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Problem set n° 6
Estimation and noise reduction

Exercise 1 (Differential amplifier and uncertainty of the measurement)

We know the expression for the differential voltage U; and the common mode voltage U, at the input of

the amplifier:
Ug=U,—Up=—=-2.1, and Ugm = - = 2

e The residual voltage U, at the output of the amplifier when the bridge is in equilibrium is:

Ucm — Ad . Us

CMMR 2 CMMR

Ud=0 — UO:Ad' =50mV

e The uncertainty gyg/r On the relative variation of the resistance corresponding to the residual

voltage is:
— _Ad, . —_%Y _ 2z _ _ 0
UO = 2 SAR/R US — SAR/R = AqUs = CMMR 0.2 Y00
Exercise 2 (power and RMS of thermal noise)
. . . U2, . 4kpTRegh
a) Reqis the equivalent resistance of the network. We then have : P; = 4”1;”“ = B4R et/ _ kgTAf.
eq eq

We get P;=12.4*10"® W=12.4 aW and P, = 20*10™"> W=20 fW.
Note: Only the temperature and bandwidth influence the total thermal noise power.

b) We have an equivalent resistance R, = % = 5240 and a thermal noise

R1+R2+E

Unoise = 4kBTRquf = ngl.lv
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Exercise 3 (Intrinsic noise)

Case 1: positive part of the cycle

During positive arts of the cycle (U, (t) = 0), parasitic voltages due to the intrinsic sources of noise are the
following:

ise : = . . . T = . _ RiRp
e Johnson noise : Ur,nlU =4 kg -Af "Req -T=033uV  avec:Rg, = P
e Shot noise: an| =2 e Af 1, = 4e-Af-U
a Req'm
H _Uave_i_l_ T . _ 2.0
with : [y, = Reg  Rog 7 fo sin(x).dx = Rorm

4:Reg-e:Af-U
= UG,n|U = Req ' UG,n|I = ’eqT = 2.61uV

e 1/f noise: o1 | = [Ki-ln (fmﬂ) = 0.14 uVv
f f min
L : 2 2 2
The total parasitic voltage is: enrly = O'T‘nlu + O'G,nlu +oi | =263uV
U

Case 2: negative part of the cycle

During the negative alternations (U_(t) < 0) there is no current flowing through the diode, so the

2
= 0.36 uV.

. .. e . 2
associated shot noise is 0. Thus, the total parasitic voltage is: e, z|_ = aT,n|U +o1

U



