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Lesson 1 Analog Amplifiers

At the most basic level, a signal amplifier does exactly what you expect — it makes a signal
bigger! However, the way in which it is done does vary with the design of the actual amplifier,
the type of signal, and the reason why we want to enlarge the signal. ] We can illustrate this by
considering the common example of a “Hi-Fi” audio system.

In a typical modern Hi-Fi: system, the signals will come from a unit like a CD player, FM
tuner, or a Tape/Minidisk unit. The signals they produce have typical levels of the order of
100 mV or so when the music is moderately loud. This is a reasonably large voltage, easy to
detect with something like an oscilloscope or a voltmeter. However, the actual power levels of
these signals are quite modest. Typically, these sources can only provide currents of a few
milliamps, which by P=VI means powers of just a few milliwatts. A typical loudspeaker will
require between a few Watts and perhaps over 100 Watts to produce loud sound. Hence we will
require some form of Power Amplifier (PA) to “boost” the signal power level from the source
and make it big enough to play the music.

Fig. 1.1 shows four examples of simple analog amplifier stages using various types of
device. In each case the a.c. voltage gain will usually be approximated by

J-FET
(N-channel

vacuum
(triode)
V

4+

bipolar
(NPN)

op-amp
(inverting)

Fig. 1.1 Examples of voltage amplifiers

A~ —R\/R; (1-1)
provided that the actual device has an inherent gain large enough to be controlled by the resistor
values chosen.Note the negative sign in.expression 1-1 which indicates that the examples all
invert the signal pattern when amplifying. ! In practice, gains of the order of up to hundred are
possible from simple circuits like this, although it is usually a good idea to keep the voltage gain
below this. Note also that vacuum state devices tend to be called “valves” in the UK and “tubes”
in the USA.
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Many practical amplifiers chain together a series of analog amplifier stages to obtain a high
overall voltage gain. For example, a PA system might start with voltages of the order of 0.1 mV
from microphones, and boost this to perhaps 10 to 100 V to drive loudspeakers. This requires an
overall voltage gain of 10°, so a number of voltage gain stages will be required.

In many cases we wish to amplify the current signal level as well as the voltage. The
example we can consider here is the signal required to drive the loudspeakers in a “Hi-Fi” system.
These will tend to have a typical input impedance of the order of 8 Ohms. So to drive, say, 100
Watts into such a loudspeaker load we have to simultaneously provide a voltage of 28 Vi and
3.5 Ams. Taking the example of a microphone as an initial source again a typical source
impedance will be around 100 Ohms. Hence the microphone will provide just 1 nA when
producing 0.1 mV. This means that to take this and drive 100 W into a loudspeaker the amplifier
system must amplify the signal current by a factor of over 10° at the same time as boosting the
voltage by a similar amount. B3] This means that the overall power gain required is 10" —ie. 180
dB!

This high overall power gain is one reason it is common to spread the amplifying function
into separately boxed pre- and power-amplifiers. The signal levels inside power amplifiers are so
much larger than these weak inputs that even the slightest ‘leakage’ from the output back to the
input may cause problems. By putting the high-power (high current) and low power sections in
different boxes we can help protect the input signals from harm.

In practice, many devices which require high currents and powers tend to work on the basis
that it is the signal voltage which determines the level of response, and they then draw the current
they need in order to work. ) For example, it is the convention with loudspeakers that the
volume of the sound should be set by the voltage applied to the speaker. Despite this, most
loudspeakers have an efficiency (the effectiveness with which electrical power is converted into
acoustical power) which is highly frequency dependent. To a large extent this arises as a natural
consequence of the physical properties of loudspeakers. We won’t worry about the details here,
but as a result a loudspeaker’s input impedance usually varies in quite a complicated manner with
the frequency. (Sometimes also with the input level.)

Fig. 1.2 shows a typical example. In this case, the loudspeaker has an impedance of around
12 Ohms at 150 Hz and 5 Ohms at 1 kHz. So over twice the current will be required to play the
same output level at 1 kHz than is required at 150 Hz. The power amplifier has no way to “know
in advance” what kind of loudspeaker you will use, so simply adopts the convention of asserting
a voltage level to indicate the required signal level at each frequency in the signal and supplying
whatever current the loudspeaker then requires.

This kind of behavior is quite common in electronic systems. It means that, in information
terms, the signal pattern is determined by the way the voltage varies with time, and ideally the
current required is then drawn. Although the above is based on a high-power example, a similar
situation can arise when a sensor is able to generate a voltage in response to an input stimulus but
can only supply a very limited current. In these situations we require either a current amplifier or

D



Lesson 1 Analog Amplifiers 3.

a buffer. These devices are quite similar, and in each case we are using some form of gain device
and circuit to increase the signal current level. However, a current amplifier always tries to

multiply the current by a set amount. Hence it is similar in action to a voltage amplifier which
always tries to multiply the signal current by a set amount. The buffer differs from the current
amplifier as it sets out to provide whatever current level is demanded from it in order to maintain
the signal voltage told to assert. Hence it will have a higher current gain when connected to a

more demanding load.

Fig 1.2

New Words and Phrases

1. analog ['eenalog] n.
adj.

2. amplifier ['eemplifaia] n.

3. illustrate ['ilastreit] vt.
Vi,

4. audio ['0:diau] adj.
n.

5. Hi-Fi [hai'fai] n.
abbr.

6. fidelity [fi'deliti] .

7. minidisk [minidisk] n.

8. approximate [a'proksimeit] adj.
vt., vi

9. provided that
10. of the order of

11.FM abbr.

Impedance properties of a typical “8 Ohms” loudspeaker

Ky, MR, ENE

BEHLHY

[y =48, BUOKSHE

eIV, EEE, KW, nEET
2545

B, FEK, FER

T, EEET

hi-fis(tEFHL. FENS)AERREE
(W&i8) R EL(High-Fidelity)

BT, WL, B, (ENL, REREER)
EBEE, REE

NBYRERE

WL, KAH

(%5 to ERIEML, Bk

B, &, WwH, fE----HEHET
K&y, Ef, A5 R,

pr. ¥ 3| REERE ¥(# (= in the order of)
(B&1E) A H(frequency modulation)
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12.
13.
14,
15.
16.
17.
18.
19.

20.
21.
22,
23.

24,
25.
26.
27.
28.
29.
30.

31
32.
33.

34.
35.

36.

37.
38.
39.
40.

4].
42,
43,

tuner ['tju:na] n.
moderately ['modaritli] adv.
oscilloscope [9'silaskaup] n.
voltmeter ['voultmi:ta(r)] n.
milliwatt ['miliwat] n
milliampere [/mili'aempea] n.

a.c. abbr.

gain [gein] n.
vt.

voltage gain

impedance [im'pi:dans] n.

resistor [ri'zista)
valve [vaelv]

tube ['tju:b] n.

bipolar [bai'paula] adj.

FET abbr.

J-FET

N-channel

inverting [in'va:tin] adj.

boost [bu:st] vt.
n.

triode ['traisud] n.

op-amp abbr.

current ['karant] adj.
n.

in advance

simultaneously

[simal'teiniasly; (US) saim-]adv.
convention [kan'venfan]  n.

overall power

applied [8'plaid] adj.
acoustical [@'ku:stik(a)l]  adj.
consequence ['konsikwans] n.

sensor ['sensa] n,
stimulus ['stimjulas) n.
buffer ['bafa] n.

WHigss, RIEEE, AEE, E%E
S, R

(S, S, TERE

R¥evt, HER

2L

[FR]ZERE

(W& TE)AT i K (alternating current)

Wi, Wrm, FE, ek

B/E, W, W, vifkR, s
LR 3

[ER1FEHT, AHPH

(2] HPFH, HEPH2E

W, &7, R, [EBEFE, EEEWHE)
MR, (DIEH)EM

&, BT, [EHE, <EHTE, BRE
ARE, BERE, PR

(R& YB3 BN & (Field-effect transistor)

J RSB E

N ¥iE

AR, B

HeE, s8N, M, AE, RE, BE
b, BN, RE, BB, BE
[HTFI=RE, EE=RE

(&5 )iz E i K 28 (operational amplifier)
LETH), EAR, REN, 50, &M
W, ¥, B

a7, AT, Wk

[ it

K&, W the, &4, hill, R4,
SE. Bl

R, SERR, HEme, Shme
WrRER, P

2R, BEEE, #R, FERXR,
EERHAL

feka%, REUTH

R R, RiEFRRRE]stimuli
Zrds, ZErhY, EFK
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vt. Zrh
44. in action EEs), EiEk, 1, &M, ®EiTh
45. assert [@'sa:t] vt. s, A, Eik, 4y, KW
46. Ohm [aum] n. MRB(QOE K @Georg Simon, 1787—1854,
EEYEER) [B]1EKE
47.Hz ~ abbr.  (E&if)hertz [ha:ts]

n . WRREORERAL: R/ @&’i&&
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B3R 1925 Fin NURYIEER
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Notes

[1] However, the way in which this is done does vary with the design of the actual amplifier,
the type of signal, and the reason why we want to enlarge the signal.

R, H5HBKTRMEELGFRRBHRE. F5HRRBUREAES BHBIAR
A

AR REAR, AP AIEEMA) in which this is done &1 15 the way, does F Fi&
1B vary. 5184 the design of the actual amplifier 55 the type of signal & and the reason
why we want to enlarge the signal 7 5I{E A /A with F15EiE. why F|@KIEEMNTEN the
reason.

[2] Note the negative sign in expression 1-1 which indicates that the examples all invert the
signal pattern when amplifying.

EE, ®ixR 1-1 PRASHE, =~60DREBERAKNEETF SR,

f)% which 3|5 HIEBMN AR iA4TE in expression 1-1 E4iz3hid Note HIIEE the
negative sign, that 5| I FRBEBNDEEENDPERIE, BliF all M53E4%4H when amplifying
B8 1E30A invert.

[3] This means that to take this and drive 100 W into a loudspeaker the amplifier system
must amplify the signal current by a factor of over 10° at the same time as boosting the voltage
by a similar amount. :

XREREEZXMMAESIFEIES 100 WHEHER, BOKHEBRRLIRESHE
FA R R R R 10° £%

A1 that 5| BN EIHEIEESNIA means HIFEE, FAEXMEE to take.. ERBEBNAFIE
BHRIE, by a factor... A MAJF I ARIE .

[4] In practice, many devices which require high currents and powers tend to work on the
basis that it is the signal voltage which determines the level of response, and they then draw the
current they need in order to work.

LfE b, ¥ERERBRUADRNREFEREREOFMATIE, BaESHE

e 5.
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The signal levels inside power amplifiers are so much larger than these weak inputs that
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even the slightest ‘leakage’ from the output back to the input may cause problems.

THEBRBH G SRELLHMSSHMAGE S KE S, B RRG-tieiEm 2]
WA, B5IR—ERE.

For example, it is the convention with loudspeakers that the volume of the sound should be

set by the voltage applied to the speaker.
Blin, HFERNTEERBZIINBEEES.
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Exercises

1. Translate the following into Chinese.

(DA bipolar junction transistor (BJT) is a three-layer silicon (or germanium) device
consisting of either two p- and one n-type layers of materials (pnp) or two n- and one p-type
layers of materials (npn).

(2)Since the emitter follower has a high input impedance and a low output impedance, its
voltage gain is less than unity and the power gain is normally lower than that obtained from other
configurations.

(3)The current in a reverse-biased diode is small (typically 10% A for silicon) and
approximately independent of voltage until the breakdown region at high reverse voltages is
reached.

(4) Most integrated circuits provide the same functionality as “discrete” semiconductor
circuits at higher levels of reliability and at a fraction of the cost.

(5) Vision is well developed in most snakes, but many burrowing snakes are virtually blind.

(6) Working out regularly may make you smarter now and lessen the possibility that you
will lose brain function as you age.

(7) They work out a new method by which production has now been rapidly increased.



