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There are two thermal noise sources as shown below.
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Since:

2, = 4kT/R

I?z“\n = 4kTygm

The output noise in both circuits should be the same. Then:

VIIQAO’ll,f = (4kT’y(]”1 + 4A’T/R) : R2 = V2 (.(]’NIVR)z

Then we can determine the input referred noise as:
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Small-signal model:
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(b) Gain from the gate of the transstor to the output:
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After matching: ¢, = 1/Rg -+ A = -2% = (1 —gmRr)==(1— —

g 9m / S va RS + 1/,(]m,< 9m F) 2( RS)

If Rr = 25Rg, then: A = —12

(c) Thenoise of Rs is multiplied by the gain square to appear at the output. Thus:
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If Rr > Rs:
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Vout(t) = IrpR[S(t) — S(t — Tro/2)]
If Vrr = Agrp cos(wgrt), then by ignoring the higher order terms:

4 2
Vire = Vouwr = ;gmsRARFCOS (wrrt)cos(wpot) = ;gm;}RARFCOS ((wrr — wro)t)

Therefore the conversion gain is:
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The noise figure can be written as:

NF — ‘/HQ,OUT.J[;; + ‘/112.out.R5 + VnQ.out.R — 7T_2 1 + Y + 2
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Y 5
(a) }(") - k2 +SQ

(b) The open-loop transfer function is £2/s%. Two poles at origin gives a -180° constant
phase shift and a magnitude with -40 dB/dec slope.
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(c) Differentia equation: % + k*y = k.

For 2 =0, y = Acos(wit + ¢) is the solution of the abovementioned equation. If we
replace it in the differential equation we get:

—Aw? cos(wit + @) + k2 A cos(wit + ¢) = 0 — w; =k (oscillation frequency)

5)

(a) Refer to the course book Chapter 9.
(b) Refer to the course book Chapter 9.




