mcHF SDR , A quick note by GM3SBC.

BPF and LPF filters, Harmonics and Power Output.

General:

A study of the mcHF SDR has revealed many areas requiring some measure of redesign.

This is a very brief report to highlight a couple of cases. By addressing these, significant improvement in performance can be realised. 

Filters:

To get good filter performance, filters must be matched to the external input and output circuit impedance. 

In this first example, a measurement of the BPF for the 60 40 metre band was done. First the BPF was isolated from the input and output circuits by removal of the 0 ohm resistors R1 and R4. The filter was then fitted with 50 ohm pads and a measurement taken with a vector network analyser.

The results revealed that the filter had only –1.99 dB attenuation at 3.6 MHz. This would allow 80 metre signals to be harmonic mixed when receiving on 40 metres. Not good ! It was also noted that this filter is not designed for 50 Ohm. 

The results : 

(3.6MHz -1.99dB)(5.45,-1.11)(7.15, -1.20) (10.11, -9.44)(14.2,-24.8)(18.25,-33.34)

(21.25,-37.47)(24.24,-41.8)(29.8,-46.89).

Here is a graph of the filter:

[image: image1.png]Cursor Trace1: 5491kHz 84.16dB
.
. i
.
’
4 1.011EdkHz 018i044 {}ag/
)
.
2 3
q\ - %
— —
Lo 1 Fefd
Oy St-3MAz [P EETETT G




This is the original 60 40 Metre BPF. It is not a 50 Ohm design.

The design improvement:
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50 Ohm Filter for 60 40 Metres

Filter Results (50 Ohm)

(3.6MHz –14.54dB) (5.45,-0.34)(7.15,-0.36)

(10.11-19.71)(14.2, -35.76)(18.25,-45.49)

(21.25, --51.12)(24.24, -56.27)(29.8, -62.65)  

Measurement of external circuit impedance.

During TX operation it was observed that there was a large attenuation through the 60 40 Metre filter. 

It was decided to check the filter output load impedance being presented by the TX Driver stage  Q3, Q4 and T5 as it was realised that these stages have a large amount of negative feedback applied via R73, R75 that would result in a significant  reduction of the Q3, Q4 input impedance.

 To confirm this, R3 was removed to disconnect the filter to facilitate a direct measurement of T5 primary impedance as presented to the output of the filter.

The results revealed that the input impedance at T5 was in the range of 2.5 to 1.6 Ohms over nearly the entire range of 7 to 30 MHz! The filters are therefore unable to perform correctly and exhibit considerable loss. There is obviously a mismatch to the TX Drivers which results in lower RF drive power to the Final power amplifier. 

The solution:

 T5 was removed as it has the incorrect impedance transformation and it was replaced by a 4: 1+1 broadband transformer. This design was realised using a BN43 ferrite with a 4 Turn Primary and a 1+1 turn secondary winding in a trifilar configuration thus providing a low leakage inductance design.

The result:

The impedance was measured at the input of the new T5 transformer design across the 7 to 30 MHz range.

( 7.15MHz, 43 Ohm)(10.15, 40)(14.2, 52)

(18.25, 56)(21.25, 57)(24.24, 56)(29.8, 54).

LOW RF OUTPUT POWER.

To get efficient, low distortion high output power it is necessary to have the following:

1) Adequate drive power to the Final Power Amplifiers.

RFC5, 6 are self resonant at a very low frequency as a result of the total capacitance presented in parallel. A quick solution is to replace them with BN61 ferrites wound with 3 turns. The correct approach is to have a driver transformer to provide the correct matching to the gates of Q5,6. This shall be a future mod. 

2) The Final Power Amplifiers must be biased into their linear regions for SSB operation. Devices Q5 and Q6 should ideally be matched and have separate DC bias adjustment provided. 

With NO RF drive (use the Mic PTT), the PA should be biased to the point where there is an increase in DC Supply current of 450 to 650 mA.

3) To accomplish this the DC bias must have a adjustment range to satisfy the total range of the pinch off voltage as detailed in the component specification. This is stated as being from 1.7 Volts to 4.7 Volts. So a extreme range part would require approximately 5.0 Volts DC on its gate before it is in its linear range.

4) The Output Transformer (T7) must present the correct load line to the output transistors. 

5) To get high power over a wide bandwidth the Output Transformer must have a very low leakage inductance.

To be continued in greater detail due to other tasks.

Conclusion:

Improvements in matching and redesign of the BPF filters has resulted in the  mcHF producing a maximum power on all bands up to 25 MHz of between 22 and 27 watts. On 29.8 MHz , 10 watts has been achieved, this shall be improved when other design work is completed. 

Ed Murphy GM3SBC 
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