CHAPTER 14

Noise in Active Networks

14.1 INTRODUCTION

Having done a stability check and having met the gaguirements of an amplifier, the
next important point to consider is noise. In d&irRicrowave amplifier, the existence of
noise signal plays an important role in the ovedasign procedure and needs to be
grasped before a meaningful design process cae\maped.

Noise power results from random processes that exisature. These random processes
can be classified in several important classes emcterating a certain type of noise
which will be characterized shortly.

Some of the most important types of random processs
1. Thermal vibrations of atoms, electrons and mdksx in a component at any

temperature above K.
2. Flow of charges (electrons and/or holes) wiee or a device.

3. Emission of charges (electrons or ions) frosudace such as the cathode of a diode
or an electron tube, etc.

4. Wave propagation through atmosphere or any otfasr

14.2 IMPORTANCE OF NOISE

Noise is passed into a microwave component or sysither from an external source or
is generated within the unit itself. Regardlesgh&f manner of entrance of the noise
signal, the noise level of a system greatly affétsperformance of the system by setting
the minimum detectable signal in the presence @fenoTherefore it is often desirable to
reduce the influence of external noise signals amdimize the generation of noise

signals within the unit, in order to achieve thstljgerformance.



14.3 NOISE DEFINITION
Since noise considerations are of important corsacps, we need to define it first:

DEFINITION - ELECTRICAL NOISE (OR NOISE): Is defined to be any unwanted electrical
disturbance or spurious signal. These unwantedagyare random in nature and are
generated either internally in the electronic comenots or externally through impinging
electromagnetic radiation.

Since signals are totally random and uncorrelatetime, they are best analyzed though
statistical methods. Their statistical propertiaa be briefly summarized as:
a. The "Mean value" of the noise signal is zerpi.e.,

t 4T

Vo=Lim, 1/T jvn(t)dt =0 (14.1)
ty

Where \, is the noise mean value,,() is the instantaneous noise voltagejst any
arbitrary point in time and T is any arbitrary petiof time ideally a large one
approachingo.

b. The "mean-square-value" of the noise signal is a ostant value i.e.,
_ t+T

V.2 =Lim, 1/T j[vn(t)]zdt =Constant (14.2)
ty

c. The "root-mean-square" (rms) of a noise signal isigen by:

Vims =\ Vs’ (14.3)
or,
(Vi) =V, (14.4)

The concept of "root-mean-square value" of noisgiasn by Equation (14.3), is based

on the fact that the "mean-square vaIL}ér']'f , Is proportional to the "noise power". Thus

if we take the square root of Equation (14.2), vastam the "rms value" of the noise
voltage which is the "effective value" of the noigdtage.

14.4 SOURCES OF NOISE
There are several types of noise which needs teheed:

a. DEFINITION -THERMAL NOISE (ALSO CALLED JOHNSON NOISE ORNYQUIST NOISE): IS
the most basic type of noise which is caused byndievibration of bound charges and
thermal agitation of electrons in a conductive miae This is common to all passive or
active devices.



b. DEFINITION -SHOT NOISE (OR SCHOTTKY NOISE ): is caused by random passage of
discrete charge carriers (causing a current "I",ato motion of electrons or holes) in a
solid state device while crossing a junction orestdiscontinuities. It is commonly found
in a semiconductor device (e.g. in a pn junctionaofliode or a transistor) and is
proportional to (I}2.

C. DEFINITION -FLICKER NOISE (ALSO CALLED 1/f NOISE): is small vibrations of a
current due to the following factors:

1. Random injection or recombination of charge carsi@t an interface, such as at a
metal semiconductor interface (in semiconductorais).

2. Random charges in cathode emissions of electricgelsasuch as at a cathode-air
interface (in a thermionic tube).

Flicker noise is a frequency-dependent noise, whidtorts the signal by adding
more noise to the lower part of the signal bandrthithe upper part. It exists at
lower frequencies, almost from DC extending dowagproximately 500 kHz to 1 MHz
at a rate of —10 dB per decade

14.5 THERMAL NOISE ANALYSIS

To analyze noise, let us consider the circuit showigure 14.1a where a noisy resistor
is connected to the input port of a two-port netwdiocusing primarily on thermal noise,
we note that the available noise power (i.e. marinpower available under matched
conditions) from any arbitrary resistor has beeswshby Nyquist to be:

Pv=KkTB (14.5)

Where,

k= Boltzmann's constant (=1.374x18° J/K).

T= The resistor's physical temperature.

B= The 2-port network's bandwidth (i.e., B= {;-f.).

Since the noise power does not depend on the cieatgrency of operation but only on
the bandwidth, it is called "white noise" as shawifrigure 14.1b.

There are a few observations about noise powgrwRich is worth considering:
a. As bandwidth (B) is reduced, so does the noiseep which means narrower
bandwidth amplifiers are less noisy,
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FIGURE 14.1 White noise in an amplifier.



b. As temperature (T) is reduced, the noise poweldo lessened which means cooler
devices or amplifiers generate less noise power,

c. Increasing bandwidth to infinity causes an iméinnoise power (called ultraviolet
catastrophe) which is incorrect since (14.5) foriseopower is only valid up to
approximately 1000 GHz.

14.6 NOISE MODEL OF A NOISY RESISTOR
A noisy resistor (R) at a temperature (T) can be modeled by an ideiskfess resistor
(Rno) at 0°K in conjunction with a noise voltage source, (M) as shown Figure 14.2. If
we assume that the resistor value is independdetgjerature theRyo=Ry.

Flayq (T=0K)
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FIGUIRE 14.2 Model of a
nolsy resistor.

From this model, the available noise power to thedl| (under matched condition) is
given by (see Figure 14.3):
V 2

P, = e 14.6
VIR, (14.6)

FIGURE 14.3  Avallablenoise Ru
power.
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Equation (14.17) provides the noise power availffden a noisy resistor which equals
Equation (14.5) for any arbitrary resistor. Thus:
Pn=KTB (14.7a)

V, ms = 2/PyRy =2,KTBR (14.7b)

n,rms

From Equation (14.7) we can observe that the neideage is proportional to (1%).
Thus higher-valued resistors have higher noiseagelteven though they provide the
same noise power level as the lower-valued resistor

ExampLE 14.1
Calculate the noise power (in dBm) and rms noiseage at T=290K for
a.R=1Q, B=1Hz



b. Ry=2 MQ, B=5 kHz.

Solution:

a. The noise power is given by:

k=1.374x10° JFK

Py=kTB=1.374x10" x290x1=3.985x18" W

Or in dBm, we have:

Pn(dBm)=10l0g(3.985x16"%10°)=-174 dBm

This is the power per unit Hz. The corresponding@eooltage for a D resistor is given
by:

Voms = 2/PyRy, =2V 398502 x1 = 126x10°1V

=12.6x10° pVv

b. For a 5 kHz bandwidth, we have
P\=kTB=3.985x10"x5000=19.925x1%* W

The corresponding noise voltage for a 2 esistor is given by

Vv =2PyRy = 21/ 19925x107 x2x10° = 126x10°V

n,rms

=12.6puV

14.7 EQUIVALENT NOISE TEMPERATURE

Any type of noise, in general, has a power spectminich can be plotted in the
frequency domain. If the noise power spectrum tsanstrong function of frequency (i.e.,
it is "White" noise) then it can be modeled as auiwalent thermal noise source
characterized by an "equivalent noise temperaf{rg"

To define "the equivalent noise temperature” (T&,consider an arbitrary white noise
source with an available powersfaving a noiseless source resistangg & shown in
Figure 14.4a. This white noise source can be redldzy a noisy resistor with an
equivalent noise temperature, @efined by:

PS
=_S 14.8
e~ 1B (14.8)
Where B is the bandwidth of the system or the camepbunder consideration.
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FIGURE 14.4 (a) An arbitrary white noise source, (b} equivalent circuit.



EXAmMPLE 14.2

Consider a noisy amplifier with available power gdG,) and bandwidth (B) connected
to a source and load resistance ( R ) both at a3 shown in Figure 14.5. Determine
the overall noise temperature of the combinatiod #re total output noise power if the
amplifier all by itself creates an output noise powf B,.

FIGURE 14.5 A noisy
amplifier.
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Solution:
To simplify the analysis, let us first assume ttie source resistor is at T#Q This
means that no noise enters the amplifier, i,g5®

The noisy amplifier can be modeled by a noiselasgliier with an input resistor at an
equivalent noise temperature of:

T, = Py (14.9)

G, kB
Te is called the equivalent noise temperature ofamplifier "referred to the input" as
shown in Figure 14.6.

R Prio = KGaETe

Meoiseless
amplifier

(=) (B
FIGURE 14.6 Equivalent models of a noisy amplifier.

Since source resistor ( R ) is at a physical teatpes other than zero (T3)T, then as a
result the combined equivalent noise temperatugé i€Tthe addition of the two noise
temperatures:

Te=TetTs (14.10)

Assuming the noise power at the input terminalghefamplifier is R (=kTsB), the total
output noise power due to the amplified input thernoise power will be (&Py;) which
adds to the amplifier's generated noise powegy l[Rearly by using the superposition
theorem (see Figure 14.7), i.e.,

I:)No;tot:GAl:)Ni"'P,n:GAkB(T S+Te)

Prostot= GaAKBT e (14.11)
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FIGURE 14.7 Total output nolse power and its equivalent circuit.
NOTE: It is important to note that from (14.11), the "agent noise temperature" {¥
is defined by "referring” the total output noisewsr to the input port. Thus the same
noise power is delivered to the load by drivingnaiseless amplifier" with a resistor at
an equivalent temperaturedFT+Ty).

14.7.1 A Measurement Application: Y-Factor Method
The concept of equivalent noise temperature is confynused in the measurement of
noise temperature of an unknown amplifier using"tdactor method". In this method,
the physical temperature of a matched resistothanged to two distinct and known
values:
a. One temperature (Jis at boiling water (7=100°C) or at room temperature 3290
OK),
b. The second temperature,jTs obtained by using either a noise source
(hotter source than room temperature) or a loadarsed in liquid nitrogen at T=77

°K (a colder source than room temperature) as shiowigure 14.8.
R

| Ty{hot) ‘ B

FIGURE 14.82 “-factor
method.

The amplifier's unknown noise temperature) @an be obtained as follows:

Pno1=GakB(T 1+Te) (14.12)
Pno2=GakB(T2+Te) (14.13)
Now define:

I:)No,l

Y =

No,2



Thus we can write:

Y = Il :1 (14.14)
2 e

Or,

T, = % (14.15)

From a measurement of,TT, and Y the unknown amplifier's noise temperaturg ¢an
be found.

POINT OF CAUTION : To obtain an accurate value for Y, the two tempees ideally must
be far apart; otherwise ¥ and the denominator of Equation (14.15) will deea
relatively inaccurate results.

NOTE: A noise source "hotter" than room temperature, aeduin the Y-factor
measurement, would be a solid state noise soutm (@s an IMPATT diode) or a noise
tube. Such active sources, providing a calibrated apecific noise power output in a
particular frequency range, are most commonly chteazed by their "excess noise
ratio” values vs. frequency. The term "excess nmaitse" or ENR is defined as:

P, -P T, -T
ENR(dB) =10log,,| *—2 | =10log,,| ——=2 (14.16)
I:)O TO
where R and Ty are the noise power and equivalent noise tempezatf the active
noise generator, and fand T are the noise power and temperature of a passive
source(e.g. a matched load), respectively.

14.8 DEFINITIONS OF NOISE FIGURE

As discussed earlier, a noisy amplifier can be attarized by an equivalent noise
temperature (J. An alternate method to characterize a noisy dmplis through the use
of the concept of noise Figure which we need tanefirst.

DEFINITION - NOISE FIGURE: Is defined to be the ratio of the total availablgise power
at the output, (B)wt, to the output available noise powergjPdue to thermal noise
coming only from the input resistor at the standaydm temperature 290 K).

To formulate an equation for noise figure (F), usttransfer the noise generated inside
the amplifier (R) to its input terminals and model it as a "noissleamplifier which is
connected to a noisy resistor ( R ) at noise teatpeg () in series to another resistor (
R ) at T=To, both connected at the input terminals of the Salgiss" amplifier as shown
in Figure 14.9. From this configuration we canteuri

Pr=GaKT B (14.17a)

(Po)i=GaPni=GakBT o (14.17b)

(Po)tot=Pno=Pn+(Po)i (14.18)

F - (PO)IOt - (PO )i + Pn - 1+ Pn (14.19a)
(Po)i (Po)i G Py

Or,



F=1+ I (14.19b)

(0]
Or, in dB we can write:

F= 10Ioglo(1+ ~ ) (14.20)

(0]

FIGURE 14.9 A noisy amplifier

From (14.19) we can see that "F" is bounded by:
1< F <o (14.21)

The lower boundary (F=1) is the best case sceraaribis the noise Figure of an ideal
noiseless amplifier where.30.

From Equation (14.19b), we can write:
Te=(F-1)To (14.22)

NOTEL1: Temperature (dJ is the equivalent noise temperature of the ameplieferred to
the input.

NOTE 2: Either F or T can interchangeably be used to describe the rmigperties of a
two-port network. However, For small noise Figwaues (i.e., when #), use of ¥
becomes preferable.

POINT OF CAUTION : It is interesting to note that the noise Figure dsfined with
reference to a matched input termination at roomgerature (§=290 ). Therefore if
the physical temperature of the amplifier changesdme value other thar,Twe still
use the room temperatureg3290 K) to find the noise figure value.

14.8.1 Alternate Definition of Noise Figure
From Equations (14.17) and (14.18), we can write:
Pno=GaPni+Pn (1423)
(Po)=GaPni (14.24)
WhereP,=GaKT B is the generated noise power inside the amplifie noise figure
can now be written as:

I:>N I:>N P
F=—= - =1+—1 (14.25)
(Po)i GAPNi GAPN

The available power gain (pby definition is given by:



where P;  and P are the available signal power at the output ame input,
respectively. Thus Equation (14.25) can now betenias:
— Psi /PNi - (SNR)I

= = (14.26)
P, /Py, (SNR),

where (SNR)and (SNR) are the available signal-to-noise ratio at theutrgnd output
ports, respectively.

Equation (14.26) indicates that the noise figure alao be defined in terms of the ratio of
available signal-to-noise power ratio to the avddasignal-to-noise power ratio at the
output

14.8.2 Noise Figure of a Lossy Two-Port Network
This is an important case, where the two-port natwensidered earlier, is a lossy

passive component such as an attenuator or a ti@smission line, as shown in Figure
14.10.

R Lossy Network

* Gp BT * R

FIGURE 1410 A lossy two-
port network.

. P, . . :
A lossy network has a gairs(, =FO) less than unity which can be expressed in terms

of the loss factor or attenuation (L) as:

G, =% (Ga<1) (14.27)

Since the gain of a lossy network is less thanyunbifollows that the loss or attenuation

factor (L) is more than unity (i.e., L#P,>1) for any lossy network or component.

Expressing the attenuation factor (L) in "dB" gitke following:

L(dB) = —10Iog10[%J (14.28)

o

For example, if the lossy component attenuatesihie power by ten times, then we can
write:



G, = % =01 = L=1/G,=10=100dB

If the lossy network is held at a temperature (Mg total available output noise power
according to Equation (14.5) is given by:
Pno=KTB (14.29)

On the other hand, from (14.23) the available outmise power is also given by the
addition of the input noise power and the generatase inside the circuit (P
Pno=GaKTB + P,=KTB/L+P (14.30)

where Ris the noise generated inside the two-port. Eqgakguations (14.29) and
(14.30), we obtain Pas:

p = (%JKTB (14.31a)

NoTE: If we refer the noise generated inside the amplifig) to the input side (§,,
from (14.31a) we have:
(Pn)i=Pn/Ga=LP,=(L-1)kTB (14.31b)

Using Equations (14.31) we can now define the exjeit noise temperature JTof a
lossy two-port, referred to the input terminals, as

= (Pn): (L
T. = KB = Te~(L-1)T (14.32)

Thus the noise figure of a lossy network is givgn b

F=1+L
T

O

=1+(L -1)Tl (14.33)

(e}

A SPECIAL CASE:
For a lossy network at room temperature, i.e., JEfuation (14.33) gives:
F=L (14.34)

Equation (14.34) indicates that the noise figure dbssy network at room temperature
equals the attenuation factor (L). For exampl&4£1/5 then L=1/G=5, giving F=5 or 7
dB for T=T,=290 K.

Example 14.3
A wideband amplifier (2-4 GHz) has a gain of 10 dB,output power of 10 dBm and a
noise figure of 4dB at room temperature. Find th&at noise power in dBm.

Solution:
B=2 GHz



GA=10 dB

F=4 dB

F=Ruo/GaPni=Pno/GakT B

Thus:

PNo:FGAkToB

10 logoPrno=Pro(dB)=F(dB)+Gy(dB)+10 logo(KTo)+10 logo(B)
=4+10-174+10 lag(2x10’)= -67 dBm

14.9 NOISE FIGURE OF CASCADED NETWORKS

A microwave system usually consists of severalestayy networks connected in cascade
where each adds noise to the system thus degrtdirayerall signal-to-noise ratio.

If the noise figure (or noise temperature) of esidye is known, the overall noise figure
(or noise temperature) can be determined.

14.9.1 Cascade of Two Stages
To analyze a two stage amplifier, let us consideascade of two amplifiers each with its
own gain, noise temperature or noise figure as showrigure 14.11. The noise power of
each stage is given as follows:
Pno1=Ga1kB(T o+ Te1) (14.35)
PNOZZGAQPN01+GA2kTezB (1436)

R

T Gad

FIH::.'
Pai — & E—

FIGURE 1411 Cascade of two stages.

Combining Equations (14.35) and (14.36) we get:

PN02=GA16A2kB(T0+Te]_+T92/GA1) (1437)

The two-stage amplifier as a whole has an total ghiGa=Ga1Ga2, an overall equivalent
noise temperature {fand a total output noise powerdp given by:

Pno=GakB(T o+Te) (14.38)
Comparing Equation (14.38) to (14.37) we have:
Te=TertTedGar (14.39)
The overall noise figure (F) for the two-stage aifrgrlis found by using (14.39):
F=1+TdTo=1+(Tert TedGa1)/To (14.40)
By noting that:
F1=1+Ted/To, (14.41)
Fo=1+4TedTo (14.42)
Equation (14.40) can be written as:
F,-1

F=F + (14.43)

Al



Equations (14.39) and (14.43) show that the fitsigs noise figure JF(or noise
temperature, &), and gain (G) have a large influence on the overall noise fg(or
noise temperature). This is because the seconck stagse figure, ¥ (or noise
temperature, &) is reduced by the gain of the first stage.(G

Thus the key to low overall noise figure is a pnignBocus on the first stage by reducing
its noise and increasing its gain. Later stagee laagreatly reduced effect on the overall
noise figure.

NOISE MEASURE

In order to determine systematically the order eguence in which two similar
amplifiers need be connected to produce the lopessible noise figure, we first must
define a quantity called "noise measure" as:

_ F-1
1-1/G,

If amplifier #1 (AMP1) has a noise measure;JMnd amplifiers #2 (AMP2) a noise
measure (M) then there are two possible cases which neells tsdressed (in order to
obtain the lowest possible noise form the cascadepllows:

Case |: M1<M; -- Then AMP1 should precede AMP2 singe<~;
Case Il: My<M; -- Then AMP2 should precede AMP1 sinceF;,»

Where F, is the overall noise figure of the two stage afrggliwhen AMP1 precedes
AMP2; and vice versaykis for the case when AMP2 precedes AMP1.

(14.44)

NOTE: It can easily be shown mathematically that for eplem

If M1<M> then F 1o<F»; (14.45)

where

F,=F + Fht (14.46)
Al

F,=F,+ F-1 (14.47)

A2
And vice versa, f><M1 then Fo1<Fo.

Example 14.4

An antenna is connected to an amplifier via a traission line which has an attenuation
of 3 dB (see Figure 14.12). The amplifier has tilWing specifications:

Ga=20 dB

B=200 MHz

T~145 K

Calculate the overall noise figure and gain of dascade at 300 K.



- Amplifier
Gy =208
Antenna L=3dB |g=200MH: 4
T,=145K
FIGURE 14.12  Circuit for ﬁ
Example 14.4.
Solution:

a. For the transmission line we have:

Since L=1/G|. = L(dB)=-Gr.(dB)

L=3dB=2 = Gy =-3dB=1/2
Fri=1+(L-1)T/T,=1+(2-1)300/290=2.03=3.1 dB

b. For the amplifier we have:

Famp=1+Tg/T,=1.5=1.8 dB

c. The overall noise figure and gain are calculabeloe:
I:rOT:Fr|_+(FA|\/|p-1)/GT|_:2.03+(1.5-1)/0.5:3.03:4.8 dB
Grom=Gr.+Gamp=-3+20=17 dB

Therefore we can see that due to the additionlo§sy transmission line in front of the
amplifier, we have three deleterious effects: ¥ tverall noise figure has increased
(from 1.8 dB to 4.2 dB) 2) the second stage nots#ribution has been intensified since
the transmission line has a gain less than unity<8, and 3) the overall gain dropped
by 3 dB which represents the third side effect.

14.9.2 Cascade of n Stages

For a cascade of "n" amplifiers (see Figure 4.1Bg overall noise figure is the
generalization of equations for equivalent noiseperature (I:2) and noise figure (&)
of a two-stage cascade as follows:

Te v To o Ten (14.484a)

T =T, +
C5A1 GAle A2 GAIG A2 |]]:[I:q';An—l

ecas

F-1, F-1 F -1
e GAl GAlG A2 GAIG A2 Dl]]]‘:“An—l

(14.48D)
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FIGURE 14.13 Cascade of n
amplifier stages.

SPECIAL CASE: IDENTICAL STAGES
If all stages are identical, i.e.,

GA1:GA2:....:GAn=GA (1449&)
TelzTQZ: ..... =Ten:Te (1449b)
Fi=F>=...... =k=F (14490)
Then Equations (14.48a,b) would greatly simplifyf@ws:
Tecas Te(1+X+X2+.. . +XTh), (14.50a)
Feas (F-1)(L+X+X+... +X"1)+1 (14.50b)
Where
=1
Ga
Using the following identity for the geometric s3i
1+X+X%+.... X7 = (1-X")/(1-X),  |X|<1 (14.51)
We can write Equations (14.50a,b) as:
T =T,| G (14.52a)
1-1/G,
Foo=(F-p| LG 14y (14.52b)
1-1/G,
AN INFINITE CHAIN OF |DENTICAL AMPLIFIERS
If nis very large (i.e., B ) then:
Limn_o(X)"=0, |X|<1 (14.53a)
And the geometric series identity in Equation (14 further simplifies into:
LXM=L |X|<1 (14.53b)

Using Equation (14.53b), we can see that Equaiipas2a,b) and for an infinite chain
of amplifiers become:

T ecas — Te L (14548.)
1-1/G,



1
F o=(F-1) —= |+1 14.54b
cas ( )(1_1/GA) ( )

In terms of "noise measure", M, defined earlier as:
F-1

= il (14.55)
1-1/G,
we can write (14.54) as:
M
T =T —— 14.56a
ecas G{F - 1 J ( )
F..=M+1 (14.56b)

NoTE 1. For a "Minimum-noise amplifier", where each stageerates at minimum noise
figure (i.e., R=F,=....=F =F i), we have:

M min = me e (1457)
1-1/G,
We can write (14.56) as:
M
T eas = Tomin| —— 14.58a
ecas e,min ( Fmin _ 1) ( )
Feas =M, +1 (14.58b)

NOTE 2: If the gain of each stage is very large (i.e., n-G), then Equation14.56)
becomes:

Ga- 00 = M=F-1 (14.59)
TecasTe (14.60a)
Foop (14.60b)

This result indicates that a large cascade of Wagli-gain amplifiers will only result in
the degradation of the signal by the first stage the effect of all the many stages is null
and void as far as the added noise is concerned.

This result is in agreement with the conclusion enadrlier, in which it became apparent
that the first stage's gain and noise figure valominates and greatly affects the overall
noise figure of the cascade.

Chapter 14- Symbol List

A symbol will not be repeated again, once it hasnbieentified and defined in an earlier
chapter, with its definition remaining unchanged.

B - Bandwidth

F - Noise Figure

k - Boltzmann’s constant



M - Noise measure

N - Overall noise Figure

Pn - Noise power

Pni - Input Noise power

Pno.tot - TOtal output noise power

Rn - Noisy resistor

Rno - Noiseless resistor

T - Temperature

Te - Equivalent noise temperature

To - Standard room temperature (290
Ts - Source and load temperature
Vnrms ROOt-mean-square (rms) of noise

V_? - The mean-square value of noise

CHAPTER-14 PROBLEMS

14.1)

14.2)

14.3)

14.4)

14.5)

14.6)

The Y-factor method is to be used to measurethigvalent noise temperature of
a component. A hot load ofiF¥300 K and a cold load of,¥77 K will be used.

If the noise temperature of the amplifier is=Z50 K, what will be the ratio of
power meter readings at the output of the compoieerthe two loads?

A transmission line has a noise figures F=1 dBaaemperature 290 K.
Calculate and plot the noise figure of this lineitagphysical temperature ranges
from T=0 K to 1000 K.

Assume that measurement error introduces an tanagr of AY into the
measurement of Y in a Y-factor measurement. Deameexpression for the
normalized error of the equivalent noise tempeeafiT/T¢) in terms of AY/Y)
and the temperatureg, T, and k. Plot ATJ/Te) as a function Jfor two values
of (AY/Y): a) 0.1, and b) 0.20, and from these plotsalelssh the minimum
normalized errorT/T¢) and the corresponding. Tor each case.

An amplifier with a bandwidth of 1 GHz has a gaf 15 dB and a noise
temperature of 250 K. If it is used as a preangpliin a cascade, preceding a
microwave amplifier of 20 dB gain 5 dB noise figudetermine the overall noise
temperature.

An amplifier with a gain of 12 dB, a bandwidth #ALMHz and a noise figure of
4 dB feeds a receiver with a noise temperatureD6K9 Find the noise figure of
the overall system.

Consider the microwave system shown in Figure R1digere the bandwidth is 1
GHz centered at 20 GHz and the physical temperafutiee system is 3=300 K.
What is the equivalent noise temperature of thece®uWhat is the noise input of
the amplifier in dB? When the noisy source is catee to the system what is the
total noise power output of the amplifier in dBm?
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14.7) Consider the wireless local area network (WLAN)efeer front-end shown in
Figure P14.7, where the bandwidth of the bandp#ies is 100 MHz centered at
2.4 GHz. If the system is at room temperature] fire noise figure of the overall
system. What is the resulting signal to noiseoratithe output if the input signal

power level is -90 dBm? Can the components bearged to give a better noise
BPF

20dB

2dB

IL=1.5dB G=10dB G_

F=2dB

FIGLIRE P14.7

figure?

14.8) A two-way power divider has one output port terntakin a matched
load as shown in Figure P14.8. Find the equivatense temperature of the
resulting two-Port network if the divider is an edfsplit two-way resistive
divider.

Output

Input Power
divider

]
€

FIGURE P14.2 =

14.9) For a two-stage cascaded network with gain valfi€s and G and
noise figures of Fand K as shown in Figure P14.9, the input noise power is
N;=kTB. The output noise power is ldnd N at the output of the first and second
stages. Are the following expressions correct:
a. R=N1/GN;
b. F2:N2/GzN1
C. F2:N2/G;|_C52F2Ni
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FIGURE P14.9
14.10) A receiver has the block diagram shown in Figeitd.10. Calculate:

a. The total gain (or loss) in dB,
b. The overall noise Figure in dB.

RF
amplifier Mizer "n:-llﬁer
g—»| Bandpass _,D_, |>—O
=1 filier
L 2dB F
38-40 GH 055 =odn F=4dB ©=
? : G=10dB LCI G-nda
36 GHz
Le=4dB

FIGLIRE F14.10

14.11) Two satellite receiver systems have the follonspgcifications for
their components:
RF Amplifier: F=5dB, G=10 dB
Mixer: L=5dB
IF amplifier: F=2 dB, G=15 dB
Bandpass filter: 1L=2 dB

Compare the two systems in terms of the overall gad noise figure values (see
Figure P14.11).

RF Mi lF Mizer IFH
iz ixer i amplifier
o AT ifizr amplifier . RF P F
P Rl L s P
2-4GHz
4445 GHz 2-4GHz  44-48GHz
LD LO
42 GHz 42 GHz
&) (b

FIGLRE P14.11

14.12) Calculate the overall noise Figure and gain for teceiver system shown in
Figure P14.12.

IF IF
Mixer  amplifier #1 amplifier #2

o »| Bandpass -
RE filzer F

20 GHz L=2dB L-::-“ F=3dg F=2dB 2 GHz
G=2

FIGURE P14.12



14.13) The S parameters and the noise parameters ofa B&T at 10 GHz are:
_|o060-17¢ 005016°
'[ 2030°  050- 95°}
Fmin=2.5 dB
N0=0.5014%
R,=5Q
a. Is the transistor unconditionally stable?

b. Determine (g max
c. Determine the noise figure if the transistoused in an amplifier designed for

maximum available gain ((nax)
14. 14)Consider the low noise block (LNB) shown in Figit#4.14. Calculate the total
noise figure and the available gain of this block.

Fy=0.5dB F,~08d8 Fz=11d8 F.=75dB F:=45dB Fg=45dB
Gai=14dB Gpar=14dB Gpa3=14dB G p,=75dB Gac=10dB Gye=18dE

FIGURE F14.14



