alse linear when operating over small ranges
at small amplitudes; but even though considered linear, the
tube grid-plate transter characteristic is never a perfectly
strainht line, so that for large-signal inputs some distortion
is produced. Large-signal detectors are called power de-
tectors. They are designed to handle large input signal
ings with as little distortion as permissible, and to pro-
Jce large cutput voltages capable of driving power ampli-
fier tubes directly. The actual power invelved is relanve:y
small though being on the order of miiliwatts; consequentiy,
with the present day multipurpose tubes and techniques,
the power detector is used mostly for special purpose ap-
plications. In fact, with the present day trend to super-
neterodyne receivers, which feed the large output of the -1
stages into the detector, most of the high-gain detector
circuits are no longer used {or needed) and are supplanted
by the simple dinde detactor. In the less complex types of
feceivers, however, the high-gain detectors @e still favored.

The grid-leak type detectors depend on the flow of grid
current for their operation, and are used where sensitivity
is more {mportant than inck of distortion. The grid-bius
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finite-impedance detector, etc} is used where a large output
with low distortion is needed. The heterodyne detector is
used for the reception of unmodulated (CW) signals and for
single-sideband applications. The regenerative detector
{which may be grid or plate) is used where hiah sensitivity
provided by regenerative {eedback is desired, usually in
two or three-tube receivers, The super-regenerative detec-
tor, which utilizes maximum regenerative feedback without
producing oscillations, is used where the lack of gain in
the stages preceding the detector mokes its use desirable.
The autodyne detector is essentially a regenerative detec-
tor with sufficient feedback to produce oscillation so that
it can be used for unmodulated CW reception, as well as
AM reception. Each of these detectors will be more
theroughly discussed in the fallnwina paranranhs,

DIODE DETECTORS.

APPLICATION.

Dicde detectors are used to remove the modulation from
the received 1-f carrier and convert it into the original in-
telligence transmitted. These types of detectors are usually
used in superheterodyne receivers, or in receivers supply-
ing a large input signal to the detector. They are also used
in test equipment where linear detection is required {particul-
arly in vacuum-tube voltmeter applications) and as field
strength indicators for transmitters.

CHARACTERISTICS.

Operates linearly over a large range of input voltages.

Has a reletively constant input impedance which is
independent of the input voltage.

Does not amplify the input signal.

Distortion preduced for normal operation is on the
order of 1 to 2 percent.

CIRCUIT AMALYSIS.

General. The ideal detector produces no distortion
in the process of detection, and reproduces the medulation
signal exactly as it was before modulation of the carrier,
There are three forms of distortion possible in the detection
process, namely, amplitude, frequency, and phase distortion.
When extra frequencies are developed in the demodulation
process that did not exist in the original modulation, the
result is a form of amplitude distortion. When the detector
is more respensive to some frequencies than to others, fre—
quency distortion results. ‘When the phase relaticnshic
between the modulation freqUenc;e; are chun.je_;, hase
distortion 13 p[QﬂULed- 1{18 dicde Oyeranu.a, whiie i
sidered linear, is not perfectly sQ; that is, mstead of a
straight iine relationship between the input a@d outpat,
the tube transfer characteristic is curved, especiaily at
the low end. Thus, for small signals {on the order of mil-
livelts), ¢ nonlinear or distorted cutput is obiained. Act-
ually, for small signals the diode operates as g square-law
detector; that is, the cutput varies as the square of the
input voltage. Thus like the qrid detactor, which also
operates on a curved transfer characteristic, the greater
the percentage of medulation *Fe graqter tha f'l=for?mn [z
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struction ond cannot be eliminated, the diode detector is
usually operated with large input voltages. In other words,
it {s used only after numercus stages of 1-f or i-f amplifice-
tion, so that the signal to be demodulated is on the order
of volts. It is evident that while a steady signal can be
made to produce no distortion, ¢ signal which varies in
amplitude from zero to some maximum value will produce

a slight amount of distortion while operating neor its zero
value, even with many stages of amplification. Hence the
nominal rating of 1 to 2 percent distortion for diode detec-
tion. Finally, excessive capacitive reactance shunting
the detector load will cause o dropping of output at the
high cudio frequencies {gbove 10 ke), producing a phase
shift of the high frequencies as compared with the low and
medium frequencies, and thereby causing distortion. Thus
it is clear that, while the diode is considered the best of
the large-signal detectors, it does produce some distortion,

Since the diode is ¢ two-element electron tube, it
operates essenticliy as « simple half-wave rectifier, similar
to the power rectifier used to supply plate voltages, except
that it operates at radio frequencies rather than at power-
line frequencies. Like the power rectifier, the diode detec-
tor must also have a filter (tf} to minimize ripple voltage at
the carrier frequency. Similarly, it produces a d-c output
voltage, plus the audio-frequency modulation component.
Since the detectar supplies a voltage to the audio amplifier
stages following it, full-wave rectifier circuits are occe-
sionally used to supply greater cutput with less filtering.
For most applications, however, the simple half-wave
rectifier connection is used because it requires fewer com-
ponents, is cheaper to produce, and has sufficient output
for present-day audio stages.

Although the diode consumes little power in the detec-
tion process, it does place a load on the input stage; it is
usually considered to act as if it were a resistor of half
the lood-resistance value, shunted across the input circuit.
Normal efficiency ratings are better than 80 percent, with
90 percent being the rule rather than the exception. This
is true because the loss in the diode is small, since the
dicde plate resistance is usually much less than the detec-
tor load resistance.

Circuit Operation, Two forms of the basic diode cir-
cuit are shown in the accompanying illustration, with cir-
cuit A being the most prevalent in use. Both diode circuits
are identical in operation, but circuit B offers an alternative
output connection {across capacitor T if desired, and, since
the capacitor is in serfes with the input and the dicde, it
prevents the low d-c resistance of the input transformer
secondary from shunting the digde load at the signal fre-
quency.

For simplicity, the illustration shows an untuned input
transformer; actually, in most modern receivers, both the
primary and secondary citcuits are tuned. Where high-Q
circuits with extreme selectivity are employed, some of the
high-frequency sidebands are removed by the narrow pass
band; as a result, there is a lack of high-frequency response
in the detector output. This effect, however, isnot inherent
in the detector - it is due to poor design of the tuned cir-
cuits,

Basic operation consists of the charge and discharge
of the B-C circuit, which uses the voltage developed across
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Basic Diede Detector Circuits

R to charge C to nearly the peak voltage of the input signal,
When the plate is positive with respect to the cathede,

the diode conducts and charges capacitor C. Since there

is a small voliage drep in the diode between cathode and
plate when conduction occurs, it is apparent that the max-
imam developed detector voltage can never be exactly equal
to the peak applied voltage, but will depend upon the ratio
of load resistor R to the resistance of the diode, There-
tore, the detectar efficiency can never teach 100 percent,
though it does average around 90 percent. However, it C

is too large, its low teectance in parallel with R will shunt
the signal, and a lower output will result. Detector charge
action and discharge cction are shown in the accompanying
fiqure for the tone-modulated input waveform of A; B, C,
and D illustrate the charge and discharge of the capecitor.
On each positive half-cycle of the radic-frequency signal,
capocitor C charges ©0 @ maximum value as determined by
the percentage of wodulution. On sach neqative hali-cycle,
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capacitor C discharges at a rate fixed by its circuit time
constant. As shown in waveform B, the time constant is
too slow, and C cannot discharge fast enough to follow the
modulation on the negative swing before the next positive
r-i hali~cycle begins; consequently, the negative portion of
the modulation signal is effectively chopped off, and a dis-
torted output results. The time scale is exaggerated to
convey the idec more clearly, In contrast to the time con-
stant just considered, ihe time constant of example C is
too fast, and the average output drops to a low value, Ex-
ample D shows the effect of a propet time constant. It is
evident from the examples that either too fast or too slow a
discharge rate {time constant) will distort the received-
signal waveform,

From part E of the hgure, it is ev1dem that the modula—
tion consists of puises art the Cunivr fieguency and that the
emplitude is proportional to the modulation percentage.
Also, it con be seen that at zero modulation o carrier fre-
quency voltage exists which is proportiondl to the carrier
amplitude. Thus across load resistor B is developed a
d-c voltage for automatic volume control use, which will
be discussed more fully in & following paragraph. It can
also be seen that a carrier-frequency ripple will exist; that
is eliminated by use of o low-pass filter (in addition to the
bypassing action of C, whose reactance is small ot the
carrier frequencyl.

From part E of the fiquee, it is also evident why the
diode detector can be considered as a half-wave rectifier,
For linear operation and assuming perfect rectification, the
diode would conduct only on the positive excursions of the
modalation mnnn‘ remaining inoperative on the negative
signal excursmns. In this case, the positive excursions
are the signal above the {; line, and the negative excur-
sions are the signal below the line. Thus, only the positive
portion of the modulation signal is rectified, and the output
consists of pulses of current at the modulation frequency.
These pulses of curent are used to charge and discharge
capacitor C and thereby produce the audio cutput voltage
of part D, as explained previously.

A typical diode detector circuit with an r-f filter is
illustrated in the following figure. The input transformer
{T3) has both primary and secondary tuned for maximum
selectivity.
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The t-f filter consists of Cl ond Bl acting as a low-
pass filter arrangement assisted by C2. Capacitor C2
performs o dual function: in conjunction with B2 it can be
considered to form a low-pass r-f filter, and it can alse be
considered as a straight bypass dcross load resistor R2.
In either instance, however, it helps eliminate any r-f re
maining in the i-f carrier, and also develops an qudio out-
put voltage in accordance with the average value of the
diode load current passing threugh load resistor K2,

Design Considerations. When the plate of the diode
is more positive than the cathode, current flows, producing
a voltage drop across load resistor B2 which follows the
modulation signal. Current flow on the positive signal
swing is limited only at saturation, which normally does
not occur even with very strong signals at 100 percent
modulation. As the modulation signal swings in the negative
direction, the current flow diminishes until the neyative
peak is teached, whete it again teverses ond increases
{assuming a sine-wave signal). On strong signals with
high percentages of modulotion {over 75%), however, peak
clipping may occur. The clipping effect is produced by
the inability of the diode to conduct when the plate be
comes negative with respect to the cathode, Even with
the unmodulated carrier signal, noise effects produce con-
duction in the diede and provide a small residual average
d-¢ voltage which makes the cathode pesitive with respect
to the plate. Thus, on the negative peaks of the modulation
signal, with large signal swings and percentages of modula-
tion between 80 and 100 percent, the output veltage is
driven to zero, the extreme portions of the negative peaks
are clipped off, and the output voltage no longer follows
the modulation signal. With improper design, this distortion
can be as grect as 10 to 12 percent; the practical diode
detector, however, is not operated at levels which praduce
such excessive distortion, and a nominal value of 1 10 2
percent is maintained.

The diode detector is alse subject to a reduction of
output at the higher qudio frequencies (above 10 kc) be-
cause of the copacitive shunting etfect of C2 on load re-
sistor R. Note also that when the reactance values of any
of the detector bypass cdpacitors become low for the fre-
guency of the modulation signal being detected, Rl and
R2 are etfectively connected in paraliel, reducing the load
resistance and output voltage. The same effect holds true
for the resistance~coupled load of the amplifier stage fol-
lowing the detector. When the reactance of the coupling
capacitor becomes d low-resistance path for the audic
signal, then the grid input resistance of the cudio stage is
effectively in parallel with both R1 and B2, and the reduc-
tion in output valtage is particularly noticeable at high
gain settings of the volume control. This a-¢ shunting of
the diode load is taken into consideration in the design,
so that normally no effect on operation is noticed unless
parts values hove changed.

FAILURE ANALYSIS.

No Output. A nc-output condition is ysually limjted
to an open or short-circuited component or a defective diode.

CHANGE 1
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With an open input transformer, stray capacitive coupling
may feed enough signol through to produce an output. With
an open diode load resistor or a short-circuited bypass
capacitor, however, no output will be obtained. Usually,
a resistance analysis will quickly locate the defective
component.

Low Output, Lack of sufficient input signal will
cause a low output, and could be due to poorly soldered
(high-resistance} joints or to a defective input transformer.,
Low tube emission may also cause a weak output, although
it usually shows up as a fading signal on a strong local
stotion. An open load bypass copacitor will reduce the
output, as only the average current flow through the load
tesistor will now produce an output, A lack of r-f or it
amplification preceding the detector can also cause low
outpul; therefore, 1t is necessary to isolate the detector by
checking with a VTVM for adequate input and output.
Since no amplification is produced in the dicde detector,
but the detection efficiency is high, an output indication
lower than 10 percent of the input indication would be in-
dicative of possible detector trouble.

Distorted Output. Since diode detection is linear,

a distorted output signal usually indicates component
changes. Amplitude distortion is a definite indication of
nonlinearity in the detector, provided that the input sigral
to the detector is linear. Lack of high audio frequency
response would be ditectly traceable to excessive selec-
tivity, caused by regeneration in the preceding i-f stages
ar to excessive capacitive shunting of the detector, parti-
cularly in video applications. Distortion at high volume
levels with o strong, heovily modulated locel signal would
indicate normal peak-clipping effects, Poorly soldered
{high-resistance) joints can be suspected when component
values ond tube emission are normal. Fringe howl or o
tendency toward oscillation would indicate a lack of r-f
iiltering. Because of the simplicity of the circuit, an
oscilloscope waveform check should quickly locate the
trouble.

DIODE DETECTOR WITH AYC.

APPLICATION.

The diode detectar with AVC is universally used in
broodoast, TV, communications receivers, and other high-
gain superheterodyne circuits to provide automatic gain cr
volume contrcl with detection, in a single tube or envelope,

CHARACTERISTICS.

Operates linearly over a large range of voltage.

Input impedance is relatively constant and independent
of the input voltage.

Does not amplify the input signal.

Maximum distortion is of the order of 1-to-2 percent.

AVC output voltage varies directly with the amplitude of
the input carrier.
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CIRCUIT ANALYSIS,

General, The dicde detector with AVC is identical 1o the
diode detector without AVC, except for the circunt amange-
ments provided for AVC take-off. Discussion of the opera-
tion: ol Lthe deiector in stripping-off the modulation from the
carrier is covered completely in the discussion of the
Dicde Detector earliel in tis secliun uf the Handobook, The
reader should refer to the previous discussion for proper
background before proceding with this discussion,

Circuit Operation. The schematic of a typical diode de-
tector arranged for AVC take-off is shown in the accompany-
ing illustration,

o 'T\l }"r.\
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Tt

I-F
iNPUT

AVC
VOLTAGE

AUDIO
QUTPUT
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Diode Detector With AYC
The plate of V1 is connected to IF input transiormer T} and

1

1
the cothode 15 grounded. Resistor H] with camacitars ©
and C7 form lowspass BE fillers, while C3 and B2 are a
and decoupling filters. The audia voltage is developed

9]

Geross volume contiud 83, and applied through coupling ca-
pacitor Ce to the {ollowing audio amplifier stages.
When un*wduia:ed' the mput mnmsts of a shgle fre-

rier frequen cy plus an Lppet und lower smieband containing
the moduiauon. T hus the diode detector output c:iwayg

W lhiduyin i ploduces O nequuve volluge at

{which iv not used), and the AVE voltage 15 de-
contiol B3 at point 5. 1his neqative
voimqe drop is copheﬁ throunh R2, bcr*k ta the arids of the

v ‘ll,upuu ucious volug
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is to the grids of the preceding stages it is clear that there
must be no extraneous modulation or BF on this lead.
Otherwise, both the audio and BF components could again
be amplified and re-detected causing distortion and un-
wanted feedback. 'Therefore, Rl and Cl and C2 are con-
nected as a conventional low-pass filter in series with the
current fiowing through H3. The output wavetorm at point A
consists of the d-c and r-f component as shown in the ac-
companying waveform illustration for an unmodulated
carrier for ease of discussion. The instantanecus -
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Detector Yoltage Relationships

carrier component {ecar) is bypassed to ground nart:a‘lw by
Cl. During the positive portion of each carmer oycle C2 s
charged through RI, end during the neqgative portion of the
carrier signal the capacitor tends to discharge. The result
is the heavy curve labelled Eq. The average value of pul-
sating voltage EDC is the actual AVC voltage. Since
these pulsations cocur ol udio frequency rates, the efiec-
tive voitage vanation between charge and dischaige of the
capacltor is so small as o be neqligible. Recall from the
above discussion that the modulation component of the
sigral is alse present, Hewever, when modulated signals
are detected, these oudio npples are smeothed out by an-
other low-pass filter consisting of B2 and C3. In this in-
stance, the velue of the filter time constant are such that
outpht voltage Eo oppears as o q1rCl"gh'L line {pure DC).

ke time constant of B2 end C3 is made sulficienty large
50 that 1t takes more than a single audio cycle to charge or
discharge. Although this increuse of time constant pre-
vents an instantaneous change of AVC wltage for an in-
stantaneous change 1n carrier level it is usudly satisfac-
tory for mest types of foding encountered. Particularly,
since decoupling RC networks similar to R2 and C3 are
o NESTIOEIaTNEERE .\\_n)\- GILG Aaocialed with the AN

The 1ast

L 1
fiective valu .'Ih, 5ol
PG DUCEL STy 1ol m.Mu-: sidenuant vl

C¥ use 15 obtained by making the vaiue of C3 much lower

SRR R ..uu“u;.y LSt L

P A

CUliculls, Side e qrias oo ine
vontroilea $109E5 G5 O Hraw grid current, there is no flow

i at segupres 1o """.L‘.""!{’ the

r f l;&}]dt‘ 84 nore
15 no icrge voltage arop, and the KC filter con be used
without encountering any losses because of excessive cur-
rent drain. The detected qudio or a-¢ component appears
across volume control B3 and is opplied thieugh coupling

capacitor Ce to the audie amehilier stage
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FAILURE ANALYSIS.

No Output, Lui€ i or ink:
associcied receyver circaits,
fomer, 71, ¢ deiective sigie,
parts will coise a no-output
to aground at peints A ad By
A negative voltage ot ¢ 7
tioning. Lack of veliwse a1
lock of ar inpat signa or ¢ dele
VTVM or m asmllcsz‘ape 1o ener
With an -1 zignal on the primary,
Tl is delective. If the zeconaary v
than the primary the o
When adjusting, it it still ¢
not respond ¢ the adjustrent, T1is d
be reploced with 2 joon transionsern
are open, the zeries circuitl will ve in
voltage will appear at points Aor B, ERlor
no AVC voltage will be tevelo k RZig short-
ed the circuit will sill eperate, ¥ith normal AV woltage
but ne audic outpat, either voiame contiol B3 18 tuned down,
R3 is defective, or coupli:
resistance check will aetemmine if theze parts ars cuen or
shorted, If Clor C2 are - rorte,, na AYZ voltage or cetec-
ted output will be obtoine:. e ar chmmeter to medsure

the resistance to gqround, of an wn-circult capocitance check-
er Cland C2. 1i tne parts are satisfactery, diode W1

must be ot fault; replace it with ¢ known good tune, I pre-
vious operation indicated g aensral falling "fI in rulcut
the dicde could have teon repiaced imn The in-
discriminate replocing of electzon tubes ai tne firat Sinr
trouble, without due cauce, e gvoiced,

Low Output. : 100 L the
detector dinde are e ow guipul, os wel as
mistuning of T1. The effe ot umi ity can aleo couse
circuit ledkane.: horesice the cutput. Althoush a slizat
change In pa L Qgemay couse o cecuction of
output, it mosip i s unnct;ced, sincs tuming
up the volume =ity e output 1w normal,
1f it becomes nec

- rr\-.,l-le= s

wor Ce may be ogen, A

Y

£ oonliol exces-

sitively tor ¢ xnown siunal, first eneck the preceding circuits

to be certuin 1hat taey are opetating croperly and are not ot
fault, belore trounle-shooting 1k

Distorted Output. [f the wiiuzs of |
sufficiently to produce the wiong tice wncu.', wt er too
fast or too slow, distortior would ozour. Likewise, i tne
emission of V1 is so low 95 not te supply the full peak cur-
rent demand, distertion caused by clipping will alse cocur.
Replace the dicde with a known qood tube and check the
values of Cl ana CZ with an in~circult capacitance checker.
A chonge in the values of K2 aad C3 will oranae the attack
time of the AVC lcop but will net normeily cause distortion.
However, if C3 srouws short-cireait, the 2V E voltage would
be qrounde-d cut and the staies preceding the detector weuld
operate at maximum sensitivily, ano probably couse oyer-
loading witr, consequent disiorticn,
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DIODE DETECTOR (WITH NOISE LIMITER),

APPLICATION,

The diode detector witn noize limiter iz uznglly used in
radiotelephone reception to prevent noise pulses from inter-
fering with, ot aarbling, woice tro

CHARACTERISTICS.

Operates linearly over o large range of voltare.

Input impedance is relatively constant and independent
of the input voliage,

Does not arplify the input sinnl.

Noise peck> are clipped without excessively increasing
the disiortion.

CIRCUIT ANALYSIS.

General. Tt~ dicde detecior with rofze limiter is

identical in operstion nr the Je Detector descriked
earlier in this sestion of nook, except for -

noise limiting =sircuitry, the rozier zrould refer tothe
previous discussicn for proper backaround before proceeding
with this discussion,

Bath shunt and series types of noise limiterz cre used,
The series type continuclly oonaucts But stops conductina
when o noise puize Grrl»cs, and thus lecves @ gap in the
signal in place of the noize pulse. The shant type noise
limiter conducts only wher the noise oulse exceeds o pre-
determined bicr level, sherting the inprt o around, and
also leaves a veid in the sinal. Since these noise pulses
and consequert ciqnal kelos are of short Zuration, the in-
tegrating effect of the ear on the sour? minimizes this
effect, In most practical anize liniters, the limiter becomes
effective at around the 25 percent modulztion level, so that
subsequent peck flattenine couses some distortion and o
slight loss of audio volume., The voice, howaver, s under-
standcble thronqgh heawy noise interference, which would
otherwize completely mask or qarble the intellizence being
transmittec.

Circuit Operation. 1ne schomatic of a typizal dicde
detector with noise limitars 15 shown in the qeoomparying

illustration.
Diode W1 is the detector diede which rectifies the ir-
put signal from I-F tran a1 T1. Besistors =1 an: K2

form ¢ veltase divider loed for dic e setector V1, bvocesed
for BE by Cl. The avtector valtaas "opearwr-r =
applied to the anode of o= acise limiter Vo :
ESand B8 forr o bics voltage gividerfrom o .Sel:qmte
negative supply to round, to suoply a fxed resglive cutoff
bics tothe cnoie of anunt dicd limiter V7, Resistor RE is
bypasaed by capaciter O s0 that any instantanecus voltag
change cppezrinn ot the cnode of V2 i3 hybassedte around,
Resistors B3 and B tuaetrer with capacitors C7 and (03
form a low-paz.: flter and loas cirzuit for seriez cicds VA
Capacitor Ce i the letectar cutput ”Qupiim c-:pccitcr.

When an unmodulate input sigra! iz applied to the
primary of I wensformsr 71, to: oniary voltase opbeors
across dicde V1 oanag V ductzior tre curation ¢f each
positive r-f pul: g

e

cousing a flow 21 current fisy the
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C2 and ?A‘-, G& Trus for: i
duction of dicds V2 is stoppes 377 no cuto ot oppeors {a
hale gocurs in the output: Thus t\._e nzise spike 1& chopped
off the detector woreicrn, and ¢ it gonirs orsicha
short time, the in trralapes mmncec.
When the noize netion of time or i
g repetitive oooultvile, ife loss ol m
For randor chort noise pilees this tipe of !
etfective,

Note also that when the neactive notse bursts oocur
the neqative Vol’f‘ e et Boiry S dnerensed, oA iy
fed back gz ar A : : : >:';fr-7H 380
of thereceiver wili
strong signoel

= H\J»—v cor-

3

ntaneo

hurst ocours

~ ha notico

ter 1s fairdy

eToe Slanan to

P adude Ve is connected
Cine meaative slate yaliase,
.vl.xc'h appens s
necleu ucru,

appedrs andc L- of sutbcic

AN of Vi mote Neative Ui

ducts and \e »ol'*q»— i

ground vig

ard dllows the instantaneon

to arounnt, Mo

component produces by £

Diode Detector With Noise Limiters affectec. Consequently, the A% foes nat ir-

stantanecusly inctecre lor decreazel andl iz effectively

cathodesns dlae, Seoud, 70 we e i, Bn, moeB i pre"entn( fror, desensitining the receiver durine the noise
maleel BN Y k0RO R buist, This con SRS -

the noisc spike ‘romthe sir

; spike 15 not =liminagted, 1

L the fixe-hinr 1ol reniupd o

aina relatively ar-
0t

orEeT

exists U oot san the entire nnire
directly it
voltane

tector £

o mank werlis e ahaun

neoise iz conzideruily reauced 1o U o

the input sl i seaneas meeviies G s Gk tion, the obonting pifact o8 -
point & alag vatiee Alosls o o frocnencins Inaererds tempararilerar rasim sl sapelt
angerwrth themen o : : vig se0 e V3 i

is identical with the ThouEeiss baty Batnmngy 1 .

than ot point & ecous
The Hi low-pass 21
capacitor Ll reint
signals are ~ffect
C3operates |

oDSOmleiy
petformance.

FAILURE ANALYSIS.
No Output, Aoy @ oer cineite s

dition as well as Adefertive disdes con reo il in 2

e s g
+ -t cormponant coe

v plase the ~othesin of antpat, k.
T AR A indirnte s o roe ke oo 6
T [ R ;
Yedtpa o gpogmerivpeess of put nons ot i v -
# cates thar 7 | s

A\/\J VOlt] e EREE S Yo t=Ta e
B, the

ne;oiive,

Qt faur an oL

o I R

S S eamtal i T q PP QI U G0 S
tE\_,l’TUD(" R e welihesy - ot S i I s
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will ot normelly ’”Ut irstead
will produce o :

Low Output. A pr*mcl e m‘t nyal Ur.e Zetoctor output
through diode %2 con oo -'? '*or'e' if the noao-
tive bias supply ‘Cltu‘e 1 BE zranne in volue,
or if cupccmor' w, —F opl! r srertesd or lear.
The capacitors ~ay he checkef‘l inr ahorts ittt either an
chmmeter cr on in-¢
resistors con he o
defective, the outout + ll pr"“)': b ke oy ;mnd dis-
torted, depencing upon the strey cooocitance in the circuit,

Distorted Qutput. Since in normal operation the noise
limiter effectively eliminates a noize =itmel, it is evident
that the cutput wavelorm will zlways be sifferent than the
input waveform to a certain extent, Thus ity dis-
torted output will oracticelly alwavs be ohtoined, Tr
gree of the distcrtion ceperds upen the desian of the eir-
euit, Thecreticelly, the limiter zhnul? operate only on
noise pulses which cre larer in arplitude than the signal,
however, most practical circuits start operating ot about
the B85 percent moculatien level. tHence some peck clic-
ping of the signa’ usuclly cecurs ans couses distertion 01
the modulation pecks, In normal operation, a slight amount
of distortion will be noticed and the strenath of the output
signat will drop noticeably when the noise limiters are
activated. Follow the signal through the circuit with an
oscilloscope and notice where the distortion occurs, Fur-
ther resistance checks of the associated parts with an
ohmmeter will usually locate the defective part.

ipetinny

"4z
4 CTe

GRID-LEAK DETECTOR.
APPLICATION.

The qgrid-leak detector is used in simple two-or-three
tube receivers, such as the recenerctive type. Since this
type of detector is particularly zusceptible 12 overlood and
distortion at high levels of modulaticn, it is never used in
modern highrgain superhetercdyne receivers.

CHARACTERISTICS.

Is self-biased by a grid-leak.

Provides good sensitivity with increased signal aain.

Operates as o square-law detector for small signals
and as a linear detector for large sionols.

Is subject to overload and blocking effects on strong
signals.

Althouan it produces a relotively latger output voliage
than other comparable AM detectors, it is subject to more
distortion.

CIRCUIT ANALYSIS.

General. The grid-leax detector, basicatly, uses o
triode electron tube, and is considered to operate similarly
to a diode detector with the added advantage of triode
amplification. Although pentodes hove been uzed to pro-
vide additional f7ain, the triode with = low plate voltage is
usually preferred because of a reduction in tube noise and
distortion. In operation, the grid arnd cathode of the

CHANGE 2
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section of the Frr ‘r:cc:k}. nrotuces by oar-
rier rectification arid + o i ulct*r:h i ieleio
across an RO netwarl known : rid-leck, ond the

‘orm inthe plcte of the
in the arid circeit it is

modulation appears ir snclifiad
triode. Since the detection ooz
known as qrid detection. Zecausec the <evelonsd arid bias
is automatically contrelled by the carrier wmplitide, the
qrid-leak detector opercies cver o wide rarne of input
voltage. On weak signals it operctez near zore hics and
uses the curved lower pertior of the nrid-current, arid-
voltage characteristic to provice an outout which varies as
the square of the input signal, and is known cs ron-linear
(square-law) operation, [or larqe zignals and large sslf-
bias it operates over the linear portion of the charceteristic
curve. When overlooded by cxtremely strong sianals, the
bias reaches cutoff and conduction occurs for orly part of
the cycle, md the pecks are clipped, creating excessive
distortion. The detailad operation of this detector under
different conditions is discussed in the following pare-
graphs,

Circvit Operation. The schematic ¢f a typical grid-
ledk detector iz shown in the cccomparving illustration,

RFC QUTPUT

+

o
‘o

I

R-F
IWNPUT

Buosic {Series) Grid-Leak Detector

The 1-f input is applied throuch r-f transtormer T, and
thegrid-leak network Con%i“t‘m of Blend C1are connected
in zeries with the ~id of ¥1 end the cutput of Tl secon-
dary, while the cothode iz zrounded.  In the plate circuit,
tesistor RZ is the plate loaZ, ond is isolated from the plete
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r-f compenent ¢ nlate it
also bypassed o iroumd b
enough to act 98 ¢ shunt ic
ing in the plate clrcuit
the crplif ;

voltage blockir: cupuciter Ce.
In the absence of cn irput &
biased by grid-leck r=
bias. In this condition,
across Blby 5rid ¢
neqetive. Thus ¥
positive and ne :
detection. The nccorpemsirs wmvaénree (1Loorratio-
demonstrales Gy the cupvotire of the it current versus
grid voltoge charooteniztic of V1disats the 3
and procuces amplification with Slstortiorn.

Gz

TGRID VOLTAGE - 0 +

]
|
1
: ,cijj.,
|

cnrer'mr o 2 S R e R ) A o]
tor Ul {s charseln : i
On the neantive ~rid!
the capacins -
cathode rﬂs;qmnce m.' |
gnd—lcu:\.
teristic curve, thennsitiee syrursinns are tar-er than the
negative excursicns. Thersfcre,
d current iz

e
s reduced ard

Dorrent 4

liahtlis thomtethosantatss
lower tharn the hlgh resistance

el Gl L O curvatare of the wrid charoo

rises, and the
modulation ~ecreres, am
envelope, This sevclops o nogatiee ol
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which varies at the zudio i of the modulztize areund the
negative bias level produced by he conctant amplitede
cartier pulses. Since tre arid Of J i control s cneration
and plate current of ' 2 triode, the chone of 7rid woltaze
produced by the detected signcl couses an identical but
amplified plate cuerent et stion, A thia g
varies in gocordance with b : i
amplified voltage is cevelsr 1t
R2Z. This is the cudio output voltnne whick iz ’“GL.D[‘:"‘
through Cc 10 the lollowing o ulic arplifier stare. Because
the r-f carrier veltane appecrs bet
cathode of V1 1t b
fore, there is an r-{ plate 2o ;
be eliminated so tat it can not oaure souric s wetts with
the modulaed signal, or snwared ¢
wnhm the tube, Thi
{ choke offers o
frecmencv while crpasiter O
shunt path 1o ground. Fence, the rf ccmoor'er't 5
passed around the lood resistor =rd power sueely

no effect on circuit o

)

ey ibuyed

soiicrion .w\' feonbank

el Ve Sapip s

moving ducio irequency cuilent component
load resistor B2, :
quency output vali
For iarae siagnuls, the avercae currier amplitude oluo
rises, g0 that the qrid iz bicsed ronaiderably neantive,
and only the positive excurzions of r-f voltate on the input
signal are effective in cousing qrid current flow. In this
condition the detector operaticn is similar to o helf-wave
rectifiar, ond operates s = finaar detector,

signal excursioms pl’OdJ(’F‘ @ reret: lt""c‘ across the
grid leak byt
signal »cs.rsic : ;
tive so that the tube operr*tea or a half cycle or less. 2e-
cause maximur. maculaticn pecks produce meximum neqa-
tive gridvolta.e, the clate current of V1 iz e
modulation, ‘lThe recuction ot rlate current
audio rate and produces 2 corTespending audio output. —s
the current thremnk etector outpot Inad reciatar B2 reduce
the voltege across it and the outos rises, of chown in the
waveforms illust ate:i tnithe sooemuenying famst |
signal detectinn chin

The linear arid detectar is

power dotector, Int

o Rt

i
=3
Wl

ranteriction,

Aoan - y . Rr
UCLL‘L!UI e UH.LU\U vt
greatly distorted, th ‘c‘.’t‘;ul‘\:,
greater overal! distortion. i i
leak values are reduced to prevent excessive
and the input siznal ond the dotectar elota wnltans o in

i, B e

creazed toprovide o oren
signal produces oneratio: aver o laraer antont veliane
swing, producing ¢ qreater cutput voltgae with less ~verall
digtortior.

In operation, the m
types of detecione 1o obi
power-detector qrid potertial s
that the J ow of i
nf ﬂ'\c- neqo

Ll
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0+ INPUT
VOLTAGE

GRID
VOLTAGE
1 ' 1
Pl ¥ av
PLATE
CURRENT
0
8 . ¢ PLatE
€  VOLTAGE

—
TIME

Large Signal Detection Characteristics

of carrier valtoge, srid current How 5 the rid capaci-
tor negatively. Curing the next neqotive half cycle, some
of this accumulated charne leckz off throuth the qrid- 1eak
resistor {(which is conn AN
during the next pesitive swing. Thez il current can :nlv
flow for a small portior. of the norsitive ovele. In the amall-
signal grid detector, fowever, qriz current flows continieis-
ly, since the qrid is rever driven sufficiently neqative

to reduce qrid current low to zero, Linder thece conditions,
the charge on the qrid capceitor lacks off throut the ir-
ternal grid-to~cathode resistance, which is much lower

than the high value of ~ri{ lnck reziztznec vzedl In the
large signal power detector tie arid-to-cotnode resistance
is practically infinite durin: mozt of the cyole thecause
grid current is cut aff}. Operation of hoth Jdetectors §
essentially the same tovm in the woveioen Hlustration
for the small sinnzl deteo oot thap o id zmolitude
of the large signal ﬂetector is greater, and the grid current
cut-off point corrosnom' to the value of hios developed hy
the carrier sinnal, Wther=as in the srall siqeal detector the
grid bias is always less than =rid-curzent cutoff.

As in dll electron tube amplifiers, tie plate-current,
grid-voltage characteristic curve is linear up to the peint
where saturation bedins. 5o that hot™ the lower and pper
regions of operction arc curven, ' the laroe sianal power
detector is driven sufficiently, the bend onthe npper
portion of the curve will olso ¢ plate rectificction to

occur, Thus second and third narmenic distertion com-

replenishe
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ponents will be oroduged a2 e cverall Zetecter Cistortion
will increcse. It iz clzo nece Tt the charge and
discharge of the grid-leak ‘cllow tre signzl amplitude
during large signal cetection, othervize, Blocking end dis-
tortion will occur.  With proper choice of arig-leak constants
(which: is inherent in o2 esinng ant an gdegate plate
voltage which does not exceed tube ratings, the distortion
can be kept to low values almost equivalent to that of the
diode detector. If the input signal is reduced to o very
small value, the larme siznal power detector merely cperates
as a small-signal, square-law detactor with a fow output
and the advantages of powsr detection are lost,

The schematic of @ typical shurt gric-leck detector is
shown in the accompanying illustration. Components are
symbolized identical to, and operate exactly cs explained
for the series grid-leck detector discussed above. This
circuit is generally used for the power type detector be-
cause slight advantages are claimed for ovoiding blocking
effects. The shunt grid resistor provides more loading on
the tuned r-f input circuit, however, and produces a reduc-

tion in selectivity.

o
QUTPUT

R-F
INPUT c

L & .I. o

Shunt Grid-Leak Detector

FAILURE ANALY SIS,

No Output. An open or shorted arid or plate circuit, o
defective tube, or an open coupling capazitor, Ce, can cause
loss of output. Mecsure the plate supply and plate voltage
with a high Tesistance voltmeter. Normal plate voltuge
indicates that load resistor RZ and the RFC cre probably
satisfoctory and that C2 is not shorted. Apply a mocdulated
signal from a signal generctor to the input terminals of r-f
transiormer T1. Use a VTVM, electronic voltmeter or an
oscilloscope (it must offer high impedance so cs nst 1o
load or disturh the circuit operction} connected between
gtid andground, to deter~ine if the input siqnal produces a
slight neqative bias ond if ¢ sigral is present. 1f no sianal
is present, Tl is defective. If the detected signal can be
observed in the grid circuit but not in the plate circuit, V1
is defective. I the signal is present in both grid and plate
eircuits but no output exists, check coupling capacitar Ce
for en open circuit. (Use an in=circuit capacitance checker),

11-A-10
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Low Output. Low plate voltage, o Jefective tube or too
weak an input will each causze a reduces output. The weck
input signal may oceur hecause o transfs
tuned toresonance. If Tl will not tine to resonance,
either the signal frequency is out of ranae or Tlis defec-
tive, When in doubt, aooly ¢ modulated input frem o loeal

sicnal generator and note that the c-mng[ packs in intonsity

rier T is nnt

as the resonance point of T1 is regche”. If this noonrs bt
the desired siqnal is still weok, additional r-f amplification
or a better antenng are required. If the signal cererctor
cannot produce a strang output, the detector is probably ot
fault. Check the platevoltage of ‘v“;; if the plate wltone

is normal, either V1is defective or "Ht coupling capeci-
orll Blok 1 '-\—uk; sroamiciiy oo, If the plate vu}IG{jﬁ'

is not narmal but is lewer than usual, B2 may kave changed
value, the ric may havedeveloped a hiak resistance, or U2
may be leaky or shorted
resistarce of R2 and 11
C2 to qround. Berloce oy part whick kas o resist
higher or lower than that sr)ec:lfled in the tecr'mcal manual
forthe equipment. If the detector seems to be operable but
the receiver output is low, it is possible that the audio
stages following the detector are atfoult, and not the detec-
tor circuits. To check the qudio stanes, use an cudic
signal generctor and apply it to the output stage plate,

then to thegrid and note if the signal incteases. Follow
this procedurs back tothe detector to locate the defective
audio stage.

Distorted Outnus. Excessive digtortion con be produced
by a change in b ; id-leak network, by
too high a plate voltoge, of a8 aresult of low emission
from V1. If replacing the tube with ¢ known good one does
not eliminate the distortion, check the plate voltage with ¢
high resistance voltmeter. [f the plate voltage is rorr".c},
check the velue of Bl and C1 with an chmmeter and capaci-
tance checker. if theatid-ledl components are within
tolerance value and distortion still occurs, it is possible
that the input signal is too strong and overlooding is cous-
ing the distortion, Il is '*iso possible that T4 is only tuned
near resondnce and the sid Bcv”; are keing clicped, Tune
Tiproperly, and reduce the input signal, if passible.

ilee nn '\}""“r"PTPT tr check the

) 1

PLATE DETECTOR.

APPLICATION.

T'i-e plate detectar is

suppl" ‘crge oudic output, n be used in the
modemn 3 }JLAU\.LLLuuv: e dBin il sl B3y o

SImpJe AVU vollaqe ZF':C, it 18 usually more e"‘or' micai
and simpler to use «
ig, however, exter:::'--
VACUUMm tube voils,

CHARACTERISTICS.

May useeither self-or fiver-hice fzelf-higs iz most
prevalent},

ErovideSiaesd sonsiiivily aithndiedind simnsl anin,
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Operates as c linear detector for lorqe sizndls,
Is normelly operated with large input signzls
power detector.

Distortion is considerad tobe slightly leccthon that
of the grid-leck detector, and not better thanthe dicde

detector.,

CIRCUIT ANALYSIS.
General. The plate detector usually operates closs B,

that is, it is bicsed to plate current cutoff, and for this

condition it operates as a larme sianal linear detector.

When used for small siqnals, or oz the detector of @ vatuum-

tube voltmeter it opergtes on the lowsr courvat e of o clar:

A bicsed twbe chaoracteristn, ond 18 a sonare o o

In the plate detector there iz no rectification

in the grid cireuit 2

B R

voltage to vary the tube
fication anc detection.
plate detector beccuse only one 2ide o the siuna the
positive portion) causes the tuhe to condu'r* wrile the
negative portion remains below cuto I on
Thus the plate output varies in C-.cordcmce ‘.'.-‘lt.}: the ot
envelope of the modulated cartier as skown in the gccomba-
nying waveform for linear Zetectisn., The souore low de-
tector operates over both the positive and neaative vari-
ations of the input signal, Becauze of the curvature of the
tube eq/ip characteristic for small input slonals, on

amplified but cistorted pI te cutput tesults, The large
i

nocitivg Aris
pUSiaVE Gl

the smalier neqative swint.
grecter duting moduigtion th

i GG

L 178 CVErTTE OUtput
ation, & shown

‘ 1
Ferio VOLTAGE

!

i

!

Linear Operetion
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I MAX
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| ; u H
Pl oo
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]
1
P 1
S Yl
A}
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&g

Square Law Operation

Since the output varies as the sgucre of the Input
signal, at 100 percent modulationthe moximum distertion
can be as high o 25 percent. Operatiny a= z lrear detector
the distortion is considerably less, 25 long = the siqnal is
strong enough to keep it from operating in the lower curved
porticn of the tube characteristic, and nzt so lorae as to
include operation over the upper curvad pertion,  However,
since the eq/ip characteristic curve of o tricde i never
perfectly straiqht but has o eliqhtly owed gopecrence,
there is greater basic distortion thar in the holfewave dinde
detector.

Circuit Operation, The schenatic of a typizal plate
detector is shown in the cocomoonyirt illustration,

Transformer Tl is the r-f input transfarmmer, with the
transformer secondary tuned vw CL Cathode bias is o
tained from Rl and CZ. The plate load B2, is bypassed
for r-f by C3. The cutpt iz copacitively counled through
Ce.

With no signel opplied, the avereqe higs oroduced by
cathode current ilow throush Bl kolds the grid to plate
current cut off. Althoush spexen of as cutoff hizs, the
tube is cctuclly hased to projected cutol, 3}
aecompanying illustration. {See section Z, paraaraph 221
in this handbook for a detailed exol=nation of cathode
hios.) Therefore, noqative input sinmel excrsions ocour
over the curved portion and oroduce same zlinkt distortion.
Fer full linear cperation o ~opn; Lisher fixedbios iz
always applied end the comzlete nanative excursion of the
input signal is elimingted with = conrequent reduction of
overcll distertior.

When an input sianal is ¢
the signal increarox i
of V1 follows, litowize.
consists of pulses of ¢
peak values trace out

JHEREn

slied, the positive portion of
< ke plate cuent

snfgrmoef ¥l
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Plate Detector

MAX,

PLATE
CURRENT

STATIC
———————————— PLATE
CURRENT

! GRID VOLTAGE
[
|

CUT-OFF

i
|
I
¥
1
I
|
I
|
|

EC
PROJECTED
CUT-OFF

Detector Operation Choracteristic

modulated 1-f.  Thus the audio frequency component of
plate cutrent develops = similar plate voltage output wove-
form across the plote load resistor R2 of opposite polar-
ity or phase. Thus at the peak of current, the plate and
output voltage is a minimum, while at the minimum value
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of plate current the output voltage is maximum, Copacitor
C3 bypasses any r-f which might cppear on the plate of V1
after rectification, to avoid feedback through the plate to
arid capacity causing oscillation or unwented bects, In
some instances, 53 moy be bypassed toground instead of
tothe cathode, this is usually done in receivers operating
at the higher radio frequencies,

Notmally, no gric current is drawn and the plate detec-
tor offers anextremely high input impedance with practically
no input leading. Since the input circuit is rot logded
down, a slight improvement in selectivity is vsualiy ob-
served over that of the arid-legk detectar, i, however, the
input is large enough to drcm arid current \blGﬂGIekCEedb
the bias), adaizioncl ¢

et el ol
0Dy Culvis

b

ZLOIGTICIIcoUS, and thd

sa reduces the selectivity,

tureist the spperaondiouel

lowered arid input ir:apedcnce a
so that the overall por :
leck detectar.

FAILURE ANALYSIS.

No Output. ;—‘xr open Innut of output circult, or 2
tive tube, as well or lack of plate veoltage, will cause o
no=output COndmcm. Check the plate supply and plate
voltage with a kigk resistance voltmater, No output with a
normal supply valtage, bt with no plate voltare indicates
that plate load resistor Bz muy be open, or that bypass
capacitor C3is shorted. Check the resistance of RZ with
the plate voltane off, _.nd c“eﬁk C3 witk an in-circuit copo-
cuar'ce checker. ; vclizge is normal but no mtput

..
1
[

thet an mpm ulmui exists onthe ClTld of Vi If it does
and nio output exists, either cathode resister Blis gpenor
V1 is detective, Check the bics voltage across Rl with a
voltmeter. Since bias hypass capacitor C2 may be shorted,
it.is usually simpler to measure the resistance of RL. If
the resistance across Rl is zero, then C2 is shorted. If Rl
is infinite it is opern. Also, do not neglect the possibility
of a shorted secondary winding or tuning capaciter C1.
Low Qutput. / low plate voltage, o defective tube,
or a small input mqnal will produce alow cutput. Check
the supply voltane with a veltmeter, If normal, check the
plate voltage of V 1; lower ﬂ'cm normal veltage onthe plate
incicates tnat mg nas FEE IS SRR
mal plate current exists. Lheck the voltage between
cathode and around, if it is normal or slichtly low chesk RZ
far the pioper resistance value {with plate voltage off),
TEATL 0 u\":IE-CLl'v'E, or if Cl s oot Lm.ed tEiEssndnEs Bilsw
SUIPpUL CIn giso socur, 11 T4 DIIMary is open, g ¢
put signal may still be obtained if there is sufficient
Capacilive Coupling Delwsen pondry aud secondaty, of tu
V1 grid. In this case, while Cl will tune through reso-
nence there witl not be the normal large build vp of eutpot
signol as e tescnant point is passed. If T1 is defective,
a resistance anclysis can be made with an chmmeter to
verify if the windings are open, but there is also the
possibility of o short circuit or leakage across one of

these windings. Tc determine if Tl is at Mm, 18"‘1;)0-

raily disconnect it from Y1 grid and connect the inpu
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signal through an isclating capacitor direct to V1 grid.
A large increase in signal indicates that T1 must be
defective. The output of & moduleted signal cenerator
tuned to the input ':eq' :ency <on ne uzed to supply on input
directly tothe grid of Vi, if = known strong locel signal is
not availoble If the output siqral ohtained in this cose
stiil is wedk, hut increases corsitderntiy aten the getes
rator output is applied to the plate circuit, tube V1 is at
fault. Where all signals fade in and out and the output is
low, V1is usually at foult because of low emission,
Distortion. Since there is normelly some distortion from
the linecr detector, poricularly on strony =iy
percentages of medulation, there ma
whetner ¢r not the distoriion iz norm
dizstoition is au':q](::Cu’:‘u check the Dl(ﬁé valtassand
cathode bios with a voltmeter. Abnormal voltanes indicate
that the detector iz probhably at foult, 1f, however, it is
found that tuning 1 elixinotes the \imortinr, or that i
onlyexists on extremely strieng ziznalz, the fetecior o2
most likely performing normallv. -fﬁen the distorticn con-
tinuously occurs it either ”cuk or strons sianals the
uE‘tE’LLA 18 ina 20!
strong £c1dmi ex1sts it is poss1bln thrn s2 ectwe fuqu is
phasing out some of the sideband frequencies and causing
the distortion, Sueb distartion will pot snpear onsianals
having a steady amplitude,

ot hick

he some doubt as IO

Zives woen

; Rk e e
i 3N

INFINITE {MPEDANCE DETECTOR.

The infirite impedonce oo sed lntuned redie
frequency receivers wherc le stottion tho tnat sap-
plieg hy the cenvertinral plate otector i
no gain throush the
light lagding ei-ec

nv,:

T orn e
CUBEEalTiasg

CHARA’TER'S"" S.

lser seli-nige, hut son hefivad-hiasad
fitats pigs, out 2an befived-hinged,

Provides yood sensitivity

Operates az o linei.' 2

s normally onerates oo .
The cathode output cornection rnrm'c-qt
of gain.

Presents a very hink ar ivfinite imedaroe o the input

simmal.
signal,

Z1Z.

1 detector,
¥ larqe increase

CIRCUIT ANALYSIS

General. 7€
in other texts o=
velue of ceoenerariee
ment.

However, i
alstrapplicsu. .
cgtion thronnh positive
and theze circt
The hnsic infirite imrodarce detertss
plate load to achieve
corbinec tne cduantore:

itk fre

s Moo woagny
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source. The circuit is alwoys eosily recoanized becouse
of the cathode output connection, larqe cathode resistance,
and relatively smoll -f byposs (chout 250 picoforads),
plus the fact that when the plate resistor is used the plate
bypass is sufficiently larqe enough for botk BF and audio
bypassing {about 0.1 microforad). Because of the infinite
impedance offered this circuit does rot load the input.
Consequently, greater sensitivity and selectivity is ob-
tained than with corventional plate detectors. On the ather
hand, it is not as sensitive as the grid-leak detector, bt
the output is practically distortionless and muck lower than
is normally obtained by either theplate or qrid types of
detectors previously discussed. If not better, it is at
least as qo0d asthe conventiong! diode detector. The two
major disadvantages which restrict its use, is that it
cammot supply a simple source of AVC, and the neqative
feedback through cathode degeneration produces lessthan
unity gain.

Circuit Operation. 1he schematic of a tvpical infinite
impedance Jetsctor 1= .t in e accempanying 1Hloe-
tration.

R2
R-F +Ebp
INPUT o N
OUTPUT

=

Infinite Impedonce Detector

Tronsformer T1is the t=f irput tr
tuned by Cl{in =
the i-f input transformer), st
which is onlybypaszed for B by O
rative ot audio frequercics, Tre outpus is token from
across Hlthrough conpling capaciter Ce. Fesistor B2 ond
capacitor C3 form g plate filter and volsage drorpins rot-
work, which reduces the olate voltzme =nd byngrzes to
ground any 1f or audio cutrents inthe plate circuit. In
some circuits RZ iz not 1:od, while in other circuits both
B2 and C2 are elimirated, In elther event, there iz ne
change in circuit npersticn.

By using o lasw vales =i
plate current flow throuqk: thiz -
bigs, Thus, in the absence of an in p‘-'
plate current flov ce of the cathod
at plate current cuts
the tube iz froo . - o
current develops o oha’:e o tl‘ﬂ cothode itk
respect to ground and increases the instantanecus bias,

it
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However, R1is bypasszed by ©
a low impedance toaroind {or radin f .
for audic frequencies. Corzeqiently, the 1-f
not pass through the load (Cnth,nce rmlctor P. 1) hut t*.e-
audio frequency variations of the
ed signal de. Thus o deqenerative voltage is develeped
onthe cathode, which makes the gutput sinnsl omplitde
always less than the input siqral whick prodeces it Thin
is a form of negative feedback which places tre outont
signal in series with the qrid-cathede cireuit, Since the
output signal aoppears in opposite pelority tothe input it
helps cancel a portion of the input sianal, elimiantes
distortion, and improves linearitv. fSee Section € of this
Handbook covering Feedback Amplifiers for o complete
discussion of inverse or degenerative feedback.) Becmuse
of the degenerative feedback inherent in o cothode output
comnection, the output sional erplitude can never exceed
the input signal, and the qain is always less than unity.

Another result of the feedback cotion is to prevent the
flow of grid current. The increase of hias with increqze of
signal ensures that the input signal never exceeds the bias,
hence qrid current will never flow, Thus the infinite imoed-
ance detector always presents a very hinh (infinite) impec-
ance between qgric and cathece, and produces no lood on
the input circuit. Consequently, thers is no shunt load
across the secondary of Tland T, and the selectivity of
the tuned input circuit depends orly on the Q of the tank
circuit. Thus better selectivity is ohtained. “hen the
input signal reduces in amplitude, the decreaszed arid
voltage produces = reduction of plate and cathode current,
accordingly. Since cathode resiztor B1is not bynassed for
audio frequencies, the instantaneous audio current vari-
ations through Rl develog an output voltzge which veries
with @ modulation envelops of the received sicnal, The
process is practicelly identical to that of the dicde detec-
tor discussed previously in this section of the Handbook,
since only the positive portion of the input is effective cs
shown in the accomparying illustzation, {the neqative
portion is bigsed o).

¥ith a large input signal the circuit clways operates
over the straiqht (linear) portion of the plate current-grid
voltage charocteristic. Since plate locd resistor B2 is by-
passed by C3, any instantaneous r-f or audio current vari-
ations are bypossed toground, md e plate voltoge re-
mains constant reqardless of ~athode current flucteations.

ior, on e Istect-

FAILURE ANALYSIS.

Mo Qutput. An open or shorted input or output circuit,
lack of plate voltage, or a defective tube can create aro-
output condition. Check the supply voltaqe with a high
resistance voltmeter to determine that the fault is not in
the power supply, and then check the plate valtage, No
plate voltage indicates possibility of B2 being open or C3
being shorted. Check 53 for proper resistance with an
ohmmeter, and C3 for ¢ low resistance to ground. Check
the cathode bias voltage developed across Rl If ne bias
exists, either V1is defective, Flis open, or C2 is shorted.
Check Rl and C2 with an ohmmeter. If normal
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Detection Characteristics

plate and cathocde voltages exist uoo = VTV to check the
grid input voltage. i no aric siaral volteae is found, moke
certain that Cl is set to the proper freqicncy for the des
gired inpat miongl, and o ing lomed ovists, wbeske Tl

L

for con*lnu‘ty w1*h on ohmmeter. anal exists
on the arid of Vi, check coupli
certain it is not open L:ze an in
checker).

Low Output. A weak input sianal can caquse o low

-circuit capacitance

magrar A A pmseciae T voraeh congen arratic Tnding
Sutpul. A 10w emiSsiln Lu.,C nougily COUsCo CIIOUC I2aIng

on all signals and @ low output, Low plote veltage will
clso cause ¢ reduced output. Check the plete and cathode

bias voltanas. [f the nlnvn \mlrdnn i low with o normal

supply voltage, check D? 15

reased resistonce

= T b o o | ~ 1
value and T3 for @ partial CTLECKY condition. If

the rathode Rias (2 lmw S mee Pevs chonred vali =) ey

may be leakinn and shunting Fl with o low value of re-

PO s SN N SR |

sistance, or Viclate our may be wedk b .,ec:qse s8low

. . ™~ PP 4 ) & Falsl
emission, {Checx DL wiinan uhinneter 'm'J CZ2 {or l.l-'UKlI!j!‘._
A weak input signal can 2iss be caused by defective 1-f
p
transformer, T1, or bv 6 defective or mistuned tank tunina
capaciter, Cl. If there is any change in signal as Cl is
sanaciter in orobably satisfactory and

TY fnn

lpspan, Cheak, Tl frconti-

the pris
nuity with an shmmeter. Tf the transtorrer continuity is
Ccmplete and weak siqnats still ocour on a known local

m.gu\.u, there
shorted.,
Distortion. Jince the infinie
notec for its fidelitv anc leck of distortion, it 2
thot not‘ceou!e d‘-' crtion indlotes impres
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law detection with its high distortion products will result
insteod of linear detectior., Distortion accomponied with o
low output can also be caused by a defective tube,

REGENERATIVE DETECTOR.

APPLICATION,

The regenerative Jetector is sed in simole cre or two
tube receivers, panticularly ie tre hich frequen:
where normal -f amplifierz do not provide oz ~h - wir. It is
mostly used for 2% anid volce recentinn,

ainns

CHARACTERISTECS

\J‘JC4 3 .|. b uur» Tl s L :l.l-‘..‘ IR
from plate t¢ irid,

HAas cettor onsizeity o any non-re enernfve
detector.

detact
rlcxs poor fide
music anz,
{code) reception.

Q
2l

rortion for

Joice and

i

CIRCUIT ANALYSIS.
Generol, | he Teseners = the hisk
sensitivity of a qrid-leck Zetector, tonether with the in-
cregsed amplification affordec by rerenerative feedback to
provide o unigue detector with cxtreme sensitivity ond kish
nain. Since aris
level lo ;
selectivity of the tuned “it, @ narrow band-width
TEREhIsIEG. ST, ety s pEagest 2
modulated Smnal are efiect: zel\,- eliminates by cirouit ce-
lectivity of the erder of e Hence, this oircuit s
restricted in nne mainly o com
involving only voice
There are @ '"ur".ber "l!‘”Uit "an”uo%, most of whizn

tection js

atiens-oplicatiang

s CO0E T

...... £ Ay
LUuLE [oous

fixed forms of fecdback
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f;cw.y WOy IONGS COVETSD,
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POESLCIC D0 SCCLLOl

recches the aritaal p further regenerction
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A
D

Regenerative Detector Circuit

RFC

QUTPUT
Eb

ductively coupled to L2, and consists of a few tuins

wound in the same direction as those of the secondary coil
and located at the ground end of the secondary coil (L3 1=
called the "tickler” coil). Variable capacitor C3is con-
nected in series between ground and tickler coil windina

to control the amount of regenerative feedback. The radio
frequency choke, RFC, and copacitor C4, form a low-pass
filter which bypasses any 1-f compenent in theplate circuit
to ground. Capacitor C2 and resistor Bl fomm o conventional
parallel qrid-leak arrangement. The audio outpat is applied
to the primary of transformer T, used to provide g step-ug
in output voltoge between primary and secondary.  Althouch
any other method of cudio coupling may be used, the
transformer ig usually used because of the lare autput it
produces in comparison with other types of coupling.

Initially, the circuit rests in its cuisscent condition
with no signol applied, ond drows heavy plate current be-
cause only contact bias is supplied by Rl {(see Section 2
paragraph 2.2 in this Handbook for a complete explanation
of contact bigs), We shall also assume that feedback
capacitor C3is set 1o the middle of its rance ané oifers a
low cepacitive reactance to ground. Tickler coil L3 is
fixed-coupled to L2, and wound so that both grid and plote
ends of the winding are of additive polarity.

When an input signal is opplisd 1o L1 it is inductively
coupled inte the resorant tank consisting of L2 end C 1,
The low reactance of the grid-leak copacitor, in turn, allows
the tank signal to appear at the grid of V1, across S1. On
the positive half cycle aqrid current flow is increased, and

capacitor C2 is charged neqatively as shown by the polerities

and current flow arrow on the schematic, Thus as the sig-
nal rises in a positive direction the neqative grid plas on
Vlincregses. This nenpative orid bios increment decreqses
plate current flow hecouse of control arid action within the
tube, In the quiescent condition, plote current flows
through the tickler coil winding in such o direction as to
produce a polarity similar to that of L2 azross L3, Thus
the plate end of the tickler is negative when the grid is
positive, Since, in the absence of an input signal there is

CHANGE 2
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a steady unchanging flow of plate current, the field bailt
up around L3 remains steady ond constant so that ro feed-
back voltage is induced into L2, hen the irput signa is
applied, however, the reduction of plate current with the
increase of qrid-leak bias produces o change in the lines of
magnetic flux cutting the two coils, and = feedbock voltage
is induced in L2 by the current change in L3, The recuction
of plate current causes the field cround L3 to collopse and
induce a voltage of opposite polarity to that normally pro-
duced in the increasing current direction. Hence a posi-
tlve voltage is fed back te further activate the grid of V1
Since the input signal and the feedback voltage are of the
same polarity they add, and produce a still greater necative
grid bias. The increased bias, in turn, causes a further re-
duction of plate current, and a larger feedback voltage.
This cycle of signal build-up by regensrative feedhack
continues until the input signal amplitude changes. As the
amplitude changes, the feedback acticn follows. That is,
as the signal increases the feedback increases, ond as the
signal decreases the feedback, likewise, decrecses. With
feedback, the combined signal value is clways greater than
without feedback. Thus, weck signals are greatly en-
hanced and the sensitivity of this type of detectar is
greater than for nen-regenerative types.

On the neqative half-cycle of input sianal, the flow of
qrid currert is reduced, and a small anount of the charae
on capacitor C2 lecks off toground through qrid-leck R L
Therefore, the arid bias on V1 is reduced and an increased
plate current flows. The increased current flow is in the
direction of ortginal (quiescent) current flow and produces
g feedback voltage of neqative polarity, which adds to the
negative signal voltage on the grid.  This reqenerative
build up in the opposite direction during the negotive holf-
cycle of operation is limited to a value less than zero hias,
since the wbe is operating on the lower bend of the
characteristic transfer curve. Hence the positive and neco
tive swings developed across the primary of qudio output
transformer T1 ae unequal and distortion is produced.

The accompanying waveform illustration shows the re-
lationships between the grid and plate voltages and cur-
rents, The dotted lines in the waveforms indicote the build
up of signel by reqenerative action during the positive
half-cycle. When the irput voltage increases, the secondary
voltages increcses and is further enhanced by feedback,
while the detected signal produces a grid bias which in-
creases and is further enhanced by the feedback. The
plate current, in turn, is progressively reduced, while the
plate voltage increases. The changes of plate current cecur-
ing at audio frequencies in the o""‘:{r\; of Tl induces o
similar output voltage in the secondary,

When the capacitance of feedback ccnacmr C3is in-
creased, the reactance to ground is reduced and a sreater
r-f current flows throuah tickler coi! L3, and produces o
larger feedback voltaye. As long as the feedback s kept
below the point of oscillation, meximum cmplification is
obtained. Once the feedback hecomes arest enoush to
drive the grid to cut-off and beyond, the tuhe conductzs only
during the peak of tre signcl and for lzss than a nalf cycle

H1-A-16-




ELECTRONIC CIRCUITS NAYSHIPS

ﬂm\ INPUT

VOLTAGE

e GRID

VOLTAGE

E. o, LT GRID
e i) § e

+
I T PLATE
P w CURRENT
G L
0
+ /7
=23
v 1\
e, 7N\ PLATE
NS VOLTAGE

Grid and Plate Voltage Waveforms

L. |
Lenss

cuit supciies

fious G-"'Dlit';d(‘ oS

PFY‘:‘JE“ v hv:f: n*,\c-d ‘mro s

ik rrouah the load
sed b e o
ey

nae o frirge howl
-

britty of -1 ic
congizting of
congigtins

plf
and detetio
used tohypo
which mizhe

[{aRsidelslaln e
<O Qiouna oy

CHANGE 2

0967-000-0120 DETECTORS
caused by modulation and occurring ot cucio frequencies
appear in the tronsformer primary, and induce ar output
voltage in the secondary.

When voltage is fed back from the plate to the grid cir-
cuit, the result is to effectively reduce the losses in the
qrid circuit. Since the Q of an inductance s the rotio of
the reactance to the fesistance in the circuit, It iz evident
that when the 1-f resistance in the circuit is decreased and
the same reactance exists, a higher C results, Thus, with ¢
higher Q tank circuit resulting from feedhack, o grectes
selectivity exists. This improved selectivity makes for
sharper tuning, and will cut off the righer modulction
frequencies in wide-bond transmissicn such as iz used for
music at broodenst frequencies, At kiab framsnnies
nowevet, the side bands are a much smaller percentane o
the signal so that not s much sidehand zlippin

and usable voice reception is possible without excessive
|

distortiorn. Since code tronsmizsions oconpy o oary nomow
frequency spectrum of one thousand cycles or less thein-
cregsed selectivity of the tuned circuit during feechack iz
not sufficient to affect coce reception, Une of the mojer
disadvantages of this circuit for Milltary use iz that, when
oscilleting it reredictes ond produces 2 low powered Th
output; which, besides interfertin th nearby receivers
tuned to the same [requercy, olfers z convenient means for
the enemy to locate the source with direction finders. This
radiation can be eliminated by use of an r-f stage between
the detector and antenna, which acts as a buffer staqe

when properly reutralized.

7 OCCUls

FAILURE ANALYSIS.

No Output. Lack of arinput siznzl, looz of plote wole-
age, an open or sharted input or cutput circuit, or 2 defec-
tive tube can result in o loss of output. First measure the
supply voltage with a high resistance voltmeter to make
certain that the supply of a blown supply fuse is L
fault. ‘Then measure the plate voltage 1o cround. i tae
plate voltage is normal, plate circuit components 23, 04,
RFC ond the primary of T are not at fault, If removing

und replacing the tube produces o cl:ck the outpat device
it Indisgtes thotthe secondapal 11 isaot oper ar shorted,
and that the trouble is most orobably Inented in tha arid

circuit, Tum reqe"lemtioncontrol C3past the pomt whera
oscillation

g e B -
your linget,

YLl
grid of V1with

ot T

oscillating and t..c:t the tube and :eu.buck Lo"t.on of the

circuit are overctina. If there still iz no outout, the input
coil 1= probebly open of shorteg, U':e an ohmmeter to
check the .“.s.

HicE A s o i oroy | ol e nﬁ_

e i - Tea L’\v\l P —
the y\,.Jk¢ 1“; 2o QRIS SOOBRNIRT SoEh. GIEED R

capacitor, U2, still existz, Therelnre, it iz sm‘lv easier
ta connect the entenna or the outout ot g sinnal rvﬂneﬂ'c[tor

dirant to the apid of Y1, T the innot or tuning oord
cirect to the gric of Vi. I the input or tuning pottion o oy

the circuit is at feult ond T2 is not open, o weak signd

will wasually be hewrd, Also totute tuning copuciion C1, und

listen for o notse indicating shorted tuning capacitor plates.,
[f no plate 'oltcﬂe iz thﬂne" either Tlor ‘l"e BEFG i

Qhwen, O copec iteare o
WREn, crils

V1-A-17




ELECTRONIC CIRCUITS NAVSHIPS
defective. An infinite resistance when measuring across
T1, RFC, or L3, indicates an open circuit.

Lew Output. Low plcte voltage, o defective tube, or
partially shorted or open parts can couse o reduced output.
If the plate voltage is low, check T1 primary, the BFC, and
coil L3 for high resistance soldered joints and partially
open windings, as indicated by a hich resistance reading
on on chmmeter., Also check C3and C4for leakage to
ground with an in-circuit capacitonce checker. If the plate
voltage is normal but the output is low, check the second-
ary of T1 for continuity with an ochmmeter (if sufficient
stray capacitance coupling between primary and secendary
windings exists weak signals may be heard even though the
secondary is cpen). Rotate tuning capacitor Cl 1o determine
if it is tuning. If it tunes the signal, check input ceil L1 for
high resistance or an cpen, since g small, stray caopacitive
coupling from primary L i to secondary Lz will produce an
output signal even if Ll is open, especially at the hicher
radio frequencies. Where o stonq local signal exists,
touching the input winding {or V1 grid) with the finger will
increase the signal if the antenna is defective or too small
(this type of indicctor may not be too effective below decks
or in a well-ghielded compartment).

Distorted Output. Since grid-leck detection is used
there will normally be rcticeable distertion, particubarly
on strong, heavily mocdulated sianals. A continuous tone
beat-note heard with the moculation indicates the detector
is oscilleting and that a recdjustment of the reqeneration
control is necessary to prevent self-sscillation, A high-
pitched audio squeal which occurs when the audio aain is
increased is known as fringe howl, and occurs only if the
RFC and copacitor C4 are not operating nroperly tobypass
the excess 1-f plate comporent to ground. This couls ocour
if the RFC were shorted or C4 were open. Flirst substitute a
goad BFC, then if the squecl persists shunt 04 with o
capacitor of similar value. 1f V1 is low in emission, there
will usually be distorted signals coupled with continuous
fading and o weak output. Shaould the valies cf the arid-
leak resistor or capacitor chanae noticechly, hoth blocking
and excessive distortion may occur.

SUPER-REGENERATIVE DETECTOR.

APPLICATION.

The super-regenerctive detector iz ured in cheap, one

ortwo tube receivers for the ¥HT ard UHF recions where
RF amplitication does not provide much azin, and aood
selectivity is not required. It is is particularly populer in
portable-mobile transceivers and wolkie-talkies, where
small size ord low power consumption i3 important.

CHARACTERISTICS.
May be separately querched cr self-querched.
Uses a low quenchin~ frequercy to obtain hish aain.
Selectivity ismuch less than for any otherform of
detector.
Has an inherent noise reducing end limiting action.
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Responds almost ecually as woll to strona sinncls os

to weck signals.
Provides high sensitivity and 4ain ir o single 1ohe.

CIRCUIT ANALYSIS.

General. The super-teqenerative dotector uses ¢ low
frequency {from 15 k= to 102 ko) 2 5 quench cacillator,
generated either interrally or separstely, to control the
regeneratior. opplied to a qrid-ledk detector, and thus
supply ar. extremely hinh: ~zin from = sinale tune, The use
of a quenchiry frequency effectively brocdens the selec-
tivity of the tuned input circuit to the peint where it acts al-
most as if it were not tuned. Hence, a major disecvantage
is that any strong simmal within a few hundred kilocveles of
the desired frequency will override it amd blank out the
desired signal. It also responds somewhet logarithmically
to input signal strength so that on amplitude limiting and
AVC action is obtained. Thus, extremely weak signals
below the threshold level are not detected, and both weak
and streng signals above the threshold appear at the out-
put with neorly the same intensity. Inaddition, high ampli-
tude noise interference, such as produced by sperk ignition
systems isminimized without the necessity of adding a
limiter stace. Signals with low levels of modulation (less
than 50 1o 80 percent) produce only a weak or qarbled
output, whereas signals with high percentages of medu-
lation produce a loud output, eccompanied by high dis-
tortion. In most instances, the interruptions of the quench-
ing oscillator produce an audio output in the form of a
high-pitched hiss caused by noise, which appears between
stations, and disoppears as the signal is tuned in (on ex-
tremely weak signals the hiss will mask out the signal).
Since the super-regenerator is oscillating, except during the
quench period, it is usually necessary to use m r-f am-
plifier as a buffer to prevent rerediotion and interference
with other reception. This is also g major disedvantacge
when used in Military ecuipment, since interception by
enemy direction finders is still possible even with an r-{
stage if it is not perfectly reutralized,

Circuit Operation, The schematic of a typical super-
regenerative detector is shown in the accompanving illus-
tration.

Transformer Tl is an -f input transformer, with primary
L1 (antenna winding) untuned, and secondary L2 tunec by
Cl. The tuned secondary tank is conrected between the
grid and plate of tricde V1 as a conventional ultraudion
oscillator, Grid-leak bias and low frequency guenching
is provided by Kland CZ. The cudio output is taken
through 1-f isolating choke BFC and applied to the primary
of audio output transformer T2, The plate voltage is varied
to contrel regeneration by potentiometer B2, and the pri-
mary of T2 is bypassed by C3 to prevent r-! feedhack.

In the ahsence of an input sianal, the grid-leck pro-
duces contact bics (see paraqraph 2.2.2. in Section Z of
this Handbook for o detailed explanation of grid-leck bias
action), and ¢ steady plate current flows. When an unmodu-
loted carrier signol is cpplied to the input, the grid is
driven positive on the positive pecks, and grid current
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Tt ;‘
iNPUT - 3) >L2
RFC

Typical Sel-Quenched Super-Regenerative Detector

flows from cathode to qrid and back to qround via arid-leck
K1, chorging grid capaciter CZ negatively, This negative
grid bias, in turn, couses a slight reduction in plate cur-
rent, and @ consequent rise in plate voltage. When the
carrier is modulated by an audic 51qnc! the qud hias varles

at an UU»JJ.R., ate i \-‘\.\-LJA\AJ::L.C‘ W:‘ e LL“"

the grid bias increcses, the plate current decrecses. So
far, this is conventional qrid rectification and detection,
In the regenerative detector this chanqe of plate zurrent
induces a field around tank coil L2 which produces an in-
phase voltage ir the grid portion of the tenk coil. Fence,
as the plate current decreases a positive voltane is fed
back to the grid, and causes still smaller plote current to
flow. Ir the conventional regenerctor, this feedhack is
limited to an amplitude which is just below the point where
contiruous oscillations are produced, Conseguently, even
though this type of reqenerative feedback resuits in a1 7ain,
it is not as large a qain as could be obtained if the oircuit
were prevented from oscillating until alarger {eedbock
amplitude wes obtained. Such action is accomplished in
the super-regenerator hv developing a low freanenay neails
iation in thearlsl cireonit known as the quench voitane, in

[r.e ‘:EH"1 verched clicult described G.’wﬁw':‘, e

‘e'_‘l une sl [SLsSRI34IEN DY OURINT O .‘.r'}‘,’ TTEI-fEn rey

and ﬁapac'.tcm“e e previde 2 "ﬂﬂ;q tmesconsint. B

develops a3 the inout spinci is applied,
sufficiently large to drive the grid to plate current cut off
and bevond. Vhen CZ is charaed to this cut-off voltare,

grid andplate current flow cesses while ¢ Uccitor
charges throuak: the lona time-constant orid-leaok,

thig disrharte perind rhe Saractor sirouit ie inpperotive,
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Output Woveforms

Thus, the action censicts of an G perioa follow:ss o

CFF perisd. During the 00 poricd oo cudio outpat s
developed, while durina the 077 neriad ra ontpit {s de-
veloped, althounh this motwon jealis in g sl o .

of chopped up pieces of the oriqniral modanlztion, the —odu-
lation frequencies are very low 1n conparison to the qoer-
ating frequencies [cycles comparen with menacycles), so
that only a small portion of the mod-lation is lost durir s
any one OFF cyzle, as shown in th X wer;tr ;

in the accompanyina illustration,
overall waveform shape is retaines
at the quench freqiency is .
quench voltage is filtered out sy capocntor C
passes it to ground. Thus, only the audio IrE‘C{LW‘.’,‘iFS cars
through the primary of output transformer T2, and irduce

an output voltege in the secondary. Since the owput wave-
fomm is chopped up and is not exactly the same as the input
waveform, distortien is produced {this is in addition to any
normal distortion caused hy wrid-lenk detection), Thus, it
is evident that the aumtpat of the super-reqenerator ©oart
always contain more distortien than in the ordinary reqene-
rative detector. However, this inkerent distortion is some-
what nullified by the lorap nmin moooinle thesiab Sien

1l vauon Culct

(1)

regenerution. The guin Is of the arder of one hundred times
or more than that of the ordinary recenerative Jetectar,
When a separate quenct oscillator is used, it is con-
nected in series with either the arid or plate circuit, and
the grid-leak values are changed to provide odditional qain,
since the tube does not have to develop itz own quench
voltage. However, for the scke of economy ond simplicity
the single tube QF'U-Q“"I"C"‘W‘ cirouit

Since the super-regen:
at very hizh frequencier,
frequencies practingily simu : t
examine the cpercting sequence more pluselv @ comolelelw
understand operation.  First consider the auench voltane,
reancrdless of whether ar nnt it s extarn=ltly sypplied or i
generated internally, it primarily serves to gate the =rid
circuit, Curing the positive huli cycle it permits operation,
end durine the neaative k=1f ryrla it radocar nneratinn to
almost zerc, At the same time, this auench valteae contral

th o
(the twred tonk fequency; durinz the ﬁorﬁw-ctin :ul‘ LVCies
and prevents these oscillations during the non-conduztine

RAlf ~uria T w-.n r-nn puonsher, tna ot nard P

i
corind zllows tine
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for the qrid-legk network 1o -lischare, =2 that o train of

-f pulses may be nenerated during eack en—geriod, Grid-
leak bias is developed by rectifvinz the oositive half
cycles of this trcin of 1-f pulses each time they cause o
flow of qri¢ current.  Thus, the arid-cepecitor is charged
negatively at an r-f rate, and since the discharne time con-
stant is lonser than the cherge time constant (the conduction
of qric current presents o low resistance cherae path), the
charge cannot leak off the grid between -f pulses ard,
therefore, huilds up and eventuatly reaches cutoff bics,
This cut-off bias peint in the self-quencher determines the
start of the ofi-period, and the tube iz held inoperative
during this pericd until grid capacitor CZ discharaes through
the large grid-leak resistance.

It is important to rote that during the on-period 1-f
oscillations occur at the tank frequency, reqordless of
whether or not an input signal is applied. This action
occurs 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 hias across the qrid-
leak. This qrid bias, in turn, recuces the amplitude of the
1-f oscillation sliahtly and maintains it at this value for
the remainder of the on-pericd. When an input sianal is
applied, the amplitude of the -f oscillation does not
change, but instead, the ascillation starts sconer (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 accompanying illustration.

INITIAL NO
BIAS LEVEL

LEVEL REDUCED BY
/GRID LEAK BIAS
i I

NG INPUT WITH INPUT
Typical Grid Waveforms

Since a neqative grid bias is produced by the rectifi-
cation of this r-f oscillation, the plate current is decreased
slightly when a signal appears. Because the high-frequency
oscillations exist even when ro input sianal is applied,
the output respense is limited to the avergge change of
plate current which can occur from the stort of the on-
period to the beginning of guiescent 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 cccompanying qraph.
As aresult, large amplitude noise verictions caused by
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ignition interference
are clso reduced in intensity.
in the conventional detestor appears 2z o rather small
noise in the super-recensrotsr, 2nd oon oe more oosily
tolerated without Zistracting o the decire
similar marrer, smell variatiors in zmpl
percentages of mod:lation prod. e weak ond unren
siaptals, whibEteml] S anain J00 pareentninlaiad
signals are sufficient to procuce on apprecichle owtput,

grtadn, and

DETECTOR
CURRENT
CHANGE

GRID INPUT VOLTAGE ——— =

Detector Response Characteristics

The amount of feedback and plate voltage is controlled
by potentiometer B2, For larmer feedback and areater
amplification the plote voltage is increased, while for less
amplification and feedbeck it is reduced. For each setting
of the control the 1 oscillations will reach a moximum
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 plaote voltages and eliminate the possibitity of
an inoperative power supply or blown fuse. Since theplate
voltage will depend on the position of plate potentiometer
R2, it is good practice to vary B2 over its range to de-
termine whether or not an output can be obtained. [f R2 is
open at some point between the slider and ground, the
plate voltage will be higher than normal, if cpen on the
slider side there will be no voltage (provided T2 primary
and the BFC and upper half of coil L2 have continuity).
No voltage for any setting of B2 indicates that TZ primary,
the RFC, orcoil L2 is open. Check for continuity with an
ohmmeter or measure voltage to qround, 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 capacitance checker. Check L2 for pos-
sibility of a defective tuning condenser C1 which will
usually create a noise when rotated, if shorted. If still no
output exists it Is possible that T2 secondary is open or
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shorted, Place g pair of headphones across 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
cppear 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 R2. It is important to riote that lack of an
input signal will not result in o nooutput condition, since
the circuit will still operate, and produce a hiss.

Low Qutput. A low or reduced output can be caused by
8 wedk input siged ! a pcrticliy shorted input clreuir, an
improperly medulated sisnal, o defective "‘*e low plate

waltams ar A anr:-r— tive anteest frr-nc‘rwrw-nr
Inihgnlai-glnl il S

Simanals he
low the threshold level tor detection and those sianals with
low percentoges of medulation {say 50% or less) will not
be detected, this isncrmal operation. [f, however, the
signal ig weak hecouse of o open or o partially chorted
input transformer, it can be found by checking the coils with
an ohmmeter. Likewise, with o low plate voltage indicoted
an the voltmeter, both feedback and output will be low. If
the trouble is not in the plote supply, most likely bypass
capaciter T3 is ot fault and lecky, check it with an in-
circuit capacitance checker. Check the values of the
grid-leak and qrid capacitor, using an chmmeter and ca-
pacitance checker. Continued low output indicates Ll is
either open or partially shorted,

Distorted Qutput. The output will normelly be somewhat
distorted, particularly on voice peaks, however, the sinnal
should be intellinible. TF distortion is cuch that tha

WS b liigible, If distortion is volce

is badly garbled, improper hiesing is usually the couse,

= : : ’ : ) o
Check the qrid-leck resistor with an ofrmmeter and the arid
capacitance with an in-circuit capacitance checker, To
eliminate the following audio stages from suspicion, place
a pair of headphonres across the primary of TL [f the
distorhion:diaappears, theseinioriion 18 coused byithe andig

amplifier stages after the detector.
PRODUCT DETECTOR.

APPLICATION.

The product detector is universally nrad ae g datemtar
for heterodyning and demodulating single-sidebond trons-
missions in modern communications type receivers,

CHARACTERISTICS.

Te usunlly sali-hinged.
Operates as ¢ combined hetetadyne mixer and detector,

T!q; .:_s.;r-c-!‘:.:n_ e ".:.f ?_umh;

A R 4
Cleie g alidhs Goprovenent i auit.

Te mare linear thon the dinde fdarectar,

CIRCUIT ANALYSIS.

General. The product detector can be conzidered a
form of heterodyne mixer with an audio output instead of
the usual r-f output. The purpose of this detector is to
mix Iocullv uenercta.. J.Ov ftequency carrier cecillations

ol e I
With Yhe 1D ST T T ORIARELATT S TEH A T TSETETT e Teed
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notes in the audio frequency ranqe. For single-sideband
the beat varies in both pitch and arplitude, producing the
detected qudio. Tre product detector may also ke used
for code reception using the beat frequency oscillator
{BFQ) to produce ¢ single-tone audio best. The use of
mixing to develep the beat gignal reduces the tendency to
grid-block, wren strong signals frow a local oscillator are
applied to the grid simultaneously ‘~'1th a weak input siqnal.
Ordinary double-sideband AM signols can clso be detecred
with the product detector, provided the BFO is tuned to
zero-beat. When used with o strong BFC input and a weak
signal input exolted corrier reception is simuleted, Wwith

a stronq (exalted) local carrier inserted, phase cancellation
of the sidenand fremuencies durine fading izsrinimized, a=
the locai Bro subsututes for and filis in thecarrier. Al-
moughdun:“q extreme foding thiz represents m improve-
ment ir. orcirary AL reception it has the disadvantaae

that it i= nennlly nereranry to continuclly adfhzat the local
BFO fine tuning control to keep the local oscillator at
zero beat. Otherwise, the steady CW beat rnote produced
by the two carriers (input sigral and BZ0) teating together
garbles the sigral.

Circvit Operation. +rile there are ¢ rumber of produst
detectar circuits, one of themost pravalent in use is the
typical pentagrid converter illustrated in the accompanying
schematic.
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A single pentagrid tube is connected g a heterodyne
converter, with the triode pertion connected as o simple
series-fed Hartley oscillator and operating as the beat
trequency oscillator (2P0} to supply o cartier signal. The
r-f input with its carrier missing is injected in mixer grid
no. 2, which is shielded by the screen construction eround
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 CZ is the arid capacitor
with RZ acting as a shumt gridleak to supply the bias for
the oscillator. The screen receives its supply voltage
from dropping resistor K3 from the plate supply. Capacitor
C5 bypasses the screen to ground and effectively connects
it to the lower end of the tank thereby forming the triode
oscillator portion of the circuit, The BFO signal is elec-
troncoupled to the pentode section by electron flow from
cathode to screen and plate. The input siancl {s capoci-
tively coupled through C1to the mixer grid, and Rl is the
d~c teturn resistor supplying arid hias for the mixer grid.
This resistor is made adjustable 10 set operation ot the
proper point for complete mixing and reduction of inter-
modulation distortion from input signals. The BFO sional
is thus mixed with the r-f input signal and is heterodyned
to produce oudio beat signals, which vary in occordance
with the modulation of the 1-f input signal. Since the plate
of V1is bypassed to ground for rf by C3, only the audio
frequency current voriations cppear in the olate circuit.
These audio current veriations develop an output voltage
in passing through load resistor B4, and thus develop the
audio output which is coupled through Ce to the following
audio amplifier stage.

With no signal applied, V1rests in its quiescent state
with the tricde section ascillating at the i-f {carrier)
frequency, and with no input signal there is no output Ge-
veloped. Operation of the BFQ is by feedback through tank
coil L. between the qrid and screen (plate) to supply a
continuous feedback from screen to qrid and produce con-
tinuous oscillations at the frequency determined by the
tuning of tank copacitor, C. Since C4 has a low r-f reas-
tance to ground, and CS5 which qreunds the screen also has
a low reactance to t-f, the screen is effectively connected
to the lower enc of the tenk. During the oscillation period,
grid-leak network CZ and RZ alternately chorge and dis-
charge. During the conduction period on positive half-
cycles the grid capacitor is neqetively charged, and de-
velops a Class C bias on the grid of V1 through arid current
flow from the cathode through R2 to ground. On the nega-
tive half of the oscillation, grid copacitor C2 discharges to
around through grid-leck B2, so that the bigs is reduced to «
value which will permit conduction on the next positive r-{
excursion. Meanwhile r-f is supplied to the circuit by the
tank during the non-conducting period thus producing con-
tinuous oscillation ot the tank frequency. (See Chapter 7
in this Handbook for o complete discussion of Hartley
oscillator operation. )

When an input signal is applied to themixer grid of V1
through coupling capaciter Cl the input signal appears on
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themixer grid. During thepesitive half-cycle of the input
signal plate currert flow is increased, and during the neqo-
tive half-cycle it is decreased, As the electron flow from
cathode to plate occurs, the electrons pass through the
screen, and the BFO oscillations are heteradyned 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 gric and return resistor Rl to provide bias for the
mixer grid. Since the pentode section of V1 is connected
as an amplifier, this bias fixes the operating point of the
number 2 {mixer) grid at the positior for maximum undistorted
operation (usuglly in the Class A recion). However, when
undesired signals close to the tank frequency are strong,
the strong signals tend to over-ride the weaker signal and
cause response to both signals reqardless of the tuning of
tank copacitor C. Therefore, if R1is adjusted to produce
clear undistorted reception on the strongest signal, weak
signals will not be pulled in frequency and the strong
signal will not cause saturation and produce intermodula-
tion distortion, The change in plate current caused by the
input siqnal alternately increasing and decreasing plate
current flow through lood resistor R4 develops an output
voltage ccross R4, Since C3 bypasses any 1-f signal com-
ponent and any BFO signal component to qround, only the
audio beat note will he effective in producing output voltage
across the load, Thus, the modulation amplitude variations
of the t-f sidebond signal, in effect, modulate the oscillating
electron stream and produce the output. If the BFO stopped
oscillating there would he no output, since there would be
no beat note developed between the low frequency i-f sia-
nal and the kigh frequency r-f signal to produce audio
variations in the electron stream between cathode and
plate.

Although R 1is shown as variable in the schematic,
some circuits use a fixed value of resistance which, to-
gether with screen resistor B3, is selected to provide
optimum operation. In other circuit variations a separate
BFO is employed ond pentaqrid tube V1is connected as a
simple mixer with both centrol grids biosed to operote os
amplifiers, so that only a simple mixing function is ac-
complished. The combined circuit discussed above repre-
sents @ saving in tubes and economy of circuit components,
hence its more prevalent use. Beqardless of circuitry, the
two signals are always heterodyned to produce a beat out-
put which is in the oudio range and thereby demodulates
the sideband signal.

FAILURE ANALYSIS.

Mo Output. Loss of plate or screen voltage, lack of
oscillation in the tricde section of V1, ar. cpen or shorted
input or output circuit, as well as a defective tube can
produce a loss of output.  Check the plete 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-
age is lacking, either R4 is open or C2 is shorted. Like-
wise, if no screen voltage is present, either B3 iz open or
CS is shorted, Measure the resistors with an ohmmeter and
check the resistance to fround coross the capacitors, or
use an in-circuit cepacitance checker to check for shorts,
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leakage, and proper value. Determine if the BFO is
oscillating, and if there is an input signal. Use on oscil-
loscope and an 1-f probe connected between the no. 1 rid
and qround to check thet o= wwillatinn necure, An alternative
procedure is to use ¢ high-resistance voltmeter, and place
(4] ]-mF-fm’h!‘r- resistnr in aPTiES \.‘\'lTh the 'nrn")P ﬂﬂ"l. measure

¢ hetter indication is ohtained and, in Mfi tian,
when qud -leak is shorted with your firqers the oscillation
will cease as indicated by o drop in voltoge to about |

valt or less. If cscillotions de not occur check coil L for
continuity, and tuning capaciior © for o :mrt or leckare
"”“e or imeitoult copaciiongarnecken, Chockoaidleny

B e Drafesi (SR st Sud 08 T deukahetnd

proper value. If still ne azcillatior, check C4 for an open
circuit (if shorted it wionld still oscitlate) With the BXC
operating it is still rm."—%:r- th=t =iz shorted and is hu-
passing the input to ground tirough ©4, or for 01 ur S e
ke gpen, check eoch copacitor with o copocity

T, Soeds eCOn acily m

Usually it is only when the 2FC is not oseillating 1

true no-output condition cocurs, ond the set sounds dead,

If the BFO is workinT and only the inout signal ismissing,

there will probably be some hum or occasional noise noticed,

except of course if cutput coupline copacitor Ce s open,
Low Output. LoOw plate or scresn veltage, o delective

tube or g change in some ports velues con produce a weak

output. Measure the nlate, screen, and supply voltages

with a high resistarce voltmeter. Low voltage indicotes

thet CSor T3 s leak

or thet V1is shortad and drowing

larger than normal current,  Check the capacitors with a
capacity checker. With normal plate and sereen voltages
check the voltages on both grids with an oscilloscope and
on 1+ probe. On some detectors it is still possible to get
@ weak output even though the BFQ is not operating. Also
check the adjustment of Rl since the signal may be bicsed
off too far and pravide a weak output. Normaily both the
oscillator and incoming signel should be about the same
level, but in no case should the BFO voltage he greater
than the r-f sideband voltage. Check alsc the setting of
the receiver RF GAIN control since it may be set too low.
Distorted Output. [f the input signal is too strong, the
detector can be ovenoaded and cause Jdistortion, make
certain the receiver B-F GAIN or AVC system is nolding
the input 51qnal to the proper level. Also ckeck the ac-

0 ue'ec::: wil

clear, the weaker sionals will still be readoble. It 15 also
nelessary that e retelver Lo tul Gl Wt RO sl
in single-sidenanc Pcepuon otnerwise, the moduiation may

be present but inverted and be garbled and unintelligible.

Ir this case on ¢ receiver cquipped with unper and lower
sideband switching, placing the switch to the opposite
stdeband position will eliminate the distertion. Since it is
necessary to keep the inserted carrier within 10 to 12
cycles of the proper frequercy, clight frequency instahility

in the receiver local oscitlater may censiantly keep

n da)
- B S e o B
stution liccuency anbiing. 1his Wikl SHOW up J5 Q15107HON
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which disaoppears as the BFC tuning is slightly readjusted.
In the last case the uwouble exists in previous receiver
stages, not the detector. It is, however, advisoble to check

the BFOQ for drift first using o stable primary stondard, i
BEQ for arift tirst using o stable prim

available.
PFLi /AR DY RETE~TADC
M VR TM) VE I LW VRS,
The process of detaction {demodulztion) remaves the

modulation (transmitted intelligence ) from o received -
signal and trensforms it back to its crigingl form so that it
may be used for communications or other purposes. While
the AM detectors exploined previously in this section of
the Hondbook are used 1o demadulate an anplitude-medulate
(AM] T signal, he Ti detectors explained in the fuliowine
pcrcgraphs are used to demodulete a [reuuency-movqloter‘
{FM) t-f aignal, Becouse of the "1m1‘r'* s hetween ¢
frequency-modalated {74
(FM] signal, 4 detectar:
circuit changes or adjustm
modulated signal.
Although the circuits used in F
ception are more complex than tho\e uzed in A“ B
a number of advantages which far outweigh this disad-
vantcae. An impsrtcw coventornmn’ Bhoseep Al
reduction of distortion due to nutum} nd man-muade noise.
Most neise occurs in the Zoms of wphtwe: yzriations in
the - siqnal, and in AN, the intellivence iz also carried
by the amplitude varictions. The AL! recelver can not

z ;:_mmdu] i~

tne mtemqence and those coused Dy nolse, ond conao-
quently reproduces both thenoize and the intelliqence. In
73 however, L ry frequency vari-

ions in the rod cinngl o the TM reaceiver ic desioned =0
aticns in the r-f simnal md the FM receiver is desion

[‘P(‘\ nse nf the
in frequency
lation, it is poszible 1o use < muen wider pand of mody-
lating frequencies. Thiz cilews FU o be usedfor such ap-
pl}catm"c as Har fdelity trangmission (such as in the

= proadsast band) end rof muiticnannel communications
(such as incommercial communications). horeover, P
itters nan «lzo re desiqned to produce a nf‘r‘"ow-‘ﬂand

5 i smission.
; y.e, sriny g,pmenmm -

PTG R SR 2
e Biln .'xl contains the trar
e {onih 01 INSIENIENeUU. HEmIeney

amplitude -f sianal, Therefore, to demodulate the re=
oS = A PO T VAt RRTILE RSP L E S VR TS TP SISUN § AT PR O] [T TR TIEUTEL

red intelligence in

o WG O TIOnsan g

canvert tinde fRgicney VEHaHEEY BIDNG
which are ideptical to the varintions in the original modi-
lating voltore. Ary varictions in the amplitude of the re-
"ei“e”' Fu "'""m er"n gyl nf nwonted noiae o"
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tor must 1espond to input frequercy veriations, but not to
input amplitude variations.

Three types of FM detectors are nresently in common
use: discriminators, ratio detectors, and gated-bheam
detectors. Discriminator circuits exhibit excellent response
to frequency variaticns, it also respond te arplitude
variations, and therefore, must be preceded by limiters to
ensure that the discriminator input is of constant amplitude.
Ratio and gated-beam detecior circuits exhibit slightly
pocrer response to frequency variations than discriminator
circuits, but when properly adjusted, do not respond to
omplitude variations. Therefore, ratio or gatec-beam detec-
tors are used when economy and simplicity are desired,
and some distortion can be tolerated. Discriminators are
used when cn extremely distortionless signel is desired,
or precise control of frequency (AFC) is needed.

FOSTER-SEELEY DISCRIMINATOR.

APPLICATION.

The Foster-Seeley discriminater is used os the detector
in high quality FM receivers to democulate the received
1-f signal, and in automatic frequency control {AFC) cir-
cuits to transform frequency chanqes into d-c contrel voitage
changes.

CHARACTERISTICS.

Converts instantaneous frequency veriations into in-
stantanecus d-c voltage variations,

Employs a double-tuned transformer andtwo diodes,

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
transformer connected in such g way that the instantaneous
frequency variations of the input FI signal are converiad
into instantaneous amplitude variations. The amplitude
variations are then rectified and filtered in ¢ manner sirilar
to that employed in AM detectors to provide o d-c output
voltage which varies in amplitude and polerity as the input
signal varies in frequency. The output voltage is zero when
the input frequency is equal to the eenter frequency (un-
modulated carrier frequency). When the input frequency
rises above the center frequency, the output voltage in-
cregses in one direction (for example, become more positive),
and when the input frequency drops below the center fre-
quency, the output voltage increases in the other direction
{for example, hecomes morte neqative). The specific
polarity of output voltage obtained for an increase or q de-
crease in input frequency is determined by the design of the
circuit and may vary in different circuits.

The cutput of the Foster-Seeley diseriminator is de-
pendent not only on the input frequency hut clso, tc a cer-
tain extent, on the input amplitude. Since varigtions in the
amplitude of the Fi signal are due to unwantec noise or
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fading, they must be prevented from reaching the discrimi-
nator. Therefore, the discriminator is normally prececed by
a limiter stage. The limiter produces an output of constant
amplitude regardless of veriations in the input amplitude,
and thus, effectivaly removes the noise from the received
FM signal. (Refer to section 15 of this Handbook for a
complete explanation of limiter circuits,)

Circuit Operation. The accompanying circuit sche-
matic illusttates a typical Foster-Seeley discriminator,

Foster-Seeley Discriminator

The input tank circuit, made up of capecitor Cl end
the primary winding of transformer T, is tuned to the
center frequency (IR} of the received r-f signal. Capecitor
C3 and the secondary winding of transformer T1 also form
a tank citcuit 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 retumed to
ground through radio-frequency choke RBEFC to form e de
retum path for the diodes. Diodes V1and VZ rectify the
signal from the secondary tank circuit and develop opposing
voltage drops across load resistors R land RZ, respectively.
Capacitors C4 and C5 are 1-1 filter capacitors which remove
any remaining 1-f signal from the output.  The output is
taken from across the series combination of the two load
resistors (from the cathode of V1 to the cathode of V3.

The operation of the Foster-Seeley discriminator can be
best explained with vector diagrams which show the varicus
phase relationships between the voltages and currents in
the circuit. The accompanying vector diaqram illustrates
the circuit phase relationships when the input frequency
(1) is equdl to the center frequercy (fR}).

The input voltage coplied to the primary tank circuit
is shown us vector ep on the dicgrem. Since coupling
capacitor CZ has neqlizible reactance at the input fre-
quency, and 1-f choke BFC is effectively connected in
parallet with the primary tank circuit, voltage ep also
appears across the choke, When voltage ep is applied to
the primary winding of transformer T 1, a voltage is induced
into the secondary winding which causes current 1o flow
around the secondary tank circuit. When the input fre-
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to ground (action is similar to a power supply filter capaci-
tor except for the frequency).

When an input frequency kigker than the center fre-
quency is applied to the discriminator circuit a phase
shift occurs, and the current and voltage phase relation
ships change cs shown in the accomponying vector diagram.

Yector Diagram For Higher {nput Frequency

When o tuned circuit operates at 3 higher frequency

then resonance, the inductive recctance of the coil in-
creases, while the capacitive reactance of the tuning copaci-
tor decreases. Therefore, chove tesonance the tark is pre-
domingtely inductive anc acte like an inductor, Eenze,
secondary current is lags the primary tank voltaje ep.

Although secondarvveltages 2, and &, gore still 120 degrees
out of phase, they are also 90 deqrees out of phase with
the current whick produces thkem (is). Thus the change to
a lagaing secandary current rotates the vector in a clock-

wice ditection r—(n‘nrrlhﬁ o vma Joctor rhri-«rr'«m it io oo

that e, is brought nearer in phase with ep, while e, is shifted
further out of phase with ep. Thus the vester sum of ep
and 2, is larger than that of ep and e, 'T’herefcre above

the center frequency, dicde V “ord s heavier than diode
4 LTI e PTG 53 soss 3lig
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11-A-25




NAVSHIPS

ELECTRONIC CIRCUITS
g

Yector Diagram for Lower laput Frequency

clockwise direction. From the vector diegrom it is seen
that e, is now brought nearer in phase with ep, while 2,
is shifted further out of phase with ep. Thus the vector
sum of ep and e, is larcer than that of ep and e,. There-
fore, below the center frequercy, diode V2 conducts heavier
than diode V1. Consequertly, voltage drop E4 across R2
is greater than E3 across R, end the voltage on capacitor
C5is, likewise, greater than on C4; thus the combined
output voltage is g negative voltege.

When the inout voltage is voried from ¢ lower frequency
through the resonance point of the discriminator and is
then raised higher infrequency, the typical discriminator
response curve shown in the accempanying illustration is
ohtcined. The usable portion of the typical 'S shaoped
response curve 18 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.

DECREASING INCREASING
FREQUENCY : FREQUENCY -
<< |n B —
ot |
) )
| I
1 I
! I
I
|
‘ i
:
' :
OUTPUT ) !
VOLTAGE ] i
i PEAK !
\ | SEPARATION
¢ '
| |
1A |
) 1
| 1
1
1
1 ' i
I

Discriminator Response Curve
Whenweak A-M sigrols which are too small in ampli-

tude to reach the limiting level pass throuql the limiter
stage, the amplitude voriations cause primary voltage ep
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to fluctuate with the modulation ond induce o similar
secondary voltage in T 1. Since the diodes are connected
as half-wave rectifiers, these small A-M signds are ce-
tected as in a dicde and gppear in the output. This un-
wanted AM interference is cancelled out in the rotio detec-
tor (to be discussed later [n this section of the Handbook)
and is themain disadvantage of the Foster-Seely circuit in
comparison with other FiY detecters,

FAILURE ANALYSIS.

No Qutput. A defect inthe primary winding of trans-
former T 1, in the RFC, or in eapacitors C1, C2 or C3 may
cause a no-output condition. Use cn ohmmeter to check
the primary winding of transformer 71 and the RFC for
continuity; also check bothfor ledkage or shorts to ground.
If these checks fail to locate the trouble, use an in-circuit
capacitance checker to check capaciters Cl, C2 and C3.
Note that the failure of either diode will couse distortion
rather thtn a no-output cendition; if both dicdes fail, how-
ever, there will be no output.

Low or Distorted Output. A cefect in nearly any com-
porent in the discrimirator circuit may cause the output
to be either low to distorted. Therelore, it is good practice
to use an r~f sweep generator and an oscillosceoe to isolate
the trouble, First, use the oscilloscepe to observe the
input to the discriminator to be certain that the preceding
(limiter) stage is not at fault, If the irput sianal does not
change in amplitude as the irput frequency varies, the
trouble is most likely in the discriminator circuit. To de-
termine if the discriminctor is ot fault, ground the orid of
the preceding limiter stage, connect the 1-f sweep genergtor
to the discriminator input, and connect the oscilloscope to
the discriminator output.  #ith the sweep generctor set to
produce an output which varies above and pelow the center
frequency, the pattern observed on the oscilloscope should
be similar to the discriminator response curve illustrated
previously. Defects in the cireult will couse either the en-
tire curve, ar a portion of it to he distorted or flattened.

It the entire response curve is distortes, the trouble
may be caused by sither improper alianment or by ¢ defect
in transformer T L 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 clianed,
the trouble is most probhably caused by a defect (n trans-
former T1.

If only the upper portion of the response curve is
distorted, thetrouble may he caused by a defect in diode
V1, capacitor C4, Resister R, or transformer Tl, Use a
capacitor checker to check capacitor C4 for value and
leakage, and use cn ohmmeter to check resistor Rl for g
change of value. If these checks fail to locate the trouble,
transformer T1 is probably defective,

Conversely, if only the lower portion of the response
cutve is distorted, the trouble may be caused by a defect in
dicde V2, capacitor C5, resistor B2, or transformer T1.
Check capacitor C5 for value and legkaze, and use an
ohmmeter to check tesigtor R2 for a chanage of value. If
these checks fzil to locate the trouble, tronsformer T1 is
probably defective.
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TRAVIS DISCRIMINATOR.

APPLICATION. vl

The Travis discriminator is used os a detzctor in F“ )
receivers ond for cutematic frequency control (AFC) ¢ L + C{
cuits ) T 1

= Lp > —ﬁrﬂ: par— i &

CHARACTERISTICS. ;LS| f[‘“ = ™

Converts instantanecus frecuency variations into ’ cl - l
instantanecus d-c woltaye variciions. Ein = Eour

Employs a trinle-tuned transformer. ‘

Has low inkerent distortion.

Circuit is difficult to alian.

Must be preceded ! D’v a limiter since the outpist is
Heoted bydnoorumplneleRmisins
TRCUIT ANALYSIS.

General. T1he Trovis ciscnmingtor nses two secondary
tank circuits, with each tank turmed so slightly different
rescnant frequencies to convert the - input sinnal fre- Travis Discriminator
quency variations into amplitude variations. The t-f ampli-
tude varictions are then rectified and filtered to produce o input frequercy Zeviction, The lower hoif of the secondary
d-c outnut voltane which veries in sccordance with the vori- winding (Lz,) of trarz%rmer T and capecitar D2 forr a
ations of the input frequency. When the input frequency is resonant tank circuit whick iz tuned below the center frae
M”CL 10 the center frequency \unmoiulcted carrier freq!!enr:\,'), guency by the sama amaonnt thar the upper tonk circuit ic
the discriminator output voltane s zero. As the input tuned chove the certer freguency. Th signals from the
frequency rises above the center freguency, the output two tank circiits cre rectified by dicdes V1 cmd VZ, and
veltage increases in ore direction, for excmple, increases a d-c veoltage is developed across load resistors Rl and
in the positive cirection, and gz the input frequency drops RZ Copacitors C4 and C3 are filter capacitors which re-
below the center frequency, the cutput voltase increases move the - ripole component from the detected aianals
in the other direction !for example, increases in the neqative developed actoss resistors 81 and RZ, and holds these
direction), 15, the instantareons Ais dnatnr antout voltages relatively eonstant, The totad nutpet voltaqe

tartaneous input freguency taken acrozz the series combination of resistors B! and

deviatior {shift) from the center frequency. The specific {that is, from the cathoce of diode V1 to ground).
polerity of output voltage obteined for an increcse or g Ce- *hen an input signal with o frequency equal to the
creqse ininput frequensy iz determinaed ,”\.f the daci~n of carter frequency iz applied to the arimar: tank cirmait
the clrcult and nuay vary 1o Qdifferent cincaits, (LR and T, u valiu e is induced inio the secondary wind-

The Travis diszriminator output is dooondent not only ing of trensformer T L which dovelopa o=f voltages of equal
on variations in the 1r.IJ-JI fre-ﬁueucy, hut also te @ certain amplitudes in secondary tank circuits L3, end CZ, ard
extent, on variations in the input amrelitude. Since vari- Ls, ond C3, as shown in the cccompanving illustration of
ations in the amplitude of the T& sianal are caused bv un- tank circuit response.

Since the two secondary tank circuits are tuned to

wanted roise or fading, they =

1ng the discriminator or the circuit will reproduze the un- resonant trequencies {4l and 12 ecuidistant from the
wanted noise as well as the desired intellizence. To pre- center frequency, hoth tank circuits are tuned off-rescnancs
vent thl? the ciscrimiy \,mr ie ”"'1"11" meﬂ"@f‘fv4 L h'“l er by equal amourts and equal r-f weltnees are predised, On

the positive b e rhe rods of Viie

pusitive ung

Hose l—'XUl[IHH—‘ DA s

il of the inone ¢

stor =1, deveinnine

riinss of ENpul s bt 2 g ouipul ot SRR 2l ""'*K"“ R e ]
vely eliminates any rotse from the 1L matic.  Simeltarecasly, the anode of ciode VZIis glso
i PUSIUVE dna Uy & BRSSP ‘v‘C:L[lJ‘]E: Proguces acro
Circuit Operation. '1he aocomponying schoratic current tlow is equal and cpposite that of 2L Th
cherues dleetrates g vimnie Drevie ciacriminaror, the ot agipar vnleaae
Ccpocuo; 2 ; e s BREREL senies {10 cativde o SHRG S RE i
former T1 form = resonant t n!f mirenis which ig tored to ’Jmon is °|"mm ot the rerter fremn ency ¢ 't )m the ncoom-

the certer frequency. H:.e upper kall of the secondary
Windinmll Ehotdorpadnimer T 1 amdommes ;i

respect to. IuOum ,, dnd e lians
;

il 5
Zm "ﬁ shown o e s
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Discriminator Response Curve

equal in magnitude and cpposite in polarity to voltage E,
at the center frequency. Thus, ot the center frequency,
the output voltage (Eout) is zero,

When an input frequency higker then the center fre-
quency s aoplied to the primary tonk 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 tank, and tkerefore, a larcer velicge is opplied
to V1 anode. Consecuently, V1 conducts heavier and the
larger current flow throuah R1 produces a larger d-c output
voltage, E1, chorging C41c a hugrer value, In a similar
manner, the voltage developed across the lower tank circuit
as shown hy response curve 3 is further away from the
lower-tank resonant frequency and the positive anode valt-
age on V2 is lower then that of V1L Hence, the small cur-
rent flow throuqgh resistor B2 develops a smeller output
voltage, EZ, and C5 s charged o o lower volue. The net
output voltage, Eout, across the two resistors is positive
when the input frequency is hisher than the center frequency,
since Elis dways 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 mucth larger ond B2
becomes much smaller. Likewise, when the input frequency
is lower and reorer the lower tark fregquency the cpposite
condition prevails. That is El becomes smaller, while EZ
becomes laraer, Corseouently, the net ontput voltene,
Eout, across the two resistors is neqative when the input
frequency is lower than the center fresuency, since EZ is
always negative end lamer then £

Thus, the output voltage of the Travis discriminator
varies in magnitude and polerity as the input frequency
varies ahove and below the center frequency. As mentioned
previously, the discriminator output is dependent net only
on the input frequency, but also to a certain extent on the
input amplitude, [f the input siynnl amplitude drops below
the limiting level of the preceding limiter stane, the signal
and any varigtions in the sigral amplitude will aopear at
the discriminator, Since the discriminator diodes are
esszenticlly half-wave rectifiers, they will deteci the ampli-
tude variations in much the same manner as an AM detec-
tor, producing noise in the discriminator cutput. Thus, for
proper operation, the input signal to the limiter must al-
ways remain above the limiting level of the stage. Another
disadvantage of the Travis discriminator is that it is difficult
to align because each of the three tank circuits must be
tuned 1o a slightly different resonant frequency. Becouse
it is sensitive to amplitude variations, and becouse it is
difficult to olian, the Travis discrimirctor is rot often
used in modern FW circuits.

FAILURE ANALYSIS.,

Mo Output. Loss of input signal, the failure of capoci-
tor C1, transformer T, or both diodes can cause a no-output
condition. {Note that if only ane diode fails, the ocutput
will be distorted rather than completely absent.) If the
diodes are not at fault, either transformer T1 is defective
ot 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, Therefcre, it is cood practice to
use an 1-f sweep generator and an oscilloscope to locate
the specific portion of the circuit that is faultv, First,
use the oscilloscope to observe the input to the discrimi-
nator to be certain that the trouble is not due to distorted
input sigral. If the correct discriminator input signal is
present, ground the orid of the limiter staqe preceding the
discriminator, connect the r-f sweep generctor ta the dis-
criminator input, and connect the oscilloscope to the dis-
criminator cutput,  With the sweep qenerator adjusted to
produce an output siqral whick varies above and below the
center frequency, a charecteristic '8 shoped discriminator
response curve will be obtained if the circuit is operating
properly and aligned correctly, Defects in the circuit or
alignment, however, will cause a portion of the respense
curve to be distorted.

1f only the upper {positive) portion of the response
curve is distorted, the trouble may be caused by a defect
in diode V1, resistor R1, capecitors C2 or C4, transformer
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Tl or misalignment of tank C,, Ls,. Check resistor Bl for
proper value with an chmmeter, and check capacitor C4 for
proper value, leckage, or a short with an in-circuit capaci-
tance tester, If these checks fail to locate the defective
component, the transformer assembly {consisting of Ti and
Cl, C2, and C3) is either misaligned or defective. Check
the alignment.

‘en only the lower {neqative) portion of the responsa
curve is distorted, it may be ccused by o defect in diode
V2, resistor BZ, copacitors C3 or C5, transformer T, or
misalignment of tank C3, Ls,. Check resister B2 {or
propervalue W5 sAchemeter, and éhedk capacitar SEifar
proper value, eck:ge, or o short, with ar in-clroait """FQ"‘-

raacka fail tn leseta ten 1aipety

rmen toster 1 thaa

compcmt:nt, the trunstormer assembly LH Ll u.z, ane. i)
o

cotive. Check the gliznment.

dlthouqh it may Glso be ccxused b\,' low dlode emission.

RATIO DETECTOR.

APPLICATION.

The ratic detector s
lote the received 1-f simmal, and o auwtoinatic voluine cons
trol (AVC) circuits to transform freqrency chances into dec
control voltage changes.

used in P receivers to denodu-

CHARACTERISTICS.

Converts instortanecns frecusncy

stantanecus ¢ tane variations,

Erploys &4

Cos VDY o i
Output nat atfected by inout arplitude varigtions.

CIRCUIT ANALYSIS.

General. _heratio detactor uaes o double tuned trans-
former, connected $o thot the instantaneous Isquency
varintions of the FL i-pit sianal are ~om '-=rT=" ntQ irstan-

tenecus amplitide variations,

Cootne center fre-

en the inpat LS
gieney ks wiloaeiineranass fnoie Sthardinantion

{fnr pyne Thim enasitis nabaeis

Ee
Ly
Cledse 1no o -

tha Aipeit s e e e v St mire, i s

Loy e desn ol

Circuit Operation.
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Vector Diagram at Resonance

flow arourd the sezordary tark circuit. When the input
frequency iz 7t the center frequency, the tenk is at
resonance and ccts resistive. Therefore, tank current is
is in phase with the prirary voltage ep, os shown ir the
vector diagram. Tre current flowing in the tank causes
voltage dicps to be produced acroes each helf of the
balanced secordary \‘indinq of transformer T1, which are
of equal majnitude and opposite polarity with respect to
the center tap of the windina. Since the winding is pre-
dominately inductive, the voltane drep across it is 30°
out of phase with the current through it, Because of the cen-
ter tap arranqement, the voltanes to qround at each end
of the secondary are 1800 out of phase, and are shown as
e, and e, on the vector dianram,

The voltage applicd to the cathode of V1 consists of
the vector sum of voltages ep and e, shown as e, on the
diagrem. Likewize, the voltane applied to plate of V2
consists of the vector sum of vollages ep anc e,, shown as
e, on the dianram. Sin"e at resenance there is no phase

shift, voltages =, and g, are equal as shown by the same
length vectors.

Consider now the monner in whichk the tubes operate
with the discriminator voltages discussed above. When a
positive input signal is applied to L1, a voltage of opposite
polarity is induced into secondary L2, As shown in the
accompanyina simplified schemctic, the cathode of Viis
neqative with respect to itz olate, while the plate of V2 is
positive with respect to its cathede. Since hoth woltanes
are of eque! mannitude at resonance, both tubes conduct
equally. Hence, current flow throush V1 is in ore directicn,
while current flow throuth VZis in the opposite direction.
This direction of current flow causes a negative volarity
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at point A ond a positive polerity ot point 2, and throuah
RL applies o positive charve to T In o similar menner
current flow throuqh V2 precdices a nesstive polaritv ot
poirt B ard a pozitive elarity at &, Herce, cavaciter C4
is chared nenatively, Since the polerities are additive,
capocitor CSacross the outone chorses to the seriez value
of twice this voltage. In the example shown it is assumed
that equal hut oppozite veltoqes of 5 volts exist across
C3and C4. Therefore, the totel chore azross Chis IC
volts. Since the voltages across T3 and C4 are equal in
arplitude and of opoozsite polarity the cutput across load
RL is e digebraic 2un or zero.

~C5
+10 VOLTS

Al

~cs
+10 VOLTS

v2

Current Flow and Polarities ot Resonence

When the input =i mal reverses pelarity, the secondary
voltose across L7 olso reverses polarity, The cathode of
V1is now positive with respect to its plate, and the plate
of VZis neqative with respect to its cathode. Under these
conditions neither tube conducts, cnd thete is no out-
put. Mecnwhile, USretains most of its charqe because of
the larqe time constant suoplied by Bland R2, and dis-
charges very slightly.

Wher ar input frequency hither then the center fre-
quency is cpplied to the detector circuit, a phase shift
occurs and the current and voltage phase reIotiomHm
channe as shown ir the cccompanyins vector diaaram,
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Vectar Diagrom fer Higher Input Frequency
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Yector Diogrom for Lower Input Frequency
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predominately copocisicn and ootz like a capacitor. Hence
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secondary cutront 1a leads thi

secondary volmqes e, and e, are =ti i1 180 ;
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in this caze i¢ = rejctive 6 wclts because ©4is naaatively
charged with respect to ©2 Anain the chorge ccross coso-
citor C5 consists of the sum of the veltases across C3 ond
C4, or 10 volts as originally developed.

L~ 10
™~ VOLTS
+

Current Flow and Polarities Below Resonance

When the input ziancl reverses i*s polarity, the signal
across the secondary clso reverzes i's polarity. The
cathiode of V 1is now positive with respect to its plate,
and the plate of V2 is nenative with respect to its ccthode,
Under these conditions, neither tube conducts, but the time
constart of U7 and 2 w*aine the current through the
load in @ neqativa directicn nntil the next cycle of input.

Wher. the irpuu sianal iz varied from a lower then center
frequency, through center frequency, and is raised to g fre-
quency higher than the center frequency, the typical *8"!
shaped discrimingtor respanze curve shown in the accompe-
nying illustration is obtained. The usable portior, of the
typical 877 shaped response curve U5 from peint A o point
B in the illustration. Between these points, the curve is
linear and the instantaneous output voltace is directly
proportional to the instantcneous frequency deviation,

The output of the ratio detector adjusts itself aute-
matically to the averate f amplitude of the input sicnal.
Through the action of resistors R and EZ, together with
capacitor CS, audio output variations which would occur
due to 1-f amplitude variotions in the input (such s noise)
“are eliminated, As previously mentioned, C5 charges to
the sum of e, and e,. The average sum of e, and e, depends
upon the average r-f amplitude of ep.  Any amplitude
variations at the input of the detecter tends to chanqe the
voltages across Rl and RZ, but because of the long time
constant of C5, across the resistors, these voltages are
held constant. Befare the capacitor can charge or discharge
to the hicher or lower amplitude veriation the impulse
disappears, and the difference in charge on C5is so slight
that it is not discernable in the output, Because the volt-
age ccross C5 remains relatively stable and chanqes only
with the amplitude of the center frequency, and since it is
negative with respect to ground it is usually used for
aqutomatic volume control ( AVC) appiications.

Capaciters C6 and C7 toqether with resistor B6 form a
low pass filter which attenuates the hign qudie frequencies
and passes the lower frequencies, This is known as a
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Ratio Detector Response Curve

de-emphasis network, which compencates for the ore-

emphasis with wrick the hiah ‘requencies are transmitted
and returns the awdio frequency belonce to normal. When
pre—emphasis is not employed these parts are not needed.

FAILURE ANALYSIS.

No Output. A defective discriminator transformer, T1,
shorted tunin capacitor 1 or CZ, an open otput resistor
R6, an cpen coupling zapacitor C8, or shorted filter capaci-
uce a no outpet condition.  Check
the continuity of the windings of Tl with an chmmeter,
Check capucitors Cl, C2, C6 and C7 for shorts, and capac-
itor C8 for an open with an chmmeter, and measure the
resistance of R6. If abave checks fail to restore the out-
put, check all copocitors with an in—circuit capaciter
checker. Note that one defective diode will produce a
partial loss of output, and that both diodes must fail to
cause a complete loss of cutput.

Low or Distorted Output. A defect in reorly any
component in the detector circuit may cause the outpit to
be either low cr distorted, Therefore, it is good practice
to use an ~f sweep aenerator and an oscilloscope to isolate
the trouble, Ground the qrid cf the last I-F tube, conrect
the 1-f sweep Jenerator to the detector input, and connect
the oscillozcope to the detector cutout, With the sweep
generator set to produce on output which varies above and
below *he sortes "oy, tne potiem chaerved on the
oscillescope should be similar to the discriminator re-
sponse curve illustrmted previcisly. Defects in the circuit
will cauze either the entire curve, ¢ o vortion of it to be
distorted or ilattened,

If the entire response curve is distorted, the trouble
may be caused by either improper alianment or by o defect
in the tronsformer TL First ckeck to be certain that both
primary and secondary tank circuits zre properly tuned to
the center {requency. If the detector is properly aligned,
check capacitors €1 and CZ with an in-circuit capacitor
checker. Check Rl and BZ with an ohmmeter for their
proper values, and capacitor C5 for value and leakage with
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an in-circuit copacitor checker. [f the troukle is still not
located, the trouble is most likely caused by o defect in
transformer T1.

11 only the upper portion of the reanorme chieee Is

iiStOIt&d, the troable may be coused uy o defect in diode

¥1, capacitor C3, or transformer T1. f the diode V1

shorks rmnA uge an in-circuit camacitor checker to check
FHCORTIGR0G; HOC RArOioult Supas FHE

Tr

23 for value cmd leckage. If these checks fuil © lucuie the
rauble, transformer T1 is probably defective.

Converseiy, if only the lower portion of the response
wurve iz diztortes, the trc L,“’: oy e coused by a defsot
in dicde V2, capeciter TF, ¢r tonciommer T, Use an in-
=ircuit capaciter cne:ker to check C4 for value and leakage.
If these checks fail to locate the trauble, transformer T1

is probably detective,

GATED-BEAM DETECTOR.

APPLICATION.
The gatec-beam ce
cdemodulate the recelv

cter isused in FI receivers w©

te
red r-f signol.

CHARACTERISTICS.

Converts inatantaneans frequency varictions into in-
stantaneous d-c voltage varigtions,

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

Hos low inherent distortion.

Qutput is independent of irput criplitude variations.

BProviges. both rvitinsand desHminatsrasisn ing

single tube,

CIRCUIT ANALYSIS,

General. The aoted-beom detector uses g goted-beam
tube to limit, detect, ond a-nlify the rer's\wen f-m r-f sio-

uul. Thc uutpuL i5 4 d i '.'uh
and polarity as the input war s
voltage is zero when the input {requency is eqwl to the
center frequency (unmodulated carrier frequency ). When
the input frequency riges above ihe center frequency, the
output veltage increases in a positive direction, and when
the input frequency drops below the center frecusncy, the
output incregses in ¢ notative direction,

Circuit Operation. Defore atterpting to explain the
circait operntion of 1he soted beap Jetestor, ¢ brief review
of th

=]

There oretwo o y the dctec-
beam tube ond an orumcry Dentcde-. First, the flow of
slecions Santhe :
concentroted heau Ior'ned by ti
secondly, sathede current flows o f‘!l times, even duting
the period of time during which no olate current flows,

Theabiel aausabe Satiadal bais sge)
plate Mo, 1 iz inemolly connected to e
the electrons leove (e motbode they Doss i o oo

the tube, and

i
\ y
DL e, Jrel as
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ACCELERATOR GRID

CONTROL CONTRCL
{LIMITER) {QUADRATURE]
GRID NOY GRID NO 2

CATHODE

g
1 4
¢ b4 1
i | 'FocusiNG
FOLUSING ; : : PLATE NG 3
PLATE NOC.| ACCELERATING f { PLATE
HA
LHAMEER i ACCELERATING
; FLATE
FOCUSING
PLATE NC.2

Gated-Beam Tube Cross-Section

repel., electrons.
formed.

As the electron stream enters the accelerating chamber,
which is ot o high positive potenticl, it tends to spread,
dudids the gtroctiomeifthe noaitive Holds Trlinils he
stream would continue tc sprecc, but as it gpproacies the
No. 1control grid, it is prevented from sprecding further by
the repelling action of ¢ second focusing plate, also con-
nected to the cathode. GOrce the electrons pass throuch
the first controi grid, they are atizocted towarcs the acocle-
rator qrid, which is at the some potential as the acceleratar
plate, and egain the electron stream tends to spread, o
ever, before the spreading becomes excessive, the stream
enters the field of focusing plate No. 3which is also at
cathode potential, and turther spreading 1s checked. The
focusing plate is provided with o narrow opening, which
concentrates the beam into @ narrow stream again cs it
passes through (s oflice. ine electon stream Loen
posses through a second control grid (referred o as the
quudrmure qrid) and is attrocted to the potential positive

rapicly oullc up ¢ Gunse space Charge 1 (Iont 1 2l Ifaud
Becuuue eiectron repel ecxch other tbe ace J*".d te‘u zpace
...........

cur:enl llma., u.,d aEeouh: n thc Shordait- ~x{ tube
chartactertstic. [Triz control arid s al=o referred to as the
Yimiter qrid tor this reason.; The electrons canrst retum to
th f“"thor‘r hoemae of the notrw opeiting in the focusing
plate,sard tuc, arEiERrTasel e vl sbbessselates
chamber i ; i

a1y
Us lllubtluit‘d Deluw
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ACCELERATOR

PLATE
?

) J
g <:

3
]
]
o

First Contrel {Limiter) Grid at Cut-off

In o similar menner, whern o sinnal of sufficient strenath
and of proper polarity to repel the electron stream is applied
to the quadrature arid (o, 2 contral qrid), with the limiter
grid above cut-off, plate current will rot flow. Cathode
current flow continues, nowever, hecause the electron
stream is attracted to the gocelerator wall instead, as
illustrated below.

ACCELERATOR

PLATE
/

Second Control (Quadrature) Grid at Cut—off

To summerize tube operation, botk the limiter grid and
the quadrature orid must be sufficiently positive at the
same time 1o permit pasacqge of the electron stream to the
plate.

Tre accompanying circuit schematic illustrates the
qeted bear tube connected as a typical gated-beam
detectar,

The input tank circuit, consisting of L1, the primary
of i-f transformer T1, and capacitor Cl, is tuned to the
center frequency of the incoming f-m signal. L2, the
secondary of the tramsformer T, and capacitor 02, also
comprise another tark circuit, which is also tuned to the
center frequency. The first qrid of the tube and the cathode,
perform the functizr of ¢ limiter stane, with resistor Rl
and copacitor Cdin the cathode circuit to provide a method
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Typical Gated-Beam Detector

of adjusting the limiter has, The aceelerater arid is cor-
nected to voltage-dropning resistor B3 which establishes
the proper voltane on the accelerator arid, ond C3 bypasses
it to ground. Capacitor T3, toqether with L3, form another
tank circuit also tined to the center frecuency, andis con-
nected to the second control arid. Resistor R2, (usually of
a small value) i= places in the plate legd to increase cut-
put linearity. HResis'or 54 is the plate load, and toqether
with capacitor C6 forms an inteqarating retwork which pro-
duces the sine-wove output. The cutput is teken from
across 00, and applied to the audic stanes througk coupling
capacitor Ce,

The limitic capabilities of the qated beam detector
are much better than that of a conventionel pentode, hee
cause of the sharp control characteristic, as shown in the
graph below.

o
=g}
mm
g uf
tl:l.
3
o2
o
k3 l
2
az f\aAs POINT
0 |
)

=— LIMITER GRID VOLTAGE IN VOLTS —a=

Limiter Grid Tube Contrel Curve

Cothode resister R is odjusted to bias the limiter ot
the center of the steepest part of the control-characteristic
curve, With no signal applied to the limiter qrid, the tube
conducts. When the electron stream arrives at the quedro-
ture grid, some electrons are absorhed by this qrid, and
the resulting current flow charges C3 of the quadratire
tank circuit, When C3 is charged sufficiently necative,
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the qrid current stops ond this neqgative charae momentarily
maintains the guadrature qrid at cut-off.  Tank inductor
1.3, however, tries to keep the current moving in the same
direction, but when its field collopses it causes ¢ reverse
flow of current which discharges C3. ¥hen C3 discharqes
sufht:lenti\,, the arid rqcur hecomes positive and he'uﬁ”
UI.UWJHLJ l_élll.n L,U.llt;‘lllr UIILA L!Jt.' L.)’th' lt:‘!JL‘\JlD. \}JHLC‘ L[lﬁ ‘,ULllﬁ.
is tuned to the center freguency ¢! the received siandl,
it oscillates at the tuned frequency, The voltane across
G3legs the current which produces it, and the result is a
series of pulses appearing on the guadrcture nrid at the
center frequency, but lagging the limiter qrid voltone by %0
degrees. Becuuse the quadioture qrid has the same control
characteristics as the limiter qrid, these pulses place the
tibeselvematelinet edbeeiinens o molnatinargs Wltameate
hdf cycles of oscillation.
Whena slandl. cEpesIsOntn

gt the cemar

frequency and increases sliahtlv in @ positive direction,
the tube is effectively criven into seturation. Jhat is, 3s
the electron stream passes through the limiter and ceocele-
rator grids, and aorrives at the aucdrcture arid, the cucdro
ture grid is out-oi-phose and is ot cut-0ff, ond the electron
strearm iz attracted to the accelerator wall, However, some
90 :*'eqreeP later, H"e Qu"ﬂmture arid Sl"iHS ina positive

rature tunk, ond thls time the electron stream is per‘mmed
to pass through the quadrature qrid to the plate. Before
the quadrcture qrid phase changes, the signal applied to
the limiter grid drives the tube quickly inte cut-oif, and
plate current gqcin ceases. | ne resuiting sicnal appsariag
on the plate, therefore, is o sguare shoped pulse, which
starts with the delaved opening of the auadrature wid, and
ends with the closing of the limiter qric, s iilustrated
below.

LIMITER

GRID PULSE :
|
t
i
{
t
i

QUADRATURE

T £ . G s

GRID PLULSE

PLATE
PULSE

Relationship of Pulses at Center Frequency
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if the signel on the Umiter rid shiftz to a frequercy
Figker than the center frequency, the pulse appecrs on the
limiter qrig at an eartier time thon ct the center {requercy,
and tnereiore, alaz arrives ot the quosirature qoid ot an
ecrlier tine, Since
still oceuering ot the center fregquensy (hecanse of tank
citcult oacillation), and the lis i
the resulting pulse relat:onships ore as shown 1n toe second
wavelorn illustiation,

[l T ,|,,,J__, e o
U Tukses O tne uanrSlure orid Jre

o I.. e e
15¢ 5 COriier,

LiIMITER

GRID PULSE

QUADRATURE
GRID PULSE !

PLATE
GRID

Relationship of Pulses abave Center Frequency

Since plute -urre ‘la“t_, = lt the delayed opering of

of the mii et

I

with the \1

it

il o Y lmites

x,omer*olv, it the o

Uwes Jdifrwis di fes

P s

P T T TPy . - 1. i e I
suoarElitha 4t A Tl snreittactie

phase with
cuadratire o
and trge o

vnder the thiee stances diszussed above, the
peak amolitnde ot the plate current remains the same (it is
eHectively at antart

e e I‘MHPA) while the varigtions

in the dreciepey Al e nnit thilses are w:rrra\»:r.re:] ar the

torp for -

ninte onls

dnte current

Tioncy oo

ter Suretion
wer input freqnency produces a

CONBVET, T @(’l“ITTiT‘A" at an r-f

T e wweomesalusa symnes Faiieses
1o e romrsdusen by the folis

wldth of the piate
rmrdapee with the fon madi.
wary at an mudio rate. Thore-
; at uudio frequencies,
Lo outout iz obtainesd v oan intearaing

. - e 1o ! , e
nateare camelcTics of e aan =4 Sinee the crarao nn e
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T

!

|

!

1

LIMITER |
GRID PULSE : ,
|
[
f
1
QUADRATURE |
‘ |
GRID PULSE I I

PLATE ]

PULSE

Relotionship of Pulses below Center Frequency

varies ot the same rate as the avergqe plate current, takina
the output from capocitor CB, provides an audis cutput,
and af the same time, it chonges the squared pulse into o
useable sine~wave to minirize distortion,

The advantare of the Gated 2ear Cetector lies in its
extreme simplicity. 1t employs only one tube, vet
mrovides o very effective limiter with o linear detector.
It requires relatively few components, and is very easily
adjusted. Operation, however, is lizited to the frequencies
below 3¢ Mc. Since at the higher frequencies, the shunting
effect of the interelectrode copacitance between the limiter
and quadrature orids is sufficient to Droc‘rce an out=of-
phase vcltage ceross the gquedrature arid, whish subtractz
from the quadrature voltace and reduces the output, This
effect is minimized in some circuits by the addition of ¢
screen arid, to the tehe or by coreful shieldicg, bt neither
method completely eliminates the out-oi-phose offect, and
for this reason, the galed-bear circuit is usually used
only in low frequency cpplicetions.

FAILURE ANALYSIS.

No Output. A defect in nearly any comporent in the
circuit could cause a no-output condition to exist. Check
the plate supply voltage at the tube socket, if plate volt-
age is not present, check resistors B2 and R4 and copoci-
tor CB. If plate and grid voltages are normal, the tube is
probobly delective.

Crock for 2 sianzl on the limiter qrid with an oscil-
loscope. [f o siqnal iz present, check for a sianal on the
primary of the transformer. If 54l ne sizrel cppears, the
trouble is somewhere in the preceding stasss, and the de-
1eCtor iz orohc*l“ not foulty. If there is o sigral on the
primary of the transformer, crneck the tinint copacitors
with on in-cirowit capocitnr chechor, T they ore found 10
be good, the trouble is probably a defective transiormer.
Check cothode resistor B i for proper waltie ond adjustment,
and capacitor T4 also, usins an ir-circult copecitor check-
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er, With the escillnzcope, chesk Eor ¢ zi7nal on the quad-
raturerid, If = ainal {2 prezent, moke sure (it is ot the
center frequency. Iire ziqnzl is pre;emt, sEoekiE3 with
ar. in~cirzuit czpacitor chesker, ond L3 with on chmmeter,
Cheax R2 for prover vzhie, and 7% for e shert to nround,
It iz unlikely that ¢ low

st, but if it doez, RZ, R4, or ZB
Chesl 57 ond R4 for proper value,
anc CE with an in it copezitor checker.

[ the ontoat is 2o ed, make the checks just
mentionng ghave for o low cotout condition, and if the
diztortion still cooies, make certain that the three tonks
Sie defective components.
ne ant adjustn er' using a

Low or Distorted Qutput.
output cordition will o

ismost likely at fo

voliataoe,
circult ooy c.'itor o

VIDEO DETECTORS

Ghden derertor br e 2hnilar 1o the standard AW
detector, xif" weption of the reguiresient for hendling
a hroader taroe 20 reauencicz. Since it is located between
the [:7 ar T taaes, it muast be able to
Fandle the sae wice rance of frequencies as the IF and
video zmulilior =t o listertion. The IF fre-

ans var\, i-om abous 30 Hz

w roout 20 MHzito 4,5
oy of '1:1-freq:;ency
ronite in the detector o';!put, which consist
of roth series and shunt poakin g circiits, [ See paroqgreph
2.5.2 in sertinn o of t4is Handbook for 2n erplanation of
SL peaking rif*u <), Arotler preseution, thousk less
critical, iz the selecion of o '*l“ =itk o low nlate to

jien el

quencies ;
1o 8 Mz, arsiin
Thiz regiiom:
compensating

cathede v-"m@mm : Opf"rmon of the video detectar

T dinde detector, except
= coused by nze of the

is the some as thet of o *voical A
for trne fregion -y rovperae Shane
comperaating sircuits,

BASIC VIDEO DETECTOR

APPLICATION.
The viden Zotestor v wsed to chance the received aop-
litude modulates video sianal inte a d-c voltae,

CHARACTERISTICS.

Employs ¢ diode detactor.

Haos o wider bandwidtn thar the conventional AM
detector.

Exploys compensating networks for frequency compensc-
ticn and to imprave lirearity.

R

sic Al

CIRCUIT ANALYSIS.

General. The operation of the hosic video detector is
identical to l?,e operation of the Al diode detector pre-
vignsly discuzsed in ‘his section of the Heondbook., The
orly difference lies ‘r the addition of compensating citcuits
for the added frequercy rezpense requirements, Ciscussion
of the oporatins of the detector in stripping off the mede-
lation from e narier 1s coveres completely in the previs
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discussion of the diode detector. The reader should refer
to the discussion of the Dicde Detector in this section of
the Handbook for proper background before praceeding with
the discussion of the video detector.

Circuit Operation. Lhe schematic diggram of a typical
video detector employing series ard shunt pecking is
showrl in the accompanying illustration,

CUTPUT

Bosic Video Detector

The anode of diode V1is connected to the untuned
secondary of IF transécrmer, T 1 with the orimary tuned
by capacitor C. Inductarce L1, in series wi
R, together with capacitor 1, formz o =
circuit, referred to as impedarnce '1etworl\ 2 Ir.\luutcnce
L2, together with B2, forms ¢ series peaking circuit,
referred to as impedance network Z2, Capocnor CZ21is the
output coupling cauaciion B 0l
bandwidth of 21, and B2 breazens tl”e‘" i :!th of ZZ.

Peaking circuits Z1and 22 are ctilized to improve the
output tinearity, and nrovide q wide bond-pass choracter-
istic:. The ciroult cperates in the fsllo A

EQ‘JGH\..'V increase couses the capacitive luu...tL'IﬁCE of
the stray cooaritance to decrease mmid «inre this ctrav
capacitance (represented by C1) shunts the output, the
output voliage tends to decrease of ! e ;‘requer

Zlis o pr_r_rl_r‘l_‘u—"\—{!:,’ifr’f‘: irenid ne AEl

."E"?lthI

(o]

ﬂc—r i ¢r =

ies,

quency at which the ourpiy first tends (o docresse, "\ the
stray and distributed wiring and cirontt oana
sented py Cl. Since the §

HoncE [Phiv-

pedance of tne varallel tinex

yldas

L the coitoat

=H o \..L,D-O“ it
{without compensation). “hoal this toned

(shunt peaked) circuit is w1dened because the Q of the
clicuit is decieased uy e plesside L1 3
As the output frequency is increcsed stl
beyond the resorant peak of £, and a
Z1 now decreases, the cutput aeain term4
Z2, however, fcr -5 anather broadl 4

S5 1e5islol 11,

L
fu rtkeg, it Dasses
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of ZL These circuits are so tuned that some overlap of the
tuned circuit response curves occurs, a3 shown in the
following illustration.

Zi RESONANT FREQUENCY 77 RFSONANT FREQUENCY

!
i
!
'
t
I
H

INCREASING FREQUENCY ——— =

Combined Response Curve of Z1 and Z2

Since the impedanc i
mUm gt Tesonance, 4nd because 22
load, the outout once annir is exterded,
series pegked using the stray copacitance to around, and
is also broadened by shunt resister B2,

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

1]

ot o sert

L3

mini-
k: the
Aetielle 17 02

Zl RESONANT FREQUENCY I2 RESOMANT FREGQUENCY

5

INCREASING FREQUENCY ———

Overall Response Curve for Video Detector

FAILURE ANALYSIS.

No Output. A delect in transformer 71, g defective

tube, or an open 2 will couse a no-output condition.
Check the continuity of the windings of T1 with an ohm-
meter. Check C2 foran opor with an oh
output condition ztil! existe, chack the
tor with an in-circuit capacitor chegker,
% dareets indhale 5t
rcuit that would couze a low
While a 10w output is alsc possi-

meter. Ifa o
value of the copaci-

Low or Distorted Qutput.
the only component in the ci
output condition to exist.

T 8 2
ble becguse the values o

& and

chcmge the respense curve, this mqswmy {= rathaer remote.

IJO net nerﬂp{" the "V"ﬁql:"}‘.l“'v of eithor =1 ar =2 ke

value sufficiently to affect the response.

Te tha orstput T i\rtr\‘:#pr\

& owen adiss Vmaovan by 5
PO Jis e

the defect is provaily in one of the comporents of <14,
Check the value of L1, Chesk L
for proper value with an ohmmeter.

If the output is distortec oniy at the rigner trequencies,
series pedsing circuit 22 is prohebly defective. Theck T2
with ¢n in=circuit capaciter checker, Check [
tinuity and R2 for proper valon
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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 ".d transtfer it back to its
original form, so that it may be used for listening, viewing,
communication, or other nurnoses, Thera ore many forme of

sl o i - P

detector circuits and many variations of these circuiis.
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 paraltelism,
since the semiconductor dicde merely replaces the dicde
tube. Only AM detectors will be discussed in the following
paragraphs; other types of detectors will be discussed
idiel.

The semiconductor diode evolved from the original
""erysral detector’’ of the early rudio era, which was
nastcally a point-contact qalena diode, Today's grown PN
{or NP) junciion diode is more stable und physically more
rugoed than the early qalena detector. It is nsually de-
signed to handle fairly high voltage and current, since it
acts as a large-signal detector after a number of 1-f or i-f
amplifiers. Because of its small size, good power-handling
capabilities, lack of power consumpticn, and smail cost,
the design trend is to replace the electron tube diede with
the semiconductor diade,

Generally speaking, the semiconductor dicde detector
for AM is used in one of two types of circuits: the veltage-
output circuit and the eurrent-output circuit. (In other texts
these circuits may be called ‘/series diode detector and

hunt diode detector”.) Although semiconductors op
bosxcolly by virtue of a changing current, when cutrent is
passed through a resistor d veltage drop 15 produced across
the resistor, Therefore both types of circuits are appii-
cable to either tubes or semiconductors, and the functioning
is similar reqardless of whether tubes or semzconductors
are used.
for electron-tube applications.

Because of the lack of quin in the dicde detector, tran-
sistors are also used for detec

provides amplification of the uetecta'J siqnal. With the

i e ala] H A by shom o
proper circult connectons and bias {t cun be made the semi-

i tra uaunily oreferro
The veltage output circuit is usuclly preferrec

The transistor detactor

conductor equivalent of the qgrid, olate, or infinite-impedance
electron-tube detector. Ry suitable ormnqement of biasing
tentizls an:

A . +
o proper zolaction of
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tector is generally used only in ull—hGnalS;D[ eqmpmem:..
When used, the '_mnqzﬂor detector i8 limited to the common-
hase md com
ess-than-unity qain provided
Cuil.

YOLTAGE OUTPUT DIODE DETECTOR.

APPLICATION.
The semiconductor diode detector with a voltage output
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linear response is desired, as in VTVM's and field strength
indicators.

CHARACTERISTICS.

Operates linearly over a large runge of voltage.

Does not amplify the input signal

Hae on "“ﬂ'":;e thCK.‘uu, ek uppAuAmJULCAy % DEICEL.

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

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

CIRCUIT ANALYSIS.

General. Since the electron tube diode detector is prac-
ticully identical with the voltage-nutpat semiconductor
diode, read the discussion on Diode Detectors in Part A
of this section, before continuing; refer alqo to the discus-
sicn on Junction Dicde Theary, in paragraph 3.2.1 of Sec-
uon 3, for a review of the basic operation of t.le diode. it
sheuld 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-leckage current is usually negligi-
ble, Although it does produce a shiahtly increased loading
effect on the input circuit, this increased loading is of
interest only when the dicde is operated as a small-signal
detector. In this instance operation is not linear, but ob-
serves a square-law response (output varies as the square
of the input VO]TGF‘IP.), Tt i this Weﬁk-gigngl Sq‘_‘af'.?"l"_’w
response which creates the inherent distoriion in the diode
detector. As nomally operated, the diode voliage-output
cetector is employed after a number of stages of amplitica-
tion. Thus, the input signal to the detector is relatively
large in amplitude, the response is relatively linecr, and the
basic fidelity of the diode detector s achieved.

Circuit Dperation. A simplitied schematic of the volt-
age-output diode datector is shown in the accompanying
figure.

rrm thic fim ir - thar Aind P
Ffom thiefiainairsaaheigass tiardinds @B i

series with the input voltage; it acts as a p‘: rectifier,

with Rl as the load and C1 as the filter, ,‘ne diode con-
dllf"ﬁ (\n'\v Ayrina the nn:nwm hniF.:—-un!n nt tho fnmas S acoleld
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During the nagative half-cycle it remains moperatwe since

itis then re\r'E'sewm:au. When the diode conducts, cur-
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the resistor. The voltoge developed across Rl is equal to
the peak value minus the drop across the diode (which is
very small and much less than in an electron tube diode).
Since capacitor C1 is connected in paraliel with Rl it
charges to the some voltege, Since the diode response is
considered linear, the larger the input voltage the areater
the current through R1 and the larger the charge on C1. As
the positive half-cycle ceases, the dicde ceases conducting
and capacitor Cl discharges through R1 for the duration of
the negative half-cycle. The capacitor dischurge is con-
trolled by the time constant of Rl and Cl, and is not quite
completed before the positive half-cycle again beqins. The
diode again conducts, and capacitor C1 is ogain charged
for the durction of the positive half-cycle. Since these
alternations are at radio-frequency rates and the RC time
constant is on the order of seconds, the voltage to which
C1is charged never hus time encugh to recch the full pedk
value of the input voltage, and the voltage to which Clis
discharged never has time enough to reach zero 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 a nearly linear replica of the original modu-
lation.

INPUT e
VOLTAGE

OUTPUT
VOLTAGE

CURRENT
PULSES

TN T agees
i e

DETECTOR WAVEFORMS

When the time constant of R1 and C1 is 100 shart (co-
capacitor, resistor, or both are too small), the capaciter
voltage cannot follow the envelope (it reaches full charge
before the signal recches 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 respend 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 peck excursions of the envelope in accordance with the
audic modulation,

FAILURE ANALYSIS.

Ne Output. A no-output condition can occur from failure
of the diode to conduct, from an open or shorted load resis-
tor, or from a 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 a capacitor in parallel with the suspected capaci-
tor to determine whether it is oper (an output will appear if
the capacitor is cpen). If an oscilloscope is gvailable, it
may be used to observe the wavetorm across the load resis-
tot.

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

Distorted Output. This can result from a change in
capacitor velue. Either too large er too small a capacitor
will cause distortion. A change in a resistor or capacitor
value, producing too short or too long o time constant, will
also cause distortion. The parts should be within 10t 15
percent of their rated values. If the values are normal, 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 gutput diode detector is used to detect
the audio modulation in semiconducter receivers, where
the voltage output is small and does not vary sufficiently
to produce full output from the audio amplifier staces.

CHARACTERISTICS.

Is usually self-biased.

Linear current swings produce linear output voltage
swings.

Impedance at the output is low, and usually direct
couwpling is employed.

Is inherently a small signal detector.

CIRCUIT ANALYSIS.

General, The current form of diode detector operates
similarly to the voltage form of diode detector. Except
that the output variations are in the form of current pulses
tather than voltage pulses. However, by passing this cur-
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rent through o shunt resistor, ¢ voltage output 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 cutput level, Thus, while the
voltage detector will supply an output which can drive the
following cudio stage, the current detector usually utilizes
direct coupling and on 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 sianals are slightly attenuated
by the coil reactance of the series inductor, which operates
similar to the power supply low pass filter. This has the
effect of eliminating any hiqk frequency ripple and distortion
in the output, so thot practicelly the response is identical
10 the voltage diode but of lesser magnitude. Actually the
current detector operates s a square law detector and is
usuatly used in circuits other than the superhetercdyne
fwhich uses the wliage form of dstectar), Therelore, the
shunt diode {current) detector is used moinly in regenerative
receivers of the pocket variety and is usually combined with
reflex audic circuits to provide a loud but distorted output.

Circuit Qperation. The circuit of a typical current diode
detector is shown in the occompanying illustration.

o

O— CE O

CRi
INPUT GD Rl

OUTPUT

0

<

IT—e

Current Diode {Shunt) Detector

As shown, the diode is connected in shunt with the in-
T 1 s

put circuit, and L1is connected in series, with load

resi "
resistor 41 gloo conn

ectad 1n shunt to Jroun R

The 1R
shunt 10 3 el

combination of L1 and Bl hove a combined time constant
which i satisfantory dor detection,

When the input signal is applied across CRI the output
ic shynted o qround {or tho neantiva balf cuela of the rf
input signal becouse CH i conducts and NG Gutpul GOCJIS.
During the positive holi-oycle the signal is applied to T
and current flows throunk Rl o sround and vroduces on
output cutrent whict: foilows the 1-f envelope. This action
occurs because of the inteqroting effect of the LE circuit.
Lhuring the current tlow throuah L1 onc Rl to ground a tield
is built up around L.i which tends to keep current flowing in
the some direction wher conduction ceases, and during
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ground, the field discharges through Rl Thus an inteqratir
action ocecurs similor to that which would be produced if

R1 were shunted by a capacitor, and the output current
follows the peak waveform closely. Becouse 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 o conducting peth to ground 18
offered on the positive half-cycle of input signd, the
tectification etficiency is lower than for ¢ series connected
diode (voltage detector) hence this circuit is not often used,
In addition the low shunting effect during conduction ond
the low cverall impedance to qround during the norconducting
pericd pravide @ heavy load on the source, and creates dis-
tortion when sufficient driving power is not available.

Thus, the shunt detector is usuadlly less preferred thau the
higher impedance, voltage-cutput form.

FAILURE ANALYSIS.

Mo Output. If the diode is sherted, or if either L1 or
R1 are open there will be no output. Because of the few
components involved a resistance check with an chmmeter
will usudlly locate the defective part.

Low Output. A defective diode CR1, high resistance
soldered joints, or large changes in L1 or R1 can reduce
the output. Check the values of L1 and Rl with an ohm-
meter.,

Distorted Ouvtput. If the output is continuously
distorted, check the diode. If the distortion still persists,
use an oscilloscope to observe the input and cutput sig-
nals, since the distertion is probably located in an earlier
r-f stage or a later audio stage.

COMMON-EMITTER DETECTOR.

APPLICATION,

The common-emitier transister detecter 15 usually
used in semiconductor superheterodyne receivers to supply
a detected and amplified output.

CHARACTERISTICS.
Uses seli-bias -
Cffers g high input impedonze.

Is equivalent to the diode detector in quality, with
more gain cvailable.
May he aperated as elther s

siqnal detertor, depending npon hos wnltage.
CIRCUIT ANALYSIS.

General. g
detector used in eleciton t.pes. . ne base-emitter junciion
1

acts as o dicde rectifier for lorae-ziang! lineor detection

when hiased sufficiently, or ac ¢ square-law, smoll-sioncl
detector wnen operating witn low bigs. When used in a
receiver with only o few transistors it operates as a small
signal detector, when used in superheterodynes it is used
as a large sional dotecter, The operation is similar to
that of the electron tine counterparts {orid and plate
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Diode detection cccurs in the bose-emitter junction and
amplification occurs using the emitter-collector junction.
The combination can be considered the some as that of a
diode and o transistor used separately.

Circuit Operation. The schematic of a typicol transistor
common-emitter detector is shown in the accompanying
illustratior.,

i

INPUT CI

Common-Emitter Detector

Tuned input transformer, T1, has a primary and second-
ary winding. The primary winding, L1 is tuned by capaci-
tor C1 1o the opercting irequency {in suserheterozyne re-
ceivers it is tuned to the [F), while secondary LZ remains
untuned ond inductively coupled. Resistors Bl and R2
are fixed-bias voltage dividers connected from the supply
to the base and qround.  Fesistor R1 iz bypassed by C2 for
radio frequency ond this RC combination also acts as the
load resistor and bypass copaciter os used in a diede
detector. The cudio is detected in the hase-emitter circuit
and is applied as a d-c bigs varying ot gudic frequencies
to control collectar current.  The output is developed
across collector load resistor R4, which is bypassed for
r-f but not for audio frequencies. The emitter is connected
to ground through o conventional swamping resistonce
(R3) for temperature stabilization, and is bypassed by C3
for both RF and qudio.

In the absence of an input signal, transistor Gl rests in
a Class A-biased condition, drawing a mederate hut steady
collector current, and no output is obtained. %hen an input
signal appears on the base of Q1 it is rectified by the
base-emitter junction {opercting as a dicde) and cppears
as a d-c hias voltage with a varying audio frequency com-
ponent across R1. Thig a-f component is developed across
R1as in the conventional diode detector previcusly dis-
cussed ecrlier in this secticn. Variaticns in base current
flow cqused by the input signal develop a voltage across
R1 which follows the modulation ervelope of the
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signal, any degenerative bics whick tends to develop
across emitter resistor F3 is eliminated by bypass capaci-
tor C3. The output is developed by collector current flow
from the supply thtough B4 which varies under contrel of
the bias veltage across Bl Any radie frecuency ripple in
the output is bypassed ocrass the collector load resistor
by capacitor C4. The oudio frequency variotions, how=
ever, are not bypassed, ond as the hase is forword-biased
by the negative halfcycle of input, it increases collector
current flow, anc a pesitive cutput voltage is developad
across lood R4, Likewise, when the base current is made
to decrease on positive portion of the irput signal {whick
reverse-biases the junctior) collector current flow is re-
duced, and the collector output voltaze rises towards the
supply {becomes more neqative). Thus since the sutplt
rises and falls in accordance with themodulotion envelope,
on amplified output of similar waveforn is ohteined and
passed through coupling copacitor Cee to drive the bose
of the followint audio stage.

When a small fixed-bics is applied O 1, operation is on
the lower (curved) portion of the base-emitter transfer
curve and sguare law detection is ohtaired, with an in-
crease of distortinn,  When biased kither {on the stroiakt
portion of the curve) the transistor overcies as a linear
diode detector with the additiorcl annlificotion supplied
by the collestor cirzuit. The type of operation is determine
during design by selecting the proper values of Bl and B2
to provide the cesired bicz for square law detection, and by
choosing the proper value of emitter resistor R3 and bypass
capacitor C3 for linear detection. The sutout in both
instances is equivalent to that from o separate diode,
amplified by a seporate transistor cperating at the same
bias voltages. Usually when operating oz a hizh-leve!
(large signal) detector it is copable of driving an cudic
output stage directly. Ir this respect, it is the transistor
equivalent of the electran tube power-detector.

FAILURE ANALYSIS.

No Output. L0Ss of on input signal, lack of bias, @
defective tranzistor, lozs of supply veltaze, an ocpen load
resistor, or an open cutput capacitor can produce a no-
output condition. Check the bias, supply, and collector
voltages witk @ high resistance chmmeter. If normal bose
bigs is obtained, L2 anZ nics divider B1, and B2 are satisfac
tory, and CZ is not shorted. Likewise, witk normal collector
voltage R4 is okoy and C4 is not shorted. An emitter
voltage slightly larger than the hios applied and still no
signol indicates that B2 and C3 are operating satisfactorily
ond that either 11 is epen or Cl is shorted. Check the
input circuit for continuity and shorts with an ohmmeter.

The possibility exists that coupling capacitor Cec may be open.
In this instance, use of an cscillosoepe would immediataly
show an output on the transistor side of Cec, but nothing

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

Disteriion. Noimally the output is disiorted to @ cerlal
extent, however, the modulation should be inteliigible.
When it is so distorted that it is garbled, check the output
cireuit to make certain the trouble is not in the following
audio stage. When the distertion 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 @
voltmeter, If the bics voltages are normal, use an oscil-
loscope and follow the signal through the circuit until the
pattem changes and shows the part at fault. It is important
to remeniber to use ar r-f brobe when checking with the
oscilloscope, since distortion in the 1-f portion of the
circuit will not show unless it is first detected by on -t
probe.

COMMON-BASE DETECTOR.

APPLICATION.

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

CHARACTERISTICS.

Employs arid-leck bias,

I equivalent in output 16 ¢
fier stage.

Produces more distortion than the common-emitter
detector, of a diode detector,

Cperates os o small signal detector which can easily
be overloaded,

dicde and ¢ separate ampli-

CIRCUIT ANALYSIS.

Genera!. The common-hase detector s the transistor
equivalent of the electron tube arid-leak detector, Detection
occurs in the base-emitter junctior. and omp]mcotlo n OCCUrs
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from the coilector circuit 'hrougb audic output transformer
T2, however, JC coupling may 5e used (o heip irpove
fidelity if a smaller output is satistactery. The primary
of TZ forms the detector output load and is bypassed for
t-f ripple by capacitor C2.

The input signal is applied to either the tuned or un-
tuned primary and inductively coupled to the L2 secondery.
When tuning capocitor C is tuned to the oroper freguency,
the input signel is coupled through T o the smitter,

In the absence of o signal, contact hias exists as deter-
mined by resistor HL The small flow of reverse current
deveiops small bigs voltage across Rl which is near zero
and only the small normal reverse current flows. !
positive portion of the input signal occurs, current flows
through the emitter-base function drivina the emitter posi-
tive {forward bios) and capacitor Tl is chorged neaatively,
establishing the operating point, On the neqative excursior
of the input signal copacitor Tl is discharged throush Bl
creating a negative, reverse-hizs which reduces conduction
in the emitter junction, The bias developed follows the
wave envelope of the modulated signot and produces o d-¢
emitter bias which varies ol audio frequencies. Variation
of the emitter bias causes the collector current m flow in

dance with the gudic frogquenc

rothi
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tage in thepe y ol To 0 id the Held around the seo-
cndm" of T2 varies in accards vith zollector current
changes, inducing an output voltage in the secondary.
Strong signals may cevelen too much bics on the emitter,
cut off collector current Hlow, and couse blocking, Since
the biag ordinarily is small, the transisior operates on the
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lation, distortion up to @ moximum of 25 percent cerexist,
Such high values of distertion render this type of detector
unsuitable for music or high fidelity broadcast use, except
in cheap receivers in which the distortion can be tolerated
for the sake of simplicity, economy, and portability,

FAILURE ANALYSIS,

Generol. When making voltage checks use a vocuum-

tube voltmeter to aveid the low values of shunting resistance

employed on the low voltage ranges of conventional volt-
ohmmeters. Be careful, also, to observe vroper polarity

when checking for continuity with the chmmeter, since o
forward bias through any of the transistor junctions will

cause a false low-resistance reading.

No Output. Lack of collector voltage, an open input
or output circuit coused by a defective transformer (T1 or
T2}, or a defective transistor can cause a no-output con-
ditien. Measure the collector voltage with o VTVM. Nor-
mal collector voltage on Q1 indicates that T2 and the out-
put circuit are satisfactory. If no collector voltage exists,
either T2 is open or C2 is shorted. Use a volt-chmmeter
and ¢ copacitance checker to check these two parts. When
collector voltage exists but there is no output, check T1
primary ond secondary for continuity with an chmmeter and
tuning cepacitor C for g short circuit. There is also the
possibility of Cl being open. Use an ohmmeter and capaci-
tance checker to check continuity and the capacitor for
proper value, If T1is satisfactory the transistor must be
at fault,

Low Qutput. Lack of collector voltage or an open out-
put circuit, as well as o defective transistor can cause
a reduced output. Measure the collector voltage, if it is
normal, either output transformer T2 is open or shorted,
or Ql is defective. Check the transformer for continuity
or short cirquit with en chmmeter, and check C2 with a
capacitance checker.

Distorted Qutput, The output will normally be dis-
torted, but should be intelligible. If the distortion is
so bad that the modulation is garbled, check the input and
output waveform with an oscilloscope. If the waveform is
undistorted in the base circuit but eppears distorted in the
collector circuit, check the values of Cl aend R1. Since
these parts set the bigs peint, ¢ change in the value of
either one can cause clipping or peck distortion effects.
If these parts values are proper and within the tolerance
indicated in the instruction book on the equipment, the
transistor is most likely at fault.

FM DETECTORS.

The f-m detectors discussed in the following paragraphs
are used to demodulate a frequency modulated 1-f sianal.
Because of the similarity between a frequency modulated
(FM) signal and a phase medulated (F*4) signal f-m de-
tectors may also be used with minor changes to demodulate
a phase-modulated sianal, While the circuits used in FM
transmission and reception are more complex than those
used for AM, FM provides more cdvantages which outweich
the additional complex circuitry, One of the most im-
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portant advantages is in noise reduction of both men-made
and natural static. Since most of these noise variations
occur as amplitude variations, and the FI recelver is de-
signed so that it does not respond to amplitude variations,
noise is qutematically eliminated in FM reception.
Semiconductor FM detectors con be divided into roughly
‘three groups of circuits, namely, discriminators, ratic
detectors, or slope detectors. These detectors are very
similar in circuitry to that of their electron tube counter-
parts in that crystal diodes cre merely substituted for the
vacuum-tube diodes. Although these diodes do not have
the practically infinite back resistonce of the electron
tube, otherwise, their periormance s similar, And, they
do have the advantage of not requiring filament power. For
precise frequency response or frequency control, discrimi-
nator circuits are usually employed. Whereas, the reduced
response of the ratio detector is reserved for recelvers
where economy and simplicity cre desired. Each of these
circuits is discussed in detail in the following paraarachs.

FOSTER-SEELEY DISCRIMINATOR.
APPLICATION.

The Foster-Seeley discriminater is used in semiconduc-
tor communications recelvers anc particularly where auto-
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 inkerent distorticon.

Converts instantoneous frequency variations into in-
stanteneous d-¢ voltage variations.

CIRCUIT ANALYSIS.

The Foster-Seeley discriminator (also known as the
phase-shift discriminator) uses a double-tuned r-f trans-
former to convert the instantaneous freguency variations
of the received f-m signal into instantanecus amplitude
varigtions. The amplitude varictions ae then rectitied
and filtered to provide a d-c output voltage which varies
in amplitude and polarity as the input signal varies in
frequency. The output veltage is zero when the input
frequency is equal 1o the center frequency (unmodulated
carrier frequency). When the input frequency rises above
the center frequency the output increcses in one direction
(for example, becomes more positive), and when the input
frequency drops below the center frequency, the output in-
cregses in the other direction {fcr example, hecomes more
negative).

Since the output of the Foster-Seeley discriminctor
is dependent not only on the input frequency, but also
to o certain extent upon the input amplitude, it is neces-
sary to use one of two limiter stones before detection,
When properly limited, and the input frequency is varied
from a lower frequency through the resonance paint 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 cbtained,
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Discriminator Response Curve

The usable pomon of the typic
curve is from point A to point B in the lllustrouon Be-
tween these points, the curve is linear ard the instantan-
eous output voltage is directly proportional to the instan-
tanecus frequency deviation,

Circuit Operction. 1he oCcompanving circuit schematic
illustrates a typical Foster-Seeley semiconductor dis-
crimingtor.
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emitter resistor RE and bypass capacitor CE. The col-
lector circuit tonk consisting of Cland L1 is the primary
tank of i-f input transformer T1, while LZ and C2 form the
secondary tank circuit; hoth tanks are tuned to the center
frequency. Choke L3 fomms the d¢ retum for diode recti-
fiers CR1land CRZ, While CR1 and CBZ are shown by-

manoed b Arcealiog B o L e

passes by equalizing fAETmeRAr L SR B YR R R

always used (they are usucily used when the diode bock
resistances are different). Resistors BRI and B4 are the
load resistors bypassed by T3 and C4, respectively, for
1~f, capacitor C5is the cutput coupling copacitor.

The center tap on ccil L2 is capacitively coupled
through coupling capacitor Cec to the primary. And the
full voltage exists across choke LA At resorance {the
center freguercy) equal veltagee o, ond o, ore preduced
across both halves of L2, thus egual voltanes are aoolied
to the anodes of CR1 and CEL  Assuming these voltones
are positive, conduction vecurs and current [low throuah
dicde load resistors F3 and 54 produce equal and opposing
valtages across filter capacitors 53 and G4, Since the
output is tcken from C5 to ground, the equal and cppositely

i certer

O cuput ot e ¢

solstized signalsioanse] anspodice
frequency. However, as i frequen
center frequency, the phase relationships in the halves of
the tank circuit cause n valage change so thot o hecomes
larger than e,. Since it is larger then the voltage across
R4, the voltage of B3 predominates, creating ¢ positive
output voltage.

Conversely, when the input simal frequency droos be
iow the center frequency ard 15 lower, voltace e, iz
larqer than e, and the voltoge ceress B4 predominates,
creming g negative outpnt. Az lonn o= the input frequency
veriations remain within the limits of peck separation
marked A and B on the discriminator curve, a linear fre-
quency versus amplitude relotionship is maintained. That
is the higher the frequensy the larger the positive sutput
valiege becomes, and the lower the frequency the larger
the neqative output becomes. (if desired, the discriminator
transformer con be wound and connected to produce opposite
polarities from that described above.) In any event, the
output voltane is always developed across both B3 and R4,
and it is always the clgebraic sum of these, Capocitors
C3and C4 are ysed to store. lka mstE!ntcr\eOLc o'tuq es m
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stcges by ceupling capacitor 25 fany coupling method may
be used). Thus, while the input consists of 2 constantly

varying f-m signal of stecdy amplitude, the output is an
audic frequency which varies linearly botk in fmcuerv"f and
amplitide ir acoerdance

input signal.

FAILURE ANALYSIS,

No Output. A defect in the primory or secondcry wind-
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C3 or C4 to be shorted ond bypass the signal to ground.
Use an ohmmeter to check the primary and secondary of T1
ad the RFC for continuity, and for shorts to ground. [f
these checks fail to locate the trouble, use on in-circuit
capacitance checker to measure the values of Cl, Ce, Cee,
C3, and C4. Note also, that both diodes must fail to cause
no-output, since if only one fails there still will be an out-
put. When possible, use an oscilloscope to observe the
waveform at the input and follow the signal through the
circuit noting where the signal disappears ta lacate the
source of the trouble.

Low or Distorted Outpur. A defect in nearly any com-
ponent in the discriminator circuit moy cause the output to
be low or distorted. Use an E-F Sweep Generator and an
oscilloscope to isolote the trouble. Conmect the sweep
generator to the input and check the output with the scope
on Q1 and at the ancde of diode CR1 or CRZ. Lack of
signal ot Q] 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 mast likely
in the discriminator circuit. To determine if the discrimi-
nator is at foult, ground the bose of limiter stage Qland
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 chserve if the pattern on the ascilloscope 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 o portion of it to be distorted, or
flattened.

1 the entire response curve is distorted the trouble
may be caused 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 discrimingtor is aligned
propetly, the trouble is most likely in the transformer.

If only the upper portion of the response curve is dis-
torted, the trouble may be coused by a defect in diode
CR1, capacitor C3, resistor R3 or transformer T1. Use an
in-clreuit capacitance checker to check capacitor C3 for
value and leakage, and use an ochmmeter to check resistor
R3 for a change of value.

Conversely, if only the bottom portion of the discrimi-
nator response curve is distorted, the trouble may be
caused by dicde CRZ, capaciter T4, resistor B4, of tans-
former T1. If the trouble persists use an in-circuit capaci-
tance checker to check C4 for vdue and ledkage, and use o
ohmmeter to check resistor B4 for a change of value. If
these checks fail to restore the output to normal, trans-
former Tl is most likely defective.

CHANGE 2
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RATIO DETECTOR.

APPLICATION.

The semiconductor ratiz cetector is used in semi-
conducter type FWM receivers to demodulate the received
r-f, f-m signal, and in afc contrel cireuits to transform
frequency changes inta d-¢ control voltaqes.

CHARACTERISTICS.

Employs a double tuned transformer and two solid
state diodes.

Cenverts instantanecus frequency variations of the f-m
signal inte instantaneous d-¢ voltanes.

Distortion is inherently low,

Qutput is not atfected by input amplitude varigtions
when preceded by a limiter stage.

CIRCUIT ANALYSIS.

General. The semiconductor ratio detector, like the
electron tube ratio detector previously discussed in Part
A of this Handbook, uses o double tuned transformer
(discriminator) connacted so thet the instantoneous fre=
quency variations of the F¥ input sigral are converted
into instanteneous amplitude variations. These amplitude
variations are rectified by the diodes tc provide a d-¢
output veltage which veries in anplitude and polerity as
the input signal varies in frequency. The output is zero
when the input is equal to the center frequency {unmodu-
lated corrier frequency). When the input frequency rises
above the center frequency, the output voltage increases
in one direction (for example, becomes more neaative).
The specific polarity of the output voltoges obtained for an
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 dia-
gram illustrates a typical semiconductor ratio detector.

The input tank circuit comprised of C1 and primary
winding L1of Tl is tuned to the center frequency of the
received f-m signal. Secondory winding LZ and copacitor
C2 clso 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 detector. Solid state diodes CR1 and
CR2 rectify the signal from the secondary tank. Capacitor
€5, in conjunction with resistors Rl and R2 determines the
operating level of the detector, while capacitors C3 ond
C4 determine the anplitude and palarity of the cutput. Re-
sistor R3 medifies the peak diode current and furnishes a
d-c return path to ground.  The output of the detector is
taken from the common connection between C3 and C4to
ground, which is also the common connection of Bl and RZ,
Resistor BL is the load resistor. A low-pess filter is
formed by RS together with C8& and C7 to provide high fre-
quency deemphasis. Capacitor C8 is the output coupling
capacitor.

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

11-B-§




ELECTRONIC CIRCUITS NAYSHIPS

ANC

e

INPUT T <

ol
9
A5

l ,_“_V\v.\v I{-—O

. €8 quteur

T 1 ¢

Ratio Detector

parallel with the primary tank circutt by inductive coupling.
‘When veltage ep is applied to the primary winding of trans-
former T1, a voitage is also induced in the secondury wind-
“..'Kj‘ [Si31 L cuuses curent io LLU‘V L.'Uu‘l‘\l b bi",’.,"uuv'u“f LJHK
circuit. When the input frequency is ot the centel frequency,
the tank is at resongnce, is resistive, and acts like g re-
zistor. Trerefore, tonk current is in chase with orimary
voltage ep. The current flowing in the tenk circuitcouses
equal voltage drops to be procuces across each half of the
baianced secondary winding of m:';, which nre of souel moe-

nitude and of cpposite polarity with respect t T
tap of the winding. Since the winding is medominately
inductive, the voltage drop across it is S0 degrees out of
phase with the current throush it. At the same tire, be-
cause of the center tag arr mdemem t‘”-e veltages to ground
and are shown as e, und €, on the achemctlc.

The voltane applied to the cathode of TR consists of

the vectar sum of e, and ep. Likewise, the weltcge conlie

to tpn -'_'!nme Oi \ H} f:or‘wslgfc ot 'hﬂ Har‘f()r s mnt \H‘\\thq <
s, tnd ep. Since at rescrance there :

hoth voltages are equal. Lonsider now the manngl (nownich
the diodes operate with the discriminator voltane discussed
above. When a positive inour siangl is ﬁrﬁlmﬁ ol
voltoge of opposite polarity is induced into

ISusnEphnae:s

5
(W2

As shown in the aoccompanying w.“,./uucu B
cathode of TR is nengtive with respect to its mnode nrd
is forward hiased, while the ~rode of CRZ is positive with
respact to its cathode and iz likewize forward bigeed.
Since both voltages are of equel magnitude ot resonance,
both cindes cordl ot equbl'w Herce current flow through

.utic, e
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CRZ is in the opposite direction. This direction of current
flow causes o negetive polarity at point A ond o positive
polarity at point B, Throush BL ¢ positive charqe is ap-
plied to C3. Ir. a similor manner current flow through CRZ
produces a reqative polarity at point 3 and a positive
polaity at . Hence capacitor 4 is charsed negatively.
Since ihe polurilies vre wdditive, capaciton 00 acioss the
output charges o the series value of twice this voltage.

CR)
A A
AT
5 VOLTS
(i c3 RI i
NG A3 :F R !
TR o o W ‘N\_.Tr AN -
=
cq USVOLTS
i
AN\
'r -
CR2

Simplified Schemotic

In the example shown, it is assumed that equal but
opposite voltages of 5 voits exist across C3 and C4
Therefore, the total chorqe across C5is 10 volts. Since
the voltane arrees C3 and T4 are equal in amplinde {5
volts) and of cpposite polarity, the output geross liod Fe
sister BL ic the alachraic sum or zemc,

#¥hen the input signai reverses polarity, the seconcary
voltaqe ceross Le ulso reverses polarity. The cothode of
CR!lis now positive with respect to its ancde, and the
anese of ORZ is negative with respect 1o its cathode,
Under these reverse-bigs conditions neither diode conzucts,
and there is also no output. Meanwtile 25 retains most of
its charne becnuse of the lonm time constont offered by
R1and RBZ ond discharges very slightly,

fihlaie R otidttelsio roabretbtain Fer olcpt sty
than tesonance, the irductive reactance of the coil in-
crecses, while the capacitive reactance of the tuning cooac-
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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 above resonance,
as discussed above. When a positive input is applied to
L1 the same polarity as in the previous example discussed
above exists, namely CR1 cothode is negative and CR2
anode is positive, and both diodes conduct. However, e,
is now greater than e,. Therefore, dicde CRI conducts
more than diode CR2, and C3 charges to @ higher voltage
than at resonance, as shown in the agcompanying simplified
illustration,

CRI

L2 _ A~ VOLTS

CcR2

Current Flow and Polarities Above Resonance

Thus, we assume in the fiqure an 8-volt charge on C3
and only a 2-volt charge on C4. Since C3 is positive with
respect to C4, the cutput is a 6-wolt positive signal.
Meanwhile, capacitor CS 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 also reverses, biasing both diodes in the opposite
direction, and preventing conduction, During the non-
conducting period, C5 discharges very little because of the
long time constant.

When a tuned circult operates at a lower frequency
than resonance, the capacitive reactance of the tuning
capacitor increases, while the inductive reactance of the
tank coil decreases. Therefore, 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 detector circuit, o phase shift also occurs and
secondary current is leads the primary voltage ep. Although
secondary voltages e, ond e, are still 180 degrees out of
phase they are also 90 degrees out of phase with the cur-
rent which produces them. Thus the change to o leading
secondary current rotates the vector in ¢ counterclockwise
direction, and e, is now brought necrer 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 e,.
Therefore, below the center frequency the voltage applied
to the cnode of CR2 becomes greater than the voltage ap-
plied to the cathede of CR1 as shown in the accompanying
simplified schematic.

CHANGE 2
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CRt

Current Flow and Polarities Below Resonance

Once ogain CR1 and CR2 are conducting, but this time
CR2 is conducting more than CR1, hence, capacitor C4is
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 B-volts because C4 is charged
negatively with respect to C3, Again the charge across
capacitor C5 consists of the sum of the voltages across
C3 and C4, or 10-volts ¢s originaily developed.

When the input signal reverses its polerity, the sig-
nalacross the secondary also reverses its polarity. The
cathode of CR1 is now positive with respect to its anode
and the anode of CR2 is negative with respect to its
cathode. Under these conditions, neither diode canducts,
but the time constant of C3 together with Ri and B2 main=
tains the current through the load in a negative direction
until the next cycle of input, and C5 discharges but slight-
ly.

The cutput of the ratio detector adjusts itself auto-
matically to the average amplitude of the input signal.
Through the action of resistors R1 and R2 together with
eapocitor C5, qudio output variations which would occur
due 1o r-f omplitude variations in the input (such as noise)
are eliminated. Since C5 charges to the sum of the voltages
developed across Rl and B2, any amplitude varigtions at
the input of the detector tends to change the voltoges
across R1 and B2, but because of the long time constant of
CS across these resistors, these voltages are held to a
minimum. Before C5 can charge or discharge to the higher
ot fower amplitude variation the impulse disappedars, and
the difference in charge across C5 is so slight that it is
not discernible in the cutput. Because the voltage ocross
C5 remains relatively stable and chenges 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 Cb and C7 together with resistor RS form
e low poss filter which attenuates the high cudio 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 balence to normal. When
pre-emphasis is not employed these parts are not needed.

FAILURE ANALYSIS.

No Output. A defective discriminator transformer,

T1, shorted tuning capacitor Cl or C2, an open output
resistor R3, an open coupling capaciter C8, or shorted
filter capacitors (C6 or C7) will produce o no-output con-
dition. Check the continuity of the windings of T1 with an
ohmmeter. Check capacitors C1, C2, CB and C7 for shorts
and capacitor C8 for an open with an ochmmeter, and meas-
ure the resisiance of RS, If any of these checks fail to
restore the output check all capacitors for value with an
in-circuit capacitonce chacker, Note that while one dafec-
tive diode will produce o partial loss of output, both diodes
must fail to cause a complete loss of cutput.

Low or Disterted Output. A defect in nearly any com-
ponent of the detector will coause the output to be either
low or distorted. Therefere, it is qood practice to use an
r-f sweep generator and an oscilloscope to locate the
trouble. Ground the grid of the last I-F staqe and connect
the 1-f swesep 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 pattern observed on the
oscilloscope should be similar to the discriminator response
curve illustrated previously. Defects in the response
curve will cause either the entire curve or @ portion of it
to be distorted or flattened.

If the entire curve is distorted, the trouble may be
caused by improper dlignment or by a defect in transformer
Ti First check to be certain that both primary and sec-
ondary circuits are tuned properly to the center frequency.
If the detector is properly aligned, check cepociters C1
ond C2 with an in-circuit capacitonce checker. Check Ri
and RZ for their proper value with an chmmeter, and capaci-
tor C5 for value ond leakage with an in-circuit capacitance
checker. If the trouble is still not located, it is most likely
caused by a defect in transformer T1.

If only the upper portion of the response curve is
distorted, the trouble may be caused by o defect in diode
CR1, capacitor C3, or transformer T1.

Conversely, if only the lower portion of the response
curve is distorted, the trouble may be coused by a defect
in diode CR2, capaciter T4, or transformer T1.
YIDEQ DETECTORS.

The semiconductor video uetecto. is very similar to tl e

vacuum tubevidéo dotenitn: Gengiclys srecking
detector must handle a larger range of 'requenCles than the
standard detector. Thus we uvsuclly find either
series peaking, or both systems, used o compenzat

loss of the higher trequencies. Actually, whether or not
there is excessive loss of high frequencies {s sometimes
doubtful. For example, using the standard diode detector
provides a hread resporse and it is the relative amount of
loss of output voltage in response to frequency that is

i oriont Them tim 4 AAcs wrhaea T s Tram o o
IWMPOTWant. husS i ne 4GS0 wWihelt ;‘18 nigh uEC'l ency oul
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put tapers off gradually it is questionable if peaking is
necessary. On the other hand, where the cutoff is rather
sharp, then boosting circuits e in order.

The simplest circuit, of course is that of the diode
videa detector, however, this provides little or no gain
since inherently the diode has no amplification. On the
other hand by using a transistor type of detector, the
emitter-base junction can provide the detection while
anplification is obtained from the collector-base junction.
Thus, in one stage both detection and amplification are
obtained and fewer driver circuits are needed to boost the
output amplitude sutficient 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 rectificetior
efficiency of the diode at a high ievel. Cn the other hand,
a transistor can serve efficiently as o video detector into o
relatively low volue of impedance, The tigh bass imped-
ance provides the neceszary high impedance input, while
the cutput at medium ar moderately low impedance matches
the following video amplifier stage. Hence the qeneral
trend is to use triode video detectors, rather than dicdes
followed by extra stages of video amplification which do
require adequate equelizing and peaking.

BASIC VIDEO DETECTOR.

APPLICATION.

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

CHARACTERISTICS.

Uses either fixed or self-bias.

Is equivalent of a dicde and one stage of transistor
amplification.

Uses videc pecking circuits to provide good high

frequency responses.

CIRCUIT ANALYSIS.

General, The operation of the basic video detector is
identical to the aperation of the AN dicde detector previous-
ly discussed in Part A of this Handbook, The only dif-
ference lias in the use of the base-emitter junction of the
transistor us o ¢iede in place of a separate diede. Conm-

- cdded i the collector mirciie
De'.".SGU‘I‘C Clicuits are \._.E‘ w =] ’\!!DFP’T SIrERs

ensure better high frequency response. 1he reader should
refer ta the discussion of the Tiode Detectar, in Part 4 of
this section of the Handbook, for proper hackerounc He'ore
nrnr‘edlrp with the digmi

azinn of the =2

yides detector.

Cireuit Operstion. ' Fe schemat:is of o tvnical trone
sistor video detector using shunt peckina is
aceonpanying illustrution,

The base of transistor QA is connected to the untuned
SECOnuUTy of i-f ransiommer T, with the pr.mur; runec by
'mo'- FQ jn. B3 lrgin g
: to amGns

shrwn in the

=

cacitor C.
deJuE‘[ from
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secondary winding L2 of Tl R3is bypassed by CZ to pre-
vent a degenerative voltage from being developed across
R3 with the instontaneous bigs swings, thus allowing
voltage divider B2 and R3 to provide o steady forward bigs
to the base of Q1. Resistor Rlis a conventional emitter
swamping resistor used to stablize the transistor against
thermal chanqes and, likewise, is bypassed by Cl to pre-
vent deqeneration in the emitter circuit and negative feed-
back effects. Inductor L.3is a shunt peaking inductance
with B4 supplying resistance to widen the response, L3
dlso acts as the detector output load resistor across which
the output voltage is developed and applied through cou-
pling copacitor Cee to the following stage, or direct to the
CRT if sufficient drive exists.

When an input signal is applied to T1, the i-f frequency
is selected by tuned circuit L1 and C, ond this i-f together
with any modulation compenent is inductively coupled
through secondary L2 which is left untuned for a brocd re-
sponse, and the signal is applied to the base of QL The
emitter-base junction of Q1 acts as a rectifier and instan-
tanecusly changes the bigs in accordance with the low fre-
quency veriations of the modulation envelope. Any remcin-
ing i~f is bypassed through capecitors C1 and C2 to qround
and has no etiect on circuit operction. As the qudio en-
velope of the received signal changes the bias on Q1 the
collector current is varied likewise, and the collector cur-
rent fluctuates in accordance with the modulation. The
audio frequency variaticns are bypassed across emitter re-
sistor B 1 by capeciter C1 so that only the long time temperc-
ture variations can produce a voltage charge across RL
However, the flow of collector current through L3 and B4
produces a change of collector veltage on the collector side

CHANGE 2
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of the choke. A positive medulation swing causes a de-
crease of forward conduction ond taises the instontanecus
collector voltege. Likewise, a negative audic excursion
causes an increased forward bias and conduction, and the
collector voltage of Q1 reduces. Since only o small change
in base current coauses ¢ lorge change in collector current,
amplification of the detected signal is obtcined in the
collector circuit of Gl and cppears as a larger output volt-
oge ceross L3 and R4 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 response of the detector
iz broadened. As the cutput voltage is developed ceross
L3it also is opplied through Cec to the output. Where the
output voltage is sulficient the CRT may be driven directly.
Where the voltage is not sufficient, an additional voltage
amplification driving emplifier stoge is added to increase
the overall drive, as required.

FAILURE ANALYSIS,

No Output. 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
a no-output condition, Check the collector, base, and
emitter bigs with a high resistance voltmeter. Voltooe at
the collector indicates that L3 and K4 are not open, while
emitter voltage indicates that R1 is not open or shorted.
Likewise, base bias indicates that voltage divider R2 and
R3 is operating, and that secondary L2 of T1 has con-
tinuity. With these voltages obtained ond no cutput, either
winding L1 of T1 is open or shorted, or Cee is open. Check
C and Cec with an in-circuit capacitance checker, and also
chock the continuity of T1 primary L1 with an ohmmeter.

If base hias is zero R3 is shorted, alsc check C2 for oo
pacity with on in-circuit capcaitance checker. [f 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 voltage,
check the supply voltage to make certain it is not at fault,
check the value of B4 with an ohmmeter and check L3 for
continuity.

Low Output. High base bias, low collector voltage, ot
a defective transistor can cause g no-output condition, If
bias voltage divider resistor B3 changes to a higher value
of resistance, or if B2 becomes lower in value, the net
effect is to meke the total base hics higher, check these
tesistors with an ohmmeter. If F4 becomes higher in re-
sistance, the collector voltage will also drop and reduce
the cutput. Check B4 with an chmmeter. 1f a high bias is
measured across emitter resistor RJ, capacitor Clis open,
check C1 for value with an in-circuit capacitance checker,
Do not neglect the possibility that the input tank controlled
by capacitor C may be detuned from the desired i-f input
frequency. If not shorted, tuning C will peak the response.
1f the response does not peak 2z C is tuned arcund the
input frequency, check capacitor C for a short or cpenon o
capacitance meter.
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