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White Noise

e In 1928 Johnson and Nyquist ID the
Problem

e Nyquists Theorem
P=KTB
P = Noise Band power in Watts
T = Temp Degree Kelvin (T)
K = Boltzmans Constant 1.38X10™°
B = Bandwidth (Hertz)




Excess Noise Ratio in dB

ENR=10Log((T/290)-1) I
I
f

T in Kelvin is the temperature of a resistor
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Noise Equivalency Reference Chart

NOISE EQUIVALENCY REFERENCE CHART

EXCESS NOISE

| RATIO
ENR_(08)

EOURVALENT NOISE BANDWIOTH 1MHZ

NOISE

POWER
DEM
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318.0

440 x 10
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527 x 10
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Applications of
Noise Technology

Measure Noise Figure

Gain and Bandwidth Parameters
Susceptibility to External Interference
Jamming

System Self Test




Noise Measurements

e The Radiometer

'\ * Noise Standards

e Calibration of Noise Standards

e Errors in Noise Measurements '
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Noise Figure Measurements

e Y Factor

e Twice Power Measurements
e Automatic Measurements

* Noise Figure to Temperature

14
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ADVANGCED TECHNICAL MATERIALE INC.

A. Twice-Power hod of Manual
Measurement

In aerually measuring the “Ni'* and "N, of equation
(%), If Ng was set to be twice Nj thén equation (5)
reduces bo:

| —T |
)
:di'!- = lUIir;.,——,_I-_-.-—- 10 log (1) EXCESS MNOISE 2 &

= 10 1og (T,
RECEIVER ADDED NOISE
With the proper L|'|_L1|:Il‘|.E ik, [Ju: conditie
cin be established by ;
noise power of the nolse source. With ¢ INPUT TERMINATION 2 &
of figure 3, the procedure would be:

1) Set a convenieat reference onthe power detector
with the excess nolse source "coldand the 3db
pad out, This is Ny.

Figure 4. Representation of total noise power output
for the ““twice-power"’ method of manual noise

figure measurement,

2} Insert the 3 db pad and fire the excess noise
S0UTCe.

3) Vary the roary vane attenuator until the or INPUT | EXCESS ROTARY VAME
inal power detector reference point is reached, TERMINATION NOISE ATTENUATOR
This creates a condition of N2 = 2 Ny, SOURGE

Figure 4 illustrates this condition, in wlmh the out=

put I'I;-m. ro'acf:.in:r:' |rpl-:l“ ey [-.- 1 :‘ e POWER HE@EI‘-‘EH
exactly equals the sum & ampli put 1er

nation noise plus the receiver nofse comtribution, DETECTOR 3db TE%ErH
Since this excess noise tatio was adjusted with the FaD
attenuator to be equal to input termination noise plus
receiver noise ':l'.ere.j- causing N = 2 Ny}, from
equation (5) it cen be seen that the attenuated excess
noise rato is equal to thenolse figureof the receiver,
In the case of am argon source, it can be read as
15.2 db minus the atenuator setting (in db).

LD=5=550

-

Figure 3. The “twice- -power'" method of manual noise figure measurement.
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Noise Figure vs. Noise Temperature
Conversion Chart
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Noise Source UU
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Noise Figure Equivalence Chart




Applications by Industry

o Military
e Electronics Manufacturing
o Communications

i
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Noise Standards

e Characteristics
- Flat Power Spectrum
- High Degree of Stability

!
e 3 Classes
- Noise Diodes
- Gas-Discharge Tubes
| - Thermal Noise Sources
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Generation of Noise

Source

1) Resistor

2) Gas Discharge

Tube
3) Saturated Vacuum
Diode
4) Avalanche Diode
5) Shift Registers

Mechanism Range of Use

Frequency

Thermal Noise Subaudio to Millj-

meter Waves

Radiation from VHF to Millimeter

Plasma

Waves

Shot Noise Audio to VHF

Avalanch

e Noise Audio to Microwave

Pseudorandom Subaudio to RF

Noise

26



Thermal Noise Calculation

Calculate the thermal noise voltage for a 1 k resistor
when B ( f)=1 Hz and the temperature is 25 °C,

77 K (liquid nitrogen) or 4.2 K (liquid helium).

At 25°C, T =(273.16 + 25) K ~ 298 K.
E* 4138x10% JK 298K 1Hz 1000

165x107W  1.65x107 V2
E, (rms) 4nV

At77K, E?=425x10" V*and E, (rms)=2nV

27



Avalanche Noise Region

This is a form of noise produced by Zener or avalanche
breakdown in a pn junction.

[n avalanche breakdown, holes and electrons in the depletion
region of a reverse-biased pn junction acquire sufficient energy
to create hole-electron pairs by colliding with silicon atorms..

This process 1s cumulative, resulting in the production of —
random sertes of large noise spikes.

The noise is always associated with a direct-current flow, and
the notse produced is much greater than shot noise in the same
current, as given by i*=2¢I, -B

28




Vacuum Diode Noise Source

PAS



High Temperature Noise Standard

OF HIGH PURITY
DISTRIBUTOR
RESISTIVE MATERIAL WEDGEINOISE GENERATOR)
. WAVEGUIDE
WATER JACKET ATTACHED TO FLANGE
MANUALLY CONTROLLED HEATING COILS
SER CONTROLLED HEATING COIL

2.
4,
3,

-~

W M =y J
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Low Temperature Thermal
Conductivity

Elmctrobyt |.7i

1 &0

Teamparature,




Error Flow Diagram
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DUT Noise Temperature Errors

A typical set of systematic errors at 3 GHz for a DUT noise temperature of 11000 K. The source
errors in column two are explained in the text, Column three shows the resulting 7 errors in the
DUT noise temperature

o DUT NOISE TEMPERATURE ERROR

Frequency = 3 GHs Noise Temp = 11000 kelvin

Source Source Error + % Errorin Ty
eq (3.2) 0.64
f A 0.25 K 0.17
Mismatch 0.005 0.14
Asymmetry 0.01 dB 0.22
Isolation 50 dB 0.09
Connector 0.05 /% 0.15
Offzet 0.07

Nonlinearity 1.42¢10°8 D.02

Total Error (linear sum| 1.72

111 33 EITDI'




INTERCOMPARISON WITH ENGLAND

9.0 GHz . 9.8 GHz

™ &
'ne ENR ENR

in Kelvin in [ f o Elvin in T : ne
! Ln [ in Kelvin in Decibels in Kelvin in Decibels

) Il

11178
111640

11178
11150

11183

11234
11196

11228
11191

11230

W |
LA LA LA

d
L
1
:
:

T
Ll

11213 5,758 : b o

11188 15.75¢ iy SRR L

11210 5. 5. 772 Ilniiiju
11178 5 e b

1131:1 158 Lotk 1122
5.75 766 11264

llh??ilt T 49 . B1 11384
11334 o L 15,82 11354
.ilﬁﬁﬁ T Al .81 11386

335 368 1 11342
11335 5. 80 5.815 11588
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INTERCOMPARISON WITH SWEDEN

Comparison of January-June

st No. 40020
NBS

FOA

t No. 40021

MBS

FOA

Comparison on May-June

NBS Tes MNo. 40021

NBES
FOA

NBES Test No. 40012

NBS - 76 dB
.090 K) [ , 200 K)

FOA -81 4B 1 B6 4B

®All effective noise temperature measurements are related to
the IPTS5-48 temperTature Scale.




Noise Amplification

e Bandwidth Power
e Crest Factor
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Crest Factor (CF)

The peak value of a signal divided by its root-mean-
square (rms) value is termed crest

Statistical tables for the normal distribution provide the
CF values shown in Table.

Probability (%) Crest Factor
4.6

|

0.37
0.1
0.01
0.006
0.001

0.0001

For example, CF = 3.3
for a 0.1% probability
means that the peak
value will exceed 3.3
times the rms value
only 0.1% of the tim:

-,
S )

R 7
O
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Electronic noise has a Gaussian PDF because it results from a
large number of random, independent events.

This means that its PDF is bell-shaped and follows the equation:

Ordinates are the probability
density of a specific x-value
(In s—units).




Amplifier Bandwidth & Power

* Noise Power =
Unit noise power X bandwidth

e Consequently for some designs wider
bandwidths may require a higher
compression point amplifier

40



Communications Systems
Testing

» White Noise Testing
e Bit Error Rate vs. Noise

i
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White Noise Testing

MNoise
Pawer
Density

MOISE
GEMERATOR

A band-stop filler is switche

The ch

ige in the atteny

STSTEM
UNOER TEST
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—

[ NOISE \

’-‘ RECEIVER

din and the receiver inpuf attenuater re-adjusted fo give the same metérindication
ar 15 the np.r of the system
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CARRIER MODEL 4647
IF NOISE
TEST SET

MODULATOR

FOR FOR
DIGITAL FM/FDM
R i Caatia|
| |

|
' I

DATA WHITE NOISE
GENERATOR TRANSMITTER

CARRIER +
NOISE

DEMODULATOR

BER NPR
RECEIVER RECEIVER

DIGITAL FOM/FM




ATM Noise Sources
(Z Model)
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ATM Noise Source
(Y Model)
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15.5 dB Noise Figure Meter Compatible
Noise Sources 7- Package

HOUSING: 94" X B1" X 4.2" (Max.)
DC INPUT: BNC (F) CONN
RF OUTPUT: TYPE-N (M) CONM.

Freq Range Noise Output VSWR max Calibration
GHz ENR (dB) ON/OFF Frequencies

10-40 15.54/-0 ¢ 1.25:] 1.0 GHz increments

20-80 5.5+-01 1.25: 1.0 GHz

1.0-12.4 156+ 25! 1.0 GHz increments

40-12.4
1.0-18.0

m

-
o

1.0 GHz

*Models

1.0 GHz increments

[t T S ﬁliﬁ:inu._l
LT AL Sl A

1 i
e e

Model No.

NX153EL

Package
Code’

[ W | e A (e O (e




X Package Microwave Noise Generators

15.5 dB Noise Figure Meter Compatible Noise
Sources - X Package

HOUSING: 78" X 75" X 3.4" (Max.)
DC INPUT: BNC (F) CONN
RF OUTPUT: SMA (M) CONN

1.0-20
20-40
A0-80

8.0-120
U= lad

iT
Hp )

E+-05 1.20:1 0.5 GHz increments MX15

i3]
iy

+-05 1.20:1 1.0 GHz increments NX15

—

+-05 1.20:1 1.0 GHz increments

LT

i h
LT

+- 0.5 1.35:1 1.0 GHz increments

12.0-18.0

iy
Lr

E+-05 1.35:1 1.0 GHz increments M¥1512

d for either series by changing the suffix of the model number




Y Package Microwave Noise Generators

High Noise Output Noise Sources

Y - Package

HOUSING:
DC INPUT:
RF OUTPUT:

Freq Range  Noise Output Noise
GHz ENR (dEB) Flatness (dB)

)

30 - 36 s,
30-:

30

+-1

+-1

SMA (F) CONN.

SMA (M) CONN

Calibration Package’
: Model No. e
Frequencies Code

10, 70, 140 MHz
0.5 GHz increments
1.0 GHz increments
1.0 GHz increments
1.0 GHz increments

1.0 GHz increments
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