
Phase Array Feed: Low Noise Amplifier Linearity 

 

Purpose: To quantify the deviation from linear response for the phase array feed low noise 
cryogenic amplifiers due to input power levels that reduce the power gain. 

Goal: Determine the deviation from linear response in the neighborhood of one percent as well 
as the industry standard 1 dB compression point for both a broad band noise input and a 
continuous wave input.  Also observe any nonlinear effects where both CW and noise input are 
presented to the input of the amplifier. 

Equipment: Agilent E4418 series power meter with 8481D low power head.  HP 346B noise 
diode, HP precision 11 dB attenuator, K&L 1550/500 MHz band pass filter, and a 1317/27 MHz 
band pass filter, various assortments of attenuators. 

Procedure:  In order to achieve approximate measurement accuracy of 1 percent accuracy, care 
must be taken so that the power meter head is in the -30 to -40 dBm range.  Attenuators where 
added to insure the proper levels and the results adjusted accordingly.  This particular power 
head and precision attenuator have been previously characterized over this range for sub one 
percent accuracy.  The input power level to the amplifier is first adjusted to obtain a crude 
estimate where the gain begins to compress.  The power level is then reduced and the precision 
attenuator stepped through the 11 dB range to establish the calibration.  Then the power level 
is increased just below the estimated nonlinear range and the attenuator stepped through the 
range observing any deviations from the known attenuator steps.  The 1317 MHz band pass 
filter is required to reduce the noise floor from the amplifier.  The power level is measured with 
the filter removed.  The procedure was repeated for a continuous wave input and then a 
combined continuous wave and noise input.  The results are shown in Table 1 with the block 
diagram shown in Figure 1. 

 

 

 

 

 

 



Test Calibrate 1 dB 
Compress 

 0.05 
Compress 

Calibrate   

Source Noise  Noise   Noise  CW 1317 
MHz 

CW 
1317 
MHz 

 

Level Out -27 dBm -19 dBm  -24 dBm -34 dBm -25 
dBm 

 

Atenuator        
1 0.994 0.970  1.001 1.004 1.000  
2 1.978 1.923  1.985 1.994 2.003  
3 2.976 2.870  2.977 2.980 3.006  
4 3.939 3.777  3.935 3.973 3.976  
5 4.928 4.691  4.920 4.952 4.980  
6 5.911 5.574  5.889 5.950 5.976  
7 6.897 6.439 -17.816 

dBm  
(0.05 dB) 
→ 

6.860 6.954 6.966  

8 7.811 7.219  7.760 7.891 7.887  
9 8.788 8.018  8.709 8.896 8.865 -16.8dBm 

← 
(0.05 dB) 

10 9.741 8.768 ←-10.7 
dBm 
 (1 dB) 

9.636 9.888 9.843  

11 10.702 9.494  10.555 10.980 10.814  
 

Table 1: Test results from linearity tests for LNA with commercial grade amplifiers.  With the 
output noise level set 1 dB  below the 0.05 dB compression point (-19 dBm), the CW tone 
power level was increased until the output compressed by  0.1 dB.  This occurs at a power 
output of -16.33 dBm with the tone output power -20 dBm.  Thus, no additional nonlinear 
effects were detected with the combined CW and noise inputs.  The LNA with the special batch 
BFU 725 devices where found to have a 0.05 dB compression point at -15 dBm and a CW 0.1 dB 
compression point at -15 dBm, slightly higher than commercial grade devices. 



Figure 1.  Block Diagram of measurements

 


