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Introduction to Analog and
Digital Electronics
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Outline of Section 1

1.1  Analog Amplifiers
— Linear Amplifiers
— Transfer Characteristic
— Operating point
— Classification of ideal amplifier topologies and desirable properties
— Input/Output resistance
— Cascaded amplifier stages

1.2 Frequency Response of Amplifiers
1.3 Digital Logic Inverters
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Linear Amplifiers (1)

« Multiply amplitude of a signal by a constant scalar quantity
e %(t)=Ax(t)
« Non-scalar or non-uniform amplification is called distortion

2.DT ——————————————————————————————————————————— 1
|

Distorted
Output

-\ —— Undistorted : :
1ol T oumt «  Only the signal portion

of the input is amplified
by the amplifier

 DC component may be
shifted up or down
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Linear Amplifiers (2)

e Symbol for a single-ended
Input linear voltage amplifier: in A out

 Ideally provides linear voltage
gain regardless of the
amplitude of the input signal

/ VDD
e Real amplifiers have power
supplies that limit the V. Vv
amplitude of the output S A o
8. [Voy,,,, (t] <VDD-VSS
 If inputis too large, output N/ VSS

clamps = gain saturation
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Transfer Characteristic(1)

« Plot of amplifier output versus amplifier input
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Transfer Characteristic
e Fig 1.13 Text book: Amplifier Saturation
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Transfer Characteristic (2)

V V

out out

VoutMAX T

inMIN inMAX
|n: v V v |n‘ V

inMIN ‘ In

Slope = gain (A) Slope = gain (A)

|V \Y

outMIN outMIN |

Amplifier with positive gain Amplifier with negative gain

e To operate amplifier in its linear region, the input must be kept
small enough
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Operating Point (1)

 Realistic transfer characteristic: e Each circle represents a
different DC

component for the
out Input and output signals

— called an
operating point

V

« Location of operating
in point has an effect on

— Input signal range

— amplifier gain
magnitude

— amount of distortion

V
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Operatlng Pomt (2)

———————————————————————————————————————————————————————————————————————————————————————————

P

* Note how

-. | L — operating

S E e point affects:

| ANNANNANNANANAN — voltage gain

— output DC
voltage

— allowable
Input
magnitude
range

Amplifier Output
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Operating Point (3)

MY omermmmmamsmssn s R .+ Input and output signal
' | amplitude ranges
i 2 N : maximized when
Transfer | ° % j : .
Characteristic | S V. | operating point is near
' middle of linear region

o R At e o S R o

= Derivative of transfer
First g Ny . f ; characteristic gives
perivative | | g measure of amplifier
| | e ] E gain linearity
. (and distortion)

Introduction to Analog and Digital Electronics  1.10



2 Mc(Gil] Department of Electrical and ECSE-330B Electronic Circuits |

Computer Engineering

Signal Convention for Course

» DC magnitudes in uppercase In general:
symbol and subscript i (t)=1, +i,(t)
— ExampleZ ID’ VD Vp (t):VD +V (t)

 Incremental signal quantities in
lowercase symbol & subscript

— Example: 1(t), v4(t)

e Total DC + signal quantities in
lowercase symbol, uppercase
subscript

— Example: i5(1), vp ()
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Amplifier Classification

e Four types:

Input|Output
Voltage Voltage [ Voltage
cCurrent Current | Current

Transconductance| voltage | current

Transresistance | current| Voltage
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Ideal VVoltage Amplifier

O O O

A\, Is the open-circuit Gain v, AoV,
(usually large 1,000 V/V)

T
“Real” Voltage Amplifier

O—L N \ \/I?f(\)/\/—c

/

R, is the Output Resistance

Rl Vi AVGVI
(usually low 100 Q)

R, is the Input Resistance
(usually large 100 kQ)
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Loadlng of the Voltage Ampllfler

__________________

. § ”/‘/W\s of— - f\.fwx.f\.f T,
BN - |
r§ vi N<+> ng V, AvoV; RL§ Vout
S I _ ~
& \
_ Vi _ Ri _ Vout _ RL
Az vy R +Rq A v, R +R, (Ao)
— Vout . Vi _ Ri R
A V. Vv, R +Rs R +R; (Ao)

¢ A, <A, due to two voltage
divisions (at source and load)

A,, maximized with large R,y

(R,), and small Ry 1 (Rp)
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Ideal Current Amplifier

O

O
—>

l,
A, Is the open-loop Gain l; Al
(usually large 100 A/A)

“Real” Current Amplifier

O

R, gl ! Adl, =R,

==

R, is the Input Resistance l R, is the Output Resistance
(usually low 100 ) - - - (usually high 100 kQ)
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_oading of the Current Amplifier

—>
& o -
'@l, A j J l i {‘:
. é)?\'\/J l5 Ct) ;Rs R, ;l| Agl; ;Ro i RL?
~ I L L1
I R o R
AIZZII:R - Ay = == > (AIS)
s  Rg+R i Ry +R,
o | R R
A== B B (ay)
. I Re+R R;+R,
* A <A due totwo current A, maximized with small R,
divisions (at source and load) (R)), large Ryt (Ro)
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Transconductance Amplifier

@ﬁ I o e G, IS the short-circuit

—>
R|§ Vi

% transconductance
o Usually:
R,y Is large and R, 1 Is large

GusV; § R,

Transresistance Amplifier

R

M——o * Ry isthe open-circuit
+ transresistance gain
R, ﬁ“lli Ruol; V, e Usua”y:
- R,y Is small and R+ Is small
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2-port Network

o So far the amplifier we discussed look like two port devices

 Tow port devices can be described by two port network elements
such as z parameters, y parameters, h (hybrid parameters) and g
(Inverse hybrid parameters)

* [In EC1, we don’t study the details of working with two port
network parameters. Read Appendix B of your text book for more
Information about two port network parameters

e These parameters include a component showing reverse
transmission of the signal from output to input

V1 — Z11'1 + Z12|2 |1 — y11V1 + Y12V2
V,=2,1,+2,1, I, = Y,Vi + YV,
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2-port Network (g-parameter)

* Real Amplifiers must also contain a L —=a.V. +q.l
Reverse-Transmission component ! 1 = YuVi T Ol

* For example, a 2-port network using  \/, = ..V, + |
g-parameters 2 = JatV1 T U221

I1 822 ‘|2
* 0, Input admittance
+ * '
I v * g, reverse current gain
Vi  8n 812l SV v , d,,- forward voltage gain
—~ - * 0, output impedance
O O

Reverse transmission assumed negligible in EC1
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Input and Output Resistance

* Methods needed to determine R,y and Ryt
for a given black-box amplifier
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Finding R,

* R,y IS the resistance “seen” between the input node and ground
« With input signal applied, v;, and I;, signals are established

e Result is independent
of amplifier class

iin
O——"+ Important:
_|_
R,y can usually
V. \' .
h - be obtained by
B N Inspection
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Finding Ry ;1 - Method 1

« With input signal applied, v, , and i, signals are established
and are dependent on attached load resistance

e To get Ry 7 for a given input:
— remove load (open-circuit the output), determine v
— short load (short-circuit the output), determine i

out

out

out‘o o aireui || ¢ RESUILIS Independent
Rour = of amplifier class and
Input signal

out ‘short—circuit
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Finding Ry ;1 - Method 2

 Alternatively, one can determine R, 7 as follows:
— “Kill” the input signal (set v;, or I, to zero)
— Apply a test voltage signal v, to the output node
— Determine the current i, it supplies to the circuit

———_———————n

IX

+—

|
|
|
i
—O—— ——O—
|
|
|
|
|
|

"Killed"
Source

__________

G>VX e Result Is independent
L of amplifier class
(Norton’s Theorem)
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Cascaded Amplifier Stages

i o Wl

NV o Y 00! | .

Vm(t) Ry :%Vn Avo1Vin - Ra=v, Avoz2Viz i R, :E Vour
__________ Stagel ~ Stage2

e Determine the relevant parameters (gain, R\, Royt) Of each stage
* Overall gain analysis then becomes trivial (voltage & current dividers)

Then, by inspection...

- - - -

~a - ~~ -
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Inside the Op-Amp

o+
liq
O I = o —
+ |
Vit R, &é R...q Op-Amp
S =
1| K -~
la L Yy —>,
Avo(‘h“’z@ +
+ + -
\_,2 V2 RcmZ - o
i |7 3

* The internal circuitry of the “Op-Amp” (or at least a version of it) will be explored
by the end of ECL1...
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1.1 Analog Amplifiers - Summary

« Linear signal amplification and distortion

» Transfer characteristics: input and output range, gain saturation
« Effect of operating point on gain, input and output range

« Classification of ideal amplifiers

« Loading effects and ideal amplifier properties

* How to find the input and output resistance of an amplifier

* Analysis of cascaded amplifier stages
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Outline of Section 1.2

1.1  Analog Amplifiers

1.2  Freqguency Response of Amplifiers
— Measuring the response
— Classification of Amplifiers based on frequency response

1.3 Digital Logic Inverters
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Measuring Frequency Response

* When a sine wave signal is applied to a linear circuit the output
IS a sine wave at the same frequency

e The output can have a different magnitude and experience a
phase shift

Linear amplifier

i = V;5in @

* The Transfer function of an amplifier is: T(w) V. (w)
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Measuring Frequency Response

* The frequency response of an amplifier is completely known by
the magnitude (or amplitude) response and phase response

T ()| = \\;— /T(0) = ¢

« Often the magnitude plot is given in decibels and 20log|T(w)| is
plotted versus frequency

20 log | Fie)|
A4

| |
| Bandwidih F
| |
| |
l ] -

L L] L)
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Frequency Response

« Amplifier Bandwidth: The frequency range in which gain is
almost constant and doesn’t decrease more than (usually) 3 dB

20 log | Fies}|

3 dB lower than -
The maximum
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Derivation of Frequency Response

« Find the amplifier equivalent circuit including the reactive
components

* L has the impedance of joL and C has the impedance of 1/j]Cw

* In many cases complex frequency variable of s Is used instead of
®, =2 SL and 1/sC

Vo (8)

T(s) = v (s)

* Replacing s by jo gives the response for physical frequencies:
Tlo)=T(w)
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Single-Time-Constant Networks

» Circuits with one reactive component (L or C) and one resistance
* Time constant of an STC network: t=L/Rort=CR
o STC networks can be low-pass (LP) or high-pass (HP)

. f
e 4 i e o
| _
i, @ R b, R ¥
=0 —0 ) 2
E)) fh b
Low-Pass Network High-Pass Network
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STC Network-Bode Plots

Fei
20 log I—-%‘:ﬁzl {dB)

e Low-pass STC

e Log scale axis

« 3 dB frequency or o 4B decade
Corner frequency X

—6 dB/ actave

[i]
> o flog scale)

- (log seale)

(b}
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STC Network-Bode Plots

20 log ! P(é.wll (dB}

e High-pass STC .
* Log scale axis ok o ¥

3dB 7
« 3dB frequency or _m/
+20 dB; decade
Corner frequency &

52

e | —— e

' » = (log scal
~ og scale)

- Q.1 10
fak
dfea)
wi
T

=

Y , &
19 ? » %(Iﬂg seale)

14}
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Another Classification of Amplifiers

e Base on the shape of the magnitude-response of the amplifiers

* The internal device capacitances and external circuit
capacitances cause a limited frequency range and the roll off in

the frequency response

| F| (dB)
i

A direct-coupled amplifier -
or dc amplifier

Y
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Another Classification of Amplifiers

* Coupling capacitors are used to connect one amplifier stage to
another (few uF)

— At low frequencies the stages are decoupled as the
Impedance of the capacitor (1/jCw) Is very large

— Resulting in zero gain at DC
— They are not used in ICs

Fwo amplifier

| | (dB)
1

R

—_— o = i

[478

A a capacitively-coupled
amplifier or an ac amplifier

o & |.-"
Coupling -

capacitor
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Another Classification of Amplifiers

A Tuned Amplifier or bandpass amplifier or bandpass filter

has a frequency response in which gain peaks around a center
frequency

* They exist in many electronic systems such as radios, television
receivers, front-end of telecommunication receivers

1 i {dB)
1

Cantar fraguengy it
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1.2 Frequency Response - Summary

« Transfer function or frequency response of an amplifier
« Magnitude response and phase response
« Bode plots

« Classification of amplifiers based on their frequency response

Introduction to Analog and Digital Electronics  1.38



