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High-Level Triode Color Demodulator

tubes have sufficient emission.

are described.

impedance.

Introduction

This bulletin describes a high-level demodulator for use in color
television receivers. |t provides adequate output to drive the kinescope
directly. It has good linearity and good d-c stability with changes in-
drive and supply voltages. In addition, its performance is virtually
independent of tube characteristics so no drift (either short-term or
long-term) in the chroma output will be experienced until the demodulator
tube characteristics have deteriorated seriously. The demodulator tubes

are used as switches and will continue to act as switches as long as the

The high output and good stability characteristics of this de-—
modulator make it possible to build simpler and more stable color tele-—

vision receivers than heretofore been possible.

In this bulletin two practical applications of the demodulator
Both are of the equal bandwidth type. One uses three
triodes as demodulators providing R-Y,
on these axes. The other is simpler, using only two triodes as demodulators

producing R-Y and B-Y from the plates and G-Y from a common cathode

B-Y and G-Y outputs by demodulating

General Discussion

There are three basic methods of applying
chroma information to a color kinescope. The
demodulated color information can be added to
the luminance information, amplified, and then
d-c restored at the kinescope grids. In another
method, low-level demodulators can be used,
followed by d-c amplifiers which ared-c coupled
to the kinescope grids. In the third method,
high-level demodulators can be used which are
directly d-c coupled to the kinescope grids.

This third method is the simplest but it
requires a demodulator having high output with
good linearity and a high order of stability.
The demodulator must be capable of providing a
linear output approximately 50 per cent greater
than the maximum luminance drive. It must have
good d-c stability with changes in its operating

conditions, and a conversion efficiency which
is relatively independent of the tube para-
meters. A demodulator meeting these require-
ments as does the one described here may be
expected to provide more stable and reliable
performance than the more complicated first
two methods.

Principle of Operation

Fig. 1 shows the basic circuit of the
plate-modulated triode demodulator. The grid
circuit is self-biased and driven with suf-
ficient voltage to assure class C operation.
The grid resistor is made low enough to insure
adequate peak plate currents for peak rectifi-
cation.
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Fig. | - Basic triode demodulator.

The circuit may be looked upon as a grid-
controlled rectifier. Without any chroma voltage
at the plate the high peak plate currents bring
the average plate voltage down to some low
value. Relatively independent of the plate
voltage applied, the circuit continues to bring
the plate voltage during conduction to approxi-
mately this same value by virtue of itsclamping
action. Thus if it is assumed that the in-
stantaneous plate voltage during the conduction
of the triode is a fixed value, the demodulated
output voltage will be equal to the p-p chroma
signal as the relative phase of grid and plate
signals goes from 0 degrees to 180 degrees.
However, the plate voltage during conduction
must change somewhat to change the average
plate current. This is similar to the action of
a diode peak rectifier wherein the plate-to-
cathode voltage during conduction must change
slightly with increasing signal. The amount of
voltage change required to produce a given
current change depends upon the perveance, and
indicates the degree of departure from 100 per
cent efficiency.

Fig. 2 shows the chroma input signal
across the transformer secondary, the de-
modulator plate signal, and the filtered color
difference signal for in-phase and quadrature
signals. As is shown, for the in-phase signal,
depending on whether it is 0 degrees or 180
degrees from the grid signal, the chroma signal
is clamped at the peak or minimum of the signal
with the resultant demodulated output. For the
90-degree signal, the demodulator always con-
ducts at a point where the sine waves are going

through zero resulting in no demodulated output
signal. As can be seen from the photographs,
there isa 3.58-Mc c-w signal on the demodulator
plates in addition to the chroma input signal.
This signal is a result of the fundamental
component of the demodulator plate current
flowing through the transformer secondary. The
effect of this signal is merely to shift the
d-c plate potential without affecting the
demodulator operation since its amplitude is
unvarying and its relative phase is constant
with respect to the demodulator grid signal.

The demodulated output is taken from the
cold side of the transformer secondary across
the video load. The 3.58-Mc trap removes the
3.58-Mc signal from the demodulated output and
provides a low—impedance return for the de-
modulator plate currents. Although this trap
removes the 3.58-Mc c-w signal from the output,
it does not remove the higher harmonic signals
which are developed in this class C device. An
additional filter should be placed between the
demodulated output and the kinescope grids to
prevent these higher harmonics from radiating.

The effective driving impedance of the
demodulator is inthe order of 4000 ohms, which,
associated with the circuit capacitance, gives
sufficient bandwidth without any additional
peaking being required. In general, the chroma
band-pass amplifier will be the band-limiting
device, with the demodulator bandwidth being
greater than 1 Mc.

Application

Fig. 3 shows a method of applying the
demodulators to a color receiver using kine-
scope adding. The appropriate phase of sampling
signal is applied to the grids. The differential
gains required for R-Y, B-Y and G-Y are pro-
vided'in the relative turns ratios of the
transformer secondaries. Since the transformer
has relatively high coupling coefficients, and
the demodulators have high rectification ef-
ficiencies, the relative outputs are stably
determined by the transformer turns ratios.
The outputs are each d-c coupled to each of the
kinescope grids. Since the receiver employs
equal luminance drive to all guns, an equal
voltage change on all kinescope grids will
result in a brightness change only, with no
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change in the neutral grey scale. Because all (iq+i,) Rk = G-Y = -0.51 (R-Y) -0.19 (B-Y)
the tubes have the same grid drive and the same

loads, any variation in the plate voltage due PaRy = R=Y
to changes in grid drive caused by drift or i R, = By
aging merely changes the overall brightness 202
which is easily compensated for with the back- Let R=Y = 0
ground control.
i,R, = B=Y
B+ B+ B+
él i %_L %_L 2Ry = 0.19 (BY)
_'I‘_.a_l.u_z_cmn T liE_D_GRID T GREEN GRID R2 1
i a BT = 5,2
ém Rk 0.19 3
CHROMA
INPUT
g+ Let B-=Y = 0
a5

é_ [ t rj i,R, = R-Y
L i q iyRK = 0.51 (R-Y)

b | !
eB-v 7 ° n-vé T o—(s-vpé R, 1
90° o 34.26° —— =" = 1.96
! 1 Ry 0.51
Fig. 38 - Three-triode demodulator supplying ~ Ry:R Ry = 5.23:1.96:1
the color difference signals.
B+ B+

Fig. 4 shows a more economical demodulator o3 3 é
{ 3
circuit which requires only two triodes. This 2

circuit takes advantage of the fact that the T RED GRID -———I———>““f“
G-Y signal requirements are the smallest of the %l-o

three color difference signals, and that G-Y g N

can be made up of the negative of R-Y and B-Y -

(G-Y = -0.51 R-Y -0.19 B-Y). The G-Y signal q

produced in the cathode circuit subtracts from
the B-Y and R-Y signals produced in the plate —
circuit. Therefore, sufficient chroma drive F]

REFERENGE
SIGNAL

must be applied to the plates to produce the
cathode signal as well as the plate signal.
Thus, approximately 20 per cent more B-Y and L
35 per cent more R-Y chroma drive must be f T
applied inorder to obtain G-Y from the cathode.

GREEN
GRID

___4
B

The three load resistors are adjusted to Fig. 4 - Two-triode demodulator.

give the correct ratio of color difference
signals. To eliminate the cross talk between
R-Y and B-Y which would normally exist due to
the common cathode impedance, the R-Y and B-Y
sampling angles are moved toward each other

Assuming that the demodulators are perfect
switches and have 100 per cent rectification
efficiency:

from their quadrature position' to cancel out Let e, = voltage applied to R-Y plate
the introduced cross talk. An exact analysis
follows. Let e - yoltage applied to B-Y plate
Let i, = current in R-Y demodulator e, = (G=Y) = (R=Y)
Let i, = current in B-Y demodulator e, = (G=Y) - (B-Y)
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G-Y = -0.51 (R=Y) =-0.19 (B=Y)
e, = -1.51 (R-Y) -0.19 (B-Y)

e, = -0.51 (R-Y) -1.19 (B-Y)
R-Y B-Y
ey = 1.51 x 1.14 (7—7) -0.39 (ETEEJ
0.39
tan 6 = 172" 0.266 8, = 12.95 degrees
R-Y B-Y
e, = —-0.51 x 1.14 (m) -1.19 x 2.03 (?65)
R-Y ) B-Y
= -0.582 (ITZZ) -2.42 (Ejag)
0.582
tan 6, = S 0.24 6, = 13.47 degrees

9, = 90° -0, — 6, = 90° - 26.42 = 63.58 degrees

e, cos 6 = 1.72

1,72
€. T Tor i, 900 T 1765
0.582
%% " sin 18:47° & 200
e, 2.50
— - ——— - 1.415
e, 1.765

Therefore, with the load resistor sizes in
the prescribed ratio, with the plate drives in
about the relative ratio of 1.4 to 1, and with
the grid drives 63.58 degrees apart, the proper
signals will be obtained.

An interesting aspect of this application
comes about upon inspection of the demodulation
angles. The angle of the R-Y demodulator is in
quadrature with the pure blue (not B-Y) signal,
and the angle of the B-Y demodulator is in
gquadrature with the pure red signal. Thus upon
transmission of a blue bar there is no current
change in the R-Y demodulator and vice versa.
This situation is readily understood by an-
alyzing the drive requirements during a blue
bar. The plate of the B-Y demodulator must go
positive, adding to the luminance signal and
further turning on the blue gun. The red and
green grids, however, must go equally negative
to cancel the same amount of luminance signal.
Thus, the plate and cathode of the R-Y tube

must move in the negative direction by an equal
amount. This necessitates no current change in
the R-Y demodulator. The same situation would
exist with a pure red bar where the plate and
cathode of the B-Y demodulator would have to
move equally.

As in the three-triode case, the de-
modulated outputs are d-c coupled to the kine-
scope grids. In this arrangement, any change in
the plate-to-cathode voltage will appear as a
differential brightness voltage between guns.
No such differential variations will exist and
the system will be stable if the plate-to-
cathode voltage remains constant with incidental
changes in grid drive and if the tubes have
sufficient current capability to act as ef-
ficient switches. This situation is aided by
the class C nature of the demodulators. Thus,
as the grid drive increases, the peak currents
rise and the conduction angle goes down tending
to maintain relative constant average current.
Almost all triodes used in this circuit showed
relatively constant plate voltage within the
range of grid drives used. Some even displayed
relatively constant plate voltage all the way
down to zero. Fig. 5isa curve of plate voltage
vs grid drive for various triode types.

To assure that the demodulated components
at all frequencies are distributed according to
the load resistor ratios, the time constants
must be made equal. A simple method of ac-
complishing this is to use minimum capacitance
on the B-Y load, and to increase the capacitance
of the 3.58-Mc traps in the R-Y and G-Y loads
to make the time constants equal.
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Fig. 5 - Variation of average plate voltage
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Operational Details

The triodes operate best when they conduct
at that part of the characteristics where the
plate voltage vs plate current curve is steepest.
Although it is not at all critical, for each
value of supply voltage there is an optimum
valué of load resistor to obtain the most
desirable operating point.

Since the-plate voltage during conduction
is only about 25 volts, the conduction is
primarily determined by the grid current con-—
duction angle; that is, almost independent
of u, when the grid voltage goes slightly below
zero bias the tube cuts off. The conduction
angle is then determined by the grid driving
impedance, and the grid-leak resistance. As the
grid resistor is decreased and conduction angle
increases, the linear output range is reduced.
In other words, when conducting over a wide
angle the demodulator becomes somewhat dependent
on the linearity of the plate-voltage vs plate-
current characteristic. When the grid resistor
is increased the conduction angle gets small

but the peak current is reduced to the point
where itmay be incapable of rapidly discharging
the output capacitance, resulting in poor
frequency response. Using a type 12BH7, a 300-
ohm driving source, and a grid resistor of
3.3K, the linearity will be excellent and the
frequency response such as to be limited only
by the chroma band pass preceding the demodu-
lators.

Since these triode demodulators are ef-
ficient peak detectors, their output voltage
being dependent on the chroma input and not on
any tube characteristics as such, no dif-
ferential controls are needed to adjust for the
various gains of R-Y, B-Y and G-Y. A trans-
former is used whose secondary windings are
tightly coupled to the primary, and whose turns
ratios are in the proper ratio of the desired
demodulated output voltages. Since the trans-
former ratios cannot drift, and the demodulated
output is relatively independent of tube char-
acteristics, color fidelity is assured without
any differential controls.

Athed Pacorobe

Albert Macovski




