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Uncertainty Analysis and Fitting of Near-Field Measurements for Millimeter Waves
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Abstract

Theoretical radio frequency attenuation in free space is characterized by the Friis equation in the far-field range. This equation states
that free-space propagation of electromagnetic waves is inversely proportional to the square of their distance from the source. However,
this holds true only in the far-field range. Accordingly, we investigate the propagation characteristics of millimeter waves in all field
ranges. The study provides measurement results of free-space insertion loss from 20 to 90 GHz frequency ranges, where the separations
between the transmitting and receiving antennas are increased from 1 to 1400 mm in 1-mm increments. The measurement distances
cover all ranges, including the reactive and Fresnel ranges of the near field as well as far-field ranges. The measuring values are fitted
in the free-space path loss factor ( A/4 7r)>. Discrepancies exist between the theoretical and measured values in the near-field ranges.
We add terms to the formula to resolve the differences in the near field. The calculated results derived from the new formula are shown
to be in good agreement in the Fresnel range and in some parts of the 50% reactive range. This study yields the same results at 100-GHz
measurements and provides an uncertainty analysis of insertion loss measurements for near and far fields in millimeter-wave ranges.
These include the effects of the measurement site and errors in fitting the measurement data to a correction formula. The fitting
uncertainty is evaluated using the least squares method.
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Table 1. Measuring according to 1 mm change up and down.

Up and down (mm)| Measurement (dB) Difference (dB)

3 —24.25 0.04

2 —2422 0.07

1 —24.03 0.27

0 —24.30 0

-1 —24.37 0.07

-2 —24.28 0.02

-3 —24.36 0.07
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B2 Sy #$ 1 mm 7P 333 A
Table 2. Measuring according to 1 mm change left and right.

Left and right (mm)| Measurement (dB) Difference (dB)

3 —23.86 0.44
2 —24.00 0.30
1 —23.85 0.44
0 —24.30 0

-1 —23.62 0.67
-2 —23.59 0.70
-3 —23.52 0.78

Plnetterence |

28 5. QEY B39 AA LRHHGFERE )
Fig. 5. left and right position error of antenna (rectangular
distribution).
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Fig. 8. Reflected wave error due to site effect.
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Table. 4. Reflected wave from wall.

Left and right angle Measurement Difference
defection (degree) (dB) (dB) Tx and Rx antenna angle change| Values (dB) |Linear values
3 —23.98 0.37 +45 —53.26 0.000005
2 —24.09 027 Left and right 0 —24.23 0.003779
1 —24.23 0.13 —45 —51.89 0.000006
0 —24.36 0 +45 —44.33 0.000037
-1 —24.27 0.09 Up and down 0 —24.23 0.003779
-2 —2431 0.05 —45 —43.93 0.000040
-3 —24.41 0.05 Reverse 180 —43.98 0.000040
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Table 5. Uncertainty due to data fitting.

Field Range a b Error (dB)
Reactive —39.44 —6.31 0.25
Fresnel —19.89 —11.11 0.48
Far Field —10.05 —16.57 0.42
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Table 7. Uncertainty budget of insertion loss 20 GHz to 100 GHz.
Uncertainty sources ngl : Distribution D;;fclts;(;n ;};
A type 0.007 Normal 1 0.007
Network analyzer S, accuracy 0.089 Rectangular V3 0.051
Network analyzer power level linearity 0.090 Normal 2 0.045
Instrument
Network analyzer frequency accuracy 0.000 Rectangular V3 0.000
Dynamic accuracy 0.100 Rectangular V3 0.058
Cable Tx cable amplitude stability 0.150 Rectangular V3 0.087
Rx cable amplitude stability 0.150 Rectangular V3 0.087
Network analyzer - Tx cable 0.023 Rectangular V2 0.016
Tx cable - Tx Ant 0.076 U Type V2 0.054
. Network analyzer - Tx Ant 0.002 U Type V2 0.001
Mismatch
Rx ant - Rx cable 0.045 U Type V2 0.032
Rx cable - Network analyzer 0.087 U Type V2 0.062
Rx Ant - Network analyzer 0.003 U Type V2 0.002
Antenna position (up and down) 0.135 Rectangular V3 0.078
Antenna Antenna position (left and right) 0.335 Rectangular V3 0.193
arrangement Antenna position (array) 0.065 Rectangular V3 0.038
Effects of phase position 0.382 Rectangular V3 0.221
Effects of site Reflect wave effect from wall, floor and ceiling 0.080 Rectangular V3 0.046
Reactive range (more than about 50 % distance from source) 0.25 Rectangular V3 0.144
Fitting error Fresnel range 0.48 Rectangular V3 0.277
Far field range 0.42 Rectangular V3 0.242
Combined standard uncertainty (reactive range), u, 0.384
Combined standard uncertainty (fresnel range), u. 0.451
Combined standard uncertainty (far field range), u, 0.430
Expanded standard uncertainty (The worst value), U (k=2) 0.902
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