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PART I

Introductory Discusslon of Synchronous
vs. Envelope Deatectors

Synchronous detection of the vestigial side-
nand lelevision picture signal 1s employed in
modern demodulators to eliminate the quad-
rature distortion inherent with envelope
detoction

Quadralure distortion produces difterantial
gain (6G) and chrominance-luminance inter-
modulation (CLIM). It also introduces non-
linear transient distortion of the 2T pulse and
par test signals, This makes it impossible (o
measure 1he aclual performance of he
transmilter, and can lead to erronecus
adjustments of the transmitter system, espe-
cially of linearly correctors and (ime domain
response equalizers.

Figure 1 shows the 2T pulse normai and
inverted”, envelope detected. (n the pholo
we see that half-amplitude duraton and
overshoots difler due to quadrature distor-
lion. Neither pulse is correct.

Figurs 1.

Figure 215 of the T bar, leading and tra.ing
edpes shown supenmposed.™ Each edge Is
affected in coposite ways by quadrature dis-
tortion. Nole lhe preshoot on one transition
is an overshoot on the other. Neither is indi-
cative of transmitter performance. Any base-
band correchon of cne edge only worsens
lhe other ransilion.

Figure 2.

Figure 3 shows the split-field color bars, nor-
mal bars and luminance component only.(!}
Nole thal the ac axis of the chrominance is
not correct because CLIM has shifted the ac
axis toward black — especially on yellow
and cyan bars. This is caused by quadra-
(ure dislortion.

Figure 4 shows the chrominance componenl
(only) of :ne color bar signal. Quadralure
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distortion had decreased the ¢chrominance
amplitude of t\he yellow and cyan bars re.a-
tive 10 blue and red, respectively,

Diflerential gain caused by quadraluce dis-
tortion always causes a loss in chrominance
close to or at while level, i.e., on the last
steps of a modulated stairstep signal. It is
mo'e severe with higher subcarrier amplitude
{40 IRE vs. 20 IRE).

Figure 3.

Figure 4.

Synchronous detection is used in modern
demodulators to avoid quadrature distorlion
so that the transmitter's performance can be
determined, Figures 5, 6, 7, and 8 show
these test signals when synchronously
detected. While the advantages of syn-
chronous delection have been known for
decades, it has only recently been practical
to design and manufacture the neeced cir-
cuitry. The troubles lie with the circuitry
which must generate a piclure carrier from
the vestigial sideband L. signal. A phase-
ocked oscillator is used o generate the pic-
ture |.F. carrier required by the synchroncus
deleclor. If it does not lock o the incoming
signal, the video output is unusable.@ I it is
frequency-locked, it may be out-of-phase
wilh (he picture ).F. carrier. Means to check
carner phase accuracy are required to es-
tablish validily of synchronously delecled
video. This is discussed in Part 1.

Figure 7.
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Figure 8.

Then, too, the regeneraled carner must not
be phase modulated by noise. Phase noise
would cause colored portions of the picture
10 have excess noise.

PART il

Applications of Synchronous and
Envelope Detection Modes

n Part |, it was shown that quadralure dis-
lorton seriously affects the waveforms of
standard tesl signals. This dislornon occurs
in the envelope demodulation process be-
cause the television VISUAL signal is vestigial
sideband in nature. Quadrature distortion
inevitably resuits when envelope delectors
meet V.S.B. signals. Such distortion can bs
calculaled. (Ref. 1)

One might, therefore, conclude that syn-
chronous detection should be used for all
measurements, and one mighl then ques-
tion why envelope detection should be
provided in addition.

Compliance with the F.C.C. Rules in thewr
present form requires certain parameters o
be measured in terms of the envelope of the
radiated visual signal. Unfortunately, there is
some incidental phase modulation (ICPM) of
the visual transmitter's output so thal these
parameters will be different when measured
synchronously. This is discussed in detall
further on, but deserves clarification and
emphasis here. Where it is known that ICPM
is negligible and that the demodulator has
negligible static phase error, synchronous
demodulation can be used for af measure-
ments, bul these two reslrnctions must be
ngorously observed,

Present F.C.C. Rules!® address modulation
depth, frequency response (gain + delay),
and response to the 75% amplitude color
bar signal.

Modulation depth must be monitored with
envelope detection because even small
amounts of ICPM can introduce errors
which may be substantial in terms of the

+ 22% tolerance permitted by the Rules.
Forlunately, modulation depth is one meas-
urement where quadrature distortion has no
effect. Unfortunalely, envelope detectors are
usually quite non-linear at low-carrier levels,
SO just as one must know that static phase
errof is negligible, 16 use synchronous
detection, one also needs 1o know the
linearily of lhe envelope detection mode.
I'his is discussed in Part V.
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The multiburst signal commonly used for
remolg control moniloring of unattended
ransmitters (See Figure 30) was especially
designed o minimize eflects of quadralure
distortion, Resulls wili be virtually the same
wilh synchronous deteclion. A strict interpre-
tation of Ihe Rules dictales using envelope
detection to measure frequency response.
With a full-amplitude mulliburst or swept fre-
quency signal, envelope delection can only
lead to very serious errors, of even worse,
gross mis-tuning of the transmitter. While
somé demodulalors atternpt to reduce effect
of quadrature distortion al color sub-carrier
Irequency, they cannot reduce It In the crili-
cal 1.25-3 MHz region. Full ampht.de fre-
quency response test signals shoukd not be
used to lesl ransmitters in any case.

As we have shown, transient response test
signals are seriously affected by quadralure
distortion so they should never be meas-
ured using envelope detection.

The color bar signal 1s sensitive 1o quadra-
ture distortion, and (o ICPM, theretore,
results will always vary belween envelope
and synchronous detection.

Differential gain musl be measured using
synchronous detection. Differential phase
should be measured using envelope detec-
lion. Luminance non-linearity should be
measured using synchronous deleclion.
Chrominance-Luminance gain and delay in-
equalities (relative chrominance level, RCL,
and relative chrominance time, RCT) must
be measu/ed with synchronous detection.

Chrominance-Luminance Intermodulalion
must be measured with synchronous delec-
uon ONLY.

The Broadcast Television Systems Committee
of E1A recommends monitoring the VIR Sig-
nal with envelope detection, unless it is
known that ICPM 1s negligible. As the VIR
Signal was especially designed to minimize
effects of quadrature distortion, its waveform
differs liile between envelope and synchro-
nous detection, however chroma-burst
phase may be seriously in arror when syn-
chronously detecied due 1o (CPM in the
transmitter.

Home receivers presently all use envelope
detection so they would suffer a hue shift

PART 1l

The Static Phase Error Problem With
Synchronous Detectors

Smal! static phase errors in the locally
qenerated picture carrier introduce sernous
measurement errors. For example,
cnrominance-luminance delay inequality,
RCT observed with the 12.5T pulse can
result from static carnier phase error. Phase
distortion of the 2T puise and bar (asym-
melrical pre-shool angd overshoots or ringing)
may result from stalic phase errors. This is
s<own in Figures 9, 10, 11, and 12. These
snow that with synchronous delectors, il 1s
very important (o know that thz carrier static
phase error 1s negligible

Figure 11,

Figure 12.

FiSee FC.C Rules and Regulations § 73.682(a),
§ 73 687(a) and § 73 1590(c)



Transien distortion caused by carner phase
errors can o complete y corrected with
cJitable baseband time domain equalizer.
however, such corrections are entirely
1correct.

The TEKTRONIX 1450 Demodulator has
lwo synchronous delectors operating in
phase quadralture, i.e., 90° apart. The video
signal is normally oblained from the in-
phase detector. The eulpul of the quadrature
detector will be zeco when the slalic cairner
phase 1s correcl. A small static phase error
will decrease the video output of the in-phase
synchronous demodulator stightly, but,
more importantly, it will also cause a video
signal to apopear at the quadrature oulput
where il is nol normally presenmt. The quad
raluce oulpul provides a very sensltive
means lo check lor carrier slatic phase error.

The null condion at the output of the quad-
ralure detector is exploited in the design of
the TEKTRONIX 1450 as the means
calibrate its carrier stalic phase. For accuracy,
Il depends only upon the electrical length of
the delay line between the two synchronous
detectors, This delay musl be 90° at the pic-
\ure |.F. carrier frequency (about 24 MHz).
To check the stalic carrier phase error, the
In-phase video oulput is connected (as
usual) to the vertical Input of the test oscillo-
scope and the quadrature output to the EXT
HORIZ input TEKTRONIX'S 1480-Series
Television Waveform Monitors have a con-
venient provision for X-Y inputs to bc used
tor such purposes. (The lesl setup is shown
in Figure 13.)

The demoduiator's zero camer relerence
pulse is required for this test. it is used to
posihon the oscilloscope trace. With zero
static carrier phase etror and using sync \ip
carner reference, sync tips will appear
dlrectly below the zero carrier reference
pulse (see Figure 14). The photographs in

Figure 14 were laken using the special
graticule, P/N 331-0333-12, (which s provid-
ed with sach 1450} for the TEKTRONIX 1480.
With normal vertical sensitivity, and the
honzonial magnifier at X25, each radial cor-
responds to 2° in phase

Figure 14,

The test described above 1s valid when the
carrier is being regenerated by sampling
sync lips. The TEKTRONIX 1450 provides
selection of sync tip or backporch or con-
tinuous sampling of video for the carrier
phase reference. (if backporch carner refer-
ence is used, the blanking puises should
then lie directly beneath the zero carrier
reference on the display.) Do nol use ‘con-
linuous' to check he slalic carnec phase
arror because Incidental cacrier phase
maodulaton 1o the transmiller or tesl modula-
lor may inlcoduce errors.

In summary, even a small static phase error
n the locally generaled carrier will lead 1o
sefious errors In the waveforms obtained by
synchronous detection. In the TEKTRONIX
1450 a sensilive means to quickly verify any
such error in the lield 1s provided, This lesl
is valid even if the transmitier has incidental
phase modulation.

PART IV

Incldental Carrier Phase Modulatlon
(ICPM)

Ideally, the picture transmitler amplitude
modulates the picture carrier and does not
incidentally introduce any phase modulalion,

Phase modulation of the visual carrier may
cause “intercarrier buzz'' in home receivers,
ang it may cavse differential phase.

Phase modulation of the visual carrier may
occur In the modulated amplifier stage
gither due to iImproper neutralization or, with
diode modulators, due to modulator im-
balance. It also may occur in the linear RF
amplifier stages, especially in klystron ampli-
liers. Regardiess of whal causes ICPM, inter-
carrier buzz may be the resuit. When arising
from modulator imbalance or improper ney-
wralization of the modulated amplifier, ICPM
will cause differgntial phase with envelope
detection, bul not wiih synchronous detec:
tion. As virtually all home receivers today
use intercarrier sound and envelope delec-
ron, both sound and picture impairments
may result due to this scurce of ICPM,

Occurence of ICPM in the linear RF amplifier
stages of the visual transmilter may cause
ditferential phase, lhe amount being polen-
ually greater with true synchronous detection.

Of course, it 1s possible to have some aifier-
enlial phase occuring in the baseband
modulation signal, ang W 1s also possible for
ICPM to occur In the signal due to all
causes listed above.

In the exceptional case where the aural car-
rier is amplified in a8 commaon slage wilh the
visual signal, intercarrier buzz (due to ICPM
In the linear stage) will not occur,

When caused by modulator imbalance or
improper neutralization ot modutated amplifi-
ers, ICPM will generally inlroduce max mum
distortion at while {low cartier level). Wilh
Klystron linear amplifiers, distonion is gener-

QUADRATURE 9§
VIDEO OUT ally worst at sync tips (full power).
50 0° CABLE DEMODULATOR ) i i

- UNDER TEST The relationship of *'sync buzz"” and ICPM
RFIn| (Zin =50 N TEK 1450) bewween blanking and sync tips is presented
VISUAL SIGNAL in Table 1. As this audio noise is not random,

ouTPUT L.0. ouTeUTY VIIIJNE'g 025125_'60 it should be expressed in terms of peak-to-
TEST L.0. INPUT outPuT| [LOW PASS peak noise, with respect to +25 kHz devia-
MODULATOR |=— FILTER uon of aural carrier. The lable does not take

067-0886:XX P into account the ICPM-caused audio noise
A VIDEO produced by picture signal. That can be cal-

4 lv’:gs? INPUT culated only for specific, simple piclure sig-

TEF ;T'-'ég:'i \_/ nals. A baseband full-field test signal
OUTPUT I JEEE“S?J:QSS& - consisting of sequences of all white and al
WMONITOR EXT black lings, as shown in Figure 15, can be
NTSC TEST SIGNAL :‘;"“'Z used to objectively measure intercarner

GENERATOR noise which is picture-contert related. Refer-

{TEK 5910} TEKTRONIX 520A nng to Figure 15, the test signal produces

T i = VECTORSCORE audio noise whose fundamental irequency,
cWouT VIDEO 2 kHz, s low enough that it is not attenuated
50 (NPUT (™ by the 75 usec de-emphass filter, and yet is

EXT CW close o0 the audio frequency lo which, al

INPUT 750 low sound levels, the ear is very sensilive.

Thus, 1t s a worst case situation which can
be used to determine acceplable SIN (P-P).
Such a test signal can be generaled by
leeding 660 mv square wave al 2 kHz rep
rate to the auxiary video input of the

'1430 Z,,, = 50 Q us¢ minimum (083 pad 1o match 75 Q inpui demodulator

Figure 13.



TEKTRONIX 147A test signal generator,
Place in AUX MODE, derive cutput Irom
PREVIEW MONITOR QUTPUT. Adijust
PEDESTAL CONTROL for 7v2% set up.
Positive peaks of this test signal should be
al 100 IRE.

Table 1. Sync Buzz Due to ICPM

Intercarrier
Sound S/N ratio (dB)

ICPM
With 754
wlo de-emphasis  de-emphasis
1° -579 -75.0
2@ -52.4 -869.5
32 -48.8 -65.8
4° -46.3 -83.4
5¢ -44.4 -61.5
6° -42.8 -59.9
7° -41.5 -58.6
8° -40.3 -574
9° -39.3 -564
10° -38.3 -554

NOTE: Calculaled on the basis of an all-
black picture This is the picture sig-
naf that establishes bes! possible au-
dio S/N. Typical pictures will
aenerally reduce S/N even further.

B O N s T T TSy ST

Figure 15.

(igure 16 shows audio noise due to picture
signal ICPM with the tesl signal described
above. As sync buzz and picture-relaled
noise are not random, they should be meas-
ured on a peak-to-peak basis, not r.m.s. as
18 \ne practice for random noise. The high
peak to r.m.s. ratio of such noise suggesis
that while the r.m.s. value mighi be low, it
would still be discernible to the ear,

Although not required by F.C.C. rules for
monophonic operation. it 1Is gocd engineering
practice to know how much ICPM (s occur-
nng 1 he transmilter. it may very well be
reduced.

Lsing the setup illustcated in Figure 13, we
can measure ICPM directly. For this meas-
urement SYNCHRONOUS TIME CONSTANT
SWITCH should be set lo SLOW!

The lesl signal 1s one of the familiar linearily
test signals. Either a ramp or staircase is
sultable. The ramp 1s preferred; however,
we have used a 5-step staircase in Figures
“4, 17 and 18 as it 1s more graphic. It must

exlend ‘o blanking to peak white, Subcar-

riec mocilaton is not required.

Figure 16.

ICPM is not present in Figure 14 as all of the
dots (staircase treads) lig in a vertical line
below the zero carner reference dol Sync
tips show a 0.5° phase ercor in Figure 17
where the backporch reference 1s used for
the carrier.

The p-p ICPM is 5° in Figure 18. These dis-
plays show Ihe in-phase vs, the quadrature-
phase components of the outpul of lhe
transmitter between 100% and 122%
modulation. This distortion can be easily
measured with a TEKTRONIX 1450
Demodutator using synchronous delection.
i eannol be measured with envelope detec-
uon, nor can it be measured using a
demodulator that 1s nol equipoed wilth two
quadrature-phased synchronous deteclors.
A lowpass filter should be used to filter the
quadrature phase signal and fed to the exter-
nal H input. A suitable low pass ( ~ 250 kHz)
filter is Tektronix's part number
015-0352-00. The 1480 verlical response
must be "'LOW PASS." Where an X-Y scope
is used, both inputs should be band limited
by this or similar low pass filters,

USE OF THE TEK 1480 AS X-Y SCOPE

It may be impossible to oblamn a display
when a TEKTRONIX ~ 480 being used for
(his purpose is first connecled because the
beam current is cut off. This may be reme-
died by moving a connector as described in
the Instruction Manuals. See Schematic 9
note, 1480 Senes manua! (B 060000 up).
Instruments are shipped with the jumper n-
stalled in a position to inhibit the beam cur-
rent when using the EXT HORIZ input
mode. Lead #1 in connector #4940 is to be
moved o connector slol #2 same connec-
tor. This I1s localed al rear of the SWEEP
BOARD, underside of instrument.

ICPM occeurs in the transmiiter and resulls in
a quadrature video oulput which is a non-
Imear function of modulation depth. Static
carrier phase error may occur in the
demodulator. It results in a quadratuie ou_put
which is not zero at the sync tips if they are
used as the reference for carrier regenera-
lion, (or al blanking level if this is selected
for carrier regeneralion). The synchronous
detection mode should be checked to deter-
mine that static phase error is negligible be-
fore any adjustments to a transmitter are
attempted, and before conducting a ' proof
ot performance.’

Means to measuie both ICPN. and slalic
phidse enor have been described.

Figure 18.

PART V

Carrier Phase Noise —
A New Color Selective Source of Noise

We have discussed static carrier phase ernror
in synchronous demodulators and shown
how to measure it in the TEKTRONIX 1450.
Any nstantaneous carrier phase error will in-
lroduce noise in those parts of the pictlure
which contain color; the more vivid he
color, the more noise will be observed.

A poweriul lest signal lc measure carfier
phase noise occuwiring in a synchronous
demodulator 1s the modulated pedesial, or
"'pink panther pulse™ shown in Figure 19,
This is generated by the TEKTRONIX 1410R
and 1910 NTSC Signal Generalors Unlike
other sources of noise, cairier phase noise
appears only where chrominance levels are
high and, in fact, it vanishes when chromi-
nance vanishes. Thus, the part of the screen
where chrominance fs equal 10 80 'RE
would appear noisy with respect to the
remainder of the 1esl line. No noise is ob-
served to the right where chrominance is
equal to zero IRE.



Figure 19.

As the input signal to the demodu ator 1s
reduced, the signal-to-noise rato (SIN) at ine
video output decreases, Ine-clore, it (s
reasonable o expect carries phase noise
increase. Unless the carrier regenerator (s
exceptionally well designed, this may very
well limit the minimum usable signal level for
synchronous demodulation. This noise
shoulg, therefore, be measured in order 1o
fully evaluate any demodulator which em-
ploys synchronous detection. A practical
test signal (o rmeasure carrier phase noise is
shown in Figure 19. To measwe carrier
phase noise, we shall measure the phase
noise on the 80 IRE chrominance comgonent
of this test signal. There is a one-for-one
correspondence between carrier phase
noise and chroma phase noise.

Chroma phase noise is measured using the
double (race difterential phase display of the
IFKTRONIX 520A Series Vectorscopes.

The test signal’'s chrominance component 1s
synchroncusly demodulated by the vector-
scope, using the C.W. color subcarrier,
directly from the signal generalor as shown
in Figure 13. For lhis test, the vectorscope's
subcarrier phase reference must be
swilched to external, not the burst controlled
oscillator in the vectorscope

The measurement technique to be used 1s
called Tangential Noise Measurement (Ref.
2 and 3). The r.m.s. value of the noise 1s
one half the offsel signal amolitude (p-p).
The offset signal, in the case of phase noise.
is simply a phase offset and can be generat-
ed in the 520A by the circuitry responsible
for 1he double trace display used to meas:
ure o (Ret 4). This circuitry reverses the
phase al H rate, If the phase is +2° on one
IV ling, it is 180°-2° on the next line. At the
output of the chroma deimodulator, this
resulls in square wave of 4° p-p amplilude.

Figure 20 shows the teslt signal having
phase noise, demodulated with phase offset
greater \han the phase noise. There is a
clear separation belween the two distincl
traces. Figure 21 shows the same signal with
phase offsel smaller by 1°, but still greater
than phase noise In Figure 22 the phase
offsel is exactly egual to (wo times r.m.s.
value of the phase noise. Here the traces
are tangential. When 1angential, there is uni-
form brightness al cenater of the display. This
condition is remarkably reproducible. [t
occurs because the two Gaussian dislribu-
tions of trace inlensily add in between the

lraces (0 form a region of constant intensity
(Ref. 2), This condition exists when the

traces are separated by a dislance (phase)
equal to two times the r.m.s. (phase) noise.

Figure 20.

Figure 21.

Figure 22,

Wilh phase offsel less than phase noise, the
traces overlap, and the resultant trace is
tr.ghter at its center, due (o \his overlapping.
This ovedapping Is not obvious 1o the
observer.

Now lhe lesl procedure can be detailed:

1. Sel calibrated phase shifter to - 15.0°,

2. Ad,ust Goniometer o obtain complete
trace separaticn as in Figure 20.

3. Adust Calib Phase Shifter io make the
traces tangenitial, i.e. conslant brightness
across central region. (as in Figure 22.)
Nole dal reading. For example — 8°.

4. Continue rotalion Calib Phase Shifter
pasl where traces oveilay to where lhey
are again, well separated.

5. Now tusn Calib Phase Shifter back (in
onposite direclion) to once agamn make

(he traces just tangential, Say +7.6°
Always approach tangency (roim com
plete separation, never from an overlap-
ping situation.

NOTE THIS SECOND READING

6. Sum of the wo readings is twice the
r.r.s. phase noise measurad, so phase
noise measured =7.6° — (—8%) =
156.6° - 2 = 7.8°r.ms.

Ine chrominance channe! bandpass of the
520A Series vectorscopes Is about 0.6 MHz,
Iherefore, phase noise is being measured
over a 0.6 MHz band, which should be en-
tirely adequate.

In Figure 23, (lop) envelope detection is
used with the same RF signal level as before
Observed noise level is independent of the
subcarrier level,

Figure 23, (boftom) shows the lesl signal
synchronously detected, at the same RF sig-
nal leve!. Where sub-carrier is present, a
much higher noise level is observed. This
particular demodvlator had chroma phase
noise at this RF signal level, but, of course,
only in its synchronous detection mode.

Figurs 23.

Measurements made al several RF signal
level inputs wil! establish the carrier phase
noise versus the RF level. This may be the
cffective sensitivity limiting factor of some

demodulators in their synchronous mode.

At minnmum usable signal level with the
TEKTRONIX 1450 it is found that lhere is no
discerniole increase in noise where subcarrier
1s present. Hence, its usable sensmivity .5 the
same for bolh synchronous and envelope
detecuon modes.

This application nete should help in measur-
ing phase noise characteristics ol TV
receivers and demodulators, and may be
especially interesting in testing demodulators
used in CATV systems as phase noise is
passed on lo all subscribers, or where OFF
AIR pickup of nelwork programming is useg
to feed the station.



PART VI

Monitoring the Depth of the
Visual Modulatlon

F.C.C. rules refer to the envelope of lhe
radiated visual signal. Synchronously detect-
ed and envelope-detected video may show
a difference in modulation depth for either
blanking or white. These differences may be
due 10 ICPM or envelope deteclor non-
ineanty. For example, if ICPM (in the trans-
mitter) from blanking to sync tips is, say 15°,
sync will appear compressed aboul 22%
when synchronously detected relative to
when envelope detected. Likewise, if ICPM
from zero IRE 10 70 IRE (as referred to the
video input signal) is 10°, the phase of the
VIR signal will differ from that of color burst
phase by 10° when synchronous demodu-
lation is used as compared lo envelope
detection, and the VIR signa! amplitudes
would also be in error.

Because envelope detectors are used in
home receivers, any correcton of phase
based upon the VIR (or upon a VIT) signa
should be made using envelope-detecled
video, unless the ICPM of the XMTR I1s
anown o be negiigible. For this reason, the
TEKTRONIX 1450 demodulaior is designed
so thal synchronous or envelope detection
can be selected either from the front panel
ot by remate control. The 1450 instruction
manual explains how this function can be
remolely coniralled.

By definition, the video voltage during sync
ips represents poak power of 100% modu-
tation. Blanking level 1s nom.rally 75% of the
sync tip vollage. corresponding to 75%
modulation. Peak white level 1s nominally
12v20% of Ihe sync lip vollage, corresponding
10 12%2% modulation. The tolerance on

both 1s 4 2Y2%.

It is essential to establish the zero carner level
at the output of the demodulator 1n order to
measure moduiation depth. This used to be
accomplished using an electra-mechanical
‘chopper,” but a zero carrier reference pulse
18 now electronically generated in demodu-
lators during the vertical blanking interval.
This reference pulse is used to cut off the
picture IF amplifier so that the cutput of the
video dctector corresponds exaclly o zero
carrier during this interval. That is, by cutting
off the picture 'F amplifier, the picture IF sig-
nal 1Is modulated down to zero percent by
this pulse. In 1his way, the video output dur-
Ing the zero carrier reference puise
represents precisely zero carier voltage.
Special means are employed i 1450 to be
sure of the validity of ths level with both syn-
chronous and envelope detection, but the
exp anation of that process is beyond the
scopg of this application note.

One o’ the serious shortcomings of envelope
detectors Is their poor linearity at low carrier
level, around white (12%2%) Television
demodulators use varnious means to correct
the non-inearnty of the envelope detector.
Small non-linearities in crvelope detectors
affect accuracy when nreaswring the modu-
lation depth at peak white. Tnis 1s shown 1n

Fqures 24, 25 and 26, It is desirable {o be
able to measure the amplilude linearty of
the envelope detector in the field. A very
simple method used to accompish this 1s to
modulate a picture carrier with a lest signal
which includes a line-rale ramp or staircase
(no subcarrer). The TEKTRONIX R147A
provides this test signal. The full-field test
signal is fed to the AUX VIDEO input on the
front panel of the generator. The R147A is
switched to AUX INPUT, and the output is
then taken from one of s PREVIEW MONI
TOR outouts. This signal i1s applied to the
lest moaulator. Figure 24 shows poor lineat-
ity of an envelope detector, using the ramp
test signal. By adjusting the AUX PEDESTAL
control, located on the front panel of the
R147A, the ramp can explore moduiation
levels extending from below blanking to
zero percent carrier pulse, as shown in
Figures 27 and 28.

By observing lhe ramp recovered by the
demodulator under test and by using the
zero carrier pulse and sync tip as reference
levels (0% and 100% respeclively), 11 '3 pos-
sible to detect even small changes 11 the
slope of the ramp as a function of modulat on
depth. In Figure 28, the AUX PEDESTAL
control has been adjusled to a point where
the ramp modulales carrier to 2%. cven
when the ramp in Figure 28 reaches 2%
carrier, no evidence of non-linearity is ob-
served on the TEKTRONIX 1450's envelope-
detecled video output

The video detector is specified linear o

< 3% carrier when the TEKTRONIX 1450
Demodulater is in the envelope-detection
mode. !l is entirely linear 1o zero percent in
the synchronous detection mode. This can
be verified by using the procedure
described above.

While this application note 1 by no means
all-inclusive, it does provide useful informa-
tion about how to measure the performance
of demodulators which employ envelope
and synchronous detection. It 2lso explains
how to measure the ICPM ol the transmitter
and discusses the effect of ICPM upon both
envelope and synchronously delecled video
signals and on monitoring modulation
depth.

Figure 24,

Figure 28.



PART VII
Monlitoring Off-air Signals

As more stalions go 10 unmanned transmil-
ters, remote monitoring of OFF-AIR signals
is becoming more commonplace,

While every engineer 1s well aware of ghosts
and their cause, multipath reception, it isn't
s0 obvious when there is only a small delay
in the multipath sc thal the “'ghost’” is not
distinct, .e., delay difference less than 1
usec. With close-in echos, frequency
response over the video frequency spectrum
can vary drastically. Whiie an echo ¢an add
+6 dB, it can, with equal probability, com-
pletely cancel the signal at 3 specific
frequency.

Not all echos are picked up by the antenna.
Refiections from the demodulator's input
impedance not being well malched to the
coaxlal cable used quve risé 1o close-in
£Cchos and consequent frequency response
distortion.

It 1s never easy to obtain low input voltage
slanding wave ratio in design of a demodu-
lator. Regardless of excellence of design,
best results are always obtained with some
RF attenuation in the feed line to improve
V.S.W.R. Any change in frequency respense
with RF attenuation indicates poor input
V.S.W.R. characteristics or "'Miller Eifect”’
detuning with RF/(F gain variations.

With the TEXTRONIX 1450, no "Miler Effect”
RF/IF selectivily changes can occur as is
RFiI= amplifiers operate at constant gatn.
A.G.C. aclion is obtained using voltage con-
trolled RF/F atteruata-s (PIN ciodes).

We strongly recommend operation of 1450
with at least 10 dB RF atenuation 1o get
best possible input V.S.W.R. Twenty dB is
even better, if signal .cvel is acequale, (nol
0o frequently the case).

Input impedance of 1450 is 50 ohms.

As input V.S.W.R. is so extremely important
tor measurement accuracy, we recommend
use of high guality 50 ohm coaxial cable in
a single piece from anienna 1o demodulator.

Use of 75 ohm coax requires a matching
device, either a minimum loss pad 75 Q to
50 @ or matching transformer. If such are to
be used, their V.S.W.R. must be taken into
account. Greal care is urged if 75 @ BNC
connectors are used. Such connectors are
less robust than their 50 Q look-alikes, and
may be damaged if accidentally coupled to
50 Q BNC

PART VIII
Measuring vs. Manltoring

Usually the terms measuring and monitoring
are used interchangeably.

There 1$ a very important distinction be-
wween these terms when applied to use of a
demodulator.

£.1.A.'s Demodulator Standard (Ref. 5) asso-
ciates “measurements” with the wideband

frequency response a demodulaior provides
with its sound vap OFF. Tne EIA Demodula-

lor Standard associates ''Mori toring™” with
uses of lhe demodulator where the frequency
response is limited by the sound tap.

Measurement of frequency domain and tme
domain test signals requires the demodula-
lor's own bandpass to be greater than that
of the transmitter. To operate WIDEBAND,
the aural transmilter is shut down, hence
{some) measuremenls can be made only on
an out-of-service basis. In Ils measurement
mode, there is no group envelope delay in
the demoduiator. To measure time domain
{esl signals, the transmitier’s precorrector
(F.C.C. § 73.687 a.3) musl be switched olf.
Its effect Is to inlroduce a chrominance-
luminance delay (RCT) of — 170 ns, a sinus-
oidal baseline distortion 1o the 12.5T modu-
lated sin? pulse of 17% p-p, as shown in
Figure 29.

Figure 28.

Monitoring the transmitter's per'nsrmance on
an in-seivice basis requires the sound trap,
and this affects 112 waveforms of VITS.

Those VIT signals normally used lor rermnote
monitoring of unattended transmitters are
shown in Figures 30, &* 41d 32 with the
Tektronix demodulator opetrating in its wide
band, synchronous ““Measurement™ Mode
#1 per Ref. 5 (Delay pre-correction switched

out)

Waveform Figures 33, 34, 35, and 36 show
these test signals synchronously demodulat-
ed with sound trap in, i.e., "“Monitoring
Mode"'. (Delay pre-correction IN).

Figure 30,




Figure 386.

Some stations may wish 1o use the same
V.I.T. signals to monitor therr ransmitter that
are being used by ne major TV network In
the U.S. (Ref. 8,7)

Waveform photos of these signals as reco-
vered by the demodu-ator in the monitoring
maode are shown .n [Migures 37, 38, and 3S.

Quite noticeable differences in :ne edges of
the bar signals are noticed when the two
composite test signais, Figures 36 and 39
are observed in the ""Monitor Mode.” The
F.C.C. composite signal's bar rise time is
250 ns (2T bar transitions). Its frequency
spectrum is limited to 4 MHZ. The
NTC/CCIR composite signal has 125 ns (1T)
rise ume so its spectrum extends to 8 MHZ.
The ringing observed in this signal (Figure
39) is due to the bandwidth restriction In the
demodulator; i.e., its sound trap. Ringing
could be produced in the transmitter. If so, it
would be more pronounced in the ""Mezas-
urements Mode." If accuring in the
demodu'ator, it should vanish in the meas-
urement mode.

The IEEE Standard on measuring short time
linear waveform distortion requires the bar
transitions to have 1T (125 ns rise time), This
measurement simply cannol be made using
the F.C.C. VIT signal. However, Tekiromx
test s.gnal generators can be easlly set up
1o pronide 125 ns r.t. (1T) bar transitions
when It 1s desired to measure short 'ime
linear waveform distortion The demodula-
tor's “measurement’ mode only must be
used, of course.

Fligure 38,

The spectrum of the multiburst signal of the
NTC/CCIR combination test signal (Figure 37)
is somewhat broader than that of the F C.C.
multiburst (Figure 30) as the bursts are of

shoner duration. This accounts for the differ-

ences observed between these signars in
thc monitoring mode There are also differ-
ences in frequencies, especially 4.7 vs. 4.2
MHz for last burst.

A word may be in order concerning
moniloring of modulation aspth of color
burz: using a spectrum analyzer. Due to the
resolution bandwidth (@ —6 dB), usually
300 ki-z, color burst modulation depth
measured on a spectrum analyzer will be
less than that measured using a demodula-
or. Thie s also true of measuremenis of fre-
quency response using any multiburst test
signal, To make such measurements, a cor-
recticr faclor must be applhed, taking into
account spectrum analyzer's resolution
bandwidth (@ —6 dB) and the duration of
lhe individual bursts.
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