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Add TV transmission to your radto shack

RUDOLF F. GRAF and HOW WOULD YOU LIKE TO TRANSMIT COMPLETE vmr::o, EITHER COLOR OR BLACK-AND-WHITE,
’ WILLIAM SHEETS with accompanying audio, either through coaxial cable, or to a remote receiver?

: g - Hold your breath, because it’s all possible with our video-link transmmcr, an
inexpensive way to get involved in all the foliowmg apphcanons

e 7 & \ 1. Amateur TV transmission.
E 2. Video installations where cable hookups are not possible, llke roboncs
3. Security and industrial work.
4. Simultaneous viewing of several remote TV receivers.
5. Remote sensing appl:canon like w1ldiafe vaewmg
6. Cable transmission. .
7. Wm:less camera/TV mcewer or. VCR lmk

Our video-link transmitter is available in two levels Gf RF :
power. For low-power wireless video like in a house or office,

able without cumbersome hookups, 1-30 mW is available. Fw
: longer ranges up to several mxlcs. as in amateur (ham) TV’

_ audio inputs.
phones. The uni runs on-

v“..,f
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subminiature and surface-mount
components because they perform
well at RF, requiring simple tuneup
without complex test equipment. In
fact, a good tuneup can be achieved
with only a VOM and a TV receiver.
Readers may be familiar with the
author’s previous article on an RF vid-
eo-link (February, 1986, Radio-Elec-
tronics). Since then, many improve-
ments have been made. The new
transmitter is easier to tune, uses three
slug-tuned coils instead of air-wound,
and has a double-sided PC board for
better shielding and grounding. Addi-
tionally, better transistors were sub-
stituted in the new design, which also
has an integral power amplifier, and
audio/video gain controls for easier
interfacing. Linearity control was
added to optimize video quality.

Liability

Be warned: The 2-watt version is
intended for educational purposes, le-
gitimate TV broadcasting, amateur
TV, and industrial, and scientific pur-
poses. It can transmit several miles,
so those intending to use our design
must have a Technician-class ama-
teur-radio license.

Carrier frequency

As Fig. 1 shows, transistor Q1 and
the surrounding circuitry is a crystal-
controlled oscillator operating at %
the video frequency, from 52.5 to
62.5 MHz. After being multiplied by

power operation.

four through frequency-doublers Q2
and Q3, the output covers 420-500
MHz, overlapping the 430-MHz ham
TV band and the lower UHF (300
MHz-3 GHz) TV channels.

First, the frequency is doubled to
105-125 MHz by Q2, and then to
210-240 MHz by Q3. With some
modifications, higher or lower fre-
quencies are possible, but with lower
power above 500 MHz, and higher
power below 420 MHz. Double-tuned
interstage networks suppress un-
wanted harmonics. Then, Q4 doubles
Q3’s output to the final carrier fre-
quency, which is injected into tran-
sistor Q3.

In the low-power version, Q5 mod-
ulates the carrier by V.. The RF
(1-30 mW, depending on coupling) is
taken from Q5’s collector and fed to
either a cable or a 6-inch whip anten-
na. In the high-power version, Q6 and
Q7 form a high-gain RF power ampli-
fier, and adjustable matching net-
works are used in the circuit for
optimum tuneup.

Instead of matching networks, a
tuned strip-line design was con-
templated, but at 420-500 MHz, it
would have occupied too much PC-
board area. Broadband RF chokes,
surface-mount (tantalum chip) capac-
itors, and careful design strategy
avoided possible low-frequency spu-
rious oscillations. We ended up with a
very stable, efficient, reproducible
circuit having no UHF *“horrors.”

FIG. 1—VIDEO-LINK TRANSMITTER CAN BE CONFIGURED for either low-power, or high-

Modulator

The audio input at J1 will accept a
wide range of voltage levels; 10 mV
(typical microphone output) to 1 V
(line input) is fed to audio-amplifier
Q8. The audio-gain control adjusts
for optimum modulation of Q9, a
Colpitts Variable Control Oscillator
(VCO) producing 4.5-MHz FM audio
subcarrier, which is fed to video am-
plifier Q10, where it is then combined
with the video from J3.

The video input at J3 may be 0.5-
to 1.5-volts peak-to-peak, negative
sync, while the video-gain control
prevents Q10 and Q11 from video
overload. Current-source Q10 and
amplifier Q11 feed modulator Q12,
which is capable of producing video
having a 12-volt swing, and can drive
a load up to 1 amp. Its bandwidth at
—3dB is in excess of 10 MHz, assur-
ing crisp picture detail.

In the high-power version, Q12 is a
power supply to Q6 and Q7, effec-
tively amplitude modulating the RF
carrier. In the low-power version, Q5
is modulated in the same manner. A
linearity control adjusts Q12’s operat-
ing point for optimum modulation lin-
earity. The Q-point must be properly
set; otherwise, video clipping will oc-
cur, producing “burned-out™ picture
highlights (white areas) and loss of
detail. Other Q-point problems could
include sync “buzz” in the audio, and
loss of picture stability in extreme
cases.




1IVM-Z NO a3Isn
NOILI3S SIHL

- avag
v
ONINAL Vd| - oNis 3113 14012

i3 12l

dIHD
4doo1

XV0J 105 VIIW 4ds

J IPAOHI AV3IF| giHo
IOHI av3a I 01 N ydpoy
1 0] «

itter.

2-WATT Video-link Transm|

FIG. 2—HIGH POWER




& RADIO-ELECTRONICS

Frequency doublers

Referring to Fig. 2, VHF transistor
Ql is biased at 10 volts and 5 mA, with
the Q-point set by resistors R1, R2,
and R3. Crystal XTALL] is series-res-
onant, “bypassed” to ground. At the
crystal’s resonant frequency (between
52.5 and 62.5 MHz), Q1 is a com-
mon-base amplifier. Tank (tuned cir-
cuit) L1/C2, in series with C35,
together with about 1-2 pF of stray
capacitance, form a load for the col-
lector of Q1.

Once QI starts oscillating, its col-
lector current is typically 5-10 mA,
and depends on the tuning of L1.
Here, C3 and C4 bypass the “cold”
end of L1 solidly to ground for AC.
Internal collector-to-emitter (C-E)
feedback occurs in QI via the intrinsic
2-pF C-E capacitance. Here, Cl
forms a voltage divider to feed the
collector back to the emitter. Note that
Cl is not for emitter bypass, but is part
of the feedback network of oscillator
QL.

A portion of the voltage across tank
LI/C2, and CS5, is fed to Q2 by the
voltage division between C2 and C5.
Next, Q2 and its associated circuitry
is a frequency doubler, where a large
drive signal from QI causes rectifica-
tion in Q2’s emitter-to-base (E-B)
junction, which produces considera-
ble harmonic generation.

At twice the oscillator frequency,
C5 has low impedance; keeping the
impedance low in Q2’s E-B circuit by
using a large value (82 pF) for C5 also
helps produce efficient harmonic gen-
eration. Biasing for Q2 is the same as
Ql, via RS, R6, and R7. Bypass C6
adds stabilization, as does C7 and C8.

Tank L2/C9 is tuned to twice the
crystal frequency. R9 supplies DC to
Q2. A slug in L2 tunes the tank, while
C10 couples RF energy at 2 times the
crystal frequency to a second tank L3/
C11/C12, also tuned to twice the crys-
tal frequency. Using dual tanks as-
sures good selectivity, and improved
rejection of unwanted frequencies;
that’s important for a clean transmitter
signal. Next, R8 in Q2’s collector
suppresses any self-oscillation tend-
encies at unwanted, parasitic UHF.

Frequency doubler Q3 (MPS3866,
400-MHz, medium power, 1-W, plas-
tic) is fed at 105-125 MHz from the
junction of C11 and C12. Here, R10,
R11, and R12 bias Q3. The RF level at
Q3’s base is quite high, and that af-
fects Q3’s biasing, while the collector
current runs at 10-15 mA.

Note that Q3 offers better perfor-
mance at 250 MHz than the 2N3563's
used for Q1 and Q2; Q3 doubles the
frequency to between 210 and 250
MHz. Except for frequency, Q3 oper-
ates similarly to Q2. Then, R13 sup-
presses UHF parasitics, and L4/C15
form a bandpass filter tuned to twice
the input frequency. At 250 MHz, CI
(for Q1) and C3 (for Q2) are ineffec-
tive, whereas Cl14 is sufficient. Fi-
nally, R14 feeds DC to Q3.

Note in tank L4/C15 that Cl15 is
variable and L4 is fixed. Slug tuning
is no longer practical because L4 has
too few turns. Energy is coupled
through C16 to tank L5/C17/Cl18,
which forms a double-tuned bandpass
filter at 210-250 MHz. Then, C17 is
for RF tuning, while C18 will op-
timize matching into Q4, the last
(third) doubler.

Figure 3 shows how a ferrite bead is
slipped over one lead of R15, which
causes a high series-impedance at RF,
yet passes DC without attenuation,
thereby completing the base circuit
DC path for Q4. The bias is now sup-
plied entirely by the drive signal; no
extra DC bias is applied. The emitter
of frequency-doubler Q4 is directly
grounded, because bypassing emitter
circuits at 420-500 MHz is difficult
without some loss of RF gain; how-
ever, a low value of R15 keeps DC
stability adequate.

FIG. 3—SLIP RESISTOR LEAD through
ferrite bead. The bead inductor causes a
high series impedance at RF, yet passes
DC without attenuation.

Tank L6/C19 (a short length of
wire) operates at 420-500 MHz. Both
C19 and C20 provide low-frequency
video and RF bypassing, while C29
bypasses UHF; they also stop any
stray low-frequency gain in Q4. Tan-
talum-chip C20 is the only type effec-
tive at 420 MHz, and provides a solid
RF ground for the “cold” end of L6.

The 420-500-MHz at Q4’s collec-
tor is fed to tank L7/C21, via C32,

which matches Q4’s collector circuit
to Q5’s low base impedance; together
with L6/C19 they form a double-tuned
UHF circuit. The ferrite bead and R17
provide a low DC impedance, but a
high RF impedance to the base of
amplifier Q5.

Low-power version

The UHF signal is amplified to
about 30 mW by Q5. Choke L8 keeps
RF energy out of the DC power sup-
ply. C22 and C23 bypass video and
UHF, respectively. Note that if QS5 is
video modulated (the low-power ver-
sion) then C22 must be deleted, be-
cause it would cause loss of high-
frequency video components; more-
over, R18, which limits the supply
current to Q5, must be returned to
QI12’s emitter. Tantalum-chip C24
couples RF output, yet blocks DC
(and video, if applicable) from the
tank circuit L9/C25.

In the 1-30-mW version, L9 cou-
ples the RF output to the secondary
link of wire L9A, which then trans-
fers the RF to output jack J2A (Alter-
nate). Note that J2A and L9A are not
used in the 2-watt version. Output
power is limited depending on the
proximity of the link L9A to L9.

High-power version

In the 2-watt version, L9 matches
to the base of driver Q6, and Q5 is fed
straight, unmodulated +12-V DC.
The full 30-mW drive from Q35 drives
Q6. The ferrite bead and R19 provide
a high RF impedance, and low DC
resistance at Q6’s base. Since a ferrite
bead looks more like a high resistance
rather than a reactance at high fre-
quencies, the effective Q is very low.
That prevents the possibility of para-
sitic oscillations that could occur if a
conventional-type solenoid-wound
RF choke were used.

Here, C27, L11, and tantalum-
chips C28 and C29 match Q6’s col-
lector impedance to Q7. RF-choke
L10 is made with three turns of wire
wound through a ferrite bead, in a
toroidal fashion. That results in a low
Q, about 1000 ohms resistance, and
again avoids possible parasitics.

Tantalum-chip C26 is used to mini-
mize stray inductance, and couples
RF energy from Q6 to Q7. Now, C30
and C31 bypass UHF to ground while
looking like a high impedance at 20
MHz or lower, so the video compo-
nent of the modulating power supply
voltage is relatively unaffected. Note




Resistors; Im%or%a-w 5%
R1, R&-3900:>nms

‘R2, B6, R11, RS‘I—-‘SSOO@ths
R3, R7, H15-—3300tuns

' Rs n14 R16~R19 ms-—

G2, C12—33 pF, NPO, ceramic disc
C3, ¢7, Ci!

96.08,013 G14——4?0pFNPO

 G16, C321 pF. NPO, Wm,c% L
15015'"2'1395 or gmpp,mm

zt22 c.% Q4?-—";§:f:‘;.
ic ~ Those are notincluded, because

PARTS LIST . -
~ QB—2N3565, transistor

Q9—MPF102, transistor

U:_Q10-2N3906 transistor
- Q11—2N3904, transistor

QI2—MJEIBO, ransistor :

:'j_D1—1N757ﬁ diode
- D2—MV2112, varactor diode
- D3—1N914, diode

4—1N4007, _diode

~ Inductors
e L1—L14—See table 1.
, XTAL1—52 5-62.5 MHz

~ Note:Kits for this projectare avail-

nts

able from North Country Radio,

4; PO Box 53, Wykagyl Station,

New Rochelle, NY 10804. Two dif-
: iamrtknsaroavallahie oneisa

~ low-power, the other is a high-
~ power version. Those kits in-

 clude the PC board and every-

" thing on it, except jacks, con-

nectors, batteries, power-sup-
ply components, and case.

individual hobbyists may have

~ their own preferences and Inter-
~ face requirements. The author

_recommends that those compo-

~ nents be obtained at ancthor

 The Low-Power Kit W/ATV crys-
tal for operation on 439.25 MHz
costs $79.95, plus $2.50 for

_ shipping and handling; the 2-W
~ Kit w/ATV crystal for operation

on 439.25 MHz costs $104.95,
 plus $2.50 for shipping and han-

dling. Extra crystals for CH14/
'CH15 operation are $6.50, plus

~ $1.50 for shipping and handling.
- The PC board only, plus cores,

 chip capacitors, and D2 (a par-

~ tial kit) cost $49.95, plus$2.50‘“ '

shipping and handling. The Vid-

~ eo-Link transmitter, Radio-Elec-

tronics, February, 1986, plus a

~ reprint of the article, costs

‘:___:__.mnaz—zusses transistor

: ,'o‘rMHFae? transsstor.__
that Q6 draws about 130 mA at modu-
lation peaks (sync tips).

Also, Q6 supplies between 300-
and 500-mW drive to Q7, an
MRF630 (Q6 and Q7 are similar in
their operation). RF-choke L12 func-
tions exactly the same as L10. Collec-
tor matching-network L13/C33, to-
gether with mica C34 match the 50-
ohm load impedance to the optimum
collector load-impedance needed by
Q7. Note that a 50-ohm load must
always be present at J2, otherwise Q7

$69.95, plus $2.50 shipping and
handling Crystals can be pur-

i - chased separately from Crystek

Corporation, PO Box 06135, Fort
_ Myers, FL33006.

.may be damaged. A tolerance of

+50% (25-100 ohms) is permissible
here; however, optimum performance
is obtained with a 50-ohm load.
Suitable 50-ohm coax must be con-
nected from C34 (on the PC board)
and J2, with short connections (a
Ya—inch or so). Any length of coax can
be used, but for the best results, keep
it short. We used RG174/V PVC type,
but teflon coax (RG188/U) would be
better. From J2, a standard coax
(RG8U, RG58/U, etc.) will do. Re-

member, feedline loss must be avoid-
ed as it can be very high at 420 MHz
and up.

Video feed

Input video from J3 (standard 1-V
p-p negative sync.) is fed through C43
to clamp-diode D3. Note that C43 is
apparently incorrectly polarized; that
is to allow for video equipment that
may have a DC component of up to 16
volts at the video output. If you do not
expect to encounter that, you can re-
verse the polarity of C43—if you
wish. When turned around, the low
reverse voltage (0.6 V) appearing
across it doesn’t seem to do any harm.
Diode D3 clamps the maximum nega-
tive input level to —0.7 V, and avoids
serious over-modulation at the sync
tip levels. If you wish, you can DC
couple from J3 directly into R32, the
video-gain control, if your equipment
interface permits. Also, note the op-
tional 82-ohm termination (R32A) is
not on the PC board, but is soldered
across J2. Use it unless you're in a
situation where loop-through (several
other video loads in parallel) is re-
quired. It was not placed on the PC
board so that possibility would not be
compromised.

Video-gain control R32 feeds the
base of video-amplifier Q11. Video-
amplifier Q11’s collector is fed by cur-
rent-source Q10, which is biased by
R34, R35, and R36 to about 50-mA
of collector current. That permits
QII'’s collector to supply plenty of
drive to modulator Q12, and elimi-
nates the need for a low-value decoup-
ling resistor from Ql1's collector to
the power-supply rail (+12V); there-
fore, QI12’s base can approach V.,
and allows a higher positive swing of
Q12’s emitter than a resistor from Q11
to + 12V would permit, due to Q12’s
base-drive needs.

Modulator Q12, an MJEI80, is
configured as an emitter follower. It
must supply all the current to Q6, Q7
(or Q5), have a low supply imped-
ance, and high slew rate. The low
impedance is necessary for both full
RF power output, and to control the
parasitic-oscillation tendencies in
power amplifiers Q6 and Q7. The
load tends to be capacitive due to the
bypassing from C26 (somewhat),
C30, and C31.

In tests; QI2 can supply nearly 12
volts of video into a 10-ohm load, at
1.2 amps; therefore, Q12 must be heat
sinked. To establish both Q-point,

6861 INNC
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video gain, and bandwidth, R37 pro-
vides feedback around the modulator;
however, R33 sets the exact Q-point
(voltage seen at point A, Q12’s emit-
ter), under zero-drive conditions at
about 5- to 6-volts DC, to Q6 and Q7.
R33 is adjusted for maximum un-
distorted symmetrical video at point
A, while R32 controls video drive to
Q11. Supply bypassing must be effec-
tive at Q12’s collector due to the high
current and fast waveforms handled.
The main supply bypass, C44, a
10-pF, 15-volt, tantalum chip was
used because standard electrolytics
are somewhat less effective.

Power feed

DC power is fed to the transmitter
at J4. Diode D4, a IN4007, is pro-
vided to serve as reverse-polarity pro-
tection. It’s cheap insurance against
inadvertent damage to Q6, Q7, QI0,
Q11, and QI2, should the negative
and positive leads of the power supply
be reversed by accident. Diode D1 is
connected directly across J4. The 12-
volt supply (11-14 V is OK) may come
from Nickel-Cadmium batteries, an
auto’s electrical system, or any kind
of AC-operated power supply.

Audio feed

Audio is fed to gain control R22
from jack J3. Input level should be
between 10 mV and 1 volt at high
impedance, allowing direct interfac-
ing with most microphones, or other
audio sources. From R22 the audio is
coupled through C35 to Q8, which is
biased from R23, R24, and R25. By-
pass C36 will prevent audio degener-
ative feedback, and loss of gain.
Collector-load R26 supplies DC to
Q8, while C37 blocks DC and cou-
ples audio through R27 to the fre-
quency modulator.

Note that no pre-emphasis (high-
frequency boost) has been used. If
you want to use it, for better high-
frequency audio response, change
C37 to 0.001 wF, and set the gain-
control R22 up higher to compensate
for loss. The author found that pre-
emphasis was unnecessary for most
applications.

Audio is coupled to the varactor-
diode D2, an MV2112, where R29
biases D2 at 9 V. The varactor diode
varies its capacitance at an audio rate
from 56 pF at 4 V, to about 33 pF at 9
V. The capacitance of D2 appears
across 4.5-MHz oscillator coil L14.

Then, Q9, an MPF102 FET, together
with C41, C42, C40, and L14 form a
Colpitts RF oscillator operating at 4.5
MHz. Trimmer C40 is used to set the
frequency to exactly 4.5 MHz, while
toroidal coil L14 is used to minimize
stray magnetic field generation.

The audio voltage on the DC bias
causes D2 to change capacitance,
which shifts the oscillator frequency
causing frequency modulation (FM)
of the 4.5-MHz generated in Q9, the
Colpitts oscillator. Bias for Q9 is pro-
vided by R30, while R31 couples the
audio subcarrier (4.5-MHz FM) into
the video amplifier, which modulates
it and the video onto the RE

Zener-diode D1, R28, and C38 and
C39 (which provide bypass) supply a
regulated 9-V DC voltage to Q9, and
varactor D2. The regulation prevents
oscillator drift if the supply voltage
were to vary. A frequency counter can
be connected to point A to set C40 to
exactly the value needed for 4.5-MHz
audio subcarrier.

Looks like we’ve run out of space.
Next month we’ll focus on construction
techniques, like how to wind coils, how
to solder tantalum-chip capacitors, and
circuit modifications. R-E




