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the signal involved in the amplification process.

Bo witetats S the MF proved more advantageous than vacimm-

be Or the direct coupling of successive amplifier staees. Transformers
Gan be used for coupling. but they are bulky and expensive.

Figure 1.8 Block diagram of a typical radio receiver.

As you can seen from Figure 1 8, a radio receiver needs many amplifiers in cascade
to drive a loud spesker. Also, the power supply is an imporiant part because 1t
supplies the DC voltzge and current necessary for 2ll other circwits in the sysem 10
operate.

deﬁcmmliﬁﬂmbedﬁgndmpm&ﬂamaglﬁﬁadmmmsigﬂl
identical in every respect to the input signal This is linear operation. If the curput s
altered in shape after passing through the amplifier, amplinude distortion eoss. If
-&mﬂﬁ@mmﬁi@mﬂynaﬂ&mﬁeﬁ,ﬂmmﬁﬁsmﬂﬁ
mwu&mﬁmﬁmﬁsmmmmm=mm
music recordings).
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In an amplifier, input voltage I and o |
 below. Determine the vulm‘“gg:  and output voltage V/, are measured as shown

gain.

() ¥,=0.1V, ¥,=5v

(€) Vi=0.1uV, ¥, = 50mV

(==

AAITLETILE ”

'
.

I'-:".I.'..'T-.'.’ i :“-_'_fil'h-‘-_ voltage, current, powe ) by the i t elect CI.IITH'It Gain (A)

connected between a signal source and
3 ‘ wom -

Rl

The current gain is given by dividing output current (/,) by input current (/,).

|
A=-"=
] !J
N
Drill Question 2
| Determine the current gain for:

(a) 1, =0.15mA, I = 12mA

(b) ]l-=--ﬂ.15|,lA, 1,=03mA

Ho Chol




Chapter 1 -Infroduction

Power Gain (A,)

The input power (P) and the out p £ o snoliBer can e eas
phsIipOL A | out put power (Py) of an amplifier can be easily
calculated using P(W) = V7 concept. Hence: .

e .2 . '_:... PI=V;XI'

P, =V, =1,

Therefore, the power gain is determined;

u % F
- AF = ??
] [ 1 - Drill Question 4

" ¥\ e . For the Figure 1.10, determine the power gain of the amplifier.

®
- _ (i) Calculate the input power using the result in Drill Question 3 (ii).

(i1) Calculate the outpui power.

(iii) Determine the power gain.

Ho Chol
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= ‘l_.'...'_-_!‘_ Tr -2l (T
i ‘-"‘”.‘-“':*ipt['!'dllF:rﬁll
L Rl e - T T, -

) 1 iy |m;ﬁimm.55ﬂcﬁ
e i - wonumbers Itisa

~ Power Gain in dB

- Power gainin dB is defined
-— y . a I — — ..
. '_-_'-_~."-_f'_ '. f the amplifier's ’UJ"' 1-'”§jl{y” S Putput

) A dB) =10 ja
1 . L Wi n v - MRS EETNL . e ) N L -
t voltage It 1S sometimes called frans conduclance £gamn and - P( L }m
& o I = Fa e ]

~ Voltage Gain and Current Gain in dB

- Vﬂltagc Bain or current gain in dB can be easily

. . | o concept. derived using power gain in dB

Al T e e TN £
o rl1eure IE'—:*E'-U-'. UCLENiIne ““1’;‘ 1.T:m‘l
o s BT LSRN L = =TS

FaN el ‘ o et 4 .- : . Ar'" (dBJ — znluglﬂ -Ifg'

= . - r

s N A,(dB)=20log,, =

_ i
. | - -

—
]' Voltage or Current gain in dB from Power gain in dB

Generally, power gain Ay can be expressed
LR : A_(dB)=10 hg%—

: |
o | '- ' meP=.§.(w]

vy

e + 3 .

A,(dB) =10 Iug-fz— =.m;og:’7=; =10log) —=
I ' ;

— I

R
Therefore, voltage gain must be:

A, (dB)= Zﬂlng%—

¥

Similarly. from P=/7°R(W)
A4,(dB)=10lo a{;—R—mh &z l=1010 1y
S e T T

Therefore, current gain A, must be:

I
A,(dB) = mlngI—“



 Forfigure 1.10, determine:

(b) Current Gain (dB)

(¢) Power Gain (dB)

Gain Conversion from dB to Ratio

. Voltage gain in direct ratio’ 4 =10" ®
| _II- - e
- Current gain in direct ratio: A=10" =~
' e
O Q : Power gain in direct ratio: 4.=10
Drill Question 8
2 lﬁj ;Ii Convert the following gains in dBs to direct ratio.
,. . 'J' (a) Voltage gain A, =50 (dB)
I ""
: -. I (b) Power gain Az = 15 (dB)




1.4 In ;" t and Output Resistance of the Amplifier
Input Resistance

t _ The input resistance of an amplifier; : dich §
| F— IR torvoinals of on amlificr. Tops s o AL A 8 st from
(gen. L. Iﬁ‘b‘idl % dles : pil IFL Input resistance can be simply calculated by
L _ ~ dividing the input voltage by the input current. So:
| Il" r o i - I,:’ n
R _ 7
1 Il k -

o it 11 = EP“’%'?"% :“P“t current measurement s practically difficult Therefore, as shown in
Figure 112, a series resistance is normally used for the input resistance
measurement. '

oltage wain in direct ratio,
I AMPLIFIER
L i . :- slﬁn“' | \ l . ] ] Input
OITT . K |ﬁGln'l'r'ﬂ!ﬁr@| | Ri | iEe;i:ptcnce
of the main amplifier. From figure 1.12, input current of the amplifier is the current through the senes
. resistor R. Also, V, and V; can be easily measured using an oscilloscope or other
suitable instruments. Since the voltage drop across R is I - I3, therefore the input
current is:
"""" ol th '-ui.'i_i';'q
Also, Vs is the input voltage of the amplifier V. Therefore, the input resistance of the
amplifier can be determined:
“ " V. W
me thy 1npL I-"'.'-_.-: 118 & W 1 - &—!' —I{;"‘VI

R
Va
‘V—n“R“”




' mﬁu_rlj

Loss due to the Input Resistance

mﬁfﬂ Fiés;lur::lhﬁ alnt ﬁmm resistance, Ry, like the audio signal
ESrCTals gure 1.12, It is called intery 1 1 '
. E aral - intemal resistance or output resistance of the

T_uggther the source resistance and the
| > Figure 1.14 shows the voltage source

Figure 1.14
A signal source feeding an amplifier

input resistance act like a voltage divider.
attached to the amplifier's input.

SIGNAL SOURCE :

Hg
| — :
| A
1 - i
J -'I .) I | &
l] . | | I -
el Vs(~ ) Vi 3 i
N/ Resistance

This means that the signal is spread across Rs and Ri. Only a fraction of the signal
can get into the amplifier. In fact, using voltage divider prninciple:
3. If Vsis adjusted to i [
edecade R; +R
;;hrﬂ'l-Quasﬁun 11 |
In figure 1 14, V>=3mV, R:=600Q and R, = 1.2kQ} Determine:

Vs

—d
——

(a) Input voltage of the amplifier.

(b) Input loss in dB.

e — ) ——

—d

Explain how input loss can be avoided.
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Page 1 -21

PillQuestion12 0 ——————
- Foranamplifier

the - |
80 load Output voltage is measured at 10V without load and 8V with

(8) Draw equivalent circuit (Fig. 1.15),

(b) Determine the voltage drop across R,

(¢) Determine the current through R, using load voltage and load current. |

(d) Determine the value of output resistance of the amplifier,

() Discuss about the output resistance of an ideal amplifier.




uestion 13 —

| Fo .ﬁﬁjf_-_iﬁpliﬂer connection shown belgyw: '

Signal Source Amplifier

Load
| ¥=100mv R = 4k
| Re=1k Ay=100 550

Rs= 1000

T R ——— T

(8) Draw an equivalent cireyit (Fig. 1.17).

— -

fﬁ)LI)Etennine the input voltage of the amplifier

bl e ey L o~

(¢) Determine the output voltage of the amplifier.

D

- (d)Determine the voltage gain of the amplifier required to achieve 10V across the
load.

Ho Chol
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~ Voltage Gain Measurement

e '-:.-. -'.L-L-'a:—
..... 11! | AL Gl
L - I

2 . i .- (&) Construct the circuit shown below.
- : I

. : =y = I

I I
= 0T ]
. = U
- I - | 1 .
| Ay . - N A | o - Audic Signal
! L - . Cutput
SRR I - " Generatcr

Audic Fower amplifier

[ ¢
¥
=
3
- »
|_.""||
i
|
et
el
L0
g
ot
L'y
-
™
=
=
S
]

7. =y L]

(c) Caleulate the input voltage of the main amplifier. | (e)Observe the output waveform. If the output waveform is distorted or clipped, reduce the input volt-

'lb._"'""-

- aop
F =
| =

- tMensure the output voltage (Vo,,) by using an oscilloscope.

Vo =

H ?ﬂalmlaie voltage gain in ratio and dB.




|
I
L)
ox while ot

Audis Signg

Genergtor

Vce=20V

Audic Signol

o

Ouiput

Audic Power Amplifier

ii
":.h:-.-“r :II.-TTr ;_-- v f 2 ?" - Fw .
(€) Connect 80 load as shown below.
o

FAN N 7.':,. = 7
{d) Measure the load voltage V, .
|

A=/ dlCulate the output resistance of the amplifier.

R, = v

L

V-V,

<R




4 Basic Amplifier Characteristics

o
. What is the purpose of the following amplifiers?

(@) Small signal sudio amplifier

)

(b) Large signal audio power amplifier.

el

. Draw a voltage divider circuit diagram and show how to calculate the voltage drop across each of

Rt o
1€ '?,'."I ES1S10rs.

-‘T-If-
o (LT

Ho Chol
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e of the amplifier 1s 3K

o the ampliiier.

») Repeat (a) for Ri=ok

(1] '~i__;"f;zj-t? w a equivalent input cireuit for the source feeding the amplifier.

(11) Calculate the amplifier input voltage

i

(c) To avoid any loss of the signal input toan amplifier, the input resistance of the amplifier should be

- i‘:"'



WUONe 4

Input
émsfunce

> diagram below shows an output resistance measurement method for any signal source. Briefly
the process of the output resistance measurement.

~ SIGNAL SOURCE SIGNAL SOURCE
Ro
- MUl ‘ Quipui A
Rﬂﬁ;fﬂ,ﬂﬂﬁ i Resistance =
| Vo "_U VL ' RL
""‘-u-"' "

Ho Chol






.2 Frequency Response

AL

Frequency response of an electrical circuit is defined as the variation in the
output voltage (or current) over a specified range of frequencies. However, the
frequency response of an amplifier is normally represented as the variation in the
valtage gain (or current gain) over 2 specified range of frequencies

Table 2.1 shows measurement results of someons’s attempt to determine a

particular amplifier's frequency response These results are seen plotted on the
graph in Figure 2 2.
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2.3 Bandwidth

S — -

¥ 0 _ =

Drill Question 3

Promn table 2.1 and deil] gueation |, midband voltage galn s measired g 4001
|

| il maddhband output power fs measired at T0W. Detarmine
5 =
||

|
I
J i « Half output powar (Aw) frequencles,

» Voltage galn (di) for half power frequencies,

« Voltage gain differance batwean mid-band frequancies and half
power frequencies,

« Pawer galn diffarence hetween mild-band frequenales and half
powar fraguensles,

(L TOR S T



and a

eis & 35

s called -

4
From Figure 23 determine the bandwidss
ns
For a frequency TeSponse measuremen; result shown below
Iapat voltzge is 100my for all frequencies
| Frequency Output voltage Gain
: (Hz) . (mV) (dE)
' 10 156
L 20 624
1 40 2425
3 100 8423
!: 200 987.4
| 1k 1000
> 1000
II_ 20k 987 .4
1_ 40K 8423
i 100k 2425
20k 624
{ 1M 15.6

(A) Calculate voltage gain in dB for all measured frequencies

Pagez.7
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Low _rﬁ_F_réquency Limit

In figure 24, the couplin
amplifier to aveid pe c

=s] the capacitor, v

£ Capacitor is placed between the signal source and
urrent flow between the two devices. The reactance of
i =S ee—

2nfc "MCTeases as the frequency decreases. More of the

: signal source volhage is across C, therefore, and less is across R, in the amphifier
=t 1NPUL A5 a series circuit, Ry, () and R divide the ac signal voltage. The lower
S = EE e half-power frequency is defined

.
—— ——— Y . -1 |
¥ o — S —— o [ M L et
- _- - - - " . "‘
x Hoaw .

2n(R, + R

- . -
- — 1—\..:-\.--..“'
- -'\.J—-"H-'--":ﬁ

e : :
~ Higher Frequency Limit
===cia i - Inan amplifier, the higher frequency limit is mainly due to the shunting effect of
s e - the stray, distributed capacitors. The total | s typi

& W p—

e 10~40pF. Even that small amount of C can
=7 reactance of a capacitor decreases as the frequency increases.
1 L - T
(C) Det i ul‘;ui ! .';11.i 4.| -‘* ower H'.l'..._ll‘;* neies i LA I . :II_ .1 II ! J
L T SRR R S RS -y ¥ I.: PR : ________'__—_-————-—1
" _,'_| Drill Question 6 |
J . . ' An audio signal generator whose source resistance is 600£2 1s connected to a.q
. - H" amplifier which has a 3kQ input resistance. A 1uF mupiing‘ capacitor 15
(D) Determine the bandwidtl of the amplifier ¥ - | employed between the signal source and the amplifier. Determine the Iuwerf
LI AT =~ _ N | i half-power frequency
I 1
andwidth and Capacitanc -
e v

) o - [ e = :.. ._ U - ET N » T AN g =l - -
Eally an amnlifiar miild Ke Aanaks Al W ifving an inf T 5
{ ;H :Ipl:.. jl_ll;-ll.ll 4 W Lll_l."- [. il -. |_r1! ol 1.I|.i?.i_lh_,.'i.f!|.1_ 1l Iluhi_..:-lﬁ;_;,l-.-,l«l‘..".lur IQf
juencies. starting at UMz to oy

RPN STAEUD | 0wtz However, due fo the reactance effect,
..,.'.I: !r..r.: ._I__.'.'“ _-.“ |_|" - S - CTRST . o %

) ="
- T ] , LI T = = R
T e Ll Here 1s Aredguency “HH‘ l'ii',*"ll'lr‘llll'!“q.lf'; #"r.'u" ma
o ¢ i L X el e R T T i
" LY. & S| | i a
el plinier "

An amplifier has an input impedance of 10kQ. Calculate the value of couplin%
napacitur required for 40Hz lower -3dB frequency. |
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~ (A) Mid-band voltage gain

10 Apply a 100mVvp
the output waveform

1.

i

-I 1
9. Determine:
|

(B) Bandwidth of the amplifier
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P Square way 1
; ¢ for the frequencies shown below and sketch

1kHz

100kHz

— i

aakim

1







4. Draw =
s frequency responye e 1,

* Mid-band gain = 4945

(A) Indicate horizontal scafes for 10HZ ~ 100kHzZ,

(B) Indicate vertical scales for -50dB - 5048

(C) Mark voltage gain for mid-band frequencies

(D) Mark voltage gain for half-power frequencies

(E) Mark voltage gain for 205, (20dB less than the mid-band voltage gain)

(F) Mark voltage gz :
ol ge gain for 100kHz (40 dB less than the mid-band voltage

(G) Plot frequency response curve on the graph paper shown below

i

i

il
AR AOA
A

il
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itput ferminal. If the * input voltage is reater than the - input voltage, the

o . d.l " A
Kl LML WY 15 |I'

|
-._.|-|
i E'.._
Il::'l'
i Aia
1T
£l
i ]
'_r, ] | B
el
™~ .
1 *\/
| '*‘ — / ;| -
|\ : > =
| s )
| |'||j .
. ; ‘:..'IJ'
S
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I
Volage supply
h:l
iows the standard op-amp symbol. Firstly, it has two input
‘_'.‘_";-"- '“'r "I'"' "'- AnNC EI:-jliﬁ: U-*-';*"::'.I" -‘i ‘“ ‘j ht *'r* ' ‘F? .Pliﬁﬂ' the

|[. I"J-,J'_.1L|F'l *P’”"'J I|I ﬁhg Il'lpllt
n .nn;u ..r.n;»” 1; and

r|| 1 r H'_ Hn‘l“

-I.'.- i Ij'_ri_ _” ".-x 1”.-{ l.tj'i‘._;.:r-l I_"-J','J-

voltage is greater than the

. . i LI —
UL YL L MYRINvVe 11 18hieE - 'l
] 3% hd \ [ L] f .I_ iy ._ ..'.qu i@

polarity of the output voltage is negative. The um uﬂiure:s
ence between the + input terminal ind th ml,'pul
ut terminal is named noninverting input w%’ ﬂﬁl‘ﬂhe
he opposite of the input voltage polarity - hence the -

| [ 1111}
| 10 m '-’rF 1| '32
' ! ' [ J T ,.,u ead

1 =i

§ ins
:

Page 3-3
j e 3 =

left off the schematic symbol for

”‘I,"J‘:"'I .Il-' i”a Mu] two T Br au Ii&s-

=
Power suaaly

I | = )FGRREG’T power supply wiring (b) WRONG power supply wiring
. imparison of the Ideal and the Practical op-amp
- | I
- - g As seen from chapter 1, the op-amp can be expressed with an amplifier
g equivalent model since it is an amplifier.
o ﬂl}j .3 A simple op-amp equivalent model

Vj: Voltage difference between + input terminal and - input terminal ldiﬂ%mntlal.

input voltage) |
"ﬂr' resistance seen from two input terminals (differential input resistance)

Ap open loop voltage gain (differential mode voltage gain)
bﬂn: output resistance
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For an ideal op-amp:

- | " ' - — .‘..'-l = el
€d to compare the an

5 dppiicanon, the op-amp 1s used

The output voltage you w :
HPUEVOIAZE you would expecy i

L h

A

-Il 'rifvn} Viie V, =
: i'__l:rvj.; < b.‘n‘s_-l vﬂ

1
LM324 op-amp is 1

al is grounded as
="

ji'=’14pli.=:1(HJJ}U{]!11,n1r

only 15V.
i]llﬂtiﬂﬂl Pﬁ;
tan get 1o about 13V with 2kQ) load to

Positive supplied voltage (positive saturation)
=negative supplied voltage (negative saturation)
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Rdl AN AR

thermistoris measured as shown below. Calculate
perature shown in table below Also, draw the V. -

Tempera -!a 30 35 40 45 50 55 g0 8 70

" R(KQ) :':;Z;f'irr; aa'-;i-:' 68 57 49 43 37 33 3 27 25
. |
I

Temperarare




11

R1(k)

1D VC
1) i

. ~ Skill Practice 3

Itage Comparator

1
L W .

4. Construct the circuit shown below.

—y

I 1
¢ M

1 s Powsr Supply|  [Pawer Suppiy
_[1

‘l

>-—

;: .Gﬂlﬁula'te the V.., V.. and determine the output voltage V, for the Rl ~ R4
values shown below.

.|II'.I

R2(k)  R3K)  REK VM) V) VW)

22 1.2

1.2 22

4.2 22 . | 22
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(b) Sketch both 1/,

and Vo, waveforms




~ Uponcon
.Ilrl .. _ _- vach
o lldalﬁ[yﬁ;e open-loop and the closed-oop circuit.
3 L ;_'_'______. ‘the positive feedback and negative feedback in op-amp
2' -_naseﬁheme results of negative feedback on circuit performance in
mms of gain, input resistance, output resistance, bandwidth and
~ distortion.

. ﬂ‘&wnhe three basic concepts for the analysis of an ideal op-amp
circuit applications.

» Define voltage gain, input resistance and output resistance for
inverting amplifier, non-inverting amplifier and voltage follower
- using three basic ideal op-amp concepts .

* Design an inverting amplifier for your application.
~ = Design a non-inverting amplifier for your application.
+ Describe the purpose of votage follower.
= Design a voltage follower for your application.




v
1

—— -

- rr;‘_ . =
d-loop Amplifiers

b e

m . [ e ;
YW T CleCironic NCOMPOrLC 1 II-",::"”["'.'-"I

it PR S PUTIOED! If the feedback t :
Output s retumed tous inpot o | | enas ) | i1 i
_ ottt ol Lt adbaial dl et feedback Figure 4 ;{aﬁl:ncrmt the input amplitude, it is called positive
wal input signal. Figure 4.1 shows t neral BWD 850 Fioure &1 Ows a basic concept of positive feedback using an op
P and Figure 4.3 (b), (c) shows a real applicat: iti
(Sehmitt triaper). No . application of positive feedback
v gagl r). Notice that the feedback link is connected to the non-inverting
n‘nl‘: l’tugmn ; Therefore, this positive feedback link tends to increase the input
i t": and eventually it drives an op amp into saturation. An op amp with
> . = E:s‘t:;'f eed back haﬁ_ only two output conditions - positive saturation and
| . - ¥ gauve saturation. This is very good for an on-off control circuit including a
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(b) Non-inverting Schmitt rigger

- Negative Feedback e
El : ' it i ative
F-7 i o - : . k tends to decrease the input amplitude, 1t 15 G neg
e e ﬁ;nfrlfdgia;ure 44 (a) shows a negative feedback concept. Notice lh?‘ e
o | : feedback link is connected to the inverting input to suppress the input voltage.

Therefore, the amplifier outpu

t signal will not be saturated unless an excessive

input voltage 15 applied. The negative feedback is essential to design an

I~ B _amp}iﬁerusinganup-amp-



For the circuit diagrams shown below, identify the type of feedback.

- Drill Question 2
The circuit diagrams shown below need negative feedback. Indicate the polanty

of the input terminals.
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1 . The non-inverting input (+) of the op-amp is grounded and there is no voltage

—n i N : difference between the non-inverting input andthe inverting input. Therefore the
istance 1s L. ' : V; reading is:

- \ [ = e o e e T ':1';.-' . I.'__..-.
stance or an 1des 1 op-amp 15 V32 - 1he
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= - - L T C - = al
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he op-amp and the reedback circuit.
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corcasts forthe nalvsis of an op-amp ag';j-;,-:=~;5;p_.-;;-;}-l-; m-"t” %-1 There is no current through the inverting input and the non-inverting input.
L e e s | ‘Therefore, /; reading is:

Ij’=

:_3;.; A 1V DC input signal is connected between the 1k( resistorand ground.
Also, there is no voltage difference between the non-inverting input and the
. inverting input. Therefore, the voltage drop across the 1kQ resistor is:

— « = R0 ) _ V= W)
0 4. The current [; is the same as the current through the 1kQ resistor. By the
output | %

1= (mA)

"s. [, is divided into two currents, I, and ;. Therefore, the I reading 1§

(mA)
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4L VOLLAEC IS (OPpOSIIE WILh / same as ) the polanty of 4 '

4. 1,=1I,+1I, Therefore

Le= (mA)
F 5. By the Ohm’s law, V. =1, x 10k Therefore
}r : Y= (V)

6. The output voltage reading V, = V; +V,. Therefore:

TR V= (V)
7. Determine the voltage gain of the circuit
:"| . = Vﬂ = V’" —
“ ) . ST

8. The polarity of the output voltage is (opposite with / same as ) the polarity of
. Uma input voltage.

" ~-Wf i



o tage at the non-inverting input is OV since the non-inverting input is

=8 For npaeal op amp with negative feedback, there is no voltage difference
Netweer th. nof-inverting input and the inverting input. The voltage difference
erron oot o - Verting input and the inverting input is used to called the
; f;:lt;fge () and It: is extremely niny in the practical op amp circuit. For
example, It an op amp has an 100,000 -

voltage is 10V open-loop voltage gain and the output

P 10§ Vi
= 100000 - m

© Therefore, the voltage at the inverting input is 0 even though it is not

grounded. Because the inverting input is virually at ground potential, this is
called the virtual ground -

O The amplifier input current can be easily determined using Ohm''s law

v
], =—~

R,

© Because of the input resistance of an ideal op amp is ={), there is no current
through inverting input line.

© Therefore. the input current through the feedback resistor (/) should be same
as the input current (/).

® Again by using Ohm’s law, the voltage drop across R 1s:

i R
l_.*Rr =Ly
RR
Because of the current direction of /yis from lefi to night, the polarty of I, must
be the same as indicated on the circuit diagram

Vo =1 R, =

“ ' ' the output
© The output voltage is clearly the voltage difference between the
terminal ant?i ground. There are two voltages between lfhﬂ uumut terminal and
M V' and ). The polarity of I',at the output terminal is <", therefore
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- reversed phase with recns oyt "PY
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Drill Question 5

~ Foran amplifier shown below;

APl t, the output signal will be 10Vpp with
with respect o the input as shown in Figure 4 8.

£

ing amplifier and the outpu

2 ' (a) Determine the voltage gain of the amplifier.

(b) A 0.5Vpp 1kHz sine wave signal is applied to the input terminal. Draw both
input and output waveforms with amplitude and time.

R Ry S 3 -



‘many difficaic

B Obrslaw. T croeg amplifier can he simply desccmined

r="

From the voitage gain analysis ] =';; thersfoee

!i.:ﬂ‘

Sl g mmdmwmmmﬁﬁl Theoreocally 2
mmm“mmmmmmm

es to raise the value R1 due o the offset voltage aad amplifier
stability. In 2 practical desien the value of fesdback resistznce 15 limned t@©

100%X) for the general purpose op zmp such zs 741 Thersfore, low mpe=
resistance is inevitable for 2 high gain wvertog amplifier This is the major
disadvantage of the op zmp inverting amplifier.

ut Resistance

The output resistance of inverting amplifier is dramatically rednced dus to e
negzanve feedback effect

R:ﬂ:-‘FIH
1+ ﬁfmnj .

Rm:hnﬁ B R‘

R+R,

If aL.M741 op amp is employed for the Figure 4.8 amphifier,

IM741 A Nep) zm,m
Ropen)= 73Q
75

| = = 00040
‘Ra(a-ﬂ' 00,000 1k 0
1+ 200, e 10k

Ttis a very low output resistance’ Generally the output resistance is.

R, =0




' mﬁ:@ amp amp, An amplifier with non-inverting voltage feedback tends
10 act fike a perfect voltage amplifier, one with infinite input resistance, zero
~ Output resistance, and constant voltage gain, | |

Figure 4.9 shows an anal

op amp. ysis procedure for the non-invening amplifier using an

Figure 4.9 An analysis of a non-inverting amplifier

Y e

.ali @Voitage Gain of Non-inverting Amplifier
3 V. R,

- “=-_§.'.

e ————

© There is no voltage difference between the non-inverting input and the
inyerting input.

® Therefore, the voltage drop across R, is the same as the input voltage V.

©By Ohm's law, the current through R, is!

Va _F

I-m=i-




If 2 1Vpp ac signal is 2pplied to the input, the output signal will be 11Vpp in
‘phase wath respect to the ; |

nput as shown in Figure 4 8.




For the circuit diagram shown below, determine the minimum output voltage

- and the maximum outpyy

voltage.
'




Voltage Follower (Buffer)
 Thevoliage followeris  non-inverting ampjif Al e
- 411 shows a voltage follower using agnm;pa;;r whesevoltage gainis 1. Figure

p————

i o

- A 1"
4

i

LIS =
o

L= .

e T

Because there is no voltage difference between the non-inverting input and the
Ainverting input, the output voltage is exactly the same as the input voltage That
1is, the voltage follower has a gain of 1. A voltage follower's output is an exact
replica of the input voltage, hence the name follower because the output follows
the input voltage. It seems to be a useless type of amplifier. However, the voltage
follower is widely used in interfacing circuits because it has an extremely high
(=c) resistance and has almost 0 output resistance like other non-inverting
amplifiers. Figure 4.12 shows an example of how a voltage follower could be
used between a transducer and an inverting amplifier.
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For an inverting am

7 St I
shown below, Dﬂcmﬁl:ier thown below, frequency response is measured as

R2

100 | 0%

IM  (Frequency Hz)

(1) The unity gain frequency.

(1) Bandwidth for R,=5k.

(iii) Bandwidth for R;=100k




from the previous measurements, determine:

(iii) Negative saturation output voltage

( ﬁ‘1 . gnm of the amplifiers without saturation
s

(i) Positive saturation output voltage.

5 [

' :'-*'f";i!_v':'j'- Dt tﬂmﬂ\fﬂlm'
I
1l

in why it is an inverting amplifier
1
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Construct the circuit shown hejgy

| =2 - _-__hj
— -]|' Audio Signal
L 1 f f’j ‘ !
— 1| | 4
¥ II = ]:I:;:E;I
= - GND + 1 ﬂ "
— i F :_!::-I::_: \ |L ~ . Lraee
S 4 =i
—_— |
|
(b) Adjust audio signal generator for 1kHz sine wave 10Vpp output. (¥,=10Vpp)
H=bois Lo = Rt ’.‘.—'.‘,I._. . _!, = L - -
TN (€) Connect 2.2k€Q load to the output terminal of the amplifier and measure the load voltage V.
1 - ! L= . . f — -  n I||
Y using a decade resistance box while observine Va wavefama a ol . . e -
15lance box while observing Vo waveform. Vo should 1 (d) Calculate the output resistance of the amplifier.
] . #a — I. R i o’ J
%
V =V
R — —a L X RL-
| .-|I o Vr
L

(€) Repeat (a) ~ (d) for R1=4 7k and R2=47k



Skill Practice 5

nverting Amplifier

& T Construct the circyit shown below. R1=2 2k and RE=12k

- ] Rl;u't‘-‘!i—' EE
v Power Supply

2. Determine the theoretical voltage gain of the amplifier

R
Aﬂ=1+—f-=

| R,

3. Calculate theoretical output voltage for the input voltages given below and
8 measure the real output voltages .

= - -
T AT A
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8. Set V, for 1kHz 1Vpp si
‘waveforms. PP sine wave and observe both input and output voltage

ne the voltage gain (both in ratio and dB) of the amplifier from the
observation.

Confirm the non-inyerting am

plification from the observation.

I
I
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[ vollages 1or *-:ﬁjl.{ié.b bﬂlﬂw, 5- Uﬁiﬂg the measurement results and f;gqumcy response plot, determine:

Mid-band voltage gain; 4, =

Bandwidth (BW) or -3dB frequency; BW = faz=

Unity gain frequency, fin =

Verify the unity gain frequency using gain-bandwith product.

Gain-bandwidth product = 4, « [ ;5=

6. Replace R, with 10k resistor and measure the -3dB frequency. Venfy the
unity gain frequency using gain-bandwith product

-

The output voltage at -3dB frequency 1S
! Va .
ot-32) = "E =070

i ncies which is measured in
where the I/, is the output voliage for mid-band frequencies

s = 1.1Vpp, you just need to adjust output
; ps'meuﬁgﬂl o -;”;Eho.hu.mppfnrl’ﬁ
Juency o

El{l_ﬂm\fpp.
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(i) Measure Qutput Voltage Vo =

N _ (ii) Compare the theoretical output voltage and measured output voliage

~ (iii) Explain the role of buffer in this applicanon



3 Design summing amplifier for your applications.

. Duﬂﬁ:e the applications of aumming amplifiers.
* Design D/A converters using summing amplifiers.

' * Design signal mixers using summing amplifiers.

-
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3. if R=R,=R the output voltage is-
= [ i T TN .

Simmea For a

I e
sitages. Although o

|
ly twoinp

J nput summing

§.%

ol

A three *ir_!ﬁut?iumming amplifier

81

- Figure 5.3 shows a convenient way

- with a gain control. Three 10k pote © additively mix three microphone signals

LR e ntiometers allow us to set the level of each
T;tlpllt il_ﬂlih‘-"ﬂl!agﬂ f_’ﬂlluwers (buffers) are employed to avoid signal attenuation
: Wff-n € potentiometers and summing amplifier. The summing amplifier has
‘8 Voitage gain controller using a 100k variable resistor. With this variable

- resistor, we can adjust the voltage gain from 0 10 45 6. Therefore, itis working as
- atotal volume control.

Figure 5.3 A microphone mixer using a summing amplifier
1

Ncraphane 4 o— HehiLE SUNMING ANPLIFIZR

| 10k
Volume conire! B =
Yalurme, II_L e85
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#ocant bit_In other words, the voltage gain for signal A is 8 times
oo oainfarsional D Therefore, the input resistance ratiois

1] ,
1

_u 1 e
the output voltage
[}

5} wvaniable resistor 1s € noloved 1o adjust
x5 . vl l L= ot AL i WP R e Ik
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For the circuit diagram shown below, determine the currents 11 ~ 16.
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| Skill Practice 6

mming Amplifier

- 4. Construct the circuit shown below using Electronics Workbench

| i
.;.___";\

W

Pl
\i’ v
1/

2. Verify that the output voltage is determined.

asured 4V for logic ' ¥, =V, +05V;)



4. Add one more signal source as shown below and observe the output

‘waveform.
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: 2uSk§tQh the expected input/output waveforms.

A. Add one more signal source as shown below and of
waveform.
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j C)WZ!VHHHHUDEQ 1 KQ
| I e, S

— C ~ 1 VBKHZO DS 4 4o

I C)m 0.6 Vi5 k0 DED.
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Converter

1

- y SR

2..Measure the output voltage for the signals shown below (Press the space key
twice to make a single pulse for the counter input. You can see the change of
logic through LED indicators which are named A, B, € and D respectively )

.L___#__u € B A VomV)
h_l for the signal ? e 2 2
' 1 0 0 o | ¥ T
2 0 G O, S i e
3 0 0 U B
TrERE 8 A
wr 0 1 o | %
—T__ __o 1_ L .M S
“pa -o 1 _ 1 L N B =
‘Fﬁ_; | 1 o __‘_’_ BRI S S
r—_; ! ;_ | o L A SN
a1 0 Lt
- 4 0o 4 Y
soronn I IECI LA L2 S
!——*D—""{ o ¢ 0 IR IS S
’.'*“E"‘“” | 1 L (s XS S
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Differential Amplifier

Upon completion of this ch;;tar. you should be able to:
* Analyse differential amplifiers,

Explain the difference between the differential mode gain and
common mode gain.

Determine the common mode rejection ratio (CMRR).
Describe the necessity of the differential amplifier.

Design differential amplifiers including CMRR adjustment for your
applications.

« Measure the CMRR.

« Explain the CMRR change due to the input resistance of the
differential amplifier and signal source resistance.

vo Chot



© Therefore, the voltage drop Riis
4CToss 118

Vo=V -—2_p VR+R)-RY,
R+R,* R +R,

© The input current /, is.

1, =7n _YR+R)-RY,
R(R+R)

© Because of the current through the non-inverting input is 0,
© The current through R; is the same current as [;.

© The voltage drop across R; is:

V..=1IR, =V1(R1+RE)_REF1 R =I':_R:(RI+R2]-R11F1
n=IR= T RAR) T RRAR)

@ The output voltage is determined:

» - - " __I.v e -'I.-"'
o =V 4V, + Vg = Vg + 04 W,

VR(R+R)-RV: R
~ RR+R)  ReR

I-',R,[RJ, T Rz\ i RIII": "&Rzrl
. e ——
= RR+R)

VR +R)-RIAR +R) _ FR-RY,
L e e
Gy R(R +R) R

:,.&(l']—l-':}

R,

Therefore the voltage gain of the amplifier 1s

.-l,:ﬁ‘_‘ﬁ' R,

1 -. ; . SHOns.
: lowing condit
ol ain is valid for all fol

This voltage &
R, K

i

-;. | N
ke ' . a/
ns nput na ﬂ
1 - _pI A . Ill-r
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fill Question 3

For the circuit diagram shown below, determine the currents Ii~1Iz.




Common Mode Rejection Ratio (CMMR)
k- The CMMR is iy

e i definad 3 the 1250 of differennial voluge gain to common mode

il
CMMR = fﬁ

[ &

141
I =

As we discussed in the common mode gain, the higher the ONDMR i the better
the differential amplifier ) =3

For the real differential amplifier. the CMMR due 1o the tolerance of resistance

1S gven
P
R !
CMMR =—x i
R"[R_R]
R. R

Drill Question 4
For a differental amplifier measurement shown below, derermine:

L —~
e o~ Dift amp | 7o
ol
! T =
. ——C B

(a) Differennal mode gain

(b) Commom mode gain

() OMMR

S




! u“‘dwp' SR ok a

{iii)thc. R2
(1v) Calculate the voltage drop across 12

(V) Determine the output vohase
(v1) Determine the common mode gain

(vi1) Determine the CMMR

In the Figure 4 21, a potentometer is employed to adjust the minimum common
mode gain (maxmum CMMR)

2 6.3 CMMR adjustment
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Skill Practice 7

Differential Amplifier

Differential Mode Gain

1. Construct the circuit shown below using Electronics Warkbr:nc]_a

——

|

| 1 R2

| Inpit 1 1 k3 10k
— {_

R3

Vo

2. Measure the output voltages for the different input voltages shown below

Also, caleulste the differential mode voltage gain 4,

| Amplifier

e

L ——— a8 14

4. Replace inpus 1, with an 1K Mz 6 |4/

P ST s b i i
output wavetform and OUtpUt voltage Al TRVE Ml source snd Tra
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the texi Electronic Devices (2nd Ed) by T.L. Floyd (Merrill) atthough other books as advised by the
teacher can be used. It is important to recognise that this manual is a summary only and should
not be regarded as the sole source of written information for this subject. This manual also
contains tutonals, which are designed to ensure that the objectives for each lesson have been
attained. You should attempt all questions as soon as possible after the relevant theory lesson.
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This manual covers the syllabus content of the subject Electronic Devices, 6016A. The emphasis
may vary between teaching centres and locally relevant material can be included. Each theory
lesson lasts approximately one hour, although some lessons may require the theory to extend into
the practical session, in the form of an integrated theory/practical presentation. These notes are
relatively brief and students should be advised to purchase the recommended text book as well.
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REVISION - DC MEASUREMENT

OBJECTIVES: Atthe end of this lesson you will be able to:

* Apply Ohm's law in solving basic calculations.
* Use scientific notation and metric prefixes In calculations and measurements,
» (Calculate the loading effect of a voltmeter and its effect in a circuit.

INTRODUCTION

Ohm's law is an essential tool in calculating voltages, currents and other values in an electronic
circuit. Being able to apply Ohm's law Is often more difficult than simply knowing the three basic
equations that relate voltage, current and resistance. This lesson revises Ohm's law and uses
these laws to show the loading effect a voltmeter has on the voltage it is measuring. All
measuring instruments affect the reading they are taking, and a knowledge of the effect is
important in deciding on the best type of instrument to use in a particular application.

OHM'S LAW IN RESISTIVE CIRCUITS
The three basic Ohm's law equations as applied to a resistive circuit are shown below. Note that
the potential divider equation is often used in electronics.

(a) The Series Circuit: The total resistance of a series circuit equals the sum of the individual

resistor values. See Fig.1.
I O Rt =R1 + R2 + R3 ]

R1 R2 R3

Fig.1: The seriesresistive circuil

(b) The Parallel Circuit: The total resistance of a paralle! circuit can be calculated in various

ways. See Fig.2.
R1 O 1/Rr= 1/Rt + 1/R2 + 1/R3
R2 O R = g
st | S > 1/R1 + 1/R2 + 1/R3
R3 R1R2 :
= ———— (for 2 resistors
—1 ORT= aivne | )

Fig.2: The parallel resistive circuit
(c) Voltage Divider Equation: The potential divider equation is used to find the vﬂnage across
a resistor in a circuit containing two series connected resistors. Note the following points
which refer to Fig.3:
= The equation is based on Ohm's law, where V = IR. The current in the circuil equals
the applied voltage (Vs) divided by the total series resistance.

= The ratio of the voltage drops across both resistors equals the ratio of the resistor
‘values. Thatis V1:V2 = R1:R2




Vs

- inR1 &R
S SRE current R2

Fig.3: The potential divider

Resistor Colour Code

x resistor colour r is a standard used to identify the value of a resistor. Coloured bands
havammm Min e resistor and each colour represents a numerical value. Most resistors
- mhumﬁ . ich the first two give the numerical value, the third (called the multiplier)

(o Hessturmmﬁ that follow the numerical value and the fourth the tolerance of the resistor

g “ e SV five bands use the first three to give a three digit value and the tourth and

ssiiigh midtiplier and tolerance bands respectively. Mos!t resistors have a 5% tolerance,
19.4 and the table of values show how the colour code is applied.

COLOUR | 1st& 2nd Digits | Multiplier | Tolerance i ! J
s | o [ x il
Brown 1 x 10 1% I J 1 T_
Red 2 x 100 2% 1st digit Tolerance
Orange 3 % A% 2nd digit
Yellow > e Multiplier —
Green 5 x 100k |
i P JlEI
Violet 7 not used _T A A
Grey 8 not used yellow goid
White g not used vigier
Gold not used X 0.1 5% PR
Silver st ised x 0.01 10% value = 4 7x 100 = 4700 = 4k7

Fig.4: Theresistor colour code

Resistor values are generally available in the 10% preferred range, in multiples of 1, 1.2, 1.5,
8. 22 27,33, 39 47, 56, 6.8andB.2 The 5% range has values between those of the 10%

range.
Very large or very small numbers are common in electronics, and the use of scientific notation
makes these values easier 10 use. Scientific notation shortens the number by expressing the
zeros &8s 10 raised 10 a power.

2,200,000 = 22x 10

0.0000047 = 47 x 10* .
It is standard practice in electronics 10 refer to & multiptier (or power of 10) by a name or letter,
usuaily Greek in origin. For example, 1000, which equals 10*is known as the kllo, or by the letter

exa E

peca P
tera T

Those units marked with * are commonly used in
electronics. Note how the powers are all multiples of 3.

EXAMPLES

1 million ohms = 1 x 10% = 1M ohm

*giga G
*mega M

1 millionth of a farad = 1 x 10°%F = 1uF

| thousandthotanamp = 1 x 102 = 1mA

* kilo k

Multimeters

Analog Multimeters have a mechanical *moving coil* as the readout. These operate on a
magnetic field principle where the level of current flowing in the coil determines the strength of
its magnetic field. This then tries to align the coil with its surrounding permanent magnet,
against the force of a return spring. These meters must be mechanically calibrated but are
relatively inexpensive.

Various resistance shunts and voltage dividers can be switched In 1o provide different
measuring functions. The accuracy depends on the quality of the meter movement and the
accuracy of reading the scale. A mirror is usually set into the scale so that the meter needle
can be aligned with its reflection to minimise reading error.

Digital Multimeters have no moving parts in the readout. These meters contain a digital readout
driven by an analog to digital conversion circuit. All range selection uses some form of voltage
divider to reduce the input sample to the required input range. The selection switch also usually
controls the readout so that the correct units are displayed.

Sensitivity

Analog moving coil meters are designed to give full scale deflection al a certain current; e.g.
100pA. This then becomes the smallest current range available for that multimeter and is an
indication of its sensitivity. Sensitivity equals the reciprocal of the full scale deflection
current and is expressed in ohms per volt. For example, a 100uA meter movement has a
sensitivity of 1/100uA, or 10,000 ohms per voit. The current lo operate the meter movement is
supplied by the circuit under test, and the smaller the current (higher the sensitivity) the better,
particularly when measuring volts.

The loading effect of a voltmeter is determined by calculating the equivalent resistance that
meter represents for the particular voltage range it is set to. A meter with a sensitivity of 10,000
ohms per volt will represent a resistance value of 100,000 (or 100k ohms) when set to its 10V
range. Ohm's law can then be used lo calculate the eHlect on a circuit when a 100k ohm resistor
is connected where the voltmeter is being used to measure a voltage

Digital voltmeters (DVM) also take current from the circuit under test, but they represent a ﬁged
value of resistanice (usually 11M ohm) regardiess of the selected voltage range. The following
lists typical sensitivities for voltmeters.

AVQ7 =500cohm/volt (FSD current = 2mA) On 10V range, equals a Sk resistar

50uA) On 10V range, equals a 200k resistor

AVO8 =20k ohm/volt (FSD current

il

Arix = 100k ohm/volt (FSD current = 10uA)  On 10V range, equals a 1M resistor

Digital =11Mohm (fixed resistance)

Note that an Arix meter on its 100V range is the equivalent 1o a 10M ohm resistor, which
compares favourably to the resistance of a digital voltmeter. When set 10 IIS 250V range, the
equivalent resistance is 25M ohms, which exceeds that of a DVM

3



onnecting a meter eter In a circult ‘effectively adds a resistor |i with the circuit under test. If

“! ’ ) ! I . . . : ET . hipﬂﬂﬂkﬂ C cu .

b * Meter has a low internal resistance (low sensitivity) it can substantially reduce the voltage [t

h-mﬁ_ - This Is referred o as voltmeter loading.

AVE :ﬁﬂ ﬂ‘ Finéslﬂ}. an AVO7 on its S0V range Is connected to the circuit as shaown. The

i have an equivalent resistance of 500 ohms/volt x 50V, which equals 25k ohms. Before
meter is nonnected the voltage across R2 will be 50V, or half the supply voltage as R1 equals

R2.
: 1 1 1
: Vi i Vi
500k l 500k
Vs = 100v Vo = 100V v
Y
Hz 1. aﬂ“@)? ﬂszﬁn1
500K V2 on 50V 500k / /25 V, = 455V
3 l range = 23.8k
v v
{a) measuring voltage in a resistive circuit (b) effect caused by meter loading

Fig.5: Meterloading

When the meter is connected, the combined resistance of the meter and R2 equals 23.8k as
shown in Fig 5(b). Using the potential divider equation, a voltage of 4.55 volts is now present
Acoss R2. and is the value that will be shown by the voltmeter. Using a meter with a much
higher sensitivity is essential in a circuit that contains high value resistors, and even a DVM will
cause some loading. effecting the voliage across R2. As a general rule, the meler resistance
should be at least 10 times greater than the equivalent resistance of the circuit under tesi.

Ammelers also aflect the current value being measured as an ammeler is effectively a resistance
in series with the circuit under lest. An ammeter contains a low value resistor, called a shunt that
is connected in parallel with the meter movemenlt in an analog meler or in parallel with the
analog to digital converter (ADC) in a digital multimeter (DMM). The value of the shunt resistor
depends on the FSD current of the meter movement {or ADC circuit in a DMM) and the lower the
FSD current requirement the lower the value of the shunt resistor. A shunt is part of a current
divider, through which all current other than that required by the meler movement passes. A
shunt therefore has 2 finite value of resistance, though it is often as low as a few milliohms.

Accuracy and resolution
The accuracy of a meter is a function of its manufacture, and depends on the stability and

guality of its componenis. Accuracy should not be confused with sensitivity or resolution. A

0.5% specification for accuracy, with 2 resolution of 1% is better than a meter with an accuracy
of 5% butwith a resolution of 0.004%. Digital meters have a much better resolution than analog
meters, but may nol always have the highest accuracy. Sensitivity is notl a guarantee ol high
accuracy, although the higher the sensitivity the less the loading effect. The reading given by a

sensitivity meter will therefore be more likety 10 be correct, limied only by the accuracy and

resolution of the meter.
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For the clrcuit of Fig 1, calculate the resistance between points A and B.
Bk
2k
4k Bk 1k5
3k 2k Bk
3k6
2k9
750 ohm
Fig.1
R1 v
For the circuit of Fig.2, calculate the values of V1 el 1
and VZ. l
Vg = 25V
R2 I
Fig.2 220K f

For the circuit of Fig.2, calculate the reading that will be shown by a voltmeler with a sensitivity

of 10k ohms/volt set 1o its 10V scale.

Determine the values '““II.
ol the resislors
r

+ 1
shown In Fig.3. J‘ L _T 1 L red
orange goid green
black —
red —
Fig.3 R
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THE CATHODE RAY OSCILLOSCOPE

OBJECTIVES: Atthe end of this lesson you will be able to:
* ldentity the controls of a Cathode Ray Oscilloscope. (CRO)
* Measure vohtage. current, frequency and phase shift using a dual trace CRO.
. UseaCFtDtomwemeDCmmpmem of a signal.

1. INTRODUCTION

A multimeter is limited in its ability to measure voltages and currents, particularly for AC signals.
"'“_? frequency range of a typical muftimeter is limited to less than 1kHz, and the scale is usually
calibrated for RMS values, and then only i the waveform is sinusoidal. In electronics it is

Common 1o have non-sinusoldal waveforms, either as voltages or currents. As well, the
frequency of the signal is likely to be over the 1kHz limit of a multimeter.

The Cathode Ray Oscilloscope, (CRO) is a more expensive measuring !nsb*t.;mem and is less
poriable, but in most situations it is far more useful. The CRO is able to measure the following:

® voltage (AC or DC)

®  current (by measuring voltage drop across a resistorthen using Ohm's law)

*  period

®=  freguency (by calculation from the period measurement)

=  phase diflerence (between two wavelorms)

These values can be measured for any type of waveform at frequencies only limited by the CRO
itself and a typical CRO can provide useful measurements for signals up to 20MHz. Some
instruments extend beyond 100MHz. Because the signal is actually displayed, the shape of the
waveform can be examined, allowing more accurate analysis of the circuil behaviour.

These notes briefly describe how the CRO operales and how it is used to measure the various
characteristics of a waveform.

- BLOCK DIAGRAM OF THE CRO

Fig.1 shows a simplified block diagram of a CRO. The basic sections are the CRO tube, the
power supply, the vertical (or Y) amplifier and the time base (X). Most CROs are dual trace,
meaning they can display two signals simultaneously. However, for the purposes of explanation,
a single trace CRO is assumed.

vert deflection plates
_L./
2 phosphor coated
cathode screen
: beam of
horiz deflection plates i
/1 e
P’nwaf
supph

Fig 1: Block diagram of a CRO
6

THE CATHODE RAY TUBE (CRT)

The screen of an oscilloscope is at the anode end _

valve and has a coating of phosphor on the in,gid; an: :HTGETTM‘E:L:;; T:ﬁznﬂlt:hamnmlﬁ
electron beam. The electron beam originates from the cathode rwhiq:h is heated by a ﬁ:jtk et
thal it emits electrons. The beam is attracted to the anode by a high positive DC potertia;nenﬂzm
se) relative 1o the cathode. Deflection plates are placed inside the tube so that the b;a;{?.*k of
deflected sideways (X direction) or vertically (Y direction) Deflection is caused when onemlabe
has a different polential 10 the other (electrostatic deflection), unlike a TV set it plale
magnetic deflection. Other electrodes are used 1o focus the beam and to accelerate it ﬁs
electrodes usually have a DC potential of several hundred volts 1o over 1kV. ' .

To allow waveforms 1o be measwred, a graticule consisting of a 1cm grid is either etched on the
front of the tube, or drawn on a transparent panel placed at the viewing end of the tube.

THE TIME BASE

The time base, or horizontal section consists of a Sweep generator (oscillator) and a horizontal
amplifier which connects to the deflection plates that control the sideways (X) movement of the
beam. The beam is moved across the screen from left 1o right at a preselected speed, then is
returned to the left hand side (retrace) very quickly. During retrace. the beam is turned off so the
retrace is invisible. The required waveform is therefore a sawtooth. as shown in Fig 1.

* Ihe sweep generator provides the time base control for viewing signals, by producing a
sawtooth waveform which controls the horizontal movement of the beam on the screen. The
sawlooth waveform must be linear so that the scan rate is constant. The period of the
sawlooth waveform is adjustable in calibrated steps which are selected by the Time/Div

control. Because the scan rate of the beam is calibrated the period of a waveform can be
directly read from the screen.

An important control associated with the sweep generator is the trigger control. The idea is to
synchronise the sweep generator with the input signal. Typically a trigger pulse is generated by
the input signal when the signal passes through zero volts or through some preset voitage value.
If the trigger control is set 1o accept only the positive trigger pulses, the sweep generator will
produce one cycle of the sawtooth waveform whenever a positive rigger pulse occurs. This
causes the waveform 1o appear stationary on the face of the CRT. To allow a trace 1o appear on
the screen in the absence of an input signal, another control is used to turn off the trigger input
allowing the sweep generator to 'free run'. On some CROs, this control is labelled ‘AUTO’. and i
itis nol selected there will be no trace on the screen, regardless of any other seftings

* The horizontal amplifier drives the deflection plates by amplifying the output of the sweep
generalor to a level suitable for deflecting the beam. Most CROs have a facility to connect an

external signal to the horizontal amplifier instead of the output of the sweep generator. This
allows Lissajous patterns to be displayed on the screen, in which circles, the ABC logo and
other interesting patterns are produced by feeding two sinewaves (or other waveshapes) to
the CRO, one to the horizontal (X) amplifier and the other 1o the vertical (Y) amplifier.

THE VERTICAL SECTION

The vertical section (Y) accepts the input signal and after suitable ampldication, applies it to the
vertical deflection plates. The beamn will therefore move up and down at a speed depending on
the instantaneous potential difference between the deflection plates. To create the potential
difference between the plates, one plate is fed with a signal that is 180 degrees out of phase with
the other. In the absence of any input signal, (assuming auto trigger), the beam will only be
deflected in the horizontal direction, giving a straight line display on the screen. if a DC signal is
applied, the beam will be deflected vertically, and will appear as a straight line, but moved from
Its previous position, depending on the value of the input DC voitage. H the input signal contains
an AC and a DC component, the trace will show as a waveform moved from the zero, or
reference line. Thus, the shape of a waveform is produced by the beam being moved vertically
by the Y amplifier and horizontally by the X amplifier.

T




= " L s F e - -
- \Vertical (¥) amplifier. It contalns a calibrated attenuator (SW2 .
' - [VR1) thatare both used to reduce the level of the signal applied to the vertical amplifier. This Is

s & simplified circult of the input switching for the signal prior to its application to the
N hoviiatns 1ol Catort il v2) and & non-calibrated attenuator

Necessary to keep the display on the screen from exceeding the available display height. The
alibrated attenuator Is a

switch that selects the

volts/division and consists of

8 number of series

connected resistors that form

8 potential divider. For  INPUT

10V/division on the graticule, ' I GND

a waveform that extends for

three divisions has a peak to SW1

peak voltage of 30V. —0

The potentiometer VR1 can

further reduce the amplitude

of the signal but if is used, the

seftings of the main

attenuator are no longer

calibrated and the value of ]

the input voltage cannot be Yol

read from the screen. =25 i

Other vertical input controls include the vertical position control, and a three pole input coupling

switch (SW1). The three positions of this switch are:

= AC: this position connects the input signal via a coupling capacitor and allows the AC
component of a waveform to be viewed while blocking the DC component. For example, a
small AC ripple on top of a large DC voltage can be viewed.

* GND: in this position a zero reference voltage (ground) is applied to the input of the vertical
amplifier so that it can be used as a reference point for measurements. The beam is usuzily
positioned centrally on the screen with the Y shift control.

= DC: this position is the direct coupled mode and both the AC and the DC component of a
waveform are passed to the attenuators. When measuring a DC voltage, this switch setting is

required. -

SIGNAL WAVEFORMS

The CRO is used to observe the shape of a waveform, to measure its peak to peak voltage and
its period. if the CRO has two beams, it can also be used to measure the phase difference
between two signals. There are many types of waveforms in electronics, In which the sinewave is

the most basic. The relationships between the various voltage values for a sine wave are shown
below.

VA1

10V/div
ToY
amplifier

=

Fig.2: Input attenuators

Vmax =Vp-p/2 (Vmax is the voltage from
oV to the maximum of the
waveform)

VAMS =0.71Vmax

Vayerage = VDC = 0V (for whole cycle)

any waveform is the time between two identical points of the waveform. Usually,

iod of
The petiod measured between two adjacent posilive or Iwo negative going zero crossing

measured between the positive peaks, the negative peaks and so on.

B

-
L

——

Vp-p = 8V as the
V/div setting =
2V/div and the
height of the wave
Is 4 divisions.

The period s
20mS as the
time/div setting is
5mS, and a cycle
covers 4 divisions.

Fig.3: Measuring period and peak to peak voltage ona CRO

The frequency of any waveform is determined by dividing the period of the waveform into 1. That
is, frequency equals the reciprocal of period. For Fig. 3, the frequency is the reciprocal of
20ms which equals 50Hz

To determine the RMS value of the waveform shown in Fig.3, the maximum voltage is either
measured or derived from the peak to peak value. In Fig.3, Vmax = 4V and the RMS voltage
therefore equals 0.71 x 4 which gives 2.84V. Because the waveform is symmetrical around 0V,
the average, or DC value is 0V. If the waveform was superimposed on a DC voltage, the display
would have been shifted up (for positive voltages) or down (for negative voltages), indicating
that a DC component was present. This would give a waveform that was no longer symmetrical
around the zero volts line, and the average value of the waveform would equal the DC
component present in the signal.

For waveforms other than sinewaves, the average and the RMS voltages need to be determined

mathematically in which:

* the average value is determined by summing a fixed range of instantaneous voltage values
over one cycle with an equal number of values from both the positive and the negative half
cycles. The average value equals the total of all the instantaneous values, divided by the
number of values taken.

* RMS values are calculated over one cycle by adding the squares of the amplitude per time
unit, dividing this sum by the number of time units, and taking the sguare root. (RMS = Root
Mean Squared).

It is unusual to have to calculate these values for non-sinusoidal waveforms, and for the
purposes of this subject, sine waves will be assumed.

WAVEFORMS WITH ADC COMPONENT

In electronics it is common to have an AC waveform
superimposed on a DC voltage. In Fig.4, an AC signal
is coupled through a capacitor to a potential divider
connecled to 20V DC. Because both resistor values
are equal, a 10V DC potential will be added to the AC
input signal. The resulting waveform is the AC signal
with a 10V DC componenl. The AC waveform is now
symmetrical around the 10V line rather than the 0OV
line. On a CRO, the waveform would be shifted
verlically on the screen, unless AC coupling was
selectled.

Al

AC
fir -]
O

Fig.4: AC combined with DC
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Ohlauhm the frequencies of the following waveforms:
(a) Timebase on 20 us/em 1 cycle = 25¢cm

(b)  Timebase on 1ms/cm

A 2.5kHz, 2 volt
de

1cycle = 4.1 cm

P-p square wave is applled to a CRO. If the timebase is set tu 100us/cm,
termine the length (in cms) of one cycle.

& { 1" 1A

Determine the following from the display shown in Fig.1:

(a)
i) SV/div
i) 200mV/div
i) 40V /div
(b)

Peak 1o peak voltage for both waveforms ff the volts /division switch Is set to:

Calculate the phase difference between the two waveforms and Indicate which is lagging.

F:‘: ':?[_II/ :
% 1\

Fig.1
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PRINCIPLES OF AMPLIFICATION AND TRANSISTOR CHARACTERISTICS

— — —

OBJECTIVES Atthe end of this lesson you should be able to-

= Sketch the equivalent circuit of an amplifier that shows its operating characteristics
*= Define the term amplification as applied to electronic amplifiers.

= Calculate the voltage gain for an amplifier given the ocutput and input voltages.

= List the basic characteristics of a bipolar transistor.

INTRODUCTION

An amplifier is the basic bullding block of analog electronics. Its function Is to amplify an
electrical quantity, such as voltage, current or power. All amplifiers have certain characteristics
and these need to be known if an amplifier is to be used in a particular application. These notes
describe the basic characteristics of an amplifier and their effect in a circuit. The equivalent
circuit of an amplifier is also described.

The transistor is the basic amplifying device and these noles also briefly describe some of the
operating characteristics of the transistor

AMPLIFICATION

The term amplification in electronics is used 1o describe the action of a circuit that produces an
output signal larger than the input signal. An ideal amplifier will produce an output signal that
has exaclly the same shape as the input, except it will be larger. The term amplification is
derived from the term amplitude, which refers 1o the height of a waveform. Most amplifiers
accepl! a voltage as the input signal, but the electrical quantities of power and current can also
be amplified. Amplifiers are not necessarily confined to electronics, and other types of ampliifiers
include the magnetic amplifier, hydraulic, pneumatic and mechanical types

Fig.1 shows the general form of an

amplifier, in which the input signal Is

used to control a power source. The

oulput signal is therefore produced by input
the power source, and the amplifier
section has the task of controlling the
power source. In an ideal amplifier the
power or energy source has an infinite
capacity.

output
signal

signal

Fig.1: General form of an amplifier

An amplifier Is typically used to amplify the electrical signal from some type of signal source and
lo drive an oulput load. These devices are often called transducers and their basic
characteristics need to be explained so that the characteristics of an amplifier can be
understood. Transducers are more fully described in other subjects within this course.

INPUT AND OUTPUT TRANSDUCERS

A transducer Is a device thal converts from one energy form to another, and in electronics one
of the energy forms will be an electrical quantity. An input transducer produces an electrical
signal as a result of heat, mechanical movement, chemical action, magnetism and other energy
forms. Typical input signal sources are tacho generalors, thermocouples, tape recorder heads,
straln gauges, record player pickups, pH cells, Hall effect devices and so on. An oufpul
transducer converts an electrical signal Into another form of energy. Typical output ransducers
are moltors, a loudspeaker, optical cable drivers and s0 on

11
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rm_ Voltage: connects to the output

. 8lso called & signal source, in which

of the device through a series resistor
fis. The imporiant sspect of Fig.2 is the value of
thesource resistance Rs.
' the signal source is connected to a GRO, the
signal that will be displayed should equal the
voltage being produced by the internal vottage
Source of the device. However, i a resistance Fig.2: Equivalent circuitof a signal source
€qual to the source resistance of the device is
Connected across output inals. the
voltage displayed ﬂﬂ:e CRO wllt;rr:puzlsmﬂ its previous reading. This is similar to the loading
effect described in the notes for week 1. Therefore, i a signal source is connected to an
amplifier, it is important that the amplifier itsell doesn't load the signal source.
An output wansducer is the load for the amplifier, and the important characteristic to be
considered is the value of resistance the load represents. In most cases, an output transducer
will have a low resistance. Motors or loudspeakers all have an impedance measyﬂng a few
ohms, and these devices need to be driven by a power ampiifier. A voltage amplifier cannot
SuUpply power, and their output load needs to have a much higher resistance.

AMPLIFIER CHARACTERISTICS

As for any electrical circuit, an amplifier has a number of operating characteristics which
collectively define how the ampiifier can be used.

voltage amplifier

Fig.3: Equivalent circuit of a voltage amplifier

Fig.3 shows the equivalent circuit of a volltage amplifier connecled lo a signal source and a load.

Note thal this diagram can be modified to describe a power amplifier or a current amplifier.

The most important characleristic of an amplifier is its gain which is defined as the ratio of its

output to iis inpul. Thus:

i b b lifier 1o its input voltage. In Fig.3,
= Vollage gain (Av) is the ratio of the output voltage of an amp ' . _
the voltage gain is shown by the internal voltage generator labelled Av x vin. This generator

represents that part of the amplifier circuit causing the input signal to be amplified.

= Cuyrrent gain (Ai) is the ratio of the output current and the input signal current to the amplifier.
= Power gain (Ap) is the ratio of the output power of the amplifier 10 the power applied to Its

input.

The next two characteristics are the Input impedance and the output Impedance of the amplifier
The term impedance Is used 1o describe any capacitance or induclance prasent with mp;.
resistance value. In these notes, the only electrical Quantity that will be considered |s the
resistance, and the terms Input resistance and Oulput resistance will be used. However A

practical amplifier will have capacitance and inductance which can affect s performance
particular frequencies

* Inputresistance (rin) Is the resistance present between the Input terminals of an amplifier. It
cannotl be measured with an ohmmeter, as the resistance comprises the effects of al lhe
components within the amplifier. Instead it has 1o be determined by measuring the input
signal voltage and the input signal current. then Calculated with Ohmy's law. That is:

O rin = v_ii-.
Hn

The input resistance of an ideal amplifier is infinity, or an Open circuit. Practical amplifiers have
Input resistance values ranging from a few ohms to hundreds of megohms. A typical transistor
amplifier has an input resistance of several thousand ohms.

Input resistance is important as it determines the type of signal source that can be connected to
the amplifier. If the amplifier has a low input resistance, the signal source connected to it needs
to have a correspondingly low source resistance. An amplifier with a high input resistance can
be connected to any type of signal source. as the amplifier will not load the source.

* Qutput resistance (ro) is the resistance value between the internal voltage source of the
amplifier and its output terminal. The ideal value of output resistance is zero, and a practical

amplifier will have an output resistance anywhere from a few ohms to several thousand
ohms.

In fact, an amplifier can be seen as a form of signal source itself, although it needs an electrical
input signal to operate. The value of the Output resistance determines the type of load that can
be connected to the amplifier. If the ouiput resistance is low, then a low resistance load can be
connected, assuming the amplifier is able to produce the required load current. A voltage
amplifier with a low output resistance cannot drive a low resistance load as it is generally unable
10 supply the high value of current required without overheating. An amplifier with a high output
resistance can only drive high resistance loads. as a low resistance load will cause the output of
the amplifier to be reduced.

Like input resistance, output resistance needs to be determined experimentally. This can be
achieved in a number of ways, and a commonly used method is to first measure the unloaded
output voltage of the amplifier. A variable resistor is then connected across the output terminals
and its value adjusted until the output of the amplifier drops to half its previous value. The
resistance of the potentiometer will now equal the output resistance of the amplifier.

mm f input tput resistan
Ul Inputresistance (rin): ideal = infinity, practical: >10 x Rs
O Outputresistance (ro): ideal - zero, practical: < fo '
10

These notes assume students are already familiar with the basic operation of a transistor. For
further details, refer to a recommended text. The following summarises some aspects of the
operalion of a transistor.

A transistor contains two PN junctions and has three terminals labelled base, collector and
emitter. This type of transistor is referred to as a bipolar junction transistor (BJT) and other
transistors include the field effect type (FET). For the purposes of these notes, the term
transistor refers to the BJT.

13
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ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS
YEAR 1 ELECTRONIC DEVICES 6016A
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REVISION - DC MEASUREMENT

OBJECTIVES: Atthe end of this lesson you will be able to:

* Apply Ohm's law in solving basic calculations.
* Use scientific notation and metric prefixes In calculations and measurements,
» (Calculate the loading effect of a voltmeter and its effect in a circuit.

INTRODUCTION

Ohm's law is an essential tool in calculating voltages, currents and other values in an electronic
circuit. Being able to apply Ohm's law Is often more difficult than simply knowing the three basic
equations that relate voltage, current and resistance. This lesson revises Ohm's law and uses
these laws to show the loading effect a voltmeter has on the voltage it is measuring. All
measuring instruments affect the reading they are taking, and a knowledge of the effect is
important in deciding on the best type of instrument to use in a particular application.

OHM'S LAW IN RESISTIVE CIRCUITS
The three basic Ohm's law equations as applied to a resistive circuit are shown below. Note that
the potential divider equation is often used in electronics.

(a) The Series Circuit: The total resistance of a series circuit equals the sum of the individual

resistor values. See Fig.1.
I O Rt =R1 + R2 + R3 ]

R1 R2 R3

Fig.1: The seriesresistive circuil

(b) The Parallel Circuit: The total resistance of a paralle! circuit can be calculated in various

ways. See Fig.2.
R1 O 1/Rr= 1/Rt + 1/R2 + 1/R3
R2 O R = g
st | S > 1/R1 + 1/R2 + 1/R3
R3 R1R2 :
= ———— (for 2 resistors
—1 ORT= aivne | )

Fig.2: The parallel resistive circuit
(c) Voltage Divider Equation: The potential divider equation is used to find the vﬂnage across
a resistor in a circuit containing two series connected resistors. Note the following points
which refer to Fig.3:
= The equation is based on Ohm's law, where V = IR. The current in the circuil equals
the applied voltage (Vs) divided by the total series resistance.

= The ratio of the voltage drops across both resistors equals the ratio of the resistor
‘values. Thatis V1:V2 = R1:R2




Vs

- inR1 &R
S SRE current R2

Fig.3: The potential divider

Resistor Colour Code

x resistor colour r is a standard used to identify the value of a resistor. Coloured bands
havammm Min e resistor and each colour represents a numerical value. Most resistors
- mhumﬁ . ich the first two give the numerical value, the third (called the multiplier)

(o Hessturmmﬁ that follow the numerical value and the fourth the tolerance of the resistor

g “ e SV five bands use the first three to give a three digit value and the tourth and

ssiiigh midtiplier and tolerance bands respectively. Mos!t resistors have a 5% tolerance,
19.4 and the table of values show how the colour code is applied.

COLOUR | 1st& 2nd Digits | Multiplier | Tolerance i ! J
s | o [ x il
Brown 1 x 10 1% I J 1 T_
Red 2 x 100 2% 1st digit Tolerance
Orange 3 % A% 2nd digit
Yellow > e Multiplier —
Green 5 x 100k |
i P JlEI
Violet 7 not used _T A A
Grey 8 not used yellow goid
White g not used vigier
Gold not used X 0.1 5% PR
Silver st ised x 0.01 10% value = 4 7x 100 = 4700 = 4k7

Fig.4: Theresistor colour code

Resistor values are generally available in the 10% preferred range, in multiples of 1, 1.2, 1.5,
8. 22 27,33, 39 47, 56, 6.8andB.2 The 5% range has values between those of the 10%

range.
Very large or very small numbers are common in electronics, and the use of scientific notation
makes these values easier 10 use. Scientific notation shortens the number by expressing the
zeros &8s 10 raised 10 a power.

2,200,000 = 22x 10

0.0000047 = 47 x 10* .
It is standard practice in electronics 10 refer to & multiptier (or power of 10) by a name or letter,
usuaily Greek in origin. For example, 1000, which equals 10*is known as the kllo, or by the letter

exa E

peca P
tera T

Those units marked with * are commonly used in
electronics. Note how the powers are all multiples of 3.

EXAMPLES

1 million ohms = 1 x 10% = 1M ohm

*giga G
*mega M

1 millionth of a farad = 1 x 10°%F = 1uF

| thousandthotanamp = 1 x 102 = 1mA

* kilo k

Multimeters

Analog Multimeters have a mechanical *moving coil* as the readout. These operate on a
magnetic field principle where the level of current flowing in the coil determines the strength of
its magnetic field. This then tries to align the coil with its surrounding permanent magnet,
against the force of a return spring. These meters must be mechanically calibrated but are
relatively inexpensive.

Various resistance shunts and voltage dividers can be switched In 1o provide different
measuring functions. The accuracy depends on the quality of the meter movement and the
accuracy of reading the scale. A mirror is usually set into the scale so that the meter needle
can be aligned with its reflection to minimise reading error.

Digital Multimeters have no moving parts in the readout. These meters contain a digital readout
driven by an analog to digital conversion circuit. All range selection uses some form of voltage
divider to reduce the input sample to the required input range. The selection switch also usually
controls the readout so that the correct units are displayed.

Sensitivity

Analog moving coil meters are designed to give full scale deflection al a certain current; e.g.
100pA. This then becomes the smallest current range available for that multimeter and is an
indication of its sensitivity. Sensitivity equals the reciprocal of the full scale deflection
current and is expressed in ohms per volt. For example, a 100uA meter movement has a
sensitivity of 1/100uA, or 10,000 ohms per voit. The current lo operate the meter movement is
supplied by the circuit under test, and the smaller the current (higher the sensitivity) the better,
particularly when measuring volts.

The loading effect of a voltmeter is determined by calculating the equivalent resistance that
meter represents for the particular voltage range it is set to. A meter with a sensitivity of 10,000
ohms per volt will represent a resistance value of 100,000 (or 100k ohms) when set to its 10V
range. Ohm's law can then be used lo calculate the eHlect on a circuit when a 100k ohm resistor
is connected where the voltmeter is being used to measure a voltage

Digital voltmeters (DVM) also take current from the circuit under test, but they represent a ﬁged
value of resistanice (usually 11M ohm) regardiess of the selected voltage range. The following
lists typical sensitivities for voltmeters.

AVQ7 =500cohm/volt (FSD current = 2mA) On 10V range, equals a Sk resistar

50uA) On 10V range, equals a 200k resistor

AVO8 =20k ohm/volt (FSD current

il

Arix = 100k ohm/volt (FSD current = 10uA)  On 10V range, equals a 1M resistor

Digital =11Mohm (fixed resistance)

Note that an Arix meter on its 100V range is the equivalent 1o a 10M ohm resistor, which
compares favourably to the resistance of a digital voltmeter. When set 10 IIS 250V range, the
equivalent resistance is 25M ohms, which exceeds that of a DVM

3



onnecting a meter eter In a circult ‘effectively adds a resistor |i with the circuit under test. If

“! ’ ) ! I . . . : ET . hipﬂﬂﬂkﬂ C cu .

b * Meter has a low internal resistance (low sensitivity) it can substantially reduce the voltage [t

h-mﬁ_ - This Is referred o as voltmeter loading.

AVE :ﬁﬂ ﬂ‘ Finéslﬂ}. an AVO7 on its S0V range Is connected to the circuit as shaown. The

i have an equivalent resistance of 500 ohms/volt x 50V, which equals 25k ohms. Before
meter is nonnected the voltage across R2 will be 50V, or half the supply voltage as R1 equals

R2.
: 1 1 1
: Vi i Vi
500k l 500k
Vs = 100v Vo = 100V v
Y
Hz 1. aﬂ“@)? ﬂszﬁn1
500K V2 on 50V 500k / /25 V, = 455V
3 l range = 23.8k
v v
{a) measuring voltage in a resistive circuit (b) effect caused by meter loading

Fig.5: Meterloading

When the meter is connected, the combined resistance of the meter and R2 equals 23.8k as
shown in Fig 5(b). Using the potential divider equation, a voltage of 4.55 volts is now present
Acoss R2. and is the value that will be shown by the voltmeter. Using a meter with a much
higher sensitivity is essential in a circuit that contains high value resistors, and even a DVM will
cause some loading. effecting the voliage across R2. As a general rule, the meler resistance
should be at least 10 times greater than the equivalent resistance of the circuit under tesi.

Ammelers also aflect the current value being measured as an ammeler is effectively a resistance
in series with the circuit under lest. An ammeter contains a low value resistor, called a shunt that
is connected in parallel with the meter movemenlt in an analog meler or in parallel with the
analog to digital converter (ADC) in a digital multimeter (DMM). The value of the shunt resistor
depends on the FSD current of the meter movement {or ADC circuit in a DMM) and the lower the
FSD current requirement the lower the value of the shunt resistor. A shunt is part of a current
divider, through which all current other than that required by the meler movement passes. A
shunt therefore has 2 finite value of resistance, though it is often as low as a few milliohms.

Accuracy and resolution
The accuracy of a meter is a function of its manufacture, and depends on the stability and

guality of its componenis. Accuracy should not be confused with sensitivity or resolution. A

0.5% specification for accuracy, with 2 resolution of 1% is better than a meter with an accuracy
of 5% butwith a resolution of 0.004%. Digital meters have a much better resolution than analog
meters, but may nol always have the highest accuracy. Sensitivity is notl a guarantee ol high
accuracy, although the higher the sensitivity the less the loading effect. The reading given by a

sensitivity meter will therefore be more likety 10 be correct, limied only by the accuracy and

resolution of the meter.

*-lﬁiii'li..iiliﬂiiﬂ!

E) - y
1 i el

I.

ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS
YEAR1 ELECTRONIC DEVICES

THEORY ASSIGNMENT 1

e —————— e e e
For the clrcuit of Fig 1, calculate the resistance between points A and B.
Bk
2k
4k Bk 1k5
3k 2k Bk
3k6
2k9
750 ohm
Fig.1
R1 v
For the circuit of Fig.2, calculate the values of V1 el 1
and VZ. l
Vg = 25V
R2 I
Fig.2 220K f

For the circuit of Fig.2, calculate the reading that will be shown by a voltmeler with a sensitivity

of 10k ohms/volt set 1o its 10V scale.

Determine the values '““II.
ol the resislors
r

+ 1
shown In Fig.3. J‘ L _T 1 L red
orange goid green
black —
red —
Fig.3 R
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THE CATHODE RAY OSCILLOSCOPE

OBJECTIVES: Atthe end of this lesson you will be able to:
* ldentity the controls of a Cathode Ray Oscilloscope. (CRO)
* Measure vohtage. current, frequency and phase shift using a dual trace CRO.
. UseaCFtDtomwemeDCmmpmem of a signal.

1. INTRODUCTION

A multimeter is limited in its ability to measure voltages and currents, particularly for AC signals.
"'“_? frequency range of a typical muftimeter is limited to less than 1kHz, and the scale is usually
calibrated for RMS values, and then only i the waveform is sinusoidal. In electronics it is

Common 1o have non-sinusoldal waveforms, either as voltages or currents. As well, the
frequency of the signal is likely to be over the 1kHz limit of a multimeter.

The Cathode Ray Oscilloscope, (CRO) is a more expensive measuring !nsb*t.;mem and is less
poriable, but in most situations it is far more useful. The CRO is able to measure the following:

® voltage (AC or DC)

®  current (by measuring voltage drop across a resistorthen using Ohm's law)

*  period

®=  freguency (by calculation from the period measurement)

=  phase diflerence (between two wavelorms)

These values can be measured for any type of waveform at frequencies only limited by the CRO
itself and a typical CRO can provide useful measurements for signals up to 20MHz. Some
instruments extend beyond 100MHz. Because the signal is actually displayed, the shape of the
waveform can be examined, allowing more accurate analysis of the circuil behaviour.

These notes briefly describe how the CRO operales and how it is used to measure the various
characteristics of a waveform.

- BLOCK DIAGRAM OF THE CRO

Fig.1 shows a simplified block diagram of a CRO. The basic sections are the CRO tube, the
power supply, the vertical (or Y) amplifier and the time base (X). Most CROs are dual trace,
meaning they can display two signals simultaneously. However, for the purposes of explanation,
a single trace CRO is assumed.

vert deflection plates
_L./
2 phosphor coated
cathode screen
: beam of
horiz deflection plates i
/1 e
P’nwaf
supph

Fig 1: Block diagram of a CRO
6

THE CATHODE RAY TUBE (CRT)

The screen of an oscilloscope is at the anode end _

valve and has a coating of phosphor on the in,gid; an: :HTGETTM‘E:L:;; T:ﬁznﬂlt:hamnmlﬁ
electron beam. The electron beam originates from the cathode rwhiq:h is heated by a ﬁ:jtk et
thal it emits electrons. The beam is attracted to the anode by a high positive DC potertia;nenﬂzm
se) relative 1o the cathode. Deflection plates are placed inside the tube so that the b;a;{?.*k of
deflected sideways (X direction) or vertically (Y direction) Deflection is caused when onemlabe
has a different polential 10 the other (electrostatic deflection), unlike a TV set it plale
magnetic deflection. Other electrodes are used 1o focus the beam and to accelerate it ﬁs
electrodes usually have a DC potential of several hundred volts 1o over 1kV. ' .

To allow waveforms 1o be measwred, a graticule consisting of a 1cm grid is either etched on the
front of the tube, or drawn on a transparent panel placed at the viewing end of the tube.

THE TIME BASE

The time base, or horizontal section consists of a Sweep generator (oscillator) and a horizontal
amplifier which connects to the deflection plates that control the sideways (X) movement of the
beam. The beam is moved across the screen from left 1o right at a preselected speed, then is
returned to the left hand side (retrace) very quickly. During retrace. the beam is turned off so the
retrace is invisible. The required waveform is therefore a sawtooth. as shown in Fig 1.

* Ihe sweep generator provides the time base control for viewing signals, by producing a
sawtooth waveform which controls the horizontal movement of the beam on the screen. The
sawlooth waveform must be linear so that the scan rate is constant. The period of the
sawlooth waveform is adjustable in calibrated steps which are selected by the Time/Div

control. Because the scan rate of the beam is calibrated the period of a waveform can be
directly read from the screen.

An important control associated with the sweep generator is the trigger control. The idea is to
synchronise the sweep generator with the input signal. Typically a trigger pulse is generated by
the input signal when the signal passes through zero volts or through some preset voitage value.
If the trigger control is set 1o accept only the positive trigger pulses, the sweep generator will
produce one cycle of the sawtooth waveform whenever a positive rigger pulse occurs. This
causes the waveform 1o appear stationary on the face of the CRT. To allow a trace 1o appear on
the screen in the absence of an input signal, another control is used to turn off the trigger input
allowing the sweep generator to 'free run'. On some CROs, this control is labelled ‘AUTO’. and i
itis nol selected there will be no trace on the screen, regardless of any other seftings

* The horizontal amplifier drives the deflection plates by amplifying the output of the sweep
generalor to a level suitable for deflecting the beam. Most CROs have a facility to connect an

external signal to the horizontal amplifier instead of the output of the sweep generator. This
allows Lissajous patterns to be displayed on the screen, in which circles, the ABC logo and
other interesting patterns are produced by feeding two sinewaves (or other waveshapes) to
the CRO, one to the horizontal (X) amplifier and the other 1o the vertical (Y) amplifier.

THE VERTICAL SECTION

The vertical section (Y) accepts the input signal and after suitable ampldication, applies it to the
vertical deflection plates. The beamn will therefore move up and down at a speed depending on
the instantaneous potential difference between the deflection plates. To create the potential
difference between the plates, one plate is fed with a signal that is 180 degrees out of phase with
the other. In the absence of any input signal, (assuming auto trigger), the beam will only be
deflected in the horizontal direction, giving a straight line display on the screen. if a DC signal is
applied, the beam will be deflected vertically, and will appear as a straight line, but moved from
Its previous position, depending on the value of the input DC voitage. H the input signal contains
an AC and a DC component, the trace will show as a waveform moved from the zero, or
reference line. Thus, the shape of a waveform is produced by the beam being moved vertically
by the Y amplifier and horizontally by the X amplifier.

T
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- \Vertical (¥) amplifier. It contalns a calibrated attenuator (SW2 .
' - [VR1) thatare both used to reduce the level of the signal applied to the vertical amplifier. This Is

s & simplified circult of the input switching for the signal prior to its application to the
N hoviiatns 1ol Catort il v2) and & non-calibrated attenuator

Necessary to keep the display on the screen from exceeding the available display height. The
alibrated attenuator Is a

switch that selects the

volts/division and consists of

8 number of series

connected resistors that form

8 potential divider. For  INPUT

10V/division on the graticule, ' I GND

a waveform that extends for

three divisions has a peak to SW1

peak voltage of 30V. —0

The potentiometer VR1 can

further reduce the amplitude

of the signal but if is used, the

seftings of the main

attenuator are no longer

calibrated and the value of ]

the input voltage cannot be Yol

read from the screen. =25 i

Other vertical input controls include the vertical position control, and a three pole input coupling

switch (SW1). The three positions of this switch are:

= AC: this position connects the input signal via a coupling capacitor and allows the AC
component of a waveform to be viewed while blocking the DC component. For example, a
small AC ripple on top of a large DC voltage can be viewed.

* GND: in this position a zero reference voltage (ground) is applied to the input of the vertical
amplifier so that it can be used as a reference point for measurements. The beam is usuzily
positioned centrally on the screen with the Y shift control.

= DC: this position is the direct coupled mode and both the AC and the DC component of a
waveform are passed to the attenuators. When measuring a DC voltage, this switch setting is

required. -

SIGNAL WAVEFORMS

The CRO is used to observe the shape of a waveform, to measure its peak to peak voltage and
its period. if the CRO has two beams, it can also be used to measure the phase difference
between two signals. There are many types of waveforms in electronics, In which the sinewave is

the most basic. The relationships between the various voltage values for a sine wave are shown
below.

VA1

10V/div
ToY
amplifier

=

Fig.2: Input attenuators

Vmax =Vp-p/2 (Vmax is the voltage from
oV to the maximum of the
waveform)

VAMS =0.71Vmax

Vayerage = VDC = 0V (for whole cycle)

any waveform is the time between two identical points of the waveform. Usually,

iod of
The petiod measured between two adjacent posilive or Iwo negative going zero crossing

measured between the positive peaks, the negative peaks and so on.

B

-
L

——

Vp-p = 8V as the
V/div setting =
2V/div and the
height of the wave
Is 4 divisions.

The period s
20mS as the
time/div setting is
5mS, and a cycle
covers 4 divisions.

Fig.3: Measuring period and peak to peak voltage ona CRO

The frequency of any waveform is determined by dividing the period of the waveform into 1. That
is, frequency equals the reciprocal of period. For Fig. 3, the frequency is the reciprocal of
20ms which equals 50Hz

To determine the RMS value of the waveform shown in Fig.3, the maximum voltage is either
measured or derived from the peak to peak value. In Fig.3, Vmax = 4V and the RMS voltage
therefore equals 0.71 x 4 which gives 2.84V. Because the waveform is symmetrical around 0V,
the average, or DC value is 0V. If the waveform was superimposed on a DC voltage, the display
would have been shifted up (for positive voltages) or down (for negative voltages), indicating
that a DC component was present. This would give a waveform that was no longer symmetrical
around the zero volts line, and the average value of the waveform would equal the DC
component present in the signal.

For waveforms other than sinewaves, the average and the RMS voltages need to be determined

mathematically in which:

* the average value is determined by summing a fixed range of instantaneous voltage values
over one cycle with an equal number of values from both the positive and the negative half
cycles. The average value equals the total of all the instantaneous values, divided by the
number of values taken.

* RMS values are calculated over one cycle by adding the squares of the amplitude per time
unit, dividing this sum by the number of time units, and taking the sguare root. (RMS = Root
Mean Squared).

It is unusual to have to calculate these values for non-sinusoidal waveforms, and for the
purposes of this subject, sine waves will be assumed.

WAVEFORMS WITH ADC COMPONENT

In electronics it is common to have an AC waveform
superimposed on a DC voltage. In Fig.4, an AC signal
is coupled through a capacitor to a potential divider
connecled to 20V DC. Because both resistor values
are equal, a 10V DC potential will be added to the AC
input signal. The resulting waveform is the AC signal
with a 10V DC componenl. The AC waveform is now
symmetrical around the 10V line rather than the 0OV
line. On a CRO, the waveform would be shifted
verlically on the screen, unless AC coupling was
selectled.

Al

AC
fir -]
O

Fig.4: AC combined with DC

0k sovk
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ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS

Ohlauhm the frequencies of the following waveforms:
(a) Timebase on 20 us/em 1 cycle = 25¢cm

(b)  Timebase on 1ms/cm

A 2.5kHz, 2 volt
de

1cycle = 4.1 cm

P-p square wave is applled to a CRO. If the timebase is set tu 100us/cm,
termine the length (in cms) of one cycle.

& { 1" 1A

Determine the following from the display shown in Fig.1:

(a)
i) SV/div
i) 200mV/div
i) 40V /div
(b)

Peak 1o peak voltage for both waveforms ff the volts /division switch Is set to:

Calculate the phase difference between the two waveforms and Indicate which is lagging.

F:‘: ':?[_II/ :
% 1\

Fig.1
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PRINCIPLES OF AMPLIFICATION AND TRANSISTOR CHARACTERISTICS

— — —

OBJECTIVES Atthe end of this lesson you should be able to-

= Sketch the equivalent circuit of an amplifier that shows its operating characteristics
*= Define the term amplification as applied to electronic amplifiers.

= Calculate the voltage gain for an amplifier given the ocutput and input voltages.

= List the basic characteristics of a bipolar transistor.

INTRODUCTION

An amplifier is the basic bullding block of analog electronics. Its function Is to amplify an
electrical quantity, such as voltage, current or power. All amplifiers have certain characteristics
and these need to be known if an amplifier is to be used in a particular application. These notes
describe the basic characteristics of an amplifier and their effect in a circuit. The equivalent
circuit of an amplifier is also described.

The transistor is the basic amplifying device and these noles also briefly describe some of the
operating characteristics of the transistor

AMPLIFICATION

The term amplification in electronics is used 1o describe the action of a circuit that produces an
output signal larger than the input signal. An ideal amplifier will produce an output signal that
has exaclly the same shape as the input, except it will be larger. The term amplification is
derived from the term amplitude, which refers 1o the height of a waveform. Most amplifiers
accepl! a voltage as the input signal, but the electrical quantities of power and current can also
be amplified. Amplifiers are not necessarily confined to electronics, and other types of ampliifiers
include the magnetic amplifier, hydraulic, pneumatic and mechanical types

Fig.1 shows the general form of an

amplifier, in which the input signal Is

used to control a power source. The

oulput signal is therefore produced by input
the power source, and the amplifier
section has the task of controlling the
power source. In an ideal amplifier the
power or energy source has an infinite
capacity.

output
signal

signal

Fig.1: General form of an amplifier

An amplifier Is typically used to amplify the electrical signal from some type of signal source and
lo drive an oulput load. These devices are often called transducers and their basic
characteristics need to be explained so that the characteristics of an amplifier can be
understood. Transducers are more fully described in other subjects within this course.

INPUT AND OUTPUT TRANSDUCERS

A transducer Is a device thal converts from one energy form to another, and in electronics one
of the energy forms will be an electrical quantity. An input transducer produces an electrical
signal as a result of heat, mechanical movement, chemical action, magnetism and other energy
forms. Typical input signal sources are tacho generalors, thermocouples, tape recorder heads,
straln gauges, record player pickups, pH cells, Hall effect devices and so on. An oufpul
transducer converts an electrical signal Into another form of energy. Typical output ransducers
are moltors, a loudspeaker, optical cable drivers and s0 on

11
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rm_ Voltage: connects to the output

. 8lso called & signal source, in which

of the device through a series resistor
fis. The imporiant sspect of Fig.2 is the value of
thesource resistance Rs.
' the signal source is connected to a GRO, the
signal that will be displayed should equal the
voltage being produced by the internal vottage
Source of the device. However, i a resistance Fig.2: Equivalent circuitof a signal source
€qual to the source resistance of the device is
Connected across output inals. the
voltage displayed ﬂﬂ:e CRO wllt;rr:puzlsmﬂ its previous reading. This is similar to the loading
effect described in the notes for week 1. Therefore, i a signal source is connected to an
amplifier, it is important that the amplifier itsell doesn't load the signal source.
An output wansducer is the load for the amplifier, and the important characteristic to be
considered is the value of resistance the load represents. In most cases, an output transducer
will have a low resistance. Motors or loudspeakers all have an impedance measyﬂng a few
ohms, and these devices need to be driven by a power ampiifier. A voltage amplifier cannot
SuUpply power, and their output load needs to have a much higher resistance.

AMPLIFIER CHARACTERISTICS

As for any electrical circuit, an amplifier has a number of operating characteristics which
collectively define how the ampiifier can be used.

voltage amplifier

Fig.3: Equivalent circuit of a voltage amplifier

Fig.3 shows the equivalent circuit of a volltage amplifier connecled lo a signal source and a load.

Note thal this diagram can be modified to describe a power amplifier or a current amplifier.

The most important characleristic of an amplifier is its gain which is defined as the ratio of its

output to iis inpul. Thus:

i b b lifier 1o its input voltage. In Fig.3,
= Vollage gain (Av) is the ratio of the output voltage of an amp ' . _
the voltage gain is shown by the internal voltage generator labelled Av x vin. This generator

represents that part of the amplifier circuit causing the input signal to be amplified.

= Cuyrrent gain (Ai) is the ratio of the output current and the input signal current to the amplifier.
= Power gain (Ap) is the ratio of the output power of the amplifier 10 the power applied to Its

input.

The next two characteristics are the Input impedance and the output Impedance of the amplifier
The term impedance Is used 1o describe any capacitance or induclance prasent with mp;.
resistance value. In these notes, the only electrical Quantity that will be considered |s the
resistance, and the terms Input resistance and Oulput resistance will be used. However A

practical amplifier will have capacitance and inductance which can affect s performance
particular frequencies

* Inputresistance (rin) Is the resistance present between the Input terminals of an amplifier. It
cannotl be measured with an ohmmeter, as the resistance comprises the effects of al lhe
components within the amplifier. Instead it has 1o be determined by measuring the input
signal voltage and the input signal current. then Calculated with Ohmy's law. That is:

O rin = v_ii-.
Hn

The input resistance of an ideal amplifier is infinity, or an Open circuit. Practical amplifiers have
Input resistance values ranging from a few ohms to hundreds of megohms. A typical transistor
amplifier has an input resistance of several thousand ohms.

Input resistance is important as it determines the type of signal source that can be connected to
the amplifier. If the amplifier has a low input resistance, the signal source connected to it needs
to have a correspondingly low source resistance. An amplifier with a high input resistance can
be connected to any type of signal source. as the amplifier will not load the source.

* Qutput resistance (ro) is the resistance value between the internal voltage source of the
amplifier and its output terminal. The ideal value of output resistance is zero, and a practical

amplifier will have an output resistance anywhere from a few ohms to several thousand
ohms.

In fact, an amplifier can be seen as a form of signal source itself, although it needs an electrical
input signal to operate. The value of the Output resistance determines the type of load that can
be connected to the amplifier. If the ouiput resistance is low, then a low resistance load can be
connected, assuming the amplifier is able to produce the required load current. A voltage
amplifier with a low output resistance cannot drive a low resistance load as it is generally unable
10 supply the high value of current required without overheating. An amplifier with a high output
resistance can only drive high resistance loads. as a low resistance load will cause the output of
the amplifier to be reduced.

Like input resistance, output resistance needs to be determined experimentally. This can be
achieved in a number of ways, and a commonly used method is to first measure the unloaded
output voltage of the amplifier. A variable resistor is then connected across the output terminals
and its value adjusted until the output of the amplifier drops to half its previous value. The
resistance of the potentiometer will now equal the output resistance of the amplifier.

mm f input tput resistan
Ul Inputresistance (rin): ideal = infinity, practical: >10 x Rs
O Outputresistance (ro): ideal - zero, practical: < fo '
10

These notes assume students are already familiar with the basic operation of a transistor. For
further details, refer to a recommended text. The following summarises some aspects of the
operalion of a transistor.

A transistor contains two PN junctions and has three terminals labelled base, collector and
emitter. This type of transistor is referred to as a bipolar junction transistor (BJT) and other
transistors include the field effect type (FET). For the purposes of these notes, the term
transistor refers to the BJT.
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R ' (ICmax) Is the h
; ghest value of collector ¢
ransistor can pass without damage, ang ranges from 100mA for a typical amaﬁ"em C]
transistor to 20A or more for the larger types or a lypica signal

®* Vollage ratings

* Collector emitter vollage, VCe: This is the most Important voltage rating for & transistor

and is the maximum value of collector-emitter voltage the transistor can wilnstand
before breakdown occurs. This value [s generally specified for the condition of baso
open circuit, denoted by the term Vceo. For an NPN transistor. the polarity of the
maximum vollage will be positive at the collector, negative at the emitter. For a PNP
transistor, the polarities are opposite. Note that the maximum reverse voltage a small

35 current PNF B B B 1 signal transistor can withstand before conduction occurs is much low
' ; ' “ah er than vCE,
controls the value of the generally around 5 to 7V. Transistors with a Vce rating of several thousand volts are
gﬂmﬂm current. L £ [ available, but most ransistors are rated for voliages between 40V to 100V
o LS the | - 1 : _
bass pm'o""“‘ ot E 2 | . Qﬁlmmww VCES: Saturation occurs when the
voltage equal to the Fig 4 (a) construction (b) diode (c) schematic ~ '30!:3:0' -emitter vn!tage has fallen 1o its lowest value as a result of an increase in the
or ok tha PN equivatent symbol collector current. It is generally around 0.2V to 0.7V
mn (0.8Y for silicon, . * Base-emitter voltage Vbe: As already described, Vbe has a nominal value of 0.6V for a
0.2V for germanium) Is silicon transistor and 0.2V for a germanium type. For an NPN transistor, the base is
required. . positive with respect to the emitter, and a PNP transistor has its base negative
7— . G{ ' '2‘ 5 MV/ oc u compared to the emitter. The maximum reverse voltage a small signal transistor can
The woltage raqjulra d 10 overcome the barrier potential is g A e . _ & withstand is generally around 5V.
called Vbe and its value depends on the amount of base 20C ) :

currenl required. Like all PN junctions, the barrier
vollage of the base-emitter junction (Vbe) for a transistor

Grops by approximately 2. 5mV/-C as the temperalure

* Case outline and power rating

:, * The case outling refers 1o the type of package used 10 contain the transistor element.

rises. Refer 1o Fig.5 which shows this as a graph. Thus if L Many of these are standardised and are used by all transistor manufacturers. while
the value of Vbe is held at 0.6V and the temperature 1 some are peculiar 10 a particular manufacturer. The standard outlines are give a TO
rises, the base current will increase, as the internal | (tfransistor outline) number and the type of package used depends on the amount of
barrier voltage has now dropped. An Increase in base > power dissipation the transistor is rated for. Small signal transistors are usually
curremt will cause a corresponding Increase in the 0.6v v_BE v packaged In either the TO-18 or TO-92 styles. The TO-92 outline has several variations
collector current. ] In which the pin connections differ depending on which variation of the outline s used.
Fig.5: Effects of lemperature on IB. o There are numerous package styles for power transistors including the TO-3 type
(used by the 2N3055 transistor), the TO-220 and others. These package styles allow a
8. ANNRIER CHARALTER IO _ | . I heatsink to be added to help dissipate the heat generated by the transistor
There are thousands of transistor Types in use anc they all have particular characteristics. The o
following summarises some of the more Important of these. N * The power rating of a transistor determines the maximum collector current that can be
X 8 This is the ratio of the collector current and the base current. That Is: | used for that transistor for a given collector-emitter voltage As power equals the

product of voltage and current, a transistor can never be operated at both its
4 maximum current and voltage ratings. As well, the power dissipation rating is generally
' stated for a specified case temperature, and a heat sink is usually needed 1o realise the
' maximum power rating. Power ratings vary from 300mW for a small signal transistor to
several hundred watts for the larger types

can either refer 1o s DC operating conditions or to the AC Lo
W H:::i Mau give a value of current gain that refers 1o the DC conditions, and ] 4
mhw_ﬂ"mmmwe ‘WMHIG'“"QDCW.)' Dcclll’&n‘lﬂnlilllomn I ..'. S i AR S A R R R R
called the beta (B) of the wransistor. The AC current gain Is denoted by the term hfe. For the =3
pUrposes of this subject, the AC current gain and the m'.manl-mna-mgm;@m equal. -l
P .m gain of a wansistor is generally given for & specilied value of collector current.
mmnrr of manufacturing limitations, it s usual for manufacturers 1o quote a range of current
in values for each type of ransisior. For example, the BC547 type has a guaranteed current
x' of from 110 1o BOO at a collector current of 2mA. Current galn will also vary with

temperature In which |
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. - THEORY LESSON 4
s: Electronic Devices, 2nd Ed. Floyd. Chapters 5 8.6

TRANSISTOR BIASING

OBJECTIVES At the end of this lesson you will be able to:

- cmmwmmtucmuummmm
) Mﬂ!ﬂqmtmmdawlﬂwﬂ'mmm_ ,
= List the advantages of potential divider biasing compared o single resistor ApRSHR
= Describe the purpose of the emitter resistor in a ransistor amplifier-

INTRODUCTION . -
Wnusedasmwm.amﬁunaeﬁtu&mﬂmsed.ﬁﬂh.tzﬁs:em:ﬁ
mﬁoﬂmmthawamgewmudﬂ.w_mmgeneedsmmsuﬂm o -
mﬂmﬂﬁwm‘immmodsmeuﬂdmacm“nﬁs.haﬁasa ge plfﬂerm.ms
collector resistor is alsa needed to convert the current changes to a voltage chlan{.i:ieﬂThese
desmhemmemodsc#biasingatramismrandhuw:he.DCcontﬁ!mnsaecacu i

INTRODUCTION TO BIASING
As described previously. a transistor MInmfwdmdmmmiizzfn:
wransistor. this means the base terminal must have 2 positive DC voltage 0. mg:e,rm s e
emitter. FaaPM’uansistnrthehasemustbeu.BVmaﬂgnmfem{ner- Lol
refers to the presence of the DC voltage across the base-emitier pnn:nu:&t: e
derive it is known as the biasing circuil. There are varnous mnﬂ:;:;ﬂcmg e
b'asfﬂﬂ..ﬁ’u'andtheywua"y involve one of more resistors connec powe:vm i
the crcuiL _ _ | ll

When the base-emitter junction is forward biased. B c

base current flows. When base current flows, colleclor -
curtent aiso flows, and the value of the coliecior 8
current will equal 8is. A voitage amphﬁer neem_m a8
procﬂmmmq}utmnage ma:iaan_anmhﬁed version
dﬂ!emnmgeandateszswhasmbe
connected between the collector and the DC power
smmcmmﬂmﬂiaﬁmﬁinmemmtu

I : current (equais 8€)
B = neeCh - from base terminal to ground)

Wﬂmm to ground)

18

Note that in most cases, the collector voitage should equal half the supply voltage so that it can
vary equally in either direction. c

CALCULATING DC QUIESCENT CONDITIONS FOR FIG 1
For the single resistor base bias circuit of Fig.1 the DC conditions are calculated zs follows-

(a) s =Vcg - Vbe

Ae Mg
(b) Ilc = Bia = 200 x SpA = 1mA l|
(c) Vc =Vec - IcRc = 20-(10kx1mA) = 10V |

CIRCUIT ANALYSIS

In Fig.1, the base current is supplied through RB, and the collector current that resuits is Simply

the base current multiplied by the DC current gain (B) of the ransistor. The collector voltage (Ve)
is determined by subtracting the voltage drop across the collector resistor Re from the suDply
voltage Vcce. If an AC signal is applied to the base terminal, via a DC blocking capacitor, the base
current will vary with the AC signal, increasing when the AC input goes positive, and decreasing
when it goes negative. The changes in the base current will produce corresponding changes in
the collector current, and the voltage drop across the collector resistor will also change. Thus,
an amplified version of the input voltage will appear at the collector terminal.

However, this circurt is oo simple to be practical for the following reasons:

Temperature change: When the temperature changes, the barrier voltage of the base-emitter
PN uncton changes. Thus, if the temperature rises, the barrier voltage drops, allowing more
base current o flow. When more base current flows, the collector current increases,
increasing the voltage drop across the collector resistor. This causes the collector voitage Ve

to drop. and if the temperature rise is substantial the collector voltage will drop by a large
amount.

Change in B A change in the current gain (8) occurs to some extent with temperature, but
large changes can occur i the transistor is replaced. As described In previous nates, a
transistor of a given type is usually specified as having a current gain between a range of
figures. In the circuit of Fig.1, the curtent gain of the transistor is assumed o be 200, and the
resistor values have been determined on this basis. However, if the transistor is replaced with
one having a current gain of say 300, then the DC conditions for the circuit will alter as 18 will
change, in turn changing lc which then alters the value of Vc. The proof is shown below

because: Vc =Vece - IcRe
and: lc = Bis

therefore: Ve =Vce -BERc

Thus: as B is in the above equation, a change in its value affects Vc
Example: Calculate the value of Vc for the circuit of Fig. 1 if the value of B increases from
200 to 300.

I8= S5uA (as already calculated)
lc=088 = 300x50A = 1.5mMA
Vc=Vcc - IcRc = 20-(1.5mAx10k) =3V

Note: A 50% increase in B has caused a 50% decrease in Vc

- e — e —
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" de = collector current (also equalsie)

"= Ve = base voltage (from base to ground)
® Vbe = voltage between base & emitter (0.6V)
L
-
-

Ve = collector voltage (collector to ground)
VE = eminer voltage (emitter to ground) Rz
Vee «  value of the supply voltage 22k

Fig.2: Potential divider bias circuit
with emitter stabllisation

— e Ry

e

ANALYSIS OF FIG.2

The circuit of Fig 2 is typical and its analysis relies on three approximations:

® Base current is small enough to be Ignored. .
® The emitter current equals the collector current,

® The base-emifner voltage (Vbe) equals 0.6V,

The analysis is as follows:
(a) The base voltage (V8) is determined hy the potential divider formed by A1 and R2.

- = "=

4

by RE;

(d) The collector voltage (Vc) equals the supply voltage (Vec) minus the voltage drop across the
collector resistor AC.

Nate that the DC current gain B Is not used in any of the above equations. Thus, the circuit ia not
dependent on the B of the transistor, and the resistor values alone set the DC conditions As well,
a change in Vbe will only cause a small change in the emitter current, as the emitter current is
determined by the voltage across the emitter resistor and not by the base current. The stability of
the circuit refies on the potential divider of R1 and R2 providing a fixed value of voltage for V &
and on the feedback supplied by RE

B. EFFECT OF EMITTER RESISTOR

In Fig.2, resistor RE is connected from the emitter terminal to ground. Its purpose is 1o help
stabilise the DC conditions against changes in lemperature and changes in B. To explain,
consider the effect of an increase in lemperature

(a) The barrier voltage (Vbe) in the base-emitier junction drops from 0.6V 1o some lower value
(by -2.5mV°C)

(b) The base current increases as VB is fixed by R1 and R2 and the barrier voitage (Vbe) has
now fallen.

(c) The emitter current increases as the base current has increased,

(d) The vohage drop across RE rises because the emitter current has increased.

(e) AsVaisfixed by R1 and A2, and VE has now increased, the voltage difference across the
base-emitter junction drops. Thus, B drops and the circuit voltages returns to normal.

That is, RE has provided feedback and has corrected against a change in temperature. The
correction process will be immediate and the stability of the circuit depends on the value of RE

The higher the value of RE the greater the stability, but the greater the circuit losses. The lower
the value of RE, the less the feedback and the lower the stability.

|

as a general rule, for the circuit of Fig.2: |
A1 = 10R2, HRAc =10RE and Vec =Vcc L
2

9. WORKED EXAMPLE

The DC conditions for a potential divider, emitter stabilised amplifier circuit are calculated using
the equations listed above. The following shows the full working 10 calculate the DC conditions
for Fig.2. Note that in this example, Vc does not equal half Vcc although it is close enough for the
circult to function correctly. This illustrates that it is incorrect to assume that Ve always equals

Vce/2.
s '|
(@) Va = VgcR2 = 20 x 22k = 1.8V ;
R1 + R2 220k + 22k
(b) VE= VB-Vbe = 18-06 = 1.2V
() lE=1lc =¥ = 12 = 1.2mA

HE 1k :
|

(d) Ve =Vce - IcRe = 20-(10kx1.2mA) = 8Y

hadashbasRsTadaTRER AN
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'+ Forthecircuitof Fig.1, caloulate the following, given that the current gain of the transistor is 200

(a) Is vee = 15V
(b) Ic
(c) ve Ag ak3
(d)  Briefty describe the effect on the circuit if the t3
current gain of the transistor decreases.
1
(e) Describe the effect an increase in temperature 3
has on IBand lc =200
Fig.1
Vece = 20V
{ Re
For the circuit of Fig.2, determine the value for RB A
required to give a value of collector voltage equal to B 3k3
half the supply voltage.
= 120

Fig.2

Vee = 15V
R
1 k5
22k
¢
eaun
Fig.3

T I It L R R LA

Calculate the base voltage (VB), emitter
voltage (VE) and the collector voltage (Vc) for
the circuit of Fig.3.

Give two reasons why the circuit of Fig.3 is
more slable against changes in temperature

and B than Figs.1 or 2.

ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS
YEAR 1 ELECTRONIC DEVICES 6016A
THEORY LESSON 5

References. Electronic Devices, 2nd Ed. Floyd. Chapters 6 & 8
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TRANSISTOR AMPLIFIERS - PART 1

—

OBJECTIVES At the end of this lesson you will be able 1o

® (Calculate the voltage gain, the input and the Oulput resistance of a common emitter
transistor amplifier

® Draw the waveforms present at various points around a commaon emitter amplifier

1. INTRODUCTION

These notes examine the AC conditions of a transistor amplifier. So far. circuit analysis has
concentrated on the DC conditions, as the DC conditions need to be correct befare the circuit
can function. The equations 1o calculate voltage gain, input and output resistance are described
and the term ‘common emitter amplifier’ is defined

2. THE COMMON EMITTER AMPLIFIER

The circuit of Frg 1 shows a common emitter amplifier that uses potential divider blasing and
emitter stabilisation. The term 'common emitter’ is used 1o indicate that the emitter terminal of
the transistor is neither an input or an output, but instead connects to the common {or ground])
rail. There are two other possible configurations, called the common collector and the common
base which will be described in the notes for Week 6

As shown in Fig.1, the input voltage is applied via a coupling capacitor (C1) 1o the base of Q1.
and the output is taken
from the collector, again
through a coupling
capacitor (C2). The A c

capacitors are used to 1 tk5 c
prevent the DC voltages 22K . 2
present at the base and G DI @

collector terminals from

being affected by the . 10uF

; . 4

signal source or the load. If L 01 -
the capacitor C1 was not 10uF
present, the signal source A,
would acl as a resistor in "\ Vin ak7 E

parallel with R2 and alter 680R
the DC bias voltage to the %

Vce = 15V

HL Vout

base of Q1, affecting the v
rest of the DC conditions. If

the load resistor RL was

connected directly to the

collector of Q1, the DC

collector voltage would drop, as AL would now be In parallel with Q1, giving two paths for the
current in Rc. Capacitors CY and C2 are referred to as coupling capacitors, and because their
value usually exceeds 1uF, they need 1o be an electrolytic type, requiring their polarity to be
correct

The method to derive the DC conditions for Fig.1 was presented in the notes for Week 4, and it is
essential 1o be able to calculate the DC conditions of the circuit before attempting to analyse its
AC conditions.

Fig.1: The common emitter amplifier
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VOLTAGE GAIN
The circuit of Fig.2 produces a larger output signal than the input signal as a result of the current
gain of the transistor. To convert the current change in the collector 1o a voltage change, the
. i collector resistor (Rc) Is required. When the input signal becomes more positive, the base
. current in the transistor will increase. This will increase the value of the collector current, and the
m | voltage drop across Rc will also increase. The voltage at the collector (Ve) will therefore drop, as
i three characteristics were described in the notes for Week 3, and are listed as AC | i i auﬂﬂ"i; i ': : :J:Ir Gs;s nc. This explains why the output signal is 180" out
ditions, iats':ley are values applicable to an AC input/output only. When considering the AG | 0 phasn;wnh the input. Becatllse the callec ﬂr‘curr:nt rises, the emitter current (which virtually
:"cﬂlﬁ“‘am‘s- b useful to remember that all coupling capacitors are a short circuit to an AC d thuaisl! 2 cmlef“u:_mijrm:t) S ;:5;5' .'ncreatsmglt e valtage drop across RE Thus the signal at
#Em:éncy i open t:#.cujt for DC conditions. The only time this isn't the case Is when the ' the emitter terminal is In phase with the input signal, but displaced by 0.6V, due 1o Vbe
0. or higher th € signal is low enough to make the capacitive reactance of the capacitors equal . As previously described, voltage gain equals output/input. For voltage gain (Av):
an the resistance values around the circuit. For the purposes of these notes, it can j

be assum :
&d that the capacitors are a short circuit 1o an AC signal, unless otherwise stated. |
The circuit of Fig.2 sh l O Av  =Vo
values are the sar ows the CE amplifier described in the notes for Week 4. The component Vin
fhese nigts r:ﬁ, and all the DC conditions were calculated and presented as an example in | =
- However, now the AC conditions are being included, as depicted by the variou f ' | - :
wavetorms around the circuit. Note the following about thgese TR, fc;rms: P y § | This equation ca_n onfy be used if the input and output voltages are measured. and it is usual to
* The vohage at the Denk et ' | calculate the gain using an equation based on component values within the circuit. As already
signal has no DC component :?; L iﬁ- isolated from the signal source. Thus, the input explained, the AC signal across the emitter resistor (ReE) has the same amplitude as the input
component. - (AC only) while the voltage at the base has both a DC and an AC signal Vin. As an approximation, because Vin appears across FE. and Vout is effectively across -+
Re, the ratio of Rc and RE represent the gain of the circuit. That is
= The voltage at the o P '
utput t '
voltage at the colleet 'put terminal again has no DG component, (isolated by C2), and the Av =R ... e (1)
A Oris an AC signal superimposed around a DC voltage of 8V. J RE
€ Oulput signal is 180" out of i * it |
signal. phase with the input signal. Also, it is larger than the input - ; However, equation (1) ignores two important aspects. The first is the effect of adding a load to
the circuit and the second is the presence of an additional, though hidden value of resistance in
®  The waveform eos o s - | g
L= bﬂll;l‘l:vemrtta Is identical to that at the base, except the DC component has the emitter circuit. As Ohm's law states, when a current and a voltage are present across a
= Theheigttor y 0.6V (Vbe). component, there must be resistance. In the base-emitter junction of a transistor, there is a
o t . » > - % :
: t?ﬂ mef;:a“ﬁﬂf ms is shown as a peak 10 peak value and the values shown are with | current in the emitter {equa_ls lc + B)and a vnltagg across t.he base-emitter junction; Vbe (0.6V).
espec mon line (ground). ! Although most of the 0.6V is the result of the barrier potential formed
at the PN junction, there is an additional resistance that causes Vbe to L,c
wall I J rise slightly as the current (Ic) through the transistor rises.
m T_ (:J o - This resistance is shown in Fig.3, and is referred to as m (little r e). The
97dmy o ”ﬁ'—"" e ! value of re changes with the collector current, dropping as the current ==
Vee I et At mbln . increases, explaining why Vbe rises by a small amount when the -
A collector current increases substantially. For this reason, s is known lIE
] t :[?'”'J""V Ve as a dynamic resistance. Its value therefore needs to be determined
v ifi - | L.
o R, at a spec fed value of cullect?r current, usuall\,f the qune.scent curre.n Bl S dynamic
—_— The equation used to find re is an approximation, and it only applies SR e s 8

for currents less than 20mA or so. The equation is shown below and as

220k |
'—04\ Ic must be a current in the order of milliamps, re can be easily
ov «’-%Tﬂmmv m T; | calculated by dividing the current (in mA) inta 30

18V o U 970mvV
Vin : " O  re= 30mV
R Vout lc W\A
22k E ; t ‘_I]'_iﬂl'.lmv 4 — o “{E.'_l_,
"I For the circuit of Fig.2, because Ic equals 1.2mA (see week 4 notes for working), » equals
30mV/1.2mA, or simply 30/1.2, giving a value of 25 ohms.
| : :
¥ Because re Is In serles with BE, it needs to be included in the gain equation, although in some
- cases Iis value is low enough to ignore. (That is, ignore if re is less than RE/10). Thus, the gain
. _ equation becomes:
Fig.2: Wavelormsfor the common emitter (CE) amplitier r Av =_ RC  ..cveeeirinneeen (2)
4
| RE + re
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ADDING AN EMITTER BYPASS CAPACITOR

The equation for gain shows that the value
of the emitter resistor (RE in Fig.2) affects
the voltage gain of the circuit. For
optimum DC stability, RE is usually greater
than one tenth the value of the collector
resistor. which means the gain of the
circuit cannot exceed 10. To cvercome
this limitation, while retaining the best DC
conditions, the emitter resisior can be
made up of two resistors, with a bypass
capacitor (Cg) connected across one of
these as shown in Fig.5. The bypass
capacitor can also be connecled across a
single emitter resistor (RE in Fig.2) or
across either emitter resistor (RE1 or RE2in
Fig.5). However, while the gain of the
circuit will be Increased, the input
resistance of the amplifier will be reduced

as illustrated by the following example. Fig.5: Adding a bypass capacitor

8. WORKED EXAMPLE
For the circuit of Fig.5, calculate:

e . 3 | .
e low for the drop in gain when a load s connected to the ampiifier, the value of the load
- ooistor must be in the equation. In effect, the Joad resistor RL Is in parallel with the

I-_:_ :L & ': -.-. “ B .' ”m‘iﬂ! m‘mmmmt m“.mw s ‘nd HL IS: L

N

;'n l:: circuit of Fig.2, there is no load resistor connected, so equation (2) on the previous page

S ulltSeu to calculate the gain. The gain Is therefore 10k/(1k + 25) which equals 8.75 Thus

Sutput arﬂﬁnalm 100mV as shown will produce an output of 100mV x 9.75, giving 975mV at the

takes care :f;:w mm" 970mV as indicated on the wavelorms. The equation shown above

leaving Rq possibilities, and AL will therefore appear as an open-circuit (Infinite resistance),
g9 Hc as the only component value in the top line if there is no load resistor connected.

5. INPUT RESISTANCE

As exph'{;:ﬂ:’:ﬂ the notes for week 3, input resistance is the effective resistance of the amplifier
mhe;t*'-’-"-‘ﬂoﬂera ‘?:.:l lerminais. To determine this value mathematically, all resistors in the circuit
s P;:'l O ground for the AC input signal need 10 be considered. Because a capacitor is

Cuit to AC, and because the power supply rail will have some form of filter capacitor,

the supply railis effectively an . . .
AC ground. Thi
as an AC signalis mncernedy _ o s means thal the bias resistors are in parallel, as far

:I:mn;hz ;,C nﬂ:g, ‘.ﬂ ground offered ;.;_.y the circuit of Fig.2 is from the base terminal, through the

o _ via any resistance in this path. However, the value of resistance represented
by this path is affected by the current gain of the
transistor, due to the emitter current flowing in
the transistor. The equivalent circuit is shown in
Fig.4 which shows the three possible paths the
AC signal current can take. The path to the right

(a) the DC voltages present at the base, emitter and collector of Q1.

! (b) the gain of the circuit.
(c) theinpulresistance.
\ (d) the outputresistance.

(e) the gain and inputresistance if CE is disconnected.

of the dotted line is via the base terminal. and as
a result of the transistor action, all resistance
after the hase needs to be muitiplied by the (@) VB = VccR2 = 15 x 4k7 = 2.6V = % f
EWI:I gain (8) of the transistor. That is, the A1 + A2 22k + 4k7 <! .
series connecled emitter resistor (Re) and the H —
dynamic resistor re are effectively increased in i VE= VB-Vbe = 2.6-06 = 2¥ TESIE= .
fEEiS'Iapce 10 a value equal to their sum i IE=lc=VE = _2 = 3mA
multiplied by the B of the wansistor. The _ - = PHE 680
equation lo calculate input resistance (rin) is Fig.4: equivalent circuit -
shown below: for Inpul resistance. 'J Ve = Vecc - IcRc = 15 -{2k?x amA) = 6.9Y
re = 30mV = 30mV = 10ohms
i‘ Ic 3mA
i (b) Av = Rc//AL = 2k7//4k7 =1715 = 19 :
) re + RE1 10 + 80 90 l!
- M a |
For the equivalent circuit of Fig.4, rin = 220k//22k//[200(25 + 1k)). which gives 18.2k ochms [ (c) rin = R1//R2//[B(m + REY)] = 22k//4k7//[100(10 + BO)] = 3k87//9k = 2k71_ohms |
(Note, // means ‘in parallel with') i '8 () T i . .
OUTPUT RESISTANCE ' |
‘ (e) Av = Rc//Rl = 2k7//4K7 = 17158 = 2.5 (Cedisconnected)
ft can mmm the mﬁ:ﬁ?ﬂ:{:ﬂm??f(g‘:m *‘:lh the e;ulpm terminal of the re + RE1 +RE2 10 + 80 + 600 690
spties HEDE WRIA0R ¢ v x vin). (See notes for week 3 for the equivale
circuit ) Thus, the equation to find output resistance ro is: -equRent rin = R1//R2//[B(m + RE1 + RE2)] = 22k//4k7//[100(10 + 80 + 600)]
= 3k87//69k = 3k7ohms (CEedisconnected)

anmunadbhvadavaEabaRn R
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Ve = 12V

the transistor is 200
-
(@) Veandve WL G2
3 10uF
{b) Ic 01 ”l
() ve I [|' + &
1
(d) re 8 = 200
10uF .
(€) Voltage gain Av
R
(f)  input resistance rin 4 [5 :
30mv 2 10k
(@) output resistance ro 1S
‘ A
() output voltage veo —— “e
T 47ufF
o _
Fig.1

For the circuit of Fig.1 determine the voltage gain, output voltage and input resistance i

Capacitor Ce becomes an open circuit.

Using the values obtained in

question 1, sketch the waveforms +15mV

that should be present at the Vin
emitter and the collector of Q1. ov
Include the DC component and

show the comect phase  -15mV- l l l ‘

relationship these waveforms will
have to the input signal vin. It is not
necessary o draw the waveiorms VE
o scale, but all DC voltages and oV | |
the peak to peak voltage values of I l
the waveforms should be shown.

— e
—————
e ————

oV '[
FEREAANRARIE R I RA T
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TRANSISTOR AMPLIFIERS - PART 2

—

OBJECTIVES Atthe end of this lesson you will be able lo

= Calculate the DC conditions for a common collector amplifier
= Calculate the voltage gain, input resistance of a common colleclor transistor amplifier.
= Draw the waveforms present at various points around a common collector amplifier

® List the characteristics of a common collector amplifier and compare these to the common
emitter amplifier.

INTRODUCTION

The common emitter (CE) amplifier has been described in the notes for weeks 4 and 5. and these
notes examine the common collector (CC) amplifier. This amplifier has a similar circuit to the CE
amplifier, except the output is taken from the emitter terminal. Most of the calculations used with
the CE amplﬂiér apply to the CC amplifier, except the gain equation, which, as will be shown.
equals unity. The purpose of the CC amplifier is also described. as this circuit has many
applications in electronics.

THE COMMON COLLECTOR AMPLIFIER

The circuit of Fig.1 shows a common collector amplifier that uses potential divider biasing. The
term ‘common collector’ is used to indicate that the collector terminal of the transistor is neither
an input or an output. In ® Vee = 15V

effect, the collector

terminal is connected to

the common line, but R,
through the DC supply.
This refers to the AC

C
conditions only, as the : 3
filter capacitors associated l ‘ I,_* C 2
with the DC supply . 100LF
effectively connect all AC T 10uF ﬂ } -
signals to ground. R,
As shown in Fig.1, the input '\J Vin 27k R
voltage is applied via a
coupling capacitor (C1) to 1k 470
the base of Q1, and the
output is taken from the
emitter, again through a =
coupling capacitor (C2). As Fig.1: The common collector amplifier
for the CE amplifier, these
capaclitors are used to prevent the DC voltages present at the base and emitter terminals from
being affected by the signal source or the load. If the capacitor C1 was not present, the signal
source would act as a resistor in parallel with R2 and alter the DC bias voltage 1o the base of Q1,
affecting the rest of the DC conditions. I the load resistor RL was connected directly to the
emitter of Q1, the DC voltage at the emitter would appear across the load. If the load were a
motor or a loudspeaker, the DC voltage would lock the motor on, or cause the speaker to move
to one end of Its travel. Note that the value of the coupling capacitor C2 is relatively large, often

In excess of 1000pF. As for the CE amplifier, the coupling capacitors are electrolytic types,
requiring their polarity to be correct.

22Kk

E R, Vout
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8 NTIONG : ' : As the wavetorms of Fig.2 ahow, the output amplitude of a common collectar amplilief is the

o -::{ - }‘“- ~ e - ] : , same as the Input. The pringiple of operation relles on the emitter terminal always being 0 &V
Rl - method 1o derive the DC conditions for a GC amplifler s virtually the same as for the CE | ;

LTON , NPN transistor) It the voit h
amplitier. A Yo _ : g Itage lower than the base terminal (for an oltage at the base increases by 1V as
- m. ﬂumwmw now l_quilt-ml supply voltage, and the emitter voliag '| a result of the input signal, the amitter terminal will do the sama, The common collecior amplitier

should, mh‘s equal half the supply voltage. Thus, the base voltage I8 0.6V higher than hall the !

=y follower, Thus, for an emitter foll of cCOmmon
Supp | bl | ] | ls therelore also known as an aminer an e gwer (Or comma
Iy voltage (for NPN). The calculations for the DC voltages for Fig.1 are shown below . collector) amplifier gain Av:

(@) Ve~ VegHz ~ 15 x 276 = 83¥
R1 + R2 22k + 27
b VE - - - - -
(b) va - Voe 83 - 048 Ly In fact, as aresult of losses, the galn will be slightly less than unity, but for the purposes of these
() 1€ « lc -Ye «» LI « T.ImA | notes, the losses are lgnored.
RE 1K |
6 INPUT RESISTANCE
L-E}_ VC_-___‘VCI‘; « 18Y | Input resistance for the CC amplifier is calculated in the same way as for the CE amplitier, except
4. AC CONDITIONS the load resistor needs tc be included. The diagram of Fig.3 shows the aquiual_ent circuit for
The AC calculating the input resistance Note that the load Is In parallel with the emitter resistor RE
char :
) 1 acteristics of a CC wansistor amplitier that will be described are: As this diagram shows, the bias resistors /
Vet v onin A1 and A2 are In parallel, and the third . |
* Inputresistance path is through the base emitter junction, XSk
i L™ .
* output resistance (simplitied equation only). as for the CE amplifier. As before, any
The clreult of Fla 2 sh resistance after the base terminal IS
el g F ¢ shows the CC amplitier of Fig. 1, with the relevan! DC vaoltages and waveforms eflectively multiplied by the current gain,
. : nput voltage (vin) of 2Vp-p sinewave. Note the following about the wavelorms: . | (B) of the transistor. For the CC amplifier, Ae N
The voltage at the base terminal (8 3V) Is Isolated from the signal source. The input signal has this resistance Is re In series with the 1K .
no DC component, (AC only) and the voltage at the base (W) has both a DC and an AC parallel combination of the emitier resistor 470
SPRORN AE and the load RL The equation for
® The voltage at th calculating Input resistance for the
volta . MO Mg i 412 DOImpEnE (Hoialed. by Ga)ano.the ' 3 3 | Fig. 3. @quivalent circult for Input resistance
ge al the emitter s an AC signal superimposed around a DC voltage ol 7.7V. common collector amplifier 1s:
-

The output signal is In phase with, and has the same amplitude as the input signal.

The wavelorm at the emitter Is Identical to that at the base, except the DC component has
been reduced by 0.6V {Vbe),

[1 rnin =R1//R2//|B(re + Re/ /ALY where.

g e .
|

The helght of all wavelorms is shown as a peak 1o peak value and the values shown are with

respect to the common line (ground), T OUTPUT RESISTANCE

The oulput resistance of a the comman collector amplifier is rather complex to calculale and as

- Vee = 15V ‘ an approximation, it can be shown that this equals re. That is:
st 1 — 2V T ?Tv _ EV i x — .
un fo = Te
R SRR T S LD | 5.  WORKED EXAMPLE |
1 : ' 8.3 :, For the circuit of Fig 2, calculate: Solution: |
ﬂV "‘%’ I 2V i I u & . Gz I [ﬂ} re I‘lﬂ} fa = 3'..11‘[1&" :':Um\!' 9 9 ghms .I
—— g 100F gy (L ol | ul X 5 7.7TmA 1
Vin 10uF R, 77 Jl] |L - (b) the gain of tha clreull (b) Av 1 ]
: T \ . IZ
,L Vin 27K i vu ‘ . [c) the Iﬂpul resistance 'l[:] rin R1 .‘,-}H'? / ’flﬂtn v HE// Hi .I'.i |
5 AL ) (d) the outpul resistance. . 22K/ /27k//1200(3.9 + 1K//4 70)) |
1 1K 470 iy 12k1//|64k7} 10k2_Qhma .
. 1
(d) ro re 3.9 ohms

m—
-

Fig.2: Wavelorms {or the commaon collector (CC) amplitier
30
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10.

11.

w

 Values of the biasing resistors. If these resistors are 100k of more,

E CC AMPLIFIER

A the warked example shows, the Input resistance of a CC ampliier s largely determined by the

the Input resistance can be

felatively high. As the example also shows, the output resistance of the GC amplifier is very low,
jegi 1_":”5 because of its high input resistance and low output resistance that the CC amplifier
.mbé!m application. Its main use Is as a buffer. Typical applications are to use a CC amplifier

fore a CE amplifier to obtain a high Input resistance, and then to connect a CC amplifier to the
Qutput of the CE amplifier to get a low output resistance. This way, the whole circuit has gain, a

high input resistance and a low output resistance, which approaches the ideal characteristics of
an amplifier.

THE COMMON BASE AMPLIFIER

The '!hlrd configuration for a transistor amplifier is the common base (CB) connection, as shown
.in Fig.4. This amplifier has the
inp_m signal applied to the
emitter and the output is taken
from the collector. The base
lerminal is connected to bias
resistors, and a capacitor is

+Vce

often connected across R2 1o
ensure the base has no AC
signal present. Thus, the base Cy ' c2
is regarded as being +
connecled to the common line [l—’.\ A
L Vout

as far as AC signals are
concerned. The input
impedance of the CB amplifier
is low, and the output
impedance equals the

collector resistor Rc. Unlike the ' y
cC amplifier, the CB =
configuration has voltage gain,
but no current gain.

<
Q¢— 5

Fig.4: The common base amplifier

COMPARISON OF THE CE, CC AND CB AMPLIFIERS

The following table lists the various characteristics fo the CE, CC and CB amplifier. Because the
CB connection has limited application, it Is included for comparison purposes, but knowledge of

its characteristics is not essential.

input output phase shift voltage current power

Configuration resistance resistance [|/P1oQO/P gain gain gain
{rin) (ro) (degrees) (Av) (Ai) (Ap)

CE med med (= Re) 180 high med high

CC high low (= re) 0 unity high high

CcB iow med ( = Rc) 0 med unity med

The terms low, med and high are relative, and indicate a relationship between the various
configurations. That is. a CC amplifier has a high input resistance compared 1o a CE amplitier.
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that should be present al the

emitter and across the load resistor

AL Include any DC component and
show the correct phase
relationship these waveforms will
have to the input signal vin. It Is not
necessary to draw lhe waveforms
to scale, but all DC voltages and
the peak lo peak voltage values of
the waveforms should be shown.

e ——————————
For the circuit of Fig.1, calculate the following:
(a) VsandVE - VS 310V
(b) lc
(c) re R,
(d) Volage gain Av C, 180k 01
B = 250
(e) Inputresistancerin -
C2
(f) outputresistance fo ¢ 100uF
F
(g) outputvoltage vo 104 A, [u
Vin
= 4Vp-p 220k Re
1k2
Fig.1
Using the values obtained iIn 2V 1+ e
question 1, skeich the wavelorms

wiill

oV |

l!tiintittii-itil.-t
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c Devices, 2nd Ed. Floyd. Chapter 8.

MULTISTAGE AMPLIFIERS

OBJECTIVES ‘At the end of this lesson you will be able to:

21-

- | F .
A le reasons for combining amplifier stages to form a multisiage amplifier.
Calculate the DC quiescent conditions for direct coupled and RC coupled multistage
amplifiers. '
= -
Calculate the overall voltage gain of a multistage amplifier, given the individual voltage gains
of each stage.
INTRODUCTION
{('.:MOES; iﬂd}!ﬂrial or commercial amplifiers comprise several slages. Although a common emitier
o mﬂmﬂﬁﬁer can pro_dune a relatively high gain, it is usual to combine two or more CE
plifiers to obtain a high gain rather than rely on a single stage. While more components are
:"m Iea rnultlstagvei amplifier will have better stability and a more controlled gain than a high gain
ngle stage circuit. It is also typical to use a common collector (CC) amplifier in conjunction
with a CE amplifier to obtain improved input or output resistance values.

Ihmd notes descripe how individual amplifier stages are connected and how the DC conditions
= '!:e;ma" gain are calculated. Two methods of connecting individual stages are also
descri "

MULTISTAGE AMPLIFIERS

The bloch diagram of Fig 1 shows a multistage amplifier comprising n stages, in which each
stage is ‘cascaded’ 10 a preceding stage. .

input output

Fig.1: A multistage ampiifier

To calculate the gain of the whole amplifier, the individual gains of each stage are multipkied.
That is, overall gain:

Avr = AvixAvZxAv3x.. AW

— S —
-—— —_—

It is common 1o express the gain of an amplifier in decibels (dB) where:
Avin dB = 20logAv

_an amplifier with a gain of 10 has a gain in decibels of 20l0g10, or 20dB. A gain of

e log of 100 equals 2. Where the gain is expressed in dBs, the overall gain

REASONS FOR CASCADING AMPLIFIER STAGES
Amplifier stages are cascaded for various reasons, including:
= to give a higher gain than available from a single stage. This would involve cascading several

CE amplifiers. If the individual gain of each stage in a three stage voltage amplifier is 5, the
overall gain will equal 5 x 5 x 5, which equals 125,

to obtain a high input resistance and a low output resistance. In this instance, a CC amplifier
would precede a CE amplifier to obtain a high input resistance, and a CC amplifier would
follow the CE stage to give a low output resistance. Because a CC amplifier has a gain of 1,

the overall gain will equal the voltage gain of the CE amplifier

RC COUPLED AMPLIFIERS
There are various methods used to couple amplifier stages including:

The simplest form of coupling is RC coupling, in whic
capacitors. Each stage is therefore DC isolated fro

Resistance-Capacitance (RC) coupling

Direct coupling or DC coupling

Transformer coupling

Tuned transformer coupling (eg, radio and TV amplifiers)

Inductance-Capacitance (LC) coupling
h individual stages are joined together with

m the next, making design of the circuit

relatively simple. However, this type of coupling uses more components than DC coupling, as
the bias voltages for each stage need to be derived with the usual potential divider network, and
a capacitor is required between each stage. The circuit of Fig.2 shows IwWo CE amplifier stages

connected via capacitor C2.

Vin F‘I:3
H1 ;
oV :Imnmv 230k 10
l c, 8V
® I & 1.8V
&
10uF 1.2V
g R,
Vin
22k
v
O-

Fig.2: RC coupled m | T
two stage amplifier ' 6V oAV ]
ov 2.9V

Vin2 U l
Voul —

ov —

The DC voltages for each slage are determined using the equations described in week 5 and are

shown on the diagram.

The waveforms tor the circuit ar
of 100mV. Note the following about these wavelorms.

e also shown, with the amplitudes calculated for an input signal
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" The gain of the second stage is 10, iving a total gain for the circuitof 29

was shown to be 9.7. However, this gain was
amplifier not connected to a load. In this application, the input resistance
represents a load, and the gain of the first stage Is therefore reduced.

® E.mwﬂmnlshphasemmme input. as the total phase inversion is 180" + 180", or
'3 bypass capacitor was connected across either, or both of the emitter resistors, the gain of
the circuit would rise substantially. For example, if a bypass capacitor was connected across RS,
the 9?“"' of the second stage would equal R7/rs2, giving a gain of 4k7/15, or 313. However, the
input resistance of this stage would fall, lawering the gain of the first stage. However, the overall
gain would still be around §00.

NOTE: For the purposes of this course, the individual stage gains will not be calcutated from the
Circuit values, but only from signal amplitudes. Thus, the eguation Av = Ww/vin is used to
determine individual stage gains and the overall gain of the circuil. However, the DC values are
Calculated as previously described, as the coupling capacitor prevents any interaction between

the stages.

THE DIRECT COUPLED AMPLIFIER

,Th? B'f_cuif of Fig.3 shows a two stage amplifier consisting of two direct coupled CE amplifiers.
This circuit is simpler than the RC coupled amplifier, in that less components are required.
However, the DC conditions for the circuit are determined by R1 and R2, and a fault in the first
sage *i_“ alter the DC voltages in the second, making fault finding more difficult. Because there
are no biasing resistors required for the second stage, the input resistance of this stage is higher
than if it were RC coupled. Thus, for given values of collector and emitter resistors, the direct

coupled amplifier has a higher gain.
Vee = 12V _T.

oV 21V
Ca -
- ‘-ﬂ‘ Vout ‘—l-
| ..
10uF
R vout
220k
-5

Fig.3: Directcoupled, 2 stage amplifier

The gain of the circuit is determined in the same way as for the RC coupled multistage ampilifier
using the eguation vo/vin. Thus the gain of the first stage is 6.8 (680mV/100mV), the gain of the
second is 3.08 (2.1V/680mV) and the overall gain is 21 (2.1V/100mV). Note that 6.8 x 3.08 also

gives a gain of 21. Note also the DC component of the inpul signal 1o the second stage and that
the phase refationship for each waveform is identical to that for the RC coupled amplifier

The DC conditions for the amplifier are calculated as for the AC coupled amplifier where;
Va1 = 1.96V, VE1 = 1.36V, Ic1 = 1.36mA, VC1 = VB@=2.8V, VE2 = 2.2V, IC2 = 1mA, VC2 = 5.8V.
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ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS
1 YEAR1 ELECTRONIC DEVICES

THEORY ASSIGNMENT 8

1. For the circuit of Fig. 1, calculate the following:

(a) DC voltages al the base, emitier and collector of Q1 and Q2.

(B)
(c) voltage gain of second stage, from the wavelorms

voltage gain of first stage, from the waveforms shown.

(d) overall gain of the circuit.

Ry
33k C4
C -
1 I 4
. !
Q2
Vin 10uF A 8 =200 [ youn
— 2
DU‘L'DU 10mV B8k 2 HB
s 470

N1
kol |

Fig.1

Vcc = 18V
2
2. For the circuit of Fig.2, calculate: 1
(a) DC voltages at the base of Q1 A,
and Q2 and the emitter of Q2. ey
(b) the a;:nprtfmimate voltage gain of Cq
the circuit. A
—||
&
10uF
-
Vin &
82k
Figz o
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on emitter,

¥
1

and the feedback components are R1 and R

ak7 I
47k
Iq'l
100
O-
o=
Fig.4: Voltage feedback Ry 4k7

The feedback resistor Rf is connecled 1o the output, DC isolated by C5. This resistor then
connects o R1, which is part of the emitter circuit of Q1. Capacitor C2 bypasses the 4k7 resistor
connected to the emitter of Q1, and R1 Is not bypassed, As shown, by emitter follower action, the
waveform across R1 is equal in amplitude to Vin. This Is an approximation, as in fact it must be

slightly less due 1o the presence of refor Q1. For the purposes of these notes, the etfect of re is

ignored. Because the AC signal across R1 equals Vin, the gain of the circuit can be determined

with Ohm's law. Fig. 5 shows the equivalent circuit of the feedback network for Fig.4.

e

s, the feedback components alone have delermined the gain of the amplifier,

40

Solution:
IR1 = Vin = (=1
R1 -
NP
VRl = IAtVRI = (Vig)Rf Af
A1 4k7
Vout = sum of voltages across Rf and R1- Vout
Vout = (Vin)Rf + Vin T
R1 A1
dividing both sides by Vin: Vin ‘}Dtr 100
O Vout =HAt+ 1 = gain l 2
Vin R1 =
Gain of Fig4 = 4k7 + 1 = 48 Fig.5: Equivalent circuit of
100 leedback network of Fig 4.

Vout

Naote the lallowing for the circult of Fig 4:
= Resistors Rf and R1 form a potentlal divider natwork

* DC feedback Is provided by the resistors In the emitter circuits of both Q1 and Q2. Because
these resistors are bypassed (excepl R1), these resistors do nat produce any AC teedback.

® This type of feadback will:
= Jower the circult gain and stabilise it
* Increase the input resistance
* decrease the oulput resistance

* provide all the benefits of negative feedback listed at the start of these noles,
= for this type of circuit, the gain with feedback (Av1) is calculated using the equation:

EXAMPLE OF FEEDBACK ) 3

The circuit of Fig.6 shows
a commercial design of a
direct coupled, two stage 2k :
amplifier with AC and DC A
leedback. The original
circuit includes several s N
noise i suppressi?n O—I 2% Atk
capacitors that to simplify
the circult, have been 2. 1
excluded from the ' —{ -
diagram of Fig.6. el

A2

1k5
conditions are
established. The base
bias voltage for Q1 s =
provided by the voltage
across R7, supplied to
the base of Q1 via R4, The
emitter resistor of Q1, (R2) helps stabilise the DC voltages, but the whole circuit also forms a

closed loop to ensure the DC voltage at the collector of Q2 is held to a fixed value Bypass
capacitor C2 eliminates any AC component from the DC yoltage blas voltage to Q1

Voltage derived AC feedback Is applled to the emitter of Q1 with a network similar to that
described for Fig 5. Thus, using the equation for closed loop gain, the gain equals (R3/R2) + 1.
giving a voltage gain of 23. In this case, because R3 connects directly to the collector of Q2, DC
feedback Is also provided by R3.

C3
ko

Voul

=l

C2

An important feature of ' 100uF

the circult Is how the DC

Fig.6: example of AC and DC feedback
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ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS
YEAR 1 ELECTRONIC DEVICES 6016A
THEORY LESSON 10
References: Electronic Devices, 2nd Ed. Floyd. Chapter 9

— — —

{a) D FIELD EFFECT TRANSISTORS
OC voltages at the base. eminter and collector of Q1 and Q2 5 B

(B) closed loop gain of the circuit | OBJECTIVES At the end of this lesson you will be able to:
= List the DC operating characteristics of the Junction FET (JFET)

(€} the output vohage i the input vottage is 200mVp-p.

= List the DC operating characteristics of the Metal Oxide Sificon FET (MOSFET)
- 24Y .f = Calculate the value of the bias resistor and drain resistor for an N channe! JFET using the
¥ transfer curve for that JFET. \
RE | = Skelch the basic circuit configuration for a JFET amplifier ||
R
200k Sk Ji T INTRODUCTION
Vou?t
| +]l ® The field effect Lransigtnr is a relatively simple device that has, in effect, a single PN junction.
Vin . Q2 ] However in most applications, this junction is operated in reverse bias. Thus uniike the BJT, the
Q_.I ” * cs FET is 2 voltage operated device and requires a differen! circuit configuration to function. Like
the transistor, the P and N type materials can be reversed, giving the so called P type and the N
C1 type FETS. As well, there are two basic FET families; the Junction FET (JFET) and the Metal
Oxide Silicon FET (MOSFET). A MOSFET can be either a ‘depletion’ type or an enhancement’
- type. There are therefore six symbols used to describe all these FETs: three for the N channel
Sk A9 « | ca types and three for the P channel.
Ik c:'_:l_ To calculate the values of the resistors reguired within a FET amplifier circuit, the characteristic
curves of the FET are used. It is possible to determine these resistor values with equations, but
"< for the purposes of these notes, the graphical approach is used as it is simpler. There are certain
O fundamental characteristics applicable to FETs, and these are listed in manufacturers data
*— These characteristics are described, along with the method used to calculale the required
= resistance values in a FET amplifier. These notes concentrate mainly on the N channel JFET, but
a brief description is provided for the other types.
R10 Sk&
Fig 1 2. THEJFET
The basic structure of a JFET is shown in Drain (D) Drain (D)
Fig.1, in which a PN junction is formed
between the gate section and a channel |
State the reason for using DC feedback in an amplifier circuit. made of doped silicon. In the N channel
JFET, the channel is a piece of N doped N
. . e ilicon and the gate seclion is a piece of Gate (G)
: of AC negative feedback in an amplifier circuit = 5
List the advaniages - P doped silicon. The P channel JFET has —4B ©
a P type channel, and the gate section is channel
N doped. The two terminals connected

1o either end of the channel are referred
1 h rain an . Th
o as the drain d the source e N channel

schematic symbols are shown in Fig.2.

P channel

Source (S) Source (S)

.|‘lr ) 7 - D L : A D
(-.L@ EL@ Fig.1: structure of the JFET
(a) S (b) S

Fig.2 (a) Nchannel, (b)P channel

-nm-nt_-iiiiittﬂ
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higher the

value of Vs, the greater the depth of the
m“m the resistance offered to current |
sieh from the drain to the source terminal. Thus, Fig.3 Voltage polarities
of tlu:' m_ muﬂ: gate and source torminals for tha N channel JFET
i l.'lhfnsmlll mnb current (Io) flowing through () gphey 2, At a (o :.:U . ) .

The effect of the field s shown In Fig 4. In
(2), the field s small encugh not 1o
impede the flow of current significantly
and (b) shows how the field has closed
:r&wmm ﬂ::h thus restricting 1.
. o are two importa
characteristics inherent in JFETS. ‘

® the current that flows when Vgs equals
ze10. Thh value of current is limhted
only by the FET and not by the gate
voltage and Is referred 1o as 108S,

* the value of Vgs that causes |0 to drop

10 zero. This voltage Is usually refer
10 as Vgs off. S (a) small Vgs, (b) large Vgs,

large 1D small ID

[] 1p8s = drain current when VGs equals 0 /s = o ,;

[} Vas ofF ~ gale source voltage 1o cause 1D 10 drop 10 zero

The JFET therefore needs 10 have a gate-source bias voltage that glves a qulesent drain current
o somewhere between the two limits of 1086 and zero. To delermine the voltage, the transfer
curve that relates 10 and VGS s used, |

THE JFET TRANSFER CURVE
The transfer curve for a JFET can be determined experimentally by measuring its drain current
for & range of gate-source voltages. There Is a mathematical refationship between these two
values that applies 1o all FETs, and thus the ranster curve for a JFET always has the same
shape, but with different values for 1Dss and V66 OFF. An important feature 1o note about the
wanster curve is that the relationship between the drain current and the gate-source Is
noninear. For an ampfier, this will mean distortion unless the FET Is operated only wﬂ* a
linear portion of the curve. This Is achieved by salecting a guiescent value of Vgs that is central
1o the most linear part of the curve and ensuring that the input signal doesn't cause Vgs 10
operate the FET on the nor-linear part of the cufve. For the putpones of these notes, the

slescent point is chosen as being that value of Vgs that gives a drain current equal 1o haf 1066,
" mmwmamnmmﬂm "

.T /l"l I -J“." };r
1= X f 0 gm = |0 siemensof amps /volt

‘ % | ]

For the transter curve of Fig5, o
note the lollowing: ¥
« 08818 10mA In this example . | R
* the operating point has been ogg 'HM
chosen as 1088/2, = SmA.
= from the transfer curve for this N/ |
parlicular JFET, a gale-source Flg.s. JFET
l Al

voltage of -1V Is required. Sarcalas paara | pss

s the value ol VGS OFF Is around =
-4, 7V In this example.

* ihe shaded portions show the
range of operation to keep the
JFET on the linear part of is A

: Jﬁ Ll T -

rransfer curve. Thus Vgs cannot
vary outside the limits shown if Vasorr 4 3 2
distortion (or non-linear
operation) Is 1o be avolded

From the curve it can be seen that if Vgs Is varied, the drain current will vary. The relationship
between these values Is an important FET characteristic, and identifies the efective gain of the

device. The relationship Is know as the mutual conductance (or forward transconductance)
given the symbol gm. (g = conductance, m = mutual). Because the relationship Is not linear,

the value of gm needs to be determined for the chasen operaling point. For the purposes of
these notes, gm can be determined using the equation:

[ oy -’_%E'-r rEn L P | ,r-'.'{,:;l,-'ﬁ,r
This equation Is an approximation, as gm should ideally be calculated by dividing the change in
Ip by the change in Vgs. The transfer curve uses the delta symbol to depict the changes referred
10. The value of gm is required to calculate the gain of an JFET amplifier

5. DC CONDITIONS FOR A JFET

As for a transistor amplifier, a JFET needs 1o be biased using resistors that:

» qgive a drain voltage (Vd) equal to half the Voo
supply voltage.

« g gale-source reverse blas voltage to give a
draln current of 1086/2.

To achieve this, the circuit configuration of Fig.6

can be used Inwhich: 1
s Ag connects the gate 10 ground and Vg = OV
because no current flows in Rg. I |’

s Vs ls a positive voltage caused by the current
16 flowing In As.

« Because the source terminal |5 positive
compared 1o ground, therefore ground can
be regarded as being negative compared 1o
the gsource terminal. As the gate |s at ground
potentlal, the gate Is therefore negative Fig.6
compared 1o the source terminal.
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ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS

1 it N T . _ | : ] ICS
g - Dt ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRON e AR 1 ELEGTHONIC DEVICES B0 oA
1. For a P channel JFET, if the value of Vgs Is Increased from +1V 1o + 3V JFET AMPLIFIERS
(@)  thedraincurment ... {immf&ﬂﬂﬁﬂs, OBJECTIVES Atthe end of this lesson you will be able 1o:
(B)  the depletion region (Wimfw} » Describe the function of each component in the basic common drain (CD) and commoan
(c) the resistance of the channel (increases fdec:reasea] | source (CS) JFET amplifier configurations
.................... ’ s Calculate the voltage gain. inpul resistance and output resistance for a JFET CS amplifier.

» List practical applications for CS and CD JFET ampiifiers.
?] 1. INTRODUCTION |

The JFET amplifier is simpler than its BJT counterpart in that it uses less components and is
| voltage operated. As described previously, the gate-source vollage of a FET conftrols its drain ‘

2. Briefly explain why the gate-source junction of a JFET must be reverse blased.

3. Define the terms:

(a) Ipss | L“.LTITEI‘II. unlike a transistor where the base current controls the collector current Because of |

(b) VGSOFF ; this, the input impedance of a FET amplifier is generally much higher than that for a BJT '|
! ' amplifier as negligible current is required at the input. This is the main reason for using a FET '

(c) self biasing as applied to a FET amplifier. 1 amplifier as compared to a BJT amplifier, the JFET amplifier has a lower voltage gain and often

(d) gmioraFET. ! has a poorer frequency response. Co ~c

) : As for the BJT amplifier, there are several configurations possl%ble tor a JEEF ar-ﬁp‘;'rﬁEr and the
4 Sketch the symbois for the N-channel and P-channel JFET, DE-MOSFET and E-MOSFET. _ main two are the common drain {_CD] and the common source/(CS). The'CD'amplifer is similar to
the common emitter BJT amplifier configuration and the {CS ‘ampilifier is similar to the emitter
follower. These notes briefly describe the operation of the CS and CD amplifiers and show how

5 For the circuft of Fig.1, use the transfer curve shown 10 caiculate: the voltage gain, input resistance and output resistance can be calculated
(a) values of Rg, As and Rd to effectively bias the circult. |
. The circuit of a JFET common
s} ] source amplifier is shown in
+Vpp = 15V 1 Fig.1. The DC conditions were
| ‘ described previously in which
0SS | e
8mA 1 the gate-source junclion Is
Rd 2 ' reverse biased by the positive
2

voltage present at the source.
The gate is at ground potential
and the drain terminal should
have a DC voltage around halt
the supply voltage.

o

FlL Vout

The input voltage Is applied
between the gate and ground
and the output signal appears
at the  drain terminal -
Capacitors C1 and C2 are Fig.1: The JFET CS amplifier

used to Isolate the DC

potentials. If the signal source has no DC component, C1 could be deleted, but is usually
included for protection. This circuit is referred 1o a common source amplifier, as the source
terminal is neither an input or an output and connects to ground The bypass capacitor IS
optional, aithough its inclusion increases the voltage gain of the circuit. As in the BJT CE
amplifier, the changes in the drain current caused by Vin varying Vgs are converted 10 a voitage
change by Rd. Hence the output is 180" out of phase with the input

As

2 -15 4 D5

<
8
3
'

Fig.1
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WORKEDR EXAMPLE:
For theclrcult of Fig.2, given that the gm of the
JEET Is dma/V calculate the lollowing:

Gt ‘..,___.' it ’Mmmﬂﬂlﬂﬁu !h;:‘"@ iy

constant | RSB B b o o ’ , ent,
b siant at A _.I_;-.'a__.T_: ) ,g‘%—%i%%. (a) voltage gain of the circuit

o L o _ hﬁﬂ?ﬁhm the voltage drop across Rd to rise and Vd drops. Thus the

b) Inputresistance
OUIpUL signal swings in the negative direction when the Input signal rises In the positive )

(c) oulput resistance

When the input signal goes negative, the potential across the gate-source junction increases,

e , | : (d) voltage galn if the bypass capacitor
using the drain current to 1all As the voltage drop across the draln resistor is now reduced,

the. _ s removed F'L
voltage at the drain terminal rises Thus a negative swing at the input causes a positive ol ks ot (%1
swing at the output. i {17 10k
Note how gm (the refationship between Vgs and 1) forms the basis of the oper ation of the g j- -
cwb “n:'h. maore sensitive the JFET, or the higher lts value of gm, the greater the gain of the
cult. The equation to calculate thevoltage galn (Av) of a JFET CS amplifier Js:
o R : .
am (Rd//AL) e 5 1
1 + gmAs Solution: l
mutual conductance in A/ SEemon.d (@ AV = gm(Rd//AL)= 3x%103(3k9//10k) = 3x107x2kB = B.4 ‘
value of drain resistor | | + gmHs
okt ® o Ractms - iotm
¢ {E} four = Ad ohms = Mm
(d) Av = gm(Rd//RL)
It the amplifier has the source resistor bypassed as In Fig.1, the equation becomes: 1 + gmAs
ax10(3k9//10K) = B.4/304 - 276 |
(J Ay « gm(Rd//RL) 1+ (3x 107 x680)

(it As Is bypassed)

4. THE COMMON DRAIN JFET AMPLIFIER

The circult of Fig.d shows a
common drain JFET amplifier +*Voo
The Input Is applied between the

gate and ground as for the CS
amplifier, but the oulput |s taken r\_} C1

from the source lerminal. The

drain terminal (s connected ’J—I
directly to the supply voltage and
represents the common terminal

of the amplifier. Like the emitter f\J Vin  Rg
follower amplitier, the CD JFET
amplifler features a high Inpul
resistance, a low output

rasistance and a voltage gain of

approximately one, The

quiescent DC potential at the Fig.3: The common drain JFET amplifier

source terminal cannot normally

be arranged to equal half the supply voltage. as this would be 100 high a voltage to allow the

JFET 1o conduct. To overcoma this, some circuits use a patential divider blasing network (O give
a positive voltage at the gate, allowing a higher value of source voltage

Note that this equation now has no denominator as bypassing the source resistor Rs resulls In a
denominator of unity. if there s no load resistor, the equatlon Is even simpler, becoming:

(1 Av = gmRd

2

*ﬁ;\w
/

Cc
(It Rs Is bypassed and no load resistor connecled)
Rs
.‘.

The input resistance (rin) for the circult is the value of the gate resistor Rg: That I8,

The.outpul resistance (rou) for the circuit is the value of the draln resistor Ad: That is;

[J reut = Rd ohms

a1
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f'_ J *m Irnﬁ. positive . m et the drain ain current increases, causing
 Gateen.. - lcross the source resistor to rise. However the circult will operate to maintain the .
 the mh. = Voltage al its quiescent value, so the © > in valtage at the source will equal THEORY A
- the . ety i ue, so the change in voltage - SSIGNMENT 11
= T h _ ﬂﬂﬂwm fs reterred 10 as source follower action, : —————————
redicad L Wﬂlﬂe drops, the drain current through the FET will also drop. giving a ; 1 Forthe circult of Fig.1, use the transfer curve shown to calculate:
m:”“‘ “f voltage at the source terminal. As the FET will operate 1o maintain the ;
Thus the . | !' (b) suitable values for As and Rd. (Assume Vd - Vdd/2)
usm.gh m”’f-"‘e Circuit is virlually equal to unity and is the value of voltage gain that can be fg (c) gmof the FET
fur'htarm aum: of these notes. However a more accurate equation, which s included
'p
| A
Ipss

S5mA

EM 4 - mt t-“ exam

U % gmBs . purposes. Voltage
gain  can  be
assumed to equal

mutual conductance in A/V
value of load resistor
value of source resistor

VESOFF 'u-ﬁ ‘0+6 '0-4 «02 Fig-.' -
** not for exam
purposes. Output
resistance can be 2. Using the resistance and gm values obtained in Q1, calculate the:

assumed 1o be

low. (a) voltage gain of the circuit

(b) inputresistance

{c) outputresistance

PRACTICAL APPLICATIONS oY (d) voitage ga{:i'n if the bypass capacitor
remov
The circuit of Fig.4 shows a touch R
switch. When the plate is touched, . '
the induced signal is amplified by FET = ' (Yo +Vpg = 10V
QIl, smoothed by the capacitor then 3. For the circuit of Fig.2, calculate the approximate:
(a) voltage gain.

ampiified by Q2 and Q3. The relay is
driven by Q3. and the contacls will
close while the plate is touched. This
circuit relies on the high input
impedance ofiered by the FET input

(b) inputresistance.
(c) outputresistance.

4 Identify the circuit configurations of Figs.1 and 2.

Fig.4: Touch switch with FET input stage

EAARTAEARE TR R TN R

EasRER Rk AR RN R,
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POWER QUTPUT STAGES - PART 1

<

OBJECTIVES At the end of this lesson you will be able to:

* Listthe basic difterences between class A and B power output amplifiers.

* Calculare the maximum power output of a power amplifier given the supply voltage and load
'm‘ct

*® Skelch the basic circuit of a class B complementary symmelry power amplifier.
INTRODUCTION

The amplifier circuits that have so far been described are sultable for low power operation only.
That is they cannot deliver useful power to a load. In industry, an amplifier may be required to
drive a servo motor, an indicating device, a loud speaker or some ather form of transducer that
requires power to aperate. To do this, an additlonal stage called the power output stage Is
required. This section has the general form shown in Fig. 1, in which power from the power
SUpPply Is passed to the load via the output stage. The output signal will (ideally) be an exact
replica of the input signal, and because a power oulput stage generally has unity voltage gain, a
voltage ampiifier will normally precede the power output stage.

power
source

input
signal

output
signal

Fig.i: General form of a power output stage

The basic requirements of any power outpul stage are:

®= high efficiency
® low distortion

= |ow oulput impedance
These noles describe the basic types of power oulput stages and show how to calculate the
power output thal can be expecied, given the value of the supply voltage and the load

resistance. There are various types of power amplifiers, categorised as Class A, Class B and so
on. The differences between these classes of operation are also described.

CLASS A AMPLIFIERS _
class lifier is defined as an amplifier where the output device(s) conduct for 360" This
mean the output ransiton() (or FETa e1c) ofthe cicit are avays conducting curtent. Al
S e so far discussed in these notes are class A, although none have been used in a

10

\f\ ¥
S |

o ]
/ Yout
-

LOAD
10k

Fig.2: A commaon emitter, RC
coupled class A amplifier

Fig.2 shows a common emitter amplifier, biased so the collector voltage is half the suppl
valtage. The DC voltage at the collector I8 Isolated from the load by cap;scitrx C2 'am:l Fn:
theoretical maximum output voltage swing is from OV (transistor Q1 fully on) w10y {61 turned
off). Although this clreuit is not able io deliver useful power. its efficiency can be alf,ulal.ﬂd 1o
ilustrate the process. Nole that the load resistance equals the output resistance (10k) as‘ this
gives the best power transter It also gives the output swing ol Vee /2 as shown I

Efficiency of any system equals the oulput power divided by the inpul power. The following
shows how the efficiency of the circuit of Fig 2 can be calculated:

Efficiency% - ouipul power x100
Input power

Pin = Veec x lc = 20V x 1mA = 20mwW

(Thatis: the input power = Vee multiplied by the quiescent collector current of ImA)

Pﬂul = {E._D’Er " -, oL ( = " ' _ I\ .-"i_ '|'
Rload s T A '
-
Vorms = Vopp = 10 a.53V
2J? 283 Py
Pout = 2,53V =125mwW LB L
10k
efficlency % = 1.25mW x 100 6.25%
20mw

— — e

The 6.25% efficiency figure can be improved Dy making the collector resistor the load. This will
give a maximum efficlency of 25% as VAL now equals 20Vp-p, although a DC current will flow in
the load, making this type of connection impractical In most cases. The 25% value is the best
efficiency for any Class A amplifier, excep! for the transformer coupled type, which has a
maximum theoretical efficiency of 50%. Note that these efficiencles are the maximum possible,
and most class A amplifiers have a much lower efficiency. To show why efficiency is so
important, conslder the following example
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Lale mmm required for an industrial sound system with an
efficlency of 20% that has an output pawer of S0kW. (Nate that this power
_Outputls rypical of most outdoor sound systems used for pop concerts.)

rSaluunn
Efficiency® = oufput power x100
input power
input power = output power %100
efficiency
inputpower =  50kW x100 = 250kW
20
If the system is supplied with a single phase, 240V AC supply.
the line current (1) equals Pin = 250kW = 1041.67A
v 240V

:,:a,;:i: :5;:73]16 output power for the circuit of Fig.2, the values of the collector resistor and
clrcait "memcauld hellwered 10, say 10 ohms and the emitter resistor replaced with a short
wokilh Ba recy e{;c; oblain the necessary 10V at the collector, a quiescent current of 1 amp
consumed bg the 1o drop 10V across Rc. Thus, under no signal conditions, the total power
dissipated by the Ccl:;;lcu“ would equal 20V x 1A, which equals 20W. In this case, 10W would be
RO T b S lector resistor afnd 10W by the transistor. The maximum power output

(as per the calculations used to calculate efficiency). However an advantage

of the class A amplifier is its relatively low distortion.

CLASS A AMPLIFIER CHARACTERISTICS
U maximum efficiency = 25% (for RC coupled type)

00 maximum efficiency = 50% (for transformer coupled type)

L1 high quiescent current flows in the output device(s)

[J output device(s) conduct for 360" of the input signal

CLASS B POWER OUTPUT STAGE

A class B amplifier requires a minimum of two
output devices, connected as shown in Fig.3. A
class B amplifier is one where the outpu! devices

conduct for exactly half the input cycle (1807). In L
Fig.3. Q1 will conduct for the positive half of the
input signal, then turn off while Q2 conducts for the
negative half. Thus the output signal is proguced

by both transistors, in which one is on while the (U
other is off. Note also that when the input signal is

zero, the output across AL is also zero and both Q1 =

and Q2 are ofi. — -Vec
Fig.3: Class B oulput stage
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~———f#— O low distortion (comparedtociassB) —

The circult of Fig.3 is powered by a dual polarity power supply.

This type of power supply Is effectively two Individual supplies, + Voo —

connected as shown in Fig.4. With this type of supply, the £

amplifier will have a quiescent output voltage of zero, and be 5

able to swing in both the positive and negative directions. When '

Q1 is on, current is taken from the positive supply. and when

Q2 is on, current flows via the negative supply. It is possible tg  Commaon

power a class B output stage from a single rail power supply, = +"'|'
I

providing a coupling capacitor Is used 1o connect the load to
the amplifier. ——

Fig.4: A dual polarity
power supply - u.:c‘_-!
Because there is no quiescent current flowing in the output devices when the input signal is
zero, lhe efficiency of the class B amplifier is higher than the class A configuration. It can be
shown that the maximum efficiency is 78.5% for a class B amplifier. However the trade off for the
higher efficiency is an increase in distortion. As shown in Fig.5, distortion occurs when one

transistor is turning off and the other Is turning on. This type of distortion is known as crossover
distortion and is a direct result of the 0.6V needed to turn a transistor on.

+Vco

cCrossover

"' distortion

Q1 oV

m o—=o
U A

Fig.5: Crossover distortion -Vee

In Fig.5, the input signal provides the forward bias for the output ransistors. When the input
signal is greater than +0.6V, Q1 will be turned on and the cutput signal will follow the input as a
result of emitter follower action. Likewise, when the Input is more negative than -0 6V, Q2 will
conduct and the output signal will be a replica of the input, again by emitter follower ar;tiﬂﬂ-
However, when the input signal is between +0.6V and -0.6V, neither of the output transm@:s
can conduct, and the output will fall to zero. Thus, there is a gap in the output signal at the points
when the input signal changes polarity. This can be overcome by applying forward bias m.ll.'!e
circuit. as will be described in Part 2 of these notes. The characteristics of the class B amplifier
are:

—

CLASS B AMPLIFIER CHARACTERISTICS
[0 maximum efficiency = 78.5%
[0 high distortion (compared to class A)

[0 lower power dissipation by the output devices

(J two oulput devices needed, both conduct for 180
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"SR OUTPUT FOR THE CLASS B AMPLIFIER
output power for a class B amplifier is calculated in the same way as

ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS
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—————

b T i e That Is, the maximum output voltage swing is first converted fo an RMS
N the equation V2/R is used. However, an alternative equation can be used, as shown

THEORY ASSIGNMENT 13

Power outpyt equation
Pout = (Vorms)?
Rload | 2.

(Vorms)?=  [Vop-d2 = Vaop-p?
(EJE, & ’ '!
|

4.

O Pout = (Vopp)?
8RL 3.

EXAMPLE 2:  Calculate the maximum ocutpul +Vee = 20V

power for the circuit of Fig.6.

Q1 |
Salulion: —@
Pomax = [V{"P'*P]z fb . Q2 HL
BRL 10 ohms
= {40)* - 1600 - 20W =
8x10 =
20 : Fig.6 Vee = -20V

VOLTAGE GAIN AND POWER GAIN OF THE CLASS B AMPLIFIER

The l:rcuild Fig.6 is referred to as a Complementary Symmetry amplifier, as it uses an NPN and
a PNP transistor (complementary pair). Their characteristics need to be matched, in which both

transistors should have the same current gain (symmetrical). The circuit configuration is actually
two emitler Iallower? connected in ‘push-pull’. Thus, the output signal voltage will be virtually
eqf.lal to the input signal, giving a voltage gain of unity. In practice, the gain will be less than
unity due to losses. As well, the maximum output voltage swing will be less than the supply rails
due to voltage drops across the transistors. | '
The power gain of a complementary symmetry amplifier is equal to the current gain of the

transistors.

[0 Av = unity

[J Ap = current gain of transistors (8)

SHPERREIE RS RR AR R
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Calculate the line current required to supply an audio amplifier systern defivering 40kW with an
efficiency of 45%. Assume the supply voltage is 240V AC

List one reason why a class A power amplifier would be preferred to a class B amplifier in a
particular application. Also give one reason why a class B amplifier might be preferred in

another application.
+Veo = 24V

For the circuit of Fig. 1, calculate:

(a) the theoretical maximum output power. A1 = B2 = 80

(b) the pawer gain of the circuit.

For the circuit of Fig.1:
(a) State the class of operation af the circuit.
(b) Skelch the output waveshape if the input is a sinewave.
(c) Giveiwo reasons why the theoretical maximum output power calculated in 3 (a) cannot be

achieved in practice.

For the circuit of Fig.2:
(a) State the optimum value of
collector voltage.
(b) Calculate the maximum output
pOwWer.

(c) Calculate the power being
dissipated by Q1 when the input

signal is zero.
(d) State the maximum efficiency the
circuit can achieve.

ti..it.tl“li.l‘i w i kR
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POWER OUTPUT STAGES - PART 2

'ECTIVES Atthe eng of this lesson you will be able 1o

- L's' “‘e:
4 cam:!perl ating characteristics of a class AB complementary symmelry power amplifier.
" List bl voltages of a Quasi-complementary power output amplifier.
practical "m"ﬁ"ﬂﬂ.ﬂ ofa power ampiﬂ]er,
1. INTRODUCTION
| The l:las.u A an
lf their use The g!acr:ia power amplifiers described previously both have limitations that restrict
distortion In the oy :lmmll’ler s very inefficient, and the class B amplifier has a high level of
between these mtpu signal. The practical solution is a power amplifier that compromises
amplifier. ang re :memea. This circuit configuration Is referred to as a class AB power
symmertry a ""'P'Iﬂ:ru ;L;:-?E addition of forward bias to the basic class B complementary
notes. bed previously. Methods of achieving this are described in these
There are other

rac
o minimise the practical limfations of a power output stage, and these, along with the methods

limitations are also described,

= CLASS AB AMPLIFIERS

The circuit of Fig 1 shows the

basic cl
Poins to note about this circuit an: class B. complementary symmetry power output stage. The

®  maximum efficiency equals 78 5%

each transistor conducts for exactly 180" of the input signal
there Is crossover distortion in the output signal
the torward bilas for the transistors is supplied by the input signal

m CIOSSOVer
j" distortion
Ql gy

Vin
_ Q2 HL
X

-Vee Fig.1: Class B output stage

To eliminate the crossover distortion, forward blas of 0.6V needs 1o be applied to both
rransistors. This will allow the transistors o stil conduct when the Input signal Is less than 0.6V,
and if the bias Is correctly applied, the crossover distortion can be reduced to a negligible level.
However, the transistors will now conduct for more than 180" of the input cycle, but for less than
360°. This class of operation is therefore between class A and class B, and is referred 1o as class

60

The amount of forward bias determines how close the circui
and the compromise depends on the required efficiency an
be tolerated.

The circuit of Fig.2 shows how forward
bias can be applied to the baslc class B
configuration shown in Fig.1. Note the
following about Fig.2:

= This circuit Is powered by a single
rall supply. and a coupling capacitor
is required to isolate the Iload
resistor from the DC potential at the
junction of the emitters of Q1 and
Q2. The circuit can also be powered
from a dual polarity supply.

* The Input signal Is applied 1o the
base of Q2, but because both
diodes are forward biased by H1,
they are an AC short circuit and the
input signal therefore also appears
at the base of Q1. Fig.2: The basic class AB,

= As for the basic class B circuit, the complementary symmefry amplifier
circuit of Fig.2 is efectively two
emitter followers connected so that Q1 passes the positive half cycle of the Input signal ta the
load, and Q2 handles the negative half cycle. However because there is now forward bias
applied 1o the circuit, both transistors will conduct for more than 180 of the input signal, and
crossover distortion is theretore eliminated.

operales 10 either of the extremes.
d the amount of distortion that can

DC CONDITIONS

The DC conditions for the class AB amplifier are
shown in Fig.3. Note the following:

= The DC voltage at the junction of the
emitters of Q1 and Q2 is half the supply
voltage.

= 20V

» R1equals R2.

s A quiescent current (lcQ) flows in both
fransistors.

= The diodes are used to ensure there is a
difference of 1.2V between the vollages atl
the base of Q1 and Q2.

= Both transistors have a forward bias of 0.6V
across their base-emitter junctions.

= |t is possible to replace the diodes with a
resistor. The value of the resistor would need
1o be such thata 1.2V drop occurs across It
If the resistor value was increased 1o give >
more thar. 1.2V, a higher value of quiescent
current would flow in the Iransistors, Fig.3: DC condiions
pushing the operation towards class A.

s Diodes are preferred to a resislor as the
voltage drop across them varies with temperature,
change Intemperature.

keeping the DC conditions constant with a
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6. QUASI-COMPLEMENTARY AMPLIFIER
&!Eﬁaﬁm?ﬂﬂlﬂﬁﬂlﬁ?ﬂﬂﬂﬁﬂ!HEMﬁﬂﬂwEﬂJmEcmﬂhﬂd&ﬂuﬁisﬂﬂacimﬂtgwywlhuﬁga
This circuit is called a ‘quasi-complementary symmetry ampifier, where quasi means "sort of
Wmm ransistors are QU2 and Q4. which need only be low power E“':Il".:SIStEI'S
MWEWMMMWWM-WM Tansistors (Q3 and QS) are bath NPN
types. This circuit also contains a voltage amplifier /driver stage around Q1.

+Veo = 2V

R1 2k2
68k
1.2y
Q3
Fig.6: The guasi
I : =2
g e 10V ﬂ
with an amplifier I_
-driver stage. 9.4V 24
Cc1 1000uF
®, 1V Qs
8 chms
47uF oo Q1 Hy
3.6k
2 : 2

The DC voitages are included for the circuit and can be calculated as follows.

= The guiescent DC voltage at the junction of the emitter of (3 and the collector of Q5 should
equal half the supply voltage.

= The voftages a1 the base, emifter and collecior of Q2 o Q5 can be determined on the basis
that Ybe = 0.6V.

= The current through R3 can now be determined using Ohm's law. (Equals 4mé&)

= The emitter voltage of Q1 can be calculated as e current in RJ also fiows in R4, (Thes
assumes the base current of Q2 and Q4 s negligibe)

= The base voitage of Q1 equais the emitter voitage pius 0 6V.

Note that a practical circuit will include emitter resistors o help stabilise the operzbon of e

circuil. These are usually small enough not to affect the DC voltages.

S. DARLINGTON QUTPUT TRANSISTORS

To increase .ﬂemmgﬁmdﬂnmmm,ms.
mmmwedwﬁwpa‘sasstmhﬂg.s_

7. POWER QUTPUT CALCULATION
The maximum output power for all the power amplifier circuits described 0 these notes &an e
calculated as described previously. That is:

hmmm.mmmhamu
_mv.ncnammahms. Transistors Q1 and Q4 are
ransistors in the one package are commonly used in
power ampiffiers.

here:
O Pout = (Vop-9)? -
8RL Viop-p = Ve .

Falzw ol Geliotam 4

“I‘I‘"iﬁ."'.l‘i'.l"ﬁ".‘ ; ! ‘?’1"“ = “'\?.;,.-;_,.L":‘
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f +Veo = 60V

A2
Ekg

Q2

Q4

R7

8
0.22 ohm

{

R1 ' c3
S |
C1

: (‘ 1000uF

+ ‘-f "' o5
STufF I [ HL
A2 R6 RE R9
15k 30 1k l 0.22 chma
e
R10 =
- e

For the circuit of Fig.1:

(a)

(b)
(c)
(d)
(e)

cﬁcuime the approximate value of the DG voltages present at the terminals of each
ransistor. Assume the collector voltage of Q5 is 30V and that Vbe = 0.6V.

calculate the theoretical maximum output power of the circuit.
calculate the approximate value for R1.
siate the purpose of R10.

state the purpose of C2.

(f)  state the type of circuit configuration.
(g) state the purpose of Q1.
{h) state the purpose of R5, R7. A8 and R9.

FEARFEEARATEE SR

Bmhma : _j ) = e
basic difference between class B and class AB biasing as applled to power amplifiers.

ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS
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THEORY LESSON 15

References: Electronic Devices, 2nd Ed. Floyd Chapter 3

POWER SUPPLIES - PART 1

OBJECTIVES At the end of this lesson you will be able to

= Draw a block diagram representing a regulated pawer supply

* Draw the circuit diagrams for common single phase rectifier /filter circuits and associated

waveforms.

Calculate the value of filter capacitor required to give a specified output valtage, and explain
the effect of this capacitor on diode current.

* Calculate the output voltage and percentage regulation for a power supply

INTRODUCTION

Most electronic equipment requires some form of DC power to operate. If this equipment is to be
operaled from a standard AC outlet then a DC power supply is needed. Fundamentally, a power
supply lakes electrical power from a distribution system and converts it to the desired form of

power. The conversion of an AC supply to a DC supply is done in four basic steps as shown in
Fig.1

l AC leval

convarsion

AC to puls=d pulssd DC

| |

reguiation

CC conversion

to smooth OC

Fig.1: Block diagram of a regulated power supply

in the above block diagram the input is mains supplied 240V AC, 50Hz and the oulput isa
steady DC voltage. The power supply contains a transtormer which usuath_; steps down the
malns voltage to a level approximately equal to the DC voltage required (by using a transformer
maximum power transfer with minimum losses results)

The rectifier section ensures that the sinewave output from the transformer is converted to QY
positive going DC pulses. These positive pulses are then filtered to minimise the ripple at the “i'p
of the resultant waveform, before being regulated to provide a steady DC voltage output. These
notes examine typical single phase rectifier circuits and the filter network

REVISION OF THE DIODE

The basic function of a diode is to allow current to flow in one direction and to block it in !rje'l
other. For a diode to conduct it must therefore be forward biased. In a power supply. 5“""5:3?“:‘-
currents are olten passed by the diodes used in the rectifier section. and a ugi.ﬁilge d"f’F' 0 ;E’d‘;
1V is usual for a silicon diode passing several amps. The important specirhcahﬂnﬁ of ?-'PW*; "
used in a power supply are its forward current rating and its Peak Inverse mlm%e :im;iéd to be
some critical applications, the switching speed and reverse current of the COGRARS '

considered.
65




Fig.2: Half wave rectifier with filter capacitor

The circuit of Fi - _
: g.2 shows a haltwave rectifier with a single ca -
characteristics of this circuit are: gle capacitor as a filter. The important

® only half the input waveform is used

= the ripple ﬁequm (f) e _
quals the supply frequency (fs). Note that fr
where I = period of waveform. Gl hitequencysqtias A7t

® thea
- uﬂg;::::;egs?;:ulpﬁm voltage (VoC) equals Vmax, where Vmax = 1.41Vrms. The actual
ess than this value and equals Vmax - (Vripple/2). For the purposes of
these notes, VoC can be assumed 1o equal Vmax. ) —
the PIV the diode must withstand equals Vmax

the current fiowing in the diode is a series
of short duration, high value pulses as
shown in Fig.3. As an approximation, the
current pulses can have a value of up 10
10 times the load current. Thus, the diode
current rating must be greater than the
load current. Also, the transtormer
secondary current rating should exceed
the load currenL.

= |f the capacitor is removed, the DC outpu! vollage equals 0.318 x Ymax, or 0.45 x Vrms.

The half wave rectifier is only suitable as a supply for loads with a small current consumption as

the load voltage will drop sigriificantly as the load current | ' |
increases, (See definition of
regulation further in these notes.) - =

SINGLE PHASE FULL WAVE RECTIFIER

An improvement over the half wave rectifier is the full wave rectifier where both halves of the AC
input cycle are used to produce the DC output. There are two basic circuit configurations:

= the full wave bridge rectifier

= the centre-lapped transformer type

Both of these circuits have particular advantages, and the choice of circuit depends on the
- tion. However, the full wave bridge circuit is more commonly used as it doesn't require a

e i i—

e — .

THE BRIDGE RECTIFIER

Fig.4: The full wave
bridge rectifier

The bridge rectifier is shown in Fig.4 in which four diodes are connected in a bridge

configuration across an AC source. Typically, the AC source will be a transformer. The points to

note about this circuit are:

= both halves of the Input waveform are used.

= the ripple frequency (fr) equals twice the supply frequency (fs). Note that frequency equals
1/t, where t = period of waveform. For a 50Hz AC input, the ripple frequency will equal
100Hz.

s as for the half wave circult, the approximale DC output voltage (VoC) equals Vmax, where
Vmax = 1.41Vrms. The actual DC output voltage is less than this value and equals Vmax -
(Vripple/2). For the purposes of these notes, VOC can be assumed to equal Vmax.

= the PIV the diodes must withstand equals Vmax

s as for the half wave circuit, the current flowing in the diode is a series of short duration, high
value pulses which charge the filter capacitor C1. As an approximation, the current pulses
can have a value of around 5 times the load current. which is half that for the halt wave
rectifier as the current pulses occur twice for every cycle of the input. Again the diode current
rating and the transformer current rating must be greater than the load current.

= |f the capacitor is removed, the DC output voltage equals 0.636 x Vmax, of 0.9xVrms.

» The circuit operates in the following way:

and D4 conduct, with current flowing

» for the positive half cycle of the input, diodes D2
with the polanty

from positive to negative through the filter capacitor, charging 1t
LShown.

s for the negative half cycle, diodes D1 and D3 conduct, causing the current to again

flow from positive to negative through the filter capacitor

dy value of current 10 the load, thereby partially

¢ the filter capacitor supplies a stea
lied as described above

discharging between each pulse of current supp

e the current in the secondary of the ransformer alternates in direction Thus, AC flows

in the transformer secondary and DG flows in the load
The bridge rectifier has the disadvantage that the current flows through two Series connected
diodes, causing a voltage drop of up to 2V. The advantage is simplicity, as a transformer with a
single secondary winding can power the clrcult.
Rather than use four individual diodes, packages containing |
are usually employed. These are avallable with current ratings

the higher current types are packaged in a metal casing suitable for moul |
bridge rectifier passing S0A or S0 can dissipate up ta 100W o heat. requiring a large heats|

avoid Its destruction.

our diodes connecled as a bridge
from 1A to 50A or more, in which
unting on a heatsink. A
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'ped transformer rectifier is shown in Fig 5 In which two diodes are connected

This circult is effectively two half wave rectifiers connected to a

s

 Cuments in e meS,CUTENt in the primary is aiternating, as a result of the combined effect of the

By

-
|Ll A,

where Vmax = 1.41Vrms. In Fig.5: Centre-tapped transformer, full wave rectifier
fm_\gm = V1 = vz
F&?:’E- the actial DC output voltage is less than this value and equals Vmax - (Vrippte/2).
- Purposes of these notes, Voc can be assumed to equal Vmax.
.ivr{f?mﬁm"mmmzxvm {where Vmax = V1 or V2.) For example,
= 10V AMS, the peak inverse voltage the diodes must withstand = 2 x 1.41 x 10V =

Z8 &V,
] ‘ + -

a_slnrmehidgerecﬂiacim the current flowing in the diodes is a serles of short duration,
fﬂmmmm Current charges the capacitor, which in turn supplies current 1o the

* ¥ the capacitor is removed. the OC output voltage equals 0.636 x Vmax, or 0.9 x Vrms, where
Vrms = Vior vz

- Theﬁrmopaaiashmeﬁalmvngway:
= hmmmmdmmmmm.mmewm
u@mdmmmmmbm&r@ﬂwﬁna
.mmmmmmmmmﬁmmmmmm

- hmmmmdmmmmmmmmmmmm
wmdmmmmmﬁmm.mm-mgm
cuwTent Swough the filter capacitor is in the same direction as before.

nnst:rqul:has mmMamﬁmamwm-hrmm
usually resuiting in & larger transiormer than for the bridge rectifier. However, there are less
losses, as the current flows through 3 single diode rather than twa series connected diodes as in
the bridge rectifier.

outpart woltage, aithough thew char acteristics vary as described in these notes.

Summary of the half and full wave rectifier circuits

"Sformer, in which current flows in one half of the secondary winding at a time, in the

7. CALCULATING THE SIZE OF THE FILTER CAPACITOR

In the preceding circuits, a capacitor is used as a filter, In which it charges to the peak of each
output half cycle and slowly discharges through the Ioad between the peaks. The ripple voltage
(Vr) produced Is dependent on the size of the load resistance and fitter capaciance.

The output voltage of a rectifier circuit can be calculated using the following expression:

| J Voc = VARLC where: Voc= DC output voltage
1 Vr = p-pripple voltage

fr = ripple frequency

< capacitance

|
3 AL load seen by the capacitor

? Example: Calculate the load resistance and capacitor size of a full wave rectifier that
supplies 40V DC with a 2% ripple voltage (peak 1o peak) at 250mAtoa
resistive load. Assume the rectifier circuit is supplied with 50Hz AC.

Solution:
RL = Vg = 40 =160¢ohms
L 0.25
Vir = 40V x 2 = 0O<=8Y
100
Voo =VdRLC o C = Ndc = 40 = J125uF
ViirAL -8 x 100 x 160 1

it should be noted that diodes in a rectifier circuit only become forward based when the supply
exceeds the capacitor voltage. The capacitor effectively is "pumped” up 10 Ihe peak vollage at

every half cycle, causing high peak diode currenis to flow.

8. LOADREGULATION
A measure of how well 2 DC output can be maintained regardiess of changes in the loading

conditions is called Load Regulation. It is calculated using the difference between full and no
load conditions and Is usually expressed as a percentage where:

— — — — —
——— m—

0] % load Regulation = VOC (no load) - Voc (full load)x 100 !
1

Voc (full load)

Thus, a power supply with a no load voltage of 20V and 2 full load output of 18V has a load

regulationof: 20 - 18 x 100 =1L.1%
18
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Sketch |= “"" m diagram of a typical power supply, label each block, and briefly describe its

ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS
YEAR 1 ELECTRONIC DEVICES s016A
THEORY LESSON 186
References: Electronic Devices, 2nd Ed. Floyd. Chapter 17

POWER SUPPLIES - PART 2

A single phase, full wave bridge rectifier with a filter capacitor supplies 24 volts at 750mA ta a
load, Calculate the value of load resistance and filter capacitance i the ripple is 1.5% of the DC
output voltage. Assume a 50Hz supply frequency.

The nulnnl:l_vdtageolapowef'suppwhmewedalm'm.mnmstsﬂwlnadmnnemed
the voltage is measured at 42V DC. Determine the % load regulation.

For the circuitof Fig.1:

(a) Identify the circuit configuration.
(b) Determine the peak voltage across each half of the secondary of the transformer.
(c) Sketch the waveform across the load.
(e) Caloulate the approximate DC voltage across the load.
{f)  Calculate the PIV the diodes must withstand.

(g) Calculate the approximate DC output voltage if capacitor C1 is disconnected.

C1 ] R il
50 ohms

V1 = V2 = 10VAMS Fig.1

ii*-i#-‘ni-i-llnliifliiti
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OBJECTIVES Al the end of this lesson you will be able 1o
» Explain the operation of & basic discrete component senes voltage reguiator

= Calculate the outpul voltage, current limit value and transistor power dissipation for a basic
series regulalor

s List the advantages and characleristics of a three terminal fixed voltage reguiator
1. INTRODUCTION

The purpose of vollage regulation is 1o maintain a constant voltage across a load regardiess of
any change in load condilions of supply voltage. The main types of reguiation are series, shunt
and switching, but for the purpose of studying the principies of regulation, only series regulaiors
will be discussed.

The basic regulating device is the zener diode which will be described in detail in another
subject. A brief summary of Ihis device is included along with a simple transistor series

regulator. The three terminal fixed voltage regulator is also described, as these devices find
considerable application due 1o their simplicity of use

2. THE ZENER DIODE

A zener diode is a diode capable of conducting in
both directions as depicted in Fig1. When it is |
forward biased, (anode positive, cathode negalive) Vi

+ 1—o -
lll Vz

T

the zener diode behaves as a conventional diode, |

with a forward voltiage drop of around 0.6 o IV, 3 *

depending on the forward current (IF) passing (a) (b)
a

through it (Fig.1(a)). 1 the voltage is reversed,
current will flow in the reverse direction, providing
the reverse voltage exceeds the zener voltage of the
device As shown in Fig.1(b). a current referred to as
the zener current (Iz) flows from cathode to anode. Zener voltages can range from 3V up o
several hundred, although values around 5V 1o 40V are more common. The maximum value of
the zener current depends on the powel rating of the zenef diode and is usually limited to less
than tamp. Typical power ratings are 400mW, 1W and SW

The important feature of the zener diode Is that the reverse voliage is relatively constant
regardless of the value of the zener current. Il is this teature that makes the zener useful as a
voltage regulator. The basic series zener regulator is shown in Fig.2. In this circuit

s the output voltage across the load AL Hs
equals the zener vollage VZ. —A T -

= The outpul voltage is kept constant T L__"T. ,Il N lD il
despite changes in Vin and IL because XD R,
the zener current varies 1o change the l Aasl
voltage across the series resistor As 10

compensale. An Increase in 1L will

cause a decrease In 1z, and a decrease |
in Vin will cause Iz to drop. In both cases, the change in the voitage drop across Rs will
maintain Vo at a constant value. The limit of operation of the circult Is determined DY the

power rating of the zener diode

Fig.1: The zener diode

o

Fig.2. Basic series zenef regulator
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sener voltage (Vz) less Vbe (Vz - 0.6V). For
supplies current 1o the zener diode and to
Vbe remaining constant
in the load current will

cause the zener current to reduce, as more base current is required by the transistor. H the input
' ener voltage will remain constant,

voltage changes, the zener current will also change, but the 2 !
keeping the output vohage constant. The input voltage must therefore be higher than the
required output voltage by at least 2V.
WmmmdwmmpassﬂamtﬂequﬁslnchswhaevcE='ﬂn‘vnut.

For example, #f Vin = 20V, Vout = 11.4Vand L = 1A. the power dissipated by Q1 will equal (20 -
11.4)x1 = 86W.
A disadvaniage of this circuit is that there is no feedback between the load and the regulating
circult. Thus a change in the output voltage for a particular reason will not be corrected, as the
circuit works on the assumption that the output voltage can't change.

REGULATORS WITH FEEDBACK

To aliow feedback an amplifier is required, in
andawmledmemmnisfedmmeomer.ﬂ
ﬁlmmmmemum&ammew

in the circult of Fig.3, the output voltage egquals the
the values shown, Vout will equal 11.4V. Resistor R1
the base of the transistor. The circuit refies on the zener voltage and
despite changes in the input voltage and the lodd current. An Increase

which a reference voltage is fed 1o one terminal
these two voltages are different, the amplifier
ansistor 10 correct the error. Fig.4 shows the

basic circuit of such a reguialor.
o1
+ O -
+
£ ; R L Vout
Vin Iz l

Fig.4 Series =
regulator with feedback R3
feedback 12V

. O *

-

A b —

As long as Vin Is several volts higher than the required output voltage, both Vout and the power
dissipation (Pd) of the series pass Wansistor can be calculated The equations are:

1 VYoul = {E'g + 1) x Vref where: Vref = V2

Note: The currentin R2 and B3 can usually be ignored

This circuit produces a regulated output voltage that will have reduced ripple. if a potentiometer
is connected between A2 and R3 with the feedback 1aken from the wiper of the pot, the output
voltage can be varied. However the circuit has no protection if a short circuit is applied across
the outpul. In this case the series pass Iransistor will probably burn out as the regulator will
attempt to compensate for the drop in the output voitage by turning on the transistor to allow it
to supply as much current to the outpul as it possibly can. To overcome this, some form of

current limiting is required.

CURRENT LIMITING
The circuit of Fig.5 is identical 10 that of Fig.4 except current limiting has been added with Rsc

and Q2.

+ O

T e

feedback

Fig.5: Series regulator with current limiting

In Fig.5:

» The load current passes through Rsc.

= [f the voltage developed across Rsc exceeds 0.6V, Q
biased by the voltage drop across Asc.

s When Q2 turns on, it will rob Q1 of base current, turning Q1
will be limited to a value that produces 0.6V across Rsc. Thus:

2 will be turned on as il is NOW forward

off. As a result, the load current

O Isc = Q6Y

Rsc
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) The maximum and minimum outpul voltages
' The current that will flow if the output is short-circuited

e L e,

 {c) The power dissipated by Q1 if the output is short-circuited
3 | . Q1 Rsc

. |_ iy

R2
1K

_vm R

2k L
Vz = I__ R3
| 1k
- O
Fig.6
Solution
(a) Vout - (Eg + 1) x Vref where: Vref = Vz
Vomin = (J:]_;m'E +1) x 6 (wipermovedtowardsR2) = (1.23)x 6 = 8V
Vomax = {ﬁ‘ +1) x ©& (wipermovedlowardsR3) = {4) x 6 = 24V

(b) Ilsc = 06V = 06V = 1A
Rsc

(c) Pd =/!in : ng)n =M'FQQ -0 = 30W
L &

6. THREE TERMINAL REGULATORS :

Three terminal voltage regulator ICs incorporate circuitry similar to that of Fig.5. They have
internal current limiting, thermal shutdown protection and come in a range of package styles
and output voltages. They are extensively used as they simplify the design of power supplies.
The most common fixed vollage three
terminal regulators are the 78XX

series (positive output) and the 79XX TYPE | POL : TOL %[ SIMILAR TYPES
series (negative output). These 78)x | POS ! ] L AT
regulators can pass currents of up 1o EEE% % %5 =0 p Eégg e
1.5A, but other regulator types can Nots' Moplace WAL by, Butpun soltags &.5. = TOVZ. 7806 wis

pass up to 10A (LM 338).

Fig.7 shows the pin connections for / /O o F (:} ﬂ

the TO-220 and TO-3 packages (78XX

series) and the TO-220 style 79XX “#
TO-220 packages. Other smaller e

packages are also manufactured for

fow power use. Fig.7: Three terminal, fixed vohage regulators

T4

i

The main features of three terminal regulators are:

= very low quiescent currents

=  minimal external components needed

= |pnlernal thermal overload protection

= [nternal shorl circult current limiting

» excellent regulation characteristics

= highripple rejection

® the typical range of output voltages are: 5V, 6V, BV, B.6V, 10V, 12V, 15V, 18V, 22V and 24V_A
5V positive regulator would be marked as type 7805, and a 7905 is a 5V negative regulator.

These values apply to the 78XX series, as the 79XX series has a smaller range of output
vollages.

Fig.8 shows the clrcuit of a 5V regulated supply using a 7805 voltage regulator. Note that a small
value capacitor is connected across the oulput. If the regulator is mounted remotely from the
main filter capacitor, another small value capacitor (0. 1uF ceramic) should be connecled across
the input terminals of the regulator. These two capacitors improve the regulating and ripple
rejection characleristics of the regulator.

mcu The 7800 weries requlitons enolay intemal currest lmiming, therrial
shutdown and 1afeares compentaton, making themn essenmally
wies indestretible. ¥ yoe numben gree voitage oul £EG, TBDS 1 5V
AT a 12V
5V 1A 5V POWER SUPPLY
I
‘ &1
140w 3 ‘ Sv Ot
Figg8 A 5V l
power supply
suitable for
pﬂweriﬂg ﬂ m PLlCTEOMNTS AUSETRALM DIC 72
digital circuit
: MENTMUM RATINGS: Input voltsge — J5VW
‘ INFUT Dutm cuftent = 1A=
TCGHHDN Powel Dimgaion — wnternglly hmeted
3 0OUTPUT

When using a three terminal regulator, the input DC voltage must be at least 2V higr?.er than the
output of the regulator. Thus a SV regulator must be supplied with at least 7V DC. If ripple on the
input causes the voltage differential across the regulator 1o drop belf:m 2‘*-!'. the output vnltag‘e
will drop, as regulation is no longer provided. However the power dissipation of the regulator will
increase as the voltage across the regulator is increased, so a compromise between stable
regulation and heat dissipation is required. In most cases a heat s.mk should be fnnec_:i h:ra 1:e
regulator. The topic of voltage regulators will be covered more fully in other subjects within the

COourse.

Variable voltage three terminal regulator ICs are
power supply can be constructed using one of t
covered in detall in other subjects.

also manufactured, and a complete regulated
hese devices. These regulators will also be

iti-tiitit*iltt-riii:t-ﬂt
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