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PHASED-ARRA Y RECEIVE MODULE 
PERFORMANCE 

All of the 1312 receive module states were successful­
ly programmed. The module achieved 20 dB of attenu­
ation in 0.5-dB steps in every phase state with a minimum 
accuracy of 0.25 dB. The average amplitude accuracy for 
any state was 0.08 dB. The phase shift was 360° in 1l.25° 
steps in any attenuation state with an average accuracy 
of 3.2°. The maximum phase error exceeded the original 
design goal of 5.625° because of component interactions, 
but the more important root-mean-square phase value 
was below 5.625°. The noise figure for the complete 
receive module has not been measured, but it should be 
near the desired 3 dB on the basis of the LNA'S 2.3-dB 
noise figure. The maximum input or output VSWR in any 
of the 1312 states was l.38:l. Table 5 summarizes the 
microwave system performance. 

CONTROLLER PERFORMANCE 
The response time of the module to a new phase and 

amplitude command was on the order of hundreds of 
milliseconds. This relatively long time is due in large part 
to the slow speed of the digital serial input/output board 
in the PC that interfaces with the module. The time could 
be reduced to a few microseconds if we used a faster 
dedicated serial interface. 

The time required to calibrate all 1312 phase/ ampli­
tude states of the module was about four hours, which 
is satisfactory for a small-volume run. A faster serial 
interface to the module could shorten this time also. Part 
of the calibration time, however, is consumed by com­
munications between the PC and the vector network an­
alyzer, in addition to the measurement process. Also, the 
calibration program is iterative, which means that it 
spends time searching for the optimum phase and ampli­
tude settings for a particular state. 
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Table 5. Microwave system performance over the 4.8- to 5.2-GHz 
bandwidth for all possible phase and amplitude states. 

Parameter 
Nominal gain 
A verage amplitude accuracy 
Average phase accuracy 
Noise figure 
VSWR 

Specification 

:::;0.25 dB 
:::;5.625° 
:::;3 dB 
:::;1.80:1 

Measured 
27 dB 
0.08 dB 
3.2° 
2.3 dBa 
1.38:1 

aMeasured on low-noise amplifier without input connector. 

CONCLUSIONS 
Our program has demonstrated that a calibrated high­

performance C-band microwave receive module for 
phased-array antenna radar or communication applica­
tions can be successfully designed and implemented us­
ing commercially available MMIC'S. Our module met or 
exceeded all of the microwave, packaging, and control 
design specifications for a typical antenna requirement. 
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