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The hardwar e:
T Semi conductors used in the electypeigpepndus:
depending on which i mpurities are diffused i
TA -p junction iIis a single semicbopgdechaod thgsbt
ntype. l'ts distinctive properties are expl oit
T Semi conductors have atemgeai dti crareatr iweaknlefsst he
can be irreparably damagedhedathdhkanrnge wmét &Iin pnk
which help them to | ose heat and stay cool
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|l ntroducing the <co ﬂ@thi‘OniCS

Di odes:
As the name suggests, these have only two ternm
They @anreeay vadlvleemwi ng current to flow only one
cat hode. More precisely, they offer a huge res
to anode,) and a very small resistance to currtr
The foll owing graphs show the ideal character.i
| R
v , v
Ideal current / voltage Ideal resistance / voltage
characteristic _ characteristic

There are a number of dif - ferent types of
f small si gnalwedi pdbever rating, up to 500mw,

-superior performance at high frequece
T power di odheasndl e much higher currents and po\
T LEDs -l igmi tting diodes convert electric:
high efficiency;

Bi polar junction transistors (BJT):

come in two types, npn or pnp, depending on th

T Each ha# §wacpp/ gns,forn t henhippn faonmd tthe pnp, m
di ffusing I mpurities -tehdwauegdhd ma Pk oit wtga atpthe cs=

M Each has three regions, called collector, ba
1 Var i eadaend® ur f-moccuediptackages, such ax3,TO®DBr2e ande d
house the silicon c¢Bydtagla. sThtee t ma rdwefna d tf u reesr t
M1 The diagrams show the direction of current f
npn and pnp transistors. The pnp transistor ¢
thought of-i magea ofrrbbe npn ¢ : Icr
1T The transistor is a current f_v_lpllfler The <co
currlgnti,s typically arourle f ty tiBme:PJigger
t he baselg.culrhree netmi tig, e sc-D-Fq-m-q-P , —4+—<4—N
to the sum of base and coll INltor currfplts.
Since the base current is ng + smal | e} t han t
collector current, the emitthr currenikand coO

currents are roughly equal?n
=+l =+l
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|l ntroducing the <co ﬂOthi‘OﬁiCS

Fiedfdf ect transistors (FETs):

have a bigger family than BJTs as the foll owin
FFT
JFET MOSFET
enhancement depfetion
I_I_I I_l_I

n p n p n p
channel channel channel channel channel channel

J5 7 IRk

T Al | share the same principle
the resistance of the conducting channel bet
vol tage applied to the gate. As a result, th
T The family hasJRBOsS bamdh cM@SFETS .
I n both, the gate terminal i's insulated fron
The mechanism creating the insulating | ayer
Tin JFETs (Ju-qictt iiosn dr-ibaeswea)rjgenct i on;
fTin MOSFET®©x(-Betakton FETs), it is a thin |
T1In genehahneih FETs s wicthcam nfed s tdeerv itcheasn bpe c au s e
faster through the silicon | attice than do h
MOSFETSs:
Tmare further subdivided into depletion mode a
fdepletion mode devi cetsherder asiimmicluarrr eenot JiFsE "
when the gatsf Vel rtgge,cr¥saswes, drain curre

fenhancement mode MOSFETSs hawvneo tchuer roepnpto sfilt o
Vegsi S zero but ic¢i nicnrceraesaesse.s as V

T switch faster than BJTs because the drain cu
i n -ahannel devi ceharmmdlesdawi ae,p) not minorit)
(Minority carriers can experience delays 1in

T have an extr @ otdeyr mi mwadl,| ¥t h®@onnected internal

Al l FET devices are viable fghtanpredtduepil @n iions U
rar e. The most c o nenhoann nfeolr neanth a nsc eenheen tn MOSFET.

Copyright 2023 Matrix TSL Lifnagsed



|l ntroducing the <co ﬂ@thi’OniCS

BJT vs FET:

T FET:
Tthe gate is insulated from the remainder
MTfso the i nput current i s minute.

't vel eagretr ol | edhededwiacien current ivsolcoangter ol
1T BJT:

Tis a curreatswmalpl i base current control s
current ;

Tthe i nput current #li@awsadtprnacuglo ng fao rsvwearl
and so the resulting input current is rel

Thence, the BJT has comparatively high i nj
't dawrraeontrol | e¢echedewildector currentuirs.enont

Thyristors:

The thyristor can be viewed as a co@bi adhes o
When one transistor switches on, it switches o
one switched on.

I't i s someti mes ecaolnlterdolal eSdCR e(cstiilfiiceorn) . That i
doeacts as a rectifier when it receives a cont
name given to one particular kind of thyristor
ter mi nal@sh od@aldt @ de i n a @abled d)e amdhtr ol i nput)
Triacs:

The thyristor shares -atpcopduoutyswonhhythe dnedd
to cathode. I n DC circuits, this is not necess
conduction, and so power delivery, can take pl
A triac behaves I|li ke two thyrist@daskionesbatedg
common gate terminal . | t& nhoadéé oditari e Tteadrgrvoinrad losl,

MT @ )a,n o0&t oMTAa ndadb6@onduction can takegcplescefinlht
AC supply, i mproving the delivery of electrica
Di acs:

The diac behavedaalcikk ed itowdoe shbacrkodi fi ed to conduc
voltage, typically around 30V. Used to trigger
pul ses and hence more rapid switching.

An important issue! These components apeatiassd. As a result, their properties vary. The circuits show
in this course function for the vast majority of components. Occasionally, be prepared to vary the odd r
capacitor value to optimise the performance of tGemswtiyour instructor first!

Copyright 2023 Matrix TSL Lifnagéed



Wor ksheet 1 locktronics

Thenpjunction diode

owe their bahawnictoumonntso p

Power The cathode is marked by a stri/ple

anode cathode
KLED &ﬁ_ cathode is the shorter | ead,.

The modul e begins by |l ookijngnati ome fkeda
at the heart of the semiconductor compon

Two very common devices, the-emowern ngijdde

This worksheet reveals thenrjeumactkiadn e Ibethidvd of

the power diode and for the LED.

Over to you:

fBuild the circuit shown g o]

The variable resistor alllows]|us 10 | chjange
vol tage applied to the39‘l=;—7f ‘7

Set up like this, with € kdde cpnnEcted
the positive end of the‘_q-_o er supply,| the
i orwhidsed )

TheWit@si stor protects Ammeter
damage by excess curre\”E . v y -
1T Set the power supply t | I 1OQ
1 Before you seMidath 0n, - RS 67 y

1t hz20mA mM&Lnge on t he OV e T d i U

Tt h®0V D&nge on the v %ZVoltmeter
fTurn the knob on the \\[l s o—————ele=  ei Ul
anticlockwise, to set the supply voltage t
zero.
f Turn the knob slowly c¢clockwise until the ¢
Then read the voltage across the diode.
¢ Turn the current up to 4. 0mA, and take the
The current wild/l change rapidly for a tiny

t h

[
di ¢

'y
(0]

ur I

V
c !

Be cartedrun the knob on the wvariable resistor

fContinue i n this way, i ncreasing the curre
reading each ti me.
TfWrite your results in the table given in t

Copyright 2023 Matrix TSL LifPadrd
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Wor ksheet 1 locktronics

Thenpjunction di

So what ?

< A
E2O
T Plot a graph to show yourz'%fesul 15
16 .
¢ Draw a smooth curve, Iikegmthe one sthNr, usi I

your plotted points as a guuildle
10

o N B O

050 055 060 065 070 075
T Now, turn the voltage down to zer o, ¥lng/Vswit (

power supply.

T Remove the diode and replace irevebsaetder wa)
T Switch on the power supply and turn the knob

the supply voltage to its maximum value.

M Notice the current reading on the ammeter as
Comment on your findings in the Student Handl
diode with the ideal <characteristics shown i

The power @nway wWal wewi ng current to flow throc

When f obriwveasredd, a power diode conducts, with a
When r ebviearsseed, it does not conduct at all (for
(For a resistor, it does not matter which way
thing whichever. Try it 1)

Next you are going to carry out -etnhiet tsiannge diinovdees
Look underneath the 5V LEDecompomermctonnelct elda s |
to protect it from high currents.

Chall enge:

fUsing the same circuit as before, plug in th

T Repeat the investigation, but this time incr e
of 2. 0mA.

f Measure the voltage across the LED itself (n
and record your results in the table providect

T Pl ot them on a graph and draw a smooth curve,
points as a gui de.

T Finally, connect the LED the &t hlhesredwayynrdo croadn,
its behaviour.

Copyright 2023 Matrix TSL Lifnag8d



Wor ksheet

2

locktronics

The zener diode
The zener diode is remarkably unre b % \, |t
semiconducting diodes do. 't pass- % ent
bl ocks it wheamsedevemdess the rever % lge i
the diode breaks down. \ %
Howevedmorfilslodes, reverse breakdow g oc
voltage, e.g. 400V, and can damage ’\_ ] e .
designed to break down in a controlled manhner
Over to you:
PartUmMder forward bias:
fBuild the circuit shown oppogttye
Set up in this wafyor whbhred szeedh e r i d1ein5
The variable resistor aIIovBs/_T_uﬂ 08.9\§Z”<V> t he
applied to the zener diode, whidl®2mo tdring
flowing through it and voltagre across|it|.
Make sure that the power supply is set to 3V!
T Before you seMidacth :0n, - - - - ]
Tt h20mA mM&nge on t he (. - Lz\mmet:r -
1t hz20V MD&Lnge on the \
TTurn the variable -resi3vV’ 0 d o i
clockwise to set the T| |F 1kQ ro.
T Switch on the powéehre SklOV:‘m 5 3:” GOSN
sl owllywckwi se to incre
Voltmeter
f Watch the ammeter react
. . Ml e 0 by Jelem o
1 Stop increasing the vl Tago wma 0L Ccuoorlrve
a current flowing through the diode.
TWrite down the voltage reading at which this
PartUBder reverse bias:
T Switch off the apdlgwesrt supplowtegmud voltage to 1
1 Turn the zener di ofteo ccaomrneecrt tihtr oiung hr €lV8eOr se b
f§ Turn the variable resistor knob fully anticloc
T Switch on the powere asswep pplhye avrmod t a g et warprpihregedat -
iable resistor knobs | owllyockwi se. Watch the ammeter read
1 Stop increasing the voltage when you observe
TWrite down the voltage reading at which this
Copyright 2023 Matrix TSL Lifaded



Wor ksheet

2

locktronics

The zener diode
So what:
The behaviour of a typical =zener diode is show
. A
The voltagkd d akboredwmredas t he. zener gloltalge, V
©
Compare the behaviour you obserlved] inf[the inve
with that shown in the graph.
Devices are available with a rajngg of/ zener vo
The table shows zener voltages [for]l p Curregtf t he
zener diode series. (These e dep
2.42.73.03.33.63.9V Minimum current
T ——— - Diode will not regulate
4.3 4.75.15.66.2©6.8V smaller currents
7.58.29.110V 11V 12V
You may recognise the valuels as| thHose wused in
. . Maximum current
E24 resistor series. D ———— —Diodeisdp_ermanently
damaged if exceeded
Another important parametef tbetheneowdrodatim
BZX55 series has a power rating of 500mW. This
mi ssible current pnas@usiVag the formul a: I
For example, a 1N5913B zener diode bmasata zpeoneer
rating of 1W. This means that it can sustain a
Typical aapprieterieoce voltage source:
As the graph shows, the voltage across a zener
as the current changes. This makes it very wuse
applications, suchaasgiAGs c(oannveelra gewtesa)n aal nodg ubeA C s
converters).
Here is the analysis for the simple reference
Reference voltage = 12V (set by the zener vol't
Supply voltiageshavVed between the zener diode ar
l gnoring any current drawn from the voltage so
same current, I, flows throughy '
Suppose VYskatl5VWVR = VBO0O R
The voltage acr £¥s= rkeb2i st 83rv.R = o
Applyimg IGhwint o the resistor, 4oy Rs(f)c—lztraenge
current | =V / R = 3 0020 TaA = 1
Power dissipated izax tlthe Zé&ner 1di o=d €l 20 miV.
Power dissipated in the resistor = V x | =
Copyright 2023 Matrix TSL LiPmigtedd



Wor ksheet 3 locktronics
On/ Of f -8dAdAt swi t ch

The module begins by |l ooking a“‘ 0 trol
devices, switched using a var.i ” oni
The worksheeks at tihveaguesgsticoh

switoth?compares the behaviour ni c
that of a mechanical switch.

Over to you:

A switchstisst @ devwi ce. The states are called op
T Build the first -scwirtccuhi tc,o mthreoles

1T Set the DC power supply to out18/__

T Measure thW vodrnage,the switch: T
T when the switch is open;
T when it is closed.
Notice the behaviour of the

er

1 Move the voltmeter dowi,t &@acm
the |l amp, with the switch op

t a
0S¢

TfWrite your results in the ta he

fBuild the second circuit, where a transistor
With the switch closed, a smalll base rrent
a much | arger coll ector curren|t t°| vthe I
— L
T Using a 12V DC supply, measuing v :
9 V,, across the | amp; T
1 Vcs across the transistor; -‘V Vee
when the switch is open and whlen
T Notice the effect of [ s
TWrite your results 1in
n Han k .
Student andboo 12V s
‘_i_
OV o2
|

Copyright 2023 Matrix TSL LiPmigteédd



Wor ksheet 3 locktronics
On/ Of f -8dAdAt swi t ch

So what ?

fLook at the results for the second part of ¢t
T Add toyYyseahdr What do you notice?
1 What do you expect, bearing in mind that t1I
across the power supply?

T The behaviour is the same as for the mechani

the supply voltageat or,atneekdaensi mmg nteh eetinttthiesrc ol |
vol t\age,is either as high as it -cam@tftceat dy oanm

|l ow as it can bet h@hdsdrayt egl.ose to 0V

A challenge or two:

1T To see the effect of the transistor, T emovVe
Connect the I amp directly to ' — '
shown opposite. The current I

(You coul d rWrneosvies ttohre. 1Tkhe | amp th1g}({

wel | . However, a transistor switec
example, a |light sensor could |be
gets dar k. Some sensors have a hngV:
theMl«si stor in this case,) anjd wil/l

without the help of a transistjor.)

1 Modify the transistor ciornobhéh ®Bhbet he |
is open afwbhegnoeist i s cl osed.
( Hir-ohange the position of the swit

T Modify the circuit so that the swit contr
(You wi || need to add a diode in rekerse p:e
the transistor as -sbhe mbheteodi agr amr goef t e

M1 Modify the circuit so that the swif¢cC contr

(The diode is needed because the motor I s an
T The motor rotates because current fl owing i
T When the current stops, the magnetic field

| arge voltage in thaeckmiposi te direction, (

This can damage the transistor.

The power supply sees the diode in reverse

It essentially does nothing when the motor

Théaeknmihowever, sees the diode as forward |

This clamps the voltage drop across the dic

The transistor sees this as 12.7V, which pc

=A =4 =4 -4 A -4

Copyright 2023 Matrix TSL LiPmigteed



Wor ksheet 4  JleJodJige]gllefs
On/ Of f -MOBTFEJd] s wi t

The BJT switeh nitsr od | cewdr rdeervtieané t t €h e or
resi stance depends on the base curr
A prodsloemme subsystems cannot delive I en
the BJT. The MOSFET switch, the foc Ni s
more suitable control devi ce.
Over to you:
fBuild the circuit shown below and set the DC
T Measure Wl taxzgeosmp tdiged betdvene msoaunrdce of t he
MOSFET when the switch is open and when <cl os
fWrite your results in the St ude
! +
[o ViV
12 |
— - +
10kQ : V Vbs
The next <circuit illustrates the principle of
fBuild the second circuit

M The DC power supply is set to

T Switch on. At this stage, t h—&-
I f it is glowing, swap the1ﬂés

utpu& 2V, as
RORP S hwul d be

 flror a b
LJ bet wee

(Device characteristics vary]|slig

T Check the voltage -oh sheubdt et be nal
t ween 2.2V and 2. 4V.

T Press your fingers in the gap between the po
better i f you dampen your | L ﬁg J!)
This ig9tsdafseal it ague circuit
Do not try -vwdlitsage diirgd Fingel

1 Observe the behaviour of t1412\/]e ° w 0l t me
you do so. 10C

T Answer the question posed j_ nt Han

0

OV Je e
LK8275

Copyright 2023 Matrix TSL LiPmigte8d



Wor ksheet 4 locktronics

On/

Oof f -MOBFEI] s wi t

So what ?

The
t

=A =4 =

=A =4 =4

I
A
T
t
A
I
E
u

O < - W T o

The
S i mi
ma k i

The
@ fod n
al i s
Swi t
El ec
The

enhanmomedme nMOSFET:

is "Off" when the gate bias voltage 1 s zZc¢
drain current fl ows ogl yi swhgerne attheer gtahteen vzoel
i's vol th adeae apruglel scarriers (electrons or hol
e channel bet ween drain -so0dr sceur e, srandce)

a resul p,, fal ocwsr rbeenttweeln t he drain and the
creasing the gate vol thargeea ri miceresa sarsd tthlee nd
entual |y, &tahteu Osh@ SeFslsfoauirnce r esi stance reach
, Knopwdw as r

MOSFET transfer characteristic (showing h
|l ar to that of the BJT ttrlaesliisne®ar, mwedihom
ng it very unlikely that the MOSFET will |

Youp Voo o ____
104 : [
101  iBJT |‘MOSFET
8T 1l =
Ideal switch 8 1
characteristic 6T "
41 1
21 21 : ‘\
ot — > 0 :‘- ........ P S . ' -
! Time 0 1 2 3 4 5 vV
Switch IN .
€ X a C tclosed now voltages at whi ch
ds @Gmbdegi ns depend on the device itself. T
ed and illustrate the difference between
cching

tridals mowem by t hR=Ik¥dr mul a:

danger for semiconducting switching devi c:

T When swofEthende Icsrzemo and so the power di ss
T When swonhcheéeéedak Wiod t(aiglekeal l'y) zero and so the

Howe
curr
The

The
not
MOSF
er a

ver, while the device is turning on or of:
ent and the voltage across it is not zero
solution is very fast switching from one
BJT is not good at this. For high current
make good switching devices. The smaller
ET make it more suitabidséenks mayswiet nleedtllo:
pplications.

Copyright 2023 Matrix TSL LiPmigtedd



Wor ksheet 5 locktronics
On/ Of f -¢cbygtri et or sW
Thyristors are designed to switch high current
They a4 at s4oinicge t ur nae ds uofnf,i chiyé
pul se of current tfhHeywisitgay nam
T it 1 s -bfioarsweadrodde mor e posi't de;
T a sufficiently |l arge curre ano
They make spepwembd d$hwigthchi ng d t he
move extremel y fqari vedricdc &ft raggra
(foriwamadedoe¢botducti ng,)ndiurstt aa
As a result, they dissipate very Ilittle power
Il n some applications, they operate with AC| cur
DC circuit.
Over to you:
TBuild the circuit shown opp|osgig[]le hy & i ncl
fad |l ywheett odpoeleent damage |t o
thyristor when the motor -s=wit&hej ff
. 12V X P
fa IInFOcapacitor to reduce —B_—0|§e w1|4up can pr
vent the thyristor | atching oin (SZotY(ishown i
di agraff iébctail bynot needed)) T
fa 1Mrkesi stor to protect theée gate Trom exces
rent .
1T Set the power suppl
TPress and reXl edleei s

happens.

1T Press and reYl ease
Agai n, notice what
observations n the

1 Set up a Picoscope
T1the voltage
(from MAtoG)n;t s
Tthe voltage YacrossOVe
(fromBp@&) nt \

S

1
acr oss

T Press and r eXltemaga rsiwiotnc it he
i Repeat this wuntil you have
T Save the resulting file for
T Answer the questions raised

Copyright 2023
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Wor ksheet 5
On/ Of f -¢bygtrirselt or s

locktronics

So what ?

When sWis$ctlosed, a current flows into the gat
Tthe current i ®ihbhigger gbahaeanctuyheiemdal 'y ~ 1 mA,
Tantdhe voltage between gaxXxeceadadi maenhgdee Vol t
Ve, (typically ~ 0.8V,)

The thyristor then turns on and | atches. The .

even whexXiswiopelmed again, provided this curre

cal | ehdoltdhieng ,guUrtryemitcal 'y ~ 10mA.

When conducting, a residual voltage drop of ~

there is still some power dissipation. The t h
I't behaved altickhe nag sellfay. Like the electromagn

high currents. Unli ke the relay, there are no

switching takes place a thousand times faster
The method of switching off t&haep atchiytroirs tcobrmmustea

Capacitor commutation:

Once in conduction, the thyristor cannot be t
(I'n other devicegattesruot h, as hyhesGo0O, this is n

The thyriodoforytwhaeaears:

Tthe anatdkrode current falls below the holding
Tor the devilticadestda evreadse being | ess positive

The usual way to switch capaocfift orn cao nbn@Qu tca tricouni °
When swobftéthed

Tthe full supply voltage, 12V,Psiittss atcrokaV.tt
(The voltage drop across the |l oad is zero a

Tthe volta@= ®l2VYoaYitswopei.
Cl osingXiswitch

MTsends a current inamhehe¢é hgatiast i c hi g
Tthe volPagesat o ~ OV | eavin 10k Mp1|9k9
vol tage, 12V, across the | o0oad, an a cygrrent
through it. 12l XOI P Q

( SwiXccahn be r-eheasbgristor i | '@t c ZﬂFuF )
Tthe volQ=age 2a/t sti |l | . ‘ Yq
The -Herfd ) deof (the capacitor i —OAJand

hand L) deat (+12V.
Put anot@ies WwayV,hiBher than

Copyright 2023 Matrix TSL LiPmigteéd



Wor ksheet 5

| locktronics
On/ Of f -¢cbygtri et or sW

So what ?

Capacitor commutation.

To switch off the Ythyristor, press switch
Tthe o IQtf eagsdu dadtetnd y0O V.

v 10kQ
The voltage drop across a dqapa (
unt il charge fl ows, I . e. tEnti (

12V, X

As a result, a sudden vol t—sgge
causes an equal voltage chgnge ,

is no time for charge to fllow.

T Qmust stil]l beP.12V higher than

When the Walrtopgpedatt rom 12V to 0V, theP capac
down by the same alnPoMuntT h ef raonno dOeW, tdocsilra&/c t~e d
but the cathode is connect ebd atsoe dO Va.n dT hseo tshwir

TA | arge current now f I owshanrd oplgaht & hoef |tohaed «
causing thPtwottagegatckly torisla\l eAismidl, arcl
throughWpbeplO&sistor retQtrans+th\¥. vol tage at

The following trace showsPwien c$Baiindgegsr eisns etdh:e

e S |

i tc hée d o n.
1V """""""""" T

; Capacitor foitcesi volitage |
R afPdown -tdvVv=], ¢ & b
_402 . e 0 * Pico Technology Lofwgimteducm e - o . o
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Wor ksheet 6

. N locktronics
On/ off/ direkEbrodged .

The-bHi dge is a system of switches which con
controlling the direction of 4y '+12'V'T
The diagram shows how four r C
this, though the worksheet L/l !\l'
The shape of the centralddpar ;|
(HObI’idgE! <— { \ —=5
Current flow Current flow
One proetbHemower supepcliyr cwiiltle .
wrong pair of switches is cl oV oV o

uses a changeover switch to avoid this.

Over to you:

9 Build the circuit shown opposite.
Notice the yellow wir t1 t

TRk Tt

I
MOSFE'A C and andJdt hle glle =W i
linking the ga@an @f 'MOSFETf‘J: /\ /\@E

These ensure that:

T all MOSFET gates amVTe_ h_e_w_
— =

(ald
Q

|l ow volt®Wwgesbgt dMs ;T

ITT

a
T either: J

|
C
MOSFE A C and 1fud 0n7< 7( [II]WIQ

or
MOSFEG Q and T 0T
depending on the changeover switch positi

1T Set the DC powe I mmmhmhmimSubmhmmmbm @m0 4
and switch 1t on o 5¢ Nk et

T Notice the effec
changeover switec isi
Tthe upper posi
Tthe | ower posi .
T mi-day bet ween

T For each positi oqoys
vol tage on the |
motor, \Cyaamdodio\/;

right en@)(.drain

1 Record these in o —
Handbook and answer the ques-

t  Jfat €S of

re

on.

tions. NB: d@omorget to wire the bl ue
drain of B and the moto

Copyright 2023 Matrix TSL LiPmigtedd



Wor ksheet 6

. N locktronics
On/ off/ direkEbrodged .

So what ?

The diagrams show that the current direction
changeover switch moves to switch on the othe

Ay N DNOr

| I > @ -
12V; J
© I

1MQ \ /\ MQ|

TXT
@)

MOSFETA C @Banadndcurrent f1l ocawse from | eft to rig

ey
i
4

x>
TXT
>

N O)|

1 —*ﬂ"{ﬁ> < <
12V 1
¥:- __Q}FL' - -
Q| | Al
1MQ[|] /\ /\ |[me

MOSFEG Q ®ovanadndcurrent fl oawse from right to | e

<
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Wor ksheet

7

locktronics

Mot or eBhT remi tter
The circuits soowndéodbhtsolf aSomeftdames + hat
i's not enough. We might want o] s |
tor,
increase or decrease the brig | amp
need graduated control
One way to achieve this is wi mi tte
which wuses a comd mmamw At @&Hetroerl v o v+ v«
the collector is connected directly to the| pos
The base ter minal is the input, as before, | but
The emitter follower delivers both high voltag
|l oads, such as a motor, it is best to incofrpor
back e. m.f. when the current switches off 5 udd
Over to you:
9 Build the circuit shown opp
T Use potOeo vary the input volt
t he behaviour of the motor ==
This circuit allows fine 0102-\é'_
f Use a multimeter to m¥asure
1 Adjuspotthegi ve an input volt
1 Measure the correspd/audiﬁ"g""
9 Do the same for inputs T
1.0V; input,voltag
2. 0V; 12V e . e o
3.0V; T L R
4. 0V: ) — ] voltage
5.0V. 0V s i S o (]
- 10kQ -
f Each time, measure the " Multimeter - | put
vol tVage, e ot N© . 'l .
i Record the measurements 11 Lie Lduvl g‘lven [
the Student Handbook.
Carry out the tasks described in it.
Copyright 2023 Matrix TSL LiPmaigéd



Wor ksheet 7
Mot or EBIhT remmi t t er

locktronics

So what ?

This circuit is useful as an interface betwee
current and a subsystem that draws a much ar
Even though the voltage gain is around unity,
gain x voltage gain) because of i1its high curr

I nterpreting the results:

T When the inpus ygyolkttage than ~0.7V, the trans

MTAs a result, a voltage drop of ~0.7V is
T The remaVndserdroofpped across theVopmotor, |as
T Hence, the emitter follower relationsJ¥i p:
VourmVinO. 7
Vol tage gain: v
Vol t ageVog&M = " T
= ~1
Current gain: Vour
Out put current e&mrouglh toadent
l nput eelgrrent
Current gain = output current lc i
:lE/IB
From Ki& chhrofdnt | aw:
le =lc+1g le
and lc > g
Hence = lc/Hg=ehpg(r eenhte geauirmr e nt

transistor.)

Sample measurements:

The foll owing measurements were taken from t h:
I nput vokte3. 0V '
OQut put veukt 2. 5V V
Il nput cgurre00. 8mA
Qut put gurr 108mA
Using them gives:
Vol tage §aiBn
Current d80bn
Hence Power gailo8
Chall enge:
Repeat the measurements for an input voltage

Il s there any effect on the power gain?

Copyright 2023 Matrix TSL LiPmaigxdd
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Wor ksheet 8

Mot or edanliriongt on
Someti mes, one t@r @amodiugthdr |
The emitter follower demand§ Tl
some subsystems, some | ogi @ sl
del i ver.
One solution is to couple t
arrangement known arsatahedrarlli
rail way where they coupl e t
is a heavy |l oad to pull!

Over to you:

fBuild the circuit shown opposip——e—

The procedure is identical to t1lE)k?2 s e i n w
T Use @okro vary the input volta,lg-:e_, a ng th
of the motor. —

f Connect a multimeter to measurfe tphe n b u t
vol tage, as before.

T Adj usp ot hegi ve an i nput

vol tage of OV ar ol . Jof Jof o ol o
corresponding ol :

Il f you are unsurzv: .10kQ; . 1 bt o
take these meast! -

back at the pre\ H EQ T,

They are taken fgyie— . . . . . ol
points. T

T Make the same me I

for inputs of 1. a o a a . Lo (]
4.0V, 5.0V and ¢ ’I

f Record them in t o Tet o ok “or 0 Ae
Handbook. T R e

To see the advantage of this arrangement over
T Set the input voltage to 5. 0V.

f Measure the input current (B@Aase current in t
T Measure the output ©Tur¢eatrénomthraonghstbe m
power supply).

T Record them in the Student Handbook.

T Use them to calculate the power gain of the

Copyright 2023 Matrix TSL LiPmaiged



Wor ksheet 8
Mot or edanliriongt on

So what ?

The input voltage fixes the input (base) curr .
much | arger collector (and emitter) current |
of the second transistor, controlling an even
The transistors usually haT)e Wadfarkringh pcwmpreer
power ratingT,) Thassacloinghér power rating and
The foll owing sample measurement s were obtain:
Using them gives: nput vakte3. oV’
Vol tage @aibn Output veukt 1.9V V
Current 4460 l nput cgurreO0. 08mA
Hence Power gai6®o0 Output eurr92mA
Advantages of the Darlington pair foll ower:
Tvery high curr elpd gaildn; of= gain of
Tvery high input i mpedance.
(For a given output, the i nput current i s tir
Di sadvantages of the Darlington pair foll ower
T higher overall voltage drop between input art
emitter follower);
T higher satwuration voltage, when switched on

Chall enge:

To demonstrate the ability of the darlington
extremely |l ow inputs, set wup th T 1 show
uses a phototransistor as a | i gh1ookQ

Notice what happens when you c¢ o ot ot

——

(You may need to adjust the sil2Ve resi s
| ight conditions and component [ 1)

As the |ight |l evel drops:

fthe resistance of the senso

MTthe base voltage of the fir I N
fthe base current to the fir I n
Tthe current through the mot

Tthe motor spins faster.

The WM @lsistor in the sensing s
current available to the darl:.

Determine the power gain of tho
in dim |Iight.

Copyright 2023 Matrix TSL LiPmaig8d



Wor ksheet 9
Mot or cMOSFEFBT source

chktrqnics

- Depending on the application, MOSHETS
' over BJTs, including:
T higher inpu-tl eismpedianmeent required t

Tsmall er p-ower efdest of t hepsfdgijdua
of the MOSFET is wusually small ejr t|
voltageceg(d+ op. 3w ) when the devi ¢ces

q9faster sawondaddwetnigon by majority,| not

fno tendency for ther mal runawayl.

This worksheet examines the bahavinowmmpdfi ftilee ,N
t h®@ource .ol ower

Over to you:

The procedure mirrors that wused to investigat
Source follower:
9 Build the circuit shown opposite.
1 Set the DC power supply to 1pV. J
T Use pbdko vary the input voltage 1%kr(‘5d atch t h
behaviour of the motor as ygw d ;
9 Connect a multimeter toV|rneas_rthhe ut vo
1 Adjuspotthegi ve an input voltagge I(N)fVou
1 Measure the correspodsvgdi ng outpu vot—tauye,
9 Do the same for inputs of:
1.0V; ha D O !
2. 0V: q _ Multimeter
3 Y ’ 7 input,voltag
' i 12V s . e ol
4.0V, L g Multitme:er
> OVy o 19 Vo
6. 0V. OV Je——— ° 1€ = °
1 Each time, measure the X1OkQ - 2%put
| l
VOIt\éOgTe, m EJ e 3;( N — ] B
1 Record the measur ement ¢ Multimeter - : en i

the Student Handbook.

9 Compare the behaviour of the emitter foll owe

Copyright 2023 Matrix TSL LiPmaigxdd



Wor ksheet 9

Mot or cMOSFEFBT sour ce

So what ?

chktrqnics

As with the emitter foll ower, this
can supply only |Iimited current an
T The output voltage foll ows the
91t has the advantage that the in
T1ts output 1 mpedance is | ow but
T The current gain (output current
so small Al t hough the voltage g
i1t provides a reasonably | ow out
i mpedance means that the output
attached to it.

T The MOSFET is in saturat.
i s determined byutrtite )i nwpultt a(geat e

However, it has -oan hvioglhtearg @ ntphuatn ttuhren BJ T

opposed to ~0.7V.

Sample measurements:

The foll owing measur ements

I nput vokteb5.
OQutput veht 2.

l nput ccgurreo0.

Qut put pgurr 108mA

Using the same argument as

Vol tage @aibn
Current dga8&iBO
Hence Power gabdo0

Chall enge:

Repeat these measurements

Once agai n, does this

on, SO

wer e
ov '
7V |V
1 mA
for t he
for an i

have

Copyright 2023

any eff
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circuit 1is
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nput voltage
put i mpedanc
not as | ow ¢
/[T nput curr
ain is | ess
put 1 mpedanc

vol tage wi

t he

t aken

current

from

emi tter

npu
ect
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Wor ksheet 10

locktronics

Mot or ePWMTr ol

Pul-wiedt h modul ation (PWM) offer mot o

but also position control for s:‘;lifs’&_‘,}f«;’ R (u

applications, including industrt Y

PWM is a digttthhd diegrali qiue ei t h | fl .

lts advantages include: e
Tfsuperior energy efficiency, (- o an
fcompati ble with digital dev = as m

One way to generate and control 1| 55¢
Over to you:

9 Build the circuit shown opposite. (The Lockt
connections.)

1 Set up a Picoscope to mo tput
signal ,Aa(np@ i nt £onnect:

1t h@r o dtnedr mi n ad\@ort aoi B) h;(ea1ET— Ouytput
f chanAttd the 555 output—=
Suitable Picoscope settir —|—10nF
Il nput ran+#0V DC
CollecticlOms [/ diwv
Trigger nAuto I A ;

1 Ad - Al'l other Defaultgsa —
jus.tqomthe oV L
Notice the effect o

§ Turn t he kdnatbu lolny tchl
(al most!) Save or ov el r
your records. L

1 Then do the same with the-knob NBurmoewkr (@ndmo s
| K . connections of 5!
clockwi se. not shown in | ay«
t he

T Answer guestions in the Student Handbook

Chall enge:
t his
udes

control t mot

tteil

Us e
i ncl

system to a

a BJT e mi

t he
T On

current

dr awn

froi

a

second

baseboar

foll ower
wor ksheet

9 Check that
t he

and

7

as
you

mot or

a
c

motor @uos.i ng

Copyright

S 12V
gui

an ¢c
t he

10nF
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Wor ksheet 10 locktronics
Mot or cPWMTr ol

So what ?

I n pwildteh modul ation, the output signal switct
Thénarmwks t he ti med@idor whi ch odg i S

Thé&padiese the time@dr whi ch ittt s

The signal s heawsnp ahcaes raa tmaor ko't 3X I

The taeurtny 6c g carot her measur e olf ™ Hhd [slapme tfthi ng
i's defined as the percentagel| ofl |t]i Spc! flojrl whi c
@HoThe signal shown has a dudeghl cyc el b1 7Ti26%.
The motion of the electric motor is not affec:
occurs is sufficiently high. The inductance o
I n it. I n addition, the inertia of the motor |

The following traces were obtained fr amodtt he P’
The signal on the | eft hasdat gmaydt¢c!l enaok: shawe
For the one on the rigatduthecyalr &: sbac83Ws ~

UL TTTTETATT

Whmy i s PWM;HEmiecrig@'nt ?

The pPwessipated in a device is given by the
P=IxV

whet=e current flowing WbBrooghagbeddepped andos

Il n an ideal switch:

T when on, there i s nW=vlhlamhdjedmcenwnassgytwast e

Twhen off, there is h=o OuaRd négadihm omghenmner,gy .
Providing the switching oosfi aee e esheapveliy |
energy i s wasted.
Chall enge:

Using the 100nF capacitor in the circuit, me

Hence calculate the frequency of the signal
l nvestigate the effect of changing the 100nF

Record your conclusions in the Student Handb

= =4 =4 -A

Copyright 2023 Matrix TSL LiPmaigx&d



Wor ksheet

11

locktronics

Phase contr ol
The graduated control systems | far
an AC power supply is used, anot bec
avail-phbhdee control, the focus of““‘ shee
This technique offeerfsfirceileinatbloepe!"ev owe
control devices such as thyrist A C S .
Over to you:
f Build the circuit shown opposite.
't uses AtChew&RVsuppl y! 100kQ
The WM$pOodit s set up as a variable mwysi sfor.
The -abectrolytic capacitor can bA‘% coffhected
1 Set up a Picoscope to monitor t h€ vo 4729”5e ac
(poiAatn®) and the voltage acrBoasnsG)t:t he capacito
f connect one of Gghe dgwmalcmil hadWopelGY Hat

f connect Athoanmoeni tor the AC supply;
f connect Bthoanmoeni tor the <ca
9 Adjuspodameéd notice the effect o]
Bthe voltage across the capa
T Withpowherned fully clockwise esul
for your records, or print t
T Then do the ®aiherwietdh £thhod kK wa
Suitable Picoscope settk@8@gSto | abel s:
|l nput rAamge +20V DC G-@r odcnadnnection for Jjall
Collection 10ms [/ diyv A-connection for AC suppl
Trigger modAuto B-connection for capacito
Al'l other s Default values
Chall enge:
T Il nvestigate the effect of wusing different re
T Complete the passage in the Student Handbook
Copyright 2023 Matrix TSL LiPmaigk8d
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Wor ksheet 11 locktronics

Phase contr ol

So what ?

Il nterpreting the traces:

The foll owing traces weaantorbdlai mierdc U ixthd el dire nqlt
was used on theamptriobledc kalieqm editdnse moved sl ightly

fully anticlockwise position. Otherwise, the
o _ Bl uAC supply e
Anticl ockwi BedCapacitor "

\
\\
<
\\
g

Capacitor signal |l ags & little behind
“ Cl ockwi se

Bl uAC supply
RedCapacitor

»
S

Phase |l ag is ngw much greater.

50 50
-500 400 300 -200 100 00 100 200 300 400 500
ms Pico Technology wwawpicotechcom

Copyright 2023 Matrix TSL LiPmaige8d



Wor ksheet 12 locktronics

Lamp cetnhkyroilst or

The thyristor and its relative, ar e
l amp di mmer <circuits, in the hom res
such as sports stadia.
This worksheet demonstrates Iphws t he
conbr ol
Over to you:
9 Build the circuit shown opposit ef 12\/89
As before: 100k O-1A
Tit usesAC€phoewelr2Vsuppl y; o jﬁx
fthe W@aks set up as a variabjoi\;/’%l resisZor;
fthe capacitor can be connected eil] ef way
T Adjuspoddameé notice the effect on [ hembrilght ne:

i Set up a Picoscope to monitor:

1T the voltage acrofsasn@he AC _q:(unn\El(v_\E(( -
and across tBan@apaci/ * Je———e———er———
T the AC suppllajn@ohbndge ] ®
vol tage acr osGand)e thI o b <100kQLs %

One of t he &o@srca dtiedy sné o @ d
connect ed\rtai B)h(eat

T Withpowderned fully cloec +{
traces for your records ut
T Then do the dadherwietdh{ At
cl ockwi se. C‘
Suitable Picoscope settinﬂgy to | abel s:
I nput rAam@e: +20V DC G-@4rodmnadnnection for all r
Collection t 10ms [/ diwv A-connection for AC supply
Trigger mode Auto B-connect!on for capacitor
Al'l other se Defaul:t V?]|uecs-connect|on for thyristor
Chal" -
| enge:
The simplest way to dim the | amp is to connec:’
in series with it, as shown in t| - St di
¢ Build this circuit and measure . 250Qn t  f
the variable resistor for adimAC"\)/ d th
. . 12V .
9 Calcul ate the power dissipated 04Ar i ab

i Record your results and answer ..o—go<.o.10n
book

Copyright 2023 Matrix TSL LiPmaigBed



Wo r

k sheet 12

locktronics

Lamp cetnhkyroilst or
So what ?
Il nterpreting the traces:
The foll owing traces weaantorbdlai mierdc U xthd el dire nggl
was used on the probes.
‘. Bl uAC supply L
Lampbri ght Redcapacitor
‘Théspi(‘)ik:e caused by the sudden current dle mand
JCapacitor signal lags a little behind tthe AC
FIl attene<ipcorutiitoncannot sustain voltage| whil e
;; Bl uAC supply
. Redt hyristor
The two tr/acineséhocfpaelalcw vitther .
The Picast¢taiopedbhgecti on i s used to separa
\
Horizo/ntatlh)proirsttia)rn i's |switched on.
El sewhfewlel AC supply alcCewossSwthewthydisitsOr,;
-t hyristor is swifftched off.
Copyright 2023 Matrix TSL LiPmaigBédd



Wor ksheet 12 locktronics

Lamp cetnhkyroilst or

So what ?

Il nterpreti ngcotnhte ntureadc. e s.

50

g Bl uAC supply o

w0 Lampdi m Redcapacitor 160

30 7 - -120
Capacitor signal | ags behind the AC supp

I The flattened portion is shorter| as l.ess

% Bl uAC supply

30 Redt hyri stor

/ - ﬂv

Hori zont atl hyroirdgti @mm i switchegd on as before
much shorter ti me eacr1 AC cyc¢le and so the

-3.0
00 100 200 300 400 500 600 700 800 500 1000
Pico Technology www.picotechcom
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Wor ksheet 1

3 locktronics

Lamp c etnrtirad
The thyristor is also known af¢ ontr
This highlights one aistpeics afr hce
Current can flow through it i1 on o
switched off for half of the 1 e r e d
The triac allows current fl ow Cti o
more power to the | oad.
Over to you:
9 Build the circuit shown opposi_t
Look at the equival ent thyristo&%\’é\ uit (wo
There, the |l oad, (the | amp,) cted af
control network (the re5|stoAC’\Jand citor)
Here, it is before them. For 0s tl ds, it
di fference
which configuration is chosen.
As before:
Tthe circui ACsuuspepsl ya, I sl ok e e <o
fth@eots set up as a
fthe capacitor can b
way round. :
B
f Set up a Picoscope to ) e
across the AAGSupphy, .
t he capBan@ar , (
Suitable Picoscope set tji 5
I nput rAamge +20V DC
Collection 10ms [/ diwv
Trigger mod Aut o
Al | ot her s Defaulg
9 Adjuspodameé notice the effect on the brightne:
T Withpwhherned fully clockwise, save the trace
T Then do the ®aihe rwietdh £thhod Kk wa s .
Chall enge:
T Swap the | amp with the connecting |l ink just
phase cont rDwole snegthwesr knake any difference?
T Il nvestigate the effect of wusing different re
T Answer the questions posed in the Student Ha
Copyright 2023 Matrix TSL LiPmigB8d



Wor ksheet 13 locktronics

Lamp c etnrtirad

So what ?

You probably noticed a sudden change in the b
@ bdfThe cause can be seen in the sample Picosco

I nterpreting the traces:
Once again, &daedltamigt wasthused on theaptrobes

arrahgection is used to separate the traces.
Lampof f
The full AC supply
across the triac Bl UAC sujpply
the | ampthe kamp RedTriac
Il i ght
B // & \ /[ ,/'/-“\\\ ,
// \\ /y/ ' \ / \\ ) / \
The triac switch
positi-cvyec lheal(fs how
horizont al part
but is off tﬁm
hat?cb ‘
The triac switcheg on for art of
both the positive |and negatsivwec ikabpiy
cycles but not swwcallmmriac
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