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respectively. Then, the measured signals for each channel are compared to each other cancelling the effects of the probe, 
probe-antenna couplings and the transmitted signals. Finally, the obtained ratios are stored as calibration coefficients for 
future use in the field.  

Since the signals are transmitted to each channel (from the transmitter and probe) at different times, they (especially their 
phases) would not be identical. Therefore, the amplitude and phase of the transmitted signal should be measured and 
used to normalize the received signals. In other words, the received signals should be measured relative to the 
transmitted signals. For transmit calibration, this can be readily achieved by connecting Port 1 of a network analyzer to 
the input of the transmit module and Port 2 to the probe receiver and by measuring the complex S21 parameter. 

For receive calibration, the measurements are usually made at the digital receiver before which signals are mixed with 
the local oscillator (LO) signal to shift the frequency to IF or baseband. So, the phase of the received signal depends not 
only on the shift induced by the receiver channel, but also on the phase difference between the probe and LO signal 
which should be kept constant so that the measured phases correspond only to the channel effects. This can be achieved 
simply by generating the LO signal from the transmitter signal so that they are synchronized. 

For calibration, it is sufficient to take one measurement across each element. Furthermore, it is not necessary to keep the 
probe precisely in front of each antenna element. It is sufficient to keep the distance between two measurements equal to 
the separation of antenna elements. In that case, even if the probe is somewhat offset from the antenna positions, the 
amount of offsets (and therefore couplings) will be the same for all measurements and calibration can be done. In order 
to obtain the far-field antenna pattern from the near-field measurements, the near-field pattern should be sampled as 
densely as possible; therefore, the distance between measurements should be kept lower than necessary for calibration. 

3.1 Technique 

Using the terminology shown in Figure 2, the analytics of this technique can be described as follows: 

 

Figure 2. Calibration of a phased array radar using a near-field scanning probe. 
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the signal transmitted from the probe and received by the mth receive module 
the signal transmitted from the mth transmit module and received by the probe 
the signal transmitted from the probe to the mth antenna element 
the signal transmitted from the mth transmitter 
the phase/amplitude setting of the mth receive channel 
the phase/amplitude setting of the mth transmit channel 
losses due to the probe antenna and channel 
losses due to the antenna elements 
the amount of coupling between the probe and the mth antenna element  
phase/amplitude effects of the mth transmit module 
phase/amplitude effects of the mth receive module 

(measured)  
(measured)  
(known) 
(known)  
(known) 
(known) 
(unknown) 
(unknown) 
(unknown) 
(unknown) 
(unknown) 
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