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White Noise Contribution

There are awide range of applications for which it is desirable or necessary to know the
minimum power level at which a system receiver can detect an incoming signal. Because the
minimum detectable signal (MDS) also pertains to the noise floor of system receiver, thisis of
particular import when the received power level may be close to the MDS. Knowledge of the
MDS s also necessary when cal culating the dynamic range or signal to noise ratio for a
particular receiver configuration. The following treatment outlines a straightforward method to
derive the MDS.

White noise is the blanket noise, containing a uniform power density per unit frequency interval,
that is present in al electrical system. It can be shown that the noise power contained in an
millimeter-wave receiver is given by Boltzman's Law, i.e.,

NoisePower = KTb

1)

k = Constant

T = Absolute Temperature (Kelvin)

b = Measurement Bandwidth

In 1 Hz of measurement bandwidth, and at room temperature (293 Kelvin), the noise power
contribution to the system receiver by white noise is:

kTb = -174 dBm.
2
Rather than recal culating the noise power for other arbitrary measurement bandwidths using (1)
above, a simplified method, utilizing (2), can be used.
MDS = Noise Floor = -174 dBm + Additional Noise Power in N Hz Bandwidth.
(3)Consider the logarithmic (dB) relation between a measurement bandwidth of 1 Hz and 1 MHz
10° Hz

(10'6 HZ); dBl (LMHz to1Hz) = 10 Iog ( 1Hz

)=60dB. (4)

! This value can be arrived at quickly for any magnitudes of 1 Hz by taking the exponent of the measurement
bandwidth and multiplying by ten (In the example above 6 ® exponent times to = 60).
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Using (3), the additional noise power in a 1 MHz measurement bandwidth over that inits1 Hz
counterpart is:

KTD 1 mHz Bandwidth = KTD 1 1z Banawiatn + Additional Noise Power in 1 MHz = -174 dBm + 60 dB
=-114 dBm in 1 MHz measurement bandwidth.
Similarly, in 1 GHz (10° Hz) of measurement bandwidth:
KTD 1 GHz Bandwidth = KTD 1 Hz Bandwidth + Additional Noise Power in 1 GHz =-174 dBm + 90 dB
= -84 dBm in 1 GHz measurement bandwidth.
Receiver Noise Contribution

The contribution to the system noise power by the receiver isfound by determining the system
noise figure (NF). For receivers with amplifiers, the receiver noise figureis given as;

NFE NFE
2"° co t 39 co t
NF Receiver = NF1 component + Gai e+ Gai " m6porjen +xx  (5)
an 1% Component an 1% Component an 2™ Component

Typically, for amplifiers with gains of greater than 13 dB, noise figure terms following the
amplifier can be discounted®.

For most millimeter-wave components, the insertion loss or conversion lossis specified but the
noise figureis not. At room temperature (293 K), the component noise figure can be taken as
equal to the insertion loss or conversion loss value. For other ambient temperatures, the noise
temperature of the component can be determined vig;

T= (L-l)TAMB +

T = Component Noise Temperature

Tams = Ambient Temperature in which component operates
L = Fractional Loss of Component

This can be converted into a NF value using;
é&d ., o .u
NF, =10loggs P =+ 1. 6
Component gg 295 K g ]'ld ( )
A table of noise temperature to noise figure conversions can be used.
The receiver noise figure can be found by adding the component contributions using (5) above.

2 Consider an input amplifier with 13 dB of gain. 13 dB °© 20 that, when substituted for Gai nlS‘COmponem in (4) yiddsa
NF

2" Component

20
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Receiver Minimum Detectable Signal (Noise Floor)

The MDS or noise floor for any receiver system can then be found by adding the noise power
contributions obtained from (3) and (5) above.

Example:
The system diagrammed below resides at room temperature. The measurement bandwidth is

BALANCED
GAUSSIAN OPTICSANTENNA FILTER MIXER LOW NOISE AMPLIFIER
A
Dtﬂ— T TO PROCESSING COMPONENTS
S N.F.° 3dB
ILo.1dB I.L.o-5dB GAIN° 20dB
C.L.°-5dB
I.L.c INSERTION LOSS LO INPUT

C.L. CONVERSION LOSS

100 kHz

The relative noise power at a measurement bandwidth of 100 kHz to that at 1 Hz is 50 dB (100
kHz = 10°) yielding a white noise power contribution of =174 dBm + 50 dB = -124 dBm. Using
the insertion loss or conversion loss to noise figure equivalence approximation at room
temperature and adding for the components in the diagram yields a receiver noise figure of 1.0
dB + 0.5dB + 5.0dB + 3dB = 9.5 dB>. Adding these two values yields an MDS or noise floor
value of —-114.5 dBm.

% The approximation on post amplifier noise power contributions has been ignored due to the high gain of the amp.
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A Brief Description of Y-Factor Radiometric Measurements
A generic test setup is shown below.

AMBIENT LOAD POWER OR VOLTAGE MEASUREMENT DEVICE

1

ANTENNA POWER OR VOLTAGE OUT

DUT I

LOADLN ,

Figure 1: Measurement Test Setup

The receiver/radiometer is allowed to reach athermal steady state of Tave1. A load
consisting of absorbing material (carbon based) at T1 (known ambient laboratory
temperature) serves as the hot calibration load while the same absorbing material, bathed
in liquid Nitrogen (LN; T2 = 77 K), serves as the cold load. The absorbing material,
residi ng at Thot (TCOLD) and then Tcolp (THOT) (T]_ and T, in Fi gure 1 above), is p| aced in
front of the receiver/radiometer such that it fills the entire field of view of the antenna.
The voltage® or power output of the measurement device is then recorded for each
temperature yielding:

Pnot = Power measurement at ambient |oad temperature= Vyor
Peoid = Power measurement at LN, load temperature. = VcoLp

The delta Y -Factor value is obtained from the slope, dY, of the graph of the temperatures
verses their respective voltages depicted in Figure 2 below.

The slope of the graph can be written in terms of the hot and cold Y -Factor temperatures
and the temperature of the device under test via the following equation:

dy = Pior _ Thor * Tour

s T T s Thor =T1, Teop =T»-
COoLD cop t lput

Solving for Tpyr yields:

T _ Thor -dY X p
puT = V-1

4 Tuixer Will be used to denote the noise temperature of receiver, radiometer or device under test.
® A detector operating in the square law region yielding a voltage that is directly proportional to the input power.
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The noise figure can then be calculated from the DUT noise temperature via:

& pyr

NFDUT(CIB) =10|Og T95

.
%]

It isimportant to note that the above calculation does not take into account the noise added by the antenna or by any
other device in the measurement chain.

Y-Factor Measurement

Temperature

Voltage
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