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Solution of Serie 11
Noise Figure, Power Gain and Noise Temperature of an Amplifier

We will assume the following conditions :

e The temperature T is equal to 290 Kelvin.
e The power gain of each amplifier is constant on the frequency bandwidth B = 100 kHz
and equals to zero outside this bandwidth B.

e The noise factor of each amplifier is constant on the frequency bandwidth B = 100
kHz.

Question A

e We consider the amplifier 1 such that its power gain in the frequency bandwidth B =
100 kHz is equal to G1 = 30 dB and its noise figure is equal to NF1 = 6.02 dB.

e We consider the amplifier 2 such that its power gain in the frequency bandwidth B =
100 kHz is equal to G2 = 10 dB and its noise figure is equal to NF2 =9.03 dB.

e Calculate the noise factor F of the circuit constituted by the cascade of the amplifier 1
and of the amplifier 2.

Answer:

By definition of the gain expressed in dB, we have :

30dB 10dB

G, =101 =1000and G, = 10 10 = 10

By definition of the noise figure, we can express the noise factor of the amplifiers as :

6.02dB 9.03dB

NFy 6.02dB NFy
F, =101 =10 10 =4andF, =101 =10 1 =8

We have the following circuit :

G1=1000 G2=10

Fi=4 F2=8

Its noise figure is given by the Friis formula as follows :
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Thus the noise figure of the whole cascade is given by :

F:F1+

NF = 10log(F) = 10log(4) = 6.02[dB].

Question B

e We consider the amplifier 3 such that its power gain in the frequency bandwidth B =
100 kHz is equal to G3 = 10 dB and its noise figure is equal to NF3 = 6.02 dB.

e We consider the amplifier 4 such that its power gain in the frequency bandwidth B =
100 kHz is equal to G4 = 30 dB and its noise figure is equal to NF4 =9.03 dB.

e Calculate the noise factor F of the circuit constituted by the cascade of the amplifier 3
and of the amplifier 4.

Answer:
We have now G; = 10 and G, = 1000.
The noise factors of the amplifiers are the same as before: F; = 4 and F, = 8.

The circuit is as follows :

G1=10 Gz = 1000

F1=4 F2=8

As before, its noise figure is given by the Friis formula :

pep a2ty 87 T 4y
vt 6 T 10 ~ 10

Thus the noise figure of the whole cascade is given by :
NF = 10log(F) = 10log(4.7) = 6.72[dB].
Question C

e (alculate the power gain G of the circuit constituted by the cascade of the amplifier 1
and of the amplifier 2.

Series 11:

Noise Figure, Power Gain and Noise Temperature of an Amplifier- Chap. 5

Winter semester 2020-2021

Prof. Catherine Dehollain Page 2 sur 7



=EPFL
HF&VHF Circuits
and Techniques |

e Calculate the power gain G of the circuit constituted by the cascade of the amplifier 3
and of the amplifier 4.

Answer:
The gain of both cascade is simply given by : G = G, - G, = 10* which corresponds to 40 dB.
This shows that even if the whole gain is the same, the noise figure change noticeably. As a

general rule, it is recommended to have the highest gain amplifiers at the beginning of the
cascade (this is only true when noise factors are of the same order of magnitude).

Question D

e Calculate the noise temperature T; associated to the circuit constituted by the cascade
of the amplifier 1 and of the amplifier 2.

e Calculate the noise temperature T; associated to the circuit constituted by the cascade
of the amplifier 3 and of the amplifier 4.

Answer:

Since the noise factor is linked to the noise temperature by the relation (5.17) :

Ty
F=1+-—
T

the noise temperature for case 1) is given by :
Trqy=(F—-1)-T=(4-1)-290K =870K
and the noise temperature for case 2) is given by :
Ty =(F,—1)-T=(47-1) 290K = 1073 K.
Question E
e Calculate the Power Spectral Density of the basic noise generated by the circuit
constituted by the cascade of the amplifier 1 and of the amplifier 2 by considering this

noise at the input of the circuit (notation Np on p. 5-3 or Na on p. 5-6 of the HF&VHF
course).

e Calculate the Power Spectral Density of the basic noise generated by the circuit
constituted by the cascade of the amplifier 3 and of the amplifier 4 by considering this
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noise at the input of the circuit (notation Np on p. 5-3 or Na on p. 5-6 of the HF& VHF
course).

Answer:
We suppose that the amplifiers are noiseless and that all the noise at output comes from a

noise source at the input of the amplifier. The noise factor is linked to the PSD of the noise
available at the source by relation (5.16):

F—1+N“
N kT

In case 1), we have :

N, =kT-(F,—1) = (1.38-10723]/K) - (290 K) - (4 — 1) = 12.006 - 10721 ]

In case 2), we have :
N, =kT-(F,—1)=(1.38-10"23]/K) - (290K) - (4.7 — 1) = 14.8074 - 10721 ]
Question F

e Calculate the average value of the noise factor F of the circuit constituted by the
cascade of the amplifier 1 and of the amplifier 2 on the bandwidth B = 100 kHz.

e Calculate the average value of the noise factor F of the circuit constituted by the
cascade of the amplifier 3 and of the amplifier 4 on the bandwidth B = 100 kHz.

Answer:

In both cases, the noise factor is constant in the considered bandwidth B. So we simply have :
F=F

Question G

e We assume that the Signal over Noise Ratio at the input (SNR) is equal to 10.

e Calculate the Signal over Noise Ratio at the output (SNRou) of the circuit constituted
by the cascade of the amplifier 1 and of the amplifier 2.
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e Calculate the Signal over Noise Ratio at the output (SNRou) of the circuit constituted
by the cascade of the amplifier 3 and of the amplifier 4.

Answer:

Since the gain of the amplifiers is assumed to be constant on the bandwidth, the signal to
noise ratios at input and output are related as follows :

F =38 (relation 5.11)
SNR,
In case 1) we have : SNR, = % = 14—0 =25
In case 2) we have : SNR, = % = % = 2.12

We can notice the degradation of the signal to noise ratio.

Question H

e We assume that the Signal over Noise Ratio at the output (SNRow) is equal to 1. It is
recalled that the bandwidth B = 100 kHz and that the temperature T = 290 Kelvin.

e (alculate the minimum detectable signal (MDS) associated to the circuit constituted
by the cascade of the amplifier 1 and of the amplifier 2.

e Calculate the RMS value Vinrms of the input voltage; we do the assumption that the
input impedance is equal to Rin = 50 Q.

e (alculate the minimum detectable signal (MDS) associated to the circuit constituted
by the cascade of the amplifier 3 and of the amplifier 4.

e Calculate the RMS value Vinrms of the input voltage; we do the assumption that the
input impedance is equal to Rin = 50 Q.

Answer:
We have to calculate Lin by assuming SNRou is 1, B is 100 kHz and T is 290 K.

Relation 5.26 is expressed by :

MDS = Ly = NF + 10log=— + (SNRyc) ap [dBm]
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Therefore, in Case 1, we have:

10 log—— = —124 [dBm]

10 log (SNRou) = 10 log (1) = 0 [dB]

'NF = 6.02 [dB]

Linin = —117.98 [dBm]

The corresponding RMS voltage is calculated as follows :

2
The power is given by : Py = (VW};ﬂ
IN

We also have :
PN Lmin 15
Lmin = 1010gm & Py =1010 - 1mW = 1.5922087 - 10~ >W

which correspond to a voltage of :

ViNews = VRIN * PN = \/1.5922087 -10715 .50 = 0.282153uV

In Case 2) we have as above :

MDS = Ly = NF + 10log=— + (SNRgy) gz [dBm]

10 log—— = —124 [dBm]

10 log (SNRou) = 10 log (1) = 0 [dB]
NF = 6.72 [dB]
Lyin = —117.28 [dBm]

We also have :

Lmin
Py =10710 - 1mW = 1.871- 1071w
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which correspond to a voltage of :

ViNews = VRIN - PN = \/1.871 -10715.50 = 0.3058 uV

Question I

e The circuit constituted by the cascade of the amplifier 1 and of the amplifier 2 is
considered. Calculate the output signal level Loy when the minimum detectable signal
MDS is applied to the input of the circuit.
e The circuit constituted by the cascade of the amplifier 3 and of the amplifier 4 is
considered. Calculate the output signal level Lout when the minimum detectable signal
MBDS is applied to the input of the circuit.
Answer:
We simply have: Ly, = Lipnin + G1[dB] + G5[dB].
In case 1) it gives :L,,; = —117.98 [dBm] + 30 [dB] + 10 [dB] = —77.98[dBm]

In case 2) it gives :L,,; = —117.28 [dBm] + 10[dB] + 30 [dB] = —77.28 [dBm]
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