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Color Television Receiver Design—
A Review of Current Practice (p. 297)—
The first paper in the issuc takes a firm
grasp of a subject which is of widespread
interest and major importance to the
electronics industry today—the design
of color television receivers. Under the
sponsorship of the IRE Professional
Group on Broadcast and Television Re-
ceivers, design specialists from four
companices have pooled their knowledge
to present this outstanding survey of
design practices currently employed in
commercial receivers and have pro-
duced a noteworthy addition to the
series of invited review papers which
now frequent the PROCEEDINGS.

The Transfluxer (p. 321)—A novel
magnetic core device for controlling and
storing electrical signals has heen de-
veloped which can perform entirely
new functions. The transfluxor is similar
to conventional core devices in that its
output response to an input signal is
controlled by a setting pulse which it
has previously received and has stored.
Unlike other devices, however, the
transfluxor output in no way affects the
setting pulse; hence, a single setting
pulse can be stored—, and will control,
the device indefinitely. In addition to op-
erating in the usual fashion as an “on-
off” switch, the transfluxor can also be
set to vield an output at any desired
level between “off” and maximum
“on.” These two attributes mark the
transfluxor as an important new com-
ponent for the computer field. More-
over, it shows promise of finding a wide
variety of uses in other fields as a chan-
nel selector switch in many multiplex-
ing and switching operations, a peak
pulse indicator for nuclear instruments,
and a pulse-to-amplitude information
converter, to name a few.

The O-Type Carcinotron Tube (.
333)—This paper describes the excel-
lent work that has been carried on in
France on a type of backward-wave os-
cillator in the 1,000 to 12,000 mc range
which has a very wide clectronic tuning
range and moderate power output. In
their thorough, yet suitably brief, ac-
count the authors present a review of
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backward-wave operation, new and use-
ful information on the effects of reflec-
tions on frequency, an enlightening
comparison of experimental results with
theory, and practical design data which
indicate that the art has developed to a
relatively advanced state—all in all a
very important and practical contribu-
tion to the field of microwaves.

IRE Standards on Definitions of
Terms Related to Microwave Tubes
(p. 346)—This Standard, which is a
product of the IRE Committee on
Electron Tubes, brings conformity and
clarity to terminology relating to kly-
strons, magnetrons and traveling-wave
tubes.

A New Pressed Dispenser Cathode
(p. 351)—The latest innovations of L
cathodes described in this paper prom-
ise to make them of great utility for
power electron tubes in the future. The
L cathode, like many other cathodes,
utilizes a very thin layer of activating
material on the emitter surface to stim-
ulate the emission of electrons from the
emitter. As the activator slowly evap-
orates with time, additional activator
material is dispensed to the surface
from a porous cavity within the emitter
where it is stored. The present inves-
tigation by the authors of generating
and regulating the supply of activator
results in a cathode which can be read-
ily mass produced at low cost and which
gives high continuous emission currents
and long life.

Junction Transistors with Alpha
Greater than Unity (p. 360)—Junction
transistors are normally operated at
supply voltages far below the junction
breakdown voltage. At these lower
voltages not all of the charge carriers
injected by the emitter reach the col-
lector due to a recombination of some
of the holes and electrons in the base
region. As a result, the current amplifi-
cation, or alpha, is always a little less
than unity. Iowever, it has been found
that when the collector voltage is
raised to a level just below breakdown
voltage the charge carriers multiply and
the alpha increases to values above
unity. By investigating the characteris-
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tics and applications of transistors with
alpha greater than unity, this paper
opens up to the circuit designer an im-
portant phenomenon out of which
many new uses of junetion transistors
will appear, especially in the switching
field.

Frequency Modulation Noise in Oscil-
lators (p. 372)—All oscillator tubes gen-
erate a certain amount of internal noise,
causing fluctuations in both the ampli-
tude and the frequency of the output
wave. The amplitude fluctuations can
usually be eliminated by limiters or fil-
ters. Certain low-frequency tvpes of fm
noise can be avoided, too, by careful
design and construction of the tube.
However, high-frequency fm noise can-
not, in general, be circumvented either
by internal tube design or external cir-
cuits. Therefore, if there is any kind of
discriminator action elsewhere in the
system these frequency fluctuations will
be converted into amplitude fluctua-
tions and, hence, will add to the noise
of the system. This is particularly true
of local oscillator noise in many kinds
of cw and fm systems. Little has been
written on this subject until now be-
cause it involves theories on Gaussian
noise which have only recently been de-
veloped. This paper evaluates for the
first time the fm noise output of an os-
cillator in terms of frequency deviation
and spectral bandwidth, and in so doing
makes a noteworthy contribution hoth
to modulation theory and practice.

IRE National Convention Program
(p. 382)—Abstracts are presented of the
270 papers which will be presented at
the 1956 IRE National Convention on
March 19-22 at the Waldorf-Astoria
Hotel and Kingsbridge Armory in New
York City.

Whom and What to See at the Radio
Engineering Show (p. 114A)—This
year’s list of the 714 Convention ex-
hibitors, hooth numbers and products
to be displayed has been augmented to
include the names of the company rep-
resentatives who will be on hand in
each booth at the Kingsbridge Armory
and Kingsbridge Palace to answer your
questions.
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Proceedings vs Transactions—I. The
IRE today publishes no fewer than 26
periodicals, including the PPROCEEDINGS
and 22 TraxsacTionNs of Professional
Groups (the STUDENT QUARTERLY, Di-
RECTORY and CONVENTION RECORD
complete the list). Since a technical
paper may be published either in the
PROCEEDINGS or in one of the TRANS-
AcTioNs, the IRE publications policy
should define their respective spheres of
activity. The Editorial Board has
wrestled with this question for many
months. As a result, the editorial lo-
gisticsare beginning to emerge with suffi-
cient clarity to justify reporting them
here in several installments, of which
this is the first.

First, there appears to be general
agreement that the IRE is in a period of
massive transition, from its pre-war
status as a single-state organization
with one technical publication to a new-
style confederation of groups of special-
ists, each with its own interests and its
own publication. The extraordinary
vitality of the Professional Group sys-
tem necds no emphasis here. It is grow-
ing and will continue to grow, not only
in number of Groups, but in the size and
professional attainment of cach Group.

Matching this transition in organiza-
tional structure, is a concurrent transi-
tion in publications activity. More and
more first-rate papers are finding their
way into the TRANSACTIONS, papers
which in an earlier day would certainly
have Dbeen published in the Pro-
CEEDINGS.

This trend has posed the inevitable
question: “What is the future of the
PROCEEDINGS?” Eventually, will all the
technical substance of the IRE editorial
program gravitate to the TRraNsac-
TI0NS? If so, will those many [RE mem-
bers who have broad interests find that
they have to read two dozen periodicals
to keep up with the technical times?
One view is that the PROCEEDINGS
must eventually relinquish its present
command of top-grade papers and con-
fine itself to industry and professional
news and other such generalities as arc
common to the whole membership.
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leaving technical matters wholly to the
Professional Groups.

No one can predict with certainty the
steady-state outcome of this growth
pattern, but there is evidence that this
picture of the future PPROCEEDINGS is
substantially over-simplified. Consider
first the matter of potential readership.

The PROCEEDINGS is sent to over
47,000 members each month; the circu-
lation of the TransacTioNs of the
largest professional group (that on Elec-
tronic Computers) is currently 4,600.
Even as the Professional Groups grow,
some such 10-to-1 ratio of potential
readership in favor of the PROCEEDINGS
can be expected to persist, assuming
that the IRE as a whole will grow in
proportion. While any such ratio per-
sists, the greater scope provided by the
PROCEEDINGS will be sought by the
technical contributor whenever (as
often) he feels that his paper has po-
tential interest outside the confines of a
particular Group. Viewed in different
perspective, when the editorial re-
viewers find that a particular paper
qualifies for the wider audience, pub-
lication in the PROCEEDINGS carries
prestige that should not be denied its
author. Granted that such considera-
tions carry less weight with the reader
than the writer, they certainly go to the
substance of which professional soci-
eties are made—professional recogni-
tion. Most important, the interest of
the PROCEEDINGS reader s satisfied
when the paper las broad interest.

This leads to the first article of
a sound PROCEEDINGS-cum-TRANSAC-
TIONS policy: Papers published in the
PROCEEDINGS should, in one way or
another, go beyond the limits of Profes-
sional Group interest. There are many
different ways in which a paper can so
qualify; and this fact is the foundation
of a healthy future for the PROCEED-
INGS. More on this in P and Z next
month.

Lawful Standards. Among the un-
sung heroes of the Institute are those
who prepare, review and promulgate
IRE Standards. They work in the un-
glamorous world of precise generalities,
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definitions, methods of measurement
and the like. These gentlemen should
now stop and take a deep bow in behalf
of the membership at large, on the oc-
casion of IRE Standards 5311RE17S1
and 54IRI1751, prescribing the meas-
urement of incidental receiver radiation,
having been written into the Federal
statutes with the full force and cffect of
law. This is not only recognition of
sound technique; it marks an important
milestone in radio regulation and places
on our Standards organization a heavy
new responsibility.

The background is this: The FCC in
December of 1935, after preliminary
warm-ups darting back to 1949, formally
assumed jurisdiction over an imnportant
aspect of the design of radio receivers,
namely, their propensity to radiate and
thus to interfere with duly authorized
interstate communications. This action
was a big switch. Up to that date the
Commission’s authority over equipment
design had been confined almost ex-
clusively to transmitters, and it cer-
tainly did not extend to such common
articles of commerce as fm and tele-
vision receivers. As of the effective date
of the new regulations (printed in full
on pages 436-437, this issue) all this is
changed. Henceforth the operation of
any receiver manufactured after the
effective date and tunable in the range
from 30 to 890 mc, comes under jurisdic-
tion if the receiver produces incidental
radiation greater than 32 to 500 micro-
volts per meter, depending on the fre-
quency, measured at a distance of 100
feet.

Since the vast majority of the citizens
to which this control applies never
heard of a microvolt per meter, the new
regulations provide that it shall be il-
legal to operate such reccivers (“without
a station license!”) unless they have
been certified to meet the prescribed
radiation limits and are so marked. The
certification may be performed by the
owner of the receiver, its manufacturer
or the distributor, but in any case it in-
volves a certified measurement of inci-
dental radiation which, say the rules.

(Cont’d. on page 178.:1)
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John V. L.. Hogan

1956 MEDAL oF HoNorR WINNER

John V. L. Hogan was born in Philadelphia,
Pennsylvania, on February 14, 1890. An early
radio amateur, he was laboratory assistant to Lee
de Forest in 1906-1907. After graduation from the
University School, New Haven, Connecticut, in
1908, he studied electrical engineering at the
Sheffield Scientific School of Yale University.

In 1910 he left Yale to become a telegraph engi-
neer for the National Electric Signaling Company,
headed by R. A. Fessenden. During the next few
years he rose successively to telegraph superin-
tendent, chief of operations, and chief research
engineer. In 1917 the company’s name was changed
to the International Radio Telegraph Company,
at which time Mr. Hogan became its manager. He
left the firm in 1921 to become a consulting engi-
neer, and in 1929 he became president of Hogan
Laboratories, Inc., a firm principally engaged in
television and facsimile development. Radio Sta-
tion WOQXR (then W2XR) of New York was found-
ed, owned, and operated by Mr. Hogan from 1934—
1944 when The New York Times acquired it.

The author of The Outline of Radio, Mr. Hogan
has contributed through numerous inventions to
the radio, television and facsimile fields. He is a
member and former Chairman of the Joint Tech-
nical Advisory Committee. He is also a member of

the Patent Compensation Board of the U. S.
Atomic Energy Commission, and has served on the
Special Technical Advisory Group under the Joint
Chiefs of Staff and the Department of Defense, and
as Chairman of the Panel on Electronic Counter-
measures of the Research and Development Board.
During World War 11 he was Special Assistant to
Vannevar Bush, Head of the Office of Scientific
Research and Development, with cognizance of
communications, radar, countermeasures and
guided missiles.

One of the three original founders, he helped to
combine the Society of Wireless Telegraph Engi-
neers and the Wireless Institute to form the IRE.
In 1915 he became a Fellow, and in 1920, Presi-
dent. In addition, he has served on many com-
mittees and on the Board of Directors. The IRE
Medal of Honor, the highest technical award in
the radio engineering profession, now will be given
to Mr. Hogan “for his contributions to the elec-
tronic field as a founder and builder of The Insti-
tute of Radio Engineers, for the long sequence of
his inventions, and for his continuing activity in
the development of devices and systems useful in
the communications art.” The award will be pre-
sented at the national convention banquet, at
which he will be the guest speaker.

March
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Color Television Receiver Design—A Review of
Current Practice”

R. G. CLAPP{, SENIOR MEMBER,

1R, E. G. CLARK], ASSOCIATE MEMBER, IRE,

GEORGE HOWITTS, MEmMBER, 1RE, H. E. BESTE§, E. E. SANFORDS,
ASSOCIATE MEMBER, IRE, M. O. PYLE||, MEMBER, IRE,
aNp R. J. FARBERY], SENIOR MEMBER, IRE

noteworthy progress has been made.

were prepared and coordinated.

Summary—This review of current practice in color receiver de-
sign covers the most usual circuit combinations which have found a
place in commercial receivers. Further circuit standardization in all
basic functions is clearly indicated and may be predicted through the
next year. It may also be expected that wide usage of color receivers
may revise present performance requirements and in turn introduce
further circuit revisions.

I. INTRODUCTION
A. Elements of Compatible Color Television Receivers

~TVHE AIM of this paper is to present a review of
VJ[ current practice in the design of color television
receivers. It is assumed that the reader is familiar
with the FCC standards.! Many parts of receivers de-
signed for these standards are very similar to those of
monochrome receivers although even in these parts,
reception of color signals imposes a few special require-
ments on the circuits. Examples are the IF amplifier,
which must have adequate response at the color carrier
frequency and must be free of nonlinearity effects like
subcarrier rectification and cross modulation; or the
horizontal sync circuits which must have better phase
stability than in a monochrome receiver. Other parts al-
though superficially similar to their monochrome coun-
terparts actually differ from them enough to require
completely new designs. The second detector, which is
sometimes split into two detectors, or the deflection
yoke, which has requirements associated with the pic-
ture tube, are examples of this category. Still other parts
* Original manuscript received by the IRE, December 13, 1955.
t Philco Corp., Philadelphia, Pa,
t Formerly Philco Corp., now with Burroughs Corp., Paoli, Pa.
l?Allen B. Du Mont Labs., 2 Main Ave., Passaic, N. J

RCA Service Co., Inc., Cherry Hill, Camden, N. J.
v ¢ Hazeltine Corp., 59-25 Little Neck Pkwy., Little Neck, L. 1.,
LY.
1 Second color television issue of Proc. IRE, vol. 42; January,
1954, including NTSC Signal Specifications, pp. 17-19.

The following paper is one of a planned series of invited papers in which men of recognized
standing will review recent developments in, and the present status of, various fields in which

As the title indicates, this paper has been restricted to current practices. We are greatly in-
debted to the IRE Professional Group on Broadcast and Television Receivers, which sponsored
this paper, and to J. D. Reid and W. P. Boothroyd, under whose editorship the various sections

—The Editor.

have no monochrome counterparts at all. Examples are
the circuitsrequired to convert the composite color video
signal into signals suitable for application to the picture
tube grids, and the color picture tube itself. In many
parts of the set, several alternative circuit arrangements
are possible. This paper attempts to discuss all the
above areas of the set to indicate where the require-
ments of a color set differ from those of a monochrome
set, and to present several alternatives in parts where
such are common. This paper will deal exclusively with
receivers for shadow mask type picture tubes as this
type is presently the only one in extensive use.

SECONO SOUND
CARRIER

X3 TECT alpmc SOUND AvoI0
> —]sEcTion (a2 8 ASSOC o Teer —{ [seeaxer
CIRCUTS
— CHROMINANCE
r—T————W,M“( SUBCARRIER
| g = r \ y———-
8AHD BAMO H
CHROM- 1)
l OELAY WIOTH WIOTH o 6-1 6-2
LINE INANCE [ (W1OTH, Lot 0EMOOS | | i Ty icd | MATHIX M cosvmoL TROL
ll ( Aur. TIoN TN ] 1 i
_____ o .
T [
(1 T e -—--} —* Loy L
b ;—‘ '
| e —a
RIGHT- oLoe | | BUAST o K
o sYNE Sares SRErT | 1xevouy coom | i 0¢ = picTURE
c P s Gen, | |PuLSES KILLER Irtsvouu: Pl H TUBE
o »
=] —1 SR e Py
1\— | F~7 v semaL 3 __L____}’J: mm
J.0.C_GATE PULSES | | T
ouRsY | [ -
GATE
HomIZ. HOAIZ. | PULSES Ol [— —— | | Focus
SYNC OEF. € | CIRCUIT
CIRCUITS S ‘
| = —J l
I e t 1
L vear vear [——— L — . J
SYHC oEF. R —— SUPPLY

Fig. 1—Block diagram, typical color receiver.

Fig. 1 is a block schematic of a typical color television
receiver. It shows principal parts of set and is general-
ized to include some of the more usual alternative circuit
arrangements. All parts and means for testing and ad-
justing many of them are discussed in detail here.

Following the path of signals through the receiver,
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the first section, of course, is the rf section or tuner. It
differs only slightly from those used in monochrome
practice.

Next is the IF section. Intercarrier sound circuits are
universally used today, so no separate sound IF is
shown. The circuitry included in the block marked
“second detector” can take a number of forms, al-
though in all cases the input to this section is IF and the
outputs are a 4.5 mc carrier modulated with sound, a
3.58 mc carrier modulated with chrominance and a
luminance signal in the frequency range from dc to
about 3.5 mc.

To complete the sound channel, the 4.5 mc signal goes
through an amplifier to an fm detector and the audio
output of the detector goes through an amplifier to the
speaker. The circuits which make use of the luminance
and deflection synchronizing portion of the signal are
almost identical in many respects with those of a mono-
chrome receiver. The function of one of these circuits is
to provide agc voltages for the rf and IF sections. The
distribution of agc in a color set is more critical than in
2 monochrome set and requires special attention. AGC
is customarily gated by pulses from the horizontal de-
flection circuits. The synchronizing functions indicated
by the blocks marked sync separator, horizontal sync,
and vertical sync, are like those of a monochrome re-
ceiver, except that it is desirable to build more phase
stability into the horizontal sync in a color set since one
of its vital functions is to provide burst key-out pulses
to some chrominance amplifiers and burst gate pulses to
the color subcarrier reference generator; and the per-
formance of the latter can be seriously degraded by poor
horizontal sync.

The function of the luminance signal, to provide in-
formation for the display, is accomplished by the blocks
marked delay line, luminance amplifier and dc restorer.
The luminance amplifier is a typical video amplifier
except that it should not transmit the frequency of the
color carrier, 3.58 mc, to the display. The delay line is
required because the bandwidth of the chrominance
channel of the set is much narrower than that of the
luminance channel and, consequently, its time delay is
greater. Signals through the two paths must arrive at
the picture tube at the same time. The delay line
equalizes the delays of the two paths. DC restoration or
dc coupling are more commonly employed in color sets
than in monochrome because both the hue and satura-
tion of the color pictures can be affected by an incorrect
dc component of the ¥ or luminance signal. The lumi-
nance signal can be fed to the cathode of the picture
tube as a Y signal or to the grids as one part of the R,
G, and B signals.

The functions involving the chrominance signal have
no counterpart in monochrome receivers. These are:
amplification of the chrominance signal; demodulation
of the phase and amplitude modulated chrominance
signal into video components by demodulators ac-
tivated by the color reference generator; bandwidth re-
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striction before or after demodulation; different degrees
of bandwidth restriction in some cases in the different
channels out of the demodulators; and a matrix unit
whose outputs are R or (R—Y), B or (B—Y) and
G or (G—Y) video signals suitable for application to the
3 grids of a picture tube. The presence of the matrix unit
allows any one of a variety of demodulating systems to
be used, since the outputs of two synchronous demodu-
lators at different phases can always be rearranged by
linear operations into R— Y, B— Y, and G— Y. Amplifi-
cation of these signals after the matrix operation is also
possible.

The color subcarrier reference generator makes use
only of the burst portion of the chroma signal. It is
activated by a burst gate pulse from the horizontal de-
flection circuits only during the time the color burst is
expected. It converts the burst into a continuous sine
wave, coherent in frequency with the burst, and as free
of contamination by noise and video as possible. This
sine wave forms the phase reference signals in the
phases required by the synchronous demodulators.

The function of the color killer is to disable automati-
cally the color demodulators when receiving mono-
chrome signals. It is activated by the absence of the
color burst. Its purpose is to prevent noise or signal
components in the high frequency portion of the video
spectrum of a monochrome signal from appearing on
the screen as low frequency color variations in mono-
chrome pictures.

The horizontal and vertical deflection circuits do not
differ functionally from those of monochrome receivers
except in having outputs peculiar to color receivers such
as burst gate pulses, outputs to convergence circuits,
and the higher power delivered to the high voltage
supply because of the requirements of the picture tube.

The remaining functions shown in the block schematic
are peculiar to the color display or materially affected by
it. These are the bias controls for the 3 control grids
(Gy) and 3 screen grids (Gs) of the three-gun tube, the
special yoke required by the tube, the convergence,
centering and color purity circuits and coils required by
the tube, the special high voltage and electrostatic
focus circuits, and, of course, the three-gun shadow
mask tube itself. In addition to the factory-adjusted
controls shown in the diagram, there are customer-
operated controls on brightness, contrast, saturation
and hue. The locations and interrelationships among
these controls are of concern to the color receiver de-
signer and are discussed further in this paper.

B. Classtification of Receivers

To summarize the various types of circuitry and de-
vices which make up the block diagram of Fig. 1, re-
ceivers may be classified in several ways.

Detector and Separation of Luminance, Chrominance,
and Sound Channels: Two principal types of receiver are
common: those in which there is one second detector,
with separation of the luminance, chrominance, and
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sound signals by video [requency selective circuits fol-
lowing the detectors; and those in which the IF ampli-
fier is split into two or more channels immediately pre-
ceding the second detector or eveu earlier in the IF
amplifier, with second detectors in each of the channels
and appropriate amplifiers and selective circuits follow-
ing the detectors.

The various forms which this portion may take in-
clude: a single detector for luminance, chrominance and
sound; separate detectors for picture and sound; or a
separate detector for luminance on the one hand and
chrominance and sound on the other. Any of these
channels may also have amplifier stages before or after
detection, not common with those of other channels.
Several of these arrangements offer design freedom not
possible with the common detector arrangement.

Color Processing Arrangement : Receivers can be classi-
fied into two principal types: those which demodulate
the chrominance signal into 7 and Q signals which are
then subjected to different degrees of bandwidth restric-
tion; and those which demodulate into any one of vari-
ous combinations of two signals which then pass through
circuits of equal bandwidth. Only the first type makes
full use of the information contained in the signal. In
either case, the demodulator outputs are rearranged by
linear matrix operations into R—Y, B—Y, and G- 7.

Color Reference Generalor Arrangements: Three funda-
mental types of reference generator circuit exist: the
oscillator-reactance tube phase detector system, the
high-Q filter system, and the oscillator locked by direct
injection. The second always employs a quartz crystal
as the filter, and the first and third types may also
employ a quartz crystal to stabilize the oscillator. The
fundamental difference between the types is in the
presence of active oscillator elements in the first and
third types, whereas the second consists of a passive
resonator with gates and amplifiers.

Functions and Components Unique to Color Displays:
These functions and components include the controls on
the first and second grids of the three guns, the focus and
high voltage supplies, the yoke and the convergence,
centering and purity circuits and coils. Receivers can be
classified in these areas by stating what shadow mask
tube they use, for the choice of the tube dictates the de-
signs of all these circuits and components.

Broadly speaking, the requirements which the shadow
mask tube puts on its associated circuits and compo-
nents can be grouped in the following classifications:
the characteristics of the three guns must be tracked
with each other so that there is no undesired hue shift
with brightness. This may require separate controls on
the gains, G; biases and G, voltages in the three chan-
nels.

The three beams must converge properly and strike
only the proper phosphor dots all over the face of the
tube. This requirement dictates the design of dynamic
convergence circuits, color purity circuits, and magnetic
shielding or other arrangements to prevent the earth’s
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or other magnetic fields from affecting color purity-.
Electrostatic convergence electrodes may be enmployed,
as well as magnetic devices.

Adequate high voltage power and a regulated focus
voltage must be provided to give the desired brightness
with good definition. The inherent relative inefficiency
of the shadow mask and the characteristics of known
color phosphors make it necessary to provide more high
voltage power for a given light output than would be
required for a monochrome tube.

II. Circuit FUNCTIONS SIMILAR TO
MONOCHROME RECEIVER PRACTICE

A. RF and IF Amplifiers

The spectrum of the color television transmission
contains the color subcarrier as an additional component
not found in the monochrome signal. This additional
signal contains components above and below the sub-
carrier frequency. The subcarrier is 3.58 mc above the
picture carrier. The composite rf color signal is de-
livered to the receiver input which must process these
modulation components linearly and deliver them to
the color picture tube. While in a monochrome receiver
treatment of the high video frequency region of the
signal affects only the fine structure of the picture, in a
color receiver more critical handling of the subcarrier
region is required to preserve color fidelity. Improper rf
or IF passbands in the vicinity of the modulated sub-
carrier can result in poor color performance before any
appreciable degradation in monochrome picture qual-
ity is detectable. Because the signal is largely single
sideband and may have a high depth of modulation,
additional precautions must be taken to prevent non-
linearity from generating undesirable cross modulation
and rectification effects. These two general considera-
tions, bandwidth and linearity, furnish the differences
in design criteria for the monochrome and color receiver
rf and IF amplifiers.

The tuner performs the same function of selection of
the rf signal and conversion to IF for both color and
monochrome transmissions. Since the amplitude relation
of the chrominance and luminance signals contains
color information, it is desirable to maintain the same
relative response to the rf subcarrier and picture carrier
from channel to channel. Failure to do so may require
readjustment of the chrominance amplifier gain or
place an additional burden on the automatic color
control, if used. The usual production acceptance limits
for monochrome tuner responses of +3 db over the
channel may be reduced to a typical value of +1.5 db
for color. For the same reason, impedance match be-
tween tuner and transmission line is more critical for
color reception.

The local oscillator frequency stability tolerance may
be as severe as + 50 kc in a color receiver employing a
common luminance-chrominance detector. This is for
the purpose of keeping the sound carrier in the notch
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of the IF traps in order to control the 920 kc sound-
chrominance beat. The initial trend toward receivers
where the luminance and chrominance signals were
taken from separate detectors (Fig. 2) was partly to
permit relaxation of the local oscillator tolerance and
to make customer adjustment less critical.

B EBEE

Fig. 2—Functional diagram, dual detector receiver.

A current practice is to take the luminance signal
from an individual detector and the chrominance signal
from another detector which is also used to obtain the
4.5 mc intercarrier sound signal. Fig. 3 illustrates a
detector circuit employing transformer coupling to the
luminance channel with the signal for the chrominance-
sound detector taken off ahead of this coupling. An ad-
vantage of this arrangement is that the chrominance
detector does not require deep sound trapping which
makes it easier to obtain good amplitude and phase
responses in the region of the chrominance sidebands.
In addition, the IF response to the luminance detector
need not include full response to subcarrier and the
design of the sound traps is made easier.

The IF sound carrier and chrominance subcarrier
beat with each other to produce an output from the
luminance detector at the video difference frequency of
920 kc. This beat frequency must be kept at a suffi-
ciently low level to prevent the formation of an ob-
jectionable pattern on the screen during the transmis-
sion of saturated colors. The 920 kc beat cannot be re-
jected in the luminance amplifier and must be con-
trolled by reducing the IF sound carrier level to such an
extent that it has a negligible effect on the detection
process, The 920 kc beat at the luminance detector is
proportional to the product of the levels of the IF sound
carrier and the IF chrominance subcarrier. This means
that the relative decibel responses at these two fre-
quencies can be added and make it possible to state
the attenuation requirement in terms of the combined
sound and subcarrier attenuation. In order to reduce
the 920 kc beat to 40 db below the maximum mono-
chrome signal for the most severe signal condition, a
combined attenuation of approximately 40 db below
picture carrier is required.
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To achieve the combined requirements of maximum
IF bandwidth and high sound carrier attenuation,
four-terminal coupling circuits have been widely em-
ployed. These four-terminal networks are usually of the
non-minimum-phase type and are capable of furnishing
very steep-sided trap characteristics with a good gain-
bandwidth product. Typical of such circuits is the bi-
filar T trap circuit developed by Fisher and Avins? and
illustrated in Fig. 3. The bifilar T trap circuit is induc-
tively coupled to the fourth IF plate inductance and
provides an additional 32 db rejection at 41.25 mc for
the luminance detector. A resistor across one-half the
bifilar transformer reflects a negative resistance into
the branch circuit which can be adjusted to compensate
for the equivalent series resistance of the trap at its
resonance. This circuit differs from conventional ar-
rangements in that no “after response” is introduced by
the trap. The complete circuit includes the chrominance-
sound detector which is coupled through a small ca-
pacitor to the last IF amplifier plate inductance. To
provide protection against 920 kc appearing in the de-
modulated output of the chrominance channel, two 4.5
nic traps are provided in the output of the chrominance
detector. One of these is a bridged T trap which has a
closely-coupled secondary to provide the 4.5 mc inter-
carrier sound takeoff.
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Fig. 3—Dual detector circuit.

A single detector for luminance, chrominance, and
sound has been employed in very early and very recent
color receivers (Fig. 4). The detector simplification may
justify the attendant design difficulties and additional
burdens on subsequent amplifiers. The previously stated
requirements for total chrominance-sound attenuation
can be obtained by placing the chrominance subcarrier
on a sloping portion of the passband to the detector
(Fig. 5). The relative attenuations are 'design choices
determined principally by the required luminance and
chrominance signal bandwidths, the ability of the
chrominance amplifier to compensate for the non-flat
IF response, and the available 4.5 mc intercarrier sound

2 B. Fisher and J. Avins, “An analysis of the bifilar-T trap circuit,”
RCA LB-961, September 16, 1954.
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gain. As mentioned previously, single detector systems
usually exhibit more criticalness to local oscillator mis-
tuning than dual detector systems.

RF and IF responses producing substantially greater
gain for the chrominance subcarrier than for picture
carrier should be avoided. Otherwise, high saturation
colors where chrominance subcarrier amplitude is high
can produce high modulation single-sideband detection
(“subcarrier rectification”)?® with the resulting reduction
in luminance. In extreme cases, the luminance value of
a highly saturated primary color can be less than that
of black.

Because amplifier nonlinearity can introduce objec-
tionable cross modulation between picture carrier and
chrominance subcarrier or even detection and remodu-
lation of the 920 kc beat, IF tube transfer character-
istics are more important in color receivers than in
monochrome receivers. Several new tube types have
been introduced featuring high transconductance and
remote cutoff or “super control” to combine high sensi-
tivity with desirable agc control characteristics. Typical
of these are the 6BZ6 and the 6DC6.
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Fig. 4—Functional diagram, single detector receiver.

B. Video Amplifier

In a color television receiver employing the dual de-
tector system described above (Fig. 2), the video am-
plifier handles only the luminance signal and its require-
ments are considerably relaxed over systems where
luminance and chrominance are simultaneously ampli-
fied. The simplification of the video amplifier require-
ments constitutes another advantage of this form of
second detector circuit.

The desired frequency response of the video amplifier
is approximately flat to 3.0 mc, with 10 db to 20 db of
rejection at the subcarrier frequency 3.58 mc. The re-
quirement for subcarrier rejection is not only to prevent
the appearance of a 3.58 mc dot pattern, which may be

3F. L. Fredendall and W. C. Morrison, “Effect of transmitter
characteristics on NTSC color television signals,” Proc. IRE, vol.
42, pp. 95-105; January, 1954.
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considered objectionable, but also to eliminate the
crawling pattern which is produced by the beat be-
tween the subcarrier and the phosphor dot pattern. In
addition, subcarrier superimposed on the luminance
signal can lead to a desaturation of colored areas due to
rectification by the electron gun grid curvature. If the
response does not provide a gentle roll-off in the vicinity
of subcarrier, a poor luminance transient will result and,
in addition, the subcarrier sidebands may not be suffi-
ciently attenuated to prevent dot crawl and rectifica-
tion effects along colored edges in the picture.

1000 — l

\

100 f\
|
s : w
[~]
a 4
= 2 | =2
w 2 ] O
- -3 a
= 3 3 )
o M
« o
o
-
10 -
w
w o
« H
2 z
5 3
a g
\ ¥
L%
189 191 193 195 197 199

FREQUENCY IN MC
Fig. 5—Bandpass response to single detector.

Because the spot size in color receiver picture tubes
is considerably larger than in typical monochrome pic-
ture tubes, a greater amount of video and IF overshoot
is tolerable. In fact, a judicious amount of preshoot
may even be desirable to enhance apparent resolution.

Because the chrominance channel bandwidth is typ-
ically 0.6 to 0.7 mc compared to the luminance band-
width of approximately 3.5 mc, the chrominance signal
experiences considerably more time delay. In order to
assure time coincidence, or registry, of the two signals
at the picture tube, it is necessary to provide delay
equalization in the form of increased delay in the lumi-
nance channel. The delay line of Fig. 6 may be a com-
mercially available flexible delay cable with a character-
istic impedance of 4,100 ohms, a delay value of 1.0 usec
per foot, and substantially linear phase and uniform
amplitude response over the transmission range of the
luminance channel. The luminance delay should be
about 0.8 usec. Delay “sticks,” or semi-distributed delay
lines on rigid forms, are also likely to find application.

A nonlinear video amplifier transfer characteristic
will produce, in addition to the usual monochrome ef-
fects, a distortion of the saturation of color signals.
The same is true with respect to reproduction of the
luminance dc component, but because the viewer lacks
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an accurate frame of reference for the saturation of tele-
vised signals, accurate rendition of saturation is of less
importance than that of hue, and the color receiver video
amplifier becomes not much different in these respects
from monochrome. The direct coupling of the circuit
of Fig. 6 results in only partial reproduction of the dc
component, due largely to the high conductance loading
of the three electron gun cathodes. This loading is of
sufficient magnitude to alter the video peaking require-
ments as well.

Early receiver practice was to design a contrast con-
trol which provided equal change in luminance and
chrominance and therefore maintained constant satu-
ration. Considerable receiver simplification can be ob-
tained by placing the contrast control in the luminance
channel only. Because a separate saturation, or “color,”
control is necessary with either arrangement, there is
considerable justification for the latter system. The
most notable departure of this circuit from typical
monochrome practice is in the use of the null-tee trap
and delay line combination arranged so that the trap
compensating resistor also serves as the detector load
and the delay line termination.
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Fig. 6—Video amplifier, dual detector receiver.

In receivers employing a single detector for chro-
minance, luminance, and sound, the video amplifier is
usually required to simultaneously amplify these signals
to overcome the relatively low chrominance and 4.5 mc
sound carrier outputs. The transfer characteristic of the
video amplifier must be chosen for sufficient excellence
of linearity to prevent subcarrier rectification or other
forms of crosstalk. One recent circuit employs a “boot-
strap” connection of the combined detector between
grid and cathode of the video amplifier (Fig. 7). This
permits amplification to a load which serves as a
chrominance, sound, and sync take-off and to a load
which is the luminance delay line. Great care must be
taken in such an arrangement to assure a low imped-
ance return from the detector for the IF carrier and its
harmonics.
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C. Syncand AGC

The automatic gain control and synchronizing re-
quirements for the color television receiver are only
slightly different from monochrome. As mentioned
above, the susceptibility of the color television IF to
cross modulation and the use of super control II' tubes
increases the desirability of amplified agc such as the
keyed system indicated in Iig. 2. The use of the hori-
zontal flyback pulse for burst gating adds an additional
requirement to the horizontal oscillator phase accuracy.
For this reason it may also be necessary to restrict the
range of the horizontal hold control.
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D. Horizontal Deflection and High Voltage

In order to produce acceptable picture brightness,
the color receiver must be capable of delivering suffi-
cient high voltage power to the color tube to overcome
the losses due to interception of current by the shadow
mask. The high deflection power required by the low
sensitivity color yoke makes possible the combination
of an efficient flyback high voltage supply with an
energy recovery type horizontal deflection system. The
problem in such a circuit is preventing the considerable
change in high voltage load with luminance from up-
setting linearity, scan width, and focus. In the circuit
illustrated in Fig. 8, a triode shunt regulator is em-
ployed to provide an essentially constant high voltage
load. Although with the exception of increased power
levels and high voltage regulation (convergence cir-
cuitry is covered elsewhere), the color deflection circuit
closely resembles conventional monochrome practice,
the details of the typical circuit are probably of sufficient
interest to warrant further description.

The color yoke is of special design with a horizontal
winding inductance of approximately 12 millihenries.
With a deflection angle of 70 degrees and an anode
voltage of 25 kv, 1.8 amperes peak-to-peak is required
for full scan. The horizontal auto-transformer is of con-
ventional form, except that it is designed somewhat
more conservatively for core flux density than is usual
with lower power monochrome circuits and is larger
physically. The driver to yoke turns ratio has been
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given® as 1.7:1 with a secondary inductance of ap-
proximately 130 millihenries. The damper is tapped up
on the transformer where its pulse is approximately 10
per cent higher than that at the yoke. Both linearity
and width controls are of conventional design.

The high voltage supply is designed to deliver the
4,500 volt focus voltage and the 25 kv anode voltage,
the latter at currents up to 800 uamp. A diode-coupled
doubler circuit provides the low impedance anode sup-
ply while minimizing the voltage rating requirements on
transformer, components, and rectifiers. A bleeder
driven from input rectifier supplies focus voltage.

High voltage regulation is generally obtained by the
use of a special tube such as the 6BK4 triode. Corona
type regulator tubes also have been used. The triode
regulator operates as a variable current load actuated
by a grid signal divided from the high voltage output.
With the extremely high mu’s available in the tube
types developed for this application, +5 per cent regula-
tion can be obtained over the range of zero to 800 uamp.

In addition to the special high voltage regulators,
several other new tube types have been introduced to
meet the special high current requirements of the color
deflection and high voltage circuits. These include the
6CBS output tube, the 6Bl.4 damper, and the 3A2 and
3B2 high voltage rectifiers.
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. Other Circuits

The sound system following the 4.5 mc take-off of
the type illustrated in Fig. 3 is of conventional design
since the color receiver introduces no special audio re-
quirements. Other techniques of 4.5 mc sound beat
take-off usually involve different detector arrangements.

The vertical deflection amplifier must provide higher
power and dynamic convergence (described elsewhere),
but is also conventional. Because a high B supply volt-
age on the order of 400 volts is required for the hori-
zontal scan in a color receiver, it is economical to em-
ploy a triode vertical deflection amplifier.

.+ M. J. Obert, “Deflection and convergence of the 21-inch color
kinescope,” RCA Rey., vol. 16, pp. 140-169; March, 1955,
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The low voltage power supply must produce more
power than conventional monochrome receiver. Several
new full-wave vacuum rectifier tubes such as the type
SAU4 have been designed for the higher current opera-
tion typical of the color receiver. A typical receiver
might employ a selenium voltage doubler system oper-
ating from a plate transformer and providing +200
and 4400 volts. The ac input power for this receiver
would be approximately 300 watts.

I11. Circuit Functions UNIQUE TO
COLOR RECEIVERS

A. Color Synchronization

In order to recover the color information contained in
the video signal, it is necessary for every receiver to
provide a local source of continuous color reference
signal for application to the chrominance demodulators.
This reference signal provides the frequency and phase
standard for the receiver. In order to accomplish this,
frequency and phase reference information is transmit-
ted as a component of the composite video signal. This
color synchronizing information is in the form of a color
burst, which cousists of eight or nine cycles of color sub-
carrier frequency immediately following each line syn-
chronizing pulse. It is the function of the color syn-
chronization circuits to synthesize the local color refer-
ence signal from the information provided in the color
synchronizing signal and to maintain it in fixed phase
with respect to the color burst.

A block diagram for a typical color synchronizing
system is included in Figs. 2 and 4. The burst is time-
separated from the composite video signal by the burst
separator and is applied to the color reference generator.
The reference generator uses the burst signal to create a
continuous reference signal of the proper phase and
frequency. Most common circuits for doing this are a
burst excited tuned circuit (ringing circuit) and an oscil-
lator with appropriate frequency and phase control.

The important parameters of any color synchronizing
system are: the static phase error, the changing or
dynamic phase error, the stabilization time, and the
frequency lock-in range. These aspects of color syn-
chronization are discussed in the following paragraphs.

Static Phase Error: The static phase error is a measure
of how exact the phase synchronism between the color
burst and the reference signal is. In a linear, noiseless
channel, the burst signal may be located in phase, with
precision limited only by the gain of the system. It is
desirable to establish tolerances on the exact phase
synchronism required. Flesh tones and commercial
product packagings are quite familiar to the general
public and a reasonable degree of fidelity will be ex-
pected. It has been found in various laboratories®¢ that

5 W. G. Ehrich and M. 1. Burgett, “A physical and subjective
study of hue and luminosity variations in constant luminance sys-
tems,” Philco Res. Div. Rep. #220; July, 1952,

¢ D. L. MacAdam, “Quality of color reproduction,” Proc. IRE,
vol. 39, pp. 468-485; May, 1951.
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a static phase error of +10° is acceptable to most ob-
servers. A static phase error of 120° is easily seen and
is not tolerable as reference to a color plate in the liter-
ature will show.”

A good static phase error figure to use for color syn-
chronizing circuits is +5°, as the rest of the transmitter-
receiver system will most certainly use up the remaining
allowable tolerance. The long term static phase error for
the color sync circuit may be somewhat greater if a
phasing control is available to the observer.

Dynamic Phase Error: In the presence of noise, the
phase data obtained from the signal will fluctuate and
the color synchronizing performance will be impaired.
Therefore, an important aspect of the performance of a
color synchronizing system is how well the effects of
noise are reduced. Impulse noisc and noise interme-
diate between impulse and thermal, have a high degree
of predictability and may be removed to a large extent
by amplitude and time selection. Thermal noise during
the burst interval is the most difficult to discriminate
against and, in fact, this may be done only by averaging.
Thermal noise performance is therefore used as a crite-
rion in evaluating color synchronizing systems.

Since thermal noise is random, the average obtained
by integrating over a suitable length of time is zero.
The signal, due to its repetitive nature, however, will
produce a finite average. This process permits many
successive observations of phase to produce a single
averaged result. Therefore, the phase error due to noise
will vary as the inverse of the square root of the number
of observations; i.e., for a system with a fixed band-
width, the error varies inversely as the square root of
the integration time T1.

The root-mean-square variation of the phase in the
local color-carrier reference signal is a good measure of
how a particular circuit is affected by thermal noise.
It may be shown that in a receiver, the rms phase error
may be given as?

1
Prme = —

zS\/T
N N 1

where
¢ems is the rms phase error in degrees,
S is the peak-to-peak voltage amplitude of line
sync,
N is the rms thermal noise voltage in the band-
width B,
T, is the effective integration time in seconds.

This relationship is plotted in Fig. 9 for values in the
region of minimum useful signal to noise ratios. It may
be seen that as the signal to noise ratio decreases, the

7 Electronics, vol. 25; February, 1952, front cover.

8 D. Richman, “Color-carrier reference phase synchronization
accuracy in ntsc color television,” Proc. IRE, vol. 42, pp. 106-133;
January, 1954.
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riis phase error may be kept constant if more integra-
tion time, T3, is allowed.

Since S represents 25 per cent of peak carrier and
since for Gaussian noise the “peak” value is approxi-
mately 4 times the rms value,? it may be seen that for
unity S/N, the “peak” noise equals the peak carrier
amplitude. For a television tuner with a 6 db noise fig-
ure, the unity signal to noise ratio just described cor-
responds approximately to a 35 microvolt signal on a
300 ohm antenna. This is in the order of the sensitivity
of present monochrome receivers and, therefore, the
color synchronizing system should provide satisfactory
action with S/N ratios of unity. Under these conditions,
when the rms phase error is 5° or smaller, it has been
found that the color sync noise disappears in the video
noise. From Fig. 9 (taken from Richman?) it may be seen
that this will require an integration time, T3, in the
order of 5,000 microseconds. Since the line period is 63.5
microseconds, this is approximately 80 successive color
bursts. This indicates the length of time over which the
color synchronizing system must integrate at low signal
to noise ratios to provide satisfactory operation.
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Stabilization Time: The time which color synchroniz-
ing circuits take to reach their final value after inter-
ruptions such as channel switching, encoder switching,
etc. should be such that it appears instantaneous to the
observer. 1f the stabilization time is of the order of
magnitude of 1 second or less for maximum subcarrier
detuning, above requirement is met for most observers.

Frequency Lock-In Range: This is the maximum fre-
quency detuning from which the system will achieve
the desired final operating condition.

Gating: In order to utilize the burst information
properly, it must be time separated from the color signal.
This may be done conveniently by using the horizontal
flyback pulse, which has been suitably delayed and
shaped, as a gate pulse. The delay is necessary to make
the flyback pulse occur in time at the same point as the
burst. It is desirable to flatten the top of the flyback
pulse so that the burst envelope is not altered by the

9 V. D. Landon, “The distribution of amplitude with time in
fluctuation noise,” Proc. IRE, vol. 29, pp. 50-55; February, 1941.
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pulse shape. The burst amplifier stage is driven from a
source of chrominance signal and is biased so that it
conducts only during the keying pulse and therefore
amplifies only burst.

Alternatively, arrangements exist where the burst is
amplified in common with the chrominance signal, as
opposed to a separate burst amplifier. Here it is possible
to pass only the burst into the subcarrier generator by
using a keyed switch such as a pulsed diode.

B. Reference Oscillator System

Sync: The two techniques for color synchronization
which may be of interest are passive integrators ¢.e.,
ringing circuits, and locked integrators i.e., automatic
phase and frequency controlled oscillators (APFCQC).

1) Passive: An arrangement of a ringing circuit
would include a burst gate, a passive filter circuit, and
an amplitude limiting stage. The burst from the gate
amplifier excites the tuned circuit, which produces a
damped wave train for the duration of the line. Clippers
are then used to produce the constant amplitude output
required. The ringing circuit is fundamentally a narrow
band filter at the subcarrier frequency which filters out
the fundamental frequency from the burst spectrum.

The static phase error of this type of circuit is a func-
tion of the frequency detuning and the circuit Q.

Assuming a signal to noise ratio of unity, the integra-
tion time, T, required for a dynamic phase error of 5°
is .005 second from Fig. 2. The noise bandwidth By
associated with the integration time is 1/7,. For this
case, it is 200 cps. The noise bandwidth of a tuned circuit
is given by 7 /2 times the 3 db bandwidth or:

7 Jo
2 Q

Therefore, for a 200 cps noise bandwidth, a tuned cir-
cuit Q of 28,000 is required. This value of Q rules out
LC tuned circuits and restricts this type of circuit to
crystal resonators. A typical crystal ringing circuit is
shown in Fig. 10.10.11

The burst gate is the first tube and the step down
transformer in its plate reduces the source impedance
to a value that will efficiently drive the crystal. The
second tube is an amplifier which brings the signal to
sufficient amplitude for driving the limiter, which is the
third tube. The crystal is used in its series mode. The
total resistance in the crystal circuit determines the Q.
A bridge circuit is used to neutralize the shunt capacity
of the crystal to make the device a good filter particu-
larly at frequencies away from resonance. The limiter
is of the cathode coupled type, which provides clipping
against grid cutoff as well as grid current limiting.

By =

1* W. E. Good, “Color synchronization in the N'TSC color tele-
vision receiver by means of the crystal filter,” 1953 IRE CoNvENTION
REcorD, Part 4, “Broadcasting and Television,” Pp. 9-12,

1'W. }. Gruen, “Theory of afc synchronization,” Proc. IRE, vol.
41, pp. 1043-1048, August, 1953,
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This value of Q (28,000) found above for a 200 cps
noise bandwidth, will result in a static phase error of 5°
with a burst frequency to filter frequency detuning of
approximately 5.5 cps. The FCC specifications allow
a transmitter subcarrier tolerance of +10 cps. There-
fore, in order to accommodate the transmitter sub-
carrier tolerance, as well as the crystal tolerance and
temperature drift, it is necessary to compromise the
Q and/or the static phase error. In current practice,
little use is made of the passive ringing circuit.

BURST GATE
AMPLIRER
0B +

CLIPPER

AMPLIFIER
a»

COLOR-
CARRIER
REFERENCE

Fig. 10—Crystal ringing circuit.

2) Automatic Phase and Frequency Control: Auto-
matic phase and frequency controlled oscillator circuits
have been more commonly used to provide the locally
generated subcarrier signal. Figs. 2 and 4 include an
arrangement of a typical APFC loop. The relative
phases of the burst signal and locally generated sub-
carrier signal are compared in the phase detector and
the output control voltage is then fed to the reactance
tube through a low pass double time constant filter.
The reactance tube then corrects the phase of the os-
cillator.!t

When the burst and local reference signals are not in
synchronism, the phase difference between them as-
sumes all possible values and the output is a beatnote
at the difference frequency. The feedback loop distorts
this beatnote due to the action of the reactance tube
increasing and decreasing the rate of phase change for
successive half cycles. It is the net dc component of this
distorted wave which provides the correcting voltage to
pull the system into synchronism.

For the most efficient pull-in performance, the lock-in
range may be expressed as!?

1
Af; < 7 \/T'/(BNN)”2

where T} is the stabilization time in seconds and Byy is
the noise bandwidth of the APFC loop (=1By).

Choosing a noise bandwidth By =200 cps and sub-
stituting in this equation, we find that for a 1 second
stabilization time, the maximum frequency difference
allowable is 500 cps. This represents a high degree of
stability for LC oscillators and has led to the use of
crystal oscillators.

An APFC circuit is shown in Fig. 11. The first tube

2 D, Richman, “The dc quadricorrelator: a two-mode synchro-
nization system,” Proc. IRE, vol. 42, pp. 288-299: January, 1954,
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is a gated amplifier used to tinie separate the color burst
from the composite signal. The phase splitting trans-
former in the plate provides two phases of burst 180°
apart for the phase detector. The phase detector con-
sists of two peak detecting diodes with their plate and
cathode voltages in quadrature.! Burst is the voltage
on one element and color-carrier reference on the other.
The output of the phase detector consists of the sum
of the two rectified outputs. This output voltage is fed
through the filter to the reactance tube. The reactance
tube is of the capacitive type. The inductance in the
grid circuit is used to improve the Q of the variable
capacitor presented by the reactance tube. The oscil-
lator is a modified Picrce crystal oscillator with clectron
coupling to the plate. The reactance-tube oscillator
sensitivity, 8, is in the order of 100 cps/volt. The phase
detector sensitivity, m, is approximately 0.2 volt/de-
gree of phase error. The maximum dc loop gain, fe, is
20 cps/degrec of phase crror. The pull-in range is £150
cps and noise bandwidth is 250 cps.

B+

BURST GATE PHASE SUBCARRIER
AMPLIFIER DETECTOR REACTENCE OSCILLATOR
vioe+ ye TOBE AL —anA— B+
- 1 FiLy
1 L_“_j ¥3
| |
GATING ]
PULSE | |

as

COMPOSITE
VIDEQ
INPUT

Fig. 11—Typical APFC circuit.

3) Dual Mode: As was noted before, the high os-
cillator stability requirements for good noise bandwidth
and a 1 second stabilization time appear difficult to
achieve with 1.C oscillators. Ilowever, small noise
bandwidths are necessary only when the system is in
synchronism. Inspection of the above equation indicates
that if the noise bandwidth is increased when the sys-
tem is out of lock, the maximum pull-in frequency, for a
constant stabilization time, is increased. Therefore,
the oscillator stability becomes less important and 1.C
oscillators may be considered. There are two ways to
increase the noise bandwidth: increasing the ac/dc gain
ratio m or increasing the dc loop gain fe.!2 To date, dual
mode systems have not found extensive use in receivers.

Color Killer: Monochrome television signals will
apparently be transmitted for some time to come and
color television receivers will be required to operate well
on this type of signal. No signal information through
the chrominance channel should reach the display de-
vice during this type of transmission. Automatic means
for doing this are generally considered highly desirable.
Since the color synchronizing signal distinguishes color
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transmission from monochrome, the responsibility for
providing a switching signal can be placed on the color
synchronizing circuit.

The ringing circuits discussed previously will not
produce a local reference signal for the demodulators in
the absence of color burst. If the demodulators are not
amplitude sensitive to the chrominance signal in the
absence of local reference signal, no further color killing
action is necessary. If the demodulators are amplitude
sensitive, then the grid bias developed by the limiters
may be used as a source of automatic switching signal to
bias the chrominance amplifier off during monochrome
transmission.

In the case of APFC controlled oscillators, local ref-
erence signal is applied to the demodulators, whether
there is color burst present or not and biasing off the
chrominance channel is mandatory. For the single
mode APFC loop, the bias developed from one of the
phase detector diodes is used as the automatic switching
signal. This is an envelope detector and it will produce
an average output which is a function of the thermal
noise level as well as of the desired burst signal. There-
fore, switching level in the presence of thermal noise
may become ambiguous.’? As opposed to the envelope
detector, the average output from a synchronous de-
modulator depends only on the signal. Thermal noise
causes fluctuations about the average but does not con-
tribute to it. Thus a linear balanced synchronous de-
tector is unaffected by signal to noise ratio and the quad-
rature detector in the dual mode APFC system is a
much more reliable source of switching voltage for
“color killer” operation.!*

C. Color Processing Circuits for Simultaneous Displays

Introduction: The similarity between monochrome
and color television receivers generally ends at the cir-
cuits which follow the IIF amplifier. In the monochrome
receiver, one detector is used to recover the video signal
modulation and the 4.5 mc sound beatnote. The video
signal is amplified for delivery to the picture tube, while
the sound is removed and amplified separately. In a
color receiver, on the other hand, the composite color
signal is separated into luminance and chrominance
components. The chrominance signal is processed to
yield three color difference signals. The luminance sig-
nal is amplified and combined with the color difference
signals to result in the red, green, and blue primary sig-
nals. The IF sound carrier and the 4.5 mc sound beat-
note are handled much the same as in a monochrome
receiver except that they must not intermodulate with
color subcarrier sidebands as noted in Section 24.

Fig. 12 shows the two basic methods of processing
the composite color signal for a three gun color display.
In Fig. 12(a), the composite color signal Ex’ is filtered
and amplified by the luminance circuits for application
to the three gun display. The bandwidth of the lumi-
nance or monochrome signal Ey’ is restricted to approxi-
mately 3.2 mc to eliminate most of the carrier-chro-



1956

minance energy. ‘The bandpass amplifier selects that
band of frequencies containing the sideband chromi-
nance information generated by the balanced modulators
at the transmitter, namely, E¢'. This bandpass en-
compasses those frequencies 0.6 mc above and 1.5 mc
below the chrominance subcarrier. The color difference
signals ' — Ey’, etc., are derived by synchronous de-
tection of the carrier-chrominance signal, ﬁltcxing the
products, and matrixing. The reference carrier required
for synchronous detection is generated by the 3.58 mc
oscillator which is automatically frequency and phase
controlled by color sync information extracted for the
composite signal Ey’. The color difference signals are
added to the luminance signal to produce Ep’, Eg’ and
Ep'" as the grid-cathode voltage of the red, green, and
blue guns of the color reproducer.
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AND 2nd DET AMPLIFIER f—
I |
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BAND PASS COLOR SYNC l
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Fig. 12——Basic color processing methods.

In Fig. 12(b) the signals Ez’, E¢’, and Ep’ are formed
by a decoder before application to the color reproducer.
Such a decoder includes the circuits of Fig. 12(a) plus
a trio of adder amplifier stages in which the luminance
and color difference signals are separately added.

Chrominance Separation Circuits: For receiver designs
where the luminance and chrominance signals are taken
from separate diodes (I'ig. 2), there is no further prob-
lem of chrominance separation. In single detector re-
ceivers however, several configurations of chrominance
separation circuits are found. In one, the chrominance
signal is coupled to the chrominance bandpass amplifier
from the input to the luminance delay line. Fig. 13 is a
typical example of this practice. An alternative arrange-
ment, shown in Fig. 7 involves the use of a pentode stage
with the luminance signal taken from the cathode cir-
cuit, and the chrominance signal from the plate. The
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reverse arrangement is also practiced. These methods
provide additional flexibility over that shown in Fig. 13
since the effect of reflections from the luminance delay
line on the chrominance response can be mininized.
Similarly, broad band trapping due to the bandpass
amplifier input stage can also generally be avoided.
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+¥¢4
ol

————® LUMINANCE
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Fig. 13 -Chroxl1|na|1ce take-off circuit.

Chrominance Amplifier: Chrominance amplifiers, or
bandpass amplifiers, select and amplify those frequen-
cies containing the chrominance information. The prin-
cipal functions of this amplifier are: to equalize, if neces-
sary, the equivalent video response of the chrominance
channel to the demodulator inputs; to separate the 4.5
mc sound carrier and chrominance signals so that they
do not mix during the demodulation process; and to pro-
vide for “color kill” action, or automatic disabling of the
chrominance amplifier when monochrome programs are
being received, and for automatic chrominance gain
control action, where desired.

One classification of color processing circuit is the
bandwidth of the two chrominance video channels after
demodulation. Receivers can be designed with equal
bandwidths in the two demodulator channels, or with
one wide band and one narrow band channel. The lat-
ter arrangement has been thought to make maximum
use of the transmitted color signal. The former appears
to be more economical at present with perhaps small,
if any, sacrifice in performance. While the details of
these two classifications will be treated later, the equi-
band design generally involves chrominance band-
widths of the order of 600-700 kc, and the wide band
channel is as much as 1.5 mc in a differential bandwidth
receiver. The available bandwidth above the subcarrier
frequency is limited by the sound trap requirements in
the IF amplifier. In general, only 600-700 k¢ at most
above the subcarrier frequency can be had at the 1F
detector. The limitation of bandwidth below 3.58 mc is
produced in the chrominance amplifier. The response of
the bandpass circuits, then, is determined in part by
the type of signal processing to be used in the demodu-
lators.

Approximately 30 db additional sound attenuation
relative to chrominance may be required in the chromi-
nance amplifier to prevent generation of 920 kc differ-
ence frequency beat at the demodulators. This is the
difference frequency between the 4.5 mc sound carrier
and the 3.58 mc chrominance subcarrier. To achieve this
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attenuation a trap is normally located in the chrominance
channel to reduce the level of 4.5 mc sound beatnote.
This trap may serve as the sound carrier takeoff to the
conventional fm detector and audio system.

When a color receiver is tuned to a monochrome
program, luminance signal components as well as noise
in the neighborhood of the subcarrier can pass through
the chrominance channel, be demodulated, and appear
as low frequency color on the picture tube. This is
termed “cross color,” and is undesirable. Many receiv-
ers, therefore, incorporate automatic means for switch-
ing off the chrominance channel in the absence of a
color signal. The presence of the burst in the color sync
channel is used to determine whether color or mono-
chrome is being transmitted. A voltage is developed
which can be used to switch a chrominance bandpass
amplifier on as in the circuit of Fig. 14. The burst gen-
erates a negative bias at the plate of the apc phase de-
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gain control (ACC). Finally, if the color killer tube is
allowed to conduct, the pulse fed to the bandpass am-
plifier grid is sufficient to disable the remote cutoff
pentode as described above.

When sound carrier signal is taken from the chromi-
nance amplifier the color killer action must obviously
be applied beyond the point of sound carrier separation.

Burst Channel Take Off: The color synchronizing
burst can be separated and fed to the subcarrier regen-
erator channel in any of several fashions. Since the burst
requires amplification in the same frequency range as
the chrominance signal, it is usual to separate the burst
after amplification in the color channel. Such an ar-
rangement is shown in the block diagrams of Iigs. 2 and
4. The burst gating circuits are of the type described
in the section on Color Synchronization.
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Fig. 14—Color killer circuit,

A second color killer arrangement is shown in Fig. 15.
In this circuit the burst is amplified along with the
chrominance signal. If the amplifier were cut off with a
dc bias during monochrome transmissions, it would be
insensitive to the color sync burst when a color trans-
mission began. A positive pulse is therefore applied to
the grid of the bandpass amplifier. The pulse, which is
timed so that the tube is conductive during the burst
period, typically has an amplitude of approximately 30
volts. Since the top of the pulse is restored to zero bias
at the grid, a negative bias is maintained on the grid dur-
ing the remainder of the time. In this manner, the stage
can be cut off during a portion of the time, and operated
at maximum during the burst interval. These features
can all be found on the schematic of Fig. 15. The color
control selects an amount of positive pulse to be applied
to the bandpass amplifier to adjust the gain of this
stage when the larger color killer pulse is not present.
The dc bias fed at the same time from the tapped down
output of the phase detector tends to maintain constant
burst level in the system. This provides automatic color

monochrome or luminance gain. A separate color satu-
ration control (“color” gain) was used to correct the dif-
ferential between the chrominance and luminance sig-
nals. Contrast adjustment by this means did not upset
the luminance to chrominance balance, making for ease
of operation. In such receivers, the luminance and chro-
minance contrast controls were often located in different
circuits, but the two control elements were in tandem
on a single control shaft. However since the differential
control was desired as an operator control, later designs
provide separate luminance and chrominance gain
controls. Separate controls provide flexibility of circuit
design, economies, and greater range for adjustment to
signal and program requirements.

Synchronous Detector Circuits: In color receivers, syn-
chronous detectors are used to convert the chrominance
subcarrier signal back to color difference signals. Since
the chrominance portions of the signal consist of the
sidebands of two carriers in quadrature, the usual three
gun type of receiver generally recovers the color differ-
ence signals by using a synchronous detector for each
carrier. A synchronous detector or demodulator is anal-
ogous to converter operation in monochrome receivers,
the difference being that the reference and chroma input
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signals to the demodulator tube are of the sanie fre-
quency, hence, the term “synchronous” detector.!
Several types of synchronous detectors are now being
used for three gun display color receivers. They fall into
two categories: low-level type which requires amplifica-
tion after the demodulation, and high-level type with
the output signal coupled directly to the cathode-ray
tube. Diodes, triodes, and pentodes*—' have all been
used for the demodulation function with the recent
trend largely to triodes. The two input signals are ap-
plied so that the resultant plate current is the result of
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Fig. 16—Typical triode demodulator.
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the product of the input signals. A typical basic triode
high level demodulator circuit is shown in Fig. 16.
Matrixing : Matrixing, as it applies to color television
receivers, is best understood by reviewing the matrix
function in the transmitter. The transmitter matrix pro-
portions the three gamma corrected color signals Ep’
Eg' and Ep’ into positive and negative signals. When
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Fig. 17—Color transmitter encoding system.

these signals are added together in accordance with the
matrix formula!” (see Fig. 17) three new signals are
formed, namely, Ey’, E;" and Eq’. The quantities of

13 D, C. Livingston, “Theory of synchronous demodulators as
used in the ntsc color television receiver,” Proc. IRE, vol. 42, pp.
284-287, Jan. 1954,

14 R. Adler and C. Heuer, “Color decoder deflection tube simpli-
fies color decoders,” Electronics, vol. 27, pp. 148-151; May, 1954.

18 D. H. Pritchard and R. N. Rhodes, “Color television signal re-
ceiver demodulators,” RCA Rev., vol. 14, pp. 205-226; June, 1933,

1 Kurt Schlesinger, “Television color detectors use pulsed-
envelope method,” Elcctronics, vol. 27, pp. 142-145; March, 1934.

17 G. K. Brown. “Mathematic formulations of the NTSC color
television signal,” Proc. IRE, vol. 42, p. 67; January, 1954,
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Eg', Eg’ and Ep' used to form the luminance signal
Ey' are proportioned with respect to the spectral sensi-
tivity of the eye.'® This signal is transmitted full band-
width and can produce excellent black and white pic-
tures on monochrome receivers. The positive and nega-
tive values of Ep’, Eg’ and Eg’, used to form E;" and
Eq' are proportioned to make the most efficient use of
the transmitter modulation aperture when these ;'
and Eo signals are converted into two quadrature
chrominance carrier components which are combined
with the luminance component £y’

The matrix in the receiver performs a reciprocal func-
tion to that of the matrix at the transmitter. In Fig. 18
the receiver demodulators convert the two quadrature
chrominance carrier components back to “I” and “Q”
signals which are coupled into the matrix to form color
difference and finally color drive signals.

MATRIX

gy FORMULA
2ND VIOED LUMINANCE GELAY O
iz}

—1e

=
* m caY
RED

GRIO

GRIC

€0oS (wi+33°)

3.58 MC
SHIFTER {UBCARRIER:

SIN (wt ¢ 33°)

FILTER

Ec
CHROMINANCE
SIGNAL

0-600 KC
LOW PASS
FILTER

Fig. 18—Color receiver, /-Q decoding system.

A simpler form of receiver matrix is realized when the
axes chosen for synchronous detection recover two
of the color difference signals directly, such as Ep'— Ey’
and Ep’'—Ey’. Third color difference signal, E¢’ — Ey’,
can be recovered by a simple matrix which adds quanti-
ties of the first two signals proportional to the formula:

Eq¢' —Ey' =(—.51Eg'— Ey") +(—.19E,' — Ey").
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Fig. 19—Color receiver, (R-Y)—(B-Y) decoding system.

In the block diagram (Fig. 19), positive quantities are
added in the proper ratios. The sign is changed since
this signal is inverted in the (Es'—Ey’) amplifier. The

18 WW.F. Bailey, “The constant luminance principle in NTSC color
television,” Proc. IRE, vol. 12, p. 60; January, 1954,
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PHASE SPECTRUM OF a TYPICAL COLOR
BAR PATTERN USING THE E - E' ANO
B £, ANES. O

PHASE SPECTRUM OF A TYPICAL COLOR
BAR PATTERN USING THE I AND Q AXES.

Fig. 20—Chrominance signal phase spectrum.
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outputs of the synchronous detectors (as shown in
I'igs. 18 and 19), are coupled into adder circuits. These
matrix or adder circuits can vary widely in design.
Typical versions will be described.

A classification of color processing circuits involves
the bandwidths of the color channels after demodula-
tion. As the color television signal is transmitted, the
chrominance signal contains two components which,
when detected along the so-called 7 and Q axes are
found to have bandwidths of 1.3 and 0.6 mc respec-
tively. A receiver designed to demodulate along these
axes with the appropriate bandwidths would appear to
make maximum use of the transmitted signal. The de-
modulator and matrix circnit of Fig. 21 is an example
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Fig. 21—17-Q demodulator—matrix amplifier.

simultancous signal Eg’, E¢’, and Ep’ are formed by
coupling the color difference signals to the grids and the
luminance signals to the cathodes of the guns in the
color crt. Consequently, the two forms of signals are
added (matrixed) by each gun.

When the synchronous detector output filters are
limited to a 600 kc passband, any chrominance axis can
be selected for detection without crosstalk effects. A
matrix can be tailored to add the synchronous detector
outputs in the proper proportions to recover the desired
chrominance information.

The phase spectrum of the chrominance signal for a
typical color bar pattern is shown in Fig. 20, illustrating
how the two systems for matrixing color signals (R— Y,
B—Y) and I, Q—produce identical color signals for
chrominance signals below 500 kc. In the receiver, the

of such practice. The 6BY6 pentagrid demodulators
operate along the I and Q axes. Since the I axis circuits
have wider bandwidth than the Q, additional delay must
be inserted in the I channel to provide time coincidence
of output transients in the two channels. This delay
element commonly takes the form of a bridged T filter
section which in addition tends to equalize the I channel
phase response. The nominal delay required at this
point is approximately 0.5 us. Both plus and minus
values of I and Q are needed to produce the three color
difference signals, so that phase splitters are used in
both channels. The color difference and luminance
values are all added together at low level. The resultant
red, green, and blue primary signals are amplified and
delivered to the picture tube.

Such a circuit arrangement, which may almost be



1956

considered the classical approach to color sigual decod-
ing, appears to be losing favor. At present considerable
economy can be practiced by compromising the band-
width considerations and demodulating along the R— ¥
and B—Y axes with equal bandwidths of the order of
600 kc. With present techniques, the actual degradation
in picture quality when this compromise is made is open
to question. One such approach is shown in the sche-
matic of Fig. 22. Type 6ALS5 double diodes connected as
balanced synchronous demodulators are employed. The
bandwidth of the chrominance signal is limited in the
bandpass amplifier. IVilters following the demodulator
further limit the bandwidth of the video components.
The R—Y and B—VY video signals are amplified for
delivery to the picture tube grids. In addition, samples
of the R— Y and B— Y signals are added and inverted
to form the G — Y signal. The luminance (Y) signal is
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Fig. 22—Equiband demodulator—matrix amplifier 1.

delivered to the three cathodes of the picture tube in
parallel. The cathodes are used for the wide band lumi-
nance signal and the grids for the narrow band video
chrominance signals in this arrangement where the final
addition is in the picture tube. This is preferred to the
reverse arrangement which would involve a narrowband
filter in the cathode of the picture tube and thus produce
selective degeneration in the luminance passband.

Another arrangement of the equiband technique is
shown in Fig. 23. Here, the chrominance subcarrier
signal is demodulated at a sufficiently high level that
the color difference signals can be applied directly to
the picture tube grids. The demodulators operate along
the R—Y and G— Y axes. The outputs are sampled,
added, and inverted to produce the B— Y color differ-
ence signal.

The B — Y color difference signal requires the greatest
total swing (from peak white to peak saturated blue)
of the three color difference signals. Operating the de-
modulators and matrix in this fashion makes the task of
providing adequate dynamic range for the color differ-
ence signals somewhat simpler than with R—V and
B — Y quadrature decoding.
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Video Amplifiers and DC Components: The difference
in efficiencies of the red, blue, and green phosphors in
the color picture tube is a factor in determining the
relative video drive requirements to the three guns.
The red phosphor used in color reproducers available
thus far requires approximately twice the beam current
of the green and blue phosphars to produce white (see
Fig. 25). If the screen grids are adjusted for equal
average transconductance (control grid cutoff) on each
of the three guns, then the video drive for the red gun
must be approximately twice that for blue and green to
produce white. This unequal drive technique is gen-
erally adopted by receivers that couple R, B, and G
signals to the cathode ray tube. Receivers that couple
the monochron:.e signal and the color difference signals
to the color picture tube separately usually employ
more nearly equal drives for simplicity. In such cases,
the full monochrome voltage is coupled to the red
cathode while the green and blue voltages are divided
by a fixed ratio by a [requency compensated network.
The color difference signals are proportioned for proper
matrixing with the monochrome signals in the cathode
ray tube. In this arrangement, the control grids and
screen grids of the picture tube are adjusted to meet the
static and dynamic white balance requirements. A
typical video amplifier to crt coupling circuit arrange-
ment is included in IFig. 23. The white balance require-
ments are discussed in Section IV F below.

A disadvantage of equal drive operation is that the
peak luminance for the red gun is limited due to the low
screen potential and reduced control grid aperture used
to derive a relatively higher red gun transconductance.

Accurate dc reference of the video signal blanking
level at each gun of the color display is desirable for good
colorimetric reproduction. Differential changes in back-
grounds due to alterations in the composition of the
video signal must be avoided. The circuits controlling
the setup of the cathode ray tube should be designed to
minimize changes in dc among the three guns which will
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upset white balance. Conventional dc restorer circuits,
can be used to fix the blanking or black level for each
color when R, B, and G signals are ac coupled to the
cathode ray tube. In receivers where the luminance and
color difference signals are ac coupled to the color pic-
ture tube independently, restoration of the combined
signals is required since each contains a dc component.
This type of operation is typical in circuits where the
restoration is affected between the grid and cathodes of
the picture tube.

Black level stabilization or control (i.e., dc restora-
tion) in color receivers is more demanding on the high
voltage power supply than in monochrome receivers.
This results from the combination of the total power
required to maintain adequate brightness on large area
peak white scenes and from a high voltage regulation
requirement. Accordingly, recent reccivers have used
dc coupled color difference channels to retain adequate
colorimetry with an ac coupled luminance channel to
relieve the peak high voltage power requirements.

In Fig. 23, the outputs of the color difference chan-
nels are dc coupled to the picture tube grids. The lumi-
nance amplifier is ac coupled from the second detector
but its output is dc coupled to the three cathodes of the
color picture tube and the master background control
is a grid bias control in the amplifier. The operational
control for varying the background of a color reproducer
should not affect the gray scale. When the system is set
up for equal luminance drive operation, this should not
present a problem since equal changes in bias to the
three guns produce equal changes in brilliance from the
three phosphors if the transfer characteristics of the
guns are similar. Consequently, the gray scale tracking
is maintained when the master background produces
equal changes in bias to the three guns.

Summary: A representative number of circuits pres-
ently employved in color television receivers has been
presented. With slight modification the details discussed
probably apply to all receivers available on the market
at the current time. It should not be inferred, however,
that today’s simplest or most economical circuit will
still be in use a few years hence. Other forms of decoding
or other chrominance bandwidths may find favor and
result in even more economical designs and improved
performance.

IV. Circuitr FuncTtioNs AND COMPONENTS DPECULIAR
10 THE CoOLOR PICTURE TUBE

A. The Shadow Mask Tube

In recent years the tri-color picture tube,'® of the
shadow mask type, has made the transition from a
planar mask and screen to a domed, self-supporting,
aperture mask kinematically aligned to a spherical

19 H, B, Law, “A three-gun shadow mask color kinescope,” Proc,
IRE, vol. 39, pp. 1186-1194; October, 1951. Also, Moody, 1. C., and
VanOrmer, D. D., “Three-beam guns for color kinescopes,” Proc.
IRE, vol. 39, pp. 1236-1240; October, 1951.
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face-panel.?® On the face-panel the phosphor screen is
deposited in tri-color dot groups. As in the planar mask
type, a three beam electron gun structure scanned by a
single deflection yoke produces a simultaneous display
in the three additive primary colors. The shadow mask
picture tube type now available is the RETMA type
21AXP22. This color tube is of the round metal cone
21-inch diameter size. In many respects it resembles a
round television monochrome tube. Bulb shape, spheri-
cal direct view screen, over-all length, and weight are
similar. Electrical functions follow the basic operations
of the monochrome tubes. Electron beams are gen-
erated in similar gun structures, deflected by the same
circuits, and excite a direct view phosphor coated screen.

The differences from monochrome picture tubes arise
from the nature of the color discriminating functions.
The screen is composed of a multitude of three color
phosphor areas. These are selectively energized through
the adjacent shadow mask apertures by parallax-
alignment to three triangularly-grouped clectron beams
originating in the tube neck. The three spaced beams
make necessary a relatively large neck diameter for the
tube, and an enlarged deflection yoke. Since equal
action on the spaced beams is not an inherent property
of the deflecting field, corrective action is furnished by
a convergence assembly which improves registry of the
three independent images. Manufacturing variations in
the color tubes together with magnetic fields encoun-
tered in their use make it impossible to guarantee pre-
cise alignment of the electron beams. Therefore various
magnetic devices are used on the tube for corrective
trimming. Among these are beam positioning magnets,
blue corrector magnet, and color purity magnet. The
three electron guns extend the video signal circuitry
which must be of high quality. In its color discriminat-
ing function, the shadow mask absorbs approximately
85 per cent of the total incident beam current. To pro-
vide the color phosphor screen with an excitation and
brightness approaching normal monochrome tube opera-
tion, the anode power supply is considerably larger in
voltage and in current capacity.

In the operating tri-color, shadow mask tube the
desired end results are three superimposed rasters set
up to the reference white color which may then be
luminance signal driven to high brightness levels with
no visible color change. This duplicates the monochrome
picture tube which is the comparison standard in per-
formance. The insertion of the color difference signals
on the appropriate guns provides the color images in
contrast to white.

B. Requirements of the Deflection Yoke and Circuits

The modern deflecting yoke for the shadow mask tube
is the result of many years of development as the per-
formance of this component is vital to the attainment

2 N. F. Fyler, W. E. Rowe, and C. \V. Cain, “The CBS-colortron:
a color picture tube of advanced design,” Proc. IRE, vol. 42, pp. 326-
334; January, 1954,
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of congruence of the three color image.?® This is re-
garded of such importance that associated imperfec-
tions, such as pattern distortion, are often disregarded.
Fortunately, raster shapes of the pin-cushion kind are
less obvious in shadow mask tubes today; the spheri-
cally curved screens complement the deflection yoke
performance.

Beam to beam spacing in the shadow mask tube is
many times the effective beam diameters. The area
circumscribing the triangularly grouped beams is thus
a significant proportion of the internal deflection yoke
area. Picture tubes with only one operating beam con-
tain noticeable beam spot distortions when operated
with the average deflection yoke. By analogy the three
spaced beams of the tri-color, shadow mask tube may
be considered as the filaments of a single large beam.
Therefore some color deflection yoke distortions are
apparent by the failure of the beams to converge at the
screen when scanned throughout the entire screen
area. A monochrome picture, which is a triple color
mixture, thus degenerates into separate misregistered
primary colored images. To obtain convergence, yoke
winding distributions are compromised to try to obtain
a total instantaneous deflection for each beam relative
to the other beams in a proportion required by the
screen area being scanned. This is an extension of mono-
chrome yoke properties requiring controlled winding
distributions. Other deflection yoke factors, such as
capacitive unbalance and cross-coupling between wind-
ings need careful attention.?? Beam to beam spacing in
the yoke region of the shadow mask tube is fixed by
considerations of color selection. This being established,
the uniformity of the deflecting fields has been extended
by enlarging the yoke inside diameter to 2.75 inches.
Further extension in this direction would be made at
the expense of yoke scanning power requirements.

The location of the deflection yoke on the neck of the
color tube is critical with respect to the color screen and
electron beams. Adjustmentsare provided for lateral and
radial shifting to satisfy yoke position requirements.

Color yoke circuitry is similar to monochrome tele-
vision practice except for increased power demands.
Because the electron beam entry into the yoke field is
color purity critical, the correction of raster miscenter-
ing is accomplished by applying direct currents to each
yoke winding. Capacitive balancing of the horizontal
yoke windings requires careful attention to remove scan
line “ringing” as it differs between electron beams.

C. Color Purity

It is a fundamental requirement that a tri-color tube
display each red, green, and blue primary color dis-

1 A, W, Friend, “Deflection and convergence in color kinescopes,”
Proc. IRE, vol. 39, Pp. 1249-1263; October, 1951.

2 C, E. Torsch, “High efficiency low copper sweep yokes with
balanced transient response,” Trans. IRE, PGBTR-6, pp. 17-32;
April, 1954, Also, C. E. Torsch, “Extension of the balanced transient
response 5principle to color television yokes,” TRaNs. IRE, PGBTR-6,
pp. 33-35; April, 1954,

Clapp, Clark, Howitt, Beste, Sanford, Pyle, and Farber: Color Television Receiver Design

313

tinctly. The shadow mask tube type does so by selecting
only those portions of each incident electron beam that
is directed to its respective coler dot on the color screen.
When, through errors in operation of the picture tube
or the electron optical components, the electron beam
strikes portions of the adjacent color dots, a primary is
said to be contaminated. This usually occurs towards
the outer screen boundaries, and the tube is described
as lacking color purity.

The color selectivity of the shadow mask tube is best
explained by the concept of “color centers.”? Physi-
cally, these are the locationsof the light sources relative
to the screen during the optical exposures which were
made in processing the tri-color phosphor screen. Thus,
the screen dots of each color are masked from view ex-
cept from the area of their respective color centers.

The triangularly grouped electron guns are intended
to aim their beams precisely through their respective
color centers. However, assembly tolerances are in-
volved and these are accommodated within limits by a
purity magnet. This device provides an adjustable lat-
eral magnetic field across the neck of the color tube be-
hind the deflecting yoke. By rotating and adjusting
the strength of the purity magnet the three beams are
deflected into the color centers. Furthermore, the axial
position of the deflection yoke that aligns the virtual
deflection plane to the three color centers must be
found. The yoke has a unique position on the tube neck
generally described as the location in which the yoke
center of deflection lies in the plane of the color centers.
In practice the yoke color center shifts axially with
variations in scanning currents in a characteristic man-
ner which is compensated by correction lenses used dur-
ing screen exposures in CRT manufacture. These re-
lated adjustments are optimized by attaining uniform
color throughout the screen area. By observing the
color dot screen through a low power microscope the
electron illuminated portions of the color dots may be
checked for misregistry in any part of the screen.

Usually the overall color purity of the display in one
or all colors is quite satisfactory with these steps except
for local edge areas. External purity correcting devices
have been developed to compensate for this condition.
These take the form of adjustable magnet assemblies
fitted around the color tube body which apply small,
but significant, corrective effects on the incident elec-
tron beam angles.

It is obviously true that a reduction in beam cross-
section within the finite color centers permits more
latitude in the radial excursions brought about by the
deflection and convergence yokes. Any means effective
in reducing the beamn diameters on the color centers,
while retaining beam focussing on the phosphor screen,
also increases the beam size at the screen. Such design
practice is followed for another reason, moiré. This is a

2 D, D. VanOrmer and D. C. Ballard, “Effects of screen toler-
ances on operating characteristics of aperture mask tri-color kine-
scopes,” Proc. IRE, vol. 39, pp. 1245-1249; October, 1951.
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visible beat phenomenon of the scanning lines on the
spaced apertures in the shadow mask. Where the scan-
ning line width is large enough to overlap adjacent
apertures, the moiré is greatly reduced.*

D. Magnetic Shielding

The shadow mask tube is color purity sensitive to
deviations from straight line electron beam trajectorics.
Actual color selection is provided by beams differing by
about two degrees. A fraction of this is sufficient to de-
grade color purity. Any magnetic field along the beam
paths will cause a path curvature that in effect displaces
the color centers. Electric fields are essentially removed
by tube construction practices but magnetic fields read-
ily permeate the bulb interior. The effects of these fields
may be neutralized by compensating fields. In this area
there is no standard arrangement but all approaches
seem to fit the pattern of providing either permanent
magnet or electro-magnetic elements around the face-
plate and the funnel throat (or both) such that by ad-
justment the horizontal component of the earth field
may be neutralized along the beam trajectories. At
present no receiver adjustments are made for the pos-
sible strength variations of the vertical component of
the earth’s field. For each receiver location and orienta-
tion, however, the effective earth field horizontal com-
ponent is neutralized by receiver adjustments.

E. Dynamic Convergence

Capable of displaying three simultaneous images in
the primary colors, the shadow mask tube suffers the
faults common to any system requiring the registry of
the three images into a composite picture. Each primary
color image should be alike in size, shape and position.
On the shadow mask tube, the images are nearly alike
in size as they are generated by a common deflection
yoke. However, the shape and position of each image are
enough different, due to the probable lack of initial
electron beam alignments and the inherent deflection
displacements of the electron beams, that corrective
means are necessary which establish the desired condi-
tion that the electron beams converge at all positions on
the picture screen area.

A convergence adjustment performed on the electron
beams by permanent magnets or dc electrical quantities
is known as static convergence. Corrective action syn-
chronized to beam scanning signals and employing ac
electrical quantities is termed dynamic convergence.
The convergence control components are located on
the tube neck behind the deflection yoke where they
are enabled to cause sufficient beam path displacement
to compensate alignment errors and deflection dis-
placements.

In Fig. 24(a) the magnetic convergence yoke as-
sembly is illustrated. The electron guns are provided

% E. G. Ramberg, “Elimination of moiré effects in tri-color kine-
scopes,” Proc. IRE, vol. 40, pp. 916-923; August, 1952.
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with a mechanical tilt intended to cause undeflected
electron beams to initially converge upon the screen.
Since this cannot be guaranteed the adjustable magnets
provide sufficient static radial displacement to effect
this result. However, as shown in Fig. 24(b), an addi-
tional lateral displacement control is provided for the
blue electron beam. It is necessary to provide four
separate kinds of adjustments to satisly the alignment
of the three beams. This is shown in Fig. 24(c¢) in which
the beams are dispersed in a manner that the radial
correction provided can only effect a circle () of
minimum displacement. lowever, the lateral control
added to the “blue” beam, and a readjustment of the
radial alignment of the “red” and “green” beams, per-
mits precise convergence.

® re)

Fig. 24—Convergence diagrams.

The scanning action on the spaced beams distorts the
initial beam alignments and causes the appearance of
three separate rasters. Deflection increases the beam
path distance to the screen but the convergence errors
are primarily a result of the defocusing effects accom-
panying any deflecting field. In either case, the converg-
ing elements are required to reduce the convergence
angles between beams as a function of the magnitude
of deflection. With apparatus made for this purpose,
deflection synchronized gating pulses applied to the
control grids of the electron guns display triple spot
groups on the overall screen area indicative of the de-
flection distortions. It is the purpose of the dynamic
convergence circuits to reduce the displayed spot sepa-
rations to a minimum.

With three beams originating from equilaterally
spaced guns, blue on bottom, red and green in a plane
above blue, the kind of spot displacements encountered
are such that vertical deflection displaces the blue beam
less than the red and green and horizontal deflection
produces a greater blue beam displacement. In either
condition, the displacements of the red and green beams
are more equal and thus more amenable to better con-
vergence. For this reason, the blue gun occupies its par-
ticular position; it produces the image with least lumi-
nosity and least annoyance when in error. Deflection
yoke designs that attempt to equalize the deflected spot
separations do provide good convergence performance.

The magnetic convergence yoke is provided with cor-
rective signals which are separately adjustable in mag-
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nitude. However only radial motions of the beams are
available. Hence complete dynamic convergence is
possible for relative beam displacements which are
radial only. Lateral convergence errors, illustrated by
Fig. 24(c) may accompany the radial displacements.
It is this form of distortion that cannot be compensated
by the available convergence elements, and effort is ex-
pended to reduce these effects in the deflection yoke.

The dynamic correction signals are obtained from
the same sources developing the vertical and horizontal
scanning currents for the deflection yoke. In this way
the corrections are inherently synchronized to the
raster. For a well-made deflection yoke, the convergence
errors are smooth symmetrical functions that are
simulated well enough by parabolic waveforms. These
are developed by integration from pulse and sawtooth
signals available in the deflection circuits.? Where asym-
metry is encountered in convergence setup, sawtooth
waveforms of either polarity are combined with the
parabolic to derive tilted parabolas. The waveforms so
developed are applied to the convergence elements
which operate to oppose the deflection distortions. De-
flection yoke faults such as cross-coupling and capacitive
unbalance cannot be corrected by dynamic convergence
and are separate, though related, problems.

A convergence circuit for magnetically converged
shadow mask tubes achieves circuit simplicity by util-
izing resonant ringing in the horizontal current wave-
forms and by combining the similar corrective require-
ments of the red and green electron beams. This circuit
provides waveforms which are approximations of the
desired parabolic waveforms. While the number of ad-
justments are large, an orderly procedure quickly es-
tablishes the optimum registry. Convergence yoke sen-
sitivity is great enough, even though loosely coupled
through the glass neck of the tube to the convergence
clements, to permit direct excitation from the normal
scanning circuits. These tubeless convergence circuits
have been quickly adopted for color television receiv-
ers.®

. White Balance

White balance is the operating condition of the three
electron guns that permits the static and dynamic con-
trol grid to cathode potentials to vary the picture bright-
ness and contrast while preserving the reference white
color. This is necessary for the satisfactory operation of
a color receiver in color as well as in monochrome. The
white balancing procedures are complicated by the
three color phosphors having unequal combining effi-
ciencies and by electron guns having differing electrical
characteristics.

The primary color phosphors used in the shadow
mask tube have spectral efficiencies approximately as
indicated in Fig. 25. Since a typical white color point
for a display is composed of nearly equal portions of red,

% J. Giuffrida, “Convergence in the CBS-colortron ‘205',” Radio-
Elect. Engrg., vol. 24, p. 12; February, 1955.
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green, and blue energy, it is apparent the respective
electron guns need to supply currents in a compensating
inverse order. I‘or a typical white, the red, green, and
blue beam currents in the shadow mask tube are gen-
erally apportioned to 50, 30, and 20 per cent respec-
tively. However the relative phosphor efficiencies vary
from this ratio by wide limits due to manufacturing
problems such that the relative red to blue currents
may be as high as five to one in a specific picture tube.
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Fig. 25—Relative phosphor efficiencies.

The basic form of the electron guns used in the
shadow mask tube is similar to monochrome picture
tubes. Cathode emitted current, formed into the fo-
cussed and accelerated electron beam is described by:

E,: N E)z.n .
ul3

ul2

G is a perveance figure largely determined by the first
grid to cathode spacing. The spacing is normally 0.005
inch and small variations account for the unavoidable
differences between electron guns. Relative to gl, ul2
and u13 are the comparative effectiveness of g2 and g3
in controlling the cathode gradient. On the average
#12=3 and pu13=~1,000, and the cathode current fol-
lows an exponential (gamma) function of the effective
electrode voltages of 2.75.

The above expression indicates that sufficient con-
trol parameters are available to provide for white bal-
ance. However, economic restrictions together with the
requirements for definite alignment procedure have led
to generally standard circuits.?

A typical arrangement based on the video amplifier
and matrix circuit of IYig. 23 is based on the following
procedures. The luminance signal is driven to the red,
green, and blue gun cathodes in an amplitude ratio such
as 1.3:1.1:1.0. This is a fixed ratio chosen to keep the
range of other parameters listed hereafter within a
minimum range. Similarly the color difference signals
are coupled to the respective grids (usually with a dc
coupling to preserve relative chrominance values) in

[K =G(_Eyl+

% \W. M. Quinn, Jr., “Methods of matrixing in an NTSC color
television receiver,” 1953 IRE CONVENTION RECORD, Part 4,
“Broadcasting and Television,” pp. 167-172.
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fixed ratios properly tuned with the luminance drives.
(Of course, the chrominance gain controls the magnitude
of the color difference signals but not their relative am-
plitudes.) To insure a uniformity of receiver power load-
ing the red gun characteristic is normalized by adjusting
its G, voltage so that an approximate 65 volt black to
white signal can just be accommodated between the gun
cutoff bias and zero bias. By adjustment of the G1 and
G2 controls of the green and blue guns the transfer
characteristics are matched to the white balance re-
quirements. For these adjustments a combined range
of nearly 1,000 volts must be provided between the lim-
its of maximum G1 and G2 settings. Background
(brightness) adjustments in the circuit of Fig. 23 pro-
duce voltage changes proportionate to the luminance
drive ratios and thus do not disturb the white balance
adjustments.

When the white balancing procedures have been
satisfactorily concluded the luminance signal will gen-
erate the reference white color on the tricolor tube
screen. In effect the primary color phosphors have been
combined. The reference white may be Illuminant C, or
another white, depending on the combining ratio. As
MacAdam points out, all colors are perceived relative
to white and llluminant C (6,750° K) is not always
satisfactory.?” He endorses a somewhat more yellowish
(4,000° K) white where the picture display is viewed in
surroundings illuminated by incandescent lamps and/or
daylight. However, a color temperature between
6,000°K and 8,200°K appears to be current practice.

G. Screen Efficiency and High Voltage Power

In the assembly of a tri-color, shadow mask picture
tube the manufacturer must follow an uncompromising
sequence of accurate operations to make a product with
good color purity and brightness. The crux of the tube
design is in the relative size of the shadow mask aper-
tures. Analysis has shown that the permissible possible
beam current utilization of the phosphor dot screen is
30.3 per cent. This would look encouraging were it not
based upon the impossible conditions of zero tolerances
of all assemblies and zero beam thickness in preserving
color selectivity. As a color pure display over the entire
screen area is a requisite, the following practical con-
siderations reduce the screen utilization and brightness
performance: finite electron beam diameters, assembly
tolerances in manufacturing, and shadow mask thermal
shift during operation. The shadow mask tube, as a
commercial product, is reduced to an anode power
operating efficiency of 9 to 12 per cent compared to a
monochrome picture tube operating at 80 per cent or
better. Degrading the comparison further, the white
combining luminous values of the tri-color phosphors are
little better than 50 per cent of average 4 phosphor
screen luminosity. Typical performance for shadow mask

27D, L. MacAdam, “Color balance for television,” Proc. IRLE,
vol. 43, pp. 11-14; January, 1955.
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tube type 21AXP22 is a minimum screen brightness of
8 foot lamberts with an ultor current of 800 wamp.
Color tube facepanels are usually of “grey” glass of 77
per cent transmission for contrast improvement.

Thus it is apparent that the shadow mask tube may
approach monochrome picture tube brightness perform-
ance only with greatly increased beam power. However,
one limitation is the incident beam power to the shadow
mask. The absorbed wattage raises the mask temper-
ature and results in expansion tending to displace the
mask apertures from their respective tri-dot groups.
Corrective measures include mask blackening to raise
its emissivity and mask suspension systems that tend
towards thermal compensation. Currently available
shadow mask tubes have anode dissipation ratings in
the order of 20 watts. At a recommended operating
voltage of 25 kilovolts the enode power supply is ex-
pected to deliver current at the maximum dissipation
rating. Above this value the circuits are designed to
fall out of voltage regulation. At the high voltages
generated, extraordinary precautions are required to
avoid corona and high humidity breakdown.28

Anode power, and focus electrode power, are devel-
oped in flyback systems quite similar to monochrome
television practice. Voltage adder circuits are popular
for developing the anode voltage recommended with
the use of sufficient series impedance to prevent de-
structive current surges due to temporary tube flash-
overs. With flyback supplies, the maximum developed
anode power is inherently limited by the fixed operating
conditions of the horizontal scan driver tubes so that
the shadow mask ratings cannot be much exceeded.
The anode supply is voltage stabilized to preserve all
the magnetic trimming adjustments made on the anode
voltage accelerated clectron beams, Otherwise the vari-
able beam current demands would disrupt the setup of
color purity, convergence, focus, and raster size.

V. Methobps oF TESTING COLOR
TELEVISION RECEIVERS

A. Introduction

The purpose of this section is to define methods and
outline general manufacturing limits to the reader in
testing the performance of color television receivers cur-
rently being produced. This discussion will deal with a
specific receiver having the functional arrangement of
Fig. 26. These circuits have been described; however,
a brief description follows to provide the reader with a
clear picture of the circuit integration of the receiver
under discussion in this section.

B. The Color Television Receiver

The rf tuner is a modified version of an incremental
inductance type used in monochrome receivers. An
additional wafer is added to the vhf section to provide

28 A, H, Mankin, “Corona suppression methods,” Elec. Mfg., vol.
73, p. 125; June, 1951,
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neutralization for the rf amplifier preventing tilting of
the overall response, due to the effects of agc bias
changes. A continuous tuning uhf tuner is mounted at
the rear of the vhf tuner. The vhi-rf stage acts as an IF
pre-amplifier when switched to the uhf position.

The output of the tuner is linked coupled to the
picture IF amplifier. Adjacent channel sound and pic-
ture traps are shunted across the link to effect a decrease
of cross modulation in the IF amplifiers. The I} has a
bandwidth of approximately 3.5 mc thus the chromi-
nance subcarrier is placed on the sloping portion of the
bandpass to the detector. Chrominance amplifiers com-
pensate for the non-flat IF response after detection.
Two accompanying sound traps are associated with the
input and output of the link coupled circuit providing
sufficient sound attenuation.
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Fig. 26—Receiver block diagram.

In the first video amplifier a circuit tuned to approxi-
mately 4.1 mc in the plate separates the chrominance
sidebands from the luminance signal and also partially
overcomes the non-flat response of the IF amplifier. A
4.5 mc trap associated with this circuit provides the re-
quired additional sound trapping, preventing the ob-
jectionable 920 kc beat. A load resistor in series with
the chrominance take-off circuit provides a convenient
take-off point for the 4.5 mc sound carrier, agc trigger-
ing and sync signals.

The luminance signal is provided at the cathode of
this stage and is dc coupled to the second video ampli-
fier through a 2,000 ohm delay line. A contrast control,
located in the grid circuit of the second video amplifier,
terminates this delay line.

The luminance signal proportionately drives the
cathodes of the tri-color kinescope by means of a volt-
age divider in the plate circuit of the second video
amplifier. The red drive being approximately 125 volts
peak-to-peak. No dc restorers are required since dc
coupling is utilized throughout.

Since R-Y and G-Y chrominance signals are demodu-
lated in a high level system, the bandwidth of the
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chrominance amplifiers is approximately 600 kc. Two
chrominance stages precede the demodulators, namely
the bandpass amplifier and the demodulator driver.
Burst is separated from the composite chrominance sig-
nal at the plate of the bandpass amplifier by means of a
gate circuit triggered by the horizontal flyback pulse.

Color synchronization is obtained by use of an APFC
(Automatic Phase and Frequency Control) system
which employs a phase detector, reactance tube and a
crystal controlled oscillator. Two 3.58 mc cw driving
signals of R-Y and G-Y phase are fed to their respective
demodulators.

The B-Y signal is obtained by properly matrixing
demodulated R-Y and G-Y voltages. The resulting
B-Y signal is phase inverted and amplified. All three
color difference signals are dc coupled to their respective
grids of the tri-gun kinescope.

An ACC (Automatic Chrominance Control) circuit
is used to control the gain of the bandpass amplifier.
This bias voltage is obtained from the phase detector
and its amplitude is in direct proportion to the ampli-
tude of burst. This circuit is shown in Fig. 15.

A color killer circuit disables the bandpass amplifier
during monochrome transmissions. Since burst is sam-
pled at the output of this stage, the bandpass amplifier
is allowed to conduct during horizontal retrace time so
presence of burst can be sensed at the phase detector.

The agc, sync and noise inversion circuits are con-
ventional with the typical monochrome receiver designs.

C. Test Signal Facilities

Most of the signals required for testing and adjusting
the color television receiver can be generated in a
centrally located master signal room and then fed to the
proper test location. Typical equipment and the signals
produced are as follows:

1) A monochrome test signal of 1,000 uv permits the
observer to check for picture resolution, quality
and relative sensitivity. A television transmitter
modulated with a monoscope Indian Head pat-
tern provides such a signal.

2) An additional television transmitter also modu-
lated with a monoscope Indian Head pattern and
transmitted at a higher level provides a signal
suitable for testing other sections of the receiver,
such as the cross modulation, overload, etc. in
the IF amplifiers.

3) A third television transmitter modulated with a
color bar generator provides a signal which can
be used in the testing of color circuits. The top
half of the pattern could include the normal step
pattern colors of white, yellow, cyan, green,
magenta, red and blue. The bottom half could
represent R-Y, B-Y, black and white. I and Q
signals could be substituted depending on re-
ceiver design.

4) A fourth television transmitter modulated by a
flying spot scanner with an “Indian Blanket” pat-
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tern presents the operator with a convenient
means of checking color fit and color quality.

5) Convergence test signals are a basic requirement
during the assembly of color television receivers.
This type of signal is developed by a fifth tele-
vision transmitter where either a dot or cross-
hatch pattern is generated, depending on the test
operator's preference.

6) A sixth transmitter modulated by a 3.58 mc sig-
nal, with variable modulation at a low frequency
rate, provides test signals for the proper adjust-
ing and testing of the automatic chrominance
circuit.

7) Twelve additional transmitters adjusted to the
picture carrier of each vhf channel provide sig-
nals for overall alignment of the rf-IF and chrom-
inance circuits.

8) Crystal controlled pulse generators develop
these II° pulses at frequencies of 39.75 mc, 41.25
mc, and 47.25 mc, for setting [F traps and two IF
pulses at 41.25 mc and 44.50 mc for checking
sound rejection. The pulse markers have their
outputs gated with multivibrators which are
phase controlled with 60 cycles. Utilizing these
pulses in a novel test technique greatly simpli-
fies adjusting traps and checking sound rejection.

9) UHF marker generators produce two markers,
one at each end of the uhf spectrum, for checking
the uhf tuner.
Crystal controlled generators provide each of
the IF alignment intensity markers used to de-
fine alignment limits.
11) A video signal of the monoscope Indian Head
pattern is developed for testing of the deflection
circuits.
Sound carriers of the television transmitters
noted above may be modulated with either
music or a 400 cycle note for checking various
sound circuits.
A 4.5 mc signal is generated to be used when
aligning the 4.5 mc traps and sound IF circuits.
Bias voltages are developed for alignment pur-
poses. All of the above test signals from the
master signal room are considered necessary dur-
ing the assembly of a color television receiver. In
addition, rf, IF, and video sweep signals are gen-
crated at the test locations.

10)

12)

13)

14)

D. Test Procedure

In the process of manufacturing color television re-
ceivers, the various sections of the receiver must be
checked, and aligned and pass rigid test specifications.
Basically, the receiver goes through eight test operations.
In some of these test locations only one group of circuits
will be adjusted and tested while in a few test areas
the over-all performance of complete receiver is checked
to assure that each color receiver will meet engineering
specifications hefore being packed for shipment.
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The eight test positions are listed in order below. A
brief description of each test location, signal and equip-
ment used and notes on the more important and un-
usual test operations and techniques will follow:

1) VHF rf color tuner.

2) VHF-uhf color tuner.

3) Deflection test—color television chassis.

4) IF alignment—color television chassis.

5) RF test—color television chassis.

6) Color video alignment—color television chassis.

7) Final process—color television instrument.

8) Final test inspection—color television instrument.

VHF-RF Tuner Test and Alignment: At this location
the vhf tuner is aligned up to the link circuit. The link
circuit is tuned in the IF test after the rf unit is mounted
on the color television chassis. The uhf tuner is aligned
during the vhi-uhf color tuner test which follows after
this test.

Twelve picture carrier markers are sent to each test
location from the master signal room. The equipment
required at each location is as follows: vhf sweep gen-
erator, vacuum tube volt meter, oscilloscope, and power
supply and marker amplifier.

IF markers are obtained by sampling the IF sweep
and mixing with a marker at 43.50 mc. A high Q circuit
tuned to 2.25 mc produces a beat at 41.25 mic and 45.75
mc which is then combined with the regular sweep.

When aligning the low channels, the antenna input is
loaded with 50 ohms. This is to keep the antenna circuits
from changing the response. All channels are rechecked
with the load resistor removed and the antenna circuits
are then tuned.

RF neutralization is checked to assure a minimum of
detuning due to bias changes.

The IF sweep with markers is terminated with 50
ohms at the input of the uhf IF circuit on the vhf tuner.
The response is checked with a diode probe and oscillo-
scope at the mixer plate.

VHF-UHF Tuner Test and Alignment: The vhf and
uhf tuners have now been assembled as one unit.

At this location an overall sweep on uhf is used to
tune the coupling between the two tuners for flatness
of response.

The equipment required is as follows: uhf sweep gen-
erator, oscilloscope, VT'VM, and bias supply.

Deflection Test: Here the color television chassis has
been completely assembled and ready for it first test.
Fig. 27 shows the chassis in its test position and all
necessary equipment.

A 21 inch monochrome kinescope with a color yoke
is used in this initial test. The red, green and blue video
signals can be selected by means of a switch panel
shown just to the left of the kinescope in Fig. 27.

An Indian Head video signal is the only source used
in this test. This signal is supplied from the master
signal room.

The following equipment is required at this test
location: monochrome picture tube with color yoke,
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Fig. 27—Deflection chassis test.

high voltage regulator for 18 kv, 9-1.5 ma meter,
0-500 ma meter, switch panel, convergence coil as-
sembly, oscilloscope, and VITVM.

The deflection test is comprised of the following tests
and adjustments:

1) The horizontal and vertical hold controls are
checked for proper action and are adjusted for
picture sync.

The horizontal drive control is adjusted for dis-
appearance of the white overdrive line.

The damper current is adjusted for minimum
current and the high voltage regulator is ad-
justed for 25 kv. The regulator current is then
checked and should read at least 750 ya. The high
voltage may be decreased to a minimum of 23
kv to meet this 730 ua requirement.

The horizontal oscillator is adjusted for proper
pull-in range.

Action of the width switch is checked.

The range of the focus voltage is checked.

The horizontal centering action is checked.

The voltage range of the three screen controls is
checked.

The voltage range of the background controls is
checked.

The voltage range of each of the three kine
cathode signals is checked by varying the bright-
ness control through its range.

The convergence waveforms are checked on the
oscilloscope by going through the range of each
of the horizontal and vertical tilt and amplitude
controls. The tilt controls are then adjusted to
their electrical centers and the amplitude controls
adjusted fully CCW.

The waveform of the horizontal sinewave is
checked and properly adjusted.

Finally each of the three video cutputs are
checked for a good monochrome picture on the
21-inch monochrome picture tube.

2)

4)
5)
6)
7)
8)
9)

10)

11)

12)

13)
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Fig. 28—IF chassis test.

IF Alignment: After completion of the deflection
test the chassis is given an overall IF test. The sub-
assemblies were given a check before they were mounted
in the chassis. However, the link circuit and traps have
not yet been aligned.

Each chassis is pre-heated before actual alignment.
This means that each operator has two receivers in
position, one being pre-heated while the other is being
aligned.

The IF alignment position similar to the rf position
shown in Fig. 28. The equipment required is as follows:
oscilloscope, VTVM, and push button test signal se-
lector.

The test signals required are as follows: three trap
pulses; 41.25, 47.25, and 39.75, 4.5 mc carrier, sound
reject pulses 41.25 and 44.50, IF sweep with intensity
markers, and bias supply.

The three trap pulses are crystal controlled and orig-
inate from the master signal room. These pulses are
gated at a 60 cycle rate and the oscilloscope sweep rate is
set at the same frequency. The phase of each pulse is
adjusted so the three pulses will be spread across the
oscilloscope in the order of their frequency. With this
arrangement all the traps in the IF can be adjusted with
one setting of the test equipment. Each trap is tuned
for minimum pulse height on the oscilloscope.

Sound rejection is also checked by using this pulse
method. However, since sound is rejected many times
down from 100 per cent IF response, the 100 per cent
marker must be attenuated so that a usable ratio can
be used for a visual presentation. Thus, the 44.5 mc
comparison marker is sent from the signal room ap-
proximately 30 times down as compared to the 41.5 mc
sound marker. At each test location the scopes are cali-
brated so the 44.5 mc pulse is a 100 per cent. The 41.25
mc pulse must then fall within limits marked on each
scope. The scopes are calibrated against two receivers,
with known rejection, one at the high and one at the
low limit of sound rejection.
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The link coupled circuit and overall IF is adjusted for
the proper response. Also, the 4.5 mc carrier is used to
check the alignment of the 4.5 mc sound board and tune
the 4.5 mc trap in the chrominance circuit.

RF Test: At this location the chassis is given a com-
plete rf, IF and video alignment and sensitivity check.
The signals required are as follows: All 12 vhf picture
carriers mixed with the IF sweep, high level rf—Indian
Head test pattern with music, low level rf—Indian
Head test pattern with 400 cycle tone, rf video sweep
with intensity markers.

The equipment required is as follows: vhf rf sweep
generator, uhf rf sweep generator, oscilloscope, rf signal
and video sweep selector panel, and bias supply.

The overall response from the antenna terminal to
the second detector is checked on all channels both uhf
and vhf. Compromise adjustments are made between
channels if necessary. The oscilloscope is marked so
that the operator can be sure that the receiver is oper-
ating within the required limits. A sensitivity check is
made by means of an attenuator switch located on the
signal selector panel.

The chrominance video circuits are then aligned. An
rf carrier modulated with a video sweep with intensity
markers is ¢onnected to the antenna terminals. A de-
modulator probe connected to the various test points
and the circuits are tuned for the proper responses.

The speaker leads are connected and the operation of
the volume and tone controls are checked.

Color Video Alignment: At this test location, as seen
in Fig. 29, the receiver is connected to a color kinescope
for the first time. The screen and background controls
are adjusted for a monochrome picture and proper
tracking. Height, width, and vertical linearity are prop-
erly adjusted. The agc is adjusted for proper signal level
at the “bootstrap” circuit using a 30,000 uv signal.

The burst gate, APFC, and matrix are checked and
aligned at this time. The range of all front panel con-
trols are also checked. The action of the ACC (auto-
matic color control) is checked by means of a 3.58 mc
carrier with amplitude modulation varying at a low
frequency.

The color killer is adjusted and the receiver is
checked on a color bar and Indian Blanket pattern.

Also at this location the dynamic convergence con-
trols are adjusted for proper registration.

The signals required at this test location are as fol-
lows: ri—color bars with audio tone, rf—dot pattern,
rf—flying spot scanner (Indian Blanket) with sound,
rf—modulated 3.58 mc carrier (ACC Signal), rf—
Indian Head (high level), rf—Indian Head (low level).

The equipment required is as follows: color kinescope
and related accessories, oscilloscope, VITVM, and push
button signal selector panel.

Final Process: Before arriving at this location the
color picture tube and receiver chassis is installed in the
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Fig. 29—Color video chassis test.

cabinet and has passed a degaussing unit which is
located adjacent to the conveyor.

The height, width, vertical linearity, and focus are re-
checked at this time. Next, the yoke, purity magnet,
and color equalizer magnets are adjuster to provide
proper purity.

Following the purity adjustments, dynamic anc
static convergence and kinescope color temperature are
properly adjusted.

The receiver is again checked for picture and sound
sensitivity, for proper color fit within the luminance
signal and proper ACC action. The signals used in this
test are the same as those used in the color video test.

Final Test: At this point the receiver is completely
assembled with the top and back in place. It is checked
on both vhf and uhf monocarome and color UHF end
markers are received from the signal room to check the
mechanical range of the uner.

The volume control is turned up so that the presence
of sound can be checked. Also all dial and indication
lights are checked for operation.

After completion of this test the receiver is packed
and made ready for shipment.
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The Transfluxor®

J. A. RAJCHMANT, FELLOW, IRE AND A. W. LO%, ASSOCIATE MEMBER, IRE

Summary—The transfluxor comprises a core of magnetic mate-
rial with a nearly rectangular hysteresis loop and having two or
more apertures. The control of the transfer of flux between the three
or more legs of the magnetic core provides novel means to store and
gate electrical signals. The transfluxor can control, for an indefinitely
long time, the transmission of ac power according to a level estab-
lished by a single setting pulse. This level can have any value in a
continuous range, from no transmission to some maximum, thus
affording either ‘‘on-off”” or ‘‘continuous” stored control. These
properties of the transfluxor, possessed by no other passive element,
render it a significant addition to the list of basic circuit components
presently employed in electronics.

The characteristics of a representative two-aperture transfluxor
are described. The device has high efficiency of power transmission,
short setting time, negligible coupling between setting and output
circuits and sharp setting thresholds. Several illustrative applications
are given, including nondestructive readout memory systems and
channel selector switches. Several examples of transfluxors with
more than two apertures are described.

INTRODUCTION

7T N A RECENT paper! the authors have announced
I[: a novel device showing that completely new switch-

ing and storing functions can be performed by em-
ploying magnetic cores with two or more apertures,®
instead of the conventional single aperture cores, there-
by creating a number of distinct flux paths via the legs
of the core. The new device operates by the controlled

* Original manuscript received by the IRE, November 14, 1955;
revised manuscript received, December 15, 1955.

1 RCA Laboratories, Princeton, N. J.

1], A. Rajchman and A. W. Lo, “The transfluxor—a magunetic
gate with stored variable setting,” RCA Rev., vol. 16, pp. 303-311;
June, 1955.

2 Magnetic circuits using multi-aperture cores have also been re-
ported by: R. L. Snyder, “Magnistor circuits,” Elect. Design, vol. 3;
August, 1955. R. Thorensen and W. R. Arsenault, “A new nonde-
structive read for magnetic cores,” a paper presented at the Western
Joint Computer Conference; March, 1955.

transfer of flux from leg to leg in the magnetic circuit
and was consequently named TRANSFLUXOR.

One of the most important properties of the trans-
fluxor is its ability to store a level of control established
by a single electric pulse. An energizing ac drive will or
will not produce an ac output depending upon the
nature of the last setting pulse to which the trans-
fluxor was subjected. Furthermore, intermediate setting
is possible for which an output of any desired level in a
continuous range between alinost zero and a maximum
level will be produced according to the amplitude of a
single setting pulse.

In the present paper, after a short review of the prin-
ciple of the new device, its operation is illustrated in
detail by the characteristics of a typical two-apertured
transfluxor and some of its applications. Several exam-
ples of logical functions attainable with multi-apertured
transfluxors are also included.

PRINCIPLE OF THE TwO-APERTURED TRANSFLUXOR

Consider a core made of magnetic material such as a
molded ceramic “ferrite” which has a nearly rectangu-
lar hysteresis loop and consequently a remanent induc-
tion B, substantially equal to the saturated induction
B,. Let there be two circular apertures of unequal di-
ameter which form three distinct legs, 1, 2, and 3 in
the magnetic circuit, as illustrated in Fig. 1. The areas
of the cross sections of the legs 2 and 3 are equal and
the cross section of leg 1 is equal to, or greater than, the
sum of those of legs 2 and 3.

The operation of the device previously explained! is
reviewed here for convenience. Assume that at first an
intense current pulse is sent through winding W; on leg
1 in a direction to produce a clockwise flux flow which
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saturates legs 2 and 3. This is possible since the larger
leg 1 provides the necessary return path. These legs will
remain saturated after the termination of the pulse
since remanent and saturated inductions are almost
equal. Consider now the effect of an energizing alter-
nating current in winding Wj linking leg 3, producing
an alternating magnetomotive force along a path sur-
rounding the smaller aperture, but of insufficient am-
plitude to produce significant flux change around both
apertures, as shown by the shaded area in Fig. 1. When
this magnetomotive force has a clockwise sense, it
tends to produce an increase in flux in leg 3 and a de-
crease in leg 2. But no increase of flux is possible in leg 3
because it is saturated. Consequently, there can be no
flux flow at all, since magnetic flux flow is necessarily
in closed paths. Similarly, during the opposite phase of
the ac, the magnetomotive force is in a counter-clock-
wise sense and tends to produce an increase in flux in
leg 2, which is again impossible since that leg is satu-
rated. Consequently, flux flow is “blocked” as the result
of the direction of saturation of either leg 2 or 3. The
transfluxor is in its “blocked” state and no voltage is in-
duced in an output winding W, linking leg 3.

BLOCKED

UNBLOCKED

Fig. i—Principle of transfluxor.

Consider now the effect of a current pulse through
winding W, in a direction producing a counter-clockwise
magnetonmotive force. Let this pulse be intense enough
to produce a magnetizing force in the closer leg 2 larger
than the coercive force /., but not large enough to al-
low the magnetizing force in the more distant leg 3 to
exceed the critical value. This pulse, called hereafter the
“setting pulse,” will cause the saturation of leg 2 to re-
verse and become directed upwards (I‘ig. 1), but will
not affect leg 3 which will remain saturated downward.
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In this condition, the alternating magnetomotive force
around the small aperture resulting from the alternat-
ing current in winding W; will produce a corresponding
flux flow around the small aperture. The first counter-
clockwise phase of the ac will reverse the flux, the next
clockwise phase will reverse it again, and so on indefi-
nitely. This flow may Dbe thought of as a back-and-forth
“transfer” of flux between legs 2 and 3. The alternating
flux flow will induce a voltage in the output winding
Wo. This ts the “unblocked” or “maximum set” state
of the transfluxor.

It is scen that the transfluxor is Dlocked when the
directions of remanent induction of the legs surrounding
the smaller aperture are the same and unblocked when
they are opposite. In the blocked state the magnetic
material around the small aperture provides essen-
tiallv no coupling between the primary (IV3) and sec-
ondary (IV,) windings, while it provides a relatively
large coupling between these two windings in the un-
blocked state. lt is interesting to note that the infor-
mation as to whether the transfluxor is blocked or un-
blocked can be thought of as being stored in terms of
the flux through leg 1, and that this stored flux does not
change when output is produced by interchange of
flux between legs 2 and 3.

The transfluxor can also be set to any level in a con-
tinuous range in response to the amplitude of a single
setting current pulse. Once set, it will deliver indefi-
nitely an output proportional to the setting. This may
be explained with simplifying idealizations as follows:
Consider first the transfluxor in its blocked condition.
Let there be a “setting” current pulse through winding
IV, of a chosen amplitude and, of course, of a polarity
opposite that of the original blocking pulse. A magnet-
izing force I, proportional to this current, is produced
around the large hole. This force in the magnetic ma-
terial is greatest at the periphery of the hole and dim-
inishes gradually with distance. In the case of a circular
aperture it is inversely proportional to the radius.
Therefore, for the given selected amplitude of the set-
ting current pulse, there will be a critical circle sepa-
rating an inner zone, in which the magnetizing force is
larger than the threshold magnetizing force 11, required
to reverse the sense of flux flow, and an outer zone,
where this field is smaller than the threshold value.
These two zones are shown in Fig. 2. Consider now the
alternating magnetomotive force on leg 3 produced
by an indefinitely long sequence of pulses of alternating
polarity. The first pulse, applied to leg 3 in a direction
to produce downward magnetization in leg 2, can change
only that part of the flux in leg 2 which is directed up-
wards, namely that part which has been “set” or
“trapped” into that leg by the setting pulse. This chang-
ing part of the tlux will flow through leg 3 until leg 2
reaches its original downward saturation. The amount
of flux set into leg 2 is therefore transferred to leg 3.
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The next pulse, applied to leg 3, will saturate it to its
original downward direction and thereby retransfer the
trapped amount of flux back to leg 2. There is no danger
of any transfer of flux to leg 1, since the magnetizing
path is much longer through that leg, and once leg 3 is
saturated no further flux flow is possible however in-
tense this second pulse. It is apparent therefore, that
the succession of pulses of alternating polarity on leg 3
will cause reversing of an amount of flux around the
small aperture just equal (o that initially set into leg 2.

Fig. 2—Setting the transfluxor to a level in a continuous range.

It is convenient to consider this flux flow as an “inter-
change” or “transfer” of flux between leg 2 and leg 3,
a basic concept of the transfluxor. This will produce
across the output winding Wy an indefinitely long train
of voltage pulses. The magnitude of the output or the
“analog” inforiration can be thought as stored in terms
of the flux in leg 1 (or algebraic sum of fluxes in legs 2
and 3), just as was the case for the “on-off” information.
This stored flux is not affected by the output-producing
interchange of flux between legs 2 and 3.

There is a possibility that, in the blocked condition,
or any intermediary set condition, a sufficiently large
ac in the phase tending to produce counterclockwise
flux flow could in fact change the flux in leg 3 by trans-
ferring flux to leg 1. There is, therefore, a limit to the
permissible amplitude of the energizing ac because of
the possibility of “spurious unblocking.” The limiting
amplitude is increased by the use of unequal hole di-
ameters rendering the flux path via legs 1 and 3 much
longer than via legs 2 and 3. There is no danger of spu-
rious unblocking by the ac in the phase tending to pro-
duce a clockwise flux flow, since in this phase leg 3 is
being magnetized in the direction in which it is already
saturated. Therefore, there is a considerable advantage
in using asymmetric energizing alternating current or a
train of interlaced relatively large “driving” pulses
(clockwise) and relatively small “priming” pulses
(counter-clockwise). The driving pulses, which cannot
possibly spuriously unblock a blocked transfluxor, can
be arbitrarily large, with the result that when the
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transfluxor is unblocked by proper setting, these pulses
may not only provide the re:uired minin:al reversing
magnetizing force around the sn:all aperture, but also
provide substantial power to deliver large output cur-
rents. The priming pulses must be of sufficient magni-
tude to provide the required magnetizing force around
the small aperture, but insufficient to provide it around
both apertures.

THE PROTOTYPE TWO-APERTURED T RANSFLUXOR
Inherent Characteristics

The core of the transfluxor for which the character-
istics are given below was made of magnetic ceramic
material (manganese-magnesium ferrospinel—30 per
cent MnO, 30 per cent MgO, 40 per cent F»03), of com-
position and processing identical to thcse used for
memory cores. The dimensions are shown on Fig. 3.
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Fig. 3—The prototype transfluxor.

The knowledge of the actual amounts of flux set in
leg 2 and leg 3 by a pulsed magnetomotive force applied
to leg 1 can be used to evaluate the idealized explana-
tion of the operation given above as well as to predict
the detailed operation. These inherent setting proper-
ties, illustrated on Fig. 4, were obtained as follows: leg 1
was subjected first to a relatively large blocking pulse of
5 ampere turns (AT) of magnetomotive force and then
to a setting pulse the amplitude of which is the abscissa
of the plot. The instantaneous voltages on one-turn
windings linking legs 2 and 3 were integrated through-
out the duration of the setting pulse including the rise
and decay of the pulse. These integrated values are the
irreversible (or net) flux changes ¢. and ¢; produced by
the setting, and are shown as the ordinates of the plot.
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Fig. 4-—Inherent setting characteristic.

Ideally, the variations of the fluxes ¢, and ¢; can be
predicted by considering the location of the closed line
of magnetic induction passing through leg 1 along which
the magnetizing force, due to the set current, is just
equal to the threshold magnetizing force required to
reverse the sense of flux flow, as was explained above.
This boundary between reversed and non-reversed
senses of flux flow is approximately a circle the radius
of which increases linearly with setting current. No flux
change occurs until this circle reaches the edge of the
large aperture (¢, =¢;=0). After this first threshold is
exceeded, the flux in leg 2 increases linearly with the
radius of the limiting circle as it sweeps across the
width of the leg, while the flux in leg 3 remains zero.
When the limiting circle has reached the smaller aper-
ture, the direction of flux across the entire width of leg 2
is reversed. A further increase of setting current will
increase the length of the boundary, which may then
deviate somewhat from a circle, until it reaches the
inner edge of leg 3. At this second threshold value, the
flux in leg 3 will start to increase linearly until the
boundary has swept across the entire width of that leg.

The curves of I'ig. 4 only approximate the sectionally
linear curves predicted by the above idealization, be-
cause the real material is characterized by a family of
hysteresis loops deviating appreciably from the ideal
rectangular shape. The “rounding-off” of the corners
and the asymptotic saturation characteristics are,
therefore, not surprising. It is worth noting that leg 3
exhibits a substantial flux setting before leg 2 reaches
saturation and also that its saturated value is smaller
because the width of this leg happens to be somewhat
narrower than that of leg 2 (see Fig. 3).

OPERATING CHARACTERISTICS

The amount of flux which is interchanged between
legs 2 and 3 for a given setting by priming and driving
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pulses, determines the output from the transfluxor and
will be referred to as “the output flux.” The setting pulse
will determine the maximum interchangeable amount
of flux while the priming and driving pulses will deter-
mine what part of that flux is actually interchanged.
It is convenient to consider the plots of the output flux
as a function of the setting magnetomotive force as
“setting characteristics” for given priming and driving
pulses. “Driving characteristics” are the plots of the
output flux as a function of the driving pulse for given
setting and priming pulses. Main mode of operation con-
sists of blocking and setting on leg 1, priming and driv-
ing on leg 3 and deriving output from leg 3. Two cases
are of interest: asymmetrical energization consisting of
unequal drive and prime pulses useful when cfficient
loading is desired, and symmetrical energization consist-
ing of equal drive and prime pulse or sinusoidal current
encountered in small signal ac transmission.

DRIVE MAGNETOMOTIVE FORCE
AMPERE  TuRNS

SET MAGNETOMOTIVE FORCE -~ AMPERE TURNS

Fig. 8§ —Setting characteristic—asymmetrical energization.

The setting characteristics for asymmetrical energiza-
tion shown in Fig. 5, can be explained as follows: the
flux change ¢1s in leg 1, set into it by the setting pulse,
will divide itself, in general, between legs 2 and 3 where
the changes of flux ¢.s and ¢35 will be produced (¢;s
=¢as+¢ss). When the set flux ¢5 is smaller than the
maximum flux containable in the narrowest leg (in this
case leg 3, which is slightly narrower than leg 2), the
setting is referred to as “normal.” For normal setting
the first prime pulse on leg 3 will saturate leg 2 in its
original blocked direction of saturation, transferring
the flux ¢os set in leg 2 to leg 3, thereby concentrating
the amount of flux equal to ¢,5 in leg 3. When the drive
pulse is of an amplitude just sufficient to saturate the
entire width of leg 3 (1 AT), the flux concentrated in
that leg by the prime pulse, will be retransferred to leg
2. The steady-state interchanged output flux between
legs 2 and 3 will, therefore, be precisely that set initially
in leg 1, which in turn is equal to the sum of fluxes ¢,
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Fig. 6—Driving characteristic-—asymmetrical energization.

and ¢; shown on the inherent set curves of Fig. 4. This
flux increases linearly up to the limit of normal setting
which is about 1.5 AT.

When the drive is not sufficient to transfer all the
flux of leg 3 back to leg 2, only a part of the interchange-
able flux set in leg 3 will be, in general, actually inter-
changed. This explains the shape of the setting char-
acteristic for lower drives (less than 1 AT). These
curves follow the main characteristic only up to the
value of drive for which the whole set-in flux can be
transferred.

When the flux ¢, set in leg 1 exceeds that containable
in the widest of the two legs, 2 or 3, it “oversets” the
transfluxor by starting to reverse the fluxes in all legs,
producing blocking. Therefore, the amount of output
flux interchanged between legs 2 and 3 diminishes. The
rate of decrease of the output flux with increasing set-
ting current is smaller in the overset region than the
rate of increase in the normal region because of the
asymptotic nature of the curve near saturation (see
Fig. 4). The loss of output flux due to oversetting may
be corrected by overdriving. A large enough driving
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pulse on leg 3 will saturate it completely in the original
blocked downward direction by transferring flux first
to leg 2 until it is saturated and then the excessto leg 1.
Therefore an overset and overdriven transfluxor will
produce the maximum output, as shown by the char-
acteristic curves of Fig. 5.

The driving characteristics of I'ig. 6, for the same
asymmetrical energization, show that arbitrarily large
driving pulses may be used without disturbing normal
setting as was explained before. There is a threshold
value of 0.2 AT, corresponding to the value of magneto-
motive force producing a magnetizing force just equal
to the coercive force at the periphery of the small aper-
ture, below which there is no interchange of flux be-
tween legs 2 and 3. Each curve exhibits a sharp thresh-
old followed by an approximately linearly rising curve.
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Fig. 7—Setting characteristic—symmetrical energization.

The setting characteristics for symmetrical energiza-
tion with equal drive and prime pulses, shown on Fig.
7, may be explained by considering first the idealized
situation for a normal setting in which two zones are
created in leg 2; one near the larger aperture where the
flux is reversed and one near the smaller aperture where
it remains unaffected (see Fig. 8). When the prime
pulse on leg 3 is insufficient to produce a magnetizing
force greater than the coercive force at the location of
the boundary between the two zones, no flux will be
transferred to leg 3. There will be a definite value of
prime for a given setting, for which transfer will start
to occur. The amount of transferred flux will be pro-
portional to that portion of the cross section of leg 2
which is included between the boundary separating the
set and nonset zones around the larger aperture and the
boundary between the primable and non-primable
zones around the small aperture, as shown in Fig. 8.
This flux increases with setting, for a given prime, at a
rate which is independent of the priming value. When
the priming pulse becomes large enough to produce
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interchange of flux between legs 3 and 1, it will effec-
tively produce a setting of leg 1 even when no previous
setting on leg 1 was applied. This is the spurious “un-
blocking” due to symmetrical drive and prime men-
tioned earlier. The characteristics of Fig. 7 have ap-
proximately the shape to be expected from these con-
siderations.

PROPORTIONAL TO FLUX dpy
INTERCHANGED BETWEEN
LEGS 2 AND 3,

=

LIMIT BETWEEN
SET AND NON-SET
ZONES

NOT SET -

SET

NON-PRIMABLE

PRIMABLE

LINIT BETWEEN
PRIMABLE ANO
NON PRIMABLE
ZONES.

Fig. 8—Zones of setting and primability in the transfuxor,

The driving characteristics for the symmetrical ener-
gization case are shown in Fig. 9. The range of the prim-
ing pulses, and consequently also of the driving pulses,
is restricted to the values (up to 1 AT) which do not
produce spurious settings. For a given setting, the
amount of interchangeable output flux is proportional
to the flux in leg 2 which is both set and primable. The
threshold value of prime, below which no flux is inter-
changed, is smaller the greater the set, since the bound-
ary between set and non-set zones is closer to the small
aperture in this case.

In the main mode, with either a symmetrical or sym-
metrical energization, the input control (setting) cir-
cuits are completely separated from the output circuits,
since the block and set winding is on leg 1 and the prim-
ing, driving and output windings are on leg 3. There
is negligible coupling between the control and output
circuits because there is practically no interchange of
flux between legs 1 and 3 in normal operation. For
example, in the prototype transfluxor set to maximum,
the back-and-forth interchange of flux between legs 2
and 3 is 1.5 voltmicroseconds, and this is accompanied
by only 0.01 voltmicrosecond of flux change in leg 1,
or less than 1 per cent. Furthermore, normal setting
pulses produce only slight changes of flux in leg 3, of
only about 5 per cent of the flux set into leg 2 by maxi-
mum setting. If blocking occurs after driving, rather
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than priming, it produces a negligible Hux change in
leg 3 since the drive pulse has already saturated that leg
in the direction of blocking.

An arbitrarily large priming pulse, rather than one
needing to be of a prescribed amplitude, can be used by
priming on leg 2 rather than on leg 3. After normal set-
ting, the prime pulse will saturate leg 2 downward to its
original blocked direction and transfer flux to leg 3
rather than leg 1 because the flux path is shorter. In
the case of a low impedance load on leg 3, the load cur-
rent during priming may cause some of the flux in leg 2
to flow through leg 1 rather than leg 3. This may be pre-
vented by slow priming or by the use of an isolation
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Fig. 9—Driving characteristic—symmetrical energization.

diode in the load circuit. A further increase of the prime
pulse on leg 2 produces no further flux change because
leg 2 is saturated. When the transfluxor is overset, the
prime pulse on leg 2 transfers to leg 3 that part of its
flux that leg 3 can accept and forces the excess flux to
leg 1, where it readjusts the setting. Oversetting is thus
corrected for by the first prime pulse which causes the
transfluxor to be set for maximum output. In this mode
of priming on leg 2, the setting pulse induces a voltage
in the prime winding. Thus, there is an interaction be-
tween setting and priming circuits. This interaction can
be tolerated in the many practical cases in which the
priming winding is in the plate circuit of a vacuum tube.

In some “on-off” applications of the transfluxor, it is
convenient to set on leg 2 rather than on leg 1 to avoid
the possibility of oversetting. The setting amplitude is
not critical as long as it is greater than some required
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minimum (about 1.3 AT). In this case the large setting
pulse producing an upward magnetomotive force on
leg 2 forces the flux of leg 2 to reverse its blocked di-
rection. Since flux flow through leg 3 is impossible,
necessary continuity of flux is satisfied by an inter-
change of flux between legs 2 and 1, which leaves leg 1
with practically zero flux and leg 2 with an upward
saturation. This is the “unblocked” state of the trans-
fluxor. The pulses on legs 1 and 2 serve respectively as
the “blocking” and “unblocking” pulses and close or
open the transfluxor gate. In this mode there is direct
coupling between setting winding on leg 2 and output,
since output flux is precisely the interchangeable flux be-
tween legs 2 and 3. Again this coupling is tolerable in
many practical cases; e.g., when setting winding is in
the high impedance circuit of a vacuum tube. It is pos-
sible also to use leg 2 both for setting and priming.

OUTPUT FROM THE TRANSFLUXOR

The transfluxor exercises control by means of the
amount of flux which can be transferred for an indefi-
nitely long time between legs 2 and 3, and which
amount can be set by a single pulse to any desired
value in a continuous range. This back-and-forth trans-
fer of flux between legs 2 and 3 can be considered also as
a back-and-forth reversal of flux around the small aper-
ture along a path which is effectively the output mag-
netic circuit and may be characterized by a conven-
tional hysteresis loop relating the flux flow and the
magnetomotive force on leg 3 producing it. Fig. 10
shows a photograph of oscilloscope traces of a family
of such loops, each obtained for a different setting in-
cluding the blocked and maximum settings.

Fig. 10—Hysteresis loops of the output magnetic
circuit for various settings.

It is apparent that the transfluxor operates as if the
output magnetic circuit consisted of a conventional one-
apertured core with the essential property that the ef-
fective cross-sectional area of that core can be adjusted
by a single set pulse to any desired value from practi-
cally zero to a maximum value equal to the physical
cross-sectional area of its smallest leg.

The relations which exist between the primary and
secondary circuits of a pulse transformer apply equally
well to the output circuit of the transfluxor provided
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account is taken of the definite “set” cross-sectional
area of the equivalent core and the properties of the
material of the core. These include the shape of the
hysteresis loops and the intrinsic possible rates of flux
reversal. The salient properties of the output circuit
can be illustrated by the cases of very high and very
low-impedance loading.
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Fig. 11—Voltage output wave forms for open
circuit. (a) Large drive. (b) Small drive.

Output voltage wave forms are shown in the oscillo-
scope trace photographs of Figs. 11a and 11b for the
case of an open-circuited output winding; i.e., a very
high impedance load. The traces are for the various
values of setting, as indicated. For the relatively large
(5 AT) and fast rising (3.3 AT /usec) drive of Fig. 11a
and for the relatively small (1 AT) and slow rising
(.7 AT /usec) drive of I'ig. 11b, the voltage peaks vary
linearly with the current settings. The unloaded trans-
fluxor may therefore be considered as a device furnish-
ing a controllable voltage. The short flux-reversal time
of .1 usec for large drive is noteworthy.

The ratio of voltage output at maximum setting (1.5
AT) to that at zero setting or blocked condition, is 15
to 1 for the large drive of Fig. 11a and 50 to 1 for the
smaller drive of Fig. 11b. The slight voltage output in
the blocked condition results from the “elastic” or re-
versible flux excursion due to the lack of perfect satura-
tion at remanence of the material composing the trans-
fluxor’s core. There is actually no measurable irrever-
sible output flux for zero setting. (See Figs. 5 to 7 and 9.)

The output voltage wave forms developed across a
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very low resistance load, for different settings, are shown
in Fig. 12a. The setting is seen to control the duration
gf the pulses rather than the voltage maxima which are
very flat and almost the same for all settings. This re-
sults from the fact that the counter-magnetomotive
force due to the secondary current tends to keep the
rate of change of flux constant. The output currents in a
low resistance load for a transfluxor set to maximum
and primed on leg 3 by a pulse of one ampere-turn last-
ing a few microseconds, are shown in Fig. 12b for
different drive currents. The output current increases
linearly with drive current; the heavily loaded trans-
fluxor may therefore be considered to be a current
transformer. The efficiency of power transmission is
high for large drives since only a small part of the drive
is wasted in magnetizing the output magnetic circuit
and the major part neutralizes the secondary counter-
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Fig. 12—Voltage output wave forms for low resistance load.
g ST Ay : A
(a) Various settings. (b) Various drives.

magnetomotive force and produces the output current.
Efficiencies of 75 per cent have been obtained. This im-
portant property of the transfluxor reflects the advan-
tage of using unsymmetrical output circuit energization;
7.e., small and slowly rising priming current pulses pro-
ducing negligible output and no spurious setting, and
fast-rising, large-amplitude drive pulses producing the
useful output.

In the above illustrations the transfluxor was used as
an adjustable transformer with a primary winding
energized by a current generator and a secondary wind-
ing carrying the load. In many applications it is con-
venient to use it as an adjustable inductance with a
single winding (on leg 3) in series with a voltage gen-
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erator and the load. In that case a high output is ob-
tained when the transfluxor is blocked and a low output
when it is unblocked, but besides this inversion, all
operations as an inductance or as a transformer are
similar.

The material composing the core of the prototype
transfluxor permits short switch-over times. Conven-
tional memory core, made of this material switch in
about 1.5 usec when driven by a current giving opti-
mum discrimination in a two-to-one driving system.
In the range of setti