ECE 6416 Assignment 2

1. The figure shows the noise model of an amplifier. The frequency is f = 1kHz. It is
given that R, = 1kQ, R, = 2kQ, C; = 0.1 uF, v,/v/Af = 4nV/V/Hz, i, //AF =
8SpA /v Hz, v =0, Z; = 28004 —45°, A =20£45°, Z, = 1200430 °. The open-circuit
input voltage with Z; = oo can be written Vi) = KV, + V), = K(V,+V,/K),
where K = Vj(,)/V,s when all noise sources are neglected and V;; is the open-circuit
input voltage due to all noise sources. The latter is given by V!, = Vi, + V,, + I, Z,
where V., is the thermal noise generated by the real part of the impedance Z., =
Ry|| (Rs + 1/jwCh). Tt follows that the equivalent noise voltage in series with Vj is
Vi=V!/K.

Rs Vts C
o
Vs (®) B2 [y [

1 Amplifier ZO

—e +

S E =

+
V. Z, AV, Vs

(a) Show that |K| = 0.5889 and v},//Af =10nV.
(b) Show that v,;/v/Af =17.79nV.

(c) If Ry is replaced by an open circuit and C is replaced by a short circuit, show
that v,;/v/Af =9.798nV. This calculation illustrates how the addition of series
and parallel elements increase the noise.

(d) Show that the addition of C; and R; increases the noise by 5.18 dB.

2. The figure shows the model of a two-stage amplifier. It is given that Rg = 1002,
Ry = Rip = 1.2kQ, Ry = Rp = 5k, Ry, = 2k, ;1 = gV, Loz = gmaVia,
gm1 = gmz = 1371, Unl/\/A_f = Un?/\/A_f = QHV/\/E, and an/\/A_f = Z-7L2/\/A_ =
100pA / v/Hz. The noise sources can be assumed to be uncorrelated. V,;; models
the noise generated both by Rg and the first amplifier. It is given by V,;; = Vis +
Vi1 + L Rs. Viio models the noise generated by the second stage and is given by
Viio = Vpa + Lo Ro1. The noise generated by Ry can be neglected. All other resistors
are noiseless because their noise is contained in V,,;; and V9.

(a) Show that the voltage gain can be written as follows:
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(b) Show that components of v,;/v/Af due to vy, U1, in1, Vn2, and i,s, respectively,

are 1.265nV//Af, 20V /\/Af,10nV//Af, 5.633pV//Af, and 1.408nV /\/Af.
(c) Show that v,;//Af =10.37nV.

3. The figure shows an op amp circuit. Except for noise, the op amp is ideal. It is given
that Rl = 1kQ, RQ = 500 Q, R3 = 901 kQ, R4 = 99kQ, and R5 = 100€2. The op
amp noise is modeled by a noise voltage source V), in series with the non-inverting
input and two noise current sources I,,; and I, from each input to ground. It is given
that v,//Af = 100V/vVHz and i1 //Af = ina//Af = 1pA /v/ Hz. All correlation

effects can be neglected.

(a) Using Norton equivalent circuits, show that the voltage at the non-inverting input

is given by
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(b) Using Norton equivalent circuits, show that the voltage at the inverting input is
given by
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where I, is the noise current generated by the resistance R, = Ry || (Rs + R4|| Rs).

(c) Set V. = V_ and show that the voltage gain has the value A = V,/V; = —90.1 X
103.

(d) Use the equation to show that the spot noise output voltage due to the thermal
noise of all resistors has the value v,,//Af = 442 4V /v/ Hz.

(e) Use the equation to show that the spot noise output voltage due to the op-amp
noise sources has the value v,,,/v/Af =908 uV/v/ Hz.

(f) Use rms addition of the thermal noise and op-amp noise to show that the total
spot noise output voltage is v,,/v/Af =1.01mV /+/ Hz.

(g) Divide v,0/v/Af by A to show that the equivalent spot noise voltage in series

with v; is v, /V/Af =11.2nV /y/ Hz.

4. An amplifier has a voltage gain V,/V; = 10 (20dB) and an input resistance R; = 10 k(2.
It is driven from a voltage source which has an open-circuit rms output voltage V; = 1V
and an output resistance R; = 1k(). The rms noise at the amplifier output in the band
from 100 Hz to 100 kHz is v,, = 28.4 uV. When a 9k resistor is added in series with
R;, the rms output noise increases to v}, = 67.5 uV. If the V,, and [, of the amplifier
are not correlated, show that v, = 2.56 4V and i,, = 1.26 nA.

5. N identical amplifiers having v, /v/Af = 1.09nV /v Hz and i, /\/Af = 11.4pA // Hz
are driven from a source having the output resistance R, = 102. Show that it would
take 10 amplifiers in parallel to minimize the noise. For N = 10, show that v,;/\/Af =

639pV/\/ Hz.

6. An input transformer is to be used to connect the source of problem 5 to the amplifier.
If the winding resistances of the transformer can be neglected, show that the noise is
a minimum if the transformer has the turns ratio n = 3.1. Show that v,;/\/Af =

639pV /v Hz.



