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By Bill Wageman, K5MAT

Alittle background is necessary to
fully understand what is meant by
the term transverter. Modern ra-

dio receivers use a superheterodyne fre-
quency conversion technique—RF
amplification of the input frequency is
followed by a mixer, which combines that
signal with a local oscillator (LO). The
output of the mixer (usually a sum and a
difference frequency—the LO plus the
input frequency and the LO minus the
input frequency) feeds an intermediate
frequency (IF) amplifier. This operates at
a fixed frequency with a limited band-
width to amplify the signal so it can be
converted to audio for the speaker or
headphones. This means that the LO must
be a variable frequency oscillator if the
IF amplifier is to receive signals from dif-
ferent frequencies as the receiver is tuned.

Band switching makes it possible to
tune various bands and frequency ranges.
There is an upper frequency limit to this,
however, because of the complexity nec-
essary in building a receiver that tunes
from “dc to light.” Today, it is not un-
common to find receivers and/or trans-
ceivers that tune from the 160 meter band
up through 70 cm. Most of them don’t,
however, cover the fascinating VHF/UHF
bands at 222, 902 or 1296 MHz and
higher. So how can you get on a band that
is not covered by that wonderful brand-
new transceiver?

Fifty years ago, if someone wanted to
listen to 6 or 2 meters, they had to home-
brew a receiving converter to convert that
VHF signal down to either a 7, 14 or 28
MHz frequency that their station receiver
would tune to. [The editor is dating him-
self, but the names Tecraft, Centimeg and
Tapetone come to mind!—Ed.]  Today it
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is quite easy to convert 222 MHz to 28
MHz or 50 and 144 MHz to a lower fre-
quency. Such a device is called a 135 cm
receiving converter. It works exactly the
way the receiver described above does,
except that the LO frequency is fixed and
the output amplifier (if any) is broad-
banded so that the HF receiver can tune
across the converted band of signals. Re-
ceiving converters are available commer-
cially for a variety of frequencies or
bands.1

But how can you transmit on 222
MHz, 902 MHz or the higher frequency
bands? It is actually conceptually quite

simple. Simply take a signal on 28, 50 or
144 MHz; feed it into a mixer (along with
a local oscillator signal) to change the
frequency to 222 MHz; filter (to get rid
of the undesired mixer products) and then
amplify to some reasonable power level
so that other hams can hear you. The
mode of the driving signal, such as SSB,
is faithfully reproduced at 222 MHz.
Since mixers generate many combina-
tions of their two input frequencies, it is
necessary to follow the mixer with a fairly
narrow band-pass filter that allows only
the desired transmit frequencies to be
amplified. That is a considerable simpli-
fication of a transmitting converter but
basically, that’s it.1Notes appear on page 42.

Ever wonder how a transverter works? Building one could
get you on that new VHF, UHF or microwave band. You’ll
be better informed, too, about some of the basic building
blocks and circuits used in your present transceiver.

Figure 1—The Ten-Tec 1209, a commercial 20 to 6 meter transverter.
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If you have both a receiving and trans-
mitting converter, and you combine them
in some way, you now have what is called
a transverter, a contraction of the term
transceive converter. Placing both receive
and transmit converters in one enclosure
can be tricky; there are good articles deal-
ing with transverter construction and some
pitfalls to be avoided.2 A good example
of a homebrew 222 MHz transverter built
by P. Wade, W1GHZ, was described in
January 2003 QST, pp 31-38.

Why Use a Transverter?
Some newer transceivers, such as the

ICOM IC-706, are relatively inexpensive
and go all the way up through 70 cm, but
unfortunately they skip the 222 MHz
band. A disadvantage of those rigs is their
receiver performance. I prefer to change
an old adage to read, “You don’t get any-
thing you don’t pay for.” Let’s say you
want to work 144 MHz SSB, and you have
strong nearby out-of-band signals or a
neighbor ham who also works that band.
That receiver will probably suffer from
overload and filtering problems in the
presence of very strong signals. A
transverter offers a possible solution, with
a choice to buy, to build or both. Figure 1
shows a commercially available 20 to
6 meter transverter, the Ten-Tec 1209.

Years ago, I owned a Yaesu FT-620B
single-band transceiver for 6 meters. I
built a receive RF preamplifier for it. That
helped my receiving ability considerably,
but it also caused me a rather serious prob-
lem. A friend had a big signal on 6 and
he overloaded my receiver for more than
100 kHz either side of his transmit fre-
quency. I constructed a receiving con-
verter to use with my Drake R-4B receiver
on 10 meters and… magic––I was unable
to tell he was on the air until I tuned to
within 4 or 5 kHz of him! Since I had
similar problems on 144 MHz, I decided
to  build a receiving converter for that
band, as well. I benefited from the same
good results, bit the bullet and built a
transmitting converter, emphasizing good
engineering practice in order to keep the
transmitted signal as clean as I could.
After completing the design and tackling
its construction, I was never sorry.

Much of that circuitry was taken from
a design by W1JR.3 My design was more
costly than it might have been, but it per-
formed very well. It is only slightly more
difficult to build a 222 MHz transverter
than one for 144 MHz and there is no
easier way to get on SSB and CW on that
band without incurring a considerable
outlay of money. If you have a good HF
station without 144, 222 or 432 MHz ca-
pability, building your own transverter
can put you on those bands and result

in better performance, at less expense,
than buying a commercial unit or a new
transceiver.

Where can you purchase a transverter?
Occasionally, some Microwave Modules
transverters for 144 and 432 MHz appear
at flea markets. At times, the major Japa-
nese manufacturers have made trans-
verters that interface nicely with their
own HF equipment. These are rare and
they can be difficult to alter for opera-
tion with a transceiver other than the one
for which they are designed. There are
several manufacturers of transverters…
Down East Microwave sells them com-
pletely assembled or as kits, and SSB
Electronic USA sells complete trans-
verters and kits designed in Germany.4,5

Additionally, Hamtronics, Ten-Tec and
Yaesu offer transverters and converters at
various IF and input frequencies.6,7,8 A
search at the ARRL TIS database will
reveal a few more (www.arrl.org/tis/
tisfind.html).

I have built transverters for 50, 222
and 432 MHz with a 28 MHz IF and a
902 MHz kit with a 144 MHz IF.9 Com-
mercial transverters for amateur use are
available through at least 24 GHz. There
may be a limit to how high in frequency
they can go––eventually components be-
come prohibitively expensive or, given
the present state of the art, are simply not
available.

There are a few disadvantages to the
use of transverters. First, they require a
dedicated transceiver. Second, transmit-
receive (T-R) switching of the transceiver
and the transverter can be problematic.
There are, however, “cookbook” solu-
tions to this problem and Down East

Microwave may be of some help.10 The
drive power to the transmit mixer must
also be appropriate, but that isn’t usually
a big problem. [Many transceivers have
transverter-level outputs.—Ed.] Inter-
facing to a separate transmitter/receiver
duo (the scheme I have used) is usually
quite easy. The milliwatts of drive power
required can be obtained from a driver
stage, eliminating the possibility of
dumping too much power into the mixer
and destroying it.

Construction
 The heart of any of these converters

is the LO and this is one place where
scrimping to save money is going to make
you pay in other ways. Use the best crys-
tal you can buy (I recommend Interna-
tional Crystal Manufacturing) and treat
it well.11 Install it in an isolated enclo-
sure of its own so other circuitry won’t
cause temperature-driven drift. For fre-
quencies through 1296 MHz there is an
excellent and easy-to-build published cir-
cuit for local oscillators.12 Converters for
the higher frequencies will probably re-
quire additional frequency multipliers.

If only a receiving converter is being
built, there needs to be only one output
from the LO. If you’re building a trans-
verter, however, it is necessary to have
two LO outputs that may need to be at
different power levels. Figure 2 shows a
simplified block diagram of a basic
transverter. Note particularly the LO and
its power splitter. [Depending upon mixer
level requirements, additional stages may
be required before each of the mixer LO
inputs.––Ed.]

Many kinds of mixers can be used, but,

Figure 2––A block diagram for a typical transverter. The upper chain is the receiving
converter, and the lower chain is the transmitting converter. Each block on the
diagram has its own schematic and each can be built and tested separately—an asset
during construction.
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for the best receive performance, the
double-balanced mixer is a good choice.
Standard units need +7 dBm (5 mW) of
drive power from the local oscillator, but
if you have trouble with strong signals it
would be best to use a high-level mixer
(+17 dBm, or 50 mW) or even a very high-
level unit that needs +27 dBm (500 mW).

For receiving, double-balanced mix-
ers have a relatively high noise level—
too high for direct antenna input to the
mixer––so it is almost always necessary
to use a low-noise preamp ahead of the
mixer. Some older receivers, when used
with a receive converter, might even re-
quire another amplifier after the mixer,
but it is unwise to have too much gain in
the receiving system. Some sort of band-
width limiting filter is absolutely neces-
sary at the output of the mixer to remove
unwanted mixing products. (Remember
those sum and difference frequencies we
spoke about earlier?) [Excessive gain
compromises strong-signal and linearity
performance––use the minimum amount
of gain required. Band-pass filters at the
converter input will also improve receiver
performance by rejecting strong out-of-
band signals. Some designs use only a
passive mixer at the receive front end and
make up gain at IF. This helps avoid front-
end compression and non-linearity.—Ed.]

A second mixer might be used for the
transmit converter, although with appro-
priate switching, it is possible to use one
mixer for both. This saves money but is a
complication that is probably not worth
the effort. The transmit mixer must be
followed by a good band-pass filter so
that only the desired transmit frequency
remains. The power level at this point
might be as low as 100 µW (–10 dBm).
Monolithic microwave integrated circuits
(MMICs) are an almost painless way to
raise the power level to 50-100 mW (+17-
20 dBm).13 Hybrid modular amplifiers
can be used to easily reach the 10-25 W
level. While they seem a bit expensive,
they are easy to use and usually the only
other components required are a few ca-
pacitors and chokes!14 It never hurts to
follow the transmit converter with an ap-
propriate low-pass or band-pass filter, but
all the transverters I have built met FCC
requirements without one.

There are two important issues for the
constructor. It is important to control the
power levels to all stages so that no de-
vice is driven into non-linearity and…
tuning the band-pass filter that follows
the transmit mixer can be difficult with-
out the right test equipment. Studying
construction articles carefully will help
the builder determine what test equip-
ment is needed.

Transverters can also be used in the

other “direction.” Suppose you would like
to be active on 10 meter FM, but the only
FM transceiver you own covers 2 meters.
The same basic hardware can be used to
convert a 10 meter SSB signal to 2 meters.
The band-pass filter in the transmit side,
however, would have to be tuned to 29.6
MHz rather than to 144.2 MHz. Similarly,
the preamplifier on the receive side would
have to be tuned to the 10 meter band. It
would also be necessary to use a differ-
ent crystal frequency for the LO. [Be very
careful when transverting FM to HF—FM
signals should be no more than 6 kHz
wide on 10 meters.—Ed.]15

And Finally…
This introduction to transverters isn’t

meant to be a construction article. Use
the notes and references to get all the
specifics and ask for expert advice if you
don’t have the background to tackle such
a project. Don’t be intimidated, though;
building a transverter doesn’t have to be
a difficult project. There’s a great deal of
satisfaction to be had when you get on a
new VHF or UHF band and you tell the
person at the other end of the contact,
“The transverter here is all homebrew!”
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In “The Load Shedder,” Feb 2003 QST,
Figure 2, pins 6 and 7 were reversed for
U1A, along with their plus and minus
symbols.

In “New Products,” May 2003 QST, page
58, the $19.95 price applies to the recently
introduced Radio Warehouse index divid-
ers for WAS. The DXCC index divider set

FEEDBACK
costs $49.95 plus shipping.

There is a discrepancy in the published
results for third-order intercept points in the
Product Review of the IC-746PRO [May
2002 QST, pages 74-75]. MDS method
measurements were published for seven of
the eight band-spacing combinations. The
ARRL standard method uses an S5 refer-
ence. Correct third-order intercept figures
using the S5 method are in the table. These
figures are generally more favorable.

Spacing 20 kHz 5 kHz
Preamp Preamp
off/one/two off/one/two

3.5 MHz +19.2/+7.2/–2.2 dBm –17.6/–28.7/–33.7 dBm
14 MHz +20.0/+9.3/–1.8 dBm –18.2/–28.2/–35.5 dBm
50 MHz +22.5/+12.3/–1.1 dBm –13.5/–25.2/–31.1 dBm
144 MHz –6.5/–5.4/NA dBm –19.9/–39.1/NA dBm
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