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A Transverter for 10GHz DVB-T

There is nothing like having a pile of free microwave goodies sitting on the bench to get
the home-brew juices flowing. It certainly worked for me. Recently KORZ cleaned out
his ham shack and our BATVC group had a freebie give away. It was advertised earlier
this fall here in our newsletter. I picked up a few items myself that would allow me to
build a DTV rig for the 3cm (10GHz) band. Now I can report that I have finished
assembling and testing it.

I have not tested it yet on the air. The BATVC members had planned a 10 GHz outing
yesterday (11/14) to test out several new rigs. It was canceled when we arrived at the test
site due to extremely strong winds. It was blowing 30 mph with gusts to 40 mph.
Putting up a dish antenna on a tripod in that kind of wind was impossible. If we had
tried, our dishes would probably have ended up way over in Kansas !
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The complete schematic is shown on a following page. I used the same basic block
concept which I used previously building my 5.8 GHz DVB-T Transverter. ( see
newsletters #37 & 54 ). The design was driven by what bits & pieces I got from the
KORZ surplus give away, plus what I found in my own microwave junk box. I only had
to purchase a couple of items as a result.

Based upon Don, NOYE's guidance, we here in Boulder have picked 10.359 GHz as our
3cm frequency for DVB-T experimentation. The international SSB frequency is 10. 368
GHz. Don chose 10.359 as being close (9 MHz) to the SSB, but still far enough away
for our 6 MHz wide DVB-T signals to not interfere with the weak signal SSB folks. But
being only 9 MHz away from 10.368, Don felt that most SSB transverters could be easily
modified to work with our TV signals without re-tuning.

I again used a Frequency West brick as the local oscillator. It is the large gold colored
module mounted on the top cover. The brick I got from the KORZ surplus. It's
frequency was 11.615 GHz which dictated what my IF frequency would be. With the
LO being on the high side of the desired RF, I will be using the lower side-band. It was
thus LO - RF =1F = 11.615 - 10.359 = 1.256 GHz. This actually falls in the 23cm band.
This IF is not usable with most DVB-T receivers, such as the HV-110, or the generic
consumer set-top boxes which top out at the 33cm band, below 1GHz. 1 still own one of
the older Hi-Des model HV-120 receivers which goes up to 2.6GHz so it will be my IF
receiver.

Unfortunately, Hi-Des no longer offers for sale the HV-120. Hi-Des does offer their HV-
122 receiver which goes up to 2.4GHz, but it is not suitable for microwave transverter
use because it can not decode a DVB-T signal if the side bands happen to be inverted.
For details, see my app. note, AN-50a "Is DVB-T Sideband Sensitive ?"

My transverter concept uses a single LO driving two separate mixers. One dedicated for
receive and one for transmit. I thus only needed a single SMA coax relay for the antenna
switch. T used a 4 - 8 GHz Narda 3dB splitter to drive the LO ports of the mixers.
While it was specified for 4-8, I tested it and found it still worked well at 11 GHz for
splitting my LO drive equally.

I used two different models of mixers. I had originally planned to use a pair of the Narda
70160s. However upon testing them I found that it really only worked well for down
conversion. It's conversion loss really sucked as an up converter. I later found an old
spec. sheet from Narda which only advertised it for down converter use.  Scrounging
thru my junk box I found another small SMA mixer from Aertech. I had zero data on it,
nor was I able to find any on-line. But testing it on the bench I found that it worked with
a +7dBm LO drive and had decent -8dB up conversion loss at 10 GHz.
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Interior view of the new KH6HTV, DVB-T 10GHz Transverter

Now to avoid issues with unwanted side-bands from the mixers, it is always well to
include band-pass filters in a transverter design. With an LO of 11.615 GHz and an IF of
1.256GHz, the desired RF signal is 10.359GHz as the LSB. The USB is12.871GHz.
Here I lucked out in the KORZ surplus bins. I found a couple of small, SMA band-pass
filters. Testing them on my old Wiltron network analyzer, I found they had great brick
wall skirts. I used the 8.9-11GHz filter on the receive side to avoid having USB noise
destroy the LNA's performance. I used the 6-11GHz BPF then on the transmit side to
eliminate feed-thru of both the LO and USB.

*  Down East Micro
IN Model: ULN/ >
Frequency: y

The amplifiers used in the transverter. To is the LNA. Bottom is the power amp.
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I did need to purchase amplifiers. I found a suitable transmit amplifier at my favorite
microwave  surplus  dealer, Western Test Systems in  Wyoming  (
www.westerntestsystems.com ) It was a small SMA module made by Celeritek. It was
specified to cover 6-11 GHz with 33dB gain, +22dBm and work on 12Vdc. 1 tested it
and found at 10.25 GHz it had 36dB gain, P(-1dB) = +22dBm and P(max) = +25dBm. It
pulled 480mA at 12Vdc and got quite hot. It thus needed a good heat sink. In the
interior view photo, this amplifier is sandwiched under the black heat sink.

For my receiver LNA, I purchased a 10G-LNA kit from Down-East Microwave. I have
previously written my review of it in the September newsletter, issue #87. I tested it and
found the gain to be 20dB with a 1.06dB noise figure.

For DC power, the transverter is designed to work off of +13.8Vdc. The Frequency
West brick LO requires -20Vdc. Bill, ABOMY, had previously found a low cost isolated
DC/DC converter suitable for powering these bricks. It was the MeanWell model PSD-
30A-24. See newsletter issue #57. Bill got his from Jameco for only $13, but they were
sold out. I was able to find one on Amazon for about 2X what Bill paid.

I power the Hi-Des receiver directly with 13.8Vdc and I leave it on all the time. When I
am in the transmit mode, there is sufficient leakage thru the SMA coax relay and the
receive chain that I get a weak, but usable signal to the IF receiver that I can monitor my
transmitter output. [ measured the DVB-T leakage signal to be -76dBm.

My front panel T/R switch powers up the Hi-Des HV-320E modulator only when I am in
the transmit mode. When transmitting, I remove power from the LNA and apply power
to the Celeritek amplifier. 1 power both of these amplifiers from regulated +11.8Vdc
supplied by low drop-out, linear LM2941 regulators, U2 & U3. I also added time delays
to turn on these regulators, to allow time for the SMA coax relay to switch. The
LM2941 has a logic on/off pin #2. Normally pin 2 is simply grounded. By adding the
100uF cap, C2, and 2.2K resistor R3, I delay the grounding of pin 2, thus providing a
600ms turn on delay.

The KORZ surplus SMA coax relay happened to be a 12V relay with a single coil.
Testing it I found it pulled quite a bit of current at 300mA at 13.8V. This seemed to be a
waste of good battery current to keep this relay energized. So, taking Chris', KOCJG's
idea of using a voltage doubler to drive his 24 V relay, I used the same concept to switch
my relay, but then drop the current after it switched. So on the schematic you will find
C8 and R9. C8 is charged to 13.8V and has enough oomph to pull in the relay on
transmit. R9 then provides still enough current to hold the relay in, but drops the overall
current to 125mA.

I packaged everything into a basic 10"x8"x3" aluminum chassis with a cover plate. For
the critical 10GHz rf paths, I used short 6" pieces of low loss, 0.141" semi-rigid coax
with SMAs. For the other rf connections, I used flexible, RG-316/U, SMA cables. The
Hi-Des receiver and modulator sit on the top cover along with the brick LO. They are all
connected to the interior components via SMA connections on the rear panel.
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OK -- now that the box is built, how well did it perform ?  Pretty much as designed
fortunately. 1 tested it using the test setups shown above. I used another Frequency
West brick LO and an X-band mixer. When testing the transmitter, the mixer's IF output
went to my Rigol spectrum analyzer. When testing the receiver, I drove a DVB-T signal
into the IF port of the mixer. When testing the transmitter, a 30dB SMA attenuator was
placed in front of the mixer to avoid over loading it.

Testing the transmitter portion of the transverter, I had predicted that the RF output
would be +14dBm of RF power when transmitting DVB-T and that is exactly what I
measured. This was with the rf spectrum skirt's break-points set to -30dB as shown in
the plot on the next page. At this point I detected no degradation in the transmitted S/N.
For QPSK, 16-QAM & 64-QAM, I measured the ideal values of 23dB, 26dB, and 32dB,
identical to what came out of the Hi-Des modulator. I measured the rf power with my
HP-432 power meter and 8478B thermistor power head, plus a 10dB SMA attenuator.
The transmitter gain from IF input to RF output was measured to be 24dB.
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DVB-T spectrum of RF output from the 10GHz transverter.
10dB/div & 2MHz/div. Pout =+14dBm

For testing the receiver's sensitivity, a live video & audio program from a DVD was input
to the HV-320 modulator. The modulator's output was the IF input to the mixer. It was
set to -13dBm.  The mixer added -6dB conversion loss. The cabling for the step
attenuator on the rf output added more attenuation so that the test signal level was
-21dBm. A fixed 30dB SMA attenuator was used along with a Weinschel, step
attenuator to then set known levels of weak signals to test the receiver. The step
attenuator had 1dB and 10dB steps for an overall range from 0 to -69dB.

The receiver's gain from RF input to IF output was measured to be +13dB. For DVB-T
reception, I used QPSK modulation with "normal" digital parameters (1080P, 8K FFT,
5/6 FEC & 1/16 guard). I measured the threshold sensitivity of the transverter to be
-97dBm at a S/N of 8dB.

Jim, KH6HTYV, Boulder, Colorado



p. 70f 13

TV Rptrs Rptr-92.doc (11/15/2021, kh6htv)

1282 ""ON 9

£ 3o 1 9bed

8 1 N9y

SMaJpuy wIp

Jdojdensued]| ALd ZH9 a1

03PTA  ALHIH

pvenB 91-1 "534 9.5 ‘144 M8 'desel
sJajsueded j1e3161p JEWMOU

gPEe2 = NS
gPBE- = JAPINoUS
ugp9gg+ = INog

@92 = NS
gpge- = JapInous
ugpg gg+ = Inog

scaw o1 sdau 9

gapez- = usle gp21- = usije

302E-rH 3195 30TE-nH 3195

Woagt JSdo
0936SdM_2

031 poy-usauy

:S3I0N

10 an19osy scuy 91
Fe 18p x1 g1t o|e Jlusued] scug 9'2
Ue=WWng 2 28" 1 [P-RP I § i A1
o BY mw swpB9 & gy 4 et i veBN )
et | Koo TND o R VY X TND [12 1 a 21
99 , Hfpen 33p-uppd o € WS —|Pen 330-up s
T 2 1016 ul_\ Enl T 191¥6RM
[ eommdid eI gn W s o [ an M
BututM Jsmod I(g
(SJudroweurd 1PWJOU’ NSHD )
wgp2e- = R31n131SUsg
gpET = uren
A3A1333y
oormion ] spe-
6988 1K
gppz = uren =00 1S
ugpgzs (185)d Baggs 281 Heraiay ~ojernpoy d1
wgppz+ (gp1->d ZHD11-9 wgpiz- F# H9XTIYW SPCT-—usTae
ugppl+ (ALDYD .9 BUS -,
¥3LLTUSNYAL apoe e \ ]l zrueseer (SO, st S . SnesL, | tweu
ZHD9EZ T = ugp1z- e H1 91€-28 eIE-y e LU
o wmmmcmg- 41 - w9 ur pow n_w " JozE- -1
eeER] =l e e 21+ £81928-650 T4 993114 01 7 ugpes T i
[ 151140100 duy ssed-pueq [ aed peusiins
[ Jamad ngTEl+
wo »
2o T
oS, e g 1%1-1n .6 Yo Lo
s ON & ZHD128"71 =gsn " s 1=201 L
m.ccmuc¢:;|.5 " s o HOSISTI 01 L = Onn 1w1-in .8 wgpci+ ZHWLPS 401
he1ay xeog bapes SLER15d mC._"QES._” d SNeMOUDT] | z-veer ZHIS19" 11071
DIZ1SEID ePvEN ur ol USYASOUDD
134 9be3s 2 (ER
J33311d - opsop
BNNZ-€1 19pou TtISsigre Rouanbo.d 3 AgZ--21+ [vger1-g71
= SNEMOUDTL 758T umog o opnez- oprBZ-
: Janteosy 4]  PEURE-USd
- R1-6" ugps+
ZHD5'B1-6'8 e p
" o 91g-94 91g-0 ZHU9CZ1
916-93 91e- r\VA/ it = amrT8eu hwpy w07 1uow
zZ zZ 1-8/0 Ay 03
\J [zHieceer = Cu: HU9EZ1 anSanoy N0 4l PO Ll
24 933114 gp3-
sseg-pueg o# Jaxty Mmsm”ﬁw
89102
usJeuy




TV Rptrs Rptr-92.doc (11/15/2021, kh6htv) p. 80f 13

A UHF Propagation Question

The Question: Can an inversion layer, located at an elevation midway between
stations at higher and lower elevations, significantly block UHF signals between them?
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Background: Leon Golden, NOVWX, and Rick Peterson, WA6NUT planned an
ATV DXpedition for the morning of November 10, 2021. The operation would be
between two mountains in the Colorado Rockies. Leon set up his portable 70 cm. ATV
equipment above Salida part way up Methodist Mountain. Rick's equipment was set up
at a location on Mount Princeton. Leon was located about 400 ft. above Salida, at 7609 ft
elevation, at the Rainbow Trail parking lot. Rick was located at 8914 ft. elevation, at
Frontier Ranch, a youth camp. The weather was cold and blustery, with Leon reporting
occasional snow squalls at his location. Leon's ATV transmitter was a Videolynx VM-
70X, with about 3W output on 439.25 MHz (cable channel 60). Rick was also
transmitting with a VM-70X, but also with a home brew amplifier with about 10W
output. Both were using 8-element Quagi antennas.
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Figure 1 above 1is a map showing the 18.92 mile path between Frontier Ranch
(transmitting) and Rainbow Trail (receiving). Figure 2 above is the RF path profile and
calculations using Radio Mobile Online software. The software estimates received signal
levels and path losses. The path profile shows a clear path. Note that the -67.41 dBm
received signal level calculated by the software should give P3-P4 images at the
Rainbow Trail location.

But no images were detected at either end. WAONUT received only faint sync bars at the
Mount Princeton location. Despite checks of the equipment and changing antenna
headings, there were simply no TV images. Note that the 2 meter FM voice link was
solid throughout their experiment, with only 1.5W transmitted from an HT at the Mount
Princeton end. With similar setups, Leon and Rick had previously sent P4-P5 video over
5-mile and 10-mile paths.

After packing up and returning home, they tried to analyze the problem. Perhaps the
Radio Mobile Online software was too optimistic in its estimation of received signal
level. Perhaps the “Obstruction Loss” calculated by the software was too optimistic,
failing to account for the grazing of the signal over the top of a ridge near the transmitting
end. But the software has been used with great success by other amateurs, so they looked
for another explanation.

Another Explanation? What if an inversion layer had been located at about 8300 ft.
elevation (1100 ft. above Salida), at an elevation roughly midway between the elevation
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at Mount Princeton (8914 ft.) and Rainbow Trail (7609 ft.)? Would Rick's signal from
Mount Princeton bounce off the top of the layer and would Leon's signal from Rainbow
Trail bounce off the bottom of the layer, so that neither Rick nor Leon would receive the
other's signal? Or could the signals get trapped in a duct formed by the inversion layer?
They'd like to pose these questions to readers of the WOBTV Repeater newsletter.
Would anyone like to help them solve the mystery? Any comments would be greatly
appreciated!

Reference: Tropospheric Propagation website by VK3FS (includes an excellent
YouTube presentation) https://3fs.net.au/tropospheric-propagation/

73 de Rick, WA6NUT, Buena Vista, Colorado

W R
WRSATV

Columbus, Ohio

ATCO NEWS: ATCO's leader, Art, WASRMC, exchanges their

newsletters with us. ATCO is one of the oldest ATV groups in the US. They started in
1980 The ATCO ATV repeater is impressive. It is located in downtown Columbus,
Ohio on the top of the Ohio State Office Tower. Their antennas are 630 ft. above street
level ! Their ATV equipment is in the communications room at the top of the building.
They have six ATV transmitters. 423MHz (10W, DVB-T, 2MHz BW), 427.25MHz
(100W pep, VUSB-TV), 1258MHz (40W, FM-TV), 1268MHz (20W, DVB-S),
2397MHz (0.6W Mesh) and 10.350GHz (1W, FM-TV). Likewise, they have multiple
receivers on 70cm, 23cm, 13cm and 3cm bands for analog TV, DVB-T and DVB-S.

Art reports that ATCO has 57 members. About 40 of them live within a 50 mile radius of
their repeater. They hold a weekly ATV net on Tuesday nights. It is held on ZOOM and
starts at 8pm (local). Nets usually run for about an hour. They welcome all ATVers to
join their net. Contact Art for the zoom meeting ID and password. towsleel @ee.net

Art writes about recent ATV repeater repairs. ---- "[’ve now been given access to our
location in the State Office Tower communication room. The repair activity is still going
on and the roof area is still a mess but it’s passable. The Mesh transceiver on the roof has
been inoperable for over a year but now I can get there so I wanted to make it operable
before it gets too cold. I removed the entire unit, antenna, filters and all. An inspection at
home revealed that a break in the cable insulation feeding the power to it allowed water
intrusion to both ends and ruined the Ethernet connector in the Mesh transmitter and the
connector on the interconnect box which houses the 10GHz equipment. Luckily only the
male cable connector on the interconnect box was damaged, not the receptacle. At home,
I replaced the Mesh Bullet unit and cable, then returned it to its position beside the SOT
tower beacon light. Stan, AA8XA, checked it for operation. A-OK now."


https://3fs.net.au/tropospheric-propagation/
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"While I was at the repeater, I noticed the fan in the DATV transmitter unit was frozen.
(We have two fans). It was a simple chore to replace so all is well now. Other things were
checked and found to be OK. I did string a new Ethernet cable from the Mesh Bullet unit
down the girders and coiled it up close to the roof entry point outside. No actual
connections were made because roof work to replace the cable entry feeds are scheduled
but not until next Spring so the cable will be ready when they do that."

WELCOME PAGE

DOWMNLOADS KDO SMO AMALOGNA ATV DIGITALNA ATV DVE REPETITORJI ATV CONTEST ATV LINKS FOTOGALERIJA VIDEO YOUTUBE

CQ-DATV Feedback:

Rudi, SS8RU, in Slovenia has sent us an email notifying us that our ATV newsletter is
now being listed on the Slovenian SSOLEA Amateur Radio Forum web site (
http://forum.hamradio.si/ ) and the Associazione RadioAmatori Italiani amateur radio
forum web site ( http://www.arifidenza.it/ )

Mark, WB9QZB, has also informed us that the Amateur Radio Newsline Report on
Friday, the 12th reported the demise of CQ-DATV.

Jim --- I wanted to drop you a line after reading about CQ-DATYV and mention that it did
occur to me that what you're doing with your own DATV notes that you periodically
publish might be more important than ever now. Just wanted to share a little appreciation
and support for your efforts!

73, Grant, KB7WSD, Everett, Washington
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WATCH ATV FROM AROUND THE WORLD:

Check out the BATC web site. https://batc.org.uk/live/  There you can watch live
streams from 62 ATV repeaters, plus several hundred ATV hams from around the world.
There are some repeaters that are streaming 24/7, but it may not be a "live" program, but
simply a test pattern. But you can still catch some interesting live programs in progress.
Our own Boulder ATV group streams our Thursday afternoon nets live via the BATC.
Click on either KHO6HTV-TVR under repeaters, or NOYE under members.

BARC FOX HUNT: 1k Boulder, CO ham club (BARC) is organizing

a 2 meter Fox Hunt. It will be held on Saturday, Dec. 4th. For details, contact Mike
WEFOM, at Mike@HoweWasserburger.com

WOBTV Details: imputs: 43925MHz, analog NTSC, VUSB-TV;

441MHz/6MHz BW, DVB-T & 1243MHz/6MHz BW, DVB-T

Outputs: Channel 57 --- 423MHz/6MHz BW, DVB-T, or optional 421.25MHz, analog
VUSB-TV. Also, secondary transmitter, FM-TV output on 5.905 GHz (24/7).
Operational details in AN-51a Technical details in AN-53a. Available at:
https://kh6htv.com/application-notes/
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WOBTV ATV Net: we hold asocial ATV net on Thursday afternoon at 3

pm local Mountain time (22:00 UTC). The net typically runs for 1 to 1 1/2 hours. A
DVD ham travelogue is usually played for about one hour before and 1/2 hour after the
formal net. ATV nets are streamed live using the British Amateur TV Club's server, via:
https://batc.org.uk/live/kh6htvtvr or nOye. We use the Boulder ARES (BCARES) 2
meter FM voice repeater for intercom. 146.760 MHz ( -600kHz, 100 Hz PL tone
required to access).

Newsletter Details: This is a free newsletter distributed

electronically via e-mail to ATV hams. The distribution list has now grown to about 500.
News and articles from other ATV groups are welcomed. Permission is granted to re-
distribute it and also to re-print articles, as long as you acknowledge the source. All past
issues are archived at:  https://kh6htv.com/newsletter/

ATV HAM ADS

Free advertising space is offered here to ATV hams,
ham clubs or ARES groups. List here amateur radio &
TV gear For Sale - or - Want to Buy

Quality Products & Application Notes for the
Amateur Radio/TV market www.khGhtv.com



