Circuitos Elétricos & Circuitos Eletronicos

v Circuitos Elétricos - Sistema Fisico: conexao de fios
condutivos e outros dispositivos passivos (fontes de tensao,
resistor, capacitor e indutor) onde ocorre um fluxo uniforme
de elétrons.

v Circuitos Elétricos - Modelo: interconexao de modelos
lineares de dispositivos passivos (fontes de tensao, fontes
de corrente, resisténcia, capacitancia e indutancia).

v Circuitos eletronicos - Sistema Fisico: conexao de fios
condutivos e outros dispositivos passivo e ativos, onde
alguma forma de controle é exercido sobre o fluxo de
elétrons por outro sinal elétrico, que pode ser uma corrente
ou uma tensao.

v Circuitos eletronicos - Modelo: interconexao de modelos
lineares e nao lineares de dispositivos passivos e ativos.
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CHAPTER 1

Introduction to Electronics



Sinais

Carrier wave
generated at
transmitter
ok Amplitude Modulated
0 APANEA Electrical limage carrier wave -- the
: i of sound formed f\M Radlq signal that
by microphone is transmitted.
Sound gignal o
to microphone Radio AM

O radio AM utiliza a imagem elétrica de uma fonte de som para
modular a amplitude de uma onda portadora (carrier wave). Na saida
do receptor, no processo de deteccdao, esta imagem € separada da
portadora e torna-se novamente som por meio de um autofalante.
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Figure 1.1 Two alternative representations of a signal source: (a) the Thévenin form, and (b) the Norton form.
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Sinais Periodicos
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Figure 1.3 Sine-wave voltage signal of amplitude V, and frequency f = 1/T Hz. The angular frequency »= 2,f rad/s.
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Figure 1.4 A symmetrical square-wave signal of amplitude V.
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Figure 1.5 The frequency spectrum (also known as the line spectrum) of the periodic square wave of Fig. 1.4.
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Sinais nao Periodicos
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Figure 1.2 An arbitrary voltage signal v,(t).
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Figure 1.6 The frequency spectrum of an arbitrary waveform such as that in Fig. 1.2.
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Figure 1.7 Sampling the continuous-time analog signal in (a) results in the discrete-time signal in (b).
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Figure 1.8 Variation of a particular binary digital signal with time.
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Figure 1.9 Block-diagram representation of the analog-to-digital converter (ADC).
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Amplificadores de Sinais

» Amplificador: elemento basico em circuitos analdgicos.
» Inversor ldgico: elemento basico em circuitos digitais.

» Motivacao: transdutores fornecem sinais “fracos”, na escala de mV
ou pA, e com baixa energia.

» Amplificador linear: sinal de saida possui mesma forma do sinal de

entrada, contendo as mesmas informagdes com um minimo de distorgao.

o O o
Input Output i
Input Outpul
o O
o o
Vo (1) = AV (1) )
(a) (b)

Figure 1.10 (a) Circuit symbol for amplifier. (b) An amplifier with a common terminal (ground) between the input and output ports.
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Figure 1.11 (a) A voltage amplifier fed with a signal v,(t) and connected to a load resistance R,. (b) Transfer characteristic of a linear voltage amplifier
with voltage gain A,.
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Figure 1.12 An amplifier that requires two dc supplies (shown as batteries) for operation.
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EXEMPLO 1.1

Considere um amplificador operando a
partir de fontes de alimentacdo de +10V.
Uma tensdo senoidal de 1V de pico esta
acoplada na entrada e uma tenséo senoidal
de 9V de pico é fornecida na saida, a uma
carga de 1KQ. O amplificador drena uma
corrente de 9,5 mA de cada uma das
fontes de alimentacdo. A corrente de
entrada do amplificador é senoidal, tendo
0,1 mA de pico. Calcule o ganho de
tensdo, 0 ganho de corrente, o ganho de
poténcia, a poténcia drenada da fonte CC,
a poténcia dissipada no amplificador e a
eficiéncie

SOLUCAO

.
I
|
I

W

=

2

A; =201og 90=39,1dB

9 9
P = ‘[.FUmS ;nms = E E = 40,5 mW
Fr=V T = % 8’—,21 =0,05 mW
P 40,5
” :éz—-—=81(J'WfW
P, 0,05

A, =10log 810=29,1 dB
P. =10x95+10%9,5=190 mW
Pdissipada =P, +F-F

i

=190+0,05-40,5=149,6 mW

P
n= P—"-x 100 = 21,3%

o
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Figure 1.13a An amplifier transfer characteristic that is linear except for output saturation.
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Figure 1.13b An amplifier transfer characteristic that is linear except for output saturation.
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Figure 1.14 (a) An amplifier transfer characteristic that shows considerable nonlinearity. (b) To obtain linear operation the amplifier is biased as shown,
and the signal amplitude is kept small. Observe that this amplifier is operated from a single power supply, Vpp.
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Convencao de Notacao

i A

Figure 1.16 Symbol convention employed throughout the book.
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Modelos de Circuitos para Amplificadores

Amplificador de Tensao

R()
0 A'AS O
A:'ut’i
O
(a) (b)
Ganho de Tens3 A =0-p
anno de Iensao » ==
V, 0 v, R, R,

Impedancia de Entrada » R

Impedancia de Saida » Ry

Figure 1.17 (a) Circuit model for the voltage amplifier. (b) The voltage amplifier with input signal source and load.
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EXEMPLO 1.3

Um amplificador € composto de trés estagios em cascata. O amplificador € excitado por
uma fonte de sinal com uma reniténcia de saida de 100KQ. A carga na saida do
amplificador é de 100Q. Determine o ganho de tensdo total, 0 ganho de corrente e 0

ganho de poténcia.

AIO =10 A, =100 A\/o =
Rin =1IMQ R, =100KQ R, =10KQ

R, =1KQ Ro =1KQ R, =100

26
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Figure 1.18 Three-stage amplifier for Example 1.3.
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Modelos de Circuitos para Amplificadores

Amplificador de Tensao

Amplificador de
Transcondutancia

+
v; R; ¢ (77 R,
G * 1

Table 1.1 The Four Amplifier Types
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Figure 1.19 (a) Small-signal circuit model for a bipolar junction transistor (BJT). (b) The BJT connected as an amplifier with the emitter as a common
terminal between input and output (called a common-emitter amplifier). (c) An alternative small-signal circuit model for the BJT.
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Figure E1.20
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Resposta em FrequUiéncia dos Amplificadores

Pode-se caracterizar o desempenho de um amplificador
em termos de sua resposta a entradas senoidais de
diferentes freqiiéncias.

Linear amplifier

v,/ V; » magnitude do ganho do amplificador
v =V, sin wi Ct) v, = V. sin (@t + @) na frequéncia de teste w

@ » fase do ganho do amplificador
L 0 na freqliéncia de teste o

Figure 1.20 Measuring the frequency response of a linear amplifier. At the test frequency » the amplifier gain is characterized by its magnitude (V,/V;)
and phase £
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Largura de Banda

» Largura de banda (bandwidth): faixa de valores na qual o ganho do
amplificador é praticamente constante, limitado a um decréscimo de 3dB.

» Deve-se projetar o amplificador de modo que sua largura de banda coincida
com o espectro dos sinais que deve amplificar, caso contrario, diferentes

componentes do sinal de entrada serao amplificados com ganhos distintos.

20 log | T(w)|
A

3dB

| |
I |
fe—Bandwidth—— >+

I
I
|
I
w

I 2

!
!
|
I -
] w

Figure 1.21 Typical magnitude response of an amplifier. [T(»)| is the magnitude of the amplifier transfer function—that is, the ratio of the output V,(»)
to the input V;(»).
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Circuitos Passa Baixas e Passa Altas
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Figure 1.22 Two examples of STC networks: (a) a low-pass network and (b) a high-pass network.
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Diagrama de Bode
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Figure 1.23 (a) Magnitude and (b) phase response of STC networks of the low-pass type.
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Figure 1.24 (a) Magnitude and (b) phase response of STC networks of the high-pass type.
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Figure 1.25 Circuit for Example 1.5.
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Figure 1.26 Frequency response for (a) a capacitively coupled amplifier, (b) a direct-coupled amplifier, and (c) a tuned or bandpass amplifier.
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Figure 1.27 Use of a capacitor to couple amplifier stages.
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Figure E1.23
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Figure 1.28 A logic inverter operating from a dc supply Vpp.
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Figure 1.29 Voltage transfer characteristic of an inverter. The VTC is approximated by three straightline segments. Note the four parameters of the VTC
(Von» Vou, Vi1, and V) and their use in determining the noise margins (NM,; and NM,).
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Vou = Vop

v A

Figure 1.30 The VTC of an ideal inverter.
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Figure 1.31 (a) The simplest implementation of a logic inverter using a voltage-controlled switch; (b) equivalent circuit when v, is low; and (c)
equivalent circuit when v, is high. Note that the switch is assumed to close when v, is high.
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Figure 1.32 A more elaborate implementation of the logic inverter utilizing two complementary switches. This is the basis of the CMOS inverter studied

in Section 4.10.
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Figure 1.33 Another inverter implementation utilizing a double-throw switch to steer the constant current I to R, (when v, is high) or R, (when v, is
low). This is the basis of the emitter-coupled logic (ECL) studied in Chapters 7 and 11.
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Figure 1.34 Example 1.6: (a) The inverter circuit after the switch opens (i.e., for t > 0+). (b) Waveforms of v, and v,. Observe that the switch is assumed
to operate instantaneously. v, rises exponentially, starting at V, and heading toward Vg, .
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Figure 1.35 Definitions of propagation delays and transition times of the logic inverter.

Microelectronic Circuits - Fifth Edition Sedra/Smith

Copyright © 2004 by Oxford University Press, Inc.

47



Exercicios Propostos

Figure P1.16
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Figure P1.17
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Figure P1.18
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Figure P1.37
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Figure P1.58
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Figure P1.67
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Figure P1.68
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Figure P1.72
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Figure P1.79
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