



MUNIN2 Update.





5/5-2015.

Lately I built 2 Munin2 Power Amplifiers and decided to do some more testing of the output transformer.

I have worked a lot with HF Power Amplifiers during the last year and experimented with different types of output transformers. My conclusion is that if you can use a Transmission Line Transformer, do that!

It is easy to make TLT´s that has 1:4 and 1:9 impedance ratio but if you need 1:16 (or more), you have to use 2 TLT´s in series. This makes things much more complicated .

As I have mentioned before, I prefer to use the so called “ICOM” type transformer in Munin. It is made of  4 pieces 25 Ohm coax (or 4 pieces of  shielded AWG 16 Teflon cable). This is some sort of a TLT but I have not found any description of it as a TLT.

 When this transformer is properly compensated with capacitors, it has far better Return Loss over the frequency range from 1,8 to 60 Mhz compared to the traditionally wound transformer using metal tubing for the primary and 4 turns unshielded cable. See fig.1 and fig.2
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This shows a typical ordinary transformer that is compensated for best Return Loss up to 60 MHz. As you see, the RL is only 8 dB on 50 Mhz. Here the transformer is wound on a Wurth material that has some higher permeability than the 61 material but the RL will be the same using BN-61-002.

Fig.2 shows a transformer wound on BN-61-002 using AWG 16 shielded Teflon wire. It is compensated using 670 pF in parallel with the primary and  780 pF from each Drain to GND. As you see the RL is >20 dB for the whole frequency range.

It is very important to have as high RL as possible. You may get enough power out with the conventional transformer but the efficiency is very low if the RL is < 15 dB, especially on 50 MHz.
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Fig.2.

The placement of the compensating capacitors is also very important. If you look at the original schematic (and PCB layout) of Munin, you see that most of the capacitance is placed in parallel with the primary directly between the PCB pads. But I found that some of the capacitance had to be installed directly on the Drain pads of the transistors. And this placement is dependent of the layout of the PCB. I can mention that if I use the same transformer on the PA in ANAN-200D, the optimum compensating is different even if the schematic is the same and PCB layout is not very much different.

The reason for this is that the tracks on the PCB have different inductance and can act as an impedance transformer from the transistors to the transformer.

If I wind the transformer using 25 Ohm coax instead of the AWG 16 shielded wire, the compensating change a lot so it is important to do the compensating for each type of transformer.

The compensation is done by installing the transformer on the PCB. Unsolder the Drain tabs of the transistors from the PCB pads and lift them away. Then install 3 pcs 4,7 Ohm (1,56 Ohm) resistors from the pad to GND and 2 pcs 82 pF (160 pF for each transistor) capacitors in parallel with the resistors. This is to emulate the transistor resistive impedance and output capacitance at 15V Vdd.

Connect a Network Analyzer to the output connector. You may use any Network Analyzer, an antenna analyzer covering the frequency up to 60 MHz works. Even a tester that only measure SWR can be used. If you look at Fig.1 and 2 the upper line is Return Loss and the lower line is SWR.

Start with the capacitors in parallel (C25-C27). The RL without any compensation installed for an  “ICOM” type transformer normally has a recording like the one on Fig.1. When increasing the capacitance in parallel, you will get a reading with higher RL on 50 MHz but at a certain value, the RL starts falling again. Then try to install 220 pF from each Drain pad to Gnd. Now the RL should increase from 30 MHz and up until it starts to decrease again. It can be worth to try more or less parallel capacitance  after you found the best RL. This “trimming” can be sort of witchcraft!

I have found that capacitors C55 and C56 should not be used were they are placed on the Munin PCB.

It seems as a Return Loss of >20 dB is needed to get high efficiency, especially on 50 MHz. I have measured the Gain, the Power inn for 50W and 100W and current draw for 100W. Vdd =14,0V.

Band

Pin for 50W out
Pin for 100W out
Itot.at 100W

160 meter
45 mW

81 mW

15,6A

80 meter
39 mW

76 mW

14,8A

60 meter
44 mW

94 mW

14,7A

40 meter
50 mW

113 mW

15,3A

30 meter
69 mW

150 mW

18,0A

20 meter
72 mW

175 mW

16,9A

17 meter
75 mW

192 mW

16,5A

15 meter
83 mW

227 mW

18,4A


12 meter
81 mW

250 mW

16,0A

10 meter
62 mW

114 mW

11,6A

6 meter
65 mW

133 mW

14,7A

As you see, the low signal gain is +- 1,5 dB at 50 W out.

And the total efficiency is <50% except on 10 meter. I have not found why the efficiency is higher here.

When using PureSignal, the linearity is very good. IM3 is >50 dBc also on 6 meter.

I have also tested the RF Parts T1.25X-61. 
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Fig.3

As you see it is OK except on 160 meter but it can be used also on this band with some more losses. 

I have also tested some tubular cores made by Wurth and if the permeability is < 400, it seems to be OK also on 6 meter. 

43 material is not good on 6 meter and should be avoided. It is fully OK up to 10 meter.

Conclusion: 

1: The output transformer in a Power Amplifier is very important for the efficiency.

2: The compensation of the transformer is very important. 

3: If the wire (Coax) used is different, the compensation is different.

4: The compensation for a specific transformer may be different if the PCB layout is different.

5: The placement of the capacitors for compensating is important.
