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Noise Figure Measurements with
Rubidium™ Signal Generator

1. Introduction

This application brief outlines a quick and simple method for a noise figure measurement method of
up/down converters using Rubidium Signal Generator and a spectrum analyzer. A definition of noise figure
and the underlying concepts are provided with discussion of two methods of measuring noise figure along
with their relative merits, and a description of the test set up. Section 2 outlines the definition of noise figure
and the underlying concepts. Section 3 discusses two methods of measuring noise figure along with their
relative merits, and describes the test set up and method of measurement used.

2. Noise Figure Definition

The noise figure F of a device is defined as ratio of signal to noise power ratio at the input to signal to noise
power ratio at the output.

S/N 1
F= So/No (1)
where

S,, S, are input and output signal powers
N,, No are the input and output noise powers

The noise figure of a device is a measure of decrease in signal-to-noise ratio as the signal is processed by
the device. A perfect device would process the signal without any degradation in signal-to-noise ratio. Such
a device would have a noise figure of zero. However, a realistic device would add its own noise generated
internally, to the input signal. This results in a lower signal to noise ratio at the output of the device than at
the input. The lower the noise added by the device, the lower is its noise figure.

If G is the gain of the device under test and N is the thermal noise added by the device, equation (1) can be
rewritten as:

N, + GN.

(2)
GN

The gain G of the device is defined as the ratio of actual power delivered to the load and maximum power
available from the source. This is often termed as transducer gain G, of the device.

The noise figure is dependent on the noise N, at the input of the device, which is usually the thermal noise
and is quantified by kT _B. The temperature T_is the reference source temperature defined to be 290 °K,
which is close to the temperature seen by the receiving terrestrial antennae in proximity to ground. The
universal constant k is the Boltzman constant equal to -228.6 dB; the bandwidth B is the bandwidth of the
signal. Then equation (2) can be written as:

N+ kTBG
F="kTBG



The noise figure of a device is independent of the signal level so long as the device is operating in the linear
region. The noise figure F expressed in dB is:

NF=10log(F) 4

Quite often the noise figure is also expressed in deg K, referred to as noise temperature and is given by:
r=T(F-1) (5)

3. Measurement Methods

Y Factor Method

The noise figure is measured with the device under test being operated in the linear region. The most
common method to measure the noise figure is by measuring the noise added (N,) as shown in in equation
(3). A noise source is used to inject two different levels of noise into the device and the power level at the
output of the device is measured for each noise level with either a power meter or spectrum analyzer. A low
capacitance noise diode is used in the reverse biased mode as a noise source. If the noise temperatures at
the two noise levels are T, and T, the excess noise ratio of the noise source is defined as:

Th_ Tc
ENR = T (6)

[¢]

Noise power at the output of the device under test is measured with noise source at T, and T_. Y factor is
then determined as:

N

Y= /\TZ (7)

1

where N, is the output noise power at source temperature T_and N, is the output noise power at the source
temperature T,.

With ENR and Y factor defined as above, the noise factor is given by:

_ENR

F=yq

(8)

The noise figure in equation (8) includes the noise contribution by the measuring device used in an output
noise power measurement. Assuming the gain of the device under test G is much greater than 1, it can

be neglected. The T_, T,, and ENR parameters are specified by the noise source vendor across the

frequency band of operation. If the noise figure of the device under test is much higher than the ENR of the
noise source, Y is very close to 1 and the accuracy of measurement is dependent on the precision with which
Y, the noise power ratio, is measured. It is difficult to measure power ratios in the vicinity of 1. This method is
not used when the noise figure to be measured is more than 10 dB above the ENR.

S/N Ratio Method

The noise figure is defined as the ratio of input S/N to output S/N as in equation (1) above. The noise figure of
the device under test can be measured by measuring the input and output signal-to-noise ratios. However,

it should be ensured that the input noise power fed in to the device while making this measurement is equal
to the thermal noise floor at 290 °K as per the definition in equation (3). The thermal noise floor at 290 °K is
-174 dBm/Hz. The input signal into the device under test could be attenuated by a large enough dB factor to
ensure that the noise level hits the thermal noise floor, but at the same time keeps the signal level within the
sensitivity limits. Then the noise figure is given by:

F=174dBm/Hz + P, — P —No—3dB (9
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where P, is the input signal power, P_  is the output signal power and N is the output noise power per Hz.
When the device under measurement constitutes a frequency conversion such as an up/down converter, the
noise figure measured is discounted by 3 dB to account for double sideband noise measurement. It is not
necessary to know the gain of the device under test as in the Y factor method. Since a ratio of S/N is being
measured, it is not necessary to make accurate power measurements. Measurements can be made with a
signal generator and a spectrum analyzer.

Measurement Setup

The test setup for measuring noise figure of an up/down converter device using Rubidium is as shown below.
Rubidium is set to attenuator decouple mode with output level set to -40 dBm and ALC mode ON. The step
attenuator is set to a high value such as +50 dB. This will ensure that Rubidium’s output noise floor is equal to
thermal noise floor, which is -174 dBm/Hz at room temperature.

|
Spectrum
I Analyzer

Device Under Test

The CW output of Rubidium is input into the up/down converter device under test (DUT). Up or down
converted output from the DUT is fed into a spectrum analyzer. Carrier-to-noise ratio per Hz (C/N ) of the
output is measured on the spectrum analyzer at a suitable far-off offset such as 5 MHz from the carrier
frequency. It is recommended the that input attenuator of the spectrum analyzer is set to zero dB so that
noise figure of the spectrum analyzer front end has minimal impact on carrier-to-noise per Hz ratio
measurement.

With the measured C/N value, the noise figure of the DUT is given by equation (10):
F=174dBm/Hz — 70dBm — (C/N) — 3dB (10)
The noise figure as calculated by equation (10) is single sideband noise figure.

4. Conclusion

For users who want a quick, simple, and cost effective way to measure noise figure of devices, Rubidium
signal generator with its high signal purity is ideal. With the S/N ratio method of noise figure measurement,
it is not necessary that the gain of the device under test be high as in the Y factor method. Since a ratio of
S/N is being measured, it is not necessary to make accurate power measurements. Measurements can be
made efficiently with minimal set up i.e, with a Rubidium signal generator and a spectrum analyzer.
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