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Preface

This document defines the performance of one instance of the front end board.
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�Performance

The performance of the system is broken down into the following sections; notch filter, band pass filters,  mixer, diplexer & roofing filters.

A summary of overall performance is then presented.

Notch Filter

�The notch filter exhibits an insertion loss of over 40 dB centred on 9 MHz. Away from the notch, its insetion loss is 1.5 dB at 8 & 10 MHz and insignificant in bands other than 10 MHz. This is illustrated in figure 1 beow.





�

Band Pass Filters

The band pass filters have the following characteristics.  Typical plots of performance are shown in appendix 1.

Band �(MHz)�Loss (dB) at band centre�Loss at band edges ( dB ) relative to band centre�IP3 ( dBm )����Low�High�Output�Input��1.8 – 2.0�2�-0.5�-0.75�33�35��3.5 – 3.8�1.5�< -0.25�< -0.25�37.3�38.8��7 – 7.1�2�0�< 0.25 �31.5�33.5��10.1 – 10.15�3�0�0�26.7�29.7��14 – 14.35�2�0�0�42�45��18.068 – 18.168�3�0�0�32�35��21 – 21.45�2.8�0�0�40�42.8��24.8 – 25�2.5�0�0�40�42.5��28 – 30�2�-1�-1�34.5�36.5��

The 21 MHz and 24 MHz filters are fitted with Lodestone Pacific L45-6 based coils. The others are all Toko. The previous readings for 24 MHz with TOKO coils were as follows

21 – 21.45�4�0�0�25�29��

The effect of changing the coils alone was to improve the input IM3 by 13 dB and reduce the loss by 1.5 dB.

The measurements were made using signals 20 KHz apart on each band at levels of roughly 0 dBm input. No discernible difference was found for a 2 KHz spacing – it was still 40 dBm IP3.

The insertion loss when all relays were off was measured. It was found that the loss was acceptably small to 20 MHz but from there rose significantly to be only 30 dB at 200 MHz. To improve this, the relays were decoupled and inductors fitted in series with each relay control line. This reduced the signals at 200 MHz by over 40 dB. Specifically, the relay coils on the aerial side were decoupled with 10 nF capacitors, the mixer side relays by 1nF and the series inductors between the relay coils were 0.82 uH, self resonant at 200 MHz.  Additional connections from the earth tracks between the relays to the ground plane were made in 3 places on each side. These structures can be seen on the photograph of the board. The 12V line was also decoupled and filtered in the same way.

Mixer

The mixer displayed the following characteristics. In all cases, the IF is 9 MHz and the VCO is at input frequency + 9 MHz times two.  Blanks represent measurements not made.

Frequency�Loss (dB)�Input IP3 (dBm)��2�5.5���3.5��39.8��7��39��14�5.5�37��16�5���30�4���

The isolation from RF to IF port was measured as 45 dB and 65 dB – no reliable measurement is available.  Local oscillator to IF is similar.

The mixer needed a signal level of at least a 0 dBm sine wave to work.

Diplexer & Roofing Filters

The insertion loss of the combined diplexer / roofing filter / diplexer was found to be 2 dB

The performance of the two roofing filters varies slightly. No specific care was taken to match the crystals.  The overall perfromance of the filters is as shown below



Local Oscillator leakage


The 
level of local oscillator signal that the receiver puts into the aerial is important in av
oiding interference to other services. The signal was measured on each band at a spot freq
uency in each band
 by connecting a 20 dB amplifier before a spectrum analyser connected to the aerial socket
.


Frequency
 (
 
MHz
 
)
�
Signal ( dBm )
�
�
1.9
�
-92
�
�
3.7
�
-93
�
�
7.05
�
-93
�
�
10.13
�
-98
�
�
14.2
�
-100
�
�
18.1
�
-108
�
�
21.3
�
-98
�
�
24.9
�
-95
�
�
29
�
-90
�
�



Overall Performance

The mixer offers an input 3rd order intercept of 36 to 39 dBm. Using Toko coils for the bandpass filters offers to the mixer an output IP3 of between 25 and 40 dBm, severly curtailing the performance at one extreme and matching it at the other. Those Toko filters that offered poorest performance were replaced by Lodestone Pacific L45-6 without changing the capacitors. This brought the performance of those filters back to 40 dBm output IP3. Hence the overall performance is limited by the bandpass filters and mixer together and any performance improvement beyond here would need a change to both.

The loss of the filters varies from 1.5 to 3 dB. The mixer loss is from 4 to 5.5 dB. The roofing filters and diplexers offer a loss of 2 dB. 

The complete front end therefore offers a loss of between 7.5 dB and 10.5 dB with an input IP3 of about 40 dBm.

If the subsequent circuits offer a noise filgure of ( say ) 3dB and do not degrade IM3, we would have an overall noise figure of between 10.5 dB and 13.5 dB. For a 2.2 KHz bandwidth, the noise floor would therefore be worst case –127 dBm, giving a dynamic range of 167 *2 / 3 dB, or 111 dB.

Note that the IM3 of the post mixer amplifier is only +13 dBm. Hence close in, IM3 is degraded so that when the roofing filters offer less than 25 dB attenuation, the post mixer amplifier will dominate performance. This occurs closer in than +2 and –3.2 KHz. Signals this close in, but outside the quality filters, either SSB or CW, will suffer degraded IM3.



T
he 
10dB S+N/N measurement was made by using a PC spectrum analysis program to implement a not
ch filter and passing the bypassed audio plus noise to the sound card output port or just 
the noise and measuring the 
signal
 with an audio power meter
 on 28 MHz, 10dB (S+N)/N was obtained at an input RF level of -118 dBm, or 0.28
uV.
 Tests on 
other
 bands gave a reading of -119 dBm +/- 1dB.
 Tests at other signal levels confirmed the r
eliability of the measurements.
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Figure 2 - M
i
xer, diplexer & roofing filter





�

A	Appendix – bandpass filters

In each of the following sections, performance of the bandpass and bandstop is presented. Note that the analyser limits performance measurements of the filters.

�A.1	1.8 – 2 MHz

�







�



A.2	3.5 – 3.8 MHz

�



�



�

A.3	7 – 7.1 MHz

�



Note the notch at 9 MHz provided by the input notch filter.

A.4	10.1 – 10.15 MHz

�



�





Again, the notch at 9 MHz can be seen.

A.5	14 – 14.35 MHz

�

�

�The notch filter at 9 MHz is clearly visible in the lower trace.





A.6	18.068 – 18.168 MHz

�

�

The 9 MHz notch is clearly visible. The glitch at about 46 MHz is an analyser sproggie.





A.7	21 – 21.45 MHz

�



�





Note that the spike at about 46 MHz is an analyser spoggie and not related to the filter measurement.

A.8	24.8 – 25 MHz A.13	

�

�







A.9	28 – 29.7 MHz

�



�



The 9 MHz notch is visible. The proggies at 46 and 98 MHz are analyser sproggies. The peak at about 80 MHz is leakage before the isolation between input and output was improved.
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Figure �seq Figure \* Arabic �
1
�- notch filter
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Figure 3 - Roofing filters










