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Problem 1: transimpedance amplifier 
A noise source with output resistance Rs and equivalent noise temperature Ts, is con
nected to the input of a transimpedance amplifier (TIA) by means of a coil with 
inductance L, as shown below. The TIA has zero input impedance, i.e. the input of 
the TIA can be considered as a virtual ground point. 

noise 
source Vs(t) 

a) Prove that the spectrum of the input current Ii(t) of the TIA can be written as 

The magnetic energy in a coil with inductance Lis given by EL(t) = ~Lfl(t), where 
h ( t) is the current through the coil. 

b) Calculate the average magnetic energy in the coil due to the noise source. 

The voltage Vo(t) at the open output terminals of the TIA can be written as Z times 
the input current Ii(t), where Z is the (real-valued) transimpedance of the TIA. The 
output resistance of the TIA is denoted as R0 • 

c) Show that the available gain from the output terminals of the noise source to the 
output terminals of the TIA is given by 

[Taken from the exam in April 2008.] 

Problem 2: passive two-port 
Consider the passive two-port network shown below. 

Suppose this network is connected to a source having a source resistance Rs and open
terminal voltage with power spectral density Sss(w). 

a) Calculate the power spectral density of the output voltage of the network when 
noise generated in the resistors is ignored. 
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b) Prove that the available gain of the network is given by 

G = R2Rs 
(R1 + Rs)(Rl + R2 + Rs) . 

Now assume that both resistors are at temperature T. 

c) Prove that the standard noise factor of the network is then given by 

Now suppose that T = 290 K, and that R1 and R2 are chosen such that the available 
gain of the network is equal to -3 dB. 

d) What is then the equivalent input noise temperature of the network? 

[Taken from the exam in August 2008.] 

Problem 3: wireless receiver system 
Consider a receiver system for a wireless communication link. It consists of an an
tenna, a cable, two amplifiers (A and B), and a modem. Suppose the antenna receives 
-110 dBW of signal power, and has an antenna noise temperature of 100 K. The cable 
has a loss of 20 dB and may be assumed to be at room temperature. Amplifier A has 
an available gain of 20 dB and a standard noise figure of 1.8 dB, and amplifier B has an 
available gain of 16 dB and a standard noise figure of 1.3 dB. The noise in the modem 
may be neglected. The equivalent noise bandwidth of the modem is 100 MHz. The 
bandwidths of all the other components can be assumed larger than that. All input, 
output and cable impedances in the system are 50 0. 

In principle the cable and the two amplifiers could be cascaded in six different 
orders. The final design is based on the order that results in the highest signal-to-noise 
ratio at the input of the modem. 

a) Determine what is the best order, and make a drawing of the resulting receiver 
system, including the specifications of all of its components. 

b) Calculate the available signal power at the input of the modem. 

c) Calculate the available noise power at the input of the modem, and show that 
the signal-to-noise ratio is approximately 15 dB. 

Now suppose the modem is replaced by a modem with a standard noise figure of 1.8 dB. 

d) Will the noisy modem significantly degrade the noise performance of the complete 
receiver system? Explain! 

[Taken from the exam in June 201 0.] 

THE END 
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Problem 1: transimpedance amplifier 

a) The noise source can be modeled by its Thevenin equivalent, i.e. a source 
with output resistance Rs, and shortcut voltage Vj (t ) with power spectral den
sity S\1\v. (w) = 2k T5 Rs. Since the input impedance of the TIA is zero, the transfer -----from source voltage Vj(t) to input current Ii t is described b a transfer function 
that is simp 

1 
H\1\ -+I, (w) =YR+L= Rs+jwL 

The spectrum of Ii ( t) now follows from Equation ( 4.27) in the book: 

2k TsRs 
R'; + (wL) 2 · 

b) The current through the coil is equal to Ii ( t), so the mean magnetic energy in 
the coil can be directly calculated from the spectrum given in Problem 1a), using 
Equation (3.8) in the book: 

(This should not be a very surprising result.) 

c) The output voltage of the TIA V0 (t) is related to input current Ii (t ) as V0 (t ) = 

Z · Ii(t), so the spectrum of the output voltage can be written as 

t 
Hf\J-I)= Z 
The available output power density now follows from Equation (6.32) as 

The available power density at the input is given by S5 (w) 
available gain follows from Equation (6.33) in the book as: 

k T5 /2, so the 



2 SOLUTION SELF TEST 5 "RANDOM SIGNALS & NOISE" 2013 

Problem 2: passive two-port 

a) The spectrum S00 ( w) of the output voltage follows from ( 4. 27) : 

where the transfer from the source (not the input!) to the output follows by 
voltage division, including the source resistance Rs, so 

R2 
H(w) = Rs R R + 1 + 2 

This results in 

(1) 

b) This is done in the same way as the example on page 138 in the book, with the 
amplifier replaced by the passive network. The available power at the input of the 
passive network is equal to S55 (w)/(4Rs), and the available power at the output is 
given by Soo(w)/( 4R0 ), where Ro is the output impedance of the passive network. 
At the output we see a parallel connection of R2 and the series connection of Rs 

R = (D R )iiR = (Rs + RI)R2 
0 -'Ls + 1 2 D R R . 

-'Ls+ 1+ 2 

The available gain now follows from G = So ( w) / Ss ( w). 

c) The general way to do this kind of calculation is to divide the total available noise 
PSD at the output by the available noise PSD due to the noise that was already 
present at the input, for the case that the effective source temperature is equal 
to room temperature. Calculating the available noise power at the output can be 
done by evaluating (6.6) for each resistor, using (4.27) to find the contribution 
to the output, and applying superposition to find the total available noise power. 
This can be done, but the calculation will be comprehensive. 

In this case an easier approach can be taken, because the whole network is at one 
ambient temperature T, and the network is passive. The standard noise factor 
then follows directly from (6.47), with L = 1/G (substituted from a)), Ta = T, 
and T5 =To. 

d) When the network is at room temperature, the standard noise factor follows from 
(6.48), in this case resulting in F5 = 2. The equivalent input noise temperature 
then follows from Te = (Fs- 1)T0 = T0 = 290 K. (Note that this happens to be 
equal to the physical temperature. This only happens when the loss is exactly 
3 dB; also see the lecture slides.) 
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Problem 3: wireless receiver system 

a) First of all, the cable should be put behind the two amplifiers. The noise of the 
amplifiers is then attenuated by the cable. Moreover, the noise of the cable would 
otherwise be amplified. 

The best order of the two amplifiers is the one that results in the lowest standard 
noise factor (or noise temperature) for their cascade. This can be calculated using 
the Friis formula (6.56) on page 143 of the book. When amplifier A is put in 
front, the standard noise factor of the cascade is given by 

Fs,B - 1 0.18 100.13 - 1 "' [ J 
Fs,AB = Fs,A + G A = 10 + 102 "' 1.52 1.8 dB , (2) 

and when amplifier B is put in front, the standard noise factor of the cascade is 
given by 

Fs,A - 1 0.13 100.18 - 1 "' [ J 
Fs,BA = Fs,B + Gs = 10 + 101.6 "' 1.36 1.3 dB . (3) 

Apparently the second amplifier hardly influences the overall standard noise fac
tor in both cases, so amplifier B should be put in front. 

The best order of the system components is hence antenna - amplifier B am
plifier A - cable - modem. 

b) The available signal power at the input of the modem simply follows by multi
plying the received power by the gains of all components in between the antenna 
and the modem: 

or in terms of dBWs/dBs: 

Ps,modem [dBW] = Ps,antenna [dBWJ + Gs [dB] + G A [dB] - Lcable [dB] = 
= -110 + 16 + 20- 20 = -94 dBW. (5) 

c) The available noise power at the input of the modem follows from (6.59) on 
page 144 of the book: 

GsGA WN 
Pn,modem = L k Tsys -2 ' 

cable 7r 
(6) 

where WN = 21r ·100 · 106
, and the system noise temperature follows from (6.52), 
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(6.41) and -since the cable is at room temperature- (6.48) as: 

TA Tcable 
Tsys = Tantenna + Ta + GA +GaGA 

_ ( ) (Fs,cable- 1)To 
- Tantenna + Fs,aA- 1 To+ GaGA 

( ) 
(Lcable- 1)To 

= Tantenna + Fs,aA- 1 To+ GaGA 

99.290 = 100 + 0.36 · 290 + 
100 

. 
40 

~ 100 + 105 + 7 = 212 K . (7) 

This results in 

Pn,modem = 
10~0-0

40 
· 1.38 · 10-23 212 · 100 · 106 ~ 12 pW [- 109 dBW]. (8) 

The SNR is hence approximately equal to -94 + 109 = 15 dB. 

d) The equivalent input noise temperature of the modem equals 

Te,modem = (Fs,modem- 1)To = (10°" 18
- 1)290 ~ 149 K. (9) 

To find its contribution to the system noise temperature, we have to divide this 
number by the total gain between the antenna and the modem (100·40/100 = 40), 
resulting in a contribution of roughly 4 K, which is much smaller than the 212 K 
we already had without this modem. Hence we can conclude that the noisy 
modem hardly degrades the noise performance of the system. 

THE END 


