Y-Factor Based Neise
Figure Measurement Using
LN2

WB2BYP
John Stevens
wb2byp@arrl.net




Noise FigureVieasurement Using Y=FaCtor:

A Explore using manual Y -factor technique on a characterized
termination resistor at room temp and at boiling LN2 temp
to calculate the amplifier noise figure and TIna

A Alternative to the measurement difficulties encountered when
looking at very low LNA noise figures and temperatures
using manual or automated test equipment with uncertain ENR
A Desire to make accurate measurements of LNAs used in amateur RA
at 1420 MHz 1 Starting with some known good 1296 MHz LNAs
to learn the techniques.

A Obtaining and handling of Liquid Nitrogen
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NeIse Figurerivieasurement Using EN2

A Advantages 1 The termination on the LNA is high return

loss (30 -40 dB), does not change RL or Z with temperature and does not
get disconnected from the LNA in process, ensuring gain or

stability of the LNA. LN2 is inexpensive ($24/6L) and plentiful.

A Disadvantages 1 LN2 is moderately hard to handle, requires a
few more safety considerations, investment in materials (Dewar).
Evaporates relatively quickly (weeks). Speed of repeat measurements
limited by warm  -up cycle of the 50 Y termination
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Jlest Setup Using 846€ or N4002A ' NeISe Diede
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Neise FigurerivieasurementUsing Neiserbiede

Technique:

ASetup SA as fAPrecision Receivero with
VBW (30 Hz), Zero Span (or very narrow Span), Averaging ON,
Attenuation OFF, 1 dB per division. Use of Marker Delta is helpful.

A Ensure cascaded LNAs mask SA baseline by 25 -30 dB and no spurs

A Measure baseline power of cascaded gain block with Noise Diode OFF

A Energize Noise Diode ON, observe change in power (dB)

AThis is AY Figureo in dB. Relates to °

A The greater the Y Factor observed, the more sensitive the LNA

ACal cul ate Noise Figure from measured °
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Neise Figure Measurement Using NeiSerbDiede

Calculation of Noise Figure and LNA Temperature from Spectrum Analyzer Y Figure in dB with Noise Diode ENR WB2BYP  8-Nov-17

Where there is a box enter a value

TambF = deg F Enter the measured temperature of the source in deg F

TambC = 21.1 degC Calculated from C = (F-32)/1.8 F=C*18+32

C to K conversion 294.26 K This is Tcold: The temp of the test source in K

Temp of ENR Calibration 290.00 K This is the temp where ENR was calibrated Freq ENR Freq
1000 = 5.56 1296 =
Enter the ENR in use dB Use an Interpolated Value at the operating frequency 2000 = 5.17 1420 =

Corrected ENR' 5.43 dB Calculated value of corrected ENR due to difference between calibrated at 290K vs environ temg
Thot = 1306.0 K Solving : ENR' = 10*log(( Thot-Tcold)/To) and Thot = 10* (107(ENR'/10) * To * Tcold)
Loss = dB Enter measured or estimated loss between DUT and noise source
1.011579 Factor in the denomonator for Loss - makes calculation string less complicated

Thot' = 1287.7 K Thot' = Thot/(107°L/10) - ({{10°L/10)-1)*Tcold)/{10"L/10)

Y Figure = dB Measured Y Figure (dB) on Spectrum Analyzer

Y Factor = 4.20 Y as an absolute using Y =10 ~ (Ydb/10)

LNA Noise Temperature = 16.4 K Solving for TIna and NF: Tlna = (Thot'-Y *Tcold)/(Y-1) and NF = 10*log(1+(TIna/290))

LNA Noise Figure = 0.24 dB
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NeIse Figurerivieasurement Using EN2

Technique:

ASetup SA as fAPrecision Receivero with
VBW (30 Hz), Zero Span (or very narrow Span), Averaging ON,
Attenuation OFF, 1 dB per division. Use of Marker Delta is helpful.

A Ensure cascaded LNAs mask SA baseline by 25 -30 dB and no spurs

A Measure baseline power of cascaded gain block with 50 Y resistor.
Note 50 Y termination temp and altitude. Calculate Thot and Tcold

Alnsert 50 Y termination into LN2. Observe change in power (dB)
on the SA.

AThis is AY Figureo in dB. Relates to Y
A Calculate Noise Figure from measured Y Factor and known

corrected Thot and Tcold
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