vestigial sideband
microtransmitter
for

amateur television

Amateur television
video bandwidth
can be reduced

by adapting
commercial techniques

To conserve spectrum space commercial television uses a
transmission mode known as vestigial sideband. A com-
posite video signal, containing frequency components
from dc to 4 MHz, is amplitude modulated onto a car-
rier. The resulting sum and difference frequencies (side-
bands) occupy an 8-MHz bandwidth. Before trans-
mission, the modulated signal is filtered. The upper side-
band and carrier are transmitted, but most of the lower
sideband is not (see fig. 1). Thus the video signal plus its
audio can be transmitted in the 6-MHz TV-channel
allocation.
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As amateur television (ATV) activity expands in the
70-, 23- and 13-cm bands, it will become necessary for
amateurs to adopt vestigial sideband as their operating
mode to avoid interference with other communications
services. A case in point is the possibility of interference
with the 435.1-MHz OSCAR satellite telemetry beacon,
which would result from the unfiltered lower sideband
of an ATV station operating on the 439.256 MHz ATV
calling frequency.

In commercial television, the modulated carrier is
developed, and filtering performed, at the ultimate trans-
mission frequency (fig. 2). A complicating factor, the
need for frequency flexibility, makes such a system
impractical for ATV. Imagine retuning a stagger-tuned
string of over-coupled resonator pairs for sharp skirts
and flat response over a 5-MHz band, then retuning it
each time you need to shift your operating frequency!

One alternative is to generate a stable, well-filtered

‘vestigial sideband video signal on a fixed frequency in

the vhf spectrum, then heterodyne it to the desired uhf
in a balanced mixer. The conversion stage local-oscillator
chain, if made variable in frequency, will provide the
system with the required frequency flexibility. Fig. 3is a
block diagram of one such system, which | use for ATV
transmission in the 70-cm band. The observant reader
may note in fig. 3 a pronounced similarity to the trans-
ceive converter for 1296-MHz ssb published in an earlier
issue.l Obviously, the process of heterodyning a modu-
lated signal into a higher frequency band for trans-
mission is virtually the same, regardless of whether the
original signal was modulated with a-m, fm, ssb, CW,
or video.

By H. Paul Shuch, WABUAM, Microcomm, 14908
Sandy Lane, San Jose, California 95124



Many of the blocks in the local oscillstor and rf
strings of fig. 3, as well a5 the mixer, are either available
commercially or may be adapted from eguipment de
signs published previcusly, This article deals with the
design and construction of the migrotransmitter and
vestigial sideband filter modules of the ATY system in
fig. 3 — building blocks toward clean, commarcial:
guality TV transmission

microtransmitter chip

The heart of the ATV transmitter is the LP-2000, a
mirgculous integrated circuit from Lithic Systems Inc.,
in Saratoga, Galitormia.” The outgrowth of & program to
develop a microminiature aircraft crash-beacon trans-
mitter, the LP-2000 s & complete transmitter system —
oscillator, buffer, driver, power amplifier, modulator,
preamplifier and regulator — all in a single 10-0ead, TD
100 can. With the addition of & crystal, two tuned eir-
cults, a battery, and a modulation source these 1Cs can
generate as much as 100 mW of CW, ar 50 mW of &-m o
pulse-modulated cutput well into the vt spactrum, Figs,
4 and 5 indicate the very complex circuitry that can be
built into a single monolithic microcircuit, A complete

Huart af the ATV syslem s ihe LP-2000 IC next to the crystal

clrowit description s avallable from the manufacturer in
the farm of an application note.*

An appealing feature of the LP-2000 is that its medu
fator transistors (014 and Q16 in fig. 5] are do-coupled
to both the driver and power amplifier transistors, 013
and Q15 Additionally, direct coupling is employed be
tween all modulator stages. Thus the circuit lends (tself
will to video-modulated applications.

frequency selection

The operating frequency chosen for the microtrans
mitter, 61.25 MHz, corresponds to the assigned video
carrier frequency of commercial TV channel 3. This per

*An expEamentergrade  version of Tl microcircant, thi
MA2000, i ovallable for 8985 from NASEM, Box Al Cuper-
({108 Californn 35014,

mits the basie micratransmitter module to be used for
short-range, closed-circuit TV applications, thers being
ra local channel 3 allocation in my area to interfers with
such operation. Similarly, you may wish to select an
operating frequency corresponding to the yideo carrier
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frequency for a locally unassigned fowser vhi-band TV
channal

Thee eieeult | used an chanmel 3 (fig, B will cover TV
channels 2 through 4 merely by substituting crystals and
retuning the two Trimmer capacitors., For aperaticn on
channels & and 6, it will be necessary to reduce L1 to 6
furps, L2 to 8 twurns, and L3 1o 2 turns, All other com:
ponent values rermain as in fig, 6. Similarly, the vestigial
sideband (ilter shown in fig. 7 may be tuned to cover TV
channels 2 and 3, For operation on channels 4 through
B. L1 and L4 of Fig. 7 must be reducesd to 3 turms, and
L2 and L3 to ¥ turns each, Table T will serve as a guide
in selecting crystal freguencies. When the microtrans
Ml LTer t'lpﬂl'ﬂ!lf‘llj +HFr||,.iI!‘I'IE\I' i3 III:ETL'IISL"'IJ, CFLi-TPI.H POweEr
will begin to degrade as the upper freguisncy imit of the
intearated cireuit it approached

microtransmitter circuit

The basic cireult for generating 10 mW of stabile
double-sideband A5 with the LP-2000 microtransmitter

tabie 1, Video-carcier frequencies of lower ¥hi teflevision

chanmels
channal viden carrmr
musrm by frequency {MHz!
2 5529
3 &1 2%
a &7.25
4 7120
] By 25

IC is shown in fig. 6 The circuit is divided functionally
imto three sections. J1 is the video input connector,
which s driven by the standard composite video output
signal trom & TV camers or video tape recorder (typh
cally 1 volt peak into a 72-0bm impedance). This video
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drive level is more than adequate to overmodulate the
microtransmitter, hence the pad-and-trimpot combina-
tion at J1, which simultaneously matches the relatively
high video input impedance of the IC to 72 ohms and
allows the appropriate video level to be set.

Because of the number of stages employed, the

lead to instability. | have achieved the greatest success
by using a piece of PC stock only as a ground plane,
positioning the components in space above it to mini-
mize lead lengths. | call such a configuration a “‘bread-
space,” for breadboard suspended in space. (See the
accompanying photographs.) This circuit would also

TR cLass < MODULATED VESTIGIAL caBLE
FREQUENCY POWER POWER Sioe 8AND
MULTIPLIER AMPLIFIER AMPLIFIER FILTER
SYNCHRONIZING AND VIDED
BLANKING PULSE DETECTOR
GENERATOR MODUL ATOR
oc
RESTORER
SAW-TOOTH
VIDEO MON!TOR|
SCANNING BLANKING ING
GENERATOR AMPLIFIER EQUIPMENT
l CABLE CABLE
CAMERA PICK UP VIDEO AMPLIFIER WITH
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TUBE AMPLIFIER PICTURE AND PULSE LEVELS|
PICTURE
MONITORING

fig. 2. Simplified block diagram of a monochrome TV transmitter.

LP-2000 IC provides a considerable amount of rf gain in
a rather confined space. Thus the circuit exhibits a
strong tendency toward oscillations if precautions are
not taken. It is advisable to let the physical arrangement
of the schematic dictate the circuit board layout. As
with all “’hot’”’ vhf circuits, short and direct wiring is a
must. No printed-circuit artwork is provided, as the stray
coupling between traces in a PC board would most likely

™V
CAMERA [ o
61.25 348
MICRO XMTR VESTIGA
s,_25-—': (0SC, BUFFER,| MMZ Pao ;ﬁ;;mt,
MHz PA, VIDEO | as
3 MODULATOR) | 20 mw FILTER
94.5 g 7,6
245 vxo
LO. CHAIN
fig. 3. Block diagram
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FILTERED
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lend itself well to isolated-pad construction, as described
in recent articles.3:4

Parallel resonant circuits C1-L1 and C2-L2 tune the
oscillator and amplifier stages respectively. Any coupling
between them will obviously result in oscillations, or at
least potential instability. Although the toroidal cores on
which the inductors are wound tend to minimize stray
coupling, the two inductors should nonetheless be

DOUBLE
BALANCED
MIXER

R IMAGE
FILTER

T (ANZAC
MD-108)

CATV GAIN
MODULE

L.O. INJECTION
378 MHz
20 mw

of ATV transmitter for use in the 70-cm band.



orented at right angles to one another ds a precaution
againgt oscillations, Although not attemnpted in the
protatype unit, the use of shields positioned as shown
by tha dotod lines in fig. 6 isa good idea, The 3dB T
pad betwesn L3 and J2 not only keeps the power level
within the requlrements of the systom but also provides
a degree of isolation against Instability that may occur
fraom mismatching the cutput tooits load.

microtransmitter tuning

& pommon amateur practice n tunimg transmitting
eguipment is to adjust all tuned circuits for maximum
indicated outpul power, As ths circuit s patentially un
stable, such an approach would be disastrous i applied
to the microtransmitter. The resulting output signal
could well contain a multitude of frequency compo-
nents. If some of the output energy did indeed fall on
the desired video carrier frequency, it would only be by
eoincidence. The best way to tune this circuit & with a
spectrum analyzer, Trimmers C1 and C2 are tuned for
maximum output an the desired video carrier frequency
consstent with minimum  spurlous output., Tuning
should be accomplished with wideo mput connectar J1
terminated Into a8 7S-ohm resistor. Some interaction be
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Tig & Block disgram of the LP-Z000 trangmitter Ic.

Weithgial ATV system uwms poini-lo-paint wiring on PC chasiin

twean the tuning of C1 and C2 will be noticed; repeatecd
adjustments may be necessary.

Since few amateurs have aecoss (o 4 spectrum analy:
rer, two alternative tuning methods are proposed. The
first invalves the use of o high-selectivity absorption
wayemeter [or grid-dip oscillator In the absorption
mode), foosaly coupled to J2. Adjust C1 andd C2
repeatedly for maximum indicated output on the de-
sired video carrier frequency, then tune the wavemeloer
over s tofal frequency excursion 1o ensure absence of
parasitic ascill ations.

Thase lacking an absorption wavemeter will probably
have difficulty in adjusting this circuit, Monetheless, a
“last resort” tuning method may be attempted. Loosely
couple J2 output into a TV receiver that is adjusted Tor
reception at the channal for which the microtransmitter
was built. Tune C1 and C2 until the resulting video car
rier blanks the TV receiver screen, Now tune the receiver
to all adjacent channels to detect any parasitic oscills

Fife

s e - {a) J-f-' S e ammaries -

¥ T T v i i . — i

kT E-.' {‘M léu-l H

| L " | A [

= *

o }--.m, 1- o I- [ ar - - ——|. s I
-~ T - )

L 7 |
(=% - * ’V — i |—!__:f|
o | . ™ _.| 14
- 8 1 i

[+T] (R I 1 -ir—l‘ [ ] +——I’ wig I

- i LS L Y ¥

| | il | x'" |
;q—: ‘-!'-{H 1) - 1 1.'

| -
— . i ¥-:-: !
1 T (] Fa :
g i ' i e l

- S L e |

A o E e ik \]—— d -[- ge |

_at = Fa, IJ "‘l.__ L :

- . & o T - £ s
| - - {HEH {a} |

fig. 5 LP-2000 IC schematic.
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tion, 1T any other channel s blanked, try again until
output 15 noticed only on the desired channel

The video level satting is best accomplished visually
Aftar the fl adjustments are completed, loosely couple
the rf output into a TV receiver. Connect 8 TV camera
w J1 and scan a scene containing bright white leval [a
test pattern is ideal). Tearing of the horizontal synchron-
jzation will ocour with the trimpot set for maximum
video modulation. Back off on the video level until a
stable sync is obtained, which will put the transmitter
visry close 10 the standard 12.5% +2.5% modulation leve|
for bright white, 11 the comera is proporly adjusted, the
75% L2 6% blanking level will fall into ine aufomat-
ety

vestigial sideband filter circuit

The filter depicted oo fig. 7, conusting of two criti
cally goupled parallel resomant circuits with link couwp-
g 1 and out, is the absolute minimum in crcuit com

fig. 7. wesligial wdeband Fiter schematic for TV channels 2-3,
Al gty gre wound with no. 18 [Tmm) on Amidon T30-10
teroidy L0 v & fweny: L2 i 00 turns L3 s @ turnws L8 b4 furm
See leal for cosl dals for channels 3-5

plexity cofswdered adeguato for amateur vestigial sice
Band tranwmssion, Attenuation of beduency compo-
nants 2 MHz below the video carrier frequency, as sten
in fig: 8, w11 dB reterenced to the passhand midpoint
Similarly, the -3 MHz companent is altwnuated by 135
dBE. Il high-power ATV aperation s anticipated, @
greater degree of lowersideband attenudtion may be
desirabife, and Two or more se1s al resgnator pairs may
be cascaded. |1 multiple steges are wsed, stagger tumng
gy be pecessary to maintain the reguired passband
franche it

Ao mantioned proviously, the vestigial sideband hilter
may be moditied for operation at difterent vidao carmer
frequencies by maditying the number of turms an the
toroids. As a general rule, skirt seleotivity can be ex-
pected to degrade as operating frequency increases (due
to o decrease in loaded Q). This suggests that cascaded

fig. & Migratranymiiier module sgh@matic. Coil forms ore Armi
dan T25-10 lorpids. For TY ghannoiy Z-4, L1 is 8 baros ng. 20
{0 @mm); L2 i 10 turny no, 20 (0.3mmi)) L3 is 3 turna no, 28
{0, ¥mm] wound opposite L. See temt for coil data Yor highar
ehannels.
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Canstruction of the veutbglal sldeband filter Al goils are wound

on Amidan TS0-10 toreid cores

resanator pairs should be considered for aperation at TV
chuantels 5 and 6,

Construction of the vestigal sidoband filter 15 far less
critical than that of the microtransmitter module, The
anly precaution to be ohserved is adeqguate shielding of
the filter assembly to prevent lower vided sideband com-
ponents from leaking around the Ffilter and being radi-
ated into tollowing stoages

vestigial sideband filter tuning

As in the case of adjusting the microtransmitier
madule tor optimum eejection af spurious output, prop-
erly tuning the vestigial sideband liter reguines eguip
ment not often availatle 1o the ATV experimentar. Thus
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SWEPT RESPONSE
VESTIGAL SIDEBAND
FILTER

VIDEQ
2 CARRIER
FREQ

INSERTION LOSS (dB)

N

57 58 59 60 6/ 62 63 64 65 66 67 68 69 70 7
FREQUENCY (MHz)

fig. 8. Vestigial sideband filter swept-frequency response.

in addition to the ideal approach, a compromise adjust-
ment method will be outlined. Ideally, the filter should
be adjusted on an rf sweep setup, as indicated in fig. 9.
The procedure consists merely of adjusting C1, C2 and
C3 of fig. 7 repeatedly until the desired frequency re-
sponse (that of fig. 8) is displayed on the CRT. The goals
are a 5-MHz bandwidth, minimum passband ripple, and
steepest possible lower-skirt selectivity with the video
carrier frequency falling just at the knee of the lower-
skirt rolloff. An application note from Hewlett-Packard®
describes swept attenuation measurements in detail.

The filter passband can be adjusted manually using a
stable rf signal generator, a vtvm with rf probe, and a
50-ohm coaxial feedthrough. Equipment is connected as
in fig. 10. The signal generator is adjusted to 2 MHz
above the desired video carrier frequency, coupling
capacitor C3 adjusted to minimum capacitance, and C1
and C2 adjusted for a maximum indication on the vtvm.
The fitter will now be adjusted for minimum coupling
(thus maximum Q) and will be resonant near the center
of its passband. Next readjust the signal generator fre-

SAWTOOTH QUT

HORIZ
[ N
SWEEP
GENERATOR
hd
6 8
PAD VERT
IN
6 d8
FILTER PAD LOGARITHMIC
SWEPYO;}},’ UNDER VIDEO
TEST INSTRUMENTATION| AMPLIFIER
DETECTOR

fig. 9. Setup for swept-frequency response meas-
urement of filters.

quency to coincide with the video carrier frequency. The
vtvm indication should drop off markedly because of the
high selectivity and narrow bandwidth of the under-
coupled resonators. The filter passband will widen if C3
capacitance is increased (because of tighter coupling),
which will bring the video carrier within the lower skirt.

The carrier-frequency attenuation, relative to mid-
band power level, will be 1 to 2 dB when the voltage
produced at the video carrier frequency (measured on
the vtvm) equals 80 to 90% of the voltage indicated at
mid passband. Acceptable vestigial sideband filtering will
result under such conditions. Passband ripple and skirt
selectivity can be examined readily by sweeping the sig-
nal generator manually in frequency and observing the
vtvm.

conclusions

As rf spectrum space becomes increasingly scarce,
vestigial sideband transmission will become the standard
for ATV. A high degree of frequency flexibility can be

RF
SIGNAL
GENERATOR RF
T PROBE

VTVM

RE oUT FILTER %

UNDER

TEST
50-0HM
%LOAD

fig. 10. Setup for manual-frequency response meas-
urement of filters.

maintained by generating a stable vhf television signal,
filtering it to roll off the lower sideband, then hetero-
dyning the resulting vestigial sideband signal to the trans-
mission frequency. | hope the equipment described will
be the first of numerous approaches to apply commer-
cial standards to amateur television transmission,
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