CIRCUITS WITH D, ZD, LED

PREPARATION
To revisit:

- Diodes — operating regions, states, diode’s equations for the constant voltage drop model
- Zener diodes — operating regions, states
- LEDs — operating regions, difference between diodes and LEDs

P1.

Assume the constant voltage drop model for D, with R

Vb, on=0.7 V, and R = 2 kQ. o 1 - 0

a) Deduce and plot the VTC vo(vi) for v; € [-10, 10] R

[V]. What is the application of the circuit? Vi "D l Vo
b) Plot vi(t) and vo(t) for vi(t) = 10sinwt [V]. Specify

the state of the diode (on/off) on the plot. o : o

¢) Mark vr on the circuit. Plot vi(t), ir(t) and vr(t).

d) Compute vo, vr and ir for vi =5 V. What is the state of D in this case? Justify your answer.
e) Assume D is replaced with a resistor, R1, and R: = R. Find the new expression of vo(t). Draw
vi(t) and vo(t) for vi(t) = 10sinwt [V].

P2.

Assume the constant voltage drop model for diodes, with vp, on= 0.7 V, and v,(t) = 7sinot [V].

a) Deduce the expression vo(vi). What is the application of the circuit?

b) Plot vi(t) and vo(t). Specify the states of the diodes (on/off) on the plot.

c) Plot vi(t), ip1(t) and ipa(t).

d) What is the minimum amplitude of v,(t) for which ip1(t) and ipa4(t) exist (are not zero)? Justify
your answer.

e) Assume D4 — open circuit. Redraw v(t) and vo(t).
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P3.

Vz1 =33V, Vz =75V, Voton = Vp2zon = 0.7 V,
vi(t) = 12sinwt [V]. —_—
a) What are the minimum and maximum values of vo(t)?
Specify the operating region of the Zener diodes
(forward/ reverse bias/ breakdown) for each case. v,

b) Deduce and plot the VTC vo(vi). ()
c) Mark vgr(t) on the circuit. Plot vi(t), vo(t) and vr(t).

d) Compute vo and specify the states of both Zener diodes
forvi=-7Vandv,=5V.

e) Replace ZD2 with a regular diode. Draw the new
circuit. Compute the new minimum and maximum values of the output voltage.

P4,

Vz1=54V,Vz1=8.2V, VDl,on = VDz,on =0.7V, i R

vi(t) = 15sinot [V]. —— ] o

a) What are the minimum and maximum values of vo(t)? ZD1
Specify the operating region of the Zener diodes (forward/ v, l"m
reverse bias/ breakdown) for each case. | lQD Vo
b) Deduce and plot the VTC vo(V)). szJ Tvm

c) Mark vr(t) on the circuit. Plot vi(t), vo(t) and vr(t). 7D2 |

d) Compute vo and specify the states of both Zener diodes
forvi=-7Vandv,=5V.

e) Reverse the orientation of ZD2. Draw the new circuit. Compute the new minimum and
maximum values of the output voltage.

P5.

R =1kQ, ZD8V2, Vzp,on = Vp,on = 0.7 V, vi(t) = 12sinot [V]. R

a) What are the minimum and maximum values of vo(t)? Specify the o —1+— o
states of D (on/off) and ZD (forward/reverse bias) for each case.

b) Deduce and plot the VTC vo(v1).

c) Mark vr(t) on the circuit. Plot vi(t), vo(t) and vr(t).

d) Compute vo and specify the states of both diodes for vi=- 7.5V
andv;=75V.

e) Reverse the orientation of D. Draw the new circuit. Compute the
new minimum and maximum values of the output voltage, for vi(t) = 12sinot [V].
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P6.

Assume the constant voltage drop model for diodes, with
VD, on= 0.7 V.

a) What is the expression vo(va, vs, Vs)? What is the
relation between va, ve Vs to have D; —on?

b) Forva=-5V and ve =2 V, determine Vsso that vo =4
V. Specify the state of each diode (on/off). Justify your
answer.

c) Forva,ve e{0V, 10 V}and Vs=0V, fill in the electric
operating table of the circuit, including the states of the
diodes (on/off), for every possible combination of values.
d) Size R so that io does not exceed 10 mA, for va, vee{0
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V, 10 V} and Vs =5V. For what combination of values for va, vs is the maximum io obtalned’?

What are the states of the diodes in this case?

e) For va(t) = -5sinwt [V], ve(t) = 10sinot [V], Vs =3V, plot va(t), va(t), Vs, vo(t), io(t).

P7.

Assume the constant voltage drop model for diodes, with
VD, on = 07 V, and VS = 10 V.

a) What is the expression

Vo(Va, VB, Vs)? What is the relation between va,
vs, Vs to have D2 — on?

b) For va=4V, vg =-3 V, what is the value of vo?
Specify the state of each diode (on/off). Justify your
answer.

c) For va, v €{0 V, 10 V}, fill in the electric
operating table of the circuit, including the states of
the diodes (on/off), for every possible combination
of values.

d) Size R so that io does not exceed 10 mA, for va,
vee{0 V, 10 V}. For what combination of values
for va, vg is the maximum io obtained? What are the
states of the diodes in this case?

. F

Vo1

iI:I’_

Ipz

VINAN

=

D2

-—

5

e) For va(t) = 5sinwt [V], ve(t) = -10sinwt [V], plot va(t), va(t), Vs, vo(t), io(t).



