Communication Electronics

Lecture 7:

Noise In electronics



Fifth Solvay International Conference on Electrons and Photons
(October 1927). The leading figures Albert Einstein and Niels
Bohr disagreed:

Albert Einstein: ,,God does not play dice!”
Niels Bohr: ,Einstein, stop telling God what to do!”
In telecommunications random signals are called noise.

Noise impairs the performance of any communication link.

Noise is a macroscopic description of quantum effects!
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Equivalent noise temperature T [K]

Noise spectral density

Thermal noise :
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Planck law

Free space €,,u,

Thermal radiation

I,

Blackbody
I'=0

Solid angle
dQ)

Spectral brightness

dP
B T)=
ST df dA'd Q

Planck law of blackbody radiation B f( f,T)= :

2k, T f* 2k,T

Radl’O. hf<<kgzT - Rayleigh— Jeans approximation B f( 1, T )N > 2
Electronics | o A



T ,=T, notalossless

Blackbody I'=0 Antenna radiation resistance!

antenna property !
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Lossless antenna n=1
one polarization ! T,#0

iRadiation;
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filter B
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T7=0 ~~
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Cold sky
T=10K I=0

Vegetation
1=290K
['=0

Lake

I'|=1 — Mirror!
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one polarization !
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Lossless

antenna M=1
Amplifier

Natural
thermal
noise

Amplifier
thermal
noise

Apparent input noise
Py=Bky (T +T gy)

Allimpedances mathched Z Z Z,.=50Q

. = =
input output

Signal [noise ratio

T o= amplifier noise temperature reduced t o the input !

Bandpass

filter B

N/
N/

=N
O i) :PS,: Ps
N output PN, BkB(TA-l-TRX)

P,'=G Bky(T +T,y)

Different noise sources are uncorrelated,

therefore summing noise powers
(noise temperatures)!

k,~138-10 “J/K T,=290K~17"C

k.T
5 0~—-174dBm/Hz

10log,, 1



Amplzf ler chain P.'=G.G,G, P,

Amplifier Bandpass

#3 filter B
P
~~ [+
T, :
G=G,G,G,
Lossless T =T r, T, PN,:BkB{G3G2G1(TA+T1)+G3G2T2+G3T3}
antenna n=1 e =14yt ...

Allimpedances mathched 72, ~Z, 6 . ~Z ,.=50Q

input output

Infinite chain of
identical amplifiers
P :
Te
TA TRX j— 1
]| ——
G,




Amplifier Bandpass

filter B P,'=G-P,

~ |—e (ﬁ) _Ps'_ Py
N — Noutput PN’ BkB<TA+TRX)

Iy  Py=BkyT,

Py'=G Bky(T T i)
Lossless

antenna M=1 Allimpedances mathched Z Z Z=50Q

. s =S
input output

Nonsense Ps A property of
deﬁnition Of input BkBTA _ an ampliﬁer
the noise B G P, ., can not be a
figure: " m function of T !

. .. TRX . F>1

Sensible definition F=1+ 7 @ T,=290K €= T, =T (F-1) Noise figure F >0
0 dB
7 Fan
) Logarithmic units ~ F ;=101log,, F=101log,,| 1 +—= «> T,=T,10" —1)
Noise figure :
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Amplifier

Bandpass B~200kHz (GSM phone)

Omnidirectional P¢=7? ( % )
antenna - ~ ——o |5 >10dB [ S |_(n 10
T ,~T,=290K B > ~ [—O w ~ =10 © =10
N
FdB
k,~13810"7J/K T =T, 1010—1):2901{-(3.162—1):6271(

Py=B-k,(T ,+T,,)=200kHz-1.38-10 °J/K (290K +627K )=2.531-10 "W

S| ~15 . 14 _ Py _
ﬁ_z.531-10 W-10=2.531-100 *W  Pgu.=10log,, =—106dBm

Ps=Py 1mW

Simplified calculation valid only for T ,~T,=290K

PSdBmN(S/N)dB-l-(B)dB-Hz+<kBTO)dBm/Hz+FdB
_ kT,
B (kBTO)dBm/Hz_IOIOgIO 1 ~

~—174dBm/Hz
GSM phone Py ~10dB+53dB-Hz—174dBm/Hz+5dB=—106dBm

B =101 ——|=53dB-H
( )dB-Hz 089 1Hz Z




Satellite TV

Twodifferent ~ F;=1dB > T',=75K
receivers F,=0.5dB » T,=35K

AF ,=F,—F,=0.5dB

T +T
Al =101log, | =——
N dB TA+T2
S 20K +75K
Al—| =101 =2.37dB
. (N)dB Og”’[ZOKHSK]
Vegetation
1=290K
Amplifier Bandpass
filter B
G
P I
F




Celestial noise sources
T=10’K @ f~=27MHz

Omnidirectional
GP antenna
n=1

T ,~100000K

Two different F,=10dB > T,=2610K

receivers F,=5dB & T,=627K

AF ,=F,—F,=5dB

T +T,
T ,+T,

A(i) =101log,,
dB

S| _ 100000K +2610K
Al—] =10log,,
aB 100000K + 627K
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CB transceiver
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Bandpass

e T R T filter B
i i 2 ] i P.'=aGP
P iaPgl G L aG P, s
E : S S ~~
Rl R3 ——> TRX > | : ~ : g
: i l l E F :
e | W7 G7=aG Py'=G b ‘kB‘[aT H(1=a)T+T RX]
Lossless .
antenna M= 1 al +(1-a)T, (ﬁ) _PS,_ Py
. N output PN 1 TRX
Allimpedances mathched 2, ,,~Z,,...~Z =502 Bk T +T | —1|+——
a a

Frequent case T ,~T,=290K

1 Tee 1 _F

F'le—+ —— 1+ — Attenuator examples T ,~T,=290K

a al, a a (1) lossy antenna mz=101log,,n<0

(2)
23 )) filter bandpass loss az<0

lOSS)/ tmnsmission line adB< O
F '~F .—a a..=101lo a<(
dB 1 4B dB dB £10

Attenuator noise

4

mixer insertion loss az<0
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Gy S =P G- 1 A 2. G ry
N Bikg \dmr) (T 4T )
PN:B'kB'(TA"'TRX) SyStem
Receiver
G oy » Receive
(G/T):<T T ) [K ] antenna G, Amplifier Bandpass
At py filter B
(G/T)dB,KZIOloglo G |dB/K | p ~
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Amplifier device Gain Noise temperature | Noise figure
G [dB] T, [K] F  [dB]
Vacuum tube with control grid (triode, pentode) 1020 16009000 815
Vacuum tube with speed modulation (klystron, TWT) 2050 300030000 1020
Parametric amplifier (varactor room temperature) 1015 75300 13
Si BJT or JFET or MOSFET (room temperature) 1020 75300 13
GaAs FET or HEMT (room temperature) 1015 20120 0.3~1.5
Gads FET or HEMT (cooled liquid-nitrogen 77K) 1015 [—35 0.1<0.5
Si or SiGe or InGaP MMIC amplifier 1025 1701600 28
Operational amplifier 40100 10*~10° 1666

Active — device noise
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Linear description [S ]:[SU . 12]

U PSR P
PN
S T ¢ N °
ource 1 Input [S] Output
# 1 1 #2
(antenna) ° N / ' °
. Ampl ifier ( transistor ) with
Description of amplifier noise i _~"uncorrelated noise sources U, I,
Uy, Iy 2 F,w. I, ry=noise parameters
Ry  |T~Tof L
F=F,y+4 Z. (1 ng T =F yytary 0 rg2 1+T P Impedance mismatch
k (1= ") [1+T| (1=[T,[")1+T, Z  #7.=50Q
F \yy=minimum noise figure at T ,=T, linear units(not dB!) Z o™ L x=5082

" ,=optimum source reflection for F,,, (uncorrelatedwith [S]!)

R
R, | Q|=noise resistance vy = Z—N =normalized noise resistance (usually Z ,=50Q)

K

Noise parameters



Cold |

resistor R

Tl
I
I
Hot
resistor R
I C

Py, GBky(Ty+T ) To+T gy

_Pl _G'B'kB'(Tl"'TRX)_Tl"'TRX

T,+T
Y ,=10log, ——>2%
dB 10T1+TRX
T
RX — 2y_1 : F=10log,,

Hot [ cold method

1+

Amplifier
under test

7, 17T

(Y_1>'To

|

Bandpass

filter B P1:G'Af'k3'(T1+TS)

N~/
Y

Power
meter

P,=GA fky(T,+Ty)

Resistor type Noise temperature

Antenna into cold sky ~20K
R cooled liquid nitrogen ~T7TK
Antenna into absorber ~290K

R room temperature ~290K

Lightbulb filament as R ~2000K
lonized gas as R ~10°K
Diode avalanche breakdown ~10°K
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Amplifier
H . = ' | :
under test i G, B=uncertain . IF :

28V l 1kHz

Mixer amplifier
Noise-diode Control
head P~
T /T F
2 1
B
T',~290K Calibration Measurement

5 receiver i
ENR =10 loglo(TZ/T1 — 1) et meeeeeeeesmeesesaeesessssssessesssessesssessessessaa]

Four measurements with calibration :

Two measurements without calibration (1) P,=G, Gy Bky(T\+T py+T1,/Gpy)

Py T et W ol G e

Y = = —
Pl T1+TRX+TM/GRX (2) PZ_GMGRXBkB<T2+TRX+TM/GRX)
o 3) P=GyBky(T 4T,
oy = 2 LM ¢ G, known (4> P4:GMBkB(T2+TM)
Y—1 G ry Four equations for four unknowns:
Fs=10log, |1+ 1 Tz_Y'T1_ Ty Tevr Gror T & (G Boky)
" Tl Tl G Noise— figure meter
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