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The research on high-accuracy noise figure measurement
method for space-borne low noise amplifiers

KANG Hongxia, YANG Ningbin, GAO Yan, YANG Xiaomin
(China Academy of Space Techtechnology(Xi‘an), Xian 710000, China)

Abstract ; The noise figure is a key indicator of low noise amplifiers (LNA) , which determines the noise performance
of communication systems. However, the existing measurement methods only provide the noise figure based on the source
impedance but cannot remove the mismatch and noise-parameter-error. In order to improve the measurement accuracy of the
LNA noise figure, based on the VNAs-cold source method, the authors propose optimal vector noise calibration method and
5 key technical countermeasures to further improve the measurement accuracy. Compared to the Y factor method, the VNAs-
cold source method greatly reduce mismatch and noise-parameter-error and give the noise figure when the system reference
impedance is 50 ). Our test results reveal that in the case of 14.25 GHz the measurement uncertainty of the VNAs-cold
source method is 0. 17 dB, and the Y-factor method, which is relatively accurate among conventional test methods can only
achieve 0. 38 dB. Therefore, by invoking the VNAs-cold source method and the proposed technical countermeasures, the
measurement accuracy is significantly improved, which further meets the high-precision test requirements.
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Fig.1 Graphical representation of cold-source

method for noise figure
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Fig.2 Test block diagram of LNA noise figure based

on VNAs-cold source method
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Tab.1 Test parameters and test results
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“ig@ N e TRt TR L L L
- 20 dBm 20 dB - 20 dBm 0 dB 4 MHz 1 kHz 10
i B -50 dBm 20 dB - 20 dBm 0 dB 4 MHz 1 kHz 10
MIXAEH 14,25 GHz: #4925 G=45.60 dB, NF=1.78 dB(10 Yl {8 , HoARHEM 2 0. 013 dB)
MR K. N5247A IR N1914A IRk N848TA
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Tab.2 The Uncertainty Analysis of the Noise Figure Measured by the VNAs Cold Source Method

. U FRVEAH E BRAHERE (dB) PR E
i AREERR B4y (dB) u,(dB) & U(dB) k=2
1 S21 AHAE B (u,) 0.063
2 YRR EE (u,) 0.043
3 MRS A EE (uy) 0.025
4 WEUWEBL A 2 BE () 0.001 0.082 0.17
5 FEAEANHRE BE (us) 0.005
6 R AN E T (ug) 0.009
7 Wi F A (u,) 0.013

Bi ]

YVIRAHERE U=2"u,=2%0.082=0.17

7
u,=,/ Xu = +/0.063"+0. 0437 +0. 0257 +0. 001 +0. 005+0. 009 +0. 013" =0. 082
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Fig.3 Test block diagram of LNA noise figure
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Tab.3 Test parameters and test results of the
Y-factor method

“igﬁ LA 8 14 M
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Tab.4 The Uncertainty Analysis of the Noise Figure Measured by the Y-factor method

R R IR ﬁ@f%%ﬁ G AT E T RAHE
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1 ENR AHGEE (u,) 0. 165
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3 NF2 AHEE (uy) 0.049 0. 186 0.38
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u, =, /i:i]uf = 1/0. 165> +0. 062> +0. 049°+0. 001> +0. 031> = 0. 186
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Tab.5 Comparison of test results based on VNAs cold

source method and Y factor method
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