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Application  Note,  AN-23,  in  2015,  has  previously  discussed  the  basics  of  what  is
required to build a Digital TV (DTV) repeater.  More recently, AN-23e (2019) [1] added
a section on using a Duplexer to permit using a single, common antenna for both receive
and  transmit.    Most  TV repeaters  are  built  using  separate  antennas  for  receive  and
transmit along with very sharp cut-off band-pass, channel filters on both the receiver and
transmitter.   Duplexers for TV service are more difficult to build, and are more costly.
They serve the same function as the Rx/Tx band-pass filters but  include internal cross
coupling between the two filters.   A TV duplexer will not give as much isolation as the
separate Rx/Tx BPFs & two antenna arrangement.  Thus a duplexer will typically work
only with low powered transmitters.

The  previous  application  note,  AN-48  [2],  discussed  building  a  basic  70  cm DATV
repeater which used two separate antennas.  One for receive and one for transmit.   The
repeater described there was built for the Pueblo, Colorado amateur radio club.   Since it
was built, the PARC encountered difficulty in finding a suitable site where they could
install  the required two separate  antennas.   Thus,  they asked for  their  repeater  to  be
rebuilt with a duplexer added.

Fig. 1 on the next page is the basic block diagram of the PARC, 70cm, TV repeater built
with a duplexer.  The major components used in this repeater were:    Hi-Des model HV-
110 Receiver, Hi-Des model HV-320E Modulator.  KH6HTV Video model 70-9B RF
Linear  Power  Amplifier  along  with  a  pair  of  ATV  channel  band-pass  filters  and  a
duplexer.
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Fig. 2    The modified Pueblo 70cm, DVB-T repeater.   A duplexer was added.  It is the
gold colored box seen in the rear.

The key new element in this modified repeater  is the Duplexer,  Fig. 3.    All  of the
isolation between the receiver and transmitter is provided by the duplexer.   Fig. 4 shows
the measured S parameters of the duplexer used in the repeater.   The duplexer was tuned
to place the Ch 57 BPF upper corner at 426MHz and the Ch 60 BPF lower corner at
438MHz.  The respective bandwidths of S21 and S31 are excessive for a 6 MHz DATV
signal.  The duplexer was tuned to minimize the S32 coupling from the Ch 57 transmitter
to the Ch 60 receiver.   This is shown as the cyan trace in Fig. 3.
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Fig. 3 KH6HTV Video model ATV-DPX, 70cm, TV Duplexer

Fig. 4   Insertion Loss of Ch 57 / Ch 60 ATV Duplexer, S21 = yellow, S31 = magenta,
S32 = cyan  Center freq = 432 MHz, span = 40 MHz (4 MHz/div), Vert = 10 dB/div.
Noise floor is -83dB

By itself, the duplexer did not provide sufficient isolation between the transmitter and the
receiver.  When the transmitter was on, it caused some de-sensing of the receiver which
compromised it's sensitivity.  It did not totally block the receiver but ruined the sensitivity
by a few dB.   It was thus mandatory to retain the 6 MHz ATV channel band-pass filters
in the repeater.   Fig. 5 shows the insertion loss, S21, of these filters.  Fig. 6 shows the
composite insertion loss using both the 6 MHz ATV channel filters plus the duplexer.
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Fig. 5   Insertion Loss of Ch 57 / Ch 60 ATV channel band-pass filters.  Yellow trace is
Ch 57, while magenta trace is Ch 60.  Center freq = 432 MHz, span = 40 MHz 
(4 MHz/div), Vert = 10 dB/div.  Noise floor is -83dB

Fig. 6   Composite Insertion Loss of Ch 57 / Ch 60 ATV channel band-pass filters and
duplexer.  Yellow trace is transmitter path, while magenta trace is receiver path.  Center
freq = 432 MHz, span = 40 MHz (4 MHz/div), Vert = 10 dB/div.  Noise floor is -83dB

This repeater used a KH6HTV Video model 70-9B as the final output RF amplifier.  The
rf drive level from the Hi-Des modulator was adjusted to give shoulder break-points of
approximately -30dB. The DVB-T rf output from the amplifier was 12.6 Watts.   After
passing through the Ch 57 channel filter, the power dropped to 9.3 Watts.   The duplexer
introduced even more loss.  The resultant rf output to the antenna was 3.5 Watts.   Fig. 7
below shows the resultant spectrums.
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Fig. 7   DVB-T transmitter spectrum.   Center frequency = 423MHz, span = 20 MHz,
vertical scale = 10dB/div.  horizontal scale = 2MHz.   Yellow trace is output from final
amplifier.  Magenta trace is after the Ch 57 channel band-pass filter.  Cyan trace is output
from duplexer and is the signal sent to the antenna.

Fig. 8  On the air test of repeater.

Sensitivity tests were run on the repeater.   To do this, a 20dB directional coupler was
inserted in the antenna coaxial line to inject controlled levels of a weak, 441MHz, DVB-
T signal.   The repeater was connected to a DB Products DB-411, 4 element, co-linear
antenna.   An HDMI monitor was connected to the second port of the HDMI splitter to
watch  the  received  video.  With  the  transmitter  turned  on,  the  measured  receiver
sensitivity  was  -93dBm  with  no  desensing  apparent.    The  input  test  signal  was  a
"normal" DVB-T signal with the following parameters:  441 MHz center frequency, 6
MHz bandwidth, 1080P resolution,  6 Mbps, QPSK modulation,  8K FFT, 5/6 FEC, &
1/16 guard.   The final acid test was to receive an over the air signal from another ATV
station.    Fig.  8  shows the repeated  signal  which was received from N0YE, 5 miles
distant.
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NOTICE:   The 70cm ATV channel filters and duplexer used in building this repeater
were previously offered for sale by KH6HTV Video.   Due to a lack of market place
demand, they have been dropped from the product line.   For information on where to
obtain similar filters and duplexers, send an inquiry to kh6htv@arrl.net
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