ELECTRONIC CIRCUITS NAYSHIPS

SECTION W
MODULATOR CIRCUITS
PART A. ELECTRON-TUBE CIRCUITS

AMPLITUDE MODULATION (AM).

Modulation is the process by which a signal {or signals)
containing intelligence (modulating signal) is impressed on
some other signal {usually a radio frequency, called the
cartier). There are three hasic methods for accomplishing
modulation:

a. Amplitude Medulation. In this method the modu-
lating signal and carrier signal are combined in such o
Wuiuei G5 10 cduse the amplitude of the resyltant waveform
to vary in step with the changes in the moduldting signai.

b. Freguency Modulation. In this method the output
frpquency is varied in accordance with the modulsting
signal.

C. Phase Modulatien. In this method the phase of
the output signal is varied in accordance with the medulat-
ing signal.

Only amplitude modulation will be discussed in this para-
graph.

Usually, in amplitude modulation, the modulation varies
at an cudio rate because the intelligence 10 be transmitted
consists of voice, music, or other qudio frequencies; the
signal which is modulated is a radic-frequency signal of a
constant amplitude and frequency, known as the i-f carrier.
As will be seen later, once the modulation {5 achieved, the
-l carrier i3 no longer necessary and need not be trans-
mitted, or may be transmitted at g reduced amplitude, for
CEergIn specict Opplicdlions.

Modulation is normally achieved by varying the voltage
applied to one of the elements of an electron 1wbe, and the
modulater circuits are classified aceordingly. For example,
varying the gnid bias of a tube to ohtain modulation is
known as grid modulation, while varying the cathede voliage
to obtain modulation (a similar process) is called cathode
modulgtion. Modulotors are further subdivided into two
genera) classes - high level and low level. The high-level
modulator usually employs plate circuit modulotion; it
usually moduintes the final (output) stage of a transmitter,
and it usually requires an audio power amplifier {modulator)
capable of supplying 50 percent additional power over the
rormat maximun unmodelated output of the final transmitter
ampiifier stuge ot lOG ercent modulation. The low-ievel
modulater usually modulotes a stage preceding the finas
stage of the transmitter. The exact qudio power requlie’
Jepends upon the stage modulated. When low-level modu-
iation iz employed ther the stages following the moguidted
stage must be operated as linear power amplitiers,

Strictly spedking, high-level moduiation 1s definea os
modulation produced at a point in the system where the
nower leve) approximates that at the output of the system,
Dovi-level modulation i definad ns maduiction Droduced at
g point in o system whete the level is low as compared with
the power level at the output of the system. This does nst
mean that high-level modulation must aiways be applied to
the olate of e cutpul tube, or that low-level modulation is

always applied to the gna of an witelieaiuic oluge. In SSmE
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Navy equipment, modulation applied to the grid circuit of

the power amplifier is referred t0 as low-level medulotion.

A combination of plate and screen modulation is referred to
ts high-level modulotion.

High-level modulation seems to predominate in the low-
and moderate-power fields, since it gives somewhat better
efficiency and less distortion ior the same powers However,
in the extremely high-power lieid ot where broad- tand sieges
are necessary (as in television), low-level modulation
seems to be preferred. Theoretically, with the same amount
of sideband power, both modulation metheds are equal.

The original concept of the modulated signal was that
of a basic carrier frequency with an envelope which varied
with the modulation impressed upon it, as shown in the

Modvlotion Envelope

aecompanying figure, This concept is still vali, but 15
misleading ingsmuch as it appears that for the signal to be
teproduced, the corrier is required. Further andlysis and
investigation have proved that when modulation is accom-
plished, three siqnal frequencies are generated. Cne fre-
guency is higher in frequency than the corrier by the fre-
quency of the modulating signal; the second is the middie
frequency, ot carrier; the third frequency is that of the lower
sidebond, which iz lower thun the carrier by the frequency
of the medulated signal. The sidebands are produced by
mixing the oudio modulating frequency against the carrier
to produce the sum ond difference frequencies. At the tme
modulation is accomplished, and at the time, ol detection o2
demodulation, the carrier is required, but it can be either
partially or entirely squressed from the output os long as
1 similar signal |minoum: Enose ard ;:0‘10.*"\“ 15 reinsened

at the receiver. 1 must Gi3o u€ understood that ench side-
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lating frequencies as the other smeband bem displaced
it Irequency JDZ)H;‘ u“u uc_u\h I..JC (ot :f. i.”'.:: SSa R0
Thus the carrier and one (either) sidebond can be eumi-
nated, which is done 1 single-sideband operztion.

Since the sideband frequencies are transmitted alonn
with the carrier frequency, it 15 evident that e 0l
bandwidth occupied is twice that of the modulating ire-
quency. Theretore, the modulated signal requires more
space thaa the uqu\duluted qignol S'mce frequencies up
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sideband operation on a comparative bosis, with only one
sideband transmitted, only 3 ke is required, To broadeast
music ond speech with reasonably good quality, o 10-ke
bonawidth i required when using AM double sideband.

As stated hefore for plate modulotion, a 50% increase
i power above the normal carrier power is tequired to
achieve 100% modulateon. The following figure illustrates
these conditions. Thus each sideband contains one-haif
of the total audio power supplied (that is, 25 percent of the
carrier powet). For the compesite signal, however, the
cerrier contains 66-2/3% of the total energy, with 33-1/3%
of the total energy represented in the two sidebands, That
is, upproximately one-sixth of the total power is contcined
in each sideband (50 + 200 + 50, or o iotal of 300 divided
on a 2-to-1 basis). To achieve this result, the modulator
must drive the modulated amplifier plate voltage down to
zero dnd then to twice the normal plate voltage, as ilius-
tiated previously, Since the peak power varies as the
square of the plate voliage, o pedk power of four times
normal is produced at 100% modulation. For plate modula-
tion a Class C biased r-f amplifiet is used because its
output varies linearly with plate voltage. To produce low-
level modulation a Class R linear amplifier is employed,
in which the output varies as the square of the excitation
voltage. The Class B amplifier is adjusted for maximum
output and then teduced to one-quarter maximum output and
driven to four times this power on peaks. Or, os is generally
done with most cof the efficiency types of modulation, the
plate current on the output stage is adjusted (by changing
the output loud) for one-halt maximum plate current (the
output varies as the square of the plate curtent) and the
peak power output is four times normal. In any event,
plate modulation is characterized by a steady d-c plate
curtent indication, and low-level and efficiency types by a
varying d-c plate current indication. In eachcase the
results are similar as far as amplitude variations are con-
cemed; however, the distortion and linecrity vary from type
o type.

The amount of modulation is expressed in percentage
based upon the amplitude of the carrier, When the ampli-
tude of the modulated signal reaches twice the carrier
amplitude on positive peaks and reduces to zero on negative
peaks, as ilJustioied above, the modulation is 100%. At
any in-between values the modulation is less than 100%.
Since the power in the sidebands varies as the square of
the amplitude, it also varies as the square of the modulation
percentage. Therefore, for a 50% modulated signal the side-
band power is only one-quarter of that available at 1008
modulation. [t is evident, then, that the percentage of
modulation must always be kept as near 100% medulation
"us possible. When the modulation exceeds 100%, the nega-
tive peoks cross the zero level and the siqnal is effectively
thopped off, creating cartier shift, distortion, and severe
adjacent-channel interference with other stations. For @
sing-wave signal the amplitude variations above and below
the average are even. There are other waveforms, however,
which are not equolly spaced or symmetrical, such as
sperch, Tertain speech sounds contain large positive peak
comporents and if the system is properly polarized, the
nejctive component is of smaller amplitude. In this special
case it i3 possible to modulote more than 100% on positive
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peaks without causing carrier shift. Therefore, the criterion
for 100% modulation is generally considered as being the
amplitude at which the negative peaks are just driven to
zera, 1egardless of the positive peak amplitude. On the
same basis, since speech is complex and not ¢ sine wave,
t con easily be seen that setting the modulation level with
a tane signal for 100% will result in a loss of modulation,
as only occasional peaks will reach this value, Thus the
general practice of advancing the gain control so that
occasional positive peaks exceed that value required for
100% medulation produces more effective speech communi-
cation with o slight amount of distortion and extemnal inter-
ference. in the design of modern transmitters and speech
equipment for voice communication, peck clippers are used
t0 DeTmit 4 grecter average {evel of modulation without ex-
ceeding the 100% limit. For broadegst and high-lidelity
troremieaions, however, the modulation must be set so that
the peaks never exceed 100%.

Recanse the intelligence which s impressed as modu-
lation on the carrier is of prime 1mportance, the modulator
(and output staqe) must be linear; that is, it must produce
& minimum of distortion. Distortion can be caused by incor-
rect amplitude, exrraneous {spurious) frequencies injected

during the modulation vrocess, phase shift at some frequen-
cies exceeding that at others, and other conditicns. These
iiems will be discussed as the circuils ore analyzed.

Since modulation involves an increase of power in the
modulated stage, it is important that the electron tubes used
to supply the cutput signal have sufficient reserve emission
to permit 100% modulation on peaks; otherwise, the signal
will be clipped. Alsc, the wbes must be operated at
reduced ratings so they will handle the excess power dissi-
aared during modulotion without exceeding the voltage and
cument ratings or the elements. With good design the tubes
will opsrate without showing any sign of plate heating, and
under average conditions they may show just @ ticce of color

on modulation peaks.
CHOKE (HE!SING) MODULATOR.

APPLICATION.

The choke (Heising or constant current) modulator cic-
cuit is used toproduce 100¥ high-level plate modmamon ot
the wransmitter output stage. in the eariy duys ui tddiv i
was the most pepular moduiator circult because of it
city and economy of parts, plus good periormance.

CHARACTERISTICS.
1ses 4 SIngle Choke L dn e dGndy wius
ment 1o match the modulator to the output stage.
Jperates at & MIgnel soiidgs dovel g LI
'“ufDut StQaGE.
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One version uses a tapped choke, which is usually copnected
as an autotransformer. Basically, then, the tapped-choke
type is equivalent to the transformer-coupled type except

for the transformer’s isolation of the primary and secondary
wmdmgs and the effects incidental thereto. Alse, it is
practically us expensive to build the tapped-chal
as the trcnsiorme“—coup;ed circuit, so litle is gained b ),

115 use. In the coccond version the tronsmirter plate voliuge
dropping resistor is not used, so thot 100% medulation
cannot ke ohtained; therefore, it is considered a less desir-
able circuit. The remaining circuit to be descrined is the
basic Heising circuit, which is also known as a *'constant
current’’ modulator. This latter nume is de::vcfi Erorp the
use of 3 common choke in the powet supply lead, which
tends to keep @ constant Culren uowmq, thus when the
trangmittar marrent redices hecause ol muduboiion, ine
modulator current incregses o like amount, Sng wice vers:,
& simpler and more easily understood anaiogy 1s 10 Lonsider

that the medulater satpat veltoge {2 eual o the vlie (Ojt-

age applied (o the Wansmitier, S0d Thil On pusitirs ounae
they add, ma#:i..q the instantaneous toto! plate voltage
equal 1o 2B on negative peaks they subtract and drive the
voltuge to zera, Thus the instontanecus voliage varies
from zero to two times maximum, snd the current does like-
wise. Far this type of circuit the modularor is sinply
Class A power amplifier capable of supplying 23-1/3% of
the toral oansmitier cutput power (50Y% of roted carrier
power, neglecting losses). Since a Class A amplifier is
nomally linear, the instantanecus signol varies equally for
positive and negative signals {assuming equal drive, equal
signals, and no distortion); thus rhe average ploie current
remuins steady (for 10% of less modulation} dod 2
vary as indicated by a plate meter. The insicntansous
higﬂﬂls, l"lOWc‘Vef, are CQHSLuﬁ;Af FAIYiLG in A0
the modulation imoressed.

The Heising circuit has not been very popular up to
now because of its lack of plate efficiency, ond becausa
advances in the art have develuped otler more sibio
modulater circutts requiring much less cudio power.
ever, the Heising circuit Dnce again 1S gaining in pucuxor Lv
because of its simplicity, @ does serve g o basic
for studying ana understanding pasic medelote piinciple
thus leading to ap understanding of cther byues o0 noduidist
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Typical Choke (Heising) Modulator Circuit

Capacitor Cl is selected to offer minimum reactance at the
lowest usable frequency so as to pass the lower audio fre-
quencies atound R1 without attepuation. Since the higher
frequencies are offered much less attenuation, Cl effectively
bypusses Rl completely for the audio frequencies (assuming
that the modulation is qudio}. The grid drive of V2 is con-
sidered to be more than thot necessary to drive the tube to
saturation, with a d-¢ bigs voltage of twice the amount
needed for cutoff operation. Therefore, V2 is operating as

a Class C amplifier and is assumed o be linear. That is,
the plate current and r-f tank current of V2 vary linearly
with a change in plate voltage. Thus, as the instantareous
plate voltage of V2 is varied, the instantaneous plate cur-
rent and r-f tank current vary likewise. In this mode of
operation, V2 appears as if it were g pure resistance con-
nected between R1 and ground, and the value of this re-

dstance is: K= IED_
B

The output of V2 is designed to produce the proper plate
current ct full logd for the plate voliage set by R, to
preduce the desired plate loed resistance for modulator V1.
Tube V1 is operated as a Class A audio amplifier, with
cathode bias supplied by Ry bypassed by Cy. In this case
the method of supplying bigs is immaterial; it can be any of
the metheds applicable to a power amplifier. The modulator
input to the grid of V1 is shown transtormer-coupled, but
can be hy any method that will supply sufficient drive,
Since the tube is operating Class A, no qgrid current is
drawn, and only sufficient voltage need be supplied to
operate the tube over the linear portion of the tube grid-
plate transter characteristic. When the input {medulation)
signal goes positive, the plate current of V1 increases and
produces a voltage drop acress choke L1 in a negative
direction; for a negative input the plate current of V1
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decreases, reducing the drop across L1, so that effectively
the voltage at the plate of V] increases (goes positive).
Since tube V1 normally cperates at a quiescent value ot
current and voltage (Class A biased), the result of an input
signal is to instantaneously increase or decrease the plate
vollage and current in accordance with the grid modulation.
When the plate voltage of V1 goes positive, the puiarity is
such that it adds to the source voltage Exp obtained from
the power supply; when it goes negative, the source voltage
is reduced. It can be seen then, that at the peak of the
negative modulator swing, the maximum pesitive instantane-
cus plate voltege applied to V2 is the sum of the dc power
supply voltage, set by Rl and the aqudio component cn the
plate of V1 coupled through C1. If properly adjusted, the
audio voitage developed by V1 will just equal the d— volt-
aqge supplied V2, and the instantaneous plate voltage sup-
plied to V2 will be zero, while on the positive modulator
swing it will be twice that of the normal applied d< plate
voltage. Without resistor Rl in the circuit, the plate volt-
age of V1 would have ta be driven to zero to reduce the
instantanecus plate voltage of V2 to zero. When reduced to
zero no plote current would flow in Vi, the tube would no
longer operate Class A, and distortion would be produced.
Likewise, on the positive swing, the d-c voltage drop
through L1 would be subtracted from the V2 plate voltage,
and the instantanecus plate voltage would never reach the
two-times-normal vaiue. With Rl correctly adjusted, the

d-c plate voltage of V2 is always less than that of V1, and
the positive and negative swings ol V1 are sufficient to
drive the plate voltage of V2 from zero to two times normal,
thus preducing 100% modulation. It is evident that, since
the output of V2 is varying linearly in accordance with the
plate voltage swings produced by the modulating signal,

V2 is amplitude-modulated. When the plate voltage of V2
is increased, the plate current is increased also. To
increase the plate voltage of V2 instantanecusly, it is neces-
sary for the plate current of V1 to be reduced during that
instant. Choke L1 supplies the enerqy for this power change
through its collapsing field as the plate current of V] re-
duces. Thus the power supply current drain remaing sub-
stantially constant, even though the instantaneous veri-
ations of current and voltage in this circuit are from zero

ta twice the normal value; hence the derivation of the term
constant current modulatien, as applied to the average d-c
drain.

The modulated tube (r-f amplifier) must be operated at
below maximum ratings of tube current and voltage during
modulation because of the possibility that the instantaneous
variations of voltage and current will exceed the sale rat-
ings during sustained peaks of modulation when the peak
power is four times maximum. Conversely, the modulator
tube {which supplies half the power taken by the 1-f ampli-
fier) is at best only 30% efficient as compared with 70 to
80% for the r-f amplifier, and is subject to the same range
of instantaneous voltages and currents (or peak power).
Therefore, this type of modulator usually uses a tube of
equivalent or greater power rating than the r-f amplifier
being modulated. Like the Class A amplifier, the modulator
just discussed produces the least amount of distortion;
however, because of its low efficiency, it has hecome prac-
tically obsolete in favar of other more efficient types.
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¥Yacuum Tube Considerations. While the preceding cir-
cuit discussion was based upon wiodes, this modulator may
be used with other types of electron tubes if the proper elec-
trade voltages and currents are applied, For screen-grid
tubes of the tetrode, beam, or pentode type, it is important
that the modulation be upplied to the screen grid as well os
to the picte. This is usually accomplished by using a series
voltage-dropping resistur fow the plate to soreen, for
screen voltage supply, so that both electrodes have the
same modulation impressed upon them. Thus, cs the screen
controls the plate current, it permits full swing on positive
peaks and reduced swing on neqative peaks, effectively
aiding the modulation process. The reduced swing on the
negative peaks prevents the plate voltage from folling below
that of the screen and creating a virtyal cathode. Since the
series screen resistor does not permit plote current cuwif,
hias is chosen on the basis of projected cutoff for a fixed
screen voltage under quiescern! conditions. In addition,
the power from the modulator must be suificient to supply
the screen modulotion power, or about 1U% additional, I
circuits using a fixed screen voltage supply, 100% modu-
lation is achieved by inserting a series choke of about 5
henries between the screen and the screen supply. The
electrical inertia of the choke produces an eftect similar
to the constant current action. When the plate current is
greqtest and tends to increase beyond the limits fixed by
the screen voltage, the picte robs the screen of electrons
and decteases the screen current. ‘Whereupon, the reduction
of current through the choke produces an induced voltage
because of the collapsinq lines of force in the choke field.
This voltage is in the direction which continues current
flow (that is, an increase in screen voitage), and whe effec
is similar to that caused by the modulation supetimposed
on the series screen connection. Likewise, on the negative
peaks of the modulating signal, the screen current tends to
increase, because less plate current is drawn and the
screen tends to hecome the plate. The Increased screen-
current flow through the screen choke produces an Opposing
voltage, which tends to decrease the screen voitage ond
the total current permissible, and reduces plate swing.
Thus the raising and lowering of screen vollaye with modu-
lation is simulated by the choke, permitting practcally
100% modulation. Without the choke the modulation is
limited to gbout 90 10 35%.

FAILURE ANALYSIS.

Cven thougii the mod
tank circuit, a shorted or gﬂss ¥ electror. t_be ora
g?.'l(] SXUCIIAMIDG 1i) 1hE Gnplitict il ;""1"""‘ s By o
indication. Checking the -t amplifier plote neler will indi-
cate whether the ciicuit (o complete and whetker o resonant
dip can be obiained; also, o he grid drive meter
will determine whether excliation exisis. Lack oi goid
drive indicates trouble in the transmitter, while lack of
plate current places the trouble in either the ransiniiiel of
the modulctor. Where the modulator plate meter indicates
but the tonsmitter does not, the -.}[uDGbllh\,' is an :!per

mi
s -
dropping 1esi atu., We.. BEC, o p‘ a7

e S b R Re e v
wouslo oon he teninrad with gl
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cff the high voltage and use a shorting har before connect-
ing the meter). If both the modulator and tronsmitter meters
are not indicating, either the power supply is defective or
modulator choke L1 is open. With both meters indicating
but with no modulation, either a shorted modulation choke, a
bad modulator tube, or lack of medulator drive may be sus-
pected, High plate current usually indicates short-circuited
components of lack of bias, while low plate current indicates
cxcessive bigs, high-resistance inints, or poor tube emis-
sion. Voltage checks on the grid and plate elements will
indicate continuity os well as terminal voltages. Mo output
generally indicates lack of voltage, luck of continuity, or
short-circuit conditions. A resistance check to ground will
be helpful, but is normally unnecessary. With the voltages
and currentc usually involved in high-power tronsmitters
und wodulator, breckdowns are usually obvious from externcl
symptems such as arcing, charring, and burning; on low-
power equipment additional test equipment mcy have to he
used. But remember, DANGERCOUS voltages are invoived;
wke all sufety precautions before connecting or disconnect-
ing ony test equipment.

Low Output. [t must first be determined whether the
low output is lack of audio power or reduction in percentage
of modulation. While low modulation is normally due to
lack of sufficient audio power, this can occur from a reduced
setting of the qudio driver goin control, or from trouble in
the speech amplifier stages which drive the modulator. An
oscilloscope is very useful in determining the cguse of
maltunctioning since the waveform may be directly observed.
For simple, quick tests of modulation percentage, the
trapezoidal pattern is useful. The waveform check, however,
can show both percentage of modulation and distortion, ang
is more useful. Too high g grid bias will cause a reduction
of autput {with the same drive). A short-circuited counling
capacitor will eliminate the dropping resistor for the -
amplifier, so that the percentage moduliation wilt be reduced,
and even with increased drive the 100% ievel will not be
reached. Bul, since the capacitor is shunted by the dropping
resistor, such trouble is rather intrequent. Cn the oiher
hand, since the dropping resistor is constantly carrying the
current of the f amplifier, it will most likely change in
value with age. TIf it ;m.reases in value sufficiently, aver-
modulation willcceour, even theugh the stage con be loaded
By antenna couplina minstments 1o the aperating value of
curtent. While the modulator lowd will be correct, the
reduced voliage will perrm' lezz swing: thus the same qudio
cutput will overdrive and cau ; B in’hm*pd
by @ varying piale meter with
'\f with luuuu}uuou, i e DOWer SuUp z 3
tictent iny either the Honsmiiier Of the PrmdTy 2-C Supmy
lina, thete will be come movement of the plate current
meter. Overmodulztion will he indicated by more than nonmai
moverent, Where the power supp]y ;egﬂo'mn ig scmsfoctorv_

the normal meter indication wili be sock-stecdy, ond any
melor movement will indicate avermoduiotion or g disioried
condition.

A modulation choke that has parnially shorted turns ru:w
nat be easy 1o locate from externct appeaicnee, hut will
propably show up as low power cutput, as well as insafii-

clent and axnally distorted modulanen, Jrdinarily, this

condition run e lOCGIed SnbY Y SuBStitution Mt anew chuke
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after the other parts have been eliminated by systematic
analysis.

Lack of filament emission in the r-{ amplifier or modu-
lator tube will cause peck clipping and inability to obtdin
100% undistorted modulation.

Distarted Output. Distortion is usually obvicus when
menitoring audio modulation. [t may oceur from a number
of causes. For exdample, overmodulation will cause carrier
shift, severe interference with other stations, and distostion.
Changing of the modulator load impe dance, by adjusting the
+-f amplifier output loading for ditferent currents than normal,
will change the modulator load line; depending upon the
magnitude of the change, this cendition may be easily de-
tected, or a special check may be required to detemmine the
amount of distortion. Any change of grid bias will shift
the operating point and require a change of drive, With low
bias the input will be clipped and distorted, and with high
bies a larger input signal will be required; thus speech
amplifier distortion will most likely be increased. Should
the bias reach the Class B point, actual plate current cutoff
will cause distortion, while with Class AB operation there
is the possibility that qrid current being drawn on pedks
may cause some distortion. Thus the region of operation
between Class A and Class B becomes somewhat of a prob-
lem. With proper drive and with symmetrical modulation,
little or no distortion will occur; on the other hand, with
improper drive ¢nd with large unsymmetrical or sustained
peaks of modulation, excessive distertion can result.

Lack of sufficient plate voltage will cause a reduction
of plate swing, and thus cause distortion by plate clipping.
Skorted medulator turns can cause an insufficient inductive
effect to praduce the amount of modulation required, and
thereby result in distortion. A change in the value of the
coupling capacitor will result in different attenuation for
different frequencies, so that attenuation of these {requen-
cies (usuaily the low frequencies) will cause another form
of distortion.

Lack of sufficient filament emission in the r-f amplifier
{and modulator) tubes will cause peak clipping, produce

distortion, and make it impossible to gbtain 100% modulation.

TRANSFORMER-COUPLED PLATE MODULATOR.
APPLICATION.

The transformer-coupled plate modulator circuit is
used to produce high-level modulation of the transmitter
1-f output stage. It is used for both low- and high-power
applications, particularly where it is desired to use o
triode as a high-level modulator.

CHARACTERISTICS.

Uses a tzansformer to match the modulator stage to
the transmitter output stage.

Supplies an aqudio {modulater) cutput equivalent to
one-half the d-¢ inpwt power of the r-f cutput stage.

Operated class A for a minimum of distortion with
low efficiency and low output, or class B for highest
efficiency with some distortion. When operated between
the two ¢classes (Class AB or AB’), intermediate values
of etficiency ond disiortion are produced.

ORIGINAL

$00,000. 102 MODULATION-AM

Uses triode type electron tubes only (see Trans-
former-Coupled Plate and Screen Modulator circuit tor
tetrodes),

CIRCUIT ANALYSIS.

General. Before reading this discussion, read the
ntroduction to this section covering Amplitude Modu-
lation (AM), page 14-1, for background. A better un-
defstanding of the various voltage and current relation-
ships in class C amplifiets will alsc be obwined by
reviewing BF Power Amplifier Circuits (Clgss B or C)
for hoth single-ended and push-pul! applications, in
Section 6, Part A of this handbook.

The high-leve! plate modulater uses the qudio out-
put of g conventional a-f pawer amplifier {the modulator)
to produce a modulated t-f output signal in the plate
circuit of the transmitter 7~f amplilier connected to the
antenna. A typical high-level system is showa in the
accompanying block diagram.  The transfermer-coupled

CLASS €
ne BUFFER -— QUTRUT
osc (FINAL}

L R-F STAGE
[
AUDIO - ALDIO - AUDIO
iNFUT [ ¥ AMPLIFIER » MODULATOR
(POWER AMPL}

High-Level Modulation System

plate and sereen modulator which is used with screen-
grid tetrodes and pentodes employed as the final RF
power amplifier is a variation of this type of modulator
circuit; it is discussed separately later in this section
of the handbook.

High-level modulation is defined as modulation pro-
duced at a point in the system where the power level
approximates that at the output of the system. There-
fore, plate modulation always involves considerable
power output from the modulator, For 100-percent
modulation, the plate modulater must produce an out-
put equivalent to 50 percent of the d-c input power 10
the final r-f power amplifier. For an r-f power amplifier
having an efticiency ot 80 percent and an t-f carrier
output power of 100 watts, the total d-c input power
would be 125 watts. The power required from the+
modulater would be one half of this, or £2.5 watts, and
the resulting output to the untenna would be 100 wotts
of carrier power and 50 watts of audio {sideband) power,
For high-power operation the circuit must incorporate
desiqn considerations to prevent corona loss, arcing
and flashover, and damage or destruction of parts. On
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the other hand, for low-power applications as in mobile
operations, the audio power s relatively small (for
example, 50 percent of 5 watts is only 2.5 watts} and
may be handled by receiving type audio amplifier output
stages. Regardless of power output, however, the basic
principles of operation are the same.

Modulotion involves frequencies other than audis,
such as video (television) or pulses {control sysiens,
or telemetry}; however, since modulators are conven-
tionally associated with audio frequencies, other types
of signals which may affect modulator circuit operation
are discussed only as required to bring out the manner
in which they differ from audio use. The accompanying
chart illustrates some typical ranges of frequencies
inualved far various farms of modulating sigrcls,

SPEECH c =

TELE?

I
1
|
)
PHONE [
|

T

Cw

| |
bve g o b
o3 KT 2 2

4 5KC 4.5MC |3IME

Freguency Ranges Reguired

‘The maximum power from a parlicilar Tansmitter
with a given type of electron tube operating at its maximum
retings can be obtained when operating the transmitter
in the Al (CW) mode of emission. When using the A3
{AM) mode of emission, the power autput for plate modulg-
tion is about 20 percent less than for CW operation.
The reason for this is that during plate modulation, at
the "e"k of the modu ation cvcle {at 100% modulation),
the plate volt d and the input power is
increased by a fao In order that . caximaum
tube rotings will not he exceaded, the tube dusl Be
operated below its normal operating pouil 15 3 Ciass -
amelifiar, Other facters that affect the power output from
=« rlatacmadniaten stnge are the loaclng of the Gileniu
fthe amount of antenna coupling) and the vaiue of the
load impedance that the ot ampht
moadulatar

er presente (o the
The nower outout of the modulator and the
ameount of Jistortion it develops are directly dependemt
upon the logded value of plate current and voltage applied
1o the r-f stage,

The plate efficiercy of the hidh-level, modulated
2 is constant 21 about T percent, gad does not
dulgtion, Therefore, the r-i vutout

caridi
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no modulation is gt a moximum value in the plate-
medulated high-leve! transmitter (although not ag large
as can be produced for CW operation). [Low-level
modulation, using the same type cf electron tube, produces
a carrier cutput of half this value, The reason for this is
that during low-level modulation the tube efficiency
varies with the percentage of modulation. At ng muduiation
the cfficiency g aporovimately 33 percent, and represents
the condition of greatest tube loading (maximum plate
dissipation because of low efficiency). At the peak of
modulation the highest efficiency (obout B6 percent)
is obtained. Although the plate voltage and cusrent
are doubled to produce a four-time power increuse at
the peak of modulation {whick is necessary for ol
M modulators), the low-level modulator swst obtain
thiz increase from the Lunsuiiitsr powor :a::l,. I ren
high-fevel modulator, the additional power required tor
maodulation is obtoined from the moauiator.

Since in high-level plate modulation the modulation
occurs in the fingl 51 c;e £}

ap

1

of tne tuneditier, ¢

driver stages can be operated more efficiently (they
need not be linear os in the low-level transmitter); there-
fora, they can be operated without considering distorticn
to produce maximum r-f output. Hence, the r-f section
of the high-level plate-modulated transmitter is wost
efticient for r-f production, and its power supply need
only be large enough o supply the power required to
produce the r-f carrier. When fully modulated, the audic
cutput {modulater) stage of the high-level modulator
supplies an additional 30 percent of the power required
to produce the carrier. The additional power supplied
by the modulaior represents the cutput power in the gids-
bands, which is equal to 50 percent of the carrier (25
percent in each sidesand). Therefore, the fota! tvaity”
power output of the high-level piate-medulated stage t
full modulation is 1.5 times the unmodulated {carrier)
power.

Since the low-level modulaio: must be operated ot
a carrier level which is one-quarter of the maximum
powet obtainable from the same type of electron tube
in high-level operation, it is adiusted 12 operate ot
one-half the maximum plate current. Thus 4 is clear
why, for a given type of electron lube, the high-love!
modulated stage produses G grecter power ontpnt,
do this, the audic ('roduluu,r) stage must clso oroduc
considerable power (to supply the 50 perce e

‘ 1389(1“"1' power necansary | far 1000 nercent g

2
vl

H 1 ez

rs such o nowerfu

:
Lo b l—:.«i-\ powWer trans

v
- v T patioma
G BT T S R Erone

tween high- and iow leved mada ;
'rec e cleater and will he mare fully em‘mrv* a3 the
varinus modulator cirnnits invnlving these metnodgs
discussed. 11 shouid be buine i1 wind, howzua, tha

regardless of whether operation 1o 3t 2 high levai 77 -

At

a low level, the squivalent ratings are the same, F-'_‘-r
example, o 1000-watt 100-percent modulated transmitrer
croduces the

same cutpul whether or not the madulstio
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Clrcult Operatton. A simplified diagram of the

basic transformer-coupled plate modulator is shown
in the accompunying figure. The o-f modulator stage is

Ty

R-F
EXCiTATION

s
A-F “__\U T‘_‘__\U-
MODUL ATGR l

+
Eub (XMTR]

CLASS €
R-F QUTPUT
STAGE

Fr
Epp tMOD)

Basic Transformsr-Coupled Modulator

represented as ¢ block since it may be any one of a
number of audio amplifier combinations as long as the
propet audio power cutput is obtained. Likewise, the

r-f cutput stage is also represented os a block since it
may consist of any arrangement of tube{s) to produce the
desired carrier output to the antenna. The 1-f cutput stage
is always biased so that it operates as a class C
amplifier. Since class C operation requires ¢ bias

of two times the cutoff value, a separate blas supply

is used to provide fixed bigs. Since the 1-f excitation
to the r-{ stage is relatively constant, grid leak bias
(produced by qrid drive) is also used, with the total
bigs being the combination of the fixed and grid-leak
(grid-drive) bigs. In case of failure of the grid drive,
the fixed bias provides a protective bias to prevent

the final-stage tube ratings from being exceeded.

With no modulation applied, the carrier r-f output is
developed by the application of the normal d plate
voltage to the plate of the class C stage, with suificient
r-f qrid drlve and antenna loading to produce the desired
t-f carrier. When modulation is applied, the audio output
of the modulator is applied through the secondary of T1
in series with the d-c plate voltage, end udds to or
subtracts from this voltage to produce an instantaneous
plate voltage which ingreases the r-{ output to 1.5 times
the rated carrier power at 100 percent modulation., T do
this, the plate voltage of the 1-f stage is varied from two
times the normal plete voltage at the positive audio
peak down to zero on the negative peak, both varying
in accordance with the modulating frequency.

Class A Modulator. The schematic diggram of a
simple triode modulator which opetates to modulate o

ORIGINAL
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triode 1-f output stage is shown in the accompanying

tigure.
ce @
W =TT
Ce
R-F I TPUT
INPUT "") k OU

R2 RFC

N

Epp

DRIVER) Ebs  Ebp

(MOD) {XMTR)

Triede Plate Modulater

This single-tube triode modulator can ve cperated
class A, Al, er A2, depending upon the fidelity desired
and the amount of distortion that ¢an be permitted. Class
A operation provides the best fidelity with the least
ameunt of distortion, but uses a large power input to
obtain a small power output (low efficiency). Conversely,
class AZ cperation uses the smallest input to obtain
the largest power cutput {highest efficiency), with
usable fidelity for the amount of distortion allowed.
Class Al operation is intermediate between these two
levels, .

Although the modulator driver may be 1< coupled,
if the modulgtor is operated class A2, grid curremt
is drawn. Therefore to minimize grid-voltage drop
and the development of a reverse bias which will
seriously affect the aperating point and produce ex-
cessive distortion, it is necessary to provide a Jow-
impedance grid circuit. Thus the illustration shows
transtormer coupling to the modulator. Through the use
of a transformer with taps, the driver stage can be made
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to operate at the desired load point to produce maximum Transmitter output amplifier V3 operates as a con-
audio output with minimum distortion by selecting the ventional shunt-fed r-f amplifier, with combination
taps that provide the required tumnsratio for matching fixed and grid-leak bias being supplied by R2, which
impedonces (output to input). Thus the input and output is bypassed by C4. The plate voltage is cpplied in
impedances of the transformer can be selected for series with the secondary of ttansformer T2, and C2
sufficient distortionless voltage drive at all times, is the conventisnal shunt-feed coupling and d-c¢ blocking
including the time during which the medulator qrid capacitor which connects tank L1, C3 to the plate of
draws gtid current {when the positive drive peak voltage V3. In addition to the bios supplied by B2, tixed bias
exceeds the modulator qrid bias). Moduiator bias is is applied through RFC1 to the grid of V3 from o separate
produced by cathode resistor Rl, which is bypassed to “CH supply. Thus the fingl bias applied to V3 is the
prevent degeneration (see paragraph 2.2.1 in Section 2 sum of the fixed and grid-leak bias voltages, with the
for an explanation of degeneration effects). Since cathode fixed bias providing protection in case of failure of the
bias is used, current must flow throughout the cytle to grid-drive (r-f excitation). The 1-f output of the transmitter
produce the bias; therefore, this circuit is limited to driver stoge is capacitively coupled 1o the grid of V3
class A overation {a class B modulator will be described by Cc. When the grid of V3 is driven above its bias
later). Since transformer coupling is used, {1 n the ievel by the 1~ gqiid diive from the butfer gmplifier,
input and T2 in the output, the frequency response is plate current flows and develops an ¢f voltage actoss the
somewhat limited (see Section 2, paragraph 2.4 for an paralle! resonant tank circuit consisting of L1 and
explanation of trensformer coupling response limitations). 3, which is isolated from the modulator by the RFC.
Because of a loss of low and high frequencies causing An 1-f output is thus produced in the inductively coupled
a non-uniform audio response, the modulation signal is antenna circuit. When the modulator is operated at
similarly affected. In practice, this condition is over- static values of plate current and voltage, the output
come by operating the modulater at less than the maximum is the r-f carrier signal, with no modulation applied.
cutput over the mid-range of frequencies, and by providing Assume that a sine-wave input is applied to V1, the
bass and high frequency boost to provide reasonably modulator driver stage. On the positive excursion of
linear response over the audio frequency range when the input signal {with proper phasing of transformer
necessary. Actually, for ordinary speechAransmissions connections) modulator tube V2 produces a positive
the desired frequency response is usually easily obtained output veltage at the secondary of T2, Since T2 is
with transformers of good design, but for the higher audio cawnected in series with the transmitter plate supply,
frequencies and for video applications special design the plate voltage of transmitter output tube V3 is effectively
is required, inciuding both high and low boocst compensating increased and made more positive, so that the output
circuits. of V3 also increases. Thus g positive modulation signal
Since the output of the medulator is developed a- produces an increase of r-f voltage and output power in
cross transformer T2, the transformer must be provided the transmitter output stage. At the peak of the sine-
with the proper load impedance to produce the deslred wave modulating signal (100% modulgtion), T2 supplies
output (both voliage and power) from V2. This is an instantaneous positive voltage equal to the d-¢ voltage
achieved by employing the transmitter output tube {a supplied by the transmitter power supply. These two
class © 1-f stage) as the load cgross the secondary of voltages add, so that the plate of V3 operates at twice
T2. The r-f stage can be used as the qudio load because normal voltsge, as shown in the fiqure.

radio-frequency choke BFC presents a high r-f
impedance to the t-f signal developed by tube V3 and
prevents it from feeding back Into, and being shorted 2, T —
out by, the power supply filter capacitar. Thus T2 temains i 4|. "T
unaftected by the rf und sees only a resistive d— path 1 ' /

from the plate to the cathode of V3 and ground. This d¢ i el" / e}m
path is the effective resistance ploced across the ; ;

secondary of T2 {the modulator load), and is equal to By i ¢ o _
ihe d-c plate voltage applied 1o V2 divided by the d-c : 1 \ /

P e, RN - EE ) L ) i
olale curment, O 3ifp: i s aaw 7T fah! i \ }’

- ¢

(2= /1) i ' \ /
Since the uansformer has the inherent property of : \ \
transtorming impedance in accordance witn the sguare ‘ v L
of the turns rotio of primary o secondary, with o multi- ) i
tapped transformer it iz possible to select the proper
turns ratio to make the d-c plate resiswance ol ¥3 plopely
match V2 for maximum output. (Tops ate not necessary
if the proper ratic is used, but they do provide a convenieni Equivaleat Plate Yaoltcgs z¢ 100-Parcent Modulotion
and easy method for load matching.} Final adjustment

of the logd s achieved, once the proper turns ratic is The d-c applied voitage is Ly, and the instantanecus

, : W mmbtime b e : P e T S v oy o gt s
obtained, by setting the guiput couplin ¥ or e

— olate valtoge component {s eq; when added, they
,

. i iod 1! 4 ; : L s sam ks ;
EX3Ct piato current ot the raten ninle v e the maximum nsiunluniecus valiage, o, which

Waiseal
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varies throughout the cycle as shown by the heavy line;
this is the effective pigte voltage, eb. When em equals
2Ep, the instantanecus plate voltage is twice the

notmal d-¢ value, thus producing o plate current which

is also twice the normal value. As aresult, the instan-
taneous (peak) power output is fourtimes the normal
(carrier) value, As the sine-wave modulation signal
decreases, it reaches the zero (no medulation) level or
starting value, and the r-f amplifier plate voitage consists
of the d-c supply voltage alone, which produces narmal
carrier output, completing the positive half cycle of
modulation. In a similar manner, as the medulating

sine wave goes through its neqgative alternation, it
produces g negative voltage in the secondary of trans-
tormer T2. At the peak of the negative half-cycle,

the voltage at the secondary of T2 exactly equals that of
the d—c power supply feeding V3, but it is of opposite
polarity. Thus both voltages cancel (instantaneously), and
the instentaneous voltage applied to the plate of V3 is
zero. At this time the r-f output is zero. The r-f output
1ises 1o the normal carrier value gs the negative hall-
cycle of the modulating sine wave goes positive, and re-
turns to zero ot 0o modulation. Thus, by varying the
instantaneous plate voltage, the sine-wave modulating
signal produces a similar and amplified sine wove of

r-f voltage at the plate of V3, which is coupled to the
tank and thence to the antenng, where the modulation
envelope is radioted. [t is an amplified replica of the
original sine-wave modulating signal. Thus, it can be
seen that during modulation by a sine wave, the instan-
taneous r-f output power of the transmitter varies as
follows: it is increased from its normal carrier value

to four times normal, it is reduced to zero, and it is
returned to the original carriet level. Therefore, in

a plate-modulated amplifier, during modulation the
instantaneous power varies from zete to four times normal,
and the instantaneous plate voltage and current vary

from zero 10 twice normal to produce 100 percent
medulation, as shown in the accompanying illustration.
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Actually, only the instantaneous values of curtent
and voltage change, and these vary ot therate of the
modulating signal. For a sine wave applied cver a
complete cycle, the positive and negative variations
are equal and opposite; since the plate meter cannot
follow the audio variations at the carrier frequency
(and the average value is unchanged), the d-¢ plate
cwiTent dppears to remain steady at the normal input
value without modulation. Therefore, as long as the
positive and negative alternations average out to
zero, the plate meter remains steady. In practice,
hawever, this is true only if there is perfect regula-
tion of both modulator and 1-f amplifier plate supplies.
Since the plate curtent is instantaneously varying in
both tubes and since the voltage regulation is usually
net perfect, there is a slight amount of meter movement
with medulation. On the other hand, when the negative
alternation exceeds the normal carrier level, the piate
current is cut off for the time that the zero voltage
line is exceeded, as shown in the following fiqure.
Such interruption of the corrier appears as a noticeable
jump in the plate meter indication each time the
negative peak is exceeded. In actual practice, the
r-f amplifier (transmitter) tube is not driven to zero
plate voltage, because at zero plate voltage the
current would become zero and the carrier would be
interrupted in the same manner as when the negative
peck is exceeded. To prevent such undesirable agtion,
the modulator is odjusted t& swing the r-f amplitier
plate voltage between predetermined minimum and
maximum values, Such adjustment prevents cutoff
of the carrier {provided these vglues are not exceeded),
Tt alse prevents excessive interference, known aos splatrer,

2Eb1

"~ CLIPPED OFF

Effect of Excessive Negative Drive
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from being produced by the chopped-up carrier. When

the carrier is interrupted, it acts as if it were a highly
damped wave instead of o contiruous wave. This type

of emission is a form of ICW (interrupted continuous wave),
and is similar to that produced by spatk transmitters and
some types of noise generators. Insteod of g single
frequency, a number of harmonics and spurious frequencies
are produced in bursts each time the carrier is intetrupted.
Thus the radiation is spread over a spectrum of a few
hundred kilocycles about the carrier frequency, and
causes interference to other signals since the re-

ceiver cannot tune it out. The actuel plate voltage

ACTUAL
PLATE
VOLTAGE

Plate Yoltage and R-F Voltage Relationship

relaticnships in the transmitter tube plate circuit are
shown in the figure above, together with the actual
instantaneous plate cathode voltage, Since the trans-
mitter stage is operating class C, current flows for
less than @ halfcycle, usuclly somewhere between 120
and 150 degrees. Therefore, the illustration shows
operation ¢n only one side of the zero line during the
conducting petiod. The smooth envelope which varies
above and below the zero level, as shown by the plate-
cathode voltage, is the result of tank circuit action.
Although pulses are supplied to the tanx, since tne
tank circuit charges and discharges sinusoidally, any
output taken from the tank, directly ot indirectly, will
also be sinusoidal. Thus, the upper und lower poi-
tions of e plate voltage (Ep+ emi effectively add

and subtract from the tank curtent. 1he fesuil is ihe
praduction of the modulation envelope showr, since
the tank provides the impedance across which ihe 1l is
generated and sees no zero level. In addition to
sur:p ying what might be considered
of the modulation waveform, the tank is alsc the freguency-
selecting device, permitting only those frequencies within
its pass band to be amplified. If the tank is toc selective
(has a high O}, some of the sideband frequencies may

be cut off, in which case distortion is produced beccuse

the migsing uo
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very wide bond tronsmissions, as in television, it must

be much lower. The highest sidebond frequencies to be

transmitted determine the allowable O of the tank circuit.
The transmitter output amplifier is always operated

class C to produce linegr modulation with high effi-

ciency. In class T operation, the power output of an

t-f amplifier varies as the square of the plate voltage

while the plate current varies directly with the clate

voltage, Therefore, a high-leve! plate medulator can

be used to vary the effective plate veltage in accordance

with the modulating signel and produce an output which

varies exactly as the moduloting signol. The r-f

amplifier acts as a resistive load on the modulator

because the plate tank is tuned to the same frequency

as the r-1 qrig-griving signal, 3ince tne tank acpears

Gs a resistive load, the plate voilage and plate curreni

are in phase, Therefore, the current flow is limited

iN phnnce.

only by the effective resistance in the plate circuit,
whink oo e determinas by the simnle Onm's baw
relationship of £/i. Although the 1-f amplifier could be
operated class B and medulated with the plate modulater,
serious distertion would be produced because the r-f
closs B amplifier output varies gs the sguate of the
input voltage anc n

st a
f!\.:‘.e"ﬂ—y cn;‘ minimum c‘.ismrt:cn the

to its grid circuit. In thzs case it would be operated
as a linear r-f amplifier with low-level modulation.

The modulator can be operated class B (instead of
class A) provided that two tubes are employed (one for
each nalt of the cudio cyclel

Class B Modulater, Sirce class B audio amplifiers
nrovide a mare 2fficient modulator and are in popular
use, ¢ schematic ol o typlcal class B driven plate
modulator is shown in the accompanying illustration:

The cctual operation o the class C .-noaulu'.ed stage
lﬂt‘ ullleit‘llbe I\)CLWEB[]. UIEIII .lb lll Lilt: ey ill Wlll h
the qudio modulation is obtained. When the output of
preamplifier V1 is applied to T1, the grids of VZA and
V2B are simultaneously driven in opposite directions.
T’lese tutes are class b zero—bius 'bes whlc"'l are

some 'Lube ty_ues o bl’ﬂ(l“ plote current may tlow). .'\nen
tube A is driven positive, the arid of tube B is driven
further negative. (On the opposite half-cycle, tube B
1% ATIven positive and tine A s ariven DeiGw cutorl.

The current puises produced in the piaies o euch

e

'_.LI'.‘ LW "YOL”" ine lecidialo e ol RbE L‘i’.]LO[ LrAnNSIGimer
2 in opposite directions, and are added together in
16 S2CONAary 10 DiOGUCE he JOmpiels and gmf
replica of the signai applied 0 the primary of driver

rranatormer

i

1eG

\hr‘ EHETES ~trkn zpmandary

ISConReCled inseries wiln ihemialesshaneel ine
r-f stage, V3. On the nositive glternation, the plate
of V3 is driven to twice the normal piate voltage;

on the negative alternation, the gqudin output voltage
L gt coposite palarity ahe fadices e indtantarisoiy

wiato e ltama A LD
ciagte Yeilgge & V2
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Class B Avdio Driven Plate Modulater

amplifiers, see Section 6, PUSH-PULL (Class A,
AB, and B) AUDIO PLIFIER.

Capacitor Cl, across the secondary of T2, is a
simple high-pass filter, which attenuates any high
frequencies produced on modulation peaks to prevent
splatter. Capacitor Cl is not necessary for operation
of the modulator, but it does minimize distortion
products produced by overmodulation on voice pecks.

The plate of 1-f stage V3 is shown with series
plate feed, rather than shunt-feed as is used in the class
A modulator previously discussed, to illustrate that there
is no essential difference between the two. In eithet
case, the secondary of modulator trensformer T2 is con-
nected so that the audio output is in series with the
d-¢ plate voltage applied to V3, and the tf is isclated
fram the power supply end modulator by an rfe. To avoid
loss of frequency response, C2 is limited to a size
which will not bypass any of the audio modulation.
Otherwlise, the operation is identical with the operation
of the class A modulateor just discussed. In proctice,
the use of a class B modulator results in some problems
with power supply requlation and audio distortion pro-
ducts, These effects, however, are all a part of the
audio power amplifier design, and do not change the
modulation action previously described.

Datailed Analysis. In the high-level plate modula-
tor, the modulator consists of an audic power amplifier
whose output is applied to a class C r-f amplifier which
operates as both a mixer and a frequency and power con-
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verter to supetimpose the modulatien signal on the r-f

carrier. A simplified equivalent circuit is shown in
the following figure. The audio modulator stoge is

MODUL ATION
£y CARRIER

oUTPUT
) LOAD
'y

AUDHO

MODUL ATING
SIGNAL

Plate Modulator Equivalent Circuit

represented as a sine wave genetator coupled by Tl to
the plate circuit of the r-f stage, V1. The modulator
functions exactly as any class A, AB, or B audio power
amplifier capable of producing an cudio output equal to
one-half the carrier power of the r-f stage, with the
desired fidelity. The instantaneous a-c output of the
modulator gt the secondary of Tl is represented by the
instantaneous voltage em. Under conditions of no
modulation, em is zere and the power for the carrier is
supplied by the transmitter power supply, represented

by the voltage Epn connected in series with em and the
plate of V1. Under modulation conditions, the eddi-
tional power needed for 100 percent modulation is ob-
tained from the modulator stage, which at 100-percent
modulation must supply exactly one-half of the d-c

input power to V1 at zero modulation. The rfc isolates
both modulator and power supply from the class C 1-f
stage, with C; acting as a bypass to ground for any tf
which might leak through the ric. For the circuit to
operate properly, the tfc must offer a very high impedance
to the rf and little or no opposition to the audio modulation
frequency, since it is desired 1o vary the plate voltage

at the audic frequency. Although capacitor C must have
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a low enough teactance to bypass the carrier frequency
and g small range of sidebands around this frequency,

it must not be low enough to bypass any of the qudio output
from the modulator. Otherwise, there will be a progressive
loss of high frequencies and consequent lack of fidelity
with a predominantly bass response. Since the plate cur-
rent of V1 flows through the secondary of Tl, the effects
of core saturgtion produced by the flow of I must be
taken into account by the use of a heavier core than

would normally be required for an ordinary a-f power
output transformer. In addition, the transformer windings
must have the proper power handling capacity (proper

wire size) 50 as to handle the maximum current taken

by V1. In this respect, the design of the output trans-
farmer of the audio modulator represents a slight
difference from that of a conventional cudio amplifier.
Since the modulator output must preduce considerchle
undistorted audio output power, it must be properly
matched to the lead. This is achieved by providing a
transformer (preferably multi-tapped), which through the
impedance transformation produced by the difference in
turns ratio between primaty and secondary provides the
desired load impedance for maximum output with minimum
distortion. The modulator load is essentially resistive,
being the quotient of the d-c plate voltage applied to V1
and the loaded d-c plate cument to which V1 is adjusted.
In the equivalent schematic, eps represents the instan-
tanecus applied plate veltage, which is Epp + e, The
voltage between plate and cathode is represented by ep =
epy - e1, where ep. represents the voltage drop across the
t-f load offered by the tank circuit impedance. This

load is represented by resistor R, which is the effective
d-c load presented to the modulator, and is equal to the
applied d-c plate voltage, Epp, divided by the d—c plate
current, I, neglecting the small d-c resistonce in tank
coil L, Since the tank circuit is resonant, X equals XL,
and the tunk appears solely as a resistive Ioad to V1.

(the carrier) which is much higher than the relatively low
modulating-signal irequencies, no audio voliage is
developed across the tank. The instantaneous plate current
is represented by ip, and the plate-tocathode resistance,
which is equal to Eo/Iy, is transformed by T, to the
proper value to load the modulator for maximum undis-
torted output. Although the instantaneous values of

nlate voltoge and curent change during modulation,

the average velues remain unchanged so that tube ¥
could be replaced by a resistor as far as modulator loading
is concerned.

Consider now the grid bias applied by Ece. This
represents o fixed negative bias, but actually may be a
combination of protective cathode bias, fixed bias from
a separate supply, and bias developed acress g series
resistor as a result of arid current flow produced by the
r-f driver. The driver signal {-f grid excitation) is
represented by a-c generator voltage eq, which on the
positive halfcycle is polarized in opposition to the
fixed bias, as shown in the plate modulator equivalent
circuit above. The elfective grid voltage is the instan-
taneous valye from nr'm to ﬂmnme‘ representeﬂ DV Bs.

me d-c value of qun curreit is chlcncmcu uy 1;;, uuu
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the instanteneous velue, by ic. The grid rfc isclates the
bias supply from the driving source and prevents shorting
the input to ground, and C2 acts as a conventional r-f
bypass shunting the bias supply. An illustration of a
typical bias circult is shown in the following figure.

RFDRVE /—r@

; =

Typical Bias Circuit

When used, the cathode bias produced by cathode re-
sistor Rk offers protection from excessive plate cur-
rent when either the drive or fixed bias fails. The
cathode resistor is conventionally bypassed by Cx.
Usually cathode bigs is used only when the fixed bias
supply is not employed, since double protection is un-
necessary. For high-voltage transmitter tubes, it is
also desirable to keep the cathode at ground potential,
s0 cathode bigs is used only in low-power applications.
The fixed bias iz ocbtained from a separate bias supply
and is usually set for about 1.5 times cutoff, with
the remainirg bias {that developed by the r-f drive)
being developed acrossgrid leak Rq. Placing Rg alter
the rfc helps attenuate any rf which may leak through
the ric, and C2 bypasses any r-{ residue to ground.
Note that i. flows in a direction which adds to the
polarity of Ee 50 that the total etfective bias value
is fixed by the amount of qrid drive from the preceding
r-f amplifier. Normally, tube V1 operates in a lightly
saturated condition, that is, where an increase of grid
excitation will not increase the plate current very
much, if at all, but an increase of plate voliage will,
as explained below.

The accompanying figure illusttates fow the cutput
voltage varies with an increase of excitation before
and after soturation is obtained. Since fixed bics
is used the output is zero for values of excitetion lower
than the cutoff-bias voltage with o corresponding high
plate to cathode voltage. As the cutoff-bias voltage
is exceeded plate current flows and the drop across
the load, EL, becomes greater while the plate-to-cathode
voltage is reduced. When the drive reaches the value at
voint 1 on the curve, ihe iube is just starting 1o

Y - mmd L b A mnﬁh oy
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Saturation Characteristics

drive to increase the current sufficiently to develop an
appreciably greater output voltage. At this point the
effective plate voltage reaches its minimum value
{approximately), which is the applied value less the
drop across the load (Epp - EL = Emin). At this point
the tube is operating most efficiently and produces an
output voltage almost as great as the applied voltage.
At point 2 heavy saturation is obtained, and it takes
almost twice as much drive to obtain a slightly greater
output. If the applied voltage, Egy, is incregsed, a greater
drive is required to reach saturation, and a greater output
voltage results.

it ¢can be seen, then, that when the excitation is
adjusted for saturation at the peaks of medulation, during
the resting or carrier condition the drive will be much more
than is required. Thus it is evident that while the t-f
drive voltage is essentially constant, it will tend to vary
somewhat in accordance with modulation and leading.
Under resting conditions, the grid current is about the
rated tube value, ard produces the remaining bigs needed
(plus the fixed bigs) to attain twize the plate current cutoff
value, When an input is applied to the modulator grid,
the output at the plate of the modulator adds to the plate
voltage, and more plate current flows. At the same time,
if the grid excitation is obtained from @ source which
is barely able to supply the required drive at modulation
peaks, the effect of poor regulation is obtained and the
grid current tends to decrease (the source cannot supply
more excitation). At the peak of the modulation cycle,
the 1-f grid excitation is made just sufficient to drive
the tube to twice normal plate current {(assuming perfect
linearity). The tendency of the grid current to decrecse
during modulation peaks lowers the effective bias (since
it is partially produced by qrid drive) and permits a greater
plate current to flow, producing the same effect as
though the drive were increased at the peak of the cycle,
just when the most drive is needed to handle the increased
plate veoltage. Since the qrid current is ot a minimum at this
time, it represents the lowest drive power during the operat-
ing cycle and the grid dissipation is also the lowest. Con-
versely, as the modulation decregses and teaches the trough
of the signal, the effective voltege applied to the plate
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(Emin in the preceding figure) is the lowest, since the mod-
ulation and d-c plate voltage are canceling each other; and
the drop across the load is at its lowest with an output
voltage just greater than zero. For best efficiency, Emin
is made just equal to ec; hence, the grid becomes more
effective than the plate (since it is closer to the cathode),
and more electrons are attracted to the qrid, increasing ic.
As i increases, the grid dissipation becomes grecter since
the tube is also overdriven, having much more drive than is
needed to swing the small plate current at the minimum plate
voltage. The result is excessive heating of the grid.

By using grid-leak resistor Rq (together with the
fixed bias), the effect of poot regulation in the grid
circuit is achieved. Thus the excessive grid dissipation
caused by the low plate voltage at the trough of modulation
{discussed above) is reduced. The waveforms in the
aceompanying figure illustrate the use of the grid leak
in providing poorer grid requlation and improved operation.

Grid-Leok and Fixed Bias Relationships

At the peck of the modulation, the teduction of grid current
caused by poor requlation from the source produces less
voltage drop in the grid leak, and the bias is reduced as
before (but to a larger extent). On the other hand, as
the modulation trough is reached, the increase of grid
current (because of the increased drive, since the

plate voltage is now low) produces greater grid bias,
which is the same as reducing the drive, just at the time
it is needed least. Thus, the addition of the grid

leak helps reduce grid heating, and helps the plate
reach its maximum cnd minimum swings so that full
100-percent modulation is achieved. Although the
circuit operates satisfactorily without the arid leak,

use of the grid leak results in less distortion and

cooler tube opetation,

Note that, while the instantaneous grid current and
grid voltage change, their meter indications appear as
an average steady d-¢ value since a sinusoidal
symmetrical modulating signal is being applied. There-
fore, as in the constant-current system, proper opera-
tion is indicated by steady grid and plate current in-
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dications (cssuming perfect power supply requlation
and neutralization of the c-f output stage).

Assuming no modulation and a steady input to the
plate of the r-f amplifier, with the proper load coupling
a steady r-f cartier is produced. As the modulating
signal is applied, the power in the plate circuit and
in the tonk of the r-f stage is increased to a pedk value
of four times normal (cutput power varies as the square
of the plate voltage). Since the tank circuit cannot
absorb all the gdditional power (the load does not
change), the additional power mostly appears as an
increcse in output {except for the amount replecing the
losses in the circuit and a small percentage wasted
in extra plate dissipation). Recguse the modulator
furnishes this power incroase, it is clear that the o-f
power supply furnishes only the carrier power, while
the modulater provides the audio or sideband power.
Hence, the teason for requiring the large amount of
power needed for plate modulation. Although o peak
power of four times normal exists, the average output
over the entire cycle is only 1.5 times normal at full
100 percent modulation. That is, for a 100-watt radiated
carrier modulated 100 percent by a continuocus tone,
the radiated power wouldbe 150 watts total, For this
condition, 25 watts resides in each of the two sidebands
devejoped by the modulation,

Other Considerations. Because of the requirement
that the r-f amplifier tube handle peak powers of four
times normal, the tube is operated 20 percent below the
ratings for class C operation, Although the efficiency
does not change during modulation, the plate dissipation
is greater because more power is developed and applied.
Thetefore, the tube cannot be operated at maximum rating
during pericds of no modulation. As g result, the normal
cartier cutput is less than the maximum output possible
using the same tube unmodulated.

Since the tonk circuit must pass both the carrier
frequency and the sideband frequencies, the tank cir-
cuit Q is important. The half-power bandwidth of the
tuned tank must be sufficient to pass the carrier fre-
quency plus the sidebands which extend on each side
to ¢ frequency equivalent to plus or minus the highest
modulation frequency. For example, if the modulation
{s 5 ke and the carrier is $ me, the half-power points
must cover a range of 4.995 to 5.005 me; otherwise the
sidehands will be clipped, causing loss of the higher
frequencies.

While too qreat a drive results in excessive grid
dissipation, the 1-f grid excitation to the class C stage
must be great enough to drive the tube at twice normal
plate voltage. Ctherwise, on the peaks of modulation
lack of sutficient drive will cause peak flattening with
distortion. There must also be sufficient reserve
electron emission 1o supply the peak power requirements,
or peak flattening will also cceur,

For efficient aperntion, the qrid signal should
never exceed the minimum plate voltage, or excessive
grid current will flow. Excessive grid current will
cause grid heating and a loss of efficiency.
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No Output. Lack of output should first be isolated
1o either the transmitter 1-f amplifier or the modula-
tor stage. Even though the modulator is cperative, an
open rfc or tank circuit, a defective electron tube,
or a lack of r-f qrid excitation in the transmitter t-f
cmplifier will produce a no-carrier indication, and thus
no output. Checking the 1-f amplifier plate meter for
current will reveal whether the circuit is complete,
and whether a resonant dip can be obtained. A check
on the drive meter {d-c grid current) indication will
also determine whether t-f excitation is present. Lack
of grid drive indicates trouble in the driver stages or
transmitter power supply, and lack of plate curtent
indicates trouble in the transmitter or in the modulation
tranaformer. Tf the plate meter indicates at all, the
trouble is probably in the 1-f stages; if no indication
is observed, the modulation transformer is open, the
transmitter powes supply isdefective, or the plate clrcuit

A no-output condition is generally indicative of
lack of veltage, lack of continuity in the circuit, or a
short-circuited condition. A resistance check to ground
will be helpful, but is usually unnecessary. With the
voltages and curtents commonly involved in high-
powered transmitters and modulators, breakdowns are
usually obvious from external symptoms, such as arcing,
charring, and burning, On low-power equipment, additional
test equipment may have to be used. EBut remember,
DANGEROUS VOLTAGES are involved; be certain to
take all safety precautions before connecting or dis-
connecting any test equipment.

A no-plate~current indication is usually indicative
of an open circuit, or lack of continuity, which can
be determined by a resistence check or a voltage check.
Voltage checks on the grid and plate elements will
indicate contlnuity as well as terminal voltages. A
low-plate-current indication usually indicates leck of
sufficient ¢-f drive, high-resistance joints {poorly
soldered connections}, low tube emission, or an
excessively high grid bias. A high-plate current indice-
tion usually indicates short-circuited components or
insulation breakdown, or a lack of sufficient grid bias.
In the last two cases, check for proper grid voltage
before making any other checks,

Low Output. It must first be determined whether the
low output is due to Jack of ondie power or a reduction
in the percentage of modulation. Although low modula-
tion is normaily due to iack of sufficient audio power,
1t can aiso be caused by a reduced setting of the
audio drive gain control or by trouble in the speech
amplitier stages which drive the modulator, An oscil-
loscope is very useful in determining the cause of mal-
tunctioning since it permits direct cbservation of the
waveform. For a simple quick test of the modulation
percentage, the trapezoidol pattern is helpful. The
envelope waveform check, however, can show both per-
centage of medulation and waveform distortion, and is
more useful in trouble analysis. Too high a grid bias
{with the same drive) will cause a reduction of out-
out, Insufficient r~f drive on ihe peaks of modula-
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tion will also cause flattening of the waveform peaks and
prevent full 100-percent modulation. A similor effect

is also obtained when the r-f amplifier plate voltage

is too high for the amount of qudio voltage supplied
(indicating loss of modulator output), and when the
modulator output exceeds the r-f plate voltage. In

the latter case the negative peaks are clipped and

corrier shift results, with accompanying distortion,
reduced output, splattering, and a shifting plate

current indication (this immediately pinpoints the

trouble as overmodulation). Refer tc the BASIC
MEASUREMENTS section of NAVSHIPS 900,000.103, Test
Methods and Practices, for specific modulation tests,
oscilloscope connections, and waveforms.

Normally, with medulation, if the power supply requ-
lation is inadequate in either the transmitter or the
primary a-c supply line, there will be a slight move-
ment, or flicker, of the plate current meter during
the process of modulation. Overmodulation will be
indicated by a sharp noticecble movement each time
the peak exceeds the maximum value. If the power
supply requlation is satisfactory, the normal meter
indication will be rock-steady, and any meter move-
ment will indicate either overmodulation or the pre-
sence of distortion products.

A modulation transformer which has partially shorted
turns or which is partiatly shorted to ground may not
be easy to locate from external appearances. If the
short is to ground, there may be a noticeable creing
or an eudible indication. If the short is between
turns, however, it will probably result in an unusually
low or distorted output. If the short circuit is se-
vere, the output voltage will be 100 low to provide 100
percent modulation; a less severe short circuit will
probably indicate itself by distortion and ¢ mismatched
type of presentation on the oscilloscope, Failure of
the modulation transformer that is not visible by externcl
symptoms is difficult to determine, and usually can be
remedied only by replacement of the transformer with
a good one after all other components have been
checked and found satisfactory.

Lack of sufficient electron tube emission to develop
the extreme peaks of modulation in the r-f amplifier
can cause peak clipping, more than usual distortion,
and inability to obtain 100 percent modulation. Such
a condition is usually progressive and cen be observed
by noticing that the output indicator {r-f ammeter)
fluctuations become less for modulating signals known
to produce large indications. (At 100-percent modula-
tion the output indication on an 1-f ammeter will in-
crease approximately 22 percent above the normal in-
dication without modulation.)

Distorted Output. Any distortion in the output is
usually obvious when the qudio modulation is moni-
tored. It may occur from a number of causes., For
example, overmodulation will cause cartier shift,
severe interference with other stations because of
spurious signals, and audie distortion, Changing the
modulator load impedance, by adjusting the r-f ampli-
fier loading (r-f output) for a value of plate current which
is different from the normal value, will change the
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modulater load line; depending upon the magnitude

of the change, this condition may be easily detected,

or a special check may be necessary to determine the
amount of distortion. Any change of modulator grid

bias will shift the operating point and require a
corresponding change in the t-f drive. With low bias

{for a given drive voltage) the input will be clipped and
distorted, and with high bias a larger input signal

(drive) will be required: thus speech amplifier distortion
will most likely be increased. If the qudio guin control

is advanced too far in the speech amplifier, the

madulator can be overdriven, regardless of whether it
operates class A, AB, or B. This can cause peak distortion
in both the modulator gnd the r-f amplifier, With proper
drive and symmetrical modulation, little or no distortion
will occur. Cn the other hand, with improper drive and
with large unsymmetrical or sustained peaks of modula-
tion, excessive distortion can result. Use of a modulation
indicator to indicate the percentage of modulation is

¢ help in determining whether distertion is caused by
overmodulation. Only o waveform check can positively
determine whether distortion is present. An oscillo-
scope arranged to check waveforms at key points is

most helpful in isolating trouble,

Lack of sufficient plate voltage in either the modu-
lator or the r-f amplifier can cause a reduction in
plate-valtage swing with a consequent loss of the peaks
in the output. In the modulator, this is evidenced by
a rounding off of the pecks and an inability to reach
100-percent modulation with a further increase in the
audio drive. In the r-f amplifier, it is shown by peak
clipping caused by overdrive from the modulator. In
either case, distortion components can be heard in
a monitor, as well as seen on the oscilloscope.

Operating at a higher than rated loed can also
cause core saturation effects in the modulation trans-
former and thus produce o flattening off of the peaks.
Such a condition will return to normal when the load is
readjusted for the proper current. Poor frequency
response in the transformer can also cause distortion
by loss of low or high frequencies, but this is an
inherent design problem and will not occur unless the
modulation transfermer is defective of is replaced with
an inferior part. Poor connections or internal d-¢
leakage will most likely be shown by the presence of
noise components in the modulation. Use of a harmonic
analyzer will usually indicate the source of the
distortion.

Lack of sufficient {ilament (cathode) emission in
the 1-f amplifier and modulater tubes can cause dis-
tortion due to peak clipping and make it impossible
to obtain 100-percent modulation,

TRANSFORMER-COUPLED, CONTROL GRID
MODULATOR.

APPLICATION.

The control grid modulator is employed as a low-level
modulater in applications where it is desired to use a
minimum of audio (modulater) power, [t is widely used

nnnnnnnnn A
in portable and mobile equipments to reduce size and

power consumption, It is also used in extremely high-
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power, wide-band equipment such as television trans-
mitters, where plate modulation is more difficult and
costly to achieve, and grid modulation is considered
standard.

CHARACTERISTICS,

Varies effective grid bias of transmitter 1-f stage
to achieve modulation.

Operates as a basic low-level modulator, with
mixing process occurring in grid circuit.

Requires very little qudio power {on the order of 1
percent of carrier power),

Is more critical in adjustment than plate-modulated
class C amplifier.

Produces very little distortion up to 75-percent
modulaticn limit, with greatest distortion occurring
between levels of 75 and 100 percent.

Has lowest effictency for unmodulated {carrier)
condition, and highest efficiency ot 100-percent
modulation.

Has greater bandwidth capabilities than plate
modulator when full 100-percent distortionless modulation
is not required.

Usually uses triodes, although tetrodes and beam
power tubes may alse be employed to provide greater
power galn and to utilize their inherently low-grid-to-
plate capacitance, thus avoiding necessity of neutrali-
zation,

CIRCUIT ANALYSIS.

General. Before starting this circuit analysis, the
reader should review the discussion on RF Power Ampli-
fiers, in Section 6 of this Handbook, for background on
class C amplifiers.

The grid modulator utilizes the varlation of grid
bias {at the frequency of the modulating sigral) to
vary the instantaneous plate current and voltage, cnd
thus achieve modulation, The modulating signal is in-
traduced into the grid circuit in series with the fixed
bias, 50 that on each half-cycle the modulating signal
alternately aids and opposes the hias, Although the
modulation actually takes place in the plate circuit,
the modulating signal is applied to the grid circuit,
whete the power is at a relatively low level (as com-
pared with the plate circuit); thus, the modulator
power requirement is low. For this reason, the orid
modulator is also classified as a low-levei modulator,

Under ideal conditicns, only a voitage amplifier
would be necessary to produce grid bias modulation.
However, in actual practice, the grid will draw current
at the positive crest of the signai, and extrd power
is dissipated in the grid circult. Therefore, grid
modulation does require a modulater capable of
supplying a few watts of powet (on the order of 2 1o
& watts for moderate power applications). This
condition also requires that the 1-f driver stage be
capable of supplying sufficient drive power to prevent
peck flattening on the medulation peaks.

Unlike the plate modulater, the sid ebc.n- pewer and
the carrier power are both developed from the same

i ia o miameme i
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of the power on the peaks of modulation, it is neces-
sary to operate the electron tube so that it produces
a carrier power which is only one-fourth of that avail-
able from the same tube operating as an ordinary class C
amplifier. (The plete modulator operates at approximately
two-thirds of the rated class C amplifier output,)

Circult Operatlon. The schematic of a typical tricde
modulator is shown in the accompanying iliustration.
The 1-f excitation [drive), which is at the same fre-
quency as the output, is coupled capacitively through

7
S

Triode Modulator

Ce to the gnd of V1, and a fixed negative bias is
supplied through RFCL. The modulating (audic) signal
is coupled in series with the bies through T1.
Capacitor Ci, a decoupling and bypass capacitor, pre-
vents any if that legks through BFCL from e..;emﬂ

ihe audio circuits or the bias supply, Capucltor C1

has g value high enough to bypass the tf, but not high
enaugh to bypass any of the modulation and cause g loss
of high frequencies. Since the r-f cutput is at the same
irequency as the 1+ input ccpccitor Cn, togethet

with a portion of tank coil 1, provides o neutralizing
arrangement to prevent seli-osciliations from being
produced as a result of feedback from plate to grid
through the grid-plate interelectrode capacitance. To
provide o tank connection for neutralizing the modulator
and alse to provide a low (, a split—stator cupccitor
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cail L {s 180 degrees out of phase with the neutralizing
end, @ signal of the proper phase can be fed bock to the
grid (through Cp) to prevent self-oscillations. RFCZ
and C2 form a conventional series plate-feed decoupling
arrangement (shunt plate feed may also be employed, if
desired). The r-f drive voltage, the modulation voltage,
and the fixed bias are selected so that, on the positive
peaks of the modulation signal, the tube operates as a
lightly saturated class C amplifier. As shown in the
following waveforms, the fixed bias is slightly greater
than 1.5 times the cutoff voltage for the tube, and the
modulation signal (Ex) varies the effective higs aZout

Ece, with the positive pecks of Ep approxinating cutoff,

With the effective bias varying in this monner, the

t-f drive voltage (E;4) is of such an amplitude that: (1)
on the positive swing of En, the 1-f signal drives the
grid positive, grid current tlows, and the plate draws
current for approximately 120 to 150 degrees of the r-f

ERe| - —
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GRID VOLTAGE

Emin rhv' Eb

PLATE CATHODE VYOLTAGE

Grid and Plate Waveforms

cycle; (2) cn the negative swing of the modulation cycle,
the r-f signal drives the qgrid just barely above cutoff,
and plate current flows for just a few deqrees of the

1-f cycle; (3) with no moduletion present, the plate
current and voltage are approximately half their maximum
values, and the output carrier produced is cne-fourth the
power of the same tube operating us an ordinary class
C amplifier. The most positive swing of the instan-
taneous grid voltage is Emax, and is equal to -Fee +
Em + Erte Emin is the minimum instantaneous plate
voltage, and must never be less than the instantaneous
arid voltage, Emax. That is, the qrid must never go
more positive than the plate. {This is explained

fully in Section 6 under Class C Amplifiers.) Since

the plate cumrent consists of pulses of current, it may
appear that the plate-to-cothode voltage would be in
the shape of pulses extending downward from Ex.
However, the other hali of the sine wave is supplied

by the flywheel effact of the tuned tank circuit, and

the output is as shown in the diagram. The pulses of
plate current in effect reinforce the oscillations of the
tank circuit, and thereby make up for any losses in the
tank.
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To accomplish moculation, the varying orid bias
drives the plote current from zero to twice normal,
and the plate voltage from approximately half the applied
d-c potential to the full value, This is the same as
driving the plate voltage ‘and currant) to two times
notmal, as in the plate modulater.

Grid bigs modulation uses the linear variation of
plate tank current with bigs voltage variations to
produce the modulated envelope, as shown in the
following illustration. The grid veltage versus plate
current transfer curve is essentially linear over the
operating portion, but drops off nonlinearly at the
beginning and end. The operating bias is selected
so that the resting value (E..) is at the zenter of the
linear portion of the curve.

With no modulation {time to to t1), the bias is Eqe,
the r-f signal drives the grid above cutoff, with the
positive peaks just below O velts, Plate current flows
for the pertion of the r-f cycle that is above cutoff,
with an amplitude approximately half that for the
modulation peaks. The plate voltage is one-half the
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applied valtage, and the power ocutput is one-fourth the
maximum power availgble, As the modulation signal
swings in the positive direction (time 1) to tz), the

grid bias is now ~Egc + Eq, the t-f signal now drives
the grid positive, and grid current begins to flow.
Because of the reduced bias, the plate current incregses
and the instantanecus plate voltege is reduced. At the
most positive peak of the modulation signal {time t3),

ip is maximum ard eg is minimum, Eq in the diagram
(previously shown). At time t, the operation is much

14-A-18




ELECTROUNIC CiRCUITS

the same gs tor an ordinary class U amplifier (with
full r-t drive and Hxed grid hiag), At time 13, the
gri¢ bigs is once 3gain See. As the modulotion cycle
contmues in me niegative direciion, the bigs become

e —mcs :awa:d y

-
{assuming slightly less than 10D percent modulation),
and plate current tows for just a few Jegrees of the

1-i cvele. At this time ip is minimum and ep is clzost
aqual 1o the appiled voltoge. | he power outout vories
retween 4 times the unmoduicizd sarrisr on the positive

Vol Gge is jda oplerts Selnyiei

madiiation PRoKs and zetn Dower on e !":-_-u'.:.vf: 'uuuqu“-.},
resulting in an average pawer of 1.5 times the un-
modulgten aarrier, Dhus lliilbnercenty mrdujation is

v @

attained,
he do
tion is one-t ta
modulation. However Lne Dower output during this
time iz only one-tourth of that sunpiied during the
peaks of modulation. Thus, the efficiency during un-
modulated times is only nalf of that for 100 percent
modulation. Typical values of afficiency are 33 per-
cent {or ne modulotion, wd 55 percent tor tli{kparcent
modulation.

The linearity of the output depends an the linearity
of the ip - e, chatacteristic cuwrve. In the preceding
discussion [t war smed that the urve was linear
from the maximum viiu Emi Ha

I ce Tomie iTAC
ever, the curve i actually nonhnem in the region

neat cutoff {onG neci aturaiion;; Uiz, wome disor-
tion cecurs on the reantive peaks of the modulation
cycle. u,mom:i alse oczuts on the pasitive peaks
the modulation cycle, This is true L~e<:~1_se of non-~
J I-A I-L‘J I.llC iu
lowing reasen. When the gr d is driven positive, qrid
surrent is drawn, which ploces a loud on the modulater,
nad i not

uauS

inenrity of the cupve ot

ihe t-f source, aud the Lias suop
piesent dur;ng the re:‘aair‘ er of th
Becouse gt
qdncu i anese i -
may be realized by uecreﬂsmg the moduln
Howeve[ thig ueua 583

modunuon cycle.
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passed for the modulating frequencies as well as for
the r-f frequencies.

(ood regulation in the r-f delver stage is usually
aecomplished by desiqning the driver stage to be able
rly mare power than is actually required,
The total tesult is that, because of these inter-
nrting requiremants, the full theoretical advantages
of grid higs medulation are not obtained practically,
and the hasic distortion is alwoys greater than that
obtained with plate modulation. Although extra -
and gudio drive power is needed to minimize distor-
tion, the small amount of modulatar power needed for
tull modulation makes it economigal to use grid modu-
Iaticn whete the increased distartion con pe tolerated.

FAILURE ANALTYMIS.

Mo Curput. Lock of ootput should firet ba isolated
ta f uure of tne -t amplifter stage of the moduiating
~gnniaint; Py thripgh the modulator 1S apera-
'we an open rfc or tank circuit, o shorted or de-
factive elestron tube, or a lack of qud excitation to
the ¢-f amplifier will produce @ no-carrier condition,
Check the 1-i plate current meter for an indication to
Jetermine whether the px’ute cirsuit hos continuity, and

check the mj—*rl\ae metar for an indlc *.'. n to determine
whether gric exciiation is present. #ith Doth indica-
tions normal, and with the tank tunable for @ minimum
dip of plote current, o lock of coupling or continuity
in the output circuit of the t-f gmplifier is indicated.

Lok of grid drive plages the trouble in the exciter
mon of tho tra ter rr the input circult to th

=

.'C';"' m‘nmw h-nn-wln ar an anen nircuit

i the -1 stage.
With gn 1+t corrier existing, e trouble is defi-
nitely in the aqudic circuits or modulation transiormer.

_..—. o 'RFC.,..ﬂJ‘.' ..mnla’ ramors tha frrl(}

cias tc the -t a‘f‘[]e and cause ex
a shorted trunstormer W()Uld atlow t..e fosts st~ge to

_._:.n’t: .uux.c TUTTENY

- rgtrent usually indicates

k of mas; inw plate
current indicates excessive mus, ..*an-re:uotance joints,
i

low tubs =ﬂ*\ss:f\n, or a possible lack of coupling to the
mnd Wik culted ar :Hrr'—r“rr"i'ed condi\iﬁns
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ELECTRONIC CIRCUITS

A waveform check, however, can show both percentage
of modulation and waveform distortion, and is more
useful. Too high a grid bias will cause a reduction

of cutput and an inability to reach 100-percent modu-
lation with the same drive.

Loading too heavily will increase the r-f carrier
output, but it will also result in inability to ob-
tain 100-percent modulation; on the other hand, load-
ing too lightly will produce a reduced carrier, over-
modulation on the peaks, and a greater emount of dis-
tortion as indicated by a flickering plate meter reading.
In the plate modulator, o flickering plate meter reading
always indicates distortion and carrier shift, but this
is not always true of the grid modulator. Because
of the use of a changing efficiency to obtain the
modulation, and since the power is obtained from the
same source, distortion and lack of full modulation (and
even overmodulation) can exist sometimes without greatly
disturbing the normal meter indications. Therefore,
it is important that the qrid modulator be odjusted for
proper results, using an oscilloscope.

A partially sharted modulation transf{ormer will not
indicate its condition externally by arcing or burnt
spats since it operates at a very low level; instead,
it will probably cause a loss of output combined with
distorted modulation. Such o condition can be deter-
mined by substitution of a new transformer known to
be good after the other parts have been eliminated by
a systematic analysis.

Lack of sufficient {iloment emission in the r-
amplitier or modulator tube will produce peak clipping
and o lower output because of inability to obtain 100-
percent undistorted modulation at the peaks.

Distorted Outpur, Distortion is usually ocbvicus
when the audio modulation is monitored. It can result
from o number of causes. For example, overmodulation
will gause carrier shift, severe interference with
other stations, und distortion. Since the grid modu-
lator is inherently subject to more distortion than
the plate modulater, any slight change in load conditions
or misadjustment will usually be indicated by an in-
cregse in distortion,

Since the grid modulator essenticlly supplies volt-
age, it is necessary for the primary of the medulation
transfermer to be damped with a stabilizing resistor
in order to maintain a substantially constant load.

With a varying load caused by an open stabilizing
resistor, the distortion will be excessive. In those
stages that must be neutralized, it is important that
the neutralizaticn be correct; otherwise, during the
peaks of medulation, self-oscillations either will occur
continuously or will start to occur on the voice peaks.
In either case, the distortion produced by poor
neutralization is excessive ond noticeable. This
condition is easily identified on the escilloscope by

d fuzzy and blurred pattern, which is indicative of
oscillation. (See EIMB, NAVSHIPS 900,000.103, Test
Metheds and Practices, Basic Meosurements Section, for
typical modulation tests and waveforms,)

Distortion in the preamplifier stages can easily be
detected by supplying an undistarted signal to the
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input and checking the output woveform of the modu-
lator transformer with an oscilloscope. I low power
and low voltages are invalved, a quick but less accurate
check can be made by using o specker or set of head-
phones instead of an oscilloscope.

TRANSFORMER-COUPLED, SUPPRESSOR-GRID
MODULATOR.

APPLICATION,

The suppressor-grid modulater is employed as g low-
level modulator for pentodes in applicotions where a
minimum of audio (modulater) power {s desired. It is
particularly usefu! in portable or mobile communica-
tions equipment to reduce size end power consumption.

CHARACTERISTICS.

Varies grid-plate transconductance to achieve mod-
lation.

Requires less audio power than grid modulator since
only voltage drive is required, and no power is needed
for modulation.

Produces maximum efficiency at 100 percent modula-
tion, gnd minimum efficiency with unmodulated (carrier)
conditions.

Provides a carrier power of only 1/4 that available
for same tube in CW operation, and about 1/3 that pos-
sible with high-level plate modulation,

CIRCUIT ANALYSIS.

Generol. Suppressor-grid modulation is practically
identical to control-grid modulation, with the excep-
tion that the suppressor grid is used to achieve the
modulgtion instead of the control grid. This type of
modulator, like the qrid modulater, uses a form of
efficiency modulation. M normally operates at half
the maximum current under carrier conditions with no
modulation, end at full current (twice normal) at 100
percent modulation. The efficiency is approximately
33 percent with no modulation and approximately 66
percent with full modulation. The cartier powes
represents 1/4 the maximum power available for the
same tube operation, as a class C amplifier, with a
peak power of four times the carrier value at 10G per-
cent modulation. During modulation the average power
increases to @ maximum of 1.5 times normal gt the
peaks of modulation, ond this power is obtained from
the same power supply by a change of efficiency with-
in the tube.

It requires a negative supply for biasing the sup-
pressor grid, which, since it acts as a gate between
the screen and plate and is always negative, draws no
curtent.  Thus, very low modulation power is required,
since only audio voltage is needed for control of the
modulation. It does have the disadvantage, however,
of causing a higher than normal screen dissipation.
This is due to the fact that the plate current is cut
off on the neqative swing of the modulation signal,
and the positive screen acts as a plate, resulting in
greatly increased screen current, Distortion is approxi-
mately of the same order as that for grid modulation,
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ELECTRONIC CIRCUITS NAYSHIPS
since the linearity of the grid-plate transfer charac-
teristic determines the basic minimum distortion inherent
in the tube.
Circuit Operation. The basic suppressor-grid
modulater is shown in the accompanying figure; for
simplicity, sine wave generators are used to repre-
sent cudio and 1-f excitation. It is clear from the fiqure

Basic Suppressor-Grid Modulator

that the circuit is practically identical to that of the
grid modulator excerpt for the tube element used. The r-f
amplifier stage operates as q conventional class C
Sereen voltage is obtained through dropping
resistor Bee, bypassed by Cae, and a fixed controlgrid
bias supplemented by grid-drive bias from Ry is used.
With the suppressor grid biased negative from a separate
supply, the carrier value of current is one-half the
maximum current. As the o-f voltage from the speech
amplifier (represented by the o-f genetator) is applied to
the suppressor, it is (consigenng a sine wave) aiternately
aiding and opposing the suppressor fixed bias. Thus

on the positive half—cw‘les it operates to reduce the

BHLDIESsUL Livs und ullow o heavier flow of ,.uuu. SUmeni,

whiie on Ir'e .nfuuwc e felciely

nmnij_fier

ale o
LJ.,D, LG u.) 1S hE 31
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s GECEIGIY, wiE

Giag o n—:uut.c‘ ulc “un.c CuwiiEn,
lation is developed by plate current flow under control
ol the suppressur-gric voitoge, i eifvct, the suppres-
sor varies the grid-plate transconductance to achieve
rn'ﬂ:idiatior

The schematic of o 3 iypical suppressot-grid modulator
is shown in the accompanying tigure. In the ngure,
T1 couples the ocutput of the speech amplifier to the
suppressor grid through BFCL, which prevents any feed-
back of of inte the cudio circuit; capacitor Cgy grounds
the suppressor for rf. Thus the d-¢ suppressor bias and

insianigneous audio outiput

~rad in

510004 (8m;, cOnnECied In

...... Rimpd tn rroarddn an ofiger hin
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value, which adds on the neqative peaks to increase
the total bias, and subtracts on the positive peaks to
decrease the total bias. The tube is biased class C

—_1:

lll——oz
1]
O_._
O.-H.-
2 ]

Ebb Eccs

wom_% t}o_

Suppressor-Grid Modulater

with fixed grid bias Ecc, bypassed by Cl. The fixed

bias is supplemented by grid drive bias through grid leak
Rq, coupled from the 1-f exciter stage through C.. EFCl
isolates the bias supply, and Cl bypasses any excitation
which may leak ihrough the choke. The effective control-
grid bigs is that from cathede to geid, indicated by E..
Screen voltage is appiied :hrough screen dropping resistor

' S -
te series-fad through

Fae, bypassed by Cue,
RECZ and bypassed by ccxpacxtor
series-feed anz crgement, Tank L
citation frequency applied to the qud and is coupled
inguctivelyite the gurout 15ad;

When the modulating signai is apphed. e vories from
some negative value to ¢ positive value which fust con-
cels Eee3, producing ¢ variation of suppressor bins,
Esup, fTom zero gt the maximum positive peaxs of modu-
lation to some negative value at zeto modulation, ot
carrier level; it then increases to a greater negative
value which is sufficient to reduce the plate current
almost to zefo on the negative peaks of modulation.

f 1 ' RO e
Thps -...e piC'.E \.’O".C‘.QE ‘!'J.!'(-.' fiom o small minimum

v-2 in a conventional

O ic tunad to the ex-
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varies from maximum to zero in accordance with the
modulation. The voltage drop across the tank circuit,
EL, varies simultaneously from zero to maximum and
back to zero, and the tank current is inereased during
the positive peak and decreased during the negative
peak, effectively producing the modulation envelope,
Since the tank is oscillating sinusoidally, the output is
also sinusoidal, and is produced by pulses of plate
current which increose the tank curtent to form the
envelope shown in the accompanying fiqure. It is
clearly seen from the figure that while the transfer
characteristic between the grid and screen is mostly
linear, it curves off at the beginning and end, which
corresponds to a biased-off suppressor condition and a
zeto-voitage suppressor condition, respectively. This

E_ | RF QUTPUT)
VOLTS

MODULATION
ENVELOPE

CUTOFF =

EFFECTIVE
SUpP T
YOLTS

Suppressor-Grid Yaltage and Output
Yoltage Relationships

shape is similar to that of the grid modulator transfer
curve, and indicates that distortion is inherent and
must always be mere than that produced by plate
modulation,

Use of the series screen-voltage dropping resister,
Rac, tends to reduce the screen voltoge mote as the
sCreen curtent incregses. Thus when the suppressor is
being biased-off to the nonconducting state between
screen and plate (by the negative modulation signal}
the increased current attracted to the screen (it tries
to act as the plate) automatically reduces the effective
applied screen voltage by the increased drop across the
screen-voliage dropping resistor, Rsc. In this manner
the extra screen dissipation is reduced somewhat at
just the time it is becoming excessive. Hence, fixed
screen voltage is usually never employed with this
type of modulator.

Detailed Analysis. The basic functioning of the pen-
tode modulator depends upon the suppressor grid and its
control action. Consider the basic triode, for which
a set of typical plate characteristics and transfer

ORIGINAL
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characteristics are shown in the accompanying figure.
It is evident from the plate characteristics that for

b
: Ep= 250V
b Egtl0V

Ec2=20V

Epp=200V
/ e

- /Eb3=I50v
// /Eb4-!00v
/

PLATE CHARACTERISTIC GRID-PLATE TRANSFER
CHARACTERISTIC

(o]

Triode Plate and Transfer Characteristics

a fixed bias, thete is a different plate current for

each change of plate voltage. Note that the curves
tend to be similar and equally spaced for equal steps
of bias voltage. Likewise, on examining the transfer
characteristic, it is seen that for each change of bias
(with fixed plate voltage) there will be o different
plate current; like the plate characteristic curves,
these curves are similar and almost equally spaced

for equal plate voltage steps. Thus it is clear that

in a triode, one car vary the plate voltage and the plate
current will follow, which is what is done in plate
modulation. Likewise, one can vary the grid bias and
the plate current wil! follow, which is what is done

in grid modulation. Now examine the plate characteristics
and transfer characteristics of a pentode, as shown in
the following figure.

ip b

Ebl(GOOV)
Esi Ep CONSTANT £, (50V)
Ecez
Ecaz
Ecoa

—_— &

— eb
PLATE CHARACTERISTIC

<
GRID-PLATE TRANSFER
CHARALCTERISTIC

Pentode Plate and Transter Characteristics

With the inclusion of the screen grid in the pentode,
the plate current no longer follows the plate voltage,
but is determined mainly by the screen voltage (assuming
a fixed control grid voltage). That is, for a particular
screen voltage, the plate current quickly reaches a
porticular value, as the plate voltage is advanced from
zero toward a maximum, and remains substantially con-
stant over a large range of plate voltage. Thus,
varying the plate voltage has little effect on the
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plate current. Since these curves are parallel and
almost equally spaced (for equal screen voltage steps),
it can be seen that variation of the screen voltage will
produce the desired variation of plate current, which

is what is done in screen modulation (to be discussed
separately). Upon exomining the transfer charecteristic
it is seen also that far a specific screen volmge and
for plate voltages from ¢ low to o high value, there is
little change in plate current as the bios Is changed;

in fact, for at least half of the opetating curve they are
identical. Let us now examine how the grid-plate
transconductance varies with a change of suppressor
voltage as the control-grid bigs and screen voltage
remain fixed, as shown in the following figure.

[ |
L 4
I E<dln!
7
30 25 7o 0
-—— “Eg3

Gm Yonction with Suppressor Voitage

As can be seen, the transfer characteristic is practical-
ly linear, starting from a high value of transconductance at
zero suppressor voltage and ending at a very small or zero
value with @ large negotive suppressor voltage. It follows,
therefore, that variation of the suppressor voltage will pro-
duce a relatively linear change in tube output. As a tesult,
the suppressor-grid modulator is operated with o fixed nega-
tive control grid bias and a fixed screen voltage. (Since
the control grid bias does not vary, the 1-f excitation source
need not have as good requlation as with the grid modulator;
conseguently, it need not supply as much grid drive power.)

Since the suppressor is placed between the screen ang
the plate, it exerts complete contrcl over the plate current;
when bigsed sufficiently neqative it will couse plate current
cutoff, while at just about zero bias it will permit maximum
plate current fiow. Because the suppressor is never raised
above zero and is aiways negative, it draws no currenl; thus
very little modulator power is needed — less than that for
any other type of modulator. The suppressor bles is usucl-
ly on the order of ~ 100 voits, and a simple voltage ampli-
fier will completely modulate a high-pewered pentode.

As the plate current is prevented from flowing to the
plate by the negative suppressor bias, the screen becomes
the snlv collector of electrons, and the screen tends to
absorb them, acting as the plate. Thus screen-grid power
dissipation becomes large on the negative portion of the
moduiction siqnal Lthe truuqh ), as s"mw" iﬂ fhe czccompanv—
Sito R Sethi

ping IESJSIOR‘ Fag livw e st sEisey, the increasen soreen
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current {isc) automatically causes a lower applied screen
voltage, which reduces screen current flow during this period,
Even so, the maximum scteen dissipation is usually exces-
sive during this period, becouse plate current cannot flow
and all electrons are being handled by the screen.

Now consider the tube’s operation under carrier condi-
tions with no medulation. Here the d=c suppressor bias is
adjusted for a negative vaiue which produces half the maxi-
mum {full class C) value of plote current. The 1-f drive and
grid bias are set for the optimum values to produce this
maximum loaded plate current. No modulation is applied to
the suppressor {only the fixed d~c bias), and plate current
flow is as shown in part A of the following figure.

5 ! SCREEN ACTING
£hb e AS PLATE
& — l REDUCED
Esc

s o
o

TIME ——
SUPPRESSOR
MODULATION

| RFC

R-F
DRIVE @ Rsc

= Csc +
. l Ept

Screen Circuit Conditions

As the modulstion signal goes negative, the effective
suppressor voltoge is increased to further bias off plate cur-
rent flow, At the negative peak of modulation (the trough),
the instantanecus suppressor voltage, eces, is just below
cutcff {part B of the figure), and no plate current can {low.
This is the time at which the screen 1s dissipating all the
zathode [spoce) current, os explained in the previous para-
graph. During the remaining half of the neqative modulation
cycle the suporessor voltane rises, becoming more positive
as the negative moduiation cycle approcches the zerc modu-
laticn {carrier) level, At no modulation the conditions are
as first reprESemed in part A of the figure, with one-half
the cutoff vaiue of suppressor bias. Each drive pulse pro-
duces an output pulse of 1f and a plate current pulse, The
plate current averaged over the cycle is half maximum.

During the positive half of the medulation cycle, the
neqgative suppressor bigs rises above the cutoff level and

iegchies zars b the maximum positive modulation peck. At
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Typical Operoting Waveforms

the plate voltage is reduced to its minimum value, as shown
ir part C of the fiqure, but not to less than that of the screen
voltage. If the modulation is sufficient to make the sup-
pressor voltage positive, the suppressor tends to become
the plate, and so does the screen {the screen voltage is now
greater than the plate voltage as shown in part D of the
fiqurel. Thus, both the screen and suppressor grids carry
the space current, and their dissi~~tion ratings are exceed-

ed. This is why the suppressor qrid is never driven positive.

Once the modulation peak is reached, considering sine
wave operation, the suppressor voltage becomes negotive-
going, and the resting or carrier condition is again reached
at zero modulation, During the time of the positive peak the
drop acress the load (the tank circuit) is the greatest, and
the greatest output voltage is developed and coupled to the
antennd. Also, during this interval, the tank is actually
absorbing power to replace any losses present as a result
of resistance in the coil and leads. Conversely, during the
negative peak, the tank is supplying the output since the
tube is cut off and inoperative.

It con be understood from the previous discussion, then,
that varying the instantanecus suppresscr voltage in accord-
ance with themodulation signal over ¢ complete modulation
cycle will vary the plate current to twice normal, and cause
the plate voltage to vary similarly. Thus, on the modulation
peaks, the power output is four times that of the carrier,
Since sine-wave modulation is used, the averoge value of
plate power will vary from the carrier value to 1.5 times
the carrier at 100 percent modulation. Thus, the conditions
for AM modulation are produced by effectively varying the
tube plate current flow, using the suppressor grid to ac-
complish the variation under the control of @ modulation
voltage. Because the power is low, this is effectively an
efficiency type of low-level modulater. Actually, the sup-
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pressor varies the final load line by controlling the grid-
plate transconductance to vary the efficiency from a mini-
mum value {cbout 33%) ot zero modulation o full value
{about 66%) at 100 percent modulation, as in the grid modu-
later,

FAILURE ANALYSIS.

No Output. Lack of output should first be isolated to
failure of the r-f amplifier stage or the modulation signal
circuit{s). Even though the modulater is operative, an open
plate 1-f choke (RFC2) or tank inductor (L), a defective
electron tube, or a lack of grid excitation to the t-f ampli-
fier will produce a no-carrier condition. Observation of the
r-f plate current meter will determine whether the plate cir-
cuit has continuity. Tuning thetank capacitor for a maxi-
mum plate current indicetion with a resonant dip will deter-
mine that the tank circuit is operotive, and that sufficient
drive, a load, and the proper bias exist for operation with-
out medulation. Grid drivemeter indications will also show
whether the proper amount of r-f drive exists. With the
proper grid current, if the plate tank canbe resonated for a
minimum dip and then loaded to the maximum current, the
trouble is in the modulator circuit,

Lack of grid drive places the trouble in the exciter
stages of the transmitter or in the coupling network to the
final stage. Lack of plate current indicates possible powes
supply trouble or an open-circuited r-f stage. Otherwise,
proper performance but lack of akility to load te maximum
current indicates antenna trouble, improper tuning, g weak
power amplifier tube, or a defective transmission line.

With an r-{ camier existing, the trouble is definitely in
the audio circuits or in the modulation transformet, r+f
choke, or suppressor bypass copacitor. An open transformer
secondary would remove the bigs to the suppressor grid ond
cause an gbnormal plate current reading without modulation,
while a shorted transformer would allow the proper plate
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current and apparently normal carrier operation, but no
modulation could occur (depending upon the effectiveness
of the short circuit).

High transmitter plate current usually indicates short-
circuited components or a lack of proper bigs, while low
plate current indicates excessive bias, highresistance
joints, low tube emission, or a possible lack of sufficient
coupling to the load. With onen—cirenited conditions in-
dicated on the equipment meters, asimple resistance analy-
sis made with the power OFF, and with the high-voltage
supply grounded for safety, will quickly determine the de-
fective components.

Low Output. It must first be determined whether the low
output is from lack of sufficient cudic drive or from an act-
vzl reduction in the percentage of moduslation. While low
modulaticn is usuelly due to iock of sufficient audio drive,
this can als0 ocow because of o reduced setting of the audic
gain control or because of trouble in the speech stages. An
oscilloscope s very useful in determining the couse of
malfunctioning, since the waveform itself may be directly
observed. For simple, quick tests of modulation percent-
age, a trapezoidal pattern is useful. A waveform check,
however, will not only show percentage of modulation but
will aiso indicate waveform distortion, so that it is usual-
ly more useful. Too high a suppressor-grid bias will
cause a reduction of output and an inability to reach 100
percent modulation with the same drive. The sume effect
wil} also occur if the control-grid bias is too high, Tempor-
arily grounding the suppresscr grid will produce maximum
output if the control-qrid bigs is satistactory. If incorrect
control-grid bias is suspected, the bias can easily be
checked by a simple voltmeter indication {use an r-f choke
in series with the meter probe to avoid erronecus indica-
tions), As with the gqrid modulater, a steadily indicating
plate meter does not necessarily indicate that there is no
distortion or overmodulation. Since the changing of effici-
ency in the plate circuit is used to obtain the modulated
output, aithough the plate current is chonging isstantanecys-
ly, one condition may cancel the other. Thus, either ¢
steady current indication or a flickering current indication
can be indicative of the same condition. It has been found
that satisfactory operation requires the use cf an ascillo-
scope to properly adjust the suppressor voltage and load
for 100 percent modulation with @ minimum of distortion.

Because of the low power involved, a particlly shorted
modulotion transformer will not usually indicate its condi-
tion by external burnt spots or arcing. 1t wili probably
show as an 1nability to obtain 100 percent modulation, with
il other compenents checked and the Cucuit apparently
working rormally in oll respects. Where available, o nego-
tive variable d-c soWce can be used 10 suruiate (e Chdnge
in bigs with modulation, to quickly determine whether the
stage is opercting properly; 1f i1 is operating, the tzans-
former certainly must be defective. Lack of sufficient
filament emission in the r-f amplifier or modulator tube wiil
cause peak clipping and a lower output because of the in-
ability to obtain 100 percent undistorted modulation.

Distortad Qutput. Distortion can occur from a number of
causes, and is easy t¢ detect when monitoring qudic mody-
iation. Uvermodulation will cause & chopping off of the

. ke siigiteCaslrgs  Wnriiey , d
LUtiier Wil CGrGiEl Snity, producing cevers interterence
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stations operating within a few hundred kilocycles of the
carrier, and distortion, Nonlinearity in the control of the
grid-plate transconductance by the suppressor grid bias
will show as distortion; that is similar to the distortion
caused by curvature of the grid-plate transfer character-
istic in qrid modulation.

In stages operating on the same input and output fre-
quencies, there is the possibiiity of feedback from plate v
qrid, causing self-oscillation with severe distertion. Al-
though the iow plateqrid capacitance of the pentode makes
this clmost impossible, it does oceur sometimes as a re-
sult of poor layout and external coupling between the tube
elements, particularly ot high frequencies. Self-oscillation
can be easily detected by the characteristic fuzzy pattern
produced on an oscillescope. Oscilloscope connections and
wavefcrms are showr in the BASIC MEASUREMENTS sec-
tion of the EIMB, NAVSHIPS 900,000.103, Test Methods
and Practices.

Since the suppressor qrid does not draw curtent, the
modulator has no trouble with changing load conditions as
in the grid modulator; thus the distortion is usually limited
1o that ceused in preceding speech amplifier stages. Gen-
erally speaking, there shouid be less distortion present in
the suppressor-qrid modulator than in other types of grid
modulators.

TRANSFORMER-COUPLED, SCREEN-GRID MODULATOR.
APPLICATION.

The screen grid modulator is employed as a low-level
modulator for screen grid iubes {tettodes and pentodes)
in applications where it is desired to use a minumum of
audio {modulator} power. It is particularly useful for port-
able or mobile communications equipment to reduce size and
power consumption.

CHARACTERISTICS.

YVaries screen volioge to achieve modulation,

Requires slightly more power than control-qrid medulater
(about 1/4 the rated screen input for CW).

Produces maximum efiiciency at 100 percent modulation
and minimum efficiency for unmedulated (carrier) conditions.

Provides a carrier power of 1/4 that available from same
tube 1n CW operation, and about 1/3 that possible with high-
level plate modulation.

CIRCUIT ANALYSIS,

General, Screen-grid modulation ig procrcally identical
W0 the other types of gid o ;. with the exception
that the screen grid is used to achieve the modulation in-
stead of one of the cther grids. This type of modulater,
like the qrid modulator, uses a form of efficiency moduiation.
It notmaily operstes at half the meximum plate current in
the resting or corrier conditicn, with no modulation, and at
tull current (twice normal) at 100 percent moduiction. The
efficiency is lowest, (ubout 33%) with no modulation, and
highest (about 66%) wi th fuli 100 percent moduiation. The
carrier power represents one-quarte © of the maximum power
available with normal class C operation, with o peak power
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maximum of 1.5 times nnrmal at the pecks of modulation,
and this power is obtained from the same power supply by
the chanqge of efficiency wihin the tube.

This type of modulator requires 3 screen supply with
good requigtion, since the load, plate, and screen currents are
instantcnecusly vatying Auring modulation, Tt bas the in-
herent disadvantage of being unonle to achieve 100 percent
modulation without distortion unless special compensation
is provided.

Circuit Operation. The circuit of the basic screen-grid
modulator is shown in the accompanying figure, using sine
wave generators to represent audio and r-f excitztion for sim-
plicity.

It is cledr from the fiqure that the circuit is practically
identical to that of the control-grid or suppressor-grid mod-

Basic Screen-Grid Modulator

ulator except for the tube qrid element used. The conven-
tional L.C tank eppears in the plate circuit, jnductively
coupled to the output load {antenna). The r-f drive is sim-
ulated by the tf generator, and supplies qrid drive bias
through Hg in addition 10 the {ixed negative bias, Eccy.

As can be seen in the fiqure, the o-f generator supplies the
modulaticn in series with the applied screen voltage. Thus
as the modulation incteases on the positive halfcycle

{assuming a sine wave), the screen voltage cnd medulation add

to produce a larger screen voltage, This increased screen
voltage causes a qreater plote current flow.. On the neg-
ative hali-cycles the modulation opposes the positive screen
voltage, so that at the negative peak of modulation {(at the
trough) the screen voltage is effectively zero, almost pre-
venting plate current flow.

Although the screen voltage is zero, the innherent con-
struction of the tube requires that a negative potential be
applied to the screen to completely stop plate current flow.
Therefore, this type of modulator provides approximately
75% maximum modulation without distortion. If completely
(100 percent) modulated, considerable distertion is pro-
duced.

ORIGINAL
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Bosically, however, by varying the screen potentia! in
accordance with the modulation, @ corresponding change
in plate current is achieved, driving the plate cument to
twice the normal (carrier) value at 100% medulation and to
almost zero on the negative pecks. This can be recognized
as the some variations of cutrent and voltage as described
in the previous forms of grid modulators to produce ampli-
tude modulation.

A schematic of a typical screen-grid modulater is shown
in the accompanying figure.

In the fiqure, the r-f drive is coupled through Ce to the
arid of V1, producing qrid current and developing grid-drive
bigs across Rg, which is effectively in series with the
fixed negative bias supplied by Ecc1. (Actually, cathode
bias could be used instead of Eccy since screen current
always flows.) The plate circuit contains the canventional
series~fed tank, isclated from the power supply by the rfe
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and bypassed by C3. In the grid circuit the rfc isolates

the ri drive from the bias supply; it is bypassed by Cl, which
shunts to ground any rf leaking through the choke.

The audio modulation is coupled from the speech ampli-
fier plate thiough tronsformer T1, whose secendary carries
the d-c screen supply. Capacitor C2 serves to ground the
sgreen grid g for g rf variatione are roncerned, but is
not large envugh 1o bypass any of the audic modulation;
ctherwise, frequency distortion would result from a loss of
the high frequencies bypassed to ground.

When the audic is applied to-the screen of V1 through
T, and assuming a sine wave modulating signal, the screen
voltage is increased on the positive half-cycle, and de-
creased on the negative haif-cyele. Thus, as the positive
moduinting signul udds o lix scieen vOitage, the sorcen
current and the plate current both increase, recching o peak
at 100% modulation. Since the output voltage is the drog
across the load, the cutput is the greatest at maximum
pidte current, and the uctuul plate voltage is at & minimum.
As the modulation swings downward toward the nequtive
hali-cycle, the screen voltage is opposed by the negative
modulation signal frem T1. At the negotive peak of modu-
lation (the trough), there is practically complete cancella-
tion of the screen voltage, and the screen current decreases
to o minimum at this peint. The output voitage is clso min-
imum at this peint, and the actual plate voltage, Ex, 15 prac-
tically equal to the applied plate voltoge, Epp. At resting
or carrier value, the screen voltage is such as to produce
one-helf the maximum piate current obtained at 100 percent
madilation {approximately one-half the value used for CW).
Thus, a5 in cther {orms of rid modulation, the carrier valus
is one-fourth maximum, with @ peak of four times the carrier
voiue of power. The average power varies with sine wave
modulation to 1.5 times the carrier value at full {100 percent)
madulation. This extra power is obtained from the plate
power supply. The power change is achieved by the chang-
ing efticiency of the plete circuiy, preduced by varylng the
screen voltage of the whe in occordance with the modulat-
ing signal. The figure below shows the screen voltage

REPRESENTS”
. NEGATIVE
SCREEN
VOLTAGE

Screen Grid Yollmge and Output Yoitage Reiationsnips
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and ougput voltage relationships assuming that 100 percent
modulation could be achieved, and illustrates the reasen
that screen-grid medulation cannot achieve 100% modulation
without distortion. On the positive modulation peaks {(op-
proaching saturation), the grid-plate transfer curve flatrens
off so that large drive in the positive directior ~.ill ilatten
the peaks, cousing distortion. Likewise, since zero screen
voltage connot produce plate current cutoff, the transfer
curve drops off considerably at the zero screen voltage
level. The effect is as though the bottom portion of the
negative peak (the tzough) of the modulation were cut off.
To minimize this distortion, the screen must be operated
between the limits where it is most linear; the practical
rasalt is to limit the modulation to about 70% for minimum
diztention, In gpecially desiomad cirenits where both the
grid and screen are simultanecusly modulated, this inherent
fauit can be overcome, but the medulaticn is no longer
screen modulation; it is rather @ combination of hoth types,
and thus will not be further discussed.

Detailed Analysis. To understand the functicning of
the screen-grid modulator, it is necessary to review
the basic tube action and design. The accompanying
figure shows a set of characteristic curves for a
typical tetrode.

Flirst examine the plate characteristics and note that
for each fixed vaiue of screen voltage {Eeci, 2 20} G
particular plate current can be obtained, which, after

PLATE CHARACTERISTICS

TRANSFER CHARACTERISTIC

Tetrods Plate ond Transfer Charactesistics

the lower plate-voltage region is passed, increases con-
stantly as the plate voltage is increcsed. lhis is not

a1 linear relationship; it is actuclly considered math-

at the higher-voitage end of the plate charaCuesiiv

chart, the Jistonces

tween Tre curves fu sull suitgen
veoilage zie nearly (e sume, und e URSS 36 Iougily
parallel. Hence, it can be infetred that if the plate
veltage 1s held jlxed witie e sCreen vuitiye is
varied, there will be o semewhet linear relationsnip.

1nat 13, for @ coresnondirs incrense ur dedense in

1

screen voitage, there will be o proporti i
plate current. "Ihis means, then, that as the screen
voltage is changed the plate current will follow, vary-
ing in g similer fashion, Since the outout voltage is
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produced by the tiow of plate current through the
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for a fixed screen voltage {Esc) the plate current

(ip) does not vary much for low voltages {such as Ex3

or Ep4), but does change somewhat for larger voltages

{such as Ep1); it is affected more by contral grid

voltoge changes {ec). Thus, basic tube action in-

dicates that either control-grid or screen-grid modu-

lation is pessible, and that plate modulation by varia-

tion of the plate voltage alone on screen grid tubes

is not {easible,

Consider now the 1-f drive and bias. Since the
modulated r-f amplifier is to operate as a class C
stage, the bigs must be approximately twice the value
of cutoff for ¢ fixed screen voltoge, ond sufficient
drive must be applied to drive the stage into light
saturation on the pesitive peaks of the drive signal.
(Refer to Section 6, Part A, BRF Power Amplifiers
Class B ot C for background on class C opetation.)

The value of bias and excitation must be such that the
plate voltage never drops lower than the screen voltage
on the peaks of the modulation. Otherwise, excessive
screen dissipation would ocour, with the screen trying
to act as the plate. The resting or carrier value of
current is adjusted for exactly half the maximum load
current, with the stage operating over the linear portions
of its characteristics. Becquse of the varying efficiency
and load changes, it is necessary to use an oscilloscope
to determine proper operation.

Assuming perfect linearity, a typical oscilloscope
presentation showing 100% modulation would appear as
shown in the following fiqure. Note that the amplitudes
between the line representing the carrier (C and D) and
the ends of the pattern are equal, with straight sides
indicating equal and linsar modulation. Alse, note that
lines A and B extend equal distances above and below
the carrier level (with AB = 2 x CD), and that the pattern

CARRIER
LINE

ldeal Traperoidal Pattern
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extends to a perfect point at 0, indicating 100% modulation.
Let us now examine a similar pattern illustrating
screen-grid modulation, and note the differences.

Trapezoidal Pattern for Screen Moduation

Note that the sides are straight from points X and ¥
upward, indicating linearity between these points, but
between O and X-Y the curvature indicotes sertous dis-
tortion. The distance XY as compared with AB indicates
that the distortion occurs at about 70 to 75% modula-
tion. Thus, the carrier must be adjusted so that it is
centered at the point where line segments 1 and 2 mark
off equal distances over the linear portion of operation
if distortion is to be avoided. The {llustration
graphically shows the limitations on maximum modulation
percentage without distortion for screen modulation.

If operation is held to the left of the indicated
carrier line to achieve 100% modulation, the distortion
shown between points O and XY must be accepted.

The inability of the pattern to attain g peint at O
indicates that the meximum negative portion of the modu-
lation signal does rot quite reach cutoff and 100% modu-
lation is not obtained. The distortion shown between G
and XY is caused by actually driving the screen negative
with the modulated signal on the negative peaks, to at-
tempt to produce the cutoff of plate current. The
teason for the departure from linearity is that with
zero screen voltage at points X and Y, any slight
change in the neqative direction of screen voltage
changes the plate current much more rapidly than does
o similar positive inctease in screen voltage. Hence,
the line no longer remains straight; it has o faster
slope, and curves rapidly downward toward zero or maxi-
mum reqative modulation {the trough). In effect, we
can say that ot the zero screen voltage leve!, the
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tube no longer modulates equally above and below this

point; hence the reason for the rapid change of wave-

form. The point of zeto screen voltage is determined

ta some extent by the bias and grid drive. Thus, for
particular value of bigs it is possible to apply just
sufficient drive to reach the peaks on the positive
modulation cycle and move point XY to the left slightly

b —tdade limae sl ~r
10 Gligin uneal MOSUWCLON CYel G grect“’,r pCEHC" of

the cycle. Such an adjustment, however, must be made
with an oscilloscope; it cannot be predetermined by
design.

In Navy equipment, the design and adjustments are
preset by the manufacturer so that by setting the
opercting values of plate current and voltage to those

nnnnnnnnnnnnnnnn

LisiEoan theTeeknies! Manas! rakeagnismest, ki
proper tesults will be obtained to meet the manufac-
turer’s specifications.

Consider now the modulator power requirements. Since
the screen is being modulated, the peak screen voltage
divided by the peak screen current will previde the
maximum logd impedance value. A rough approximation
of power can be obtained by using the peak screen volt-
age and current and dividing by 8. Thus, for a 400
volt, 10-milliampere screen load, 500 milliwatts (1/2
watt) is required for maximum modulation. To help
stahilize the constantly varying load and keep power
supply fluctuations to ¢ minimum, and to achieve good
requlation of the modulator, a power capacity of three
to four times this value would be used (1-1/2to 2
watts), and the modulator would be loaded down with a
swamping resistor to stabilize the load. With the
400-volt, 10-ma load, 40,000 ohms would be indicated.
By providing 40,000 chms for each half-watt, a total
load of 10,000 chms would be obtained with a Z-watt
amplifier as madulator. Thus, reflected load changes
in the screen circult are minimized so that the modu-
lator provides sufficient current and voltage for stable
operation,

Another method of accomplishing the same thing is to
use neqative feedback in the modulator. This tends to
reduce the plate resistance and the sensitivity to
voltage changes caused by load chenges. In addition,
neqative feedback helps improve the modulater frequency
response, so that resistance loading has been generally
discarded, although it may be occasionally encountered.

I: it ev lueut. meu, thﬂ‘. S\_IEE.""$K! modulc!io."‘.
requlres sornew“mt more power than the other types oi

reqmrements), in tumn, however, it provides better
over-all linearity. In summation, it can be said that
screen-qrid modulation achieves its changing efficiency
by operating or a different load line for each value of
screen voltage, with maximum plate dissipation occur-
ring at the carrier level.

FAILURE ANALYSIS.

No Output. Lack of output should first be isclated to
failure of either the modulated r-f stage or the modulator
ard speech circuits, Lack of a carmier output indicates

failure of the r-{ stage, while luck of modulutivn on e
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otherwise normal carrier indicates failure in the speech or
modulator stages, or a lowered gain contrel. A no-carrier
indication can be caused by an cpen plate rfc or tank cir-
cuit, o shorted or gassy electron tube, lack of grid excita-
tion, too high o bigs, or lock of screen voltage due to ¢
defective modulation transformer, o shorted screen capacitor,
or a defective screen supply.

Chservotion of the o-f plate curent meter will determine
whether the plate eircuit is open, and tuning for maximum
indicction with a rescnant dip will determine whether suf-
ficient drive and loed and the proper bias are present. Where
qrid current meters are part of the equipment, the obtaining
of normal or greater than normal grid curtent indicates that
the exciter stages are operating propecly; with lower than
nofindl giid current, the driver stages are gt foult or thed-c
bias on the control gridis too high. The bias may be deter-
mined by a simple voltage check (use an tfc in series with
the voltmeter test prod, and check the grid to ground volt-
age). Inability to load the stage indicates g foulty antenna
or a transmission line trouble,

With the 1-f stage normal, the trouble must be in the modu-
lation transformer, screen bypass capacitor, or the preced-
ing speech stages. An open modulation transformer would
remove the d< screen voltage, and the r-f stage would give
a no-output indication. With a shert—circuited transformer,
the r-f stage would appear to operate normally, but no modu-
lation would be obtained. With the low power usuclly in-
volved, it is doubtful that visible evidence such as charred
insulation or arcing would be apparent, so that it may be
difficult to isolate modulation transformer trouble if the
transformer isinternally shorted. Usually a resistance
analysis will check continuity. Checking the transformer
for turns ratio with an ac source and a voltmeter will usual-
ly determine whether it is operating properly.

High plate current usually indicates short-circuited
components or @ lack of proper bias, while low plate current
indicates excessive bias, high-resistance joints {poor
soldering), low tube emission, or possible lack of sufticient
coupling to the load. With cpen-circuited or short-circuited
conditions indicated on the equipment meters, a simple
fesistance aralysis made with the power OFF, and the high-
voltage supply grounded for safety, will quickly determine
the defective components.

Low Output. First determine whether the low cutput is
due to lack of sufficient audic drive, or to an actual re-

duction of percentage 1 modulation os o result of trouble in

the modulator. With the speech gain control at its proper
setting, low output indicates loss of oudio {modulator)
power or lack of 1-f drive, Use an oscilloscope to determine
the cause of malfunctioning. Muake a trapezoidal check of
modulation percentage to determine whether 100% can be
obtained. Since some distortion is normal, the trapezoidal
check can be used as a rough check on linearity by deter-
mining whether the sides of the pattern are straight and ob-
serving that the pattern expands equeily on both sides of
the eorrter line: othetwise, the positive and nenative peaks
are unequal.,

If you are unable to reach the 100% modulation mak,
reduce the louding and see whether the percentage improves.
Too great a load can produce too high an efficiency and

muxa it impossibie 10 obiuin e propel vulpul Lo e
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modulater. Under normal aperation {no medulaion) the
tube must be drawing no more than half the maximum plate
current possible in normal class C operation.

Since qrid drive determines the efficiency to some ex-
tent, reduce the drive and see whether the percentage of
modulation improves. [t will probably be found that there
is a point of minimum qrid drive and minimum leading that
will produce a completely modulated signal. At other set-
tings the output may be greater, but it will be impossible to
obtain complete modulation. Use the lower output, since
loss of modulation varies as the square of the modulation
factor; that is, 25% loss of modulation is actually a 50% loss
of usable power, and can be the difference between being
heard and not heard at ali.

Low cutput caused by lack of sufficient drive will be
indicated by a flattening of the positive peaks because of
inability to reach full peak power. Lack of sufficient filc-
ment emission can also cause 1 similar condition.

Distorted Output. Distortion con occur from a number of
couses, and is easy to detect when monitoringaudio modu-
lation, Overmodulation will result in @ chopping off of the
carrier, with carrier shift, cousing excessive distortion and
severe interference ot stations within a few hundred kilo-
cycles of the carriet. Since in screen—grid modulation it
is necessary 10 drive the screen negative to obtain 100%
modulation, it is to be expected that a large amount of dis-
tortion will occur on the peaks. For undistorted output, the
screen should never be driven negotive.

Because of the constantly varying load, the speech ampli-
fier producing the qudio modulation will contain excessive
distortion unless swamping resistors are used to load the
modulation transformer, or unless negative feedback is
used, In this event, using an oscilloscope to determine
linearity between the input and output signals in the modu-
lotor will quickly locate any excessive distortion in those
stages. (Refer to NAVSHIPS 900,000.103, Test Methods
and Practices, Basic Measurements Section, .o oscille-
scope connections and waveforms.)

Although screen-qrid tubes provide sufficient qrid-
plate isolation, 30 that neutralizing is unnecessary, it is
possible that at the very high frequencies self-oscillation
can oceur in the r-f stage and couse distortion. This is
particularly true if parts have been replaced and the lead
dress has been disturbed. The characteristic fuzzy pat-
tern (on an oscilloscope) produced by oscillaticn will
quickly revea! this condition.

Inability to obtain full modulation can be due to the
lack of {ilament emission in the r-f stage, which will cause
flattening of the positive peaks and ¢ consequent increase
in distortion. This condition ¢on be seen on on oscille-
scope, but it will not normally be revealed by meter indica-
tions, except by a gradual reduction of plate current over a
long period of time, A similar conditicn can result from
drying out of electrolytic filter capacitors in the power sup-
ply, but it will usuclly show as hum on the carrier before
the loss of peak current and voltage couses noticeable dis-
tortion. Such conditions are not apparent unless an oscil-
loscope is employed to monitor the waveform,
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TRANSFORMER-COUPLED PLATE AND SCREEN MOCU-
LATOR.

APPLICATION.

The plate and screen modulator is employed as a high-
level modulater for screen-grid tubes (tetrode and pentode)
in applications where the simplicity and fidelity of plate
modulation are desired.

CHARACTERISTICS.

Varies hoth the plate and screen voltages to achieve
modulation.

Requires a modulator power equivalent to 50 percent of
rated carrier plate and screen power.

Operates ot o constant efficiency of 70 percent or better.

Provides maximum carrier power for a given tube type,

CIRCUIT ANALYSIS.

General. The plate and screen modulator is practically
identical to the tricde plate modulator, except for provisions
o accommodate the changes caupsed by inttoduction of the
screen grid into the tube. This type of modulator is not
Jow-level form of modulator; instead, it is a high-level con-
stant (high) efficiency type of circuit. The modulator itself
must furnish the 50 percent additional power required for
the production of the side-bands, The modulated 1-f stage
must also have o power supply capoble of supplying the
additional power for the screen circuit, or have a separate
screen supply to fumnish the power for the screen. Duting
sine wave modulation the plate voltage and current are
doubled to provide d peck power of four times normal, and
the average power is increased to a maximum of 1.5 times
notrmal carrier value, thus providing the proper conditions
for 100 percent AM modulation. The use of the sereen-grid
tube, with its low grid-plate cupacitance and shielding
effect, reduces the internal plate-to-grid feedback, minimiz-
ing the possibility of self-oscillation and the need for
neutralizing circuit arrangements, The increased sensitivity
of the screen-qrid tube clsc permits less excitation ond
driving power to be used as compared with the triode.

Circuit Operation. A simplified diagram of the basic
transformer-coupled plate and screen modulator is shown in
the accompanying figure. The a-f modulator stoge is
represented as a block, since it may be any one of a
number of audio amplifier combinations as long as the
proper qudio power cutput is obtained. Likewise, the r-f
cutput stage is also represented as a block, since it may
consist of any arrangement of tubes to produce the desired
carrier output to the antenna. The r-f stage is always
bigsed so that it operates as a class C amplifier.

Since class C operation requires twice the cutoff bias, a
separate bias supply is usually used, with supplemental
bias from qgrid drive through a grid leck. The total bias is
a combination of the two types. In case of failure of grid
drive, the fixed bias provides a protective bias to prevent
exceeding tube ratings and consequent damage to the tube.
Thus far in the discussion the plate and screen modulatar
is identical with the plate modulator. The difference lies
in the manner in which the modulation is achieved, that is,
by also modulating the screen voltoge. There are three
basic methods used; each will be discussed in the following
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Basic Plate and Screen Modulator

paragraphs. For the present it suffices to say that both
the screen and plate voltages are varied from zero to twice
notmal to accomplish the modulation exactly as described
for the plate modulator discussed previously.

Screen Yoltage-Drepping Circuir, Since the screen voil-
age is always much lower than the plate woltage, it is neces-
sary either to provide the screen voltage from a separate
power supply, or tc obtain this veltage from the plate =up-
ply by means of a series dropping resistor. By far the
simpler method, although somewhat wasteful of power, is

ARl
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the use of ¢ series dropping resistor, as shown in the fol-
lowing figure. As can be seen from the illustration, the
screen voltage is ohtained by ¢ series voltage dropping
resistor (Rsc) connected to the plate supply. The screen
current through this resistor produces sufficient voltage
drop to lower the plate supply voltage to the proper value

for application to the screen. The actual screen voltage

at all times is the supply voltage minus the drop across the
resistor (Eac = Ebn - IRsc}-

As shown, the r-f grid excitation is capacitively coupled
through Ce, and grid drive bias is obtained through Rg,
supplemented by fixed neqative bias. The tfc isolates the
r-f drive and prevents it from feeding back through the ovid
supply of from shorting to ground, while C1 provides an -1

chimt oo
Znunt o grount o oo Y

the rfc.

The suppiessor grid is shown supplied with @ small
positive pias and shunted to ground for of py CZ. ‘This
cennetion WillaaieaaZonling fndhe Hoe SOwins,. 18
tetrodes {since they do not have a suppressor qrid) it is
nonexistent. In beam-forming screen grid tubes it will be
the beam-torming plates, and will be connected as recom-
mended by the tube manufacturer. In other types of pentodes
the suppressor may be internally or externclly connected to
the cathode directly, and CZ is not needed. In those types

will appear as shown on the schematic obove. In this
instance the slight positive bias is added to enhance the
shielding effect of the suppressor at low plate voltages,
and it also prevents the screen from intercepting any sec-
ondary electrons and acting ag a plate. At almost zero
voltage, dny electrons will be attracted to the more posi-
tive suppressor and retumed to qround. Thus zero plate
current is possible with a sharper cutoff than when the
suppressor has a negative potential applied. The screen
qrid veltage is obtained from the plate voltage source
shrough sezeen yoltegedronoine residtnr Mg bunaseed hy
C3 and Cd. Capaciter C3 aiso insures that the screen is
at ground potential to rf, permitting only de or the relative-
ly low-frequency modulation components to vary the screen
voltage. Capacitor 04 is the conventional series plate-
feed byposs capacitor. The secondary of Tl is connected
in series between the plate-and-screen power supply, with
the rfc isolating it from the tank circuit tf. Capacitor C4
also insures that any f which might leak through the tfc
franuencies in order to nrevent foss of high-frequency
response. 1he conventional tank comoonents, C ond L,
aTS INGUCHIVERY COoURIeC 10 e 10ad.  1Ne Juudlt ouiput irom
the modulator appears at the secondary of T1, and is added
o oI subtrdcted from the applied d-¢ piate voltage (ana
screen voltage) to produce an instantaneous effective plate

tand soreer yoltaze which
\and screen; voilage which

moGuiaticn.

Consider now one cyele of operation. At the resting
cendition, with no modulation, an unmodulated carmier is
croduced, and the applisd plote and screen voltages ot that
time consist of only the d-c component from the power sup-

oo Row whos B . P A A -
Ty, A5 ihe modulation is startea, OSBUMInG & 3ing wave

praressing from zeta thrangh the positive holl«oycie, ihe

3 " - 1 - . s [ - rf._ oA
SO LTS Sy WU UL voladigl (aidun w2
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positive plote and screen voltuges, @nd poth voltages are
increased. The following illustration shows how the plate
and modulatior voltages are combined to form the composite
instantcnecus plate voitage. (The screen voltage is also
modulated similarly.} Since o resistor is not frequency-
sensitive, equal voltage drops occur across the scieen
dropping resistor or all audio frequencies in the modula-
tion; thus the screen voltage is dropped linearly ond is

alse increased linearly with -espect to the modulation sig-
nal. At the positive peck of modulation, the plate voltage
is twice normal aond the screen voltage is somewhere he-

Emax
| Ep*Ewoo £

|
N

‘ Ey~Emop
0

fo EMIN

Combining af Plate and Modulation Voltages

tween 1.5 to 2 times normal, depending upon the screen
current (usually around 1.5 timesz). 1t con be seen that,
since the d-¢ screen voltage is increased by the addition
of the instantanecus modulotion component, the same
rasult is produced as in screen modylation; that is, the
plate current is increased. Because the plate voltage is
also incregsed simultanecusly ard the class C output s
proportional to the square of the plute voltage, the plate
voltage also helps to increase the total tube current.
Fecalling from basic theary that the screen voltage deter-
mines the plote current much more than the plate voltage,
it can be understood that variation of plate voltage olone
would not produce 100% modulation since the tube current
would not increase sufficiently on the peaks. (For an
unmodulated screen, about 90 to 95 percent is the highest
medulation obtainable.) Thus it is clear that varictions of
hath the plate voltoge and the screen voltage combine to
produce the 100 percent modulation capability.

As the modulatizn troceeds toward 118 negative halt-
cycle, both the screen voltage and the plate veltage are
reduced, ond the plate current follows. Thus at the neqga-
tive peuk (the trougt) of modulation the plate voltage is
almost zere, md so is the screen voltage, Actually
avoid excessive screen dissipation, the plate voltage is
never driven below the screen voltege., In this case, since
the screen voltage is obtained from the plote source through
a dropping resistor, the screen voltage is always lower
than the plate voltage; thus it is practically impossible to
drive the plate voltage to zeto, except if the screen is
driven neqative, With negative sceeen drive, non-linearity
causes distertion, so that nommally the modulation is ad-
justed to just keep from driving the screen oelow zero.
Normally, the plate current is reduced to a value near zero,
and fuli mocdulation from zero to twice normai plate current
and voltage are obtained. Tne peak power is four times the
normal carrier value, and the aversge power increases sup-
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plied by the modulater is 1.5 times normal, or 50 percent
ot the rated carrier power,

Separate Screen Supply Circuit. The second and mare
complicated method of supplying screen voltage, but per-
haps the more commonly used method, is to supply the
screen voltage from @ separate power source, This circuit
is shown in the accompanying figure, ond is seen to be
identical to that of the plote ond screen modulator just
discussed, except for the replacement of Re. with choke L,
and a separate screen supply. The screen power supply

c
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Ebb
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Plate-and-Screen-Modulated Pentode
with Separate Streen Supply

need only supply a fraction of the plate power. Most screen
qrid tronsmitting fubes use from 250 to 750 volts on the
screen, with a plate voltage of 1000 to 4000 volts, and
screen dissipation runs from 5 to 10 percent of the plate
dissipation for high-power tubes, to 1} to 20 percent for
low-power tubes, or a maximum of about 50 watts for medium
power transmitters. This screen power supply provides
only d-c voltage; therefore, some provision must be mede to
increase and decrease the screen voltage in accordance
with the meodulation, to control the plate current, Such
action is produced by the choke, L), placed in series with
the screen lead. From basic theory it is known that the
electrical inertia produced by the field around the choke
tends to prevent a chenge in the flow of current through

the choke. When the current ceases or reduces, the mag-
netic field collapses and tends to produce o voltage frem
the choke which will keep current flowing in the same direc-
tion. To do this it is evident that the voltage produced
must be of the same polarity as that applied originally to
the choke. When the modulation signal goes positive and
increases the plate voltage, more electrons are ottracted

to the plate and less to the screen qrid. That is, the total
space current Temains ahout the same, but the current dis-
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tribution between the screen and plate changes. When the
screen current reduces, an increased voltage is produced in
the same direction, to add to the effective screen veltage
before the modulation increased; this produces a slightly
higher screen voltage, which, in turn, heips the plate cur-
rent to increase. On the negative modulation swings, @
similar but opposite condiiion voours, As the plsis cuiren
tends to reduce, the screen current tends to rise. The
inertia of the choke tries to prevent the rising curtent and
provides a negative-qoing voltage which decreases the
effective positive screen voltage. Thus the plate current
is helped to decrease. Since the screen grid controls the
plate current much more effectively than chonging the plote
voltage, the slight changes in screen voltage produced by
the choke, in turn, produce the desites Attect. Capacitor
2 bypasses the screen to ground and prevents feedback

of rf into the audio circuits. Capccitor C3 is the conven-
tional plate bypass for series feed. The value of C3 s
ususlly such that it has a high reactance to the audio tre-
quencies, in order to avoid the possibility of frequency
distortion due to shunting of the highs to ground. The
screen bypass capaciter is usually about twice this value,
since the reactance of choke L is effectively in series
with the capacitive reactance, limiting the shunting effect
of C2. The choke must have sufficient power—hunﬂlmn
capability to carry full screen current, and is usuaily on the
order of 5 to 10 henrys. If it is too small, 100 percent
modulation will not be obtained, and if teo large it will
produce phase shift at the low audio frequencies and

gttenuction ot the hizh audio frequencies, causing some

distortion. The actual value is chosen to have a reactance
whichis not less than the screen impedance at the lowest
desired audio frequency. The screen impedance is approxi-
mately equal to the d-c screen voltage divided by the d-c
screen current = Esc/lIsc).

With this circuit, actual cutoff bias can be obtained, so
that the bias can be adjusted for twice the cutoff value for
proper class C operation, (With the voliage-dropping resis-
tor type of circuit, the screen voltage becomes so high at
low plate current that cutoff can never actually be attained;
thus the theoretical value specified by the manufacturer is
used to determine the cperating bios.) As far as medulation
is concemed, the choke produces voltage variations on the
screen in phase with the modulation; this causes the plate
current to increase on the positive modulation excursions
and 1o decrecse on the negative excursions, assisting the
plnte voimqe vancmon, smce vanations in screen ~rid voh—

qme have
age hove r

ations in plcne voltage. Thus the full lmuts of AM modu-

Tntion are abtained, exactly as if the fiube were a triode and

were compietely coatrolled by plote woltage woriationz,
Denk power is four times the normal carrier value, and the
output increases 50 percent at tull modulation, being sup-
plied fiom t
mum plote dissipation and pcwer output occurs, with the
E'IIIClEﬂ(.y F&Hldl{ihlq Lt:loutuy COonatant uuuuguuux the
audio cycle.

Tronsformer-Coupled Screen Modularer. The third hasic

. AT Roe aly
& mocausatol. AL the ',)C"‘( of :"‘Cd‘_‘l"""‘", -
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proper voltage ratic. In this method the d-c screen voltage
from a separate supply has a modulation component added
which is proportional to the plate change in accordonce
with the transformer turns tatic. This method is costly,
and is seldom used because of the simplicity of the pre-
vicusly described meihods. The ciicuil operation is similar
to that for the voltage-dropping method, except that the
transformer, instead of the dropping resistor, suppiies the
proper voltage. Therefore, this method will not be further
discussed.

Detoiled Analysis. To understand the functioning of
the plate-and-screen-modulated circuit, review the operation
of the triode plate modulator previously discussed in this
coction \-\EFnra prgr‘-eedinn turther Igm:- THRAN \}—UHN’FH-
COUPLED PLATE MODULATOR citcuit), It is evident
riow that the only differences between the two Pircuit: are
those resulting from the addition of the screen grid to the
tube. It is necessary to retumn to elementary electron tube
theory to explain some of the differences in operation
caused by the screen grid.

The oddition of the screen qrid provides a greater grid-
plate transconductance, and, consequently, requires less
drive power from the 1-f driver to excite Lne modulatea class
C stage to saturation, Since the acteen is located between
the grid and the plate and always has a positive voltage
applied, the problem of minimizing grid dissipation at
minimum plate voltage is eliminated, (On the peak of the
negative plate excursion, during modulation, the triode grid

s A [V
rends to become more positive than the minimum value of

plate voltage. As a resuit, excessive grid current flows
and causes the grid dissipation to increase.}

While in the preceding discussions we have spoken of
having the modulation voltage reduce the screen and plate
valtages to zero, during the modulstion cycle, this does
not exactly occur. The action which does occur can be
nnderstood more clearly if the desired action is lirst ex-
plained, In this instance, the object is to reduce the plate
current to zero, during the conducting period of the class C
cycle, coincidentally with minimum {almost zero) plate
voltage, which is produced when the negative peak (trough)
of the modulation effectively cancels the applied plate
voltage. Since the screen volioge exerciser = gronter oon-
trolling factor than the plate voltage, it is possible to
reduce the plate voitage practically 1o zero without actuaily

At L e
R [ J, arrapn unitomn o £
reducing the acreen voltage to zero, dhen t

the Inad makes the actual plate voitage zero, the appiied
1 still have rero Y the amoni nf wolrons Smom in
r_he lood This is the applied screen voltage, which is

«til] Farthar radimad

Wi o H'\n “"'\r‘ aCTNES

svel, the dCludl

tive thay the small hl’\SWHVE ari

"ﬂl*“ne swina, Thus= arid

dissipation hecause of low plate or screen voltage 1s mini-

miced,
Consider now the sifect of screen vol"zqe on pidte fur-

reni, which muthewailcally follows o 372 power low

shown in the following table,
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Multiplying Facter Plate Current Yalue {3/2)
.25 125
5 35
.75 .65
1.0 1.0
1.25 1.4
1.5 1.84
L8 2.3
2. 2.8

1f the screen voltage exactly follows the power law, it is
only necessary to vary the screen voltage to about 1.6 times
normal to double the plate current, Likewise, it is only
necessary to reduce the screen voltage to about 15 percent
of normal to obtain practically zero plate current, It can be
understood, then, why it is not necessary to drive the
screen to zeto and twice normal in order to drive the plate
voltage and current to zero and twice normal. Thus it can
be seen that the previous statements are not exactly true;
however, since the tube does not exactly and always follow
the 3/2 power law, it is not possible to make a more exact
statement and be completely accurate. It is probably more
accurate to say that the screen grid voltage is varied suf-
ficiently to insure that the full plate current flow of twice
normal is possible on the peaks of modulation when the
plate voltage is increased twice nommal, Under these con-
ditions the requirement of a peak power of four times normal
for full modulation is met, and the tube is used to its
fullest capability.

Since the plate current does not vary linearly with
screen voltage, it can be seen that vorying the screen volt-
age linearly in accordance with modulation does not produce
distortion-free plate compeonents. That is, as long as the
plate voltage and plate current do not vary exactly and
linearly with the modulatien, distortion exists, Thus the
screen grid modulator inherently produces more distortion
than the simple triode modulator produces, but with proper
design this distortion is minimized to a low valus. A com-
parison in this instance is the distortion products given
with ¢ simple triode cudio sioge as compared with pentode
or beam tube audio stage. In every instance the distortion
is greater, but the increased power-handling capabilities
and low grid drive requirement make it mandatory touse
the triode only where the increase in distortion cannot be
tolerated,

In considering the gction at low screen and plate volt-
ages, the type of tube becomes an important foctor. A typi-
cal comparison of plate current variation with plate voltage
for two different types of screen qrid tubes, and for pentode
and beam tubes, {s shown in the accompanying graph. It is
easy to see that the beam and pentode types of electron
tubes have much less variation of plate current at low volt-
ages than the screen grid type has. Thus, when a suppres-
sor grid is not included, reduction of plate voltage below
the screen voltoge produces undesired secondary emission
effects, and con even cause the plate current to go nege-
tive (reverse its direction of flow). Since on the troughs
of medulation {the negative peak modulation excursions) the
plate voltuge was said to be reduced practically to zero,
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tegether with the screen voltage, it can be seen that some
unwanted effects can occur.

Consider first the beam and pentode tubes, since their
action is similar. From the graph it is clear that the plate
voltage can be reduced to abeut 10 to 15 volts before the
current changes appreciably and suddenly drops off to zero.
Thus it is possible to swing the plate voltage lower than
the screen voltage without any unwanted effects, The
plate current, however, does not change linearly with the
plate voltage swing. Therefore, it is necessary to vary
the screen voltage in order to change the plate current in
accordance with the modulation, ever though the plate
voltage is varied. Because of secondary emission effects,
it is clear from the graph that screen grid tubes {two dif-
ferent tubes are shown) cannot be used at low plate volt-
ages. If they were used, extreme distertion would occur at
low plate volteges, and, even though the screen voltage
were varied likewise, a similar pattem would follow. Thus
the screen grid tube cannot be operated with as low o plate
swing as the pentode and beam tubes without excessive
distortion. In considering the swing to proctically zero
voltage and current, it iz evident that in most every case
the swing is to a small minimum voltage rather than actual
zero, Whither the minimum is very small or fuirly lorge de-
pends upon whether or not the tube is a beam-pentode or
screen-grid type. It is also clear that because of the
relatively high minimum plate voltage on a screen -rid
tube, less usable output is obtoined than for a sim:.ar beam
of pentode tube.

From @ consideration of the smali change of plate cur-
tent with a large plote voltage swing, as shown in the pre-
ceding qraph, it should also be clear that the screen-and-
plate-modulated circuit functions primorily as a screen-

= nloen
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That is, while the screen voltage changes the plate cur-
rent, the correspending change in plate voltage isin a
direction which enhances the action. When the plate volt-
age is increasing, so is the screen voltage, and so is the
Thus the problem of non-linearity on negative
swings in the screen grid modulator is overcome because

in the plate-and-screen-modulated circuit the plate voltage
iz reduced of the same time. Therefore, it is not necessary
to swing the screen neqative to get complete modulation.

plate current,

FAILURE ANALYSIS.

Mo Output. [.ack of output should first be isolated to
fuiium of the r-f amplifier stage or the modulation signal
cirouit/z). Even though the modulator is operstive, an
cpon iz or tank cirmuit, o charted ar ggssy efectron iupe,
or lack of qrid excztcnon to the r-f ampiifier wiil produce a
no-carrier indication. Observation of the -f plate ~urrent

meter will determine wnether the plate \.erLut has continuity,

B P S i
HERe IR Y 1114 L e “‘_V

tior with o reaonant din

will determine whether buffu:lent drive, lead, ana the pro-
per bias exjst for opemuon without modulation. Grid-drive

zter indications will also show whether the proper r-f
dnve exists. Ahen the tank can be rescnated for o minimum
dip and then loaded t¢ the muximum plate current with
normal grid curient, the trouble is in the moduldtor circuit,

Lack of grid drive pigces the trouble in the exciter
stages of the transmitter of in the coupling network to the
final stage. Lock of plate current indicates possible power
supply trouble, on open-circuited -1 stage, an open screen-
voitage dropping resistor {in some tube types a very small
olate currans may eriil flowl, or o shorted screen byLass
mapacitor. In the choke-fed screen modulator, an open
obake waeld remove screen wnltzge and prevent piate cur-
tent flow, Ciherwise, props: petformance, but lack of
ability to iood tomaximum plate current, indicates antenac
troubie, improper tuning, or 1 defective transmission iine.

Witk oo r-f carrier existing, the trouble is definirelv in
the aud1o circults or in ihe moduiaiion transionmer, ofc, and
screen of plule bypass capacitor.

High transmitter plate current usuaily indicctes shart-
circutted components, o lack of proper bias, or improper
tuning, while low plate cutrent indicates excessive bis

igh-resistance joints, low tube emission, or possibie lack
1 couplmq to the load. “hen the above conditions am
nidiceted hy the equioment meters, o simple resistance
ywer (JFF and the high-voltage

supply genrunded tor sarety wili UiCKly SELSIHELE LLE
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of cutput and an inability to reach 100 percent modulation
with the same drive, The grid bias can be checked simply
with a voltmeter (connect an rfc in series with one of the
prods). A reduced screen voltage is most likely of all to
produce a low output, usudlly with overmodulaticn or dis-
tortion, singe the plate and screen swing will be excessive.
Such a condition can be caused by too heavy @ screen cur-
tent causing a large drop in the screen-veltage dropping
tesistor, by a defective resistor, or by a partially shorted
bypass capaciter,

In the choke-fed screen circuit, a defective choke will
prevent the obtaining of complete modulation and can alse
resalt in reduced output, as can a poorly soldered jzoint.
TCheck the roil for the proper resistance with an onmmeter.
A partially shorted choke may qive the proper indication
when measured with u dc ohimmeter, Lat 3001t GTISSS lumns
when operating. Such o condition will usually be indicated
by audible noise or distortion when the signal is monitored.

I ark af sufficient fildment emission con cause a tlatien-
ing of the positive pedks, aho nability to obtain 100 percent
modulation. Lack of ability to reach 100 percent modulation
at the high frequencies, while obtaining it at low and
medium frequencies, would indicate a capacitive shunting
by screen or plate bypass capacitors, provided the speech
amplifier response is satisfactory.

Distorred Outpur. LisSTorriog can occnr irom O number of
causes, and is easy to detect when monitoring qudio mada-
lation. Overmodulation will cause a chopping off of the
carrier (carrier shift), producing severe interference to
stations operating near the transmitter frequency, and cause
distortion.

In stages operating on the same input and output ire-
muencies, there is always the possibility of sutficient
feedpack irom plate to qrid 10 cause seif-gsciilation, with
severe distortion, particulatly on the pecks of modulation.
Although the low plate-grid capacitance (shielding eflect)
of the screen and pentode tubes makes this almost impos-
sible, it will somatimes sccur, eopecially ot the hicher
frequencies, because of poor loyout and extemal coupling
between the tube elements. Such oction con gocour, particu-
lurly after part replacement and changed lead dress 11'Om a
repair, Self-oscillation con usually be detected easily by
1ts characteristic fuzzy oscilloscope pattern.

LOCK Of SulllTlent COpauliunce O supbiy i pras  ond.
razuirements can secur threugh drying out of eleciolytic
tilter rnpamtom and cause peak '}attenmq wifh 113 con-
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TRANSFORMER-COUPLED CATHODE MODULATOR.

APPLICATION.

The cathode modulater is generally employed for low-
level operation where the qudio power is limited and the
inherent distortion of the grid-modulated circuit cannot be
tolerated.

CHARACTERISTICS.

Varies the cathode voltage to achieve modulation.

Operates gs a combination plate ond grid modulator, and
can be designed to function either way.

Requires an gudio output of 5 to 50 percent of the t-f
plate input, depending on design.

Requires only half the normal t-f drive for class C con-
ditions.

Provides a higher efficiency thon the grid-modulated
types and lower efficiency than the plate-modulated types,
depending on the design. (For the 50 percent grid and 50
petcent plate modulation condition, the efficiency is 82
percent.)

Provides better linearity than the qrid-modulated types,
and can be made equol to the plate-modulated type of cir-
cuit.

Can be used equally well with triodes, tetrodes, or
pentodes,

CIRCUIT ANALYSIES.

General. The cathode modulator varies the voltage of
the cathode to produce the modulation envelope. Since the
cathode is in series with the grid and plate circuits {and
the screen circuit for tetrodes), it can be seen that chang-
ing the cathode voltage will effectively change the voltage
of the other tube elements. By proper proportioning of the
voltages, the injected cathode voltage can be caused to
operate the tube in o form of grid modulation with relatively
low etficiency, or to operate it in a form of plate modulation
with high elficlency. Usuelly, the cathode modulator is
made to perform about midway between these two classes,
utilizing the advantages of each type. Thus, generalizing,
it can be said that the cathode modulator nermally operates
at efficiencies on the order of 55 to 62 percent, and re-
quires modulator {qudie) power of about 20 ta 25 percent of
the rated carrier power.

As aresult, more linear operation is achieved than in
other types of grid modulators, with only a slight audioc
power increase being required to obtain it. As in all forms
of AM modulation, the picte voltage and plate current vary
from zero to twice normal with a peak power of four times
notmal at Y00 percent modulation. Whereas the grid modu-
lators vary the grid bias to produce a varying efficiency
which develops the required power increase from the reqular
transmitter supply, and operate at half the tube capability
with carrier alone, the cathode modulator operates somewhat
like the plate medulator. That is, the additional power
required for modulation comes majnly from the audio modu-
lator, with the transmitter stage supplying the remaining
power by a variation of efficiency. Since the cathode
modulator is basically @ half grid and half plate modulator,
it forms @ unique type of circuit. When operated mainly as a
geid modulator it offers little if any advantage over other
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types of grid modulation, and when operated mainly as a
plate medulator it offers practically no edvantage over
straight plate modulation for ¢ tricde; however, with a
pentode or tetrode it helps achieve 100 percent modulation.
When operated between the two levels it does provide a
more linear output with moderate efficiency and a modest
audic power requirement.

The 1-f excitation requirements for the cathode-modu-
lated amplifier are midway between those for plate modu-
lation end for control-grid modulation. More excitation is
required as the percentage of plate modulation is increased.
Grid bigs is always considerably beyond cutoff. Fixed
bias from @ supply having good voltage requlation is pre-
ferable, especially when the percentage of plate modulation
is small and the amplifier is operated more nearly like a
grid-bias-modulated stage. At the higher percentages of
plate modulation, a combination of fixed bias and grid-leak
bias can be used, since the variction in rectified grid cur-
rent is smaller, The grid leck must be bypassed for audio
frecuenci=s. The cothede citcuit of the modulated stage
must be independent of other stages in the transmitter.
When directly heated tubes are used, their filaments must
be supplied from a sepamate transformer, The {ilament
bypass capacitors should not be lorger than about 0.002uf
to avoid bypassing the audio modulation.

The cathode medulator performs differently for each
ratio of grid-to-plate modulation selected. The accompany-
ing graph illustrates the manner in which the input power
requirement varies. As can be seen, with grid modulation
alone the input power is about 48 percent of the normal
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Input Power Yariation

plate power tor plate modulation. At the haliway point,
where equal amounts of grid and plate modulation are em-
ployed, the input power is just slightly more than 70 per-
cent of the power for a similar plote moduloter. This
represents an efficiency of approximately 62 percent, as
shown in the following graph which illustrates how the
efficiency varies.

Note that neither of the cbove graphs varies linearly,
but that the {ollowing graph, showing the audio power
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requirements, does vary linearly. At the 50-percent plate
modulation point, it requires only about 25 percent audio
PO from the modulator, as compared with 50 percen
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modulatizn is employed, o S-percent reduction in dis
is immediately reclwed with cathode modulctors.

When tubes with indirectly heated catrcdcs are used,
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ELECTRONIC CIRCUITS

and so is the peak plote current, representing ¢ peak powet
of four times normal and @ moximum efficiency of 77 per-
cent, which is equivalent to plate modulation alone. At
zero modulation {carrier condition), with the circuit operat-
ing halfway between grid and plate modulation conditions,
the efticiency is about 52 percent. This represents almost
the maximum efficiency obtainable from grid modulation at
the peak of the modulation; thus, it can be seen that cothode
modulation does provide fuller use of a given transmitting
tube’s capabilities.

The medulating impedance of a cathode-modulated am-
plifier is approximately equal to: m x Ex/Ip (where m is
the percentage of plate modulation expressed as a decimal,
and Ep and I, are the plate voltage and current of the modu-
lated amplifier, respectively}, This modulating impedance
is the load inte which the modulator must work, just as in
the case of pure plate modulation, and is matched by proper
choice of the transformer turns ratio. The schematic of a
typical cathode modulator is shown in the accompanying
fiqure. A triode using a directly heated {or filament-type)
cathode is shown in the illustration; this circuit is some-
times known ds a center-tapped modulator because the
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modulation voltage is injected info the filament center tap.
Otherwise, the circuit is that ¢f a conventional r-f ampli-
fier, being biased to beyond cutoff by the fixed negative
supply and by the bias developed across Rq from the drive
current, RFCI prevents the t-f drive from being shunted to
ground, and C1 provides the conventional bypass around
the bias supply for any r-f that might leck through the r-f
choke, The percentage of grid medulation may be requlated
by cheice of a suitable tap on the modulation tronsformer,
as shown in the illustretion {or by changing the d~ vaiue
of the grid bias). Capaciters C¢ form the conventional
center-tap arrangement of directly heated (filomentary)
cathodes to provide an electrical center tap which prevents
hum modulation due to unequel voltages actoss the sides of
the filament. The plate tank uses a split-statot capacitor
to tune a center-tapped coil, which provides out-of-phase
voltages at the ends of the coil. Thus, a neutralizing
voltege which is 180 degrees out of phase with the normal
plate-to-grid feedback within the tube is provided through
neutralizing capacitor Cr, {since both input and output volt-
ages are of the same frequency}, preventing sel{-cscilla-
tion with the distortion which accompanies it. The antenna
is inductively coupled to the tank, and the tank is series-
plate-fed through RFC2 bypassed by C2. The modulaticn
is applied through the secondary of Tl to the filament
center tap of V1, It is evident, then, that as the modulation
signal is applied to V2, considering ¢ sine-wave input, the
voltage at the secondary of T1 varies first to a positive
maximum and then to g negative maxi mum, returning to zero
as the signal ceases. With the circuit biosed so that tube
V1 is not driven fo satutation, but just to the point where
saturdtion will begin if driven further, cnly half of the nor-
mal 1-f grid drive is needed, as compared with full plate
modulation,

Consider now one cycle of operation. As the modulating
signal increases in the positive direction, an increasing
positive voltage is applied in series with the cathode.
This cathede voltage is instantaneously added to the fixed
bias and to the bias produced by 1-f grid drive (through grid
resistor Rg). The result is to increase the total effective
grid bias by the amount of the modulating signal. Con-
sequently, the instantaneous plate current, ip, is reduced,
At the same time, this cathode voltage is in opposition to
the applied plate voltage, and reduces it accordingly. With
a lower effective plate voltage, the plate current {s still
further reduced. This action continues sinusoidally until
the modulation peak is reached, which corresponds to the
point of almost zero plate current (if the plate current were
entirely cut off, the output signal would be interrupted).

At this time the plate current through the load impedance
is at a minimum, and the output voltage is ulso at a mini-
mum, as shown in the accompanying illustration.

As the modulating signal tums in a negative direction
the total effective bias is decrecsed, ond the cathode
voltage adds to the effective plate voltage. Consequently,
the instantaneous plate current increases, At the com-
pletion of the positive hali-cycle of modulation signal, the
cathode bias (modulating signal) is zeto, and the effective
bias is the sum of the fixed negative bias and the bias pro-
duced by the r-f drive. This is the quiescent, or resting,
condition of the circuit where normal plate current is drawn
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and only the carrier is produced. While this plate current
is about 20 percent higher thon it would be in the grid
modulator, and represents about 70 percent of the plate
modulation rating of the tabe, it is the normal value which
is doubled at the modulation peak. Therefore, additional
power is required when the modulation drives it above the
carrier level. The increase of carrier power above that of
the grid modulator is obtained fiom the transmitter power
supply by a change in plate efficiency.

As the modulation cycle progresses sinusoidally be-
low zero toward the negative peak, the cathode bias is
further reduced by the negative-going cathode voltage.
Since the cathode voltage is now in a direction to add to
the effective plate supply, the instantaneous plaote voltage
is increased. With a reduced bias and an increased plate
voltage, the plate current is increased. At the pedak of the
cycle the instantaneons plate current is twice the normal
{carrier} value, At thas time the drop oeross the load is the
gredtest, and the actual plate voltage reaches its minimum
vaiue, near zero. The minimum vaive oI plate voltage (for
trigdes) is kept above the maximum positive grid swing at
nis point to prevent excessive grid dissipation. ([t it were
zero, the grid would act as the plate during this interval.)
Unce the negative moduliation peak 1s reachec, the modula-
tion signal aqoin goes in @ positive direction toward the
zeto or carrier level, The cathode voltage is now going
in the opposite direction (increasing positive), and once
again opposes the plate voltage, increases the total effec-
tive grid bias, and reduces the plate current, Thus we can
say that the medulation signa! effectively drives the tibe
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of modulation, and to almost zero on the troughs of modu-
lation {the neqgative peaks).

FAILURE ANALYSIS.
Ne Output. Lack of output should first be {sclated to
failure of the r-f amplifier stoge or the modulator and speech

cireuite. Even though the modulater is operative, an open
- PROE ApRe P S R R ® . 1
tic of tank circuit, a shorted or gussy electron tube, or lack

u

grid excitation to the r-f amplifier will produce a no-
carrier indication. An open modulator primary will permit

a carrier to appear, but no modulation will accur, while an
open secondary will produce neither o carrier nor any medu-
latien. Observation of the amplifier r-f plate current meter
will determine whether the circuit has continuity, while
tulng fur o meaimwe indicuiion with o resonant dip witl
determine whether sufficient drive and lead and the proper
bias are present for operation without modulation. Grid-
drive-meter indications will dlso show whether there is
propet -f drive, When the tank can be resonated for a
minimum dip and then loaded to maximum plate current with
a normal grid-current indication, the trouble is in the modu-
lator or speech circuits.

Lack of grid drive places the trouble in the exciter
stages of the transmitter or in the coupling network to
the final stage. Lack of plate cument indicates pos-
sible power-supply trouble, an open-circuited 1-f stage,
or a defective modulation transformer; if screen grid
tubes are used, lack of plate current can alsc be due
to an open screen-voltage dropping resistor or a short-
circuited screen bypass capacitor,

High tronsmitter plate current usually indicates
short-circuited components, a lack of bias, or improper
tuning; low transmitter plate current indicates exces-
sive bias, high-resistance joints, low tube emission,
lack of sufficient r-f drive, a possible lack of suf-
ficient coupling to the load, or possible antenna or
transmission -line trouble. A simple resistance aonelysis
made with the power off and the high-voltage supply
grounded for safety usually will quickly determine the
defective components, using the meter indications as a
guide to the most probable location of the trouble.

Low Output. Determine first whether the low output is
due to lack of sufficient audio drive or to an actual
reduction in the percentage of modulation. Low modula-
tion iz usuvally caused by lack of sufficient audic cut-
nd may be the result of o reduced setting of the
in control or from trouble in the speech amplifier
stages. An oscilloscope shouldbe used to view the
waveform to determine whether 100 percent modulation
is being obtained. For quick, simple tests of
modulation percentage, the tranezoidal waveform
check is useful. The envelope or waveform check, how-
ever, will show the percentage of modulation and also
woveform distortion ot the saome time, so thot it is
usually more useful. Too high a grid bias willcause
a reduction of emtput and an inability to ohtain 100
percent modulation with the same 1-f drive. The grid
bics can be easily checked with a voltmeter (use an
tfe in series with thetest prod). A reduced screen

voitane 12 magt hikely of ail 1o

oAnea a lowr cntragt
QEUCS O JOW QUlpUy,

uswally willh uveliodulatjon of distortion, since the
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plote and screen swings will be excessive. Such
condition mey be caused by too heavy a screen current,
causing a large drop in the screen-voltage dropping re-
sistor, by a defective screen voltage dropping resistor,

or by a partially shorted screen bypass capacitor.

Where a separate screen supply is used, the latter

trouble is the most likely.

Lack of proper tuning can also couse a low cutput.
Too light a loading or too high an excitation will cause
a flattening of the upward peaks of modulation, gs in
grid modulation. The antenna loading must be such that
a further increase in loading causes a slight drop in
antenna current, For optimum performance, the grid
excitation should also be adjusted for minimum plate
dissipation with maximum power in the antenna. The
cathode current will be practically constant with or
without modulation when the proper operating conditions
have been established.

Impreper load matching by the modulation transformer
will produce a lack of sufficient audio power, as well
as distortion. Where taps cre provided, the proper tap
may be selected. Where no taps are provided and the
load appears to be mismatched when checked with an os-
cilloscope, the tube cr the transiormer may be defective.
Substitution of a known good tube or transformer will
eliminate these components from suspicion. Lack of
sufficient filament emission in the final amplifier tube
can cause peak flattening, inability to obtain 1C0 per-
cent modulation, and distortion.

Distorted Quiput., Distortion can ccour from ¢ number
of causes, and is easy to detect when monitoring the
audio modulation. Overmodulation will cause o chopping
off of the carrier (carrier shift), producing severe
interference to stations operating near the transmitter
frequency, as well as distortion.

In stages operating on the same input and output fre-
quencies, there is always the possibility of sufficient
internal plate-to-grid feedback to cquse seli-oscillg-
tions accompanied by severe distortion, particularly on
the pecks of modulation. When this occurs with tricdes,
it indicates the necessity for readjustment and a check
of the neutralization. With pentodes and tetrodes it
can occur at the high frequencies, particularly if the
lead dress is changed after a repair. Self-oscillation
can usually be recognized on an oscilloscope by the
characteristic fuzzy appearance of the display. Plate
current meter indicotions will usually be excessive
and erratic when this condition {s present.

‘Lack of sufficient capacitance to supply the peak
power requirements can occut through loss of filter
capacitance, and can cause peak flattening with conse-
quent distortion. Usually, however, such a condition
will be indicated by a hum on the carzier, or in the
medulation, before the distortion is excessive enough
te notice unless an oscilloscope is used to monitor
the transmissions.

A similar condition caused by lack of sufficient
filament emission in the r~f amplifier stage will
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also cause peck ilattening and resulting distortion.
Sometimes this condition can be chserved by noting
the inability of the r-f output meter to respond to
heavy modulation peaks, accompanied by a gradual re-
duction in plate current readings over a long period
of time. Undet normal conditions, the r-f ammeter will
indicate approximately a 22 percent increase in output
current at 100 percent modulation.

Improper bias and drive conditions will also cause
distortion, and usually are accompanied by a reduction
in output or an inability to attain 100 percent modulation.

SERIES MODULATOR.

APPLICATION.

The series modulator is used to amplitude modulate o
cartier (1-f] signal with oy audio (or video) intelligence with
a minimum of circuitry,

CHARACTERISTICS,
Uses two triodes connected in series.
Has @ wide bondpass.
Is critical to adjust.
Used aseither a high-level or low-level modulator.
Inefficient in comparison to other methods of producing
AM.

CIRCUIT ANALYSIS,

General. The series plate modulater is used in a-m
transmitters where it is desired that the modulator stage pass
a wide band of frequencies. Because of its inherent wide-
band characteristics and relatively good quality, the series
modulator is employed primarily in 1elevisior aprlications;
however, becouse adjustments are critical, the series
modulator has not been widely accepted for common usage.
Basically, the circuit consists of o triode modulator and a
Class C r-f amplifier connected in series using a common de
plate supply. The modulator triode may be connected in
either the plate or cathode circuit of the r-f amplifier with
operation remaining nasically the same, renardless of which
method is employed. Cnly the cathede connected circuit is
discussed in datail.

Circuit Operation, A cathode connected senes modula-
tor is illustrated in the accompanying schemauc diagram.

Modulator whe V2 is bigsed Class A by cathodes resistor
R3. Capacitor C5 by passes the cathoderesistar to prevent
degeneration and helps to maintain o constant bias voltage.
Resistor R2 is the grid return resistor with 4 acting as a
coupling and dc blocking copacitor.

R-f amplifier V] is biased Class C by the series qrid
leak circuit comprised of Bl and C3. Transformer T1 couples
the 1-f signal into the tuned grid tank formed by secondary
winding L2 and cepacitor Cl. Capacitor C2 is the cathode
bypass capacitor and prevents degeneration in the cathode
and r-f from entering the gudio circuits. C6 and L3 form ¢
tuned plate tonk {load) for V1, and L4 inductively couples
the signal into the following stage.
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QUTPUT

Series Modulator

Wnen power is initiclly opplied to the circuit no bias
exists on either of the series connected triode tubes., As a
result, plate current readily flows through the tubes to volt-
age source, Ebb. As the current ilows through B3 and V2
voltage is developed across each component. The voltaae
dropped across B3 blases the modulator Class A so thet ony
signoi ariving on the qriii will pe faithiully reproduced in

the plate circuit. The voiluge dicpued across tne moduiator

wbe, V2, protects tne - amplifier in the svent 1-7 drive is
lost because of failure in the oscillator or multipliers. It
will pe neipiul w rememper tnat placing a positive potentiai
on the cathode has the same effect as placing an equally
neqotive potentizl on the grid, For t:‘== izllowing discussion

muduiotion wol e is Gppxlc'u 1o the

assume tha!l o audl
grid of V2 and plote voltage remaing relatively stable,

B-f signals arrivinq from the oscillator (or multiplier)
stage are impressed across L1, the primory winding of TL
odary tuned

I ]r]n [elal's

i
ek
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is tuned to the desired r-f frequency by C1 which is variable
over a short range.

Cn the positive excursions of the r-f signel the grid is
driven positive. Grid current flows and C3 charges quickly.
As the signal swings negative, grid current ceases to flow
and*C3 begins discharging through R1 developing a negative
voltage which is applied to the grid. Uischarge time is
much slower than charge time because of the large grid leak
and consequently, the charge on C3 is not completely dis-
sipated before the next positive excursion of the r-f signal.
The cycle repeats itself and eventually, after a few more
cycles, the voltage applied to the control grid stebilizes.
Thus, the tube is now biasec by the grid leak {signal} bigs
on the control arid in addition tn the kins unltroe annlied
10 the catncde, The sum of the veltage ﬂpp}ied to the cath-~
ode and control grid of V1 biases the tube Class C (below
cutoff) so that only the positive peaks of the r-f input signal
tesults in plate ourrent low: A is
broken into pulses at the 51qnol {requency. Capacitor C2
by-passes any t-f plate current variation in the cothode to
ground and prevents degeneration effects. The parallel
tesonant tank formed by C6 and L3 oscillates (flywheel
effect) every time a pulse of current flows in the plate cir-

Hence, even though plute current flows in pulses,
tank current flows for the entire cycle and a linear sine
wave at the resonant frequency is transformer coupled into
L4,

The preceding discussion describes the operation of
the t-f amplifier with no modulation signal applied, and if
operation was limited to this condition ne intellizonce nopld
be transmitted. The following discussion concerns operaticn
when modulating signals are applied.

A modulating signal from the final speech (or video)
amplifier is r-c coupled through coupling capacitor C4
onto the grid of V2. RZ is the grid return resistor and pro-
vides o low impedance path for de return current, Az the
positive halicycle of thé modulating signal is applied to the
grid, V2 bias is decreased ard the cathode current through
V2 increases, Consequently, V2 plate veltage decreases
Decreasing the plate uollcqe of Vz_ {2 the same as decreasing
the plate voliage of Vi {since both tubes are in series) ond,
in effect, redJCP: the mﬂ"nﬂn hias from Y1 1o oround
= results in develop-
33 th pmtc loud (resonant tank).

15ad Agb.eusea.
rence, in this a’mhf”a'mr, tne plete veltage decreases

2t 4 the ~ et ot -

el I,
Vi, LOD, wl Lidni-

& qh(o other moduiatars, o0 waltay

mum DJ’Du[ 4
takes ploce Gue to the absence of a reactive element F\rrl free

\ L S Tt e an i
tonkidh theoelateesnnniey Thatont, hesinuitisiiiully gis

justed so that full carrier output is chtained with half the

supply voltage wpolied, su thei swinging it from zero to the
full supply value is the scme as deubling the voltege in
other types of medulators,
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1 the modulating signal is of sufficient amplitude to
overdrive V1 into saturation, g loss of intelligence (clipping)
results for the period of time the tube is in sgturation.
Hence, tronsmitters are usuctly squipped with o modulator
gain control to insure that the medulating signal does not
exceed desiqn limitations. From bosic theory it i known
that when two signals are injected simultanecusly into a
non-linear device, new frequencies appear in the cutput,
When the 1-f and medulator signals are injected into V1, which
is operated as a Class C (non-linear) -f amplifier, {whose
output varies os the aguare of the applies picte voliage) two
additicnal frequencies appear in the output; namely, the sum
and difference frequencies. In tronsmitters these "new'!
frequencies are referred 10 os upper and lower sidsbands and
reptesent approximately 1/6 of the total power, per sideband
with 2/3 of the power in the carrler. The sidebands contain
the same modulation os the carrier and in some transmitters,
such as single-sideband (ssh) and double sideband {dsb),
the sidebands are transmitted in preference to the carrier.
However, in this instance the carrier and two sideband fre-
quencies are selected by the tuned tank ond coupled into the
output circuits by the transformer action of T2.

FAILURE ANALYSIS.

No Output. A loss of t-f or audio signal will result in
either a no output or unmodulated carrier condition. Use an
oscilloscope equipped with @ high impedance probe to check
the 1-f (across L1) and oudio (across input terminals) signals.
If either signal is absent the modulator will not function
properly, and the absent signal must be secured before
further troubleshooting is aeccomplished, Next, check eqch
tube element on the hase of the tube socket for correct
operating voltages. Check the bias voltages carefully as an
abnormal bios voltage may cause erroneous readings on the
plate elements. If voltage are abnormal, use an ohmmeter
to measure the dc resistance of B3, Rl and inductors L,
L2, and L3 also, use an in-circuit capacitor checker to check
Cl, C2, C3 and C5 for a shorted or leaky condition.

Weak or Distorted Output. A weak or distorted cutput
will be caused by: weak or distorted input signals; impro-
per bias; improper power supply voltages; defective tubes;
or improper tuning or loading of the grid or plate tank.

DOUBLE SIDEBAND MODULATOR.

APPLICATION,

Double sideband modulation is used in double sideband
communication systems where upper and lower sidepond are
transmitted and the carrier frequency used to generate these
sidebands is eliminated.

CHARACTERISTICS.

Generates upper and lower sidebands at hich power
levels while suppressing the r-f carrier.

Utilizes two push-pull connect ed tricdes operated class
:

Uses low level grid modulation.

CHANGE 2
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Modulating signal is applied to the control qrids in push-
pull, while the r-f camier is applied to the control grids in
parallel.

Utilizes nenlinear characteristics of electron tubes to
generate sidebands.

Even-order harmonics are cancelled through push-pull
action.

CIRCUIT ANALYSIS.

General, Double sidebond communications systems dif-
fer from conventional a-m systems ond from single sideband
systems in that both sidebands ond no carrier 1S transmitted,
It should be noted that carrier elimination is achieved in a
specially desiqned power amplifier. The modulstor is a
conventional AM modulator. This discussion will pertain to
the power amglifier, since the power amplifier is the only
unit in the D3B transmitter whicn is signiticantly differsnt
from units in the conventional full corrier AM transmitter.
Single sideband systems achieve the same result by tronsmit-
ting only one sideband. Both NSB and SSB provide the ad-
vantage of eliminating *'whistles’ or beats caqused by the
beating of the carrier with other carriers and sidebands in
the receiver, since both DSB and S8B do not transmit o
carrier. At first glance it may appear that o singie sideband
system makes more effective use of the available transmitter
power, since the SSB transmitter concentrates all of the
available transmitter power into one sideband while the
DSR transmitter transmits two identical sidebands. How-
ever, this apparent gain of SSB over DSB is not realized at
the receiver output, since double sideband signal voltages
combine vectorially in the receiver detector and produce
audio frequency voltage proporticnal to twice that produced
by one sideband. For example, a double sideband 1-f en-
velope containing 100 watts (50 watts in each sideband)
produces the same receiver gudio output as a 100 watt S8B
1-f envelope (all 100 watts in the sideband). Tt has been
reasoned that g double sidebaond system can provide tesults
equal to or greater then that produced by a SSB system. In
g conventional full carrier M system the r-f carrier trans-
mitted with the sidebands neteodynes with the sidebonds
in the receiver detector circuit and audic frequency voltoges
are produced. In the DSR system and [n the S3B system no
carrier is transmitted and an artificid cartier, generated in
the receiver must be combined witn the sideband, or side-
bends in the case of OSE, to properly demodulate the signal.
This artificial carrier frequency must be very stable and
must be as close as possible to the frequency of the carrier
used to generate the sidebonds in the transmitter in order to
keep distartion of intelligence to a minimum. One of the
arguments in favor of DSB over 55B is the distartion caused
by the phase shift inherent in S3B due to the loss of the
opposing phase shift of the cther sideband. This shift can
be minimized by maintaining a sufficiently high level of
carrier insertion at the receiver. This phase shift has little
effect on voice transmissions but pulse and datg transmis-
sions may be seriously affected. In a DEB system the etffects
of this phase shift are greatly minimized since the phase
shift of cne sideband tends to oppose the phase shift of the
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other sideband. The DSB system, however, requires that
the locally inserted carrier be of the same thase relation-
ship as the original modulation at the transmitter. This is
accomplished by the use of o phase-locked oscillator to
generate the carrier to be reinserted in the receiver. Another
advantage seen in DSB transmission over SSB is the possi-
bility ot qreater reliability of reception under vorying condi-
tions of fading, Under such conditions one sideband may be
phased out by multi-path fading while the other sideboand
may not be excessively attenuated. By definition, selective
fading results when the various frequency compeonents of o
transmission are not received exactly s transmitted with
respect to power levels and phase relationships. The ad-
verse effecta of this conditie
of received mtelllqence and decreased receiver output. [t
can then be scid that SSB is not subject 10 selective fading
since conly one sidebond is transmitted, However, if DrODO"{O-
tion conditicns ore such that the frequency of the e
being transmitted is excessively attenugted the receiver
output is likewise decreased, whereas a DSB system cpetat-
ing at the some frequency will probably maintain satisfactory
communications since the other sideband will probably be
unaffected. Another advantzge of CSB over SSB iz the
simplicity of the DSB transmitter. To convert a conventional
fuil carrier AM transmitter to ¢ DSB suppressed carrier trans-
mitter only the power amplifier must be modified. The
modified DSB power amplifier closely resembles the balanced
modulators used in 88B transmitters. The DSB power am-
plifier discussed here consists of two push-pull connacted
tricdes cperating clags C wi

aatingslass @
trol grids of both tubes in pavallel (m-pndse) and the gudic
modulating sicnel applisd to the control grids in push-pull
(180° out-of-phase). In push-pull amplitier circuits a push-
pull input is required to produce an cutput and an in-phose
input cancels in the output. The t~f carmrier and the audic
modulation present simultcreously on the control

qrids of the tubes beot together, and four basic irequencies
are present in the plate circuit of the modulator tubes.
These frequencies are the ariginal o cuccler, the ariginai
audio modulation and sum-difference frequenciss genercted
as a result of heterodyning, Heterodyning results when two

o more freguencies oo opplied o any clement of anone

L e
or, Sllinoyster IARE 15 dintontion

qrs

carzisr appiied Lo the con

G Lo e con-

linear resistance such as an electron tube or a transistor.
I the TEJ\..E'I' Ll!:‘bl"(? detailec information on heterodyning

he may 1tan the introdunti
book. The rf carrier frequensy Dresent i

is canceled oot QI_\(‘;"-I"\ oactiom (n the Aoy

ance to ﬂ}..ui‘\:; E{c'\{'uE:n'iCiCS. 1fi€?EIOI‘E‘, trne Ori ClIlO.J auclo
modulating oinnr-l iz no
generated o
- carries ;npul and the vuECI-pnase mdio moduigtion input
are therefore, cut-of-phase at the plates of the tubes and add
in e output transiormer, rather than concel as in-phase
signals do, and they are inductively coupled to the antenrz
circuit through the outpu: transformer. The power amslifier

Ty
ina

the in-phase
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described here uses two power tricdes, however, the use of
power tetrodes may be encountered.

Cireuit Operation. Tre following schematic diagram il-
lustrates a final power nmrﬂlwmr USSL’JT}ed 10 SUpDIEss of
eliminate the r-f carrier and produce a double sideband out-
put.

&-F
INPUT

BIAS CARRIER +Epp

INPUT

Dauble Sideband Generator

Tmer § L couples the cudio moduiation from the
Toduiaior W the aiids ol the power ampiitier. Cepagitor

C1 places the centertap of T1 at a~f ground potential so that
1607 out-oi-pruse audlo vaitaqes are aeveloped across the
top and bettom halves of the secondary of T1, and are felt
on the grids of powsr amplitior tubes V1 and Vi, Coupling
capacitor CZ couples the r-f carrier trom the preceding stages
to the slider of carrier balance potentiometer Ri, which
provides a means of varying the amnlitude of the r-f corrier
coupled to the grids of V1 and V2 with respect te each cther,
Capacitors C3 and C4 couple the 1-f carrier from carrier
balance potentiometer Bl the orids of VI and V72, respe
tively. Power tnodes V1 and V2 gre e nonlinear Jevices
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used to generate upper and lower sidebands ot high power
levels. Resisior B2 which is shunted by industor L1, o
resistor B3 which is shunted by inductor L2 form parasitic
suppressor netwarks intended to decrecse the tendency [or
patasitic r-f oscillations to develop. Center-tavped trans-
former T2 serves as the push-pull output transformer for the
power amplifier and capacitors C5 and C6 form o split-
stator type of tank capacitor used to resonate T2 to the out-
put frequency. Radic frequency choke RFC] togsther with
bypass capeeitor C8 prevent 1-f energy from entering the
power supply. Tapped inductor L3, whose inductanze can
be varied by switch 51, together with variable capacitor O7
couple the transmitter output to ¢ coaxial transmission line
which transmits the sideband r-f energy to the antenna.
Since triodes are used the circuit must be neutrclized or the
relatively high value of grid to plate copacitance of the
triodes would provide a feedback path and the amplifier
would bredk into self oscillations. Capaciter C9 and C10
couple r-f energy from the plate of one tube to the grid of
the other and cancel or *'neutralize’’ the effect s of grid to
plate capacitance and thus prevent selfoscillations.

To more eosily examine the operation of the DSB power
amplifier assume first that only the r-f carrier is applied.

The -f zarrier is coupled from the preceding driver stage
through coupling capacitor C2 to the slider of carrier balance
potentiometer Bl. The 1-{ carrier appears at both ends of
R1 and is coupled in-phase through capacitors C3 and C4
to the grids of V1 and V2. The amplitude of the t-f carrier
at the grid of each tube is controlled by the adjustment of
haif cycle, both plates draw on incregsing amouwnt of plate
current (the input is in phase) and the veltage drop across
each half of the tapped primary of the cutput transformer T2
is megative going, so that cprosing voltages are developed
in the transformer primary which cancel, and no output is
produced. U the circuit is properly balanced by the adjust-
ment of B1, these opposing signals are equal in amplitude
and the carrier is effectively suppressed.  Since the am-
plifier is operated with class C bios {opproximately twice
cut-off) only the peaks of the positive half cycle of the r-f
input have an eifect on conauction. Neither tube conducts
during the negative nalf cycle of r-f carrier input and again
no output is produced. Therefore, an output is not produced
by the DSB pawer amplifier when only the r-f carrier is ap-
plied. When audio modulation is appliea in addition to the
-1 carrier, upper and lower sidebmds are generated and are
coupled through tha gutput circuit to the antenna,

Audio modulation is cpplied to the primary of T1 and
since the center tap of (he secondary of T11s placed at
a-f ground potential by capacitor Cl, audio modulation signal
voltages are developed across each half of the winding,
which are 180° out-of-phase with each other. This medula-
tion signal is applied directly to the grids of V1 and V2,
Capacitors C3 and C4 are of such a value that they present
d high impedance to qudio frequencies and, thus, preveat
the out-of-phase cudio modulation from crossing over from
one grid 1o the other and conceling each other out. During
the period when both tubes are driven into conduction by the
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positive half cycle of - carrier input, the cudic modulation
and the r-f carrier beat together, and sum and difference
frequencies (sidebonds) are generated aos the result of
heterodyning. Actually there are fcur basic frequencies
present in the plate circuit of V1 and V2. Thete are the
criginal 1-f carrier, the origingl qudic modulating signal, and
the upper and the lower sidebaong. Gther nigher order har-
monics are also present but are of little conseguence. Of
the frequencies present only the sidebands are Zeveloped
in the cutput citcuit since the -1 carsier concels in the
push-pull cutput trensformer, az expigined creviously. The
audio modulating frequency is not developes because of the
low value of impedar.ce offered by the ~-f output transiomer.
The sideband frequencies, being a product of the out-of -
phase moduloting signal, are developed gcross the primary,
of the output transformer and are inductively coupled through
the secondary of T2 to the output circuit. The even order
harmonics present in the plate circuit are cancelled through
pushrpull action and the odd order harmonics are snunted
around the primary of T2 to ground by cupacitors C5 and CB.
The sidebands are coupled through inductor L3, whose in-
ductance can be varied by switch S1, and variable copacitor
C7 to the coaxial transmission line, L3, 81, and C7 match
the impedange of the power amplifier output to the imped-
ance of the coaxigl line so that maximum power is transfer-
red to the antenna and rminimum power is reflected.

FAILURE ANALYSIS.

No Output. Dangerous high voltages are present in the
power amplifier and all applicable safety precautions should
be taken when working with the power amplifier, Since
each branch of the power amplifier performs essenticlly the
same function, failure of one branch is not likely to cause a
ne-cutput condition to exist. Failure of the power supplies
ot failure of the input or output circuits are likely couses of
output. If the power amplifier is at fault, make resistance
checks with the equipment denergized, and pay particular
attention to the resistances measured from the plates to qround;
since components having high voltages applied to them are
more likely to breakdown gnd short thon compenents having
lower voltages applied to them. Capacitors C5, C6 and C8
would short the high voltage to ground if they broke down,
and capacitors C9 and C10 would short the high voltage sup-
ply to the bias supply if either capeciter broke down,
Capacitor C1 woula short the bias supply to ground if {t
foiled. Transformer T2, inductors L1 or L2 or RFC1 could
become shorted to ground. This would also short the HV
power supply to ground as well as a possible shorted tube.
Insulation breakdown on any of the wires carrying high
voltage could also be the cause of a shorted power supply.

If the no-cutput condition does not manifest itself in the
form of blown H.V. fuses, lack of high voltage at the plates
of V1 and V2 could be the trouble, Observing all applicable
sofety precautions, measure the plate voltage of the power
amplifiers with the transmitter keyed, 1f there is no plate
voltage on either tube, the power supply is defective or RFC1
is open. If proper plate woltage is applied but there is ne
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output, failure of either the 1-f carrier, or modulation, to
reach the grids of V] cm:l VZ ﬁould he the couse of no out-
put, since the DSB power .Fn;u:‘., like the 558 halanced
e

MOQUAGTor, Produces an Sutput u.u.y when Both i LPU‘LS are

present simultaneously at the grids. Preser se of these

q\mnle oan nnmlw he determinad by nk—nr“-lnq, itk an

£ovra 1

1ua\_uy-:, e WGVE‘{GII’{I present ai the Jl’l(m of V1icnd VZ

U either input zigna! is missing, siznel trace hom the qrids
of V1 and V2 to the preceding stage to deterriine the defec-
tive component, Failure of Tl is g likely cause for ne mod-
ulation drive to V1 and V2. Besistance checks of trans-
former windings and leakage checks o ground should revedl
any defects that may exist in T1. Failure of R}, or an open
T2, could prevent the 1-f carrier from tRarSIng the arids ot
V1 ard VZ, hence, no cutput would result. Tailure of cut-
out tr nsformer T2 could also rezult in @ no-ou *pu‘

leakage [O giound, and
teveal O

Low Output. A low output condition can be coused by
defective tubes, improger power supply voltages, low am-
plitude inputs, or improger tuning of the output circuit.
Observe all opplicable safety precautions and check
the high voltoge applied 1o the plates of the power
amplifier. Also check the bics voltage cpplied to the grids
V1 and V2, I the tubes are gocd and the power supply volt-
ages are correct, low output could be mused by insufficient
1-f carrier, or medulation drive applied to the power amplifier.

Thic AmmAdibine e e sleoaslead Lol
Lilaw \,uu\.uuun AR R \.HC\.I\Cu Wy PR

. =

1347 defeciz existis

PR 8
l‘,J ¥iall.

scope, the amplitude of the t-f carrier ang the meculating
signal on the grids of V1 and V2. [ either input signal is
weak on the arids of V1 and V2, check the amplitude of th
signal at the point where it enters the pover cmplifier, in
order to determine whether the cefect exists in tne power
amplifier, or in the preceding stages. & defect in T1 such

3 :
i 55 wsd
as a partially shorted winding or excecsive legkage o ground

nat

could result in o cecreased umphtudﬂ mo\.ulmmq signal on
the grids of V1 and V2, ond o partinl feibare of €2 or R
couid result in decreased umphtude r-f corrier on the grids
of V1 and VZ. Both situations could result in a low output.
Likewise, if one of the input signals is unanle to reach the
grid of eitner V1 or ¥4 1168 oranca OI the power ampiitier
would be inoperative, singe both moculating signal and r-f
carrier must be present at the arid simultanecusly to produce
1S3 or 4 opened,

PR S . R -
O0 QUlply, GOG WO SULpul Wil [eiulls
Ar BT A
O S CpEReG, U

) Tra oL g
i Bl VoL DG Ve

arise if either the top v

PR AR B &
oL L o

i sl ;;.

Slquul would not be <

y-.;.t Ly ueftfc:. in PO s
works L1-B2 and L2-E3. If the resistor in ei t"er etwork
opened, a decreased output could result since much of the
sideband voltage would ke drc“pe:‘ acrose the inductor
uhu“u“q the o open resistor.

Distorted Output, A distorled culpur condirt
cuused by defertive mines, imrroner nower o

nniv o aaltmmae
e

CHANGE 2

0967-000-0120 MODULATION - AM
excessive input drive, or a distorted input. Chneck the power
supply voltages toking care to ohserve all safety precautions,
and make any required adjustments, if necessary. If the
output is stiil distorted it would be wise at this point to
observe, with an oscilloscope, the amplitude and wave-
shape of the input signals. i should be noted thai if ihe
input signals are excessive or distorted the fault lies in

the stages preceding the power amplifier.

it would be wise at this point to chserve, with an ascilla-
scope, the amplitude and waveshapeof the input siznals.

It should ke noted that if the input signals are excessive or
distorted tne foult lies in the stages preceqing the power
amplifier.
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SINGLE SIDEBAND MODULATORS (SSE)

An amplitude modulated r-f signal can be separated into
three different frequencies. They are, the carrier frequency,
the upper sideband frequency (USB) and the lower sideband
frequency (LSB). A 100-percent modulated A-M signal uti-
lizes two thirds of its total power in the carrier. The follow-
ing diagram illustrates the frequency verses power relation-
ships of a fully modulated AM envelope.

MODULATIP:GKCFREOUENCY
100
78
S0
25

83 KC 100 KC 101 KC
LS8 CARRIER usB

FREQUENCY ———

100% Modulated A-M Signal (100 Watt Carrier Power)

An understanding of the principles of Amplitude Medula-
tion is essential to the understonding of SSB modulation,
since S3B is basically a form of AM. A brief review of the
principles of amplitude modulation as discussed in Section
14 of this Handbook will greatly focilitate the understending
of 35B modulation for the reader who is not throughly famil-
iar with A-M.

Since only the AM sidebands carry all of the intelligence
{modulation) the carrier com be eliminated, and the avail-
wble transmitter pewer utilized to o much greater advantage.
Both upper and lower sidebands are identical in waveform
except for a difference in frequency. Therefore if one of
the sidebands along with the carrier is suppressed or elim-
inated leaving only a single sideband, an even greater ef-
ficiency may be cbtained.

Normally, an effective 6 db power qain con be obtained
from a r-f power amplifier, capable of dissipating say 400
watts of peak power, by using SSB instead of conventicnal
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DSB AM. For comparison purposes we shall use a 100 watt
rated carrier power AM signal and @ 400 watt peak envelope
power {abbrevigted PEP) 3SB signal. Note that the 100
watt rated carrier A-M signal alsc dissipates 400 watts on
audio peaks when fully modulated as illustrated below.

»l v ‘lh |
M

100% Moduloted AM Envelope

As can be seen from the illustration, the pedak to pedk volt-
age of a fully moduleted A-M envelope is twice that of the
unmodulated cartier. Peak power is four times carrier power,
since P=E*R.

The following illustration compares a fully modulated
100 watt rated carrier power envelope to a 400 watt PEP
single sideband envelope for o single sustoined tone.

558
Comporison of A-M and SSB Modulation Envelopes

Note that while the peak power ratings of both siqnals e
identical, the conventional AM modulated signal only reaches
full peak power at the instant of 100 percent modulation,

On the other hand, the single-sideband signal operates
constantly at full peak power. Assuming that the AM enve-
lope consists of a 100 ke carrier modulated by a 1 ke audio
tone, an upper sideband at 101 kc and a lower sideband at
99 kc are produced, along with the 100 ke basic cartier in
the 1-f envelope. Thus, the average sideband power is only
%0 watts (25 watts in each sideband). On the other hand the
400 watt single sideband 1-f envelope is either the upper
sideband or the lower sideband (depending upon which side-
band is selected to be transmitted), and there is no carrier
frequency present. Hence all 400 watts of PEP is usable
power. Consequently, there is an apparent 8-fold (3 db)
increase in usable power of SSB over conventional DSB AM.
Actudlly this only amounts to a 6 db gain is useful power,
since a conventicnal DSB AM signal centaining 50 watts of
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total sideband power produces twi
a 50 watt PEF 38B siinal zrod
upper anc lower sidebands of the D
in the recewvr etﬂc'rv GiEEy

sidebans. : : B
9 DB gsin u{ the SSB transmissicn uver conventiona
an actual & db advantage.

Up to this point we hove only discussed the power ad-
vantages gained tr.rouqn the use of Sl']qle sideband in the
transmitting system. Ancther important advantage realized
througl. the uze of 353 is ot of frequency spectrum
vation. For goad intelliz modulating frequencies u
3 ke are recuires ior voire trans~issinra, A sorvont
D35 Al cunwin

r1||pm:1ec: Arari

i
ﬁu_“ PR

$ Ine COmler wegquency and smenund Ire~

Whenthe s |
Thus the 1o -
equersy the bancwidth of tne

same mod 3

is only 3 ke, since enly one sideband is transmit!

apparent tnat 4 i ceth
L

channels of ¢ comg > conventicnat [SB A-M syster

ol i TR
Since ncize power is ddirectly nroportional to bandwidt,
3 db qain ir sijnal-to-noise ratio results because of the
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increased selectivity.
be seen that the 538 &y
overall imerovement (R -
recelver) over t.¢ convent
comparison ¢ . 53E
basea on iseat Lropansiiaor
transmissior patn )
couses severe SRt G
signal. Ouly the A<l ua
deteriorction unior coor oo
upper sidepan:, ti
be received ex:
ond the ‘.11
hathy 20 the
thecarrier, a 1os:
SeriGi. i wwst C
occurs when th
'T"np,_‘”t:/"? -\F + i
tion of the received 'r'ellmewca
cause g phase shift hetween the relative phase positions
of the carrier and sidebands. This condition alse results in
distortion of intellizence. On the other »and, a4 SSB siqal
is not subject 1w selective ."“r;, ich varies the ampli-
tude or phase wletionship between the sidebands and the
carrier, since anly ong sideband and nn cartier is transmitted,
The following block fiagram ilustrates a simple 38B
transmitter arrangement,

st e ey '.*'”"., it n::1

m e

" s
|
{i| use 30IKC i3.301MC USB i
—V V‘ WW‘ HiGH
W
IKC SINGLE HIGH
AUDIO { 3 LINEAR I
O e Fl SOEAND s SDEBANS Ly rogllthey | Eowen 1
! MODULATOR =0 MIXER | AMPLIFIER
il 00Ke | il
| L I
CARRIER FREQUENCY
| OSCILLATOR) MULTIPLIER
e .

Single Comversion SSB Tronsmitter
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The audio amplifier stage ircreases the speecn input
voltage to a level suflicient to drive the SSB medulator.
An extremely stable 1-f signel is provided for use in generat-
ing the desired 1-i sidebands by the carisr oscillater. The
33B modulator sencarctas ootn apeer amd lower sldenands
when both auzio modulation and -f carrier are applied simul-
teneously, The sizeband tilter stage posses the selected
sideband ard rejects the undesired sidenons. The JeGUP"l""
multiplier stage multipliss the -{ carrier e
carrier ascillator wah
frequency mixer stags, w"lern
heterodynes mt* the s ebun‘

"'he lmear nower am:-hn».ﬂr :tcf;e g uzes wamclifv the siancl
from e A mixer SLeje W0 power level suirable {or wans-

mission, Szr"'ﬁ very ctanle cerillators and very sharp

4
filters : ;g
plim‘ .S.L% Tereration i 3
low radio frequencies, The genercted szdebcnc' ireguency
is brought te the desired hign r-f outpus frequency by fre-
quency conversion. .ﬂlf’nough the zimple =ingle =1ce:3m
trans*ﬁitter -:‘ismsseﬁ aboveu

version to "bt in t\. :
Thon el o s b
The : o gideband m
w

pressing or cancellmq the r-f carrier WhiCH was used jis]
generaie ne sidebonds, By beating the cudio modulation
against the unused carrier frequency, sur ancdifference
frequencies are produced to provide tre actual sidebend
frequencies, It iz also importard to note that the carrier
frequency do=s
because circuit cle
All types of single sidebard moduiators suzh as the balanced
modulator, the balanced-nridqe rectifier-type modulator,

At n-rvh ot --n»lulnu-w m-—vJ e rn’\ eTetestel mrﬂ Tores e
QLG WND RITG S Reseviies Car Tllasie

- g
S Sl

They ciifer, howevsr, in tae manner in which mev act.leve
carriel supprzssion and generate sideban Cacn of these
circuits is discussed in detail in the fo:lowing paragrashs.

BALANCED (PUSH-PULL CARRIER INPUT} MODULATOR.

APPLICATION

Generates upper an il

the rf carrier,
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CIRCUIT ANALYSIS,

General, While all modulaterskave the characterizstic of
procucing sidebancs the belonced modulator is unigue in
that it produces cnly upper and lower sidebands and sup-
presses re 1-f camrier in the output. Differsnt
types of balanced moculators differ in the manner in which
they achleve carrier supcression. Tris discassion concermns
the manner in which the salanced pwl.-pull arrier inout)
mgaulator achieves carrier suppression. ite balanced
madulator discussad here utilizes two tetrodes with their
plates connectad in parallel, and operated class T, The
-f carrier is "JDpUE‘I.. to tgri

or cancele

m.W frnie ~f Lﬁ. RS N
ull (out of chazn) while
ﬁ-.: coreen aride in oush el

L - .
........... IO N DUIN DUal, CLI0 CUT U DAOSS. aniE -

carrier signal is cancelled in the outeut tank circuit and
upper und lower sidetards are gereroted, [t is important
to consider that carrier ar occurs in the output

1 1 omres

toank circoait o L. ol - -
Lnd TLrCuwt IR aol oo Wlle 1o alial

L__

connected modulator tubes are operzted with Closs C
and conduct only on positive-going inpat signclz. Since
the 1-f carrier input s applied to the modulator contrsl grids
push pull, the modulator Il'bES conduct and produce an r-f
output on altemnzte nalf ¢
one tube is con suctirq :1 a ziven instant, the 1-f pulses ap-
pearing in the plate circuit of ench tibe are not affected

by the other tube. In the tark circuit, however, the t-f pulses
occur at a rate which tends to cancel rather than reinforce
tank circuit oscillations. The generat =d sidebands do not

cancel in the output, since the ocutput tank is .eaom.lt
to on]y the ~qrrier h—nm an~r Tho o r«.n mad ot an

PRt HEe ]

impecange
it sk
This discussion concarms the use of wiodes in the oush-
pull carrier input bolr'rr“ef‘ modulctor. 'l'riodes or j\ant"ﬂ'ﬁ:

iz not develnped i the ’\utpl t Zue tq t}“P oW

presentod o qudic freo

Crrcun Opercfmn.
illustrates a typical bala
moculator,

1] owing schematic dagram
i (pusn-pull carrier input)
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Push-Pull Corrier Input Bolanced Medulator

always lower than the plate voltage, so that the negative

resistance effects inherent in the tetrode are not encountered.

Transformer T3 serves as the tuned output transformer,
The primary L3 of T3 together with capecitor C5 form o
parallel resonant tank circuit which is sharply tuned to the
carrier frequency,

To more easily understand the operation of the balaced
(push=pull carrier input) medulator assume first that only
the r-f carrier is applied. Assume that the first half cycle
of t-f carrier drives the qrid of V1 positive and the qrid of
V2 negative. Since VZ is cutoft due to class C bias, the
negative signal on the grid of V2 has no effect on V2. On
V1, however, the positive half cycle of r-f drives the tube
into conduction and a negative going r-f signal appears in
the plate circuit. Capacitor C5 charges during the period of
increasing plate current, When plate current starts to de-
crease C5 discharges building o magnetic field around LS.
When plate cutrent ceases the magnetic field around L3
would normally collapse and charge C5 in the opposite
direction. This is normal tank circuit oscillatior, sometimes
called, "flywheel action’.

At this time, however, the next half cycle of r-f input
drives V2 into conduction and a neqgative going r-f pulse
oppears in the plate circuit. Capacitor C5 charges and pre-
vents the magnetic field around LS from collapsing. When
olate current storts to decrease C5 discharges and maintains
constant current through L5 With constant current throuagn
L5 the magnetic field around LS remain unchanged, and an
output is not inductively coupled o the following stages.

In effect, the -t cutput pulse from V2 cancels the r-f output
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pulse from V1. The amplituce of thess pulses should be
approximately equal, considering the losses in the tent
circuit, for the r-f carrier signal to be effectively canceled.
The relative amplitude of the ¢-f carrier pulsescan be varied
by the adjustment of potentiometer R2,

Under actual operating conditions with both the r-f
cartier ang the gudio modulation applied, upper and lower
sidebands are produced through the beating of the 1-f carrier
and the audio modulating signal in the non-linearly operated
modulator tubes, It is impertant to note that the sideband
frequencies, unlike the carrier {requency, are not conceled
in the output tank circuit. This is beccuse the output tank
circuit is sharply tuned to the carrier frequency and the side.
band frequencies will deviate sufficiently from the carrier
frequency for the output tank circuit to appecr non-rescnant
to these irequencies. Hence no sidehand energy will be
stored in the tank circuit from one half cyele of r-f input
to the next and cancellation of the sidebands will not occur,

FAILURE ANALYSIS.

Mo Output. Failure of one of the modulator tubes is
not likely to cause a no-output condition to exist, Feilure
of the power supply or a circuit component commen to both
branches of the palonced modulator is o much more likely
cause of no output. Voltage checks of V1 and V2 with ¢
voltmeter would reveal a defective component that could be
the cause of no output. Power supply voltages should be
checked and adjusted if necessary. Any discrepancies found
during voltage checks can be followed up, with the equip-
ment deenergized, with resistance checks of associated cir-
cuit compenents to revedl the compenent at foult. Since
both 1-f carrier ond modulation inputs are required to pro-
duce a sideband output, lack of either signal could be o
cause of no output, Presence of these input signals can be
readily determined with an oscilloscope. The 1+f carrier
should be present on the control grids of both tubes and
should have sufficient amplitude 1c drive the tubes above
cutoff, If the r-f carrier is not present on the grids of the
modulator tubes, check for presence of the r=f carrier or the
primary of T1. If no signal is present on the primary of T1
the fault likely lies in the stage, or stages, preceding the
baloneed modulator, If @ signal is present on the primary of
T1 but cbsent on the control grids of V1 and V2 the fault
likely lies in transformer T1. If the audio modulating signal
is not present on the screen grids of the modulating tubes,
check for presence of the modulation signal on the primary
of T2. If modulation is present on tne primary of T2 but
absent on the screen qrids of V1 ond V2, transformer T2
is defective. If the modulation signal is absent ot the primary
of T2 the fault likely lies in the preceding stages.

Low Output, A common cause of low output is decreased
emission of the modulator tubes. The power supply
voltages should be checked and corrected if necessary.
Voltage checks of V1 and V2 would reveal if a de-
fective circuit component is the couse of low output.
Sheuld ¢ discrepancy be found curing voltage checks are-
sistive analysis of cicuit components would reveal the com-
ponent at foult, Another possible cause of low output could

14-A-48




; meter. i the tubes are good and

ELECTRONIC CIRCUITS HAYSHIPS

be decreased amplitude r-f carrier input or decreased am-
plitude modulation input. The existance of this condition,
can be determined by observing with an oscilloscope the
amplitude of the r-f carrier sigral on the control qrids, and
the amplitude of the modulating siqnal on the screen grids
of V1 and V2.

Oistorred Output. Listortion of intelliqgence in 338
systems will occur if the transmitter and receiver are not
exactly on frequency. Distortion in 35B wansmitter is
usually caused by improper operation of the lineer power
amplifier or by operating any staae in the tronsmitter beyond
its capatilities, If the balanced modulator is determined
to be the cause of distortion a possibie couse could be de-
fective tubes. Check the power supply voltages with a volt-
the power supply voltages
are correct, a resistive analysis of circuit components with
the equipment deenergized would reveal a component failure
that could be a cause of distorted output. Do net overlook
the possibility that the audic modulation is distorted before
it reaches the balanced modulator. The existance of this
condition can be determined by observing, with an oscillo-
scope, the quality of the modulation signal on the screen
grids of V1 and V2 with an qudic tone fror an audio signal
generator applied to the transmitter.

BALANCED (PARALLEL CARRIER INPUT) MODULATOR.

APPLICATION
The parallel carrier input halanced mozulator is used
cdulutes upper und lower sidepand

0 produce unplitude
frequencies for use in suppressed-carrier, single sideband
transmitters, commonly abbrevigted as S33C,

CHARACTERISTICS.
Utilizes nonlinear characteristics of electron tubss to
produce sidebands.

Demdismmn meamlieiidn modiidmtnd vmmer and oo ~ A
STOAUCES CMBPLIuGT MOGULCICS UpBlt NG OWor LG

while suppressing the -f carrier,

No output is produced unless both -1
tion are present.

Modulation is accomplisnad at low power levels, there-
fore, no large modulator power supply and transformers are
needed.

Uses push-pull output an parailel input to cancel out
the carrier.

Can provide conversion qoin e, JUISDan ou1put aredie
U‘:Gﬁ muﬂdlﬂllol" If xO ila

CIRCUIT ANALYSIS,

General. [T DOrd.ie: cariel-NGul saianced mocuiator
preduces amelitude modulated sidebunds and suppresses the
T e "—-n,g‘_.nm e counbing te oof corrier, in-

r-f 3 carriar

Phidse; 1o re widsof TWebemHosE ST iBipemeine

in push pull {out-of-phase). The 1-f carrier siqnal voltaqe is
kept 8 to 10 umes as large as the modulating voltage to keep
distortion 1o In push pull "'"'“hflﬂrc an ww-t
signal insertad in- phaae on the grids (il pu

EURENRI
in the output. & modinating siand: 13
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to the grids of the balanced modulator throush a transformer.
This transformer is eifectively centertapped by a resistance
network connected across the secondary winding for bias
insertion. The center tap arrangement produces ¢ 180 degree
phase different between the audic modulation signal voltages
on the grids of the modulating tubes. When bath 1-f carrier
and modulating qudio signal are applied to the grids of the
balanced medulators, sum and difference frequencies (side-
band) are produced by the medulating frequencies beating
against the carrier, since any amplitude modulation process
is essentially the same as heterodyning. As in a frequency
converter, any modulaticn which exists on one of the mixing
frequencies is linearly transposed to the resultant sum and
Aitferance frequencies. Tre olate circuit containg the upper
and lower sidebands, which are the sum ond difference fre-

GuensEs, textsenyely ahent carler onditheimudio modulo-
tion. The cartier is cancelled cut by push-pull action in the
cutpat tromeformer and the nutpnt franstormer alsn oresents

a low impedance to the qudio modulating signal. T'here[ore,
the original modulating signal is not developed in the out-
pui. The genercted sidebands cre cut-of-phase witn each
other at the plates of the tubes, since the modulating "*:m-al
is out-of-phase at the grids. These out of phase signal ls
add in the output rather than cancel as in p‘..”se siqnel
and they are inductively coupled to the fol 1
through the output transformer. Tetrodes ctnd pentodes may
be used with equal or greater effectiveness, their use being
determined by system requirements.

Circuit Operation. The gocompanying diagram illustrates

3 r.,ypmnl parallel sarrier-inout balaneed modulator,

Transformer T1 couples the audio moculation to the
grids of balanced = ¢ tenesVisand M2, Rasistars Rl
and K2 provide grid bius and an effective centertap for Ti.
Capacitor C1 couples the r-f carrier from the carrier oscil-
lator to carrier bclance potentioreter B3, Carrier balance

- rlien A
WOVary whe telative an ieteptiietey

iEleter

e d

petentiometer B3 s cajus

of the camrier signal on the grigs of V| and VZ, so that the
stely balaced and the corrier sup-

Crparitors 02 and €3 couple the i

potenuometar 3 1o the ~rids of V1and

ey

arcuit may be compt
prncc.-c-fi in the outpot,

carrier from balaze
;

POy Rds 20} L\,-.a WY AR
V4 W0CULITOT Woes Vi Gin

2 f

egr devic
nead far Aevelnpina the madiiaton, Resistor B4, which is
bypassed by C4, provides cathode bigs for both tubes.
uenter-mpped plcue trarsfome'TZ provides a push-pull plate

Cipciiit 1000

-

esistor, wiile C7 ryPasses my anwihied algnals © Jioung,

—w-l olaras the ranter tan af T2 at aragnd potential.

irout imeed modu-

4 by first appiying only

lator can bhe more &
the t-f carrier. The -1 carrier SBITt‘:uttu in the carrier u..,uu'
zoupled throuah U1 tr the slidar of vaniable resistor

R3. Tnus the carrier siqnal appears at both ends ot =2
slod theonab Coand C3 o the

ougn L

V2. The catrier signal voitage is inserted in-phase on the
V1 and V2, ard the amplity 15, at each tube 15 con-

s}

grids of *

teallod b adia
Ly I
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e
TI

MODULATION

INPUT —OEee
R-F CARRIER
100 KC

T2

usHe

Parallel Carrier lnput Balonced Modulater

operating on the positive half-cycle, both plates draw an
increasing plate current (the grid input is in-phase), and the
voltage drop across each half of the transformer winding is
negative going, so that equal and opposing voltages are
developed in the transformer primary which cancel, and no
output is obtained from the secondary. Likewise, on the
negative half<cycle less plate current is drawn and the drop
across the transtormer is positive going, end equal and op-
posing voltages are developed in the primary mnd also cancel
out, so no carrier again is produced. If the circuit is pro-
perly balanced by the adjustment of R3, these opposing
signals are equal in amplitude and the carrier is effectively
suppressed.

The amount of carrier suppression obtained depends upcn
the deqree of balance between the two legs of the balanced
modulator circuit. When two tubes of the same type ate used
In o balanced modulator circuit (without any balancing ad-
justment) carrier suppression of 10 to 15 DB generally results.
Since carrier suppression of at least 35 DB is usually re-

CHANGE 2
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quired in suppressed-carries, single-sideband systems it can
be seen that same type of fine belancing adjustment isre-
quired. In this circuit R3 is used for carrier balancing, but
other methods {such as varying the bios or plate voltage on
the modulater tubes) may be encountered in other circuits.
When qudio modulation also is opplied, ¢ different situa-
tien arises. The cudio modulation is epplied through trans-
fermer T1. Since the secondary of Tl is effectively center
tapped by resistors Rl and R2 modulation signal voltages
will be developed across eazk half of the winding which are
out of phase with each other. Thizs modulating siemal is
applied directly to the qrids of V1 and V2. Capacitors C2
ad C3 are of such a value tmat they present a high im-
pedance to oudio frequencies and prevent any audic modu-
lation from crossing over, from one 3rid to the other, and
canceling each other out.  The cudio modul 2iny sicnal
modulates the r-f carrier and produces upper and lower side-
bands in the plate circuit of the modulator tubes. These
sidebands are produced by mixing theé t-f carrier frequency
and the modulation signal across a nonlineor device. To
illustrate the operation of the parallel carrie~input kal anced
modulator with both 1-f carrier and modulating signal applied
assume that the first helf cycle of the modulating voltage
applied 1o the grid of V1 is positive and the first half cycle
of the modulating signal applied to the grid of V2 is neqative.
It can readily be seen that conduction of V1 will increase
with neqative geing sideband fraquencies heing generated
across the top half of the output transformer. At the same
time, the negative half cycle of audio modulation applied
to the grid of V2 decreases conduction of V2, causing posi-
tive going sideband frequencies to be develaped actoss the
bottom half of the output trensformer. Push pull action thus
occurs and the sideband frequencies add to each other,
causing both upper and lower sidebands to be ceveloped and
inductively coupled to the secondary of T2. The ©-f carrier
is suppressed, as explained earlier, and the ariginal qudio
modulating signdl is not developed due to ‘ne low reaciance
of T2 to the basic audio modulation frequencies. Therefore,
only the upper and lower emplituce modulated sidebands
are produced by the balanced modulator.

FAILURE ANALYS)S.

No Qutput. Since both modulatar tubes perform the same
function it is unlikely that failure of cne tube or associated
circuit would cause a no-putput condition, A much more
likely cause of no output would be failure of something com-
mon to hoth tubes such as the power supply, the cathode
resistor or the circuits associated with the r-f carrier input
or medulation input. Voltage checks or V1 and V2 with @
voltmeter would reveal a defective component that could
cause no output. Should all the voltages check good the
cause of no output could be the lack of either r-f carrier or
modulating signal. This cen ne easily checked with an
oscilloscope, Check the grids for presence of both signals
with the carrier oscillator operating and modulction applied.
If the modulating signal is not present on the grids, check
for presence of the moduletion signal on the primary of T1,
This will determine whether T1 or the preceding oudic
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stages are at foult. Should the t-f carier be missing ched
the cutput of the carrier oscillater. If there is an cutput
fram the carrier oscillater, sisral trace the camponents
linking the carrier osr-lllatcr to the qrics of tie modulater
tubes. Should all the conditions necessery for oroper operc-
tion be met, i.e. proper voltages cn the tube elements, pro-

s thar |-~n!| TS
Zitnergiis sl Hgicus

per carrier and medulation inputs, ¢

put, transformer T2 could be éefecnve. Crerk 2ll windings

of TZ for proper resistance ang check cll windings for leakase

1o ground.
Low Outpur. Low cutput con be couged by o 4 :eﬂtrw
tube or tubes, improper pow by : ;

tive cimoult ¢ cmuu.wnt. Lo

Aacronsas n.vrm e T SRU, | PSRN S
SOTIDIELC ocnpatice el menlicaias &

s, R e R

T VG g Of
possibly by -decrec:ed amplitude of the modulating siqnal.
Check the power supply voltages, If the power supply volt-
ages are good, voltage mecKs of the tune eleraﬁta would

S el
v B Tt
TOVESL WACIROT O Nt

cause of low output, Should these voltage cheﬁ@ mveﬂ 7
discrepancy, tesistance checks, with the circuit deenergizec,
would reveal the component at foult. The possibility of
decreased amplitude r-f carrier signal or medulating signal
input can be checxed by observing these signals on an oscil-
loscope. 1 all the conditions necessary far proper ooe-mtion
are met, i.e. Jood tubes, procer power supply voltzges, and
good circuit components, pocr cperction could be the result
of a defective output transformer. Since the resistance of
the cutput transformers windings are relatively low a shorted
winding could eosily be overlooker‘ when making resistoice
checks. Check the resistance of each helf of the primery
winding, each half should be equal, and check the resis-
tance sl e spconzatyiwinding. Wit inenistdpaistens
nected check the windings for leckage to ground.

Distortad Qutput. [t should be noted that distortion of
intelligence will oocur if the single sideband transm
Teceiver are not excctiy on frequency. Distortion in single
sideband transmitters is frequently caused by improper opera-
ticn of the linear amplifiers, or by operating any stace bayond
{ts copabilities. If zystem distertion {s determined to be
caused by the balanced medulator o likely couss could e
impropar voltages applied to the tubes, or defective tube
or tubes, or failure of seme zizzuit companent. Theck the
power supply volwages, if they are good voltage checks of
the tube elements would indicate whether or not o defective

Elataal . T b~
t zomponent i3 the
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BALANCED BRIDGE MODULATOR.
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CHARACTERISTICS.

Produces upper and lower sidebands while suppressing
the r~f carripr.

PFOGU\_E“ mebanua by hcterodynmq octlon pruduce-a by
nonlinear dicdes.
Requires botn an r-f carrier cnd modulation applied
ly

simultanecusly to produce an output.

CIRCUIT ANALYSIS.

General, The purpose e of the balanced bridse balonzed

circuit elements so that o “al:r:ed condition exists betwean
tne two leqgs of the oridye when oniy an r-f camrier is apolied.
This balences condition will prevent an 1-f outout {rom beine

pros i
unbalanced, that is :
the other. This causes current to flow through tl"e cutput
transiormer, and an output i proZuced,  The current
flowing through the output transformer is the upper and
lower sidebands generated by the heterodyning of the -1
carrier and mocdulating signal within the non-=linear diodes.
Carrier suppression iz cchieved beccuse the scurent
through cne leg represents the carrier and sidebend currents
plus the modulating sigral current, while current througn the
other leg consists of only the carrier current. The overgll
effect iz to cancel the r-f cormier currents. The audio frP—

, wore current flows

cactcn_e is high 1o audic f equencies. Only the

ot in tre ooy
eonl Apale

Circuit Operahon. The cccompening diagram illustretes
a typical belanced bridae modulater utilizing electron tibe
diodes.
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from the carrier oscillator to the balanced bridge. Dicdes
V1, V2, V3, and V4, form the balanced bridge. Capocitors
C1 and C2 klock audic frequencies, thereby preventing the
primary of T3 from shunting the secondary of TZ. This is
necessary since T3 is an t~f transformer and would present
a very low impedance to audio frequencies. Transtormer
T3 serves as on output tronsformer. Designations at peints
A, B, C, and D cre used only to illustrate circuit oberation.

To more easily analyze the operation of the balanced
bridge modulator, assume first that only the r-f carrier is
lapplied. Assume that during the first hali-cycle of 1-f, point
/A is positive with respsct to paint C. This back biases the

! diodes and ro current flows, hence no cutputresults, since

" the bridge appecrs as an open circuit.

When the negative holf-cycle appears point A becomes
negative with respect to point C. This forward biases the
diodes and current flows from point A through V1 and V2
to point C. An equal current will flow from peint A through
V4 and V3 to point C. When the current through leq V1, V2
is equal to the current through leg V4, V3, a state of balance
axists and no current will flow through winding LS of the
output transformer, T3. The accompanying illustration shows
the equivalent circuit of the bridge in a balanced state.

rpvil B rpva

— N VA— AAN——
+5V oV

C
A RL

+ 10V

rpva sV rpv3
I L. AAA, Ve ALY |
— D

Equivalent Circuit of Balanced Bridge
Modulatos With Onfy r-f Corrier Applied

The resistonces represent the plate resistance of the
diodes. Since the diodes are cll of the same type and have
the sume characteristics, their conduction and plate resist-
ances ore the same. Resistor BL represents the load pre-
sented by the cutput transformer, There is no difference in
potential between points B and D, and no current flows
through the output tronsformer. Thus there {s no output from
the balanced bridge modulater when only the 1-f carrier is
applied.

When only the modulation siqnal is applied, circuit
operation is as follows. Assume first thot a positive half-
cycle of modulating valtege is applied; causing point B to
be mcre positive than point 1. It can be seen that the
instantanecus potential created by the positive halfcycle
of modulation signal will cause current to flow from point D
through V3 to peint C. Since the plate of V2 is connected
to point C, current will rot flow through V2. Current will,
however, flow from point C through the secondary, L4, of T2
to point A, and through V1 to point B. Current also wil
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not flow through V4 since Ve [ike V2 s back-hlased to cur-
tent flow in this direction. The retur oeth for current flow
is through secondary LZ, of T1. The primary, LS, of T3
does naot effect the modulatior siqnal sinee Cl ang T2 offer
T high impadance to the relatively low modulating frequency
and prevent any shunting effects of L5 on L2, When the
pelarity of the modulating signal reverses, cuttent flows frox
point B through V2 10 point C. From point C current flows
through the secondary, L4, of T2 to peint A and then through
V4 to point D. Tne retumn path is through the secondary,
1.2, of T

Under aciual operating conditions with beth r-f carrier
and signal applied, the balance hetweer. the upper and lower
legs of the bridge caused by the equal r~f carrier currents
through each leq is disrupted by the modulating signal and
 sideband output results.

To examine the circuit under actual operating conditions,
consider first that r~f carrier current is flowing in egual
amounts through the upper and lower leqs, V1 and V2, and V4
and V3 respectively. When a positive qoing cycle of audio
modulating signal is applied to T1, modulation signal cur-
rent flows from point D through V3 t0 secondary L4 of T2
and to point A, and then through V1 to point B and back to
secondary L2 of T1. Since the diode is a nonlirear device,
mixing, or heterodyning, tokes place between the i carrier
currents and the moduloting signal currents {lowing through
V1 and V3, and both upper and lower sidebands are pro-
duced, These sideband currents follow the same path as
the modulating signal except that they flow through the out-
put transformer T3 instead of the secondary L2 of T1. This
is becquse transformer T1 offers a high impedance to the
relatively high sideband frequencies. The sidebonds are
inductively coupled through T3 to the following stages.

The overall effect is the same for o negative half-cycle of
modulation except that sideband current flow is through V2
and V4 and the flow is through the cutput transformer in
the oppusite direction.

FAILURE ANALYSIS,

No Output, A no-output condition could be caused by
an open or shorted winding on any of the thres transformers.
With the equipment de-energized, a resistance check of the
transtormer windings will indicate an open or partially shorted
winding. Failure of one of the diodes will not be likely to
cuuse no-output, however if the diode filaments are con-
nected in series an open filament could cause the other
diodes tc be in operative, A visual check with the equip-
ment energized will reveal whether or not any filament
failures occur. Since o balanced modulator does not pro-
duce an output unless both r-f carrier and modulaticn sigrals
are present, lack of either these signals could be a cause of
no output. Presence of these signals can be determined with
an oscilloscope. To check for the presence of the modulat-
ing signal, observe the waveform present at points B and D.
If the modulating signal is not present at these points check
for modulating signal on L1 the primary of T1. If the mod~
ulating signel is present nere, but is absent at peints B
and D the fault most likely lies in transformer T1. If there
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is no signal present on the primary of T1 the troukle is likely

to be in the preceding stages. The presence of the o-f
cartier can be determined in the samemarner by oheerving
the waveform present at points A and C. if the r-f carrier
is not present at A and C the trouble can be localized by

signal tracing with an oscillossope throngh T2,

Low Output. A common cause of low output can be
from decreased emission of cne or more of the diodes,

If any tubes are replaces it would be good procedure to chack

oll the tubes on a tube checker and use only tubes which
have gpproximately the same emission, This is particularly
advisable if @ high degree of palonce is desired within the
bridge of diodss, U the whes are goog, anothar possible

S IIlatale 2 nout
en oI DT

Chust ol uw woilpui conid be dnsutlicient modulay

or insufficient r-f carrier input. This condition can be
checxed by ohservins the amplitude of th ‘GJOfOr'"‘ ore-
sent at the modulation inputs to the ‘:':ii:,e. zrd at the o-f
carrier npus w

the cguse oan he ds

oscilloscope and rotingany excessive attenuation thrcuch
the input transformers. If the amplitude of cither sional is
proper on the primary of the respective input transiormer but
low an the secondary, tne transiormer isdefective. If the
amplituce of the input eimal {s low on the primery of the
regpective input tronsiomer the trouble likely lies in the
stages preceding the bolanced modulator.,

Distorted Output. Distortion could be caused bya defec-
tive tube. Another cause of distortion might be a low -1
(:(m'ler input. The r-f carrier :"wﬂﬂ‘ he Bto 10

ol i} s e ot
L.: WL lJ\...A.\;Lu}\j SI0NGE 00 I

storl
minimum. [0 not overloox the possibility that tbe modula-

tor inpur o n¢ haleniced mod-

ulator. Arc‘vs1q cf the modulation Input with an oscilloscops

would revenl if this condition existed.
PRODUCT MODULATOR.

APPLICATION.

The product smudelator is used in single sideband trans-
mitters to produce amplitude modulated ypper ond lower
sidebonds while suppressinz tae % carnier,

CHARACTERISTICS.

The output of a prowct m (m.iutor is propomonm o the

cathode .oilowers.

g ST2LCD WLLL JLIZIT L DLZC.

CIRCUIT AMALYSIS.

General. The ot 7 5 .
plications grouu"u e ‘pmude moduicles ULEEr and iower
sidebands while suppressing, or cancelling the r-f carrier.,

The single sidebans prosuct modulator utilizes three triodes

with two of them operat

ad as cothode fellowers, Tt ie
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are impresses on the 7rids of cothode followers, ond -
carrier and audio moculotion ore developed geross the com-
mon cathode resistor. Since the modulctor tube also uses
the same cathode resistor, uuadio modulation and r-f carrier
signal voltege cprecr on the cathode of the modulator tube.
The £ carrier ond audic modulation beat together in the
modulator tube and upper ard lower sidebands are generated.
Carrier suppression is actieved Dy coupting the i~ comier
signal developed at the plate of V1 to the plate of V3. Sinece
there is 180° phase difference between the v-{ carrier signal
develeped at the plate of V1 and at the plate of V3, the r-f
carrier iz effsctively canceled. The product modulatar

gsed i u"r*:ip sidehand 'Jpph"atior':

hana o

modumtor a o,;phel, simuita neously THe use of c::tnode
followers elimirates The need for r-f carrier ard audic modu-
laticn input t::“.sfcrr.:or:, zinze the cothode followers previc

toh oetws
osciliator gnd the product : ‘elator, ang alsa between the
audio amplifying circuits and the procuct modulator. The
cathode {ollochtt also provide isolation between the of
carrier oscillator anc the audio circuits. By eliminating
the carrier suppression provision the product modulater can
glss Beucet gaog low distertien AM modilaton

The following circuit diggram illusirates o typical pro-
duct modulater for use in single sideband systems.
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carrier to the f*nd of V1. Hesistor Ml ana 53 are orid resistor
for VI and V2, reapeutwel','. Cepacitor C¥ couples the -t
carrier clqngl vol tage Frr\m the plate of V] to the plate of
V3 far the curpese of
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all three tubes and potertiometer BE provides q carrier
halance contrel by varying the fixed kias on V3. Y1 and V2
which serve as cathode followers couple the o[ carrier input
and the audio medulation input to *he cathode of V3 which
serves as the modulator tube. Inductor L1 is the plate load
for V3, and C4 copucitively couples the aenerated sidebands
to the following stoges.

To more egsily examine the operation of the single side-
band product modulator, first cssume thot only the r-f car-
rier is applied to the modulator.

Duting the positive half cycle of r-f corrier input the
conduction of V1 increase and the voltage drep across plate
resistor B2 increase cousing a negative going t-f carrier
pulse to appear at the plate of V1, and the voltage drop
across commen cathode tesistor BS increases, causing ¢
positive going r-f carrier pulse to appear at the cathode of
V1. Since the cathode of V3 is directly connected to the
cathode of V1, the positive r-f pulse appears on the cathode
of V3 and decreases the conductor of V3 causing a positive
going t-f pulse to appear ot the plate of V3. The negative
r-f pulse on the plate of V1, is coupled through capacitor
C3 to the plate of V3. If the o~f pulses from V1 are equal
in amplitude to the r-f pulses from V3 thers will e complete
cancellation, and the r=f carrier will not eppear in the out-
put. The relative amplitude of these r-f tulses may be
varied by the adjustment of R which varies the aain of V3.
The positive half cycle of r-f input wos used only to illustrate
circuit operation, Circult operation is the some for o nega-
tive half cycle of r-f input.

Thus with only the r-f carrier applied there will be no
output fram the product modulator.

When audie modalation is applied in addition to the -
carrier upper and lower sidebands are generated. Audio
modulation is coupled through coupling copacitor Cl to the
grid of cathode follower V2. Audio frequency woltage are
developed oeross comman cothode sesistor RS and are
directly coupled 1o the cathode of V3. The r~f carrier and
audic modulation beat wgetker in V3 and four basic fre-
quencies appear in the plate cirguit of V3. These fre-
quencies are the originel oudio modulation, the origingl r-f
carrier, and newly genercted sum ard difference frequencies,
The 1-f carrier frequency prasent in the plote cireuit of V3
will be canceled by the 180° out-of-phase r-f carrier sianal
coupled to V3 from V1, az explained in the previcus para-
graph. The audio modulater present in the plate cireuit of
V3 is not developed in the output since inductor L1 presents
a low impedance to audio frequencies. The generated sice-
band frequencies, referred to earlier os sum and difference
frequencies are developed actoss inductor L1 ond capaci-
tively coupled through C4 to the following stages.

FAILURE ANALYSIS.

No Output. Failure of almost any component could be a
cause of no output in the product modulator. Check
the power supply voltages to make certain that a defective
power supply is not the couse of no-output, Voltage checks
of tube elements will reveal if a component {ailure is the
couse of nooutput. Any discrepancies found during voltage
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checks can be followed up, with the equipment de-energized,
by a resistive cnalysis of circuit components to reveal the
comporent at foult. Tt should be noted that the product
modulator will produce an output cnly when both r-f carrier
and audio modulation are present on the cathode of V3. Pre-
sence of the r-f carrier and the audio modulation can be
determined by observing the waveform with a oscilloscope
on the cathode of V3 with modulation applisd to the transmit-
ter and the carrier oscillater operating. If either signal is
missing the troukle can be locelized by signal tracing from
the signal source, either tne carrier oscillator, or the audio
amplitying circuits, to the cathode of V3.

Low Output. A likely couse of low cutput in the product
modulator is decreased emission of the electron tubes. If pro-
per operation is not restored, o defective circuit component
could be thecause of low cutput. A resistive analysis of
circuit components with the equipment de-energized would
revedal a defective component that could be the cause of low
output,

Ancther possible cause of low output is decreased am-
plitude r-f carrier input or decreased amplitude audio modula-
tion input. The existence of this condition can be readily
determined by observing the amplitude of the r-f carrier
signal ond audio modulation present on the cathede of V3,
with an cscilloscope.

Distorted Output. 1t should be noted that distortion will
occur in SSB systems if the transmitter and receiver are not
exactly on frequency. Distortion in $3B transmitters usually
results from improper operation of the lineqr power amplifiers
or by operating any stage beyond its capabilities.

If the modulator is determined to be the cause of distor-
tion a likely cause of distortion would be defective tubes
or a defective circuit component. The tubes can easily
checked by exchanging them with tubes known to be good.
Resistance checks of circuit compenants would reveal if
a defective circult comporent is the cause of distorted out-
put. Power supply voltages siould be checked and adjusted
if necessary to make certzin that o defective power supply
is not the cause of distorted output. Don’t overlogk the
possibility that the cudio madulation mey be distorted before
it reaches the product modulator. To check for this condition
ohserve with an oscilloscope, the quality ¢f the audio modu-
lation present on the qrid of V2, with a audio tone from a
audio signal nenerater aprlies to the modulation input of
the transmitter.

14-A-54



ELECTRONIC CIRCUITS NAVSHIFS

PHASE MODULATORS (PM).
In phase modulation, sometimes re
frequency modulation, the cudis signa
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AUDIO
MODULATION
INPUT

Basic Phase Modulater

and the audio modulation is applied. R2, in conjunction
with C2, also performs the function of a decoupling network,
which bypasses the lower end of R1 to ground and prevents
the 1-f carrier frequency compenent from feeding back into
the gudio circuits through~T1. In effect, it isolates the r-f
from the qudic, despite the appcrent common connection.
The qudio modulation is applied through transformer T1
and through R2 and R1 to the geid of V1, Cathode resistor
R4 provides degenerative feedback, and the plate tank cir-
cuit, consisting of L2 and C3, is tuned to a frequency below
the lowest output r-f frequency. Beccuse B4 {s unbypassed
and causes degenerative feedback, the tube qain is rela-
tively low.

The r-f signal (the carrier) is of constant amplitude
and frequency, and with both positive and negative cycles
equal in amplitude, no bias change is produced on V1 grid.
Thus an amplified r-f carrier appears as the reproduced out-
put, with the normal 180 deqree grid to plate phase shift.
The audio modulation, however, applied through ttansformer
T1, provides, in effect a changing bias on V1 qrid as it
varies in amplitude and polarity. As a result, the gain of
the tube is varied in cccordance with the gudio signal bias.
The manner in which this variation in the gain of the tricde
is converted into a phase shift of the carrier, can be better
understocd through the use of vector diagrams.

The voltage produced by nermal amplifier action is rep-
resented as ep. Ancther 1-f voltage is produced by the grid
to plate copacitance of the tube, and is represented as ec,
and the result of these two 1-f plate voltages, which is the
instantaneous plate voliage, is represented gs er. Due o

CHANGE 2
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Yector Diogram Showing Effect of Medulation

normal amplifier action, ep is 180 deqrees out of phase with
eq, the gric veltage and its amplitude is relatively low
because of the degenerative effect of the unbypassed cathode
resistor, R4, Since ec logs eg by some amount, er, which

is the vector result of ec and ep it falls somewhare between
these two valtages, os illustrated in the above dicaram.

When the signal or the quid increcses in @ pesitive Jirec-
ton, the amplituce of the plate signal also increases, with
the followingresult, The vectors which charae as a result
of this increasc in grid simel are designates as 2'g, e'r, and
e'p. Voltages eq, er, and ep are shown in order to compare
this example with the previous ane. It can be seen there-
fore, that with a larger signal on the grid (e'a), the closer
e'p and e'r become in chose.

Conversely, when the grid signal (e'q) decragses in
amplitude, the plate signal, e'p decreases, as illustrated
below.

As aresult, the vector er shifts further out of phase with
ep (to e'r) than it wos under the first condition illustrated.
By comparing these three illustrated circumstances, it can
be seen that the phase relationship between er and eq
constantly changes in phase s ag varies in ampiitude and
polarity.

The overall effect is that the amplitude of the modulating
signal determines the amount and direction of phase deviation
of the carrier in the cutput.  The frequency of the modulating
signal determines the rate at which the phase of the carrier
deviates, and thus determines the amount of frequency
deviation. This effect can be more clearing seen by referring
to the accompanying illustration showing the different
frequencies produced by adding F1 ond F2, and F1 and F3.
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explained, we see that when a modulation frequency twice
that of F, is used, the sum shown it part 2 of the {igure is

an increasing frequency. Since frequency cevigtion increoszes
with an increase in the modulatien frequency, this is the
result to be expected and proves our previous assumptions

to be correct,

FAILURE ANALYSIS.

No Output. A defect in nearly any ccmponent in the
circuit can couse a no output condition to exist. Check
with an oscilloscope to make sure that both the escillator
and the audio modulation are present at the inputs to the
circuit. If either one is missing, the medulater is probably
nat defective, and the output will probably be restored with
the restoration of the missing input. If both inputs are
present, disable the oscillator, and check for the medulation
input of the grid. If not present, check transformer T1 for
centinuity with an ohmmeter. Check R1, B2 and R3 for a
change in value, and C2 for a short. Disable the cudio in-
put, and check for the presence of cscillator frequency on
the grid. 1f absent, check Cl for an open. If both signals
are present on the grid, check R4 for value, and L2 for
continuity, Check for the presence of plate voltage with
an voltmeter. Check C3 for a short, and C4 for an open. If
a no-output condition still exists, check all copacitors with
an in-circuit capacitor checker,

Low or Distorted Output, A low or distorted output
can alse be caused by a defect in nearly any component
in the circuit. Check for the proper amplitude of each
input signal on the grid of wbe V1 with an oscillo-
scope. 1f low, determine whether it is low due to a
defective oscillator or qudio stage, or if it is a
defect in the modulator circuit itself. If localized
to the modulator, check transtormer T1 continuity and re-
sistors Bl and B3 with an ohmmeter. Check CZ for proper
value with an in<ircuit capecitor checker. Check R4 for
value. Check plate voltage and determine whether or not
the power supply is defective. Check C3 and C4 with an
in-circuit capacitor checker, and check the continuity of 1.2
with an ohmmeter,

PHASITRON MODULATOR.

APPLICATION.

The phasitron is used in transmitters 1o vary the fre-
quency of an 1-f signal in accordance with the intellizence
1o be transritted.

CHARACTERISTICS.

Utilizes ¢ special paasitron tube,

Carrier frequercy is supplied by a crystal controlled
oscillator.

Has a high signgi-to-noise ratic.

Operates Class A",

Frequency stability is excellont

Output modulation propartional to both amplitude ond
the frequency of the cudio medulatior.
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CIRCUIT ANALYSIS.

General. The phasitron perdorns tne finction of o phaze
modulator throuss the use of a special tube, called the
chasitron tube. Tre corrier frequensy | erated oy a
crystal controlled osciliater, and ceugled throuan o phase
splitting network to the tune. The madulation is appliec
inductively to the tuke throus ¢ il arranged arounc the
outside of the tube, and the result in the 2utzut 18 a phase
and frequency medulates carriern,

Circuit Operation. A schematic “iagram of a Prasitron
iz illustratea below.
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Phasitron Medulator,

Before cttempting to unierstand the operation of the
phasitron circuit, a basic understanding of the special tube
utilized is essential. The illustration kelow shows the
basic configuration of the structure of arode number 1,
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oscillator frequency, and it is te this frequency that the
plate tank circuit is tuned,

When modulation is applied to the coil surrounding the
tube, 0 magnetic field is developed, und this field advances
or delays the tate of phase change of the slectron stream.
Thus the phase of the output leads or lags the oscillator
frequency by an omount which is proportional to the am-
plitude and polarity of the medulation. The [requency of the
modulation determines the rate at which the electron disc ro-
tates. When the speed of disc rotation is increased, the out-
put tank excitation frequency is higher, and when the speed
of the disc rotation is decreased, the output frequency is
lower.

The averall reault in the output is therefore @ signal
which changes in phase and frequency as the audic modula-
tion varies in amplitude ond frequency.

FAILURE ANALYSIS.

No Output. A no output condition can be caused by a
defective V1, ond open RS, g shorted C1 or C5, a defective
Tl or T2, or a loss of the plate supply voltage. Check
for the proper plate supply voltage with a veltmeter, Check
both transformers with an chmmeter, Check R5 for value,
and Cl and C5 for a possible short with an in-circuit co-
pacitor checker, Do not overlook the possibility of either
of the tank circuits being misaligned.

Low or Disterted Output. A low or distorted output
can be caused by a defect in any compenent in the
circuit. Check for the proper value of plate supply
voltage with a voltmeter. With an oscilloscope, check
the presence of both the carrier and modulation inputs
on their respective elements of the tube, as the ob-
sence of either input will produce a distorted out-
put. Check the aligrment of both tank circuits. With an
in=circuit capacitor checker, check the value of all capac-
itors, especially for a distarted output condition. Chack all
resistors with an ohmmeter for proper value, and the trans-
former for partial shorts.
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FREQUENCY MODULATORS (FM).

In freguency modulauon, on audic sitnel iz used 1o shify
the frequency of an oscillator ¢t an qudio rate. The rate at
which the oscillator chanzes its frequency depens upen ‘ne
trequency of the modulating =i
amount that the freg

mol, and the deviation (th
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trequency to mqker fre"uanyy, m:[ck to r1crrr'c11 walo wer
: pf‘rt By

i

pli:w-c'a of the vcltage of the sine wave. T‘“.:: e

mum freguency cronge {rom cemer frequency, which depends
St enal

ig rallad the devigtion

)
.lit'_‘ Glllplllu‘\;t‘ of Ult.‘ nod=

tion isnct 5o suace"ubl e tg wlatic ag.in "olimde modula-
tion, cmr‘ 1t is fﬂr t'"1=, regsen tnat it isused for hich-guality

coupled farougn a pre-en
10 themodulztor circuit.

hlqh TEIECY noise.
tween the amglitudes
porenis, but it is :om;e
useof a de-emphasis cire

Ju betecen i-m and a-m is that the
2 s consiant, while g-m depends
uporn cmﬂphtu"ﬂ vaziati ons for the transmission of intellinence.

TH advantage e ol ".uw.cuu;. over d-m is its

BASIC REACTANCE-TUBE MODULATOR.

APPLICATION.

Tre frequenzy

2 i tm tranamiiters to

A1 e

SER Sl o o Rh

intelligence 1o be tan

sRliles,

\.HARACTERIST!CS

CIRCUIT ANALYSIS
Genera!, |
verf an 2J21o s1ans

umm lnral l'v;:n’-r“

LoDyl e o -

o ITecuUEnsy containing the

14-A-61




ELECTRONIC CIRCUITS NAVSHIPS
nal. The polarity of the medulation determines the direction
of the frequency snifi; for example, an ingcrease in oscilater
frequency for a positive pelarity, and o decreqss in fre-
quency for o negative polarity. The rate 2t which tnis fre-
quency deviction ocours is deternines oy the frequency of
the audio modulation.

Circuit Operation. A scheratic slagram of a bosic re-
‘ctance tube modulator is illustrates below.,

TO GRID OF
OSCILLATOR

Basic Reactence Tube Modulator

V1 performs the function of the reactance tube, using
cathods bias, supplied by Rl and Z1. LI is an r-f choke
which acts as the plate logd, "d keeps the c— componert
of plate current out of the powsr supply. Capacitor CZ and
resistor B2, in parallel with the oscillator tank circuit con-
sisting of C3 ana L2, perferms the function of a variahle
reactance. C4 arnd C5 are griz and plate coupling capacitors,
respectively.

With no oucio signel applisd 1o the xig of V1, the only
voltage present across the T2, BZ, network iz the voltage
across the oscillator tank circuit, C3 and L2, The values of
C2 ond R2 are chosen so that the recctance of C2 is large
in comparison to the resistanceof B2. This factor permits
the capacitive resctance to be the current controlling com-
penent, and couses the voltage acress it to lag the current
through it by cppreximately 30 degrees. This same current
flows through RZ and another voltage drop is produced which
leads the applied voltage by 90 degrees. Actuclly, the cur-
rent and voltage at the resistor are in phase, but since the
current through the resistor leads the applied voltage {be-
cause of the capacitive reastance of C2), the voltage develop-
ed by this current also lesis the applied veltage by the same
amount. Thereactonce tube is etfectively in shurt with the
oscillator tank (C3 and 1.2} the phase shift network (T2
and B2}, Capacitor C5 cllows the a-c component of cuirent
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1o pass thrsugn it
plate veltage biom the tha
Tra relation e ourrenis ond ne veliages in the
circuit car Araush the use of g vector
diagram, as illustrated nelow.

$ip
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‘\\90‘,

*e,

Relationships of Currents und Yoltage with no
Modulation Inputs

Voltage ep is the altermating compenent of the plate to
ground voliage which appears simultarecusly across the
reactance tune, the phase-shift netwerk, and the oscillator
tank circuit. The reactance tube receives its a-¢ qrid-
input voltoge, eg, across B2. This voltege is the wvoltage
drop across R, and is in phase with the plote current ip and
the grid current, ig. This relationship is characteristic of
amplifier tubes.

Since both ip and ig are in chose with eqg, and since eg
leads ep by approximately 90 degrees, ip and ig also lead
ep by 90 degress, Both o: these currents are supplied by
the oscillator tank circuit, and since they lead the tank
voltage, they act like the current in a capacitor. Thus the
injection of these currents inte the tank circuit accomplizhes
the same effect os placing a copacitor azross the oscillator
tenk circuit. Thefrequency of the tank in this caze is,
therefore, decreased. With no audio modulation input, this
frequency is the operating, or center frequency of the
modulator.

Cansider now the upplication of audio modulation to
the grid of the tube. It is impeortant to keep in mind that
we are not speaking of actual capacitive reactance or capee-
itance changes. Our concern here is on effective capaci-
tance produced by the leading currents in the R2, C2, com-
bination, If the signal applied on the grid of V1 increases
in @ positive direction, the plate current of V1 also increases,
and since this current is an eifective capacitance shunt
actess the oscillator tank circuit, the frequency of the
oscillator is decreased. Conversely, when the qrid signal
shifts in a negative direction under audio modulation, V1
plate current decreases, and since this current is an ef-
fective reduction in capacitance across (shunting) the oscil-
lator tank circuit, the frequency of the oscillator isincreased.
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The frequency of the Gudio madiia tign Zoes rot eotually
affect the frequency of the cutput. [1s only effect is that it
determines the numper of times par second m‘ the oscil-
lator changes its freqguency. The amount and direction of
the frecruencv chanze is determined solely by the omplitude
and the polarity of themodulstion input. That is, a positive
signal couses on increase of frequency, while a neqative

Sig_n_m rouses @ decrease in freguency. Likewise, 2 largor

iIe ey

=]

amplituce signal causes o greater frequency oienne then
smaller amplitude signal.

Circuit Variotions. Tnere are several circult variations
of the basic reactance tube modulator, but most of these
variations are only differences in the arrangoment of the
phase shifting circult (th= 52, T2, combination in the gre-

i 1 E e sl wleg.
wicie prdealay. e ilidseavisn Balaw shiens

circuit variations cause the phase shift 1o be either induc-
tive or capacitive. thers is rno particular aavartaas to any
one of them over any of the others.
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Circuit Variations

Part A
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phase with the grid welta g . Thisr-f current iz coupledtc
theoscillator tank and since it 's in phase with the qrid
voltage, 1t must lag the curront in the tanX by 30 deqrees
This produces the same res 3
the tank circuit.
By substituting a small inductor in the place of Cin
part C of the fiqure, it is also possible to injact an sffective

capacitonce into the tank circuit. The oscillator vo

s njeshinas insustones imkl

e}

tage
applied geross the plate loas of the reactance tbe caus
a current to flow whose pnase is controlles hy the large
resistance of B, This current is in phoze with the oppli
voltage, since R is large ""th respect to L, Since te volt-
age acr »r‘*w‘L by 30 viﬂ res

this volts L 1na ar Ata"e By 50 uw.e'

]
0

T
iR L leads T_he

This vsls
and t-f plats
voltage and 90 deqrees 1eading in res;
tack voltage. The effect is, 1

CApGCitanos il e 1Nk
cregsed,

By the same token, the reversing of B and L produces
the same result r Jecnh: indugtance ot the tank cic-
cuit as zhown e part 2 of the fiqure. Theinductive te-
actance of L, of course, must be large in comparison to the
resistance ot B. Tha r-f voltage from the oscillam
circuit causes a currant 2 flow throush the platz load which
lags the applied voltoge by G0 degrees. This voltage then
is applied to the gric of he reactonce tubs, croducing an
-t plate curent which is lagging the current in the tark ¢
cuit by 90 degrees, prodicing the offect of iniscting m:‘uct

;

FAILURE ANALYSIS.

No Output. An oper cr shorted L2, an open or shorted
C3, or an open T4 are the anly com po\.er.tu that can cause
4 no cutput condition 12 & inu

C3and 04 for valuee wit NG T T
Unmeodulated Output. The chbsence of plate *'olmr'e ch
oper: L1, anc open TS, an open R, on apen CZ2 or B2, or o
defective V1, can cause an unmodulated output condition
ta exist. Check for the presence of plate voltage with
volimeter, Check L1 for continuity and C5 for an open
or short with an chomete:r, Also check Rl and B2 for
proper value, and C2 for an open or shart with an chmmeter.
if a moaulatea output is not restored check all capacitors

er

BALANCED REACTANCE-TUBE MODULATOR

APPUCAT!ON

.“L Cidaaizodd

2ULSIOr 1S uses 10 tm

troe ﬁrrwnr.n P e

ance witk the m»pl S seom e bk

CHARACTERISTICS.

Has relatively r1an Zegree o1 frequency shift.
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CIRCUIT ANALYSIS.

Genarol. The purpoze of the modulator stage is to con-
vert an 2udio signal intc a radio frequency contoining the
audio intellizence. [n he balanced reoctonce tube moduloter,
two tuhes gre used o crhangs fne cesenant frequency of an
oscillator by an amount propertional 1o the amelitide of the
modulating sigrncl. The polarity of the modulation deter-
mines the directior: of the frequercy snift, for examele, an
increase in oscillater frequency for o positive polarity, and
a decrease in frequency for a neaative pelarity. The rate
at which this frequency deviation occurs is determined by
the frequency of the audio modulaticn.

Circuit Operotion, A schematic diasram of a balenced
reactance tube modulator is shown in the geoompanying
illustration.

ca
Wi T0
OSCILLATOR
oz T GRID
R R2
INPUT
i
= c5 ) T}
)
va
_ R3 —
c6
Epp

Balanced Reactance Tube Maodulator.

V1 performs the function of one of the reactare tubes,
and operates ir conjuction ‘JZ, in a push-puil marcer.
C1 and R1 form a cathade bias sizcuis, w ~ich is common 1o
both of the tubes, L1 ani L; Bl izh oot as
plate loads for the tubes, and kee = a--: comeenent of
plate current cut i tre E16: The C4-HE combing-
tion, wgether with the CZ—'HB e ion, hoth in parcllel
with the oscillator tank circuit, < L2 ani C3, per-
form the function of 2 ucriablc e D, SEy BT,
are grid and plate -"-‘uchn i ctively.

Circuit operatiar. e
and discussed cs L0 serarite ©
sists 0t VT; Ll EF; 57, ad D2,

understood, if analyzed
itz, Ure clircuit, con-
ile the other circuit

consists of V2, L3, T8, R3, and 3. The romaining com-
ponerts are COmmon 1o :rt}" of the circuits.
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We shall frst
sisting ef V1 ani its 35
audio simal sppl
present ncross the Ci- ‘2 retwork i3 the voltaqe across the
oseillator tank circuit. The vwalues of T2 and B2 are chcsen
s0 that the reactance of C2 is large in compariscn to the
resistance of B2, This facior cermits the capacitive re-
actance *c ge the current controlling corponent, and couses
the voltane asroaas 1t t“ '*1 the current throuer it by approxi-
mately 90 deqrocs. T e current | 1 ows throu:‘n R2
and anotner voltcye oo is
voltoge by 90 deqrees. Actud
at the resistor are in prase, but zince the current tnrou s
the resistor leads the cpplied veltzye (because of the
capacitive reactance of C2), the voltage 2eveloped by this
current also leeds the oopliel voltare by the same amount.
The reactance whe, ¥1, is effectively in shunt with the
oscillator tank an’ the phase stiit network. Capocitcr C7
allows the o-c compenent of cumrent to pass threudh it, and
at the same time, plocks the d-c rlote voltaze from the
phase-shift circuit anc the tank.

The relaticnship of the orents end the voltages in the
circuitcon be hest expigines through the use of ¢ vectar
diagram, as tlustrated heiow

. the 3—\"’, xm} tarn

bip

™ gge

_.ep

Relotionship of Currents and voltages with no
Modulation Input.

YVeltage 2p is | Gl crnetins component 2f the plate to
ground voiteae . simultanecusly across the
reactence tuhe, 1 'n it metwerk, and tne oscillator
tank circuit. The recctance tube receives its a-¢ grid-
input voliage, cg, acoss B uzltcns iz the veltage
drop across R ond is in pha it e plate current ip
and the grid current, g, This relationship is characteristic
of gmplifier tupes.
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Since bott ip and ig are in phase witk eq, and since
eq leads ep by approximately 90 dearees, ip anc ig clso
lead ep by 90 ceqress. Sots of these currents are su 11e~
by the oscilleter vane circait, and since they lead the !C' .
voltage, they are actir~ like the current in o copaciter,
Thus the injection of these currents into the tank circull
accomplishes the zsam o1 ¢s piacing a capacitor aooss
the asaillator tonk circuit, The frequency of e tank in
this case is therefore decreazed, With no audio modilation
input, this frequency is the cperauna, or center irequency
of the moculator.

Consider now
grid of the tube.

are not spegking of
Yo e mh e
REEREEER.
tance produces by the ! 2 combina-
tion. I the siznal cpoliesd on the aris of ‘fi e ez in

a positivn J'J"ef‘ti'"-r tre olate current of V] r~l~;o inoreases,

x )
ellny

i

across t}"ﬂ ocmhmor tank cirouit, rlm frequency ﬁf t%e oscil-
lator is decreased. Conversely, wher the arid sianal shifts
in o negutive direction wader oudic modulmion, V1 plote
current decreases, and singe this current is ar effective
capacitance gcross (shunting) the osciligtor tank circuit,

the frequency of the oscillator iz incraased.

Betore cttempting tc n)"“]"i‘n the aneration of the siroult

n the cperction of the circult
made up of V2,it should be pointed out that there are several
minor circuit variations of the previcusly discussed circuit.
Most of these variations concem differences in the phose
shlftma circuit (the H2-u2 combination in the prey lous

L b i !

u\,A.L"\ SHCWS g vandiiSne W umi

cause the phase smft ta be either inductive ar capacitive.
There is nc porticular advantage © any one cof them cuer
any of the others.

Part A of the fiqure has hesn explaoined ir the previous
discussion. In part B of the figure, B and O are connested
in e opposite mannar, and the reaciance values are chusen
50 that the resistance of R is large in comparison to the
reactance of C. (This is the manner in which opemtlon of

V2yettobe CAplained is connected.) Since th

comoonent 1s 50 mucr. lar ger, he r-f voltaqe ctpplied o the

nhaca wite tho rof ualimae The suprees shus
iblolnints; A e

Wi SWEETRE e ey

leﬂdst e cpplied voltage by 90 degrees. The weltags across
C, tneretore, tags both the cument and the applied voltage

Ty 4 Trne yaltase o mooniad 1o the yris of dhe
oy ull Aforeoc: anlo e AN SR RuEInD by i oo

fedciance t_l")':, ang cEesan =r pwana

1o it

2
=
=
iz

rlpf; to the osoillater tonk and sing

SRS NIC U SRV S W FPOSRETIN § FEVEL R} S
SYlEite wiad pibaeudos it wdl D8l Uy
lrnpr‘hn indurtorom e the tearae T,
BV qllh‘:tl'[“ B 4 amall inducter - the r‘.lr:';n ~f ?j;‘cfu‘itf\r

<o paii S of tie uqutc, ilis ulsu pussille Lo sject un el
fective capacitence into the tark cirguit. The oscillator
voltage applied ocross the piate load of the reactance tube
causes a curtent flow whosze phase iz controlled by the

large resistance oI F. Th th the

1is current is in ,) J58 Wl
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d
4

INJECTS INJECTS
INDUCTANCE CAPACITANCE
o w &

téj

INJECTS INJECTS
INDUCTANCE CAPACITANCE

Circuit Yariations
applied voltage, sinze B iz lorge with respect to L. Since
the voltage across L leads the cumrent through it by 90
deqree, this voltage aiso leacs the opplied voltage oy 90
deqrees. Thig voltase is coubpled to the 7rif1‘ of 'r'ne reqct-

¥ B T e AT ) e PRy
ance twhe, md on 1+ plote cumront dlows which is in phase

with the qud vaoltage and 90 degrees leading in respect

to the oscillator tank voltage. The elfect is, therefore, the
same as injecting copacitance into the tank citcuit, and the
frequency is decreased.

By the same toker, the reversing of B ond L moduces
he same resull s Injecting INAUCtance 1tS e tank clreult,
as shown in part D of the figure. The inductive reactance
of L, of ccurse, must pe laroe in compﬁrlqor to the resist-

7 & vuJLqu _|\JH| “\. S LJ.J\AI.U& lUls'\ ullL.ual

..............

vy L
Pt

Spt stormatond s tesE 2 R e

pllea e LI"c ’_,]uu of

Curctntahi Qs 1\_.411 S

ik LT Ry

i aegree S, proaumm, tne effect of injecting Inductance into

¥ i
circuit, only msteod of injecting caoomnve reactance into
the oscillotor tenk, it injects an mductwe recctance. Upon
close emrﬂmetmr
phase shifting

?
nogite monner o the B
JRers nher te et
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By referring to the iluriration of circult variztions, it can he
seen tact this type of an (Pars B oof the figure) pro-
duces the effect of inzuctance in paralicl with tne tank
circuit. [t should be notod ners tnat an increase in plote
current in the first ¢ 3 an increcse in the capa-
citive regctance injected into e tank, and hence tne 2scil-
lator frequency :ecrecsed ; VZeitesiy e indistive A-F
reactance is cecraasad with gn ingrease in plate current, SIGNAL
and thus pmd'.lces an increcass ir the ozcillator frequency.
Now lot us s2e what ocours sen Dot cirguits are connected
as shown, cm”' an audio sitna: is agelied to tne onstormar
Tl

When the input siancl is suern that the aric of V1 iz
positive, and the qrid of V2 i3 neaative, the ollowhg
action results. The negative signal on the qriz o V2 Zrives
V2 into cut-off, and a furtrer nejctive increcse croduces no
further change. V1, howevar, conducts G grectsr as the
signal on the qrid becomes wore positive, 213 thus additional S?G_NiL
capacitive reactance is injected inte the oscillator tonk
circuit, resulting in a aecreasing frequency. As the signal
on the grid reaches 11$ positive peak, and bezins decreasing
towards zero, the oscillator frequency begins increasing,
and when the grid is returnad to zero, the oscillater is
again at the center frequency. The signal now continues in
a negative direction ang V1 (s driven into cut-off. ¥2, the
grid of wnich is connected to the oppesite end of T1, is now
brought into conduction, and begins to inject an inductive
reactance into the tank circuit, resulting in an increcsing
frequency. As the signal ca the qrid reaches its positive FeM
peak, and begins decrsasing towards zern, the osciliator SIGNAL
frequency beginz decreasing and as the signal reaches z=ro
the oscillator is aqein at the ceater frequency. The overall Effect o Modulation
result of one oycle of audio modulation is illustrated pelow,

Thus, it can be seen that the frequency of the audia ohmem f-‘tgl"; chessi g pantl
modulation does not actuclly nave an effect cn the frequency Check C
of the outpat. The only effect iz that it determines the
number of times per second that the cecillator chantes its
frequency. "ine amount and :'iraction oi the frequency charge

1

by the amplitude ans the polerity of themod-

o T1 and kevoius

1o teoremarer

is determingl
ulation input.

FAILURE ANALYSIS.

No Output. A cpern or shorted L2, an cpen or shorted
C3, or an open C4 are the only components that can couse
o no-output condition 1 exist, Check L2 for continuity anz
C3 and C4 for value with an in-circuit copaciter chocker.

Distorted or Unmodulated Output. A defective V] or
V2, a defective T1, an open or shorted L1 or L3, an open or
shorted CZ or C5, o1 an open BZ or K3 can cause a distorted
output condition to exist. With an chmmeter, check the
continuity of L.] ana L3, and check RZ and R3 for proger
value. Also check C2, C5, C8, and C7 for opens or shorts
with an chmmeter. Check transformer T1 for continuity, as
one half of the seconcary may be cpen. If o distorted cutpat
still exists, check all capaciters with an in-circuit capa-
citer checxer.

An unmodulated output car, be caused by o defective T1,
an open or shorted K1, or an open or shorted Cl. ¥ith an

14-A-66
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PULSE MODULATORS.

Radio frequency ererqy in rodar is transmitted in short
pulsez whose time duration may vary from 1 to 50 micro-
seconds or more. [f the transmitter is turned off before the
reflected energy retums from the target, the receiver con
distirquish between the transmitted pulse md the reflected
pulze, Alter all reflections nave returned, the wonsmitter
can aqoin be turned on and the process repeaied. The
receiver output is applied to on indicater which measures
te time interval between the transmission of enery and it
return as a retlection. Since the enerqy travels at a constant
velocity, the time interval becomes a mecsire of the
traveied {range). Since this method does not depend on
relative frequency of the retumed si-mai or on the metion
ot theo wryet, ditiiculties experienced in ~w and e mashan-

ST Adt CRCOUnteled. e pulse soduloton metacd 15 uses
in practically all military e naval applica
Since most redar oscilloters operate ot pulse voltages

between 5 Kv and 20 Kv, and require currents of several
amperes during the puise, the requirements of the modilator
are quite severe. The function of the high-vacuum tuke
modulator is to act g8 o switcn to tum o tulse on g off

at the transmitter in response to @ control signai. The best
devize lor this purpose is one which requires the loast sig-

nal power for contral and which allows the 1m"-fr‘r of m‘vwr

ich

v
from the tronemitier pOWoT SoUrcs 10 1 cror it

T WO SO

least loss, The pulse modulator circuits di cussed in this
section are typical pulse modulators used in radar equiprients.

SPARK GAP MODULATOR.

APPLICATION.
The spark qap mocu!ctor ig ung
te qererate the pulo-w

trunsmitter.

CHARACTERISTICS,
Capavle of hundling nigh peak current and voitage.
Genercted pulses have hish peuk power.
Generated pulses have low average power.
Generated pulses have a spemflc repetition rote.
Generated pulses have controlled duration and =
Cutput pulse 1s somewhat erretic in timing

CIRCUIT ANALYSIS.
General, Different tvpes of pl
for triguerinaradar runsmitrers, riﬂ{hﬂmilfﬂ on the pcrti:‘:l-:r

s ul e syseen.

aen Iype containg 9 oir

Thie CLTCUIT TUr SICTING Cneny 18 casentially a snott sertion
of artificial tramsission line which is known as tho

formne in
Iodenyriy Lie

thoe ! :
S0 WO fad ol

Hne iz discnurged by o spaik qop. Two tvpes LT TS
are in use: {ixed qaps and rotary qaps. The fix
discussed in this section, uses a trigger wlse o ionize me
air between the contocts of the spark gop od ltise tr
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discharze of the pulse forming line. The rotary qap is
similar to o mechanically driven switch.

Circuit Operation. A typical fixed spark gap modulator
circuit is shown in the accompanying illustrotion.

LINE

BuL SE- FORMING

Epn

T
TRIGGER PULSE L2 ]

SPARK GAP ‘
| TO MAGNETRO:

]

Fixed Spark Gop Modulator Circuit

Between trigger pulses the spark aap is an open circuit,
and carrent ilows thrc:uqh the pulse uansformer T1, the
pulse {orming line L2, the diode V1, and inductor L1 1o the
p.ut: supply voltarqe Ebb. These compenents form the
charging circuit for the pulse forming line, and the entire
circult may be reduced to a series resonant circuit as shown
in the accompanying illustration.

DAMPED WAVE

Ll

¥

4

O VOLTAGE —=

CHARGE

I ACROSS

- ] —

TAME ——-

=~
SPARK P
GAP

é
G
_=J___ DISCHARGE

¢ SURKENT — o

|i}-_

Equivaient Pulse-Modulator Circuits, With Woveforms

The impedanceof the primary of T! is nealigible as far
as the \:‘;Lai JiLLq cicuid Ls cu;\{:emed He mducmnce 0{ the

heczuze of the :,Iow charging rGtL. and the diode, Whur.
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conducting, is effectively a short circuit; therefore, these
components are omitted from the liqure. In effect, then, the
total capacitance (Ct) of the pulse forming line is in series
with the inductor L1 across the power supply. Assuming that
diode V1 and the spark qap werenot present, this circuit
when shock-excited by the sudden application of voltage
would produce a damped-wave oscillation. On the first pack,
the voltage actoss the entire pulse farming line cpproaches
twice the value of the supply voltage as shown in the illus-
tration, and at this time the current in the inductor L1 is
zero since the diode stops conducting at full cherge. As the
peak voltage is reached, the spark gop is triggered by o
synchronous separate trigger placing the pulse-forming net-
work in series with the primary of T1 to ground. At this
time opproximately half the voltage (Eps) appears across
the pulse-forming network (PFN) and the other helf appears
across T1, since the network impedance is equal to that of
T1 in this instance because of the rapidity of discharge.
The action of the pulse-forming line is such as to cause
voltage Eps to continue at the same amplitude until the
complete discharge of the circuit by a time interval depending
upon twice its deloy period. The waveforms and time
relationships of the circuit action are shown in the illustro-
tion. The pulse waveform is coupled through transformer
Tl to the magnetron.

The spark qap is actually triggered {icnized) by the
combined action of the charging voltage across the pulse-
forming line and the trigger pulse, The air between the
trigger-pulse injection point and ground is ionized by the
trigger voltage, and this in tum initiates the ionization of
the complete gap by the charging voltage.

Coincidence between the peck of the voltaqge swing
across Ct and the irigger pulse used to fire the spark gap
is required, in order that maximum power output may be
obtained from the circuit. In order to ensure correct timing
diode V1 is used and the design of the charging circuit is
such that its resonant frequency is higher than half the
repetition rate of the spark-gop trigger pulse. Since the
diode is nonconductive when maximum charge is reached on
C, the maximum charge is retoined until the spatk gap is
triggered.

Inductor L1 prevents current surqe through V1 when
the spark gap is triggered. Where humidity or pressure
may affect the ionization of the spark gap, it is enclosed
in a sealed container.

In some circuits a resistor and capacitor in series are
connected across the primary of T1. The function of these
components is to eliminate the spike {sometimes encountered
on the magnetron pulse) which is caused by delay between
the time the pulse is presented to the magnetron and the
time the magnetron conducts.

FAILURE ANALYSIS.

Mo Output. A no output condition can be cqused by one
of the fcllowing; an open L1, o defective V1, an open L2,
or a defective T1. Determine that the plate supply voltage
(Ebb) and the irigger pulse are present. If they are not
present, the trouble is in the preceding steqes and the cir-

CHANGE 2

0967-000-0120 MODULATION PULSE
cuit is probably not at fault. If the plate supply voltage is
not present cn the ancde of V1, L is defective. If plate
voltage is present on the anode of V1 and no cutput appears,
the tube is defective. Check [.2 and the windings of T1
with an chmmeter for an open or short.

Low Output. A low output can be caused by a low plate
supply voltage, ¢ weck V1, lecky or shorted capociters,
shorted windings on L1, 1.2, or tronsformer T1. Check the
plate supply voltaze with a VTVM, if it is not the proper
value the troukle is in the greceding stages and the mod-
ulatar circuit is probably not at foult. Check the capaci-
tors in the circuit with an in<circuit capacitor checker.
Inductors L1 and [.2 and transformer T1 can be checked
with an chmmeter for sharted tums.

Distorted Output. A distorted cutput could occur il the
pulse-forming line had shorted or leaky copactiors or if the
inductor windings became shorted or open. Check the capa-
citors with a capacitance cheker and the inductor for
continuity with an ohmmeter.

THYRATRON {GAS-TUBE) MODULATOR.

APPLICATION,
The thyratron

generate the pulse w

transmitter.

dulater is used in rodar equipment to
= controls the cperation of the

CHARACTERISTICS.
Possesses neavy current hondling copecity.
Is relatively ind et of ambient temperatures.
Has positive griz control.
Has stanle tirins
Can be triznersd with ¢ low amplitude pulse.
Operates cver ¢ wide ranae of ancde voltuges without
readjustment.

CIRCUIT ANALYSIS.

General, The lydrosen thyratron js o versatile elec-
tronic switch whlch reguires a positive trigoer of only 150
volts rising at the rate of 10 volts per micresecond. In
contrast to sprk devices, the hydrogen thyratron operates
over a wide range of arnode voltages and repetition rates.

Its grid has complate contrel of initiation of cathoce emission
over a wids ranqye of voltoges. The anode is completely
shielded from the cathode by the grid. Thus, effective grid
action :ecults in very smoath firing over a wide range of
anode voltages and repetition frequencies. Unlike most

other thyratrons, the positive grid control characteristic
ensures stoble operation. In addition, the deionization time
is reduced by usiny the nydrogen filled wube. This makes

the performance of the wune relatively independent of am-
bient temperature so false triggering is qvoided.

The hydroaer thyratron modulator provides improved
timing because the synchronized trigger pulse is applied to
the control grid of the thyratron and instontaneous firing
is obtained. I additicn, only cne gas tube is required 1o
discharge the pulse forming line, and ¢ low amplitude trigger
pulse is sufficient 1o initicte discharge. A damping diode
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is used to prevent bregkdown of the thyratron by reverse
voltage transients. The thyrateon requires, for a driver

in Clr‘Ode volm"c ("mlro.,eu
termingte the nulse and tum

pulse

Circuit Qperation. The s

s tube modnfntar circuit i mo o OInvin
i‘.!ustrcuor..
LI L2
vi
+Epp
‘:3"}" |°5 T~ ﬂUnUﬂL
\
"ch ‘L'ca
cl T
)I TO
MAGNETRON
RI
R2

TRIGGER

PUL%E 'J_—

Typical Thyratron Gas Tube Modulator Circuit
L1 is u charging inductanee,  the damping ciroult cons
of damping diede V1, current limiting resiatars Rl and RE
together with r-f bypass capaciter 1, ‘.'mw rold the plate
of V2 at yround level during each neqative helf cycle of oper-
ation, thus eliminating the possibility of & neaative oversnoot
and the production ot damped oscillations. Inductor L2 with
cepacitors 02, ©3, T4 and 05 furn. G pulse-tormang line
whlch develops and shapes the output pulse.  Transformer
Ti coup1e° the snapeﬂ pulse output of the citeuit inductively

Witk ne trmqm‘ rulse appliss, az e

(RIS tnp rnnr--: erw ey !

CIhaiy

ctor L1, and the

] s
Pt T T

J:U'\.J,L 5 AR Chdryg jey a H‘{I‘CI’:!’OFI

applied 12 the oo

AL

acts like o clos
e primary of T1 ond we puise-torming network
to ground, throuh V2, As the voltage qcross
forming network cischarges and talls below the ionizatinn
level of the Bwratron whe, the *uhe
a switch. However, there |
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discharge voltoge to swing negaotive as it is abruptly stopped
and cause neqative cvershoot because of the inductive pro-
perties of the discharging circuit. This negative overshoot
ig preventied from alfecting tne output of the circuit by the
insertion of damping diode V1 and the dampingeircuit con-
sisting of R1, B2, ana Cl. This iompingcircult provides

a path for the overshoot transicnt through V1, and it is dis-
sipated by B, ond 82, C1 iz anigh frequency bypass to
ground to preserve the sharp leading and trailing edge of the
rectangularly shaped pulse.

FAILURE ANALYSIS,

No Output, The fol owing defects con cause a no-output
COndLLlOn. Low plate supciy wolttne, an reen chorging
ChoKe L, Ul pulse-for 1".4 I‘“le cnoke Lz, the windings of
T1 beina sharted or apor, o - ve tahe V1, o o tringer
pulse of insufiicient 'o'i age o ionize VZ.

Check the plate supply woltzae, (it ic not noonad, the
trouble is probably in the power supplv and the modulator
circuit is probably not at foult. I plate v@lmqe is normal,
check the voltage on the cathode of V1. If no voltage is
present, L1 is open.

If no veltage is present on te primary of T1, pulse-
forming line inductor 1.2 is open.

Make a point o point chock with J-o voltmeter (make cer-
tain you observe all kigh-voltage safety requlations) for the
proper voliages in the charging circuit. Should no voltoge
be present at any of the points, the component or compo-
nents associated with'that portion of the circuit is defective;
check the inductors with an ohmreter (he rarefil to use o
shorting stick to make: certain the lne is discharged) and the
capacitors with an in~circuit capacitor checker, With an
oscilloscope, check for the proper trigger pulse (both am-
plitude and repetition rate).

Low Output. Insufficient plate voltage, an improper

i i e o .J,—\.nas o
Orlrvqo pn se, Jet

t Senariamal i Lelwo, ur o
delective magnatron [ror..umrme:' 1, can cause a low output.
Use an ohmmeter for checking the inductors and transtormer
T1 (make certain the pulse network is discharged first),

and an in<circuit capacitor cnecker for checking the copac-
itors in the pulse-forming line.

Distorted Output. With the prover trinaer sianot and
plute supply volwaie, a distorted output can he o cuged by
shorted tums on indietors [, nic
TL. Use an chmmeter to check for oo
{ormina line romponentg, it dotertivn,
Gulput 1o et e
Wil QI Chymeter and Qv In-CITCult _Hu“tur checker.

HARD-TUBE MODULATOR.

APPLICATION.
The nomd-tube puise wow
10 develop the pulze whick con

transmitter.

s voned in radar e Dments

i5 the speration of the
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CHARACTERISTICS.

Needs a shaped high-voltaqe pulse for operation,

Biased to cutof.

Has gain of about 10.

CIRCUIT ANALYSIS.

General, The hard-tube pulse medulotor operates as an
amplifier tube with a gain of about 10. The modulator tube
is normally biased to cutoff. The application of o positive
pulse of about 1300 volts to the grid is necessary to Gver-
come the bias, causing V1 to conduct and dropping the
plate-to-cothede potential from the plate supply value
established by the cutoff condition. Because of the large
resistance of the plate load resistor, the negotive voltoge
pulse developed by this cction is effectively applied to the
output transformer and the modulator tube in series, Since
the impedance of the modulator tube is about one-tenth that
of the output transformer, about nine-tenths of the voltage
pulse appears acress the output transformer. The time
between pulses is known gs the charging time, A domping
dicde is in the circuit to damp oul the oscillations produced
by a negative overshoot when the positive pulse applied
to the qrid of the modulator is terminated. The damping is
accomplished on the first oscillatory swing by snorting it
to qround (the negative pulse on the cathode causes the
diode tc conduct).

Circuit Operation, The schematic of a typical hard-tube
modulator is shown in the accompanying illustratior.

cl
Ti
vz
T0
MAGNETRON
RI éﬂi
<

SCREEN
SUPPLY 6

Vi

FROM
DRIVER

PLAYE
SUPPLY

Typical Hord-Tube Pulse Modulotor

V1 is the modulator tube, R1 is the screen voltoge drop-
ping resistor, and B2 is the plate load resistor for V1.
Capacitor C1 couples the output of the modulater to cutput
transformer Ti. Tube V2 is the damping diode, and T1 is the
step-up output {mognetron} transformer.

With no trigger pulse applied from the driver, coupling
capacitor C1 chorges to the plate supply voltage throuah the
primary of T1, R2, the power supply and ground. Tube V1
is biased at cutefl and the plate-tocathode potenticl is

CHANGE 2
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established by the cutoff condition. A synchronized triqger
puise from the driver circuit is applied to the grid of ¥1
taking the tube out of cutoff and causing it to conduct.
This is similar to closing a switch, and provides a path for
C1 to discharge through both the primary of T1 and V1 to
ground. This discharge occurs only for the duration of the
trigger pulse applied to the grid of V1. When the trigger
pulse terminates, the modulator is again cutoff and the
magnetic {ield in the primary of T1 collepses, cousing a
reverse flow of electrons in the circuit. This reverse flow
of electrons is prevented from causing neqative oscillations
by diode V2, which conducts us soon as the plate qoes in

a positive direction {(when a negative pulse appears on the
cathede). Thus, diode V2 dampens any oscillations which
would effect the cutput pulse of the medulator eircuit.

FAILURE ANALYSIS.

Ne Output. Should plate load resistor R2 open, coupling
capacitor C] open, damping diode V2 short, or the windings
of transformer T1 be open or shorted, no ocutput would appear
on the secondary winding of T1. First check for plate supply
yoltane ot the source. If the supply valtage is present, a
drop should appear across R1, At the junction of R2, C1,
if no voltage is present, B2 is open. Check the windings
of Tl for continuity or o short, with an chmmeter.

Low Output. An incorrect plate or screen supply volt-
age, a weak V1, shorted tums on transformer T1, or any of
the components in the circuit changing value could cause
low output. Check all supply voltages and the trigger
voltage from the driver. If any of these voltages are in-
cortect, the trouble is in that stage and the modulator cir-
cuit is probably not qt fault. Check screen and plate load
resistors R] and R2, respectively, with an chmmeter, Check
coupling capacitor Tl with an in-~circuit capaciter checker,
and transformer T1 with an ohmmeter.

Distorted Output. Distortion can cecur from any of the
following: an improper trigger pulse, a changs in screen
or plate supply voltage, a delective V1 or T1, a leaky
coupling capacitor C1, or load resistors R] or B2 changing
value. If the driver output pulse applied to the qrid of the
modulator is not the proper pulse repetition rate or amplitude,
the trouble is in the preceeding stages and the modulator is
probably not at foukt, If the screen and plate volteges are
correct, and the cutput is still distorted, determine that Cl1

s not leaky by using an in<circuit copacitor checker. De-

termine that load resistors Rl and B2 are the correct value
and that output transformer T1 has no shorted windings.
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PART B. SEMICONDUCTOR CIRCUITS
AMPLITUDE MODULATION (AM).

Modulation, in general, is the precess by which the
amplitude, phase, or frequency of a carrier is modified in
accordance with the characteristics of another signal. Only
gmplitude-modulation circuits will be discussed here. Fre-
quency-modulation and phase-modulation circuits will be
discussed later in this section. Amplitude modulation is
defined as the process whereby the amplitude of the carrier
is modified in accordance with the characteristics of another
signal. It is essentially a heterodyning process, with the
resultant modulated waveshape containing both the original
carrier frequency, the modulation frequencies, and their sum
and difference requencies (the sidebands). Since the car-
rier component undergoes ne change, the modulated wave
centains more power than before and the intelligence is
contained in the sidebands. Since the carrier containg no
intelligence, suppressed-carrier modulation is possible.
This is the form of modulation used for single-sideband
cperation, which will also be discussed separately later in
this section.

The discussion of amplitude modulation under Part A,
Electron Tubes, in this section is generally applicable to
the semiconductor modulator circuit. However, although the
same general conditions must be fulfilled to achieve ampli-
tude modulation, the semiconductor operates at @ much lower
power level than the electron tube; also since it is ¢ low-
impedance device, it operates on the principle of current
gain or variation. Thus, instead of speaking of varying
the voltage from zero 1o twice normal to achieve 100-percent
madulation, the qeneral practice is to speak of varying the
transistor goin G achieve modulation, {This is similar to
control grid modulation.)

Since the gain of 9 transistor is dependent upon the
voltages applied to its electrodes, it is evident that chang-
ing the d-c bias or the o< signal w0 any one of its three
terminals will produce a corresponding change in gain.
Therefore, it is possible to produce AM modulation of a
transistor by any of three basic methods, namely, bose in-
jection, emitter injection, or collector injection, Each of
these basic circuits are discussed separctely later in this
section.

At present, semiconductor modulators operate aver a

relatively low nower range as compared with that of elec-

AL YLy Y ol IR
tron-tube modulaters. In the majority of applications they
are operated over a range of mitliwatts, with the range of
from 1 to 10U watts representing special and high-power
applications. As high-powered r-f and audio transistors are
developed, this power ranae will be extended so that &t
will be more comparable to that of the electron tube,
Although it operates ot low power levels, the perfonm-
ance of the transistor modulator is approximately equal to
that of the vacuum-tube modulator as far as fidelity and
efficiency are coneerned. Their small size, mqgnedness,
and economy of power comsumption make them porticularly
useiul as low-powetr modulators for small portable and
mobile equipments,

ORIGINAL
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BASE-INJECTION MODULATOR.

APPLICATION.

The base-injection modulator is used to produce low-
level modulation in equipment operating at very low power
levels, It is particularly well suited for small portable
transmitters, such as walkie-talkies, ond for test equipment.

CHARACTERISTICS.

Operates by varying the base bias at the modulating
frequency.

Is restricted to low-level, small-signal operation.

Uses common emitter configuration.

Modulating signal amplitude is limited to less than that
of the base bias voltage.

CIRCUIT AMALYSIS.

Generol, The base-injection semicanducter modulator
is analogous to the control-grid modulator in electron-tube
circuits. The operating conditions, however, are entirely
different. For example, since the semiconductor operates
as a true low-level device under smatl-signal conditions,
the voltage required to produce the modulation is also very
small. This means that very little modulator power is re-
quired, much less than for comparable vacuum-tube opera-
tion. Likewise, since the transistor is cperating under
small-signal conditions, the r-f input (drive) is also small.
Under these conditions, operation is usually class A or
class AB. If operation is extended into the class Bor C
regions, it becomes large-signal operation. When operated

Tarcmimmnl fnahy tha ramtifiad nof drivn aimeal Aatare
LOIgC-0ignal 1asnlon, e rectilied r-i arlve signa. actor

mines the operating bias and considercbie distortion is
produced by the non-linear transistor response character-
istic for large signals. Because of these conditions such
operation is seldom used, except for special applications;
therefore, it will not be further discussed in this technical
"“ﬂﬂuﬂ]

Base injection can be accomplished by @ number of
different methods. For example, it may be accomplished by
feeding the signal either in series with the base-emitter
circuit or In paraliel with it, and can be accomplished by
capacitive coupling or through means of transformers. Each
of these methods will be considered in the following discus-
sion.

Circuit Operation. Amplitude modulation by base in-
jection (or emitter injection] depends upon @ widely sepa-
rated o= hequency and modulation {audic) frequency. There
are two basic circuits involved, namely, the r-f amplitier

circuit ond the qoin contral (bias) circuit, A simplified

schematic of the basic r-f amplifier is shown in the accompa-
nving fiqure, Fer simplicity, the of amplifier cirmalt is
shown without bias suppliss, and with ¢ resistive load in
place of the tank circutt. Tt is assumed that normal forward
bias is applied to the base-emitter junction, and that a re-
verse bigs is applied 1o the callector junction. The second-
ary of Tl is effectively connected across the base-emitter
junciion, und the ioud is connected between emitier and
collector as shown. With normal class A bias applied, the
r-f signal will vary the base voltage equally above and

nolow the anerating noint rnn_‘_lnn\nq a Sinoewove ‘.y-mnn' and
e R, 4
a comesponding base current will fiow. A similar but
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Ql ¢
CUTPUT

INPUT

Simplified R-F Amplifier Circuit

larger (amplified) collector current will flow through the
load resistor, developing an oppositely polarized output
voltage. This is the action of a conventional r-f amplifier
circuit.

Constider now the method by which modulation is accom-
plished in the bias circuit, using the cccompanying simpli-
fied schematic, For simplicity this circuit is also shown

R-F
INPUT

QUTPUT

a-F
INPUT

Simplified Modulator Circuit

without bias supplies and with @ load resistor in place of
the tank circuit. It is essumed that normal forward bias is
supplied to the base-emitter junction, and that a reverse
bias is applied to the collector junction. The modulation

is injected across R1, which is also the bias resistor,
having a fixed d-c forward bias placed across it. Since the
modulation signal is effectively connected in series with
the base-emitter circuit, it adds to the bias when of the
same polarity. When these voitages ae of opposite polarity
they cancel and reduce the total effective bias. Thus the
bios on the transistor is made to vary instantanecusly above
and below the fixed d-c bias level in accordance with the
modulation signal.

ORIGINAL
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Assuming ¢ sinusoidal medulgting signal, it is evident
that the instantanecus bias will also vary sinusocidally.
Since a change in bias will produce a change in gain, the
instantaneous gain will also vary similarly. Consequently,
the instantaneous amplification of the r-f carrier signal
will vary in accordance with the modulation, but in an
opposite directiun. (The commen-emitter output polarity is
opposite the input polarity.) For moximum modulation the
a-f signal must be slightly greater then the r-f carrier in-
put signal. To prevent distortion produced by driving the
transistor to cutoff or into saturation , the modulation signal
amplitude must never exceed the d-c bigs value,

A simplified schematic of the series-feed method of
base injection is shown in the accompanying figure. For
simplieity, the inputs are shown as r-f and a-f generators,
and bigsing voltages are not shown. As can be seen, the

MCDULATED
CARRIER
QUTPLT

R-F
GEN
(DRIVE)

AF
GEN
(MODUL ATION}

Series Injection

r~f driver signal is connected in series with the a-f modulat-
ing signal between base and ground. The d-c bias (not
shown) is such as to bias the transister for class A apera-
tion. The bias value is chosen so that the guiescent col-
lector current is set for half the maximum value. When the
r-f input is applied, it adds to the base bias on the nega-
tive excursions and reduces the base bias on the positive
excursions. The collector current follows these sinusoidal
variations of bias, producing a voltage drop across the
tuned tonk (LC) in series with the collector. The tank is
tuned to the driver frequency and is inductively coupled to
the next 1-f amplifier (or output circuit). Because of the
gain through the transistor, the r-f drive signal is amplified.
When the a-f modulating signal is applied, it alternately
adds to and subtracts from the r-f drive signal applied to
the base circuit (both 1-f and o-f generators are series con-
nected). The result of combining the r-f signel with the
audio modulation signal has the total effect of increasing
and decreasing the bigs in accordance with the modulation
signal gmplitude. The changing bias varies the transistor
gain in cccordance with the modulation signal, and an
amplified and modulated r-f output signal is obtained. This
signal appears in the output as an r-1 carrier with an
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envelope which is a replica of the original modulation
signal,

While either capacitance coupling or transformer coupl-
ing moy be used to inject the modulation signal, there is
essentially no difference between them in the manner in
which this base injection circuit operates. In the cepacit-
ance-coupling method the modulater is isolated by the
capacitor (C1} from the d-c biasing circuit as shown in the
following figure, and the modulation is applied across the

se bias resistor (R1) which also acts as the modulator
lood, Rl is bypassed for t-f by C2. With transformer coupl-
ing either internal (contact} or emitter bias, or a combina-
tion of both are used, Whereas with capacitive coupling
fixed (voltage divider) bias is usually used. In either case
C2 bypasses the r-f around the audio, completing the emit-
ter-base circuit for r-f. The two methods of coupling are
illustrated below. Although not very prevalent, the paral-

R-F
INPUT

CAPACITANCE

TRAN SFORMER
Coupling Methods

lel (shunt}-feed method of base injection may also be used;
it is shown below in simplified form. Blocking capacitor

4

i U

CARRIER

c?sz

|
AN T? | i_ i
A-F gl RE% “T~5E }
INPUT j“ J-
Paralle! {Shust) Injastion
ORIGINAL

Toy-4ig G-ud- 56

MODULATED
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Cl is used to prevent 1-{ transformer T! secondary from
sharting the base bias and modulatien signal to ground,
through its very low secondary resistance. Likewise, the
RFC is used to prevent the low-impedance secondary of
medulation transformer T2 from shunting the -f carrier
signal to ground. Emi tter bios and swamping are employed,
using Re and Cg. The collector circuit is identical with
the series injection circuit: it contgins the tank and ouput
coupling circuit,

In the parcllel-feed circuit, the bias is also caused to
vary at the modulation rate. The difference is that since
the two inputs are in parallel with each other, more modu-
lation signal is required for full modulation. At low percent-
ages of modulation (very small modulater inputs), a larger
signal is also required in the parallel-feed circuit to pro-
duce the same eiffect as in the series-feed circuit, The
addition of the r-f choke also presents an edditional problem,
that is, avoiding unwanted resonances in equipment operat-
ing over a large range of frequencies. Therefore, shunt
injection is not very popular with designers,

The circuit of a typical capacitance-coupled series-
feed base-injection modulator is shown in the following
illustration. The r=f input is opplied to the base of Q1

MODUATED
CUTPUT
SIGNAL

']

A-F INPUT
{ MODUL ATION)

L 4

e Sl Lppears gz e lzrgeromplivgd

r-f tronsformer 12. Transformer TZ has a 1uneﬂ pnmury
with L and C scting as the sonventional ton
which the output signal is developed. The anonf‘r*"’ o
TZ 1s connected 10 the next amplifier stage or 1o a load

{on antenna in special cases). Conventional emitter swamp-
ing is empioyed, with resistor B3 serving as the swamp-

ing resistor, bypassed by capacitor C3, Capecitor C3 is
lurae enough to offer a low reactance to the lowest modu-

e aTe | [
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Only very slowly varying temperature changes produce a
voltage chonge across R3. (See section 3, paragrarh 3.4.2,
BIAS STABILIZATION, for a discussion of the function of
R3 and C3.)

Consider now the base bigs circuit consisting of Rl
end R2. This is fixed bias with the resistors forming a
voltage divider across the supply. (Refer to section 3,
paragraph 3.4.1, BIAS CIRCUITS, for o discussion of this
form of biasing.) The voltage appearing across Rl is the
effective bias applied to the base of Ql through the sec-
ondary of t-f transformer T1. Thus, the r-f input is applied
in series with the d-c bias provided by R1. However,
capacitor C2 bypasses Rl to ground for tf and, together
with C3, effectively connects the secondary of T1 from
base to emitter. As the r-f signal varies between positive
and negative alternations, the emitter current varies similar-
ly but oppositely {decreases on positive part of cycle and
increases on negative part of cycle). The pulses of emitter
current applied across the tank load (LC) produce an
amplified sine wave of of at the same frequency as the input.

Consider now the effect of the moduleting signal. Since
the modulating signal is coupled through capacitor Cl, it
appears as a varying a-f voltage across R1. While C2 by-
passes Rl for f, it is not large enough to bypass the a-f
modulation. Therefore, since the a~f voltage is applied
across Ri, between the bottom of the T1 secondary and
ground, it is also effectively in series with thed-c bias
voltage, and the bias is caused to vary at the modulation
rate. As the bias changes under control of the modulating
signal, the gain of the transistor is varied likewise. Since
the transistor is not exactly linear in its base-collector
relationship, the carrier envelope will not be a linear
replica of the modulation. It will be similar in shape, with
the peaks and troughs occurring at the same time, but some-
what distorted, A typical forward-transfer characteristic
curve for the common-emitter circuit is shown in the follow-
ing figure. Because of the rounding off at the higher cur-

10 Vee
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) 75
[
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4
2
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50 Lels] 150 200 250 300
Ip (La)

Typical Forward-Tronsfer Characteristic

rents, the effective limits of modulation are for values be-
tween zero and about 92-percent modulation.  Above this
range the distortion tends to become excessive. Therefore,
applications requiring full 100-percent modulation generally
employ the collector-injection circuit, which will be dis-
cussed later in this section.

ORIGINAL
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While a resistive collector load has been assumed for
ease of explanation in the simplified circuit discussions,
in practice a tuned (L-C) tank circuit is necessary to
select the proper output frequency. In every modulater
there are sum and difference frequencies, and spurious fre-
quencies are generated by the nonlinearity of the modulator
(even in so-called linear modulators). Therefore, it is
necessary to select the desired output frequency. In this
case it is the frequency of the r-f carrier plus the side-
bands generated in the modulation process.

FAILURE ANALYSIS,

No Output. A defective transistor or open base circuit
caused by a defective transformer or an open bias resistor,
will prevent operation. Also, an open bias capaciter can
produce cutctf hias through degeneration if the r-f drive and
the resistance in the circuit are sufficient to block opera-
tion. Either of these conditions can be detected by means
of a resistance or continuity check with an chmmeter. An
open-circuited emitter, possibly ceused by a defective
swamping resistor, (Rg) will stop operation. An open-cir-
cuited collector will also stop operation; this condition can
result from an open tank coil or a defective soldered joint,
causing an extremely high resistance. Checking the collec-
tor voltage to ground will determine whether this circuit is
open. Improper supply polarity will reverse the bias, stop
operation, and most likely ruin the transistor, In most
cases a simple resistance and continuity check combined
with a voltage analysis, using a high-impedance voltohm-
meter, will locate any of the no-cutput troubles.

Low Output. Too low or too high a bias will cause
clipping of the output signal, resulting in low output and
distortion. For maximum modulation, the a~f signal must be
slightly greater than the r-f carrier input signal. Therefore,
lock of audio gain, o defective coupling capacitor (C1), or
shorting of the a-f signal to ground through a shorted by-
pass capacitor {C2) can cause loss of or low audio, and
produce « low-output indication. The use of an oscillo-
scope to check the waveform will indicate the point in the
circuit where the waveform amplitude changes or is lost.
Lack of sufficient r-f drive will also produce a low-output
condition since the a-f functions merely to modulate the r-f
carrier. A defective or mistuned tark circuit can cause a
low-output condition since the maximum output is developed
at the same frequency as that of the input (ccrrier).

Where the modulation is present but r-f drive is lacking,
no output will appear with normal a-f drive, since the col-
lector load impedance {tank circuit) is too low to develop
any audio voltage across it as it is tuned to the r-f signal.

Distorted or Incorrect Output. Distortion will be caused
by improper bias and collector voltage, of by excessive in-
put signais. Collector voltage and bigs can be checked
with a high resistance voltmeter. The r-f signal must not
exceed the d-¢ bias; otherwise, rectification of the rf
will occur and change the bias, and, as a result, clipping
will occur on the peaks of modulotion. If the a-{ modulation
is not of sufficient amplitude, the peaks of modulation will
also be lost and distortion will occur. In a similar manner,
too great an a-f drive will send the collector current into
the saturation region, the troughs (negative peacks) will be
cut off, and distortion will result. The use of an oscillo-
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scope will permit waveform distortion to be ohserved and
located. In the case of failure of the o-f w.oaulztion, an
unmodulated r-f output will be obtaired. Under stecial
CirC\msmncea with nigy o-f drive and no -t drive, it is
possible that the gudic wavelon: u, be obszerved on an
oscilloscope (becquse of capecitive leakasge coross the
transistor); however, this 15 g rather remote possililiiy.
In uny event, the proper metnod of determining whether
distortion exists and of locating the origin of distortion are
to use an oscilloscope to observe the waveform, to meke 6
resistance and voltage malys.is to check the components,
and 1o determine that the vume* of the slement volioges
are correct for normsl cget
I the tark circuit L wo
2, sidenons clhinpts T % g
fIE’quEnCl’-‘S w111 be lost. ho.«cver, this i

lv ot ocndemlc
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EMITTER-INJECTION MODULATOR.

APPLICATION.
The emittar-injectior modulator is used to produce low
level modulatior; in equipment operating at very low power

}nvo‘c [rig [olotat o
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g porticuiarly well 5

cd for siall pottable

transmitters, such as walkie ta
ment.

28, and for test equip-

CHARACTERISTICS.

G .
Cloorgtesoy

irequency.

Is restricted © low-lzvel, small sianal overador.

Lizes common-eritter confenration.

Modulating signal emplitede is limited to less than that
of the emitter bias voltace.

CIRCUIT ANALYSIS.

General. Emitter injection is very
jection, since both methods vory the
The carrier signal input is coupled o the base region of the
transistor, while the modulatng simal s coelxed ACTOSS
the emitter ::-\(I.".’.Qlﬂ;‘:{ TeSIStur 10 T ‘.lALGI‘l Lr'*f zain C‘[ [l’]e
G sistur I dooundunes wilh the ouuiouon. Lonseguently
very Uitle modulator power 15 required. Much less than
that required for cloctron whe caviode lation which is

Circuit Operation. :%IJ.;JHI'J- ation by emitter
wijectiun depends apon 20w dely ~er_:'c.eu = ueque“w
and modul (T frequency
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the basic r-f amelifier is shicwn in the accompanying

figure. For simplicity, the 1-f circult is shown without,
bias supplies and a resistive load in place of the tank cir-
cuit. It is assumed thet normal forwerd b' ias is applied the
emitter-base juncuor, dnd that o reverse sics is opplied the
coliector junction. The secondary ol Tl 15 eifectively con-
nected across the coiditer-Lase junction, ond the Inad is

connected betweoen emitter and collectar as shown.

e W

Simplified R F Amplifier Circuit

With normal Class A bias applied, the r-f signal will
e aqn

vary the base voltace equally chove and below the operat-

ing point {gssuming a sine-wave signal), and g correspond-

ing base current will flov, & similar bt lazger (omelifed)

collectar current will flow through the load resistor, de-

1 1 vr el mitind e -1 oo o
velpping an oppositely 2ol ..‘u! put veitay, This s

the getion of @ conve
Consider now the met.:cd bv whlch modulation is gc-
complished in the bias circuit, usina the cocompanying

BT I - T
echematic. For olmplicite, the wadulatnn clreuit is also

stiowr without bias supplies ang a [oad resistor in place
of the tark cirouit. Tt {s ussumed that vormal bios 1s op-
plied the emitter-pase junction, and
applied to the coll
jected across the en
modulating zimnal ise
the emitter circuit it ¢
same polarity. eﬂmn this
the emitter hig i

1 tnct o reverse hins is

=ctor junction. The madu ."‘t|'\n

emi et mdq

ot sitter bigs ievel
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R~F

INPUT OUTPUT

Simplified Modulator Circuit

r-f carrier input signal. To prevent distortion produced by
driving the transistor into cutoff or into saturation, the
madulation siqnal voltage must never exceed the d-c bios
value.

The circuit of a typical capacitance-coupled emitter
injection modulator is shown in the following illustration.

R-F INPUT

T

O 1€

AUDID g
INPUT

Emitter-Injection Modulater

The 1-f input is applied to the base of Q1 throuch £
transformer Tl shown untuned for simplicity. Resiswr Rl
and R2 form o base hias voltage divider from the supply
to ground, which places a fixed forward bias on Q1.
Capacitor C2 bypasses thedivider to ground to prevent r-f
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feedback into the bias supply. Resistor R2 and capaciter
C3 form a conventional emitter swamping resistor bypassed
to prevent degeneration. Only very slowly varying temoero-
ture changes produce a voltage across R3. (See section 3,
paragraph 3.4.1 for an expianation of BIAS CIRCUITS and
paragraph 3.4.2 for an explanation of BIAS STABILIZATION
for more detailed information on this portion of the circuit,
if desired}. Transiomer T2 is the collector output trans-
former with tuned primary L and C4 acting os a conventional
tank circuit across which the output signal is developed.
The secondary of T2 is connected to the next amplifier
stage, or to a load {an antenna in special cases).

The bias voltage appearing across Rl is the effective
hias applied to the bose of Q1 through the secondary of -1
transformer T1. Thus the r-f input voltage is applied in
series with the d-¢ bias provided by Bl. However, capac-
itor C2 bypasses Rl to around for rf and together with C3
effectively connects the secondary of Tl frombase to
emitter. As the input siqnal varies between positive and
negative alternations, the emitter current varies similarly
but cppositely (decreases on the positive part of the cycle
and incregses on the neqative part of the cycle), The
pulses of collector current applied across the tenk load C4
and L. produce an amplified sine wave of 1-f of the same
frequency as the input.

Consider now the effect of the modulating signal.

Since the modulating simal is coupled taroudh capaditor
Cl, it appears as a varying af voltage across B3, While
C3 bypasses R3 for rf, it is not large enough to bypass the
a-f modulation. Thus the emitter voltage is dlternately in-
creased and decreased by the modulation which changes
the base bias cccordingly, so that the hias veries at the
modulation rate. Consequently, the qain of the transistor
is also changed at the modulation rate. The wransistor is
not exactly linear in its emitter-collector relationships,

but is more linear than the base-collector relationship.
While the cutput 18 not an exact replica of the input medula-
tion, it will be similar in shape with troughs and valleys
occurring at the same time but slichtly distorted. Modula-
tion is effectively linear from about zero to 56 per cent be-
fore the transier characteristic reunds off. Above this
range the distortion tends to become excessive. Therefore,
applications requiring full 100 per cent modulation general-
ly employ the collector injection circuit, which will be dis-
cussed later inthis section.

While a resistive collector load has been assumed for
ease of explanation in the simplified circuit discussions,
in practice a tuned (LC) tank is necessary to select the
proper output frequency. In every modulator, there are sum
and difference frequencies, and spurious frequencies are
alsc generated (even in so-cclled linear modulators), There-
fore, it is necessary to select the desired output frequency.
In this case it is the frequency of the r-f camier plus the
sidebands generated in the modulation process.

FAILURE ANALYS!S,

General. When making voltage checks use g vacuum-
tube woltmeter to avoid the low values of shunting resist-
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ance employed on the low voltage ranges of conventional
volichmmeters. Be careful also to chserve proper polarity
when checking continuity with the chmmeter, since a for-
ward hias through any of the wansistor junctions will cause
a false low-resistance reading.

Ne Output. A defective transistor or open hase circuit
caused by a defective input transformer, or an open hias
resistor will prevent operction. An open bias capaciter
also can preduce cutoff bias through degeneration if the
-t drive and the rezistance in the circuit ore suéficient to
block operation, Either of these conditions con be checked
by means of aresis t nce or a continuity check with an
ohmmeter. Anopen-c e mitter, possibly caused by a
defective swarping rosis Rz, will alse stop opergtion.
An open cirou or .-;1" nl“r“ ston cperation; this
Quitalion cur lLfﬁ:’Jit IO an open tenk coll or 4 celective

s hih resistance.

Solri::-rnﬂ joint, onuni

S L

Checking the oollecior velicge to gound will determine if
thig citonit iz arer. Imoraper supr'y oelacity will reverse
the bias, stop operaton, ond most likely ruin the transistor.
In most coses, g simple resistance and continuity check
combined with a viltace analysis, using e high impedance
volmeter, will locote any of ¢ no-cutput troubles,

low or 100 hish a bias will couse
ai, resulting in a low cutput with
: madulatics, d’.c a-f signal must be
sizqhtly qrecter thar the r-f carrier input simmal. Therefore
lack of audia qain, a lefective coupling eopaciter (C1), ©
shorting the of siqnal to wound by a defective bypass
ccpccuar (C3) can cause loss of or low qudie, and produce
g low output condition.  Lhe use of an oscilloscone 1o
check the waveforn will [.2rmit the point in the circuit
be nkc-nnmrl

where tho wavefors 18 chanand or last
Lack of suffic ;e a low-gutput
condmon since the a-f uncnons merely to modulate the r-f

carrier. A defective or mistures tank circuit con also cause
a Inw mnr\uf ~ +i i

ont T r_

; : meutnutis de
veloped un the sume frequency os that of the input (cariter).
Where the modulation is present but o-f drive is locking ne
cutput will appeur with normel at drive, since the collector
load impedance (tank circuit) is too low to develop any
woltage acress it since it is wned to the r-f signal,
Distorted or Incorrect Qutput. Listortion will be caused
hy impreper bias and collector woltane, or by excessive in-
put simals. Check theccllertor bigs ard vltrae with o

= 0f mOffulJuon \.-.'111 aisc he loar
anocastarter Wil oocur. ina sintlar mareer. e orenr an

a-f drive: wll sor A the mallectar current into the soturation

v pL_\.\_u Wit e CLioin, dnd

0 odn wEoliosoore nerrmite

e obrarved and locate

A T *L'C‘
CCQWa. Min

sre of e o-f modulation anunmariiotes 1of nut-
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1f the tank circuit is tco sharp {that is has too high a

Q), sideband clipping will also result ond the

higher modulation frequencies will ke lost. i}

a condition iz not likelv to be found in ~ilitar

that meets specifications.

COLLECTOR-INJECTION MODULATOR.

APPLICATION.
The collector-injection modulator 1s used 1© produce
modulation at either low or relatively hi “Ih e :

ls, and up
1o g maximum of 100 per cent forsamicon o7 transmitting
equipment.

CHARACTE

— b o~

ISTe,

13 operable under either small sizral or large signal
conditions.

Teiempatle sl 400 5
CIRCUIT ANALYSIS.

General. Collector-iciection is the semiconductor
counterpart of electran tube plate modulation. While plate
modulation is usually always at ¢ high level, collector-
injection can be at very low levels. In foct, ot the present
state of the urt, linedr moduiation for i~k frequency tran-
sistors is limited to @ moximum change of one tenth of a
volt o less which is a very low level of operation. In
addition, the transistor ratings must be such that normal
d-c collector voltage does not exceed one kalf of the col-
lector hreakdown rating, otherwise the pock o :
signal operation may cause breakdown. When ””p..‘ 3 lurm"
than the emitter bias are goplied, rectification ocours in
the base circuit and causes an increase or higs. However,
this slight bias shift does not create as much distortdon
when collector-injection is used as it would if either base-
arT-eniiter injection ware used.

Circuit Operation. The accompanying illustration is
a schematic of a typical collector-iniection modulator
circuit.

The 1-f drive veltage is ap
through r-f tronsformer T1, 1"5.

er 0

23
(D
(59
-
(«]
.

o)

tosecondary L2, The hase is held ot a {ixed inpward kas
by bias voitage divider Bl and R2. Ci is the r-f bypass for
Ri, preventmg feedbcxck of - f into the bias supply and

nooeibis 000G .

T [RLCE. A
POSGIMC VOO0 CNIIES Tnarmidl

]

T

compensation an o prevent Jevenerc-
ticn. With the emitter at 3¢ sl srly shawls
varying d-¢ current changes cousel by a temperature
change will hias off the emitter and counternst the tendansy
of increased current flow with increacins tersoratire,

The audio modulation is inserted in series with the col-
fector of Gl through audio transfonier T iy connecting
secondary 1.6 between the collector srply ap the cutnie
tark. The secondary of T3 is also bypassed for r-f by O3
to prevent r-f squeal in the audio circuite couged by food

ary tuned, with
ctively coupled

back. Cutput transformer T2 has its ¢
L3 and C4 forming the tank, whicn i
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i

c4

T3

ar B
MOD.
R2
l ANV
el
R VCC
i

Collector-Injection Modulator

cz2 R3

to secondary L4 providing a modulated output.

The fixed neqative base bias causes heavy forward con-
duction in Q1, and base current flows from the supply
through B2, L2 secondary, and through Ql emitter-base
junction back to ground through emitier swamping resistor
B3, Thus the base {s held near cuteff for large signal oper-
ation (and is Class A bigsed for small signol operation).
With only the r-f drive signat cpplied, collector current is
decreased during the positive halfcycles and increased dur-
ing the negative half-cycle. This is conventional r-f am-
plifier operation and provides the normal t-f carrier.

Assume now, that modulation is applied to the input
of L5, The signal is transformer coupled into the secondary.
Thus during the positive half-cycles of modulation (assum-
ing an in-phase connection) the collector voltage is opposed
decreasing the efiective collector voltage. On the negative
half-cycle the polarity of the modulation adds to the col-
lector woltage, increasing it. Thus the transistor quin is
altemately decreased or increased in accordance with the
modulation swing. When the qain is increased a peak of
modulation occurs, when decregsed o trouch in the modu-
lation occurs. If the transistor qain varies linearly, 100
percent modulation is achieved when the collector voltage
is doubled on the neqative half-cycle. Althoush secondary
L& of T3 is bypassed by C3, the bypassing is effective for
f only and the of signal remains effective in changing the

CHANGE 2
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instantaneous collector voltage. The output tank circuit
varies in aocordance with the modulation and inductively
couples the output 1o 1.4 secondary of T2, In small-sianal,
Class A operation the tank circuit determines the ocutput
frequency. In large-siaral, Class B or C operation, the
tank supplies the missing half cycle which is lost during
autoff, and also determines the output frequency. Thus
distortion is kept to a minimum for either small-or large-
signal operation,

FAILURE ANALYSIS.

General. When makina voltage checks use a vacuum
tube voltmeter to avoid the low values of shunting resist-
once employed on the low voltage ranges of conventional
wltmeters. Be careful, also, to observe proper pelarity
when checking continuity with the chmmeter, since a for-
ward bias through any of the transistor junctions will cause
a false low-resistames reading.

No Qutput. A defective tmsistor, open base, emitter,
or collector circuit, or a loss of bias will prevent operation.
An open base circuit can be caused by lack of continuity
inthe windings of T1. Check L1 and L2 for continuity
with an ohmmeter. Likewise, an open bias circuit may be
caused by either Rl or B2 open. If RZ is open the operc-
tion is certain to cease, put with only Rl open some hias
will be produced through B2 and the transistor, s¢ complete
output should not be lost, Check the values of R1 and R2
with anchmmeter. An open circuited emitter, possibly
coused by a defective swamping resistor B3, will also stop
operation. Check the value of R3 using an ochmmeater. An
open circuited collector will also stop operation; this can
be caused by an open tank coil L3, a hich resistance
soidered joint, or by shortlng of tank capacitor C4. An
open modulation transformer will also prevent collector
voltdage from appearing if it is in the secondary of T3,
as well as a short on C3, Use an chmmeter to check the
winding for continuity and m chmmeter ‘o check C3 for a
short. If all the circuits thus far are found to have con-
tinuity and correct value there are still two possibilities.
Transistor Ql may be defective or output winding L4 of
T2 may be open. Check L6 and L4 for continuity with an
ohmmeter. Improper supply polarity will reverse the bias,
slop operation, and most likely ruin the transister, In most
cases ¢ continuity check combined with a voltage analysis,
using a high impedunce voltmeter, will locate any of the
no-output troubles,

Low Cutput. Improper bias can result in a low cutput
with distortion. Check R1 for proper volue with an chm-
meter. Low output can also be caused by low collector
voltage. First check the unmodulated value to be certain
it is normal, and then check the instmtanecus value with
modulation using an oscilloscope. The modulation should
be able to drive the collector from zero to twice nomal
voltage, less than this will procuce less than 100 per cent
modulation. Check the wavelorm with an oscilloscope.
Lack of sufficient r-f drive will also produce a low-output
condition, since the of merely functons to modulate the
cartier. A defectve or mistuned tank circuit can alse
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cause a low-output condition, since the maximum output is
developed on lhe same frequency as that of the input
{camier)., With no o-f qpplied and low drive, the carrier
amplitde will show on @ oscillescope os being less than
normal or less than one-half the maximur. possible ampli-
nyde at neak m

BRI

Arntrmrerina 18 3 e
To detosmine if the tuning is

0 .

corect uCle-bL L‘E l.ull!"\ fUl" moaximure - ou utput \mlmmum
current) 1{ there

pedk output as the tuning capacitor is rotated, check the
tuning capacitor for an open or short.

Distortion or Incorrect Outpur.  Distortion Will be
caused by lmproper bius or collector woltage, @d by ex-
cessive input signala. The 1-f sigral must nol exceed the
d-U bius; otherwise, rectification of the r-f wiil occur and
change the nics, and, as a result, produce a slight module-

icn 1o 1

is no sharp d;y in current or pronounced

tion shift on pecks. This will not oe gs pronounced 6 dis-
tortion as if the injecton were of bcsc arermitter ty p“—
since only ¢ ercil traction of the signal is allected in col-
lector medulaton, Too grest © modulation signal will

cause peak clippim and distortion since the negative teaks
will enter scturaticn and be lost. Use of an oscilloscope
will permit this tyze of waveform distortion to be observed

ana located. It is also possible thot excessive modulation

peoks con exceed the maximum inverse veltage, and like-
wise cause peck clipping effects md possibly dumage the

transistor,
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SINGLE SIDEBAND MODULATORS

Amplitude modulation 1s the process by which the
amplitude of a signal cclled the carrier frequency (usually
r-f}, is varied by mother signal (usually o-f). The resultant
modulated -1 signal can be separcted into three different
frequencies. They are the original r-f carrier and the upper
and lower sidebads. These sidebands are actually sum
and difference frequencies genercted throuqh the process
of frequency conversion. Tweo thirds of the average
radiated power of @ fully moduloted AM tronsmission is
contained in the 1-f camrier. Since all of the intelligence
contained in the modulating signal is ttansposed to the
upper and lower sidehands, which are identical to each
other, the carrier ar. ¥ one of the sidebands may be eliminated
from the output without chanqing the reraining sideband.
This allows the available tonsmitter power to be utilized
to a much greater acvoriane in o single sideband. This
type of trensmission s zenerally known as suppressed
carrier single sidebard, The discussion of electron tube
single sidebanc moaulaters in section 14,2 of this Hand-
book is generally cpplicasle to semicendugior single side-
band medulators. In eneral, semiconducter versions of
electron tube sincle sideband modulators provide all the
advantages one would expect to find in semiconductor cir-
cuits such as greater reliability, cooler operation, greater
power efficiency and smell size, in licht~weidht units.

In single sideband transmitters the carrier is usually
suppressed or eliminated by the use of a balanced modulator.
The basic principle of a solanced modulater is to introduce
the r-f carrier to the nalanced modulator in such a way that
it does not appear in the output. There is only an output
signal when both the qudio modulotion and the r-f carrier
are present simultarecusly at the modulator input. This
output signal censists of only the upper and the lower side-
band frequencies generated in the balonced modulator by the
mixing of these two input sinals across the nonlinear re-
sistance of the tansistor. The origingl audio modulation
and the r-f camier inputs are suppressed kecause of the
operational characteristics of the circuit. All types of
balanced modulctor circuits function somewhat alike.
Semiconductor palanced modulators are discussed in detail
in the following parograpas.

BASIC BALANCED MODULATOR.

APPLICATION,

The semiconductor basic balanced modulator is used to
produce amplituce modulated upper and lower sideband
frequencies for use in single sideband transmitters.

CHARACTERISTICS.

Utilizes nonlinear characteristics of transistors to
preduce sidebands.

Produces amplitude modulated upper and lower side-
bands while suppressing the r-f carrier.

Uses push pull output and parallel input to cancel out
the carrier.

CHANGE 2
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Modulaton is accomplished ot low power levels; there-
fore, no large modulator power suppiies ane donslormers
are needed.
Can provide conwversion Jain, i.e., sideband cutput
greater thean modulation input.

CIRCUIT ANALYSIS.

General. The basic balanced meduiater produces ampli-
tude moculated upper and lower sidebands and suppresses
the 1-f carrier.  This is achieved oy coupling tne r-f
carrier, in-phase, to the bases of two transistors whese
output is connected in push-pull, {out of these), The r-f
carrier is kept 8 to 10 times as large as the modulating
voltage to keep distortion to @ minimum. Ir sush-pull
amplifiers ar input siqnal must be gut of phase to produce
@ output since any in-phase inputs cancel in the cutput.
The modulating simal is applied o the base of each gan-
sistor in push-pull (180 dedqrees cut of phase) tarough a
center tapped transformer, When both -f carrier ané audio
modulating signals are applied simultanecusly to the bases
of the balanced modulaters, sum and difference frequencies
{sidebands) are produced by the modulating freguencies
beating against the carrier, since any amplitude modma—
tion process 1s essentially the same ¢s heterns As
in a frequency converter, any modulation which exists on
one of the mixing frequencies is linearly transposed to the
resultont sum ond difference frequencies. The wllebt.“
circuit contains the upper and lower sidenand :
the sum and difference frequencies, respectively, the r=f
carrier, and the audic modulation. The carrier is cancelled
out by push-pull action in the output tzorstormer, and the
output transformer also presents ¢ low impedance © the
audio medulating signal. Therefore, the criginal modulat-
ing signal also is not developed in the cutput. The gen-
erated sidebands are out-ckpnase wimn eoch otner at te
collectors of the transisters, since the modulating siqnal
is out of phase at the bases. These out-oi-phase sienacs
add in the output transformer rother than cancel as in-phase
signals do, and they are inductively coupled ¢ tas fcllow-
ing stages through the output iransfomer,

Circuit Operation. The accompanying diagram illus-
trates ¢ basic semiconducter balanced modulator.

Audio transformer Tl couples the audio modulation o
the bases of transistors Q1 and 02. Resistors Rl and 52
form a base bias veltage divider whick provides the proper
bias for the transistor. Copacitor Cl picees the center tap
of T1 at o-f ground potential to supply an out-clphase
(push-pull) input. Capecitor CZ couples the =t camer from
the carrier oscillator to the slicer of carrier nelance
potentiometer R3. Potentiometer B3 can be adjusted, to
vary the relative amplitude of the ! carrer si-mal voitaqe
on the bases of Gl and QZ, to provide ¢ carnier balance con-
trol, so that the -t carrier can ke completely suppressed
in the output. Capaciters C3 and C4 couple the 1-f carrier
from balan.ce potentiometer B3 1o the bases of Q1 md Q2
and clso act as d=c bigs blocking copocitors to prevent
base shorting. Transisters Ql and Q2 are the nonlinear
devices used for genercting e sidebancs. Resistor B4,
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Basic Balanced Modulater {Common Emitter).

which is bypas C5is o conventicnal emitter stabilize-
tion resistor intended fo prevent changes in temperature
tromclterinyg transistor choractenstos. Center-tapped
output transtormer T2 provides a push-puil collecter load
lor the moaulators, Capaciier COF plases e center-tan of
the primary oi Ta 1 1-f g7ound potendal.

Tey = -

P TRPRIE
arsiEay

o oanorotisn -w &1«—\ befola)

i e
swarming

appiiec. Tne r-1 corner generated in the catrier oscillator
is coupied tara

Hance, the

is coupled miough capom wre C2and T4 10 the bases of
Ol @ O, tesivectively, The carner signel welage is in-
prase or tie tases of J1 md J2 (they are poralle] con-
Y oand the ampliide of the cardier simal ot the bose

b il e A AT T2 e
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e neaative nall
ased and both
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posing signals are exacdy equd in arplitude md e
carriet is completely suppressed. Thus, it con be seen that
@ output is not produced with only on r-f corrier input

gpplied.

When audic modulation anc the 1-f carrier are both ao-
plied simulaneously, o dilierent zituctor crises. The mudio
modulation is UDDHPO throniah tronstormer T1. Since the

secondary of T) is effectively center-tapped by Cl, R2,
and the bos suppiy, modulution siqnal voltoges are de-
veloped acoss each half of the secondary winding of T1
which are out of phase witn ecch otier, The out-of-phase
modulating signals are applies ¢ 1o the base of each
transistor. Cepacitors C3 cmd % 4 are of such a value that

i .y
they rracent o high reactive impedance to audic b

und thus prevent any aucio moculouon from feeding bock
from one base o the Glher . caeeiiing 2uch other out.
Meanwhiie, the oudlo modulatinT sl na mocuiates the 1n-

ChTACo

uunCu -1 cars e ana FELESTRCTN
in the collector circuit of tra
sidebonds are produced by mixing the 1 carrier frequency
and the modulation signal tenether amoss ¢ nonlinsar de-
vice. {Detailed information conceming frequency conver-
sion, (mixing or neteodyning), cun te jound in the inte-
duction to Section 13 of this Hondboox.) To better illus-
trate the operation of the hasic balanced modulator with
both r-f carrier and modulation applied, assume that the
first halt cycle of the modulating signal voltage applied
to the base of Q1 is positive and the frst half cycle of the
modulating signal applied 1o thebuse of 02 is nenative.
The conduction of Q1 :

The conduc s
ositive hall cycle of HIO(..
oy

ward bian efithe &

01 ard Q2. These

negative going smebcma Inc‘qua“.um DN vaempf—t CUEOSS
the top half of the output trmsiommer. At the same instont
the conduction of Q7 increases az a result of the neqctive

qoing hulf cycle of meduleteon in

bias of the emilter base junction, an: causinq posltive-
going sideband voltages to be develepsd ucross the botiom
half of the output tramslermer T2, Puch-pull action coours
and the side band frequency siqal voitzies wdd w0 ecch
other causing both upper @d lowst sidebanids 1o be de-
veloped and inductively roupied to the rocondary of T2,
The r-f carrier is suppressed, as explained earlier, and
original audic modulating signa 15 not developed due o

pmm by
WO ISTWwWars

! E: el"e:ﬁrr\

the low rearionee of T2 e oedic "nrﬂ o -
only the upper and lower sidebands are produc:ed by the
balanced modulator.

FAILURE ANALYSIS.

General. When mad
tube wltmeter 1o avold thel gt !
mce employed on the low-witaze ranacs o1 the stangard
20,000 chms-per-volt meter, Be carefy! "‘sc be sheorve
proper polarity wnen c’neckm" inuity with an chmmeter,
R:LU.‘ JU“L'U.UI"I-J

Sioa 5
will cause a lalse iow resistance reading,
No Output. Since sack leyol ths
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one leg of the balanced modulator is rot Likely 0 cause @
no-cuiput conditicn to cxist, urless the foilure scourred in
a manner that would cffect the power supply such as a
shorted transistor or a shested OB, Failure of the power
supply itself is o likely cause of no cutputs If the power
supply measures normal when checked separately and no
collector woltage appears on QL or Q2, check T2 primary
and C6 for a short or gqrounc. An open or shorted Rl or R2
or a shorted Cl would remove the nics frox transistors Q1
and Q2 and could also cause a no-owiput condition to exist.
Since B4 is a common emitter resisior for bo'h trensistors
@ no~output condition would also result if R4 opened.
Check for proper value with an ohmmreter. Since any hal-
anced modulator produces an output only when toth the f
carrier and the modulating siqnal are present, absence of
either of these signals on the buse of each transistor
would cause the balanced modulator to be ingperative,
Presence of the input sionels con readily be determined by
observing, with an oscillescope, the wavelorm present at
these points with the carrier oscillator operating and with
modulation applied to the transmitter. Absence of the audio
modulation on the bases of the transistors could be caused
by a defective qudio input transformer, T1, or by failure of
the audio stages preceding the balmeed modulator.
Presence of audic modulation on the primary of T1 indicates
that the preceding audio staqes are functioning properly.
Should the modulation be present on the primary of T1 but
absent on the bases of the transistors, Tl is most likely
defective (check the primary and secondary for continuity
with an chmmeter), Presence of the r-f carrier at the
input to coupling capacitor C2 indicates that the car-
rier oscillator is operating, In the event thot the
1-f carrier is present at the input of C2 but is absent on
the bases the trasistors, capacitor C2 or potentiometer
R3 may be open. Check H3 for proper value and C2Z for
value with an in-circuit capacity meter. Failure of C3or
C4 would only disable one legof the balanced modulator
ad an output would still result. Signal tracing from C2
to the bases of the transistors will reveal which component
is at foult. Another possible cause of no output is a defect
in output transformer TZ. Continuity checks of the trans-
former windings and checks for leakcge between the primary
and secondary and between each winding and ground will
reveal whether or not ¢ defect exists in the transformer,
Low Output. A low output conditior could be caused
by a defective transistor, 4 faulty circuit component, a
defective power supply, or by low anplitude -f corrier or
modulation input. Voltage checks should be made of the
power supply voltage and of transistor elements to deter-
mine whether or not a defective power supoly or ¢ faulty
campenent is the couse of low output. A chonge in vaiue of
resistors Rl ar R2 or ledkage in capacitor Gl would change
the base bias of transistors Q1 and G2 and could cause a
low output condition. If C5opens the resulting degenera-
tion would lower the gain of the modulctor circuits and
oould cause low output to result. Likewise, an increase
in value of emitter stabilization resistor B4 would alter the
operating bias of the transistors and could couse a de-
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creased output. Cneck ke value of B4 with an cammeter.
The amplitude ¢! the inpute to the balanced modulator can
be checked by chserving with an sscilloscops the woveform
present at the base of each transistor. 1f either input signal
is low in amplitude, the couse can be deternined by signal
tgeing from the bases of the tremsistors to the siages
preceding the balanced modulator. If either C3 or C4 opens,
one legof the balanced modulator would be inoperative and
low output would result. b not overlook the possikility
that q defective output transfomer can also cause low out-
put. Check the resistance to ground with an ohmmeter.

Distorted Output. Distortion of intelligence will result
in S3B systems if the receiver and transmitter are not
exactly on requenicy. Cistortion in 35B transmitters is
usuclly the result of improper operation of the linear power
amplifier or of opercting any stage beyond its capabilities.
Should the distorton be determined to be caused by the
balanced modulator, check the modulation level to make sure
that the audio circuits are net overdriving the balanced
modulator, If the modulation level is correct, distertion
oould still be caused by adefective transistor. I the tran-
sistors are determined to be good and distortion persists,
voltage checks of transistor elements with a nigh resist-
ance voltmeter would revedl whether or not a defective com-
ponent of a defective power supply is the cause of distor
ticn. Low amplitude r-f carrier input could also cause
distortion. The r-f carrier input should be 8 to 10 times the
amplitude of the modulating signal.

BALANCED COMPLEMENTARY SYMMETRY MODULATCR

APPLICATION,

The balanced complementary symmetry modulater is
used in single sidebond transmitters to produce amplitude
modulated upper and lower sidebands.

CHARACTERISTICS.

Produces amplitude modulated upper and lower side-
bands while suppressing the r-f carrier.

Utilizes a PNP and an NPN transistor connected in @
complementory symmetry circuit,

Requires two collector power supplies (one positive
and one negative supply).

Static current does not flow throuch the cutput trans-
former.

Utilizes the commen cellector configuration.

Requires two separate bias supplies.

CIRCUIT ANALYSIS.

General. The balanced complementary symmetry modu-
lator preduces amplitude medulated upper and lower side-
bands and suppresses or cancels the -f carrier, which is
used 10 generate the sidebands. Basically this is achieved
by coupling the audio modulation in parallel {in-phase) to
the bases of two opposite polarity (PNP and NPN) tran-
sistors connected in a complementary symmetry confiqura-
tion, and simultcneously coupling the 1-f caerier in push
pull (1809 out-of-phese) to the bases of the transistors. [t
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should be noted that, while the transistors are of opposite
polarities, they have the same operational chargcteristics.
The aucio modulation and the 1-f carrier beat together in the
nonlineq resrtcmce of the transisiors, ond sum and dif
ference (sideband) frequencies are produced. The side
hand frequencies are developed across the output trans-
former and are inductively counled to the Iollowing stages
ements are arrangsd so thai die ~-f carrier and
2 ing siznal de not appedt in the
cutput. For minimum distortion the 1-f carrier is main-
tained ct ¢ level 8 to 10 times qreater than the qudio
madulating signal.

Circuit Operation. The uccompanying diagram illus-
trates ¢ bolunced complementary symmetry modulator,
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sistars Q1 and QZ are the nonlinear devices used to gen-
ergte the sidebends, and transformer T3 serves as the out-
put load for the balanced complementry symmetry modulator.
Since both transistors have the same operational
characteristics both transisters conduct equally with no
signal input, and thus both transistors have equal equivalent
amitter-collector resistance. Thus, it can be seen that
balanced condition exists between {1 and Q2, and the
voltage drop ucross Q1 is equal 1 the voltage drop across
Q2. Since the cbsolute value of voltage between each
power supply and ground is the same and the voltage drop
across the transistors is equal, there is no voltage between
point A in the figure and ground, and thus no current flows
through cutput transformer T3, und no cutput is produced.
When o push-pull {1802 cut-of-phase) input o signal
is applied, in this case the r-f carrier, the following takes
place. During the period of the input cycle when the bose
&f Q1 is driven positive and the base of Q2 is driven neaa-
tive, conduction of both Q1 and Q2 decreases. This is due
10 a reduction in forward bias applied to each transistor
(PNP transistor Q1 normally has its base biased more
negative than its emitter and NPN transistor (32 normally
has it base biosed more positive than its emitter). This
decrease in conduction of Q1 and Q2 is in effect an in-
crease in equivalent emitter-collector resistonce and,
since poth transistors have the same operational character-
istics, both transistors decrease conduction in equal a-
mounts. Although the equivdient emitter-collector resisi-
ance of both transistors increases, it increases equally
in both transistors and, therefore, the volioge drop across
i1 remains equal to the voltage drop across Q2. Once
again the balanced condition between Q1 and Q2 is main-
tained and na output is produced, since nocurrent {lows
through cutput transformer T3, During the next half-cycle
of r-f carrier input a negative-going half-cycle of r-f is
upled from transformer T2 to the base of Q1 ond in-
creases the forwerd bios on Q1 cousing the conduction of
Q1 to increase. Slmultcmeously, a positive half-cycle of
- is applied to the hase of Q2, where it again increases
the forward bias on QZ, causing the conduction of Q2 to in-
creqse. Both transistors increase conduction dt the same
rate, and the equivalent emitter-collector resistance of
Loth transistors decreases equally. Again the voltage drop
ucross eqch transistor is equal and a balonced state is
maintgined. Hence no cutput is produced. In this menner
the rof oo 'ner e s”e’""'&, :uppre:.,eq in the complementry
acr.ml practica, Lhe

possihle o vary the anolitude of the
seof 01 with respect to the an-
plituae of the i camer coupled to the base of Q2. This is
achieved by effectively center-tapping the secondary of r-f
carner input trensformer T2 by connecting both sides of po-
tenticmeter RS across the secordary of T2, Varying the
pesiticn of the grounded slider of RS hos the same effect as
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vurying the position of the center-top on a centertapped
transformer,

When audio medulation in addition to the r-f carrier is
opplied simultaneously to the balanced modulator, upper
and lower sidebands are generated as the result of the r-f
carrier frequency and the audio modulating frequency beating
together in the nonlinearly operated ttansistors. Four
basic frequencies are present in the emitter circuit of the
transistors. These frequencies are the original ~f carrier
frequency, the criginal audio modulating frequency and the
sum and difference frequencies (sidebands) resulting from
heterodyning action. However, only the sideband frequencies
are present in the cutput.

The audio modulation is applied to the hase of each
tromsistor in parallel (in phase) through transformer T1.
During the positive hali-cycle of modulation input the for-
ward bias on Ql is opposed by the medulating signal (O]
is a PNP transistor) and conduction of Q1 decrecses. At
the same time, the positive half-cycle of modulating siqnal
aids the forward bias an Q7 (Q2 is an NPN transistor) and
conduction of Q2 increases. The balance hetween Q1 and
Q2 is now upset since the equivalent emitter-collector re-
sistance of Ql Increased cousing an increased voltage
drop across Q1, while the equivalent emitter collector re-
sistance of Q2 decreased causing a decreased voltage drop
across Q2. Point A in the fiqure is no longer at ground
potential but at some positive voltage and current flows
through ocutput transformer T3 causing dn output o be pro-
duced. The r-f carrier component of emitter current is
cancelled as explained previously. The sideband component
of emitter current and the original audic medulation com-
ponent of emitter current flows through the primary of out-
put transformer T3, but the output transfomer presents a
very low impedance to audio frequencies, therefore, audio
frequency voltage is not developed across the primary of
T3. Only the upper and lower sideband signal voltage is
daveloped across the primary of output transformer T3 md
is inductively coupled o the following stages. Qverall
circuit operation is the same for the negative half cycle of
audio modulation input, That is, during the negative half-
cycle of medulation input the forward bias on Q1 is in-
creased and conduction of Q1 increases. At the same time,
the negative half-cycle of medulation signal decreases the
the forward bias on Q2 {an NEN transistor) and decreases
conduction of Q2. The balance between Ql and Q2 is now
upset because the equivalent emitter-collector resistance
of Q1 decreased, causing a decreased voltage drop across
Q1, while the equivalent resistonce of Q2 ingreased causing
an increased voltage drop across Q2. Point A in the figure,
is therefore, no longer at ground potential, but is at some
negative voltage so that current flows through output trans-
former T3, cousing an output to be produced. The r-f car-
rier component of emitter current is cancelled as explained
previously. Although both the sideband component of emitter
curtent and the originel modulation component of emitter
current both flow in the primaty of T3, the low impedance
offered to the audio modulation is insufficient to develop
an qgudio frequency volioge across it. Therefore, only the
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upper and lower sidebands are inductively caupled to pro-
duce an output in the secondary of T3.

FAILURE ANALYSIS.

Genorol. When moking voltage checks, use a vacyum
tube voltmeter to avoid the [ow values of multiplier re-
slstance employed on the low voltage range of the standard
20,000 chms-per-volt meter, Be careful also to observe
proper polarity when checking continuity with an chmmeter,
since a forward bias through any of the transistor junctions
will cause a false low resistance reading.

No Output. Since transistor Qi and its associated cir-
cuit performs essentially the same function as transistor
Q2 and its ussociated circuit components, failure of either
transistor or associated circuit components is not likely
to couse a no-output condition to exist. Likewise, failure
of either the positive ar neqative power supply is not likely
to couse o no-output condition to exist, since each power
supply serves only one branch of the modulator. Failure of
a component, suci: g5 the cudic medulation input trans-
former T1, the r-f carrier input transformer T2, or output
transformer T3 all of which serve both branches of the
modulator could be a cause of a no-output condition. Con-
tnuity checks of the transformer windings and resistance
checks for shorts to ground or excessive leckage between
windings will reveal o defect in efther T1, T2, or T3 which
oould cause a no-output condition toexist. Failure of Tl
or T2 could cause a ne-output condition to exist by failing
tocouple either the audic medulation or the 1-f carrier to the
balanced modulater. Likewise, failure of the source of the
signals {modulating signal or r-f carrier) would also create
a no-output condition. To determine whether or not the
signals are reaching the balanced modulator observe, with
an oscilloscope, the waveform present on the primary of
audio input transformer T1, and the waveform present on the
primary of r-f carrier input transformer T2. Absence of
either of these signals results in @ no-output condition and
indicates that the fault lies in the stage, or stages preced-
ing the modulator.

Low Output. Failure of almost any component in the
complementry symmetry balanced modulator could result
in a decreased output. Failure of, or improper output from
from either power supply could result in Jow output and the
power supplies should be checked ond repaired or ad-
justed, if necessary, before any component substitutions
are attempted. Deterioration of either of the transistors
could alsc be a cause of decreased output. A low
output condition could also be due to improper base
bias applied o either transistor. Check the voltage
present on the base of Q1 and Q2 with a vecuum tube
voltmeter. Y a discrepancy is found the most likely
cause is a change in value of voltage divider resistors
Rl and B2 (for the base of Ql) or B3 ond R4 (for
the base of Q7). Improper base bias could also be caused
by a short in coupling capaciter C1 or C2. If Cl or CZ
opened, a low cutput condition would result since the r-f
carrier would be unable to reach the base of either Ql or QZ.
A partial {ailure of transformers T1 or T2 could result in
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decrecsed amplitude qudic modulation, ot decreased ampli-
tude 1-f carrier, reaching the bases of the transistors. This
condition would likely result in decreased output. Careful
resistance and ledkage checks, with an ohmmeter, would
usuaily indicate a partial failure that could be the couse of
low output. [ikewise, decreased amplitude 1-f carrier or
audio moduiaton before it reaches the modulator could be
the cause of low output. The existcmf*e of this condition
can bedetermined by observing, with an oscilloscope, the
amplitude of the input signcls on the primary of the respec-
tive input transformer. Anothet possible cause of low out-
put coeld be due to ¢ defect in output transiormer T3, Re-
sistance and leakaoge checks of the transtormer windings
should indicate a poesmle defect,

Distorted Quipet. Distoition of lnlelugence will occur
in single sideband svstems whken the tromsmitter and re-
ceiver are not exactly on frequency. stortion in single
sideband transmitters is usucily the result of improper over-
ation ¢f the linear power amplitier, or of operating any stage
beyend its rated capabilities. If system distortion is
determined to be caused by the modulator, almost any com-
ponent which could cause low output can clso be suspected
of causing a distorted sutput. The power supply veltages
should be checked first and adiusted, if necessary. A
check of base bias voltage of both trensistars would re-
veal if a fault exists in voltage divider resistors RI, Hz2,
R3, and R4. An open ot shorted caerier balance potentio-
meter B3 could also couse a distorted output to result.
excessive audio input could be the cause of distorted
Since the o=l carrier input amplitude should, for good fidei-
ity, be 8 to 10 times the amplitude of the audio medulat-
ing signal, a decrease in amplitude of the - carrier or
excessive aqudic input could be the sause of distorted
output. The amplitude of the 1-f carrier input and the am-
plitude of the audio modulation input can be easily checked
by observing, with an oscilioscope, the wrvefnem present
at the wimary of the respective input transfotmer.

Do not everlook the possibility that the qudio modulat
ing signal is distorted before it reaches the moduiater.

FREQUENCY MODULATORS (FM).
The semiconductor M modulatar varies the frequency of
a carrier above and below the center frequercy similarly
to that of the vacuum tube, Frequency modulation is usu-
ally accomplished at very low levels as compared with
tube upemtio" In many instances the wodulation s am
LO'n,mmec with o low-frequency carrler and the modui ™
lcu Carrier 1s [ﬂt‘ﬁ lrequency :‘!]UJHPUE"_‘ uritll the gesites
center frequency is reached. Since the input and output
impedances of the transistor are funchions of the cnerotna
poim the transistor may be usea as a reactance "10r‘uhT"r
Thus a transistor oscillawor » &
with the cutput side of the modulater connected across
part of the tonkcoil. Thus woice variotions of the medula
tion signal vary the reactive output iﬂoedcmce of the
modulator and change the oseillator f.eq;e’*
Another modulation method is o vary e opere

of the modulator by varving the bias, e m.n tha
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modulation con be inserted in either the emitter, base, or
collector circuits. Since the reoctance modulator is more
efficient and provides large deviation it will be discussed
in the following paragraphs.

BASIC REACTANCE MODULATOR.

APPLICATION,
The reactance modulater is used 0 fraquency modulate
low power semiconductor transmitters,

CHARACTERISTICS.

Uses callector to e anze to provide

reactiva freqiency ~ontral
Uperates at relatively low power levels,
Shuntz @ portion of the gscillater tank coill
Requires further limiting ar :hpp,.u, to eliminate a
reaidial 10 s 1S e plotion

Uses a smqle tranaistor to achleve f 11 modulation.

CIRCUIT ANALYSIS.

General. in an fm transistor, modulation is accom-
plished at the pseitletor stoge. The trensitor oscillator
is frequency modulated in the same manner as an electron
tube oscillator, or by varyiig the gain ut the modulating
rate as is done withk AM transistors. When the oscillator
is fm moduloted o slight amount of AW modulation is
also inserted. Thus the modulated fm oscillator requires
a limiter stage to remove the amplitude medulation before
it is further amplified or multiptied in frequency, Thig is
easily accomplished in a sinsle stage,

Circuit Dperation. T‘"e ascamparying schematic shows
the circuit of @ typical frequency-moduiated oscillotor
stage operated gs a reactance modulator.

Transistor Q1 is the FM oscillator. Resistor R1 and

R2 are haose hine w‘?mne dividers, Primorr 11 of tans

Lallalad ¥ bod W [FRNIRS
former T1 together with copacitor Ul form the tuned tank
adjusted to the oscillator output frequency. 56 is the
modulater load resistor. Secondary L2 of T1 is the col-
lector to bose feedback winding of the oscillator. Tertiory
winding L3 i= an inductively coupled output winding which
couples the FM output sianal to the next staae, o in special
cases to an antenna. 1Transformer TZ is on audio trans-
former which indictively corples the medulation input to

;

thoe medy T e et a T = Y
e modulewer stuge, Be-

sistors N3 and R4 are base bias voltage dividers, while BS
1S anemitter ev or mypessed by C2 for temperc-
wre stabihizatoe:n. utput capacitance of U2 shown
dotted us Cee shunts a portion of the 1-f oscillator coil L1
As the moduintor oprsete: ne oute':t canacitanee of (02 is
varied. Thus, tne fregienoy of the oscilloter is shifted in

ar tuneting of (07
TUNTUCT L s, W

ninn raE

gocoraance with the Dddoation tie sahe as i1 Tl were
vaned mnstead,

When the modulation iz applisd to the pimary of T2 it
is coupied intn the base cironit. Thus the emitter-base

bicg chunges constontly at the wodulation rate. Since the
bias is increasing end desrecsing at the modulating rate,
the coliectar valtmae of (13 aige increaree 2nd docroases ot
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F-M
QUTPUT

Reoctance Modulator

the modulating rate. When the collector veoltage increases,
cutput capacitance Cee decreases, ond conversely, when
the collector voltage decreases. (An increase in voltage
has the effect of spreading the capacitor plates further a-
part by increasing the width of the PN barrier. Conversely,
the reduction of collector voltage reduces the width of the
PN junction and has the same effect as pushing the copaci-
tor plates together to provide more capacitance).

When the output capacitance of Cee decreases because
of the increase in collector reverse bias, the tesonant
frequency of the Q1 oscillator tank circuit increoses as if
C1 wete decreased, and produces a higher frequency r-f out-
put. Conversely, when the output capacitance of Cee in-
creases because of adecrease in collector reverse hias, the
resonant frequency of Q1 oscillator tank circuit decreases
and produces a lower frequency r-f output becouse of the
shunting effect of Cee. Thus the resonant frequency of the
oscillator tank circuit is increasing and decreasing at the
modulating rate. Hence, the oscillator frequency is also
increasing and decreasing at the modulation rate. The out
put of the oscillator, therefore, is a frequency modulated
carrier signal. Since the audic modulation causes the col-
lecter voltage to increase and decrease, there is an AM com-
ponent induced into the output. This produces both an
FM ond AM cutput. By placing a limiter stage after the
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reactance modulator, the amplitude variations are removed
and only the frequency modulation remains, with o constant
amplitude output. Frequency multipliers are then used to
increase the oscillator frequency to the desired output fre-
quency. For high power, linear r-f amplifiers are used to
increase the steady amplitude signol to a particular level
and power output. With the initicl modulation ogcuring at
low levels fm represents a saving in power as compared
with conventional AM, with the FM noise reducing prop-
erties providing a better signal to noise ratio than is pos-
sible with AM.

FAILURE ANALYSIS.

General. When making voltage checks, use o vacuum-
tube valtmeter to cveid the low values of shunting resist-
ance employed on the low voltage ranges of conventional
voltmeters. Be careful also to observe proper polarity
when checking continuity with the ochmmeter, since a forward
bias through any of the transistor junctions will cause a
folse low resistance reading.

No-Qutput. Open bias resistors, open collector 1esistor
Rb, or open windings on T1, can cause a no-output condi-
tion. Check the resistors for proper value with an chmmeter
and the transformer for continuity. If satisfactory indica-
tions are obtained but Q1 does not oscillate, the transistors
may be defective. If Ql operates but no modulation is ob-
tained, Q2 is defective.

Low Output. Low collector voltage, low bias voltage,
of o weak transistor may cause ¢ low output. Check the
supply voltage first to be certain it is nomal, then check
the collector voltage of both Q1 ond Q2, and the base bias
of Q1 and Q2 alse, if the collector voltage is normal. Also
check collector resistor R6 for proper value if the modulo-
tion oppears weak. Low bigs can be cuused by a change
in bias voltage dividers Bl and R2, and B3 and R4; check
for proper resistance value with on ohmmeter. A high re-
sistance connection in output winding L3 of Tl may alsc
oceur and course a reduced output.
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