Gemini. A dual conversion S band to 10m receive converter

David Bowman G0MRF and Sam Jewell G4DDK.

Gemini is a dual conversion receive converter which downconverts signals from S band at 2400MHz to 28 MHz. 

But, with a variety of S band converters available on the market, why design another?

Most of the converters in use today for AO-40 and other S band satellites are of single conversion design with an output on the 2m band. Unfortunately, here in Europe the image frequency of 2400 – (2 x 144) = 2112 MHz, has been allocated to the new 3rd generation mobile phone service. It is likely that existing 2m output converters will suffer significant image interference from the high power 3G base stations.

The design concept of Gemini has a first image frequency of 1395 MHz, resulting in excellent image rejection, while the 10m output releases VHF/UHF transceivers for other modes of operation. It is also hoped that there is some advantage in using HF receivers, which frequently have improved performance over their VHF counterparts.

With an output of 28 MHz a dual conversion design can easily achieve a high level of image rejection by using a high first Intermediate frequency. However, a disadvantage is the complexity of a design that requires two local oscillator frequencies.  These produce several different wanted and unwanted mixing products, all of which have the potential to interact with the various signals and harmonics within the local oscillator chain(s). With many potential pitfalls, the final choice of frequencies needs to be carefully considered.

Although the design still requires two local oscillator frequencies, Gemini uses a single crystal source and generates the 4th harmonic and 16th harmonics of that crystal as the 2nd and 1st local oscillator injection frequencies.

Calculating the numbers

A single crystal oscillator simplifies the design at the expense of some flexibility in selecting the local oscillator and first Intermediate frequencies. 

Given that the Input frequency for satellite applications will be 2400MHz and the output will be 28MHz then the relationship between the crystal and the other frequencies present in Gemini can be derived from the following:

Given that:  RF input  = 2400   and    2nd I.F. ( RF output) = 28

Then:  RF in – 2nd IF     =  Local Oscillator 1 + Local Oscillator 2   

Or   2400 – 28               =  LO 1  +  LO 2.              Or    2372    =  LO 1  +  LO 2

As described above, LO 1 is the forth harmonic of  LO 2.  

We can also express LO 2  as  LO 1 / 4 (LO 1 divided by 4)

Given    2372  = LO 1 + LO 1 / 4.           Or    2372 = 1.25 LO 1

Therefore,
LO 1  = 2372 / 1.25 = 1897.6 MHz          

LO2 = 1897.6 / 4 = 474.4 MHz.        Crystal = 474.4 / 4 = 118.600

   and 

1st I.F. = 2400 – 1897.6 = 502.4 MHz.

Gemini block diagram
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With the first LO at 1897 and the first IF at 502 MHz, the image frequency is at 1395 MHz. As this is over 1 GHz from the wanted frequency the two chamber helical provides around 50dB of image rejection. Second image rejection is also around 50dB in the prototypes. To ensure adequate stability in a converter that is likely to be fitted at the masthead Gemini uses a 5th overtone series resonant crystal with a temperature coefficient of 10ppm from 0 to 70 degrees Centigrade.

The local oscillator chain.

The local oscillator uses a 118.600 MHz crystal in the familiar Butler oscillator. The second transistor is connected to the supply voltage through a Toko 7HW twin chamber helical filter. The filter is resonant at the 4th harmonic and has a clean output at 474.4MHz.
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This signal is amplified with an MAR3 MMIC, which has 10dB of gain. There are two outputs from the MMIC. One is coupled via a 4p7 and is used for the 2nd local oscillator. The second output of the  474.4MHz feeds a BFR92A transistor which is biased to produce a high harmonic output. The transistor’s collector is coupled to a Toko 5HW series helical filter, which selects the second harmonic at 948 MHz. This is used for the 1st local oscillator. The output is about +6dBm and is attenuated with a resistive pad down to the correct level for the first mixer. Overall this local oscillator uses a minimum of components to generate the two frequencies required in the Gemini converter. The use of helical filters produce two spectrally clean outputs and prevent the unwanted radiation frequently found in designs which utilise resonant circuits using conventional inductors or microstrip elements.

The Harmonic Mixer

A further simplification of the design has been possible by using a “harmonic mixer”. This design was, we believe, first described in the amateur radio publication Ham Radio in 1978 by James L Dietrich, WA0RDX . 

G4DDK published a 2.4GHz single conversion receive converter using this technique in the German Weinheim VHF proceedings in 1997.

Gemini PCB – component side. Actual size 107 x 71mm
[image: image3.png]



The harmonic mixer uses two half-wavelength microstriplines with an anti-parallel schottky diode pair at the junction of the two lines. The lines are printed to be the correct length at the mean of the wanted (2400) and the LO (1897 MHz) frequencies. 

Although the mixer lines, which can be seen on the PCB layout above, use a relatively large percentage of board area, the harmonic mixer has the advantage of requiring just –1dBm (apx 800uW) of local oscillator at 948 MHz which is half the required 1st LO frequency.

If there is a disadvantage, then it is probably the susceptibility of the harmonic mixer’s printed lines to radiate and to ‘pick up’ other RF signals in the converter. To minimise the potential from unwanted radiation Gemini uses helical filters throughout the local oscillator and for the first IF at 502MHz. The filters are supplied pretuned from the manufacturer and consequently, setting up time for a newly assembled converter is minimal.

Front end design.

To achieve an acceptably low system noise figure Gemini use a low noise PHEMT front end, based largely on the Agilent Technologies Application note by Al Ward WB5LUA. 1  The pre-amp uses the ATF36077. For an optimised amplifier, Agilent claim a sub 0.5dB noise figure with a gain of 15dB. To achieve this performance, the input matching of the PHEMT uses a 0.5 inch length of silver-plated wire. This technique offers an improvement of 0.14dB over a matching inductor printed onto the PCB. In Gemini the PHEMT is followed by a Mini Circuits GALI-3. The combination has a gain of 33dB, which is necessary to overcome the losses in the following stages. The two pole helical filter that follows the preamp is adjustable and can be peaked at any desired frequency from 2450 down to 2304 MHz.

System Performance

So far  (7/02) 4 prototypes have been constructed.

Accurate measurement of system noise figure below 1dB is difficult and initial results on a HP 8690 noise figure meter with  HP 346A noise head produced optimistic results. To resolve this, the noise figure meter results were compared with computer simulation using Appcad 2  and Tcalc 3 These were also compared to the noise figure calculated from measuring the increase in noise power from cold sky to hot ground.

(Additional material to that published in the 7/02 Amsat-UK proceedings)

Analysis of the gain distribution with Appcad revealed that front end gain was insufficient to overcome losses in the following stages. In the 004 prototype the Gali-3 was replaced by a MMIC with a higher gain. The MGA86576 has 23dB gain and a noise figure estimated in our implementation of  2dB. The extra gain has significantly raised the performance of the converter.

Results are presented below.

Gemini converter.

Prototype Number
      Noise figure    
Gain       

Comments


001


0.9dB

32

used Toko dielectric filter.


002


0.95dB

33




003


0.85

32


004


0.55

37

replaced Gali-3 with MGA86576

Our conclusion is that Gemini can be constructed without specialised equipment and can provide a system noise figure of apx 0.6dB with an associated conversion gain of 37dB. 
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