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Questao 1:
1350
U= ——azi— = 574.5 cm?/(V.s)
14 1350 e
107

0.1 ygm x 0.1 ym = 1071 cm?
I=10"10%x1.6 x 107 x 574.5 x 5 x 106 x 10* = 1.6 x 574.5 x 5 x 107 = 4596 x 107° = 4.6 pA

Questao 2:
n(x) = 10'7(1 — z/(1pm)) (cm™3)
p(x) = 5 x 102/ (1um) (em=?)
dn/dr = —10'7/(1pm) (em™3) = —10'7/(10~*em) (em™3) = —10%! cm—*
dp/dx =5 x 100 /(1pm) (em~3) =5 x 10%° cm~*
Jiot = 1.6 x 10719 x (=34 x 10%! — 12 x 5 x 10%%) = —64 x 10? = -6400 A /cm?
i = Jeor. A = —6400 x (200 x 10~7)2 = —6400 x 4 x 10710 = —2.56 x 1076 = —2.56 A

Questao 3:

—1.12x 1.6 x 10719
2 % 1.38 x 10723 x 350

a) n; = 5.2 x 10'% x (350)* x exp( ) = 5.2 x 10*° x 6.548 x 10® x exp(—0.1855 x 10%)

( exp(—18.55) = 8.787 x 1072
n; = 5.2 x 6.548 x 8.787 x 109 = 299 x 10% = 2.99 x 10!t cm~3
np =n?/p, =9 x 1022/(5 x 10'6) = 1.8 x 10° cm 3
P =n2/n, =9 x 10%2/(2 x 10!7) = 4.5 x 10° cm 3
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2.992 x 1022)
(In(1.1186 x 10'1) = 25.44 )

b) Vo = (350/300) x 26 x In( =30.33 x 25.44 = 771.6 mV
Questao 4:

a) (10 = Vo) /1000 = Ve /1000 + Iy —> Iy = (10 — 2V, ) /1000 — Iy = (10 — 4Vp) /1000

Vp = 0.7 V (chute inicial)

7.2x1073
Ip =(10—4x0.7)/1000 = 7.2 mA — Vp = 1.98 x 26 x ln(il.41 » 1078) =676.6 mV
7.29 x 1073

Entao: Ip =7.29 mA e V,,t = 1.354 V.

b) (1=Vaut)/1000 = Ve /10004+Ip — (1—=2Viyt) /1000 = Iy — Viye = (1—10001p)/2 — Vpp = (1—10001p)/4

Vp = 0.3 V (chute inicial)

0.3 1—4.787 x 1073
P V4787 X 10-6 A — V) =
108 x 0026 % b 1

Ip =1.41 x 10~8 exp( =0.9952/4 = 0.2488 V



0.2488 1—1.771 x 1073

_ —8 — _ — —
Ip=1.41x10 exp(1.98 ~ 0.026) 1.771 x 10—-6 A — Vp 1 0.2496 V
0.2496 1—1.798 x 103
Ip=141x10"% — T ) =1.798x 10—-6 A — Vp = =0.2496 V
b X 107" exp( 392~ 5026 x D 1

Entao: Ip = 1.8 uA e Vouy = 499.2 mV.

Questao 5:

a)

Considere que I; é a corrente no resistor ligado a entrada e que Iy é a corrente no outro resistor. Assumindo,
para comegar, que a tensdo no diodo Zener é 8.2 V (modelo de bateria):

Vin=20V — I; = 11.8/220 = 53.6 mA e I = 8.2/220 = 37.3 mA — Iz = 16.3 mA.

Vin =15V — I =6.8/220 = 30.9 mA e [, = 8.2/220 = 37.3 mA — Iz = —6.4 mA. Para V;,, =15V, o
diodo Zener deverd estar desligado.

Modelo linear por partes: Vz = 8105V — Iz =1 mA. E V; =82V — Iz = 20 mA. Entdo rz = (95
mV)/(19mA) =5Q. EVz =82-5x20x1073=8.1V.

Usando o modelo linear por partes, temos:

(20 — Vout) /220 = (Vous — 8.1)/5 + Vour /220 — (20 — Voug) X 5 = (Vous — 8.1) X 220 + 5Vt
Vous = (20 x 54220 x 8.1)/(220 + 5+ 5) = 1882/230 = 8.183 V.

Obs.: Iz = (20 — 8.183)/220 — 8.183/220 = 16.5 mA.

b) Com Vi, = 15 V, o modelo linear por partes do item (a) nos da:
(15— Vout) /220 = (Vout — 8.1) /5 4 Vout /220 — Vour = (15 x 5+220 x 8.1)/(2204+5+5) = 1857/230 = 8.07 V.
Este valor de Vg, € inferior a Vg, entao o diodo Zener esta desligado e deve ser substituido por um circuito
aberto. Entao: Vous = Vin/2 = 7.5 V.
Questao 6:
a) Vip=V1=17-14=156 V— (1+v3 x0.1)Vpc = 15.6 — Vpc =133V — I = 13.3 mA.
C =133 x1073/(4 x 1.7 x 60 x 15.6 x 0.1) = 13.3/0.648 x 10~ = 20.5 uF
Entao escolhemos C = 22 uF (valor comercial).
Verificando: 7 = 13.3 x 1073 /(4 x 1.7 x 60 x 15.6 x 22 x 1073 x 1073) = 13.3/1427 = 9.3%
Ve = 15.6/(1+v/3 x 0.093) = 13.4 V — r = 13.4/1427 = 9.4% — Vpe = 15.6/(1+ /3 x 0.094) = 13.4 V.
b) Vout(t) é uma onda com forma dente-de-serra, V4 = 15.6 V, Vpo = 134 V e Vo = 11.2 V. Além disso,

Vacrus = 4.4/(2v/3) = 1.27 V e portanto Viiyg = 13.4% + 1.272 — Vs = 13.46 V. A diferenca entre Vs
e Vpc € 13.46 - 13.4 = 0.06 V.



