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Electronic Systems
Exercise Sessions Notes

Noise, advanced Operational Amplifiers and circuits,
Sample&Hold circuits, advanced DAC and ADC converters
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R,=20kQ R,=10kQ R,=30kQ C,=200nF R,=1kQ C,=1nF

A,=106

,=10nA  f,=10Hz

a) Plot the ideal gain V5 +(f)/V ()

b) Plot the ideal gain V4 (f)/V \,(f)
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Calvin measures his bike’'s speed S, by employing Hobbes’ speedometer
(ve=S-50mV/_+200mV) and 10V FSR voltmeters

a) Design a circuit for displaying the speed, up to 40km/h, with 3s smoothing
b) Display acceleration/deceleration, up to 2 g (9=9.81m/s?)
c) Measure and display the ride distance, up to 1km
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b) Plot the Bode diagram of i, (f)/v,,(F)
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a) Compute the effect of I[;=100nA and V,s=3mV of OA1 on V1
b) Plot the static curve V, vs. V,
c) Compute the minimum amplitude || (20Hz sinusoidal) to switch on the LED
A) ‘—Q/:Z:.l ? . a{- DC . C-QOPE'J St cond S"Vﬂ-al.(i,bwr"\l flnd-))
i Lo ] m Va = Gpe = \.i,"-la)'-’/[oh,_a_
s zV /N
(5] ¥) s T
> _sv
N
. Cde
R ‘
s .
e 7\
o -l— c ¢ . SanA 3"‘“3& (l/w"“l ""a')) on e
/3 A- C> short LT =5 Gae= Ve () = o‘/ e N,
[ ] W2 o
.‘—-
OkL 1Mo
> sv
0 falev —] 1 ~ =
L 10pF qoha
L)
Ley=e=a0ksL
b) — \_,_7_- SEwND STAGE: +5
Vi L\ Fovks <
vt Vs Z r"’”‘L ¢ o ~-5
— thM* eLe:
(Lovhis — Va=V" v - ¢
R Ra
—T Wt m;lf‘h whein o — V+=\/’=2.V E{.z
L, Ey-1
’ L-.Z'_-.: ?_—Vz
F?'Z' 2k 2okg
V)_ 1 /LGD ON
— 0 [or OW“PV" V2__=-I"SV —_— V1 e Vn____ £2. -—5)}/ ZV-;Q. +2V - 1.9 V Wil ——- >
7
o 20 k) A A
& Fout VA
0 o 00U pd. VL:-",'V —_— V,‘ - V'l'l-l-" (Ll'S)V. lk..?,‘ 'ILV =2_.‘+\/
Va_ /LED usnally Veywives 4.6V um "5‘ ¢ S £ b
2 Tty 2\ [
-5V "7”\/@ Lep s ON i"f,? -3.5uwk
IW,JL)\ 35V B
iL ‘@7’—‘&"%-5&!\ “n‘u;l\.“ b T on- \f-nt-.'Z.QV:VA
S
.“‘6 /‘;’“/‘0 0‘9"51'“ Va = Vi and twrn, oa the LED s ‘C"" Jsr-uﬁlcu'l’
K; &* 20 RI ("(uﬂr‘e) Luk FVOW 'I'k‘ ”btﬁous Bodc; —= 2 \ i L L IM.“ ﬁ G‘ (‘Lon"h) = Gb(. = o.% L\-I-
N\ = mA
42!'12 \\ 2. ¢
&aSo to b«‘”w th thrhiduv wd furh On e LED  We bl M;s m(luk' n r.l, VAZ fyus 2.3 'hnwu’h TR a.u.pla'ﬁfcr W{H\ ,M‘a



100n

220k
2O

Rail-to-rail OpAmp biased at +5V. At t=0s, the capacitor is discharged.

a) Plot all waveforms

b) Write the equation of output frequency vs. R and compute the value for R=220kQ)
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R,=10kQ, R,=100kQ, R,=220kQ, R,=1kQ, R:=10kQ, R;=47kQ, C,=1uF, C,=100pF.
a) Plot the ideal |v,(f)/vi,(f)| gain.
b) Compute i, when V, =-100mV.
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A,=100dB, GBWP=100MHz.
R,=22kQ, R,=1kQ, R,=1kQ, R,=47kQ, C=1nF.

a) Plot the Bode diagram of the ideal and real v (f)/v\(f).
b)

Compute the range of GBWP values that guarantees stability with a P.M. better than 90°.
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Compensated OpAmp: A,=120dB, GBWP=10MHz, I1g=10nA, Vos=dmV. R;=47kQ, R,=33k(Q,
R4,=22kQ, R,=680kQ, C=330pF.
a) Plot the real v, (f)/v;,(f) gain and comment stability.
b) Compute the output static errors due to the OpAmp.
C) Let the OpAmp be a Norton Amplifier instead, with A=5, compute the v ,(f)/v;,(f) gain.
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OpAmp with A,=100dB and GBWP=100MHz. R,=47kQ, R,=220kQ, R;=110kQ.
a) Compute the real v,(f)/v,,(f) and vg(f)/v, (f) gains and the input impedance.
b) Compute the output static error on V,, due to I3=10nA and V55=5mV of both OpAmps.
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Uncompensated OpAmps with A;=120dB, f,=5kHz and f,=50MHz, Iz3=1nA and V55=3mV.
a) Without C. and R, compute stability and PM.
D) Properly size C and R to attain PM=90°.
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OpAmp with A,=120dB and GBWP=20MHz, with 13=10nA and V55=5mV.
R,=1kQ, R,=50kQ, R;=2kQ, R,=50kQ, R;=1kQ, C=10nF.

a) Plot the Bode diagram of the v_(f)/v,,(f) real gain, when OAZ2 is still ideal.

b) Discuss circuit stability when also OAZ2 is real.

C) Compute the output error due to bias currents and offset voltages of both OpAmps.
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Ex. 1

Note that current (not voltage) input signal source.

Consider both OpAmps 1deal.

a) Compute the value of the va/ia ratio at DC and AC
(1.e. at very high frequency) in two ways, as a gain
(output/input=...) and as an input impedance

(Zin=...).

b) Compute poles and zeros and plot the Bode diagram
of va(1)/1a(f), when both OpAmps are still 1deal.
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Ex. 2
OpAmps with A0O=100dB and GBWP=50MHz.
a) Check the stability of the stage, when both OpAmps

are considered real.

b) Plot the i1deal and the real Vout(f)/Vin(f) gains.
c¢) Propose a way to compensate the stage if needed.
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Ex.3

The telemetry transmitter employs a sensor RT=1k€) with a signal fluctuation r/R1 =0.1%. The trimmer 1s
used just to perfectly balance the bridge when no signal is applied. Hint: start when VC(0)=0V.

a) Find the two thresholds of the comparator and the corresponding currents through the 10nF capacitor.
b) Draw the voltage waveforms at nodes A, B, C, D, and compute the oscillation period at node C as a function of the
signal r/RT and C. Say if the front end is “ratiometric” or not (1.e. the output is independent of VDD).
¢) Draw the voltage waveforms at nodes E, F, G (hint: the last gate oscillates at 80MHz when enabled).
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@ Ex. 4

Reverse bias a photodiode at 3.3V and acquire its reverse current, in the 0-100 pA range, from DC to 10kHz.

a) Every 100ms, detect the max intensity and restart.

b) Turn on an LED when the light varies faster than £1uA/us (both increasing and decreasing)

also look at prof sol. and see commments
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OpAmp: A,=100dB, GBWP=10MHz, 4aV/~/Hzand-5pAlHznoise i‘
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a) Compute output rms noise, with trimmer’s cursor at the two ends

b) Discuss the role of the 1kQ resistor
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Given these two OpAmps
a) Draw the NF plots vs. Rgin the 1k -1G2 range

b) Select the best OpAmp for R¢=1M2 at THz and at 1kHz
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OpAmps: A,=100dB, GBWP=10MHz, and 1nV/vHz 1pA/vHz noise
a) Compute output spectral density (neglect 4kTR contributions)

b) Comment on the negligibility of resistors’ contributions
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R,= 2.2kQ) R, =1kQ all resistors inside INA be 100kQ

a) Compute V_, for V. = 0V
b) Compute the ideal gain v /v, at low and high frequency

c) Combnute noles and zeros
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a) Plot the Bode diagram for the v_ ,(f)/v, (f) ideal gain

b) Modify the circuit to provide a DC gain of 1000 and a low-pass filtering action with 2

coincident poles at 100kHz
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EOL- Bouche
MNEXx. 1 O3 —
OpAmp: Ac=100dB, GBWP=10MHz, ls=10nA, o 1{5 5
Vos=5mV. Dual optocoupler with @ — E.—E-ﬂ—':i AE—t z
K1=K2=Iphotodiode/ILep=0.012. R1= 100 KQ. p,  Sensr I Mag oAl o
a) Compute the relationship Iphot2 vs. Vin. .
b) Study the role of C=100pF on stage E] E S
stability. =
Sensor Connection ®

c) Compute the relationship lovs. Iphot2.
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Ex. 2

The following blocks utilize INA, CFA and Norton

amplifiers.

a) Compute the INA gain Vou/Vinand give an

estimation of the output impedance

b) Compute the gain Vou/Vin 0f the Norton system,
with 4i=4 and give an estimation of the input and

output impedances

¢) Compute the gain Vou/Vinof the CFA block.

'\NA_ Schsc.
3

Vit ol IN&\ Voat

Vzr

| |
N¢ Re
\" G‘J;H =1 Va < Viu e M'W ]
V’Lc Vou‘l'

o Voud 2
/ °
Vih

e %064}7

6 o P o o Bt e mrben Do Sobyuad sy

Vout= GJ-.# (qu-l/@) =1 (Vl'\u"voul)

Via

N

Va

+ - ° Y Y- X

—— M——i /ﬂ""rot."’oh-sz open loop _ﬁl_f
‘ P < / vr = -AVr

J I - Vout * Poyr "RP"TOLJ
” 1 ""é'loo, Vr' = - A‘ w GlmaP
> e +
T [
four = 1% _ ~op
- : 14 A
) [~ - LN {"f = Viu "“.{ B : .
Aa= 4 10k 1o L = '[.'_“_. -rfou'r..;}-
) 1ol 6S
ll - V'kf ng’, (WV#MI’ t‘“viJ*r)d
¢ 2m2’? Sah ¢ 12h
g? s ., a - Vi y
o tour = Ai ((*-¢7) = Tour= -—A(ﬁwow ;—3)
- im'('n A2 = - ,,%_ Vi
+ .t - : e ;
\‘!}o_iu_.;_ e -1 g; < § (owr = — A Vrn v”,. S lour (3311-”22"-) = _1 ;S Vl’h
01 [u/;z_z)
56
0 v\loOP
a |
ok = Rour o Ruror = 2Tk [[%3
4—6-ln‘v 33k

TN

—

Rour= 22hlsst =3 §4ka

1124

name (subscript) of the curr,
not multiplied for 22k

1 = fzzu./:ff = 2.2)
" ¥]

loar = Aq (it-1¢)= - 42 i

G'lOOr" (m = "’2.4'
(7

X3


Martin Molinaro
Richiamo
name (subscript) of the curr, not multiplied for 22k


@ 60“4 )t%ow notes _ ESo:

C) CFA:
VOM& = ? T
Vin (U;
YA 2
7‘/0“4 =Vin (4-}%) Rin Ei))
F‘J"' e h"i —_ M"‘Ol’”‘)""ws O cirumt Vi ( "
Vouf = vin (/l t ﬁ-—“') Voul™ = 1R 2/¢ l/.\g
330 Uw
Q‘M'M '9““1 lnch‘\ocl — Anho ]‘P\}’l\aus
Voat =Vou- = Vour  3.5L2
| 43 bt t5 '5"-..(?.
Jvourm I Vaa t Voa -Viu Aol
1k
L - — V Vlh V’k -
Py wuton =10l ’l*‘- qu P

Vouy o ~ Vo _ lffn ~Vonu

= C
10
\ [

Th L=

P

O ("“- vyl kT K ) FETREE R T T AT L
] i

N V_\_,o?'f:-,-as.z.q- \/,\L



Ex. 3

OpAmp with A0O=100dB, GBWP=20MHz,
[B=10nA, VOS=0.5mV, output swing -3++3V.
OTAs with gm=10mS, output swing -4-+4V.,
Connect a 50Q load at the Load output.

a) Compute VLoad/Vcontrol and Vout/Vcontrol and
describe the function of the circuit.

b) Compute the error at the Load, caused by the IB
of the OpAmp.
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Ex. 4

"y . V. 2
The circuit employs a comparator, a CFA amplifier - AAN—

and two Schottky diodes. The Vin input is
sinusoidal with 3V peak amplitude.

a) Plot the VA, VB and Vout waveforms and

describe the function of the circuit. 330
AAN
VYV

Vout . .
svi 5 |

g
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so also acts like a PEAK DETECTOR circuit
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@ Ex. 1

Input signal from -15mV to +25mV with a SkHz
bandwidth. Required Vs input resolution of 10uV. ADC with

Tconv=90us. R1=4.7kQ, R3=3.3kQ2, R4=15k, Rs=47kQ2,
Cy=100nF.

a) Size Ry, Vpor and npjc to fully exploit the ADC 1nput range.
b) Select Ron to provide <122LSB error during sampling at
Shannon limit.
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Ex. 2
Uncompensated OpAmp with A¢=100dB, fhin=5MHz,

1
—_—

@) PN J |z

Anmin=20dB and [g=200nA (inward going).
a) Compute the acquisition time for a 12 bit ADC. = - Vit
b) Consider Vinx=+100mV, C=1nF and R=100k£2, the plot the

Vout(t) waveform during the Hold phase, lasting 1ms. . +
c) Properly modify and size the RC network in order to | /] -

compensate charge injection and bias currents. S&H | i
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Ex. 3

4bit flash ADC. OpAmps with

GBWP=100MHz. OTA with control pin (not
output pin!) at -5V.

a) Compute the Vout/Vin relationship at DC,
as a function of the Dout digital ADC code,
when the pushbutton is off.

b) Describe what happens at each very short
pulse applied to the pushbutton.

¢) In case the pushbutton is kept pressed for
long time, compute the Vout/Vin relationship

Do = Do 24 0, L' #D, 2%+ Dy 2°

at DC.
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@ Ex. 4

A breath sensor measures the chest extension +5V

through an Ryar=10kQ-(1+a-d), where | +5V
0=0.02mm! and d is in the 0-50 mm range.
Ra=10kQ2, I=100pA, Cy=10nF. INA’s internal

resistors are Rf=10k€2. The SAR ADC has

50nA input leakage. ! 8 bit
a) Size R and Vrer for exploiting the whole

ADC’s FSR.

b) With Vg swinging between OV and 10V
and an n-MOSFET with V=1V and
Cgs=100pF, compute aperture charge-induced
error range over Ryar.

¢) Select Tconv and Tclock to achieve a
precision better than 2LSB
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(/) kal/ :.7 TQL = ? ' PV! A3 on <, _’42.&-

L8 f_'”/f;* =*_5‘/8, = 19,5 mV
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Ex. S

Let us measure the C value with the timings
shown 1n figure. The ADC conversion 1is
triggered by the SOC rising-edge and lasts
Tconv=1ps.

R1=4.7kQ, R>=100k€2, Vpor=0.25V, Tp1=2us,
Tp2=4us, Tsoc=0.2us, Tint=0.2us.

The I=0.5mA current generator is pulsed with
duration Tg=1.2us and period Tc=5us. OpAmp
biased at £10V.

a) Plot V(t) for C=2nF (be Vc(0)=0V for t=0s).
b) Determine the range of measurable C values.
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N5l1zi%022

Eo 4 (Bu-ite)

Ex. 1

Ra=1kQ, Rg=2kQ, Cy=100nF. INA with internal
Rr=10kQ. Input ECG signal Vi, (-1mV++9mV)
sampled when pulse oximetry signal Vpreaches the
threshold set by the DAC. MOSFET with V1=0.8V
and Rps on<100().

a) Properly size Rg so to exploit ADC
dynamics at its best and choose the numbern vy
of bits to provide 50ppm FSR resolution. ’

b) Compute the V, values that start sampling
and hold phases, respectively, of the S&H.

c) Choose the parasitic Cgsmax that ensures a
charge injection lower than 100uV.
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@ Ex. 2

133V -
OpAmp biased at £3.3V. DAC single-battery operated. _/N
a) Plot the Vou vs. Vin relationship and its dependence on ED" Vi
the 10bit Di, digital bus content. D.5 A
b) Discuss bandwidth and stability when A¢=100dB and —Ip.
GBWP=10MHz depending on the Di, value. _
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Ex. 3

The circuit acquires 7 signals in the range 0=100mV.
Rg 1s 1n the 50002+2k€) range. The OpAmp has Iyi,s=1nA,
Vos=ImV, A=50V/mV. The mux has R,,=2+20Q,

Ror=3MQ2+-30MQ2 and Ijcakage=4nA.

a) Compute the sampling time (when Sel=001) and the
hold time (Sel=000) to attain an accuracy of 16bit.
b) Determine the maximum static error at the output.
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@ S C
Ex. 4

A reactor heater must be biased at constant current, within/the S0mA-500mA range.

The heater has a nominal Ryeaer=10Q. OpAmps have just 10 mA output driving capability.

a) Linearly drive the heater through a voltage input, from Viy=0V (providing lheater=50mA)

to Vin=5V (Iheater=500mA) and all other values in the between (with linear relationship),

after filtering with three 100Hz low-pass poles.
b) Turn on a red LED whenever the voltage across the pump differs from the expected

nominal value (at the set current) by more than 100mV.
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@ Ex. 5

Monitor the laser power emitted by a laser curing device, by means of a photodiode,
whose photocurrent I;; must stay in the 10+70uA range, with a nominal value of 40uA.
The photodiode is operated reverse-biased at 5V.

a) Provide a Vour 1n the 0+5V range, proportional to the absolute unbalance away from
the nominal value (1.e. 0OV@40uA and +SV@10pA and +5SV@70pA). |

b) Switch on an LED when the photocurrent dose exceeds 2.4mC and reset the
measurement every Smin.
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@ Worst case tondihous
v iR vad] Seven mputs with Rs=100Q OpAmp with
A1 B sourcing IB=1nA and Vos=0.2mV. Mux with Ron=5-
Rs< . s & 00) Rofi 20MQ and Tieak=5nA.
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| o 470k t %@ OpAmps: Ac=100dB, GBWP=100MHz.
J y B MOS: Ron<100Q, V+=0.8V. ADC: 12bit.
B >> Ainf s a) Compute the acquisition time.
PN 'Sy g = b) Compute static error on Ain in LSB, due
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The 12bit DAC has 5V FSR. The measured output spectrum has

a 2kHz bin-width. There is a distortion tone at 5MHz.
a) Compute SNR,..;, SNRy..» SNR,,, and ENOB.
b) Compute the THD and the SINAD.
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A 16bit DAC with FSR=5V receives a 2Msps stream of a ‘ ,

sinusoidal signal at {o=400kHz with 200mV ., amplitude. A noise is
overimposed to the signal, thus lowering the SNR by 20dB. The
number of samples used for the FFT is 512,000.

a) Compute SNR,,.,;, SNR,.,;, ENOB and real NoiseFloor.

b) Draw the spectrum, properly quoted in [Hz] and [dBc], adding
also a harmonic at 3-f. due to a THD=-70dB.
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14 bit ADC with 3.3V FSR, spectrum with 680ms acquisition.
a) Compute SNR.,.., SNR;,, SNR.,;, SINAD, and THD.

b) In case the 4" harmonic power is 10° lower than the carrier,
compute the required duration of the acquisition stream for
detecting the harmonic with an SNR=10dB over the noise floor.
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16bit ADC with +3.3V FSR. Measured output spectrum with [dBcl 3 a—
2kHz bin-widths. The signal is at 30MHz. 40 l
a) Compute SNR 4., SNR ., and the real noise (in V). 60— 3
b) Compute the THD and the SINAD. -80 | | ‘
c) Compute the 3™ harmonic rms and explain why it is at 38MHz. 108 L
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OpAmps with A;=50V/mV, Vo=5mV and |;=200pA. MOSFET with k=10mA/V? and V,=0.8V.

a) Compute the relationships of V,, Vg and | ¢, vs. V...

b) Compute the input pole and plot V,(t) and I ¢;(t) waveforms when the input is a high frequency 200mV,_ sinusoid.
c) Compute the maximum V, static error due to V4 and |, of the OpAmps.
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The DAC provides | .=l .~-D, /256 (D, is the Digital In value) and virtual ground at its V., input. OpAmps have A0=1500V/mV
and GBWP=5MHz. A voltage generator is applied at the Analog Input.

a) Obtain the analytical relationship V. /I.,, as a function of N.

b) Reckon if the stage is stable or not when D,, =255. Moreover, tell if stability improves by reducing D,,. (hint: assume
1/8..110=495Q and ignore the role of 2N2222 BIT).
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L1C202

The LTC202 is a quad analog switch (closed when control pin is high). The input is a pulse, whose width T, is in Ims+2ms
range. The OpAmps have [;<1.5nA in the -40°C++85°C range.

a) Compute V,, as a function of T, ..

b) Reckon the min T,,,, that guarantees a precision of 1ps.
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The Offset Adjust pin in set in order to provide a +10mV output offset. R,,=10Q, C, =1nF, GBWP=10MHz. The comparator has
open-collector output.

a) Draw the quoted waveforms at al
reset pulse of 50% duty-cycle is app

b) Explain the circuit behavior and t

nodes when a triangular input from 0V to 2V is applied at V., with 1ms period, and a
ied every 1.5ms.

ne role of the offset adjust.

c) Compute the max input frequency that ensures an error lower than 1LSB for a 10bit ADC with FSR=5V.
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A 5V zener is in series to a 1.5V LED. MOSFETs have V=1V and k=),uC_ ,W/L=2.5mA/V?.
a) Find the relationship | ,/V,, and the Vin,max that ensures linear behavior for rail-to-rail OpAmps.
b) Change the first stage in order to employ the same +5V power supply, but providing a V. =+5V.

in,max

c) Tell in which conditions the LED will light up and why the circuit is prone to burnings.
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a) Compute the relationship between Vout and Isample.

b) Design a new stage employing OpAmps that instead forces a constant current | =10mA through the sample and

measures the voltage developed across it with a gain of +20.
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The circuit switches on/off the LED if there is dark/light, without using any other photodiode, but exploiting the photovoltaic
effect of the LED itself (with no voltage applied and in light condition it produces 60+90mV).

a) Plot all voltage waveforms with light, explaining circuit behaviour.
b) Plot all voltage waveforms with no light, explaining circuit behaviour.
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R=100kQ, C.=10puF. The digital counter provides +5V high levels and Q, is the least significant bit.
a) Plot the V,,; quoted waveform during the first 3 clock periods (10ms period).

b) Plot CK and V,,;; waveforms during the first 200ms.
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(Ex 13 —Es16)

33k
| Employ 1.5V forward bias LEDs and a rail-to-rail OpAmp.
1 a) Study circuit operation when the pot 1s turned to 100% and
" A ’ draw the quoted output wavetform.
100 JX=0 x=1 | e b) Compute the analytical dependence of the output main
100K parameters on X pot position.
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@ (Bx. 15 €516)

g Vnu . . - -

e t OTAs with control pin at OV. Diodes with on-
voltage of about 0.7V and LEDs with on-voltage of
about 1.8V. Norton amplifier with Ai=10.

a) Draw the light intensity of both LEDs vs. the Via
iput voltage across the -3V + +3V range.
b) Compute the Vout output voltage vs. Vin.
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OTA with control pin at OV and £5V

power supply.

a) Compute the OTA’s trans-
conductance as a function of Din.

b) Compute the real vout(f)/vin(f) gain,
bandwidth, and stability vs. the
input digital code Din.
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Ex08._. EXANS

@ 09102]%06 _EX2

Es. 2
[ IN5297 ¢ un generatore di corrente integrato che genera 1mA. Il sensore termico ¢ una PT100 che vale
100Q2 a 0°C e varia di circa 0.4€2/°C. Studiare 1l funzionamento del circuito a 0°C.
a) Spiegare il funzionamento del circuito. (Si suggerisce di partire dall’istante in cui Vg=+15V, per poi ricavare
le correnti nelle resistenze da 22kQ e 2.2k e le tensioni Vg e V¢.)

b) Disegnare le forme d’onda - =
quotate delle tensioni a1 nodi i _@ ! | ~ Vout
e ricavare la frequenza di 1 N3707 22k Ve 10 Q@
commutazione di V. L .L ”;;k HC7474
: . : . e 7 il
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Martin Molinaro
Casella di testo
Vd


~c|error note (in ita)
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Martin Molinaro
Casella di testo
Vd

Martin Molinaro
Casella di testo
Vd

Martin Molinaro
Nota
 Quando VE va a -15V VB=VC=-1(+termine proporzionale al termoresistore) , poi considerando che avevamo 1V su C in direzione opposta sarebbe come dici tu che si arriva a VD=-1-1=-2V e poi C si caricherà fino a farlo arrivare a VD=0 in un tempo T. A quel punto VE switcha a +15V, su C avremo una carica relativa a VD(T)-VC(T)=0-(-1)=1V (in direzione verso VD) quindi poi grazie alla corrente invertita in pos. dai +15V su VB=VC=1V quindi VD=1+1=2V e così via.... Credo sia stato un errore del prof che è andato di fretta(che strano!?). Infatti in tutti gli es. con gli oscilloscopi tra 2 valori simmetrici abbiamo che all'inizio avremo sempre un mezzo del semi-periodo T (visto che assumiamo sempre di partire da 0). Quindi la freq_osc reale sarebbe la metà di quella considerata dal prof alla fine di quell'es. (ossia 1/2T detto prima). Quindi con le notazioni usate qui T=2*T1, freq_osc=1/(4*T1)

Martin Molinaro
Richiamo
error note (in ita)
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EXo 5 _ e xar

(1) Fom 1% (06l 100t

Es. 1
Il circuito impiega due OTA aventi transconduttanza

g.,=ImA/V e monitora la corrente in una Rgepe=1€2.

a) Quando I’interruttore ¢ in posizione B, determinare la
funzione del circuito ed il legame tra Vout € Lsense.

b) Quando I’interruttore ¢ in A, dire quantitativamente
cosa cambia rispetto al caso precedente.
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Hoadd
Usando un OpAmp con Vpplymax=t14V, per potere L 00k [ 33k
erogare in uscita delle tensioni tra =50V, ossia oltre i N
maximum absolute ratings, si impiega il bootstrap. o] N 7 {348
a) Determinare la tensione di alimentazione Vg4-Vee 00k PFe
dell'OpAmp e disegnare I'andamento di Vu, Vaqd € Vee AN I™N\{Vdd 10k
quando V;,=10V sinusoidali. 100k ADS30 +—@) Out
b) Determinare il massimo guadagno dello stadio, oltre il " @ —ANV——1+ -
quale si eccede 1l common mode input voltage range w00p 1 s
dell'OpAmp, sapendo che € un rail-fo-rail sia come — 4 \/ 1N4148
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Es. 2

Il circuito monitora I’assorbimento di un carico In
alternata a 50Hz. L’alimentazione ¢ flottante a batteria.
a) Disegnare la forma d’onda quotata di1 V,, nel caso

sia collegato un carico resistivo di

determinare 1l guadagno Vyu¢/Isense.
b) Realizzare 1’alimentazione continua del -circuito
(circa 12V) partendo dalla tensione di rete, senza

usare alcun trasformatore.
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@ Es. 1 | | 20n Vou
L’OpAMp ha A=120dB, GBWP=10MHz, n] -
los=100pA, Vos=0.5mV. L’uscita ¢ lasciata aperta.

a) Determinare V,./Vi, 1n continua ¢ ad alta frequenza
ed 1l guadagno V. V.. Disegnare il trasferimento
Vout/ Vin(f) € commentare il ruolo del circuito.

b) Calcolare I'impedenza di uscita del circuito a 10Hz
quando V;,=+2V.

c) Calcolare ’errore in uscita dovuto all’offset di
corrente (NON alle Ig) ed a quello di tensione.
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Es. 3

[l sensore di temperatura MAX66035 fornisce Vi(T)=744mV+T-11.9mV/°C.
a) Scollegando il circuito in basso, disegnare 1l grafico quotato di Vou(T) nell’intervallo 0°C+50°C.
b) Determinare I’intervallo di temperature per cui il circuito € in zona lineare, sapendo che il MAX4402 ¢ rail-to-rail.

¢) Includere ora il circuito 1n basso e spiegarne dettagliatamente 1l ruolo. l
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Es. 2 /SD

I piedini di ShutDown active-low
mandano 1n three-state la rispettiva
uscita. Il segnale Control ¢ a 1kHz.
a) Determinare la funzione svolta

dal circuito ¢ 1l legame tra Vo, €

Vin. S1 consighia di studiare

separatamente il caso

Control=/ow e po1 Control=high.
b) Dire cosa accade quando

Control=low per Ims e si

considerano tutte le Ig=100pA.
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