Analysis of the Qosmotec Shielded Wireless Environment

Measurements: 13 june 2007
Due to some strange results when using the Qosmotec environment, initiative was taken to analyze the qosmotec environment in more detail.

Method

This document focuses mainly on 2.4 GHz behavior, since this is the frequency which is used by many wireless communication protocols.

A signal (2.4 GHz frequency) was generated and used as input to many different qosmotec parts. The resulting signal was captured with a frequency analyzer. As such, the attenuation of the qosmotec part could be calculated.
Unused connectors where terminated with an impedance of 50 Ω.
Persons present during the measurements: 


Eli De Poorter


Frank Vanheel


Jo Verhaevert

Main conclusions

These conclusions are based on a limited number of measurements, which can be found below.

· For measurements in the 2.4 GHz frequency, use the thicker connection cables for connecting the boxes with the attenuator units.
· Be aware that the attenuation between the connectors of the splitter units is frequency dependant.

· Be aware that the attenuation between the connectors of the big splitter units (1:4) is dependant on the used connectors and the used frequency.
· Be aware that the exact attenuation of similar elements may differ slightly.

· The minimal attenuation between nodes in a full-mesh (3 nodes, using 2-way splitters) configuration is almost 20 dB.

· The minimal attenuation between nodes in a full-mesh (4 nodes, using 4-way splitters) configuration is almost 33 dB.

· In order to have no unforeseen interference (e.g. the signal from S1 goes only to S2, not to S3) in a full-mesh configuration with three nodes, every used attenuator should be set to at least 20 dB extra. This way, the unwanted signal path will never be received, assuming the receiving threshold is -90 dBm.
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· The same applies for configurations using a full-mesh of 4 nodes. In this case, an extra attenuation of 10 dB should be added to the attenuator units to prevent unwanted interference.
Measurements
Note that the attenuations of the splitters/combiner unit and the adjustable attenuator unit have been documented. They can be found on the same wiki page as this document. We have repeated some measurements, to verify these results.

 Attenuator unit
· The measured attenuation is bidirectional and almost symmetric (less than 0,25 dB difference between the two directions). 

· The measured attenuation is in the order of 11 dB, which is less than the official data sheets mentions.

	Direction
	Attenuation (dB)

	X11 -> X21
	10,17

	X21 -> X11
	10,17

	X12 -> X22
	10,95

	X22 -> X12
	11,02

	X16 -> X26
	10,93 

	X26 -> X16
	10,91

	X17-> X27
	11

	X27 -> X17
	10,75


Wires (connecting the back of the boxes to the attenuator units):

· The wires of one type (i.e.: thick or thin) all have the same attenuation. However, for the 2.4 GHz, the thicker cables are much more suited: they only introduce 0.6 dB attenuation instead of 3 dB.

	Thick cables
	Thin cables

	0,6 dB
	3 dB


Wires (connecting the attenuator units to the splitter units):

· For the 2.4 GHz frequency, the introduced attenuation is 0.6 dB
Splitter/combiner (1:2)

· The splitting is almost symmetrical (a difference in the order of 0,25 dB between the splitting directions, and bidirectional
· The attenuation caused by the splitting is a little less than 5,5 dB
· Signals going into G1 are attenuated the same value before leaving through GΣ. However, there is also a residual signal leaving G2. The attenuation from G1 to G2 (“the isolation”) is dependant on the frequency: its representation has many peaks and valleys. This will be researched in more detail in the splitter/combiner units (1:4).

	Direction
	Attenuation (dB)

	GΣ <-> G1
	5,38

	GΣ <-> G2
	5,16

	G1 <-> G2
	Depends on frequency (about 17 dB)


Splitter/combiner (1:4)

· The splitting is almost symmetrical (a difference in the order of 0.7 dB between the splitting directions, and bidirectional.
· The attenuation caused by the splitting is a little less than 10 dB
· The attenuation between the splitting ends (the isolation from G1 to G4) is dependant on the frequency and the used connectors. When looking at the whole spectrum (500Mhz to 6000MHz), the resulting attenuation is very irregular. For example, the attenuation between D1 and D3 looks like:
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Sketch indicating the behavior of the attenuation between D1 and D3
· If we zoom in to the 2.4-2.48GHz domain, the biggest irregularities are removed. However, the attenuation is still frequency dependant, and dependant on the specific connectors used. This is due to the internal construction of the splitters: 
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First type of frequency-dependant attenuation:
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Sketch indicating the behavior of the attenuation between D3 and D4
Second type of frequency-dependant attenuation:
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Sketch indicating the behavior of the attenuation between D3 and D4

	Direction
	Attenuation (dB)

	DΣ <-> D1
	9.7

	DΣ <-> D2
	9.5

	DΣ <-> D3
	9.4

	DΣ <-> D4
	9

	D1 <-> D2
	From 29.4dB (at 2.4GHz) rising to 26.5dB (at 2.44 GHz) lowering again to 29.2dB (at 2.48 GHz)

	D1 <-> D3
	41 (at 2.4 GHz) to 33.4 (at 2.48 GHz)

	D1 <-> D4
	41 (at 2,4 GHz) to 33.7 (at 2.48 GHz)

	D2 <-> D3
	41 (at 2.4 GHz) to 33 (at 2.48 GHz)

	D2 <-> D4
	41 (at 2.4 GHz) to 33 (at 2.48 GHz)

	D3 <-> D4
	From 29.7dB (at 2.4GHz) rising to 26.5dB (at 2.44 GHz) lowering again to 29.4dB (at 2.48 GHz)
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