Transverter Concept for 134GHz

hy Jiirgen Dahms, DC@DA, Vinki6ther Mark 48, D-44265 Dortmund

In the Scatterpoint January 2007 issue Sam, G4DDK, discussed a possible concept for a 134GHz
transverter that based on the hope that the cheap multiplier CMA 382400AUP or S004079 (discontinued!)
might also work on the frequency 33.7GHz. Philipp, DL2AM, checked this possibility, but found by
measurements that the CMA 382400AUP is usable only for the output frequency range 37.8 to 40.8GHz.
Thus it was not pessible to realise the proposal from G4DDK. This is also the reason why 122GHz
became the favourite band in Germany, and many construction articles were published by DL2AM and
myself. Then the next project for DL2AM was the 241GHz band. But cancellation of the 145GHz band
gave us two new bands, both 122 and 134GHz, so we really should try to use the 134GHz band also.

1. Frequency concepts
For the RX mixer two options are possibla:

Option 1 22.3GHz (x 2) = 44.6GHz, (x 3) = 134GHz
Harmonic mixer, 3" harmonic
Option 2 22.3GHz (x 3) = 67GHz, (x 2) = 134GHz

Harmanic mixer, 2™ harmonic
Subharmonic mixer

For the CW transmitter there is only one possi ility:
22.3GHz (x 6) = 134GHz

With the usual diodes and the available power it is not possible to achieve sufficient power levels on

44GHz and 67GHz for further tripling and doubling, respectively. Thus it makes sense to use a different
transverter concept.

2. Technologies

In my opinion in the near future there will be no cheap multiplier modules available on the surplus market
for 44GHz or 67GHz which have the necessary output power of about 100mW. Thus there are only two
possibilities at the moment:

1. There are chips available for the range from 38 to 44GHz which allow construction of amplifiers
in wire bonding technique. For SSB and Cw, they would give performance on TX like we have
been able to reach on 122GHz. However, this possibility is probably an option only for few
Microwave amateurs. See also the paper from DBENT: ({(http:/fwww.kuhne-
m_mn:ozn.am_immm:ob:ﬁ[ﬂm:mé:mam:_n_m_L_lezTAC|ﬁ|Q

2. Al 22GHz it is possible to realise output power levels of 100mW and more. On the RX side this
allows the same sensitivity on 134GHz as we have on 122GHz. But on the TX side the
construction of an SSB mixer for 134GHz is not an optien due to the low power levels. Even for
CW a loss of up to 16 dB vs. the 122GHz band has to ba accepted.

| have chosen the second option and made intensive experiments, as this way can be followed by all
interested microwave amateurs without any problem.

3. Examination of different modules

In total | built and tested 13 modules. The former experiences on 122GHz were very helpful here, As we
are using 122.250GHz for narrow mode operation, we chose 134.250GHz accordingly.

3.1, The oscillator module
For the first experiments we did not use OCX0Os but crystals which were heated to 40°C with the precision
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Tuning element Tekelec 1.8 mm @ (output)
Circular WG 1.8 mm @

Optimal tuning with additional flags

(Input stripline)

Figure 3 w_,S,__a the open 134GHz RX mixer for the 44GHz LO frequency. At the top left one can see the
shert circuit slider for the WR28 input next to the feedthrough capacitor and the IF jack.

Fig. 3: 134GHz RX mixer (44GHz L0} Fig. 4: 134GHz RX mixer (67GHz LO)
For more detailed examinations at first both modules should ot be directly screwed together in sandwich
structure. Thus for the preliminary connection a short piece of rectangular WG WR19 with flanges was
used. The diameter of the circular WG was chosen for a good transfer from table data as follows:

43.0 - 50.0GHz =4.78mm @

110.0 - 140.0GHz = 1.85mm @

The power on 44GHz has (o be reduced a lot for best signal to noise ratio. This is possible very
sensilively with the input short circuit slider of the mixer.

Now version 2 was checked:

Tripler from 22 to 67GHz

PCB No. 30 — PCB 25.3 / 76GHz Tripler
Standard casing DBENT (34 x 30 x 17 mm)
Tripler diode MA 1310

Tuning element Tekelec 3.2 mm @ (output)
Circular WG 3 mm @

Optimal tuning with additional flags

{Input stripline, output choke ling)

(Table value circular WG: 66.0 — 88.0GHz = 3.18mm @)

Harmonic mixer 67 to 134GHz

PCB No. 40 — PCB 120GHz SHM-Mixer
Standard casing DBBNT (38 x 30 x 17 mm)
Mixer diode zero bhias HSCH 9161

Tuning element Tekelec 4.05 mm @ (input)
Circular WG 2 mm @

Tuning element Tekelec 1.8 mm @ (output)
Circular WG 1.8 mm @

Optimal tuning with additional flags

(input stripline)

Figure 4 shows the opened 134GHz RX mixer for the LO frequency of 67GHz. For space reasons the

ieadthrough capacitor had to be placed on the opposite side. Also here a sandwich connection was not
made at first, but the tripler and mixer were connected by a short piece of rectangular WG WR12 with
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flanges. A significantly improved RK sensitivity was found here compared with version 1.
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.|5: Modified resonator filter for 67GHz
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second assembly in sandwich structure with an

rectangular WG WR7 with flanges. Figure 6 shows the lab assembly for the mixer version 1. Figure 7 As all parameters are determ
ay was realised already for my last RX mixer on

shows the same assembly for the RX mixer version 2. intermediate flange with circulg
Boh ; 122GHz (2).

6. The CW transmitter

6 times muitiplier 22 to[134GHz
PCE No. 32 - PCB 120GHz Multiplier by 5
Standard casing DBBNT [(34 x 30 x 17mm)
Multiplier dicde MA 1310
Tuning element Tekelec 1.8mm @
Circular WG 1.8mm &
Optimal tuning with add
(Input stripline)
The x6 multiplier is driven by a long doubler strip as shown in Figure 6 and Figure 7. With 120mW input
DL2AM has measured the following values:

Pout 134GHz 19.0pW
Suppression of & x 22.4GHz (112GHz) 6de

: ’ ; 3 . . With additional flangg with 1.6mm drilling as filter;
On the right sides of Figures 6 and 7 ane can see the signal generator consisting of the LO, attenuator Pout 134GHz 14.BuW

and x8 multiplier. On the left side one can see the corresponding RX mixer with separate IF preamplifier.

tional flags

Fig. 6: Lab assembly examination of mixer version 1  Fig. 7: Same for mixer version 2

The additional flange suppresses the unwanted 112GHz signal significantly better but also the wanted
134 GHz signal is getting attenuated as the diameter of 1.6mm is not optimal for 134GHz. As the 112GHz
signal is not received from the|other station due to the RX mixer concept, the additional flange is not

5. Result and comparison of both mixer versions necessary

The signal processing for version 1 is more simple regarding the adjustment, but is significantly less
sensitive than version 2. The differences are very similar to the results | got from my Comparisons on
122GHz (2). Using the “IF method" | found for version 2 an improvement of about 8dB for the S/N ratio.
Thus this version will be preferred for a later transverter construction into a casing. Although at first glance the obtained power level may|seem very small, one should not compare this with
Values of the operating point adjustment for best S/N ratio with the zero bias detector diode HSCH 9161 the possibilides on 1226GH4 (e funoamentdls In yectian'2). Tros shouia not be-any reason not 1o
were: Ra = 3300, U = 0.07V and lq = 215uA. These values are just an indication, and may alter undertake any attempts on the [134GHz band! The power level here is the same as we had on 145GHz
depending on the LO power level, frequency and dicde variations. According to my experiments with this before this band was lost, and under these circumstarices DBENT achieved in 1997 a long-standing world
diode used as a mixer the working resistance Ra may be even below 100Q and the diode current may be reord of B3k,
even below 100pA. For any assembly the optimal values have to be determined again experimentally.

Figure 8 shows both input sides of the mixer version 2 with the flange mounts. Due to the fixed distance

on the glued PCB between the 67GHz LO input and the 134GHz input, one of the flanges had to be cut 2
bit. | chose the LO input.

Figure 10 shows the open x8 multiplier from 22 to 134GHz. Optimal working point adjustment for this unit
were: Ra = 10Q, U = 0.35V, |g 3 35mA. Also for the x§ multiplier the PCB from DBENT can be used.

Fig. 10: 6 times multiplier from 22 to 134GHz

-
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Fig. 8: Mixer version 2 with LO port and RF port Fig. 9: Complete RX mixer head with tripler .
b _ g P ¥ 7. Suggestion for a transverter assembly

; e with separate RX mixer and CW transmitter
The complele RX mixer head with tripler, prepared for mount in a casing, is shown in Figure 9. The IF

pream ris fixed separately in the transverter casing and connected with a short Teflon cable. A simple block diagram expla

ns the concept:
#*
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Block diagram 134GHz RX Mixer /CW TX
OCXO RX
116.41
Doubler 11.2GHz LO =
< 11.2/22.4GHz  |e 3
(x 2) {x 96) Hl
OCXO TX
116,53
MHz
Tripler Mixer
22,4/ N 67/ E
67GHz (x 134GHz (x
_ - IF-pre-
” i 144 MHz
_ Multiplier
22,4/ » TX _ DCADA
134GHz DA

When using 144MHz IF the following crystal frequencies result:

OCXO RX OCXO TX
a 116,41145MHz Q 116,53645MHz
Pout 1mW Pout 1mw/

Both OCXOs are switched via a small card relay to the input of a 12GHz LO (DBENT, wversion for
11.2GHz). The LO module is broadband encugh and delivers on RX the frequency 11.1755GHz and on
TX the frequency 11.1875GHz. The output power should not exceed 10mW, as the FETs in the following
doubler strip from 11.2 to 22.4GHz show significantly more gain than on 24GHz. Also this frequency
doubler is broadband enough (RX 22.351GHz, TX 22.375GHz). Always output power levels of mare than
100mW were obtained at 22GHz. At the output of the frequency doubler an SMA relay is directly screwed
on. This relay should have less than 1dB insertion loss on 22GHz. On RX the SMA relay switches the
output from the doubler into the tripler from 22.351GHz to 67.053GHz, which directly drives the RX
harmonic mixer to 134.106GHz. On TX the SMA relay switches the 22GHz drive to the 6 times multiplier
from 22.375GHz to 134.250GHz. Both final modules are attached directly on the back cover of the
transverter box. For RX and TX the parabolic dish is changed manually. This is no problem with a dish
diameter of 25cm (PROCOM dish). This is also the way | work on 122 and 241GHz. Due to the solution
with the twe relays, only a minimum of single components is necessary. For sure there are also other
ways.

8. Results

Two almost identical transverters were built. For the second one | used modules from my old 145GHz
transverter which were slightly modified in the frequency processing. Unfortunately the old mixer was
much worse on 134GHz than the new one, but was used for first tests. Figure 11 shows the new first
transverter built according to the above block diagram. One can spot the different modules easily.

Using a power FET one can key the long 11/22GHz doubler strip without clicks for driving the 6 times
multiplier. A switch on the front enables a permanent signal for adjusting the antenna. A tiny push button
on the fronl may be used for CW in case they key was forgotten at home! A pA meter shows the current
of the mixer diode or the diode current of the 6 times multiplier on TX. Figure 12 shows both 134GHz
iransveriers ready before the first test.
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Hz transverter
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Fig. 12: Both 134GHz transverters

It is well known that for QSOs|on|these extremely high frequencies the path should be lested first, m_:a the
antennas should be aligned ¢n 2 lower band. | always make these tests on the 76GHz band using an
aluminium bar on which two transverters are mounted. Figure 13 shows both transverters, for 76GHz and
134GHz, mounted on the head of my tripod.
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Fig. 13: 76GHz transverter (right) and 134GHz transverter (left) on the mounting bar of the tripod.
Both dishes are 25cm @, In the middie is the T44MHz driver, an IC202.

First European QSO on 134GHz

On June 26th 2009 at 09:15 UTC the first ever European 134GHz QSO was made in CW between
DF6VB/p and DC@DA/p over a flat 1km path distance in JO31RQ. Humidity was 78% and temperature
28° C, so not quite optimal conditions. The small distance was chosen because we wanted to get familiar
with the new rigs first. We found that the second transverter with the old modified modules was much
worse and the RX mixer needed o be changed to a better one. This first 13dGHz contact over just Tkm
was very similar to the first ever contact on 122GHz between DJ6BU/p and DHEFAE/p on March 28"
2005; but today, 50km can be reached in CW on 122GHz. Considering the path loss on 134GHz, about

20km distance should be possible with the transverter concept described here and 25cm dishes, if the air
is dry and cold.

Station parameters

DF6VB/p

RX: Subharmonic mixer with 2 x HSCH 9161 (zero bias diode)

TX: CW 6 times multiplier with HSCH 9101 (mixer diode), about 20 pW
Antenna: 25cm @ PROCOM dish with WR7 WG and subreflector

RST for DC@DA/p 539

DC@DA/p

RX: Harmonic mixer (LO 67GHz) with HSCH 9161

TX: CW 8 times multiplier with MA4E 1317 (mixer diode), about 20 pw
Antenna: 25cm @ PROCOM dish with WR15 WG and subreflector

RET: for DF6VB/p 569

Fig. 14 was taken by DFBVB just after the 134GHz QSO, before we dismantled the station.
Remark

Unfortunately | only had a 145GHz dish with WR7 WG available, so on my station | used a dish with
WR15 WG which is normally my ‘combi' dish for 47GHz and 76GHz. | had already discovered on 122GHz
that the over-sized WG also lets pass higher frequencies without any losses that | could measure.

Conclusions
| need to find diodes with a better efficiency for the 6 times multiplier. Also the next tests should be made

when the air is cold and dry. According to all my experiences on 122GHz | do not think that it is possible
to improve the RX mixer any more.
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