K3 data on roofing filters and CW keying sidebands.

The Elecraft K3 transceiver is now top rated by Sherwood Engineering, Inc. in close-in third-order intermodulation dynamic range. (DR3) at 2 kHz test spacing = 101 dB when using the 200 Hz 5-pole roofing filter.  This number will vary somewhat with the selection of the roofing filter, and testing on this subject continues.  

Another variable in how close one can operate to a very strong CW signal is the transmitted sidebands of the undesired signal.  A CW signal is not a constant carrier, but is actually modulated.  It is keyed on and off rapidly, and this causes transmitted sidebands that are dependent on the keying speed, and more importantly, the rise and fall time of each dit and dah.  (See a paper on this subject at the following URL: 

http://www.w8ji.com/cw%20bandwidth%20analysis.htm
To evaluate the effect of rise time, and the roofing and DSP filter bandwidths, I made the following tests.  The test transmitter was a Ten-Tec Omni-VII driving an antenna on 10 meters.  The signal was picked off using a Bird-style watt meter, with a sensor element with BNC output.  This signal was run into an HP step attenuator, and fed into the K3 receive antenna input.  The Omni was chosen as the transmitter since it has a user-adjustable rise and fall time between 3 and 10 msec.  

The K3 was equipped with the following CW roofing filters:

500 Hz 5-pole

400 Hz 8-pole

250 Hz 8-pole

200 Hz 5-pole

The keyer in the Omni was set to approximately 25 wpm, and a series of dits were sent, and the on-frequency level set on the K3 to S9 + 50 dB. The S meter linearity of the K3 was measured as follows.  (Note: there K3 S meter is a bar graph, and there is some granularity in the steps.)  

S9 +50 dB = -33 dBm (5 mV)

S9 = -73 dBm

S7 = -83 dBm

S6 = -88 dBm

S5 = -93 dBm

S4 = -99 dBm

S3 = -105 dBm

The difference between S9 + 50 dB and S3 = 72 dB (within the granularity error).  

With the test signal at 50 dB over S9, the K3 was tuned 1000 Hz above the signal, while using the 400 Hz 8-pole roofing filter and 400 Hz DSP bandwidth.  Listed is the S meter reading vs. rise time of the transmitter.

1000 Hz offset

3 msec = S6

4 msec = S5

5 msec = S4.5

6 msec = S3.5

7 msec = S3

8 msec = S3

9 msec = S3

10 msec = S3

The same test was then run at a 700 Hz offset:

3 msec = S7

4 msec = S6

5 msec = S6

6 msec = S5

7 msec = S4

8 msec = S4

9 msec = S4

10 msec = S3.5

With the transmitter set for a 10 msec rise time, the following was measured, sideband level vs. offset:

500 Hz offset = S5

700 Hz offset = S4

1000 Hz offset = S3

Finally a constant 500 Hz offset was compared to the four different roofing filter and DSP bandwidths. The DSP bandwidth was set equal to the roofing filter bandwidth.

Rise time was set to 10 msec.  Note:  The combined bandwidth of the roofing filter and the DSP filter will be less than the listed value.

500 Hz bandwidth = S7

400 Hz bandwidth = S5

250 Hz bandwidth = S4.5

200 Hz bandwidth = S5

Conclusions:

When the receiver dynamic range exceeds 100 dB, the receiver is no longer a limit to performance in severe contest environments.  As one attempts to operate closer and closer to very strong signals, eventually the limit is the transmitted sidebands of the other station’s transmitter.  Some transmitters have sidebands (key clicks) far in excess of those measured in this test. 
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