ldralX

Transi stor ampl.

POWER
FUNCT | ON

TidralX

CP4403

wWww. matri xtsl .com
Copyright 2024 Matrix Technology Solutions Limited



l ntroducing transistors 3

Wor ksheetTelsting BJT transistors

Wor ksheetBJZT transfer charatteristics
Wor ksheetBJ3I' out put charact®e@distics
Wor ksheetTransi stor as a swi2ch

Wor ksheetTrlansi stor as an almpl i fier
Wor ksheetTr@aansf-ooumelred ampl 16i er

Wor ksheetStabiliseamictotmenonamml i fier
Wor ksheetEm3 tter foll ower bzZzGhaviour
WorksheetEmd tter -ACI h®lwavi oRP

Wor ksheetPulsphul | f ol |l ower 24

Wor ksheetFEOD1 transfer charazG eri stics
Wor ksheetFEIT2 out put charact28 i stics
Wor ksheetMOISFET switch 30

Wor ksheetMOISHFET applicati on32

Answer s 34

Student handout 4 2

Copyright 2023 Matrix Technology B89®tion



I ntroducti on

BJTs

collector collector

base npn pnp base

emitter JFETSs

drain drain

n-c hannel p-c hannel

gate gate
source MOSFETS source
drain drain IdJrain Ij’:\in
gate \ gate \ gate |q gate \q
source source source source
p-c hannel nnchannel p-c hannel nchannel
depl etion enhancement

The hardwar e:

T Bi polar junction transistors (BJT) come in t\
ties ar @oykebd sONgle crystal of silicon it i:

T Each ha#s fwacpppoansfofnt hennppnfandtbhp pnp. Th
by diffusing impuritiesetthbhcedgmaakphotogdapht
silicon.

M There are three regions in the transistor, c:
T Var ioeadaend® ur f-mocuedptackages, such ax3,TODBr2e angde &
house the silicon crystal. Some are shown in
manuf agt daéma sheet may be needed to identify

Copyright 2023 Matrix Technology B89®&tion



Introducti on LIS

Fi elfdf ect transistors (FETs) have a bigger f am
FET
1

I 1
JFET MOSIFET

| 1
enhancement depletion

——

n n p n p
channel channel channel channel channel channel

S e O

T Al'l share thethame epriisnainglee of the conducti ng
source depends on the voltage applied to the
T The family hasJRBvVIOS bamdh cM@SFETs. I n both, the
from the conducting channel. The mechani sm be
Tin JFETs (Juanicttiionn & Edewdrjguenct i on;
Tin MOSFET®©Ox(-Betakton FETs), it is a thin | ayer
T In general, n channel FETs switch faster than
faster through the silicon | attice than do hc
MOSFETSs:
T are further subdivided into depletion mode ar
1 Depletion mode devices are similar in perf
vol t acge,s Ver o, the drain cuddrreqrte d sse sa,t tihe
current decreases.
1 Enhancement mode MOSFETs havreo tdwer rogmto sfilt

Vegsi S zero but ic¢i nicnrceraesaesse.s as V
T switch faster than BJTs because the drain cur

a n channel device, holes in a p channel devi
experience delays in passing through the sild.i
T have an extr @&8otdegrani anlally adadrenected internally
Al l FET devices are possible-cthathnngd odlegtl ieadn oins
are rare. The most «dmmarelf emrmatn ciesnetnite MOSFET.
BJT vs FET:
1 The FET gate is insulated from the remaind
result, the input current is minute.- This
contr-alhleedlrain current ivsolcoagter ol |l ed by th
T The BJT is a carsmaltl ampsefcerrent control
currentcurireeonsral l ed device. The i nput cur
bi asadjpnatirehnati vely smal/l resistance. Th
means that the BJT has relatively | arge in

Copyright 2023 Matrix Technology Ba89%®tion



Wor ksheet 1 locktronics

Testing BJT transistors

This worksheet shows how to| cat
% -BJT (bipolar jubotihomptnrams| ptn
“« transistors.

2l Original ldy acnaslfleedd hae stirsdrogi st or
b | i n al most every electronic [fir«
(== . . .

el . component or within an integr at
o

Ak «.many hundreds, thousands or | ev:«
D

=

b

oc

[

Over to you:

hown her

(7]

¢ Build the circuit

test npn transistors. A su6§-=‘1'abl i s
shown. —

T Set the DC power supply to

T Measure the current fl owing

collector.

T Record the coll ector| -

bel ow. isi isi isi isi isi isi i

T Press the switch and
T Measure and record t
T Now, build the other
transistor.

T Compare this circuit
T Repeat the same proc
transistor.

-
o)

|

9 Record the results i

Q

I

ST

Q

Copyright 2023 Matrix Technology B89®tion



Wor ksheet 1 locktronics

Testing BJT transistor
CP44-D3
. Base|Coll elctor . Base|Coll elctor
Swi t Swi t
currlgltcurrlgpnt currlgltcurrlgnt
Open 0 Open 0
Cl os| ~0. 5m Clos|{ ~0. 5m

So what ?

T Transistors are made from an al most pure sild@
el ectrical properties hugely. The i mpurity cc
I mpurity atom per million silicon atoms The
temperature i n known cimaSlentr I ons, ough
productiynpge-tngmep regions in thedapproprgiate reg
the crystal depending on t hke [~ npur ity Addi ng
phosphorus-tgypeasebi aon. Ad_d’i_Tw? ----- boron
gallium cypetyeple ppi l i con contd&gpas mor éfree
el ectrons tthyapne hcoolnetsa.i nPs mor ee holk t han
el ectrons. e=k+*lk =kl

T Bi polar junction transistors (BJTs) come in t
junctions, but in apdmp)f,f eorr-gp(tp order, either (

T The diagrams show t he cdiprne atnido mp n@pf tauwrnrsd rstt ofrl
why the pnp transistor <amaglreotfheabhhgeghtnpof deyvia

T Alt hought ime awausrned, the base current was arou
conducting. (When the switch is pressed, ther
emitter junction of a c¢onldu7c)tV nagc rt dVsasa stii Isdt ©oIr 0 k
causes a base current of ~ 5.3/10 = ~ 0.5mA.)

T The transistor is a current amplifier. I f it
50 times bigger than t hSemAb asTehicsurirse ntithye otre satt
wor king properly. Check your results against

A chall enge:

Many multimeterschavike fhatrlansystakl owing you t

Use one to check some discrete transistors!

For your records:

M Copy the circuit diagrams for the npn and pnp

TWrite instructions so that one of your <coll ea

T Explain to your colleague why thd Wwhsee tber ew
pressed.

T Esti mate the basWresirgteont wdr ¢ heWrdgdgkiest d or a

T Copy the formul ag&gfor current gain h

Copyright 2023 Matrix Technology B8a89®tion



Wor ks heet 2

locktronics

BJT transfer character

The performance of a transic<tnanr ran he accelsse
graphs that show how base r c
and co-kemetter voltage are

These graphs allow you to in s i
behave in a particular cir @ | or
suitabl e choice. -

Il n this worksheet you pl ot ’ 2ls e,
current transfegplchtatradl.a®g .

Over to you:

T Build the circuit shown opposite. A

suitable | ayout is shown below |t

T Be careful tdoodtchoen nreicgthtt he

way round!

T Use a multimeter, on the 2z2mA i

measure badge €Ut reéesttoo seﬁé'._a.l%pg[

to measure accurately on a|l nee

ammeter .)

T Set the DC power supply to-—out

T Use pbitto vary bage current

shown on the multime _ _ _ _ _ _ _

in 0. 1mA steps. - - - - - - &=

T At each step, measur =

current, o LS % % -

f lcon the needl e ammet 250R %

T Copy the table and rj ol ol -

it = g Multimeter + =
| “ o7 /9 -

f Use them to pdagtaiknsg @ =t |, ¢ L 5

(known as the curren 10K I -

characteristic.) LG £

1 Suitable scales are o L o L e - s - s— ol

bel ow. 1 1 P 1 1Y 1 1 O 4

M Assume that i1t is a straight | ine graph and

draw the best fit through the experiment al

points.

Copyright

2023 Mat
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Wor ks heet 2

Iocktrpnics

BJT transfer character _

CP44D3

<« 50
lgi n lci n £
0 £ 40
o
0.1 3
5 30
0. 2 3
5
0. 3 50
0. 4
0.5 10
0 T

0O 01 02 03 04 05
Base current I in mA

So what ?

T Transistors can be categorihsgedt bg t adakio cfurca
() to bask) .current (

1 n ot herhgpwhrlg s,

T For example, a BC108 transistor can have a cL
current wil/l be 300 times bigger than the basc

T A base cunmX erngs wlft st0in a col ImMctoor 3anArrr ent of

T However, a current of 100mA does NOT result i
effect called saturation | imits the maxi mum c
handling of the transistor is exceeded, it wi

T The formula i mpllgelsottheadIlg\aiglalr mapeh aofstrai ght |
true, but the current gain does change a | itt
value of current gain is to measure the gradi

T Transi storpr adtwecamh.ssThe manufacturer will guo
gain, but two individual devices may have wioc

A challenge:

Test different BC108 transistors (or any other
transi stor tester to see the variation in currtr

Copyright 2023 Matrix Technology B89®tion



Wor ks heet 2

BJT transfer character.

CP44p3

For your records:

M1 Copy the circuit diagram for the circuit you
M Describe the steps taken to obtain the curren
T Measure the gradient of the graph you plotted
the transistor.

T 1 dentify the transistor used on the transisto

body. It may be a ZTX 451. Us e t&h ev ailnutee rfnoert cti
gain with the one you obtained.
M Copy the following table and complete it.
Transi sftCarr r enftBas e Cuf:rg_lnltector cur-
t ' t .
ype gain ren Cn mA
BC108 500 10 mA
BFY51 60 300
BD437 8 mA 500
BC546 200 100
2N3904 100mA |12

Copyright 2023 Matrix Technology Ba89®tion



Wor ks heet 3

BJT out put characteri st
CP44-83
The next characteristic gonmpnec
with theemiotll ect@©@outcput) volta
e ‘\This all ows us to estimate |t heEe
'—f\\\-\transistor, which governs how
: signal to the next subsystem i
Over to you:
T Build the circuit shown opposite
value WfolOBRk The | ayout Bphow
one way to do this. The mpl ti melte
as an ammeter, provides the conlne
bet wee@odame t W elsOGt or . 6;._250Q [
T Set the DC power supply t_'IS_ oufput
T Set the multimeter on the| 20m DC
range. _
T Use pbdto vary the collector voltage,
Vcs shown on the needle voltmeter, from
OV to 5V in 1V steps=
T At each step, measurm o sl el s o el o
currlgnts,shown on the | f
T Copy the tabI.e t hat . e ~ . .
your results in the — —
T Use your results to 200K100R Multimeter - =
char actleargiasiWVsct, T he | 0 o o E]i
templ ate opposite su o T §QZ5OR -
scal es. 1 0T _ . o
T Now, repl aweeshstaoo =
10Wk esi stor, to gi Ve Hultimeter = =
| B ——s——s——si o o
current . \
T Repeat the proces s, oy
results in the third column of the table.
T Pl ot a second output characteristic curve
on the same axes.
Copyright 2023 Matrix Technology F®38Pt i on



Wor ks heet

BJT out put characteri st
CP44-83
lci n mA Esi‘
\/ £
““|R=20(R=10Dk =,
[
&)
0.0 3
83
1.0 3
3
2.0 ° .,
3.0
4.0 1
5.0
0 >
0 1 2 3 4 5
So what? Collector-emitter voltage, V.
T Using tWree i09tkor, the base
current washAarWiunkd tOhe& 100Kk
Wresi stor, it was twice<1561‘s bi g. These
small changes in base cEurirlentt ha 2 h-u-g-e
£ n \D:SJHI\‘___———
effect on thelccolalsecytocmrr; clufr T e[t~
graphs show. 3 ] Ig F 701
T On the other hand, the SoqlipttTNVpo] ge.,
. 2 15 F 60p
Vcg has very little eff#c once —tRE—TT i al
Knéd the curve 1is pass%d. Thi S [ i[9S |[igF50n
surprising! b
fIn a resistor, the curr esmfii_lwi |l Ehta—h e n
we double the voltage ac rifofststtitt 1 Fise3pfss
transistor is not as si mpfljel [als[ [t hat l-do.n
T A more detailed investi gafjorrr+——us+hgr—mHaor
values of base current, productEs a et ts>
curves |ike the ones shown i n t BoRctor-emitervoltage, V.
di agr am.
1 Once &ktnhéées passed, the behaviour
is quite linear, meangagrg et tehceoroougput
resi stance does not ch Lhch i
j)y t he t dlagrz
output voltage. It can b alcu ate q]y
: . uep t S nv e
taking the inverse of the qra})dl rht of h e
Desc e steps tak(
out put characteristic f
T Measure the gradient of
of the two graphs you
obtain the output resi
Copyright 2023 Matrix Technol ogy Rt i on
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Wor ks heet

Transi stor S Wi

CP44-83

as a

A

t ch

locktronics

Mechani cal switches
Transi stor s, on
many millions of
mechani cal parts
an-tled@a.r
I n this

switchi

oper
the ot he
ti mes f
andvesaa

wor ksheet bu

ng circuit.

you

eds
on
mo

Over t

Bui d
The switch
cl osed, t he

much | arger
| amp.

O you:

| the circuit shown
controls the
smal | base

coll ector

= =

curtr

op

M

CuTH

Set t he
Measur e

DC power su

wWo!l tazges s t
Vcs across the trans
i s open and then whe

Copy the tabl
it
To
i t!
Conne
and r
curre
coul d
t hen
S ome
wi | |
witho
A s wi
huge
around

P

S

e and r

see the effect of

t he | dir
esistor, as sho
nt is too small
r e moWree stihset alr0.k|
ights perfectly
ensors have a
ot operate devi
t the help of a
c hstiast e devwi ce.
|l ectrical resi

zero in the

ct amp
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Wor ks heet

A

locktronics

Transistor as a switch
So what?
T Look at the results for the investigation.
T Add toyeahmedr What do you notice?
9 What do you expect, bearing in mind that the
across the power supply?
T The behaviour is the same as that described e
takes virtually all the ssugptpdryatmeedamageg, thratt a
coll-emt bt er Vysgolitsaagei,t her as high as it -da&me be
@ Bsft ate) or as | ow as i-t hd@aésnt abteeg) .(very cl ose
A challenge or two:
T Modify the circuit esowhtehnatt hteh es wiatncph oifesrhasipnesn t
i's closed. (You will have to change the posit
T Modify the circuit so that the switch control
add a diode in reverse parallel with TTife moto
mot or i s -seentedeofifagram opposite.) |
T Modify the circuit so that the switc ntrol
T The diode is needed because the motor an e
T The motor rotates because current <cre s a s
T When the current stops, the magnetic d co
generates a |l arge voltage in the opp dir
transistor.
T The power supply sees the diode in reverse bi
is rotating. The voltage generated by the fal
bi ased. It conducts freely, clamp®OngV} hasveee
the transistor). This poses no risk to the tr
For your records:
T Copy the circuit diagram for the transistor s
T Expl ain why the transistor can be described a
T Assuming t hami tther baslet age is 0.7V when the t
current when the switch is closed in:
T the | amp circuit,;
T the motor circuit.
T Explain why the base resistor in the motor ci
the |l amp circuit.
T Write an explanation that a fellow student wo
reverse parallel, is needed when the motor is
Copyright 2023 Matrix Technol ogy R®9183t i on



Wo r

k sheet 5

Transistor as an ampl i f7l
CP4483
When a bipolar junction transifstoc
Asignal s,
we need to rimwi, 06 wolDiCage apglie
so that some coll ector current wi
§{é present
% This worksheet | ooks at the oper s
: emitter amplifier stage that Uyses
Over to you:
f Build the circuit shown o
10kresistor as a | oad fogﬁ-—tlfnpg4-7
T Use a multimeter to measTHF
vol tages at the collector
emitter of the transistor
measurements in it.
T Connect the input t
point S, with ampl:i
T Connect-chadunel osci
di splay the input at
T Adjust the oscill os
di splay around two
and output signal s.
T Obtain a trace showi
out put signals and
records. 10K [z
1T Measure the amplitu - . o ! 3¢ et L
out put signals, and
T Now, increase the inb’ﬂwmm%“wmﬁm#%%w%m%%mwwmﬁu%%mj
to 100mVvV. Obtain another trace showing
the effect on the outfputmeasurement®oltdge
1 Replace Wrrees ik@lr with pg voltage dt colllector
speaker. Use the oscudé)svcoolpteagteo PP ST Y
the effect of the spepker—eoenr—tHne P4
signal DC voltage dt emiftter
1 Connect the speaker d[iAGcitnpyutt o@ Mmphlel t udfe
output of the signal |gleQ eouattpourt. aTrjnpiIsitude
should convince you that the circuit 1is
amplifying that signal
Copyright 2023 Matrix Technol ogy R®a%¢t i on



Wor ks heet 5

Transistor as an ampl i f7l

CP44B3

So what ?

The diagrams below show typical oscilloscope t

Notice that:

Tthe amplifier inverts the input signal;
Tincreasing the amplitude of the |i+tpwet owitgprual
|l onger |l ooks | ike the input;

T because the input signal is very small, the t

Transi stor behaviour :

TheWiksistor and transistor form a voltage diwv

When t he i nipnuctr evaosletsp v en t he i ndpeuctr evaosl gtsa g e
i base ciuammeadges:; i base cderentes:;
T coll ectaoarmrewlarsreesn t T T col | ect odre rceuar sreesn;t

base current is all owed tWanfdl oM @dd il s tt chres ,t i eme:
i nput signal i's present (the quiescent stat
|l tage dr opWnnesiostsonr heTH&Vcputfmutl svalst age,esul t

e greater the base current, the greater the
rossWthei §kor , and so t heVdzowlehre tihdee aolu tipsu ta nv
|l tage of nearly half of the supply voltage w
|l tage can rise and fall by similar amounts w
e signal i's coupled into and out of the ampl
the signals entering and |l eaving the amplif
amplifier and anything connected to its ou

- - 4 < < ® 4 < 5 >
OS5 > 00 0 T 0 o

D

or your records:

Copy the circuit diagram for the transistor a
Expl ain what your oscilloscope traces show.

Use them to estimate the voltage gain before
Expl ain why the output becomes distorted for

= = == 7

Copyright 2023 Matrix Technol ogy R®918pt i on



Wor ks heet

6

locktronics

Transf-oowmelred ampl i fier
CP4463
The previous amplifier circuli i t o
signal from the collector to
Ot her methods are used, based a nd
and on transformers. The | att ant
accurate matching to a | oad, ker
efficient signal transfer.
This worksheet | ooks at the-o S i m,
coupled -emmmbeaer amplifier.
Over to you:
—0
T Build the circuit shown dpposite.
. %Output
T A suitable [ ayout foll owg underqoska |
ﬂAgaln,qrae_sll_Osktor acts as Ga;l_—llgpgt‘tﬁuf —o
the amplifier. ~_ from
T~ sig. gen.
T The 2:1 transfor mer, connected step
down transformer, coupleg the outpputf to
the |l oad. | )
T Set the DC power sup| ~
T Connect the input to = E
set to output a sign &
and a frequency of 1 -
f Connect-chadunal oscil 2|.E-|‘10K§ 5
di splay the input an A _100K| | )=
1 Adj ust the oscillosc T =
two cycles or so of E
S i gna| s . "i - ol joi e ol Jeoj é
1 Obtain a trace showi e =
and copy it for your Pl eee— _ _ =
L S L e 1 sm—" e—1 of Lo}
M Copy the table ready:! ‘ : : .
oot oo oo oo~
measurements.
M Measure the amplitudes of the 1T nput and
out put signal s, and record them |in the
tabl e. Measur emelnVtol t age
1TUse them to esti mate t/hAC viohRltiged [gRaliint oke
the amplifier and ent drAQd toutnp uthep mpalbilfteude
TNow, increase the inpdut si gmpaliagmplgiatihde
to 100mV. Obtain a new trace Showing
the effect on the output.
Copyright 2023 Matrix Technol ogy R348t i on



Worksheel G (IS

Transf-oowmelred ampl i fier

CP44-63

So what ?

T 1In the caoapptiedomampl i fier studied earlier, the
Wresistor in series with it. This eeorueprlatnegs iw
reduce that energy | oss.

T The diagram that follows illustrates the main

91t consists of two coils wound around a magne
effects. The coils are electrically insul ated
current flowing in one coil, called the pri ma
field. This Iinks with the other coil, called
in it. DC currents do not produce the same &ef
91 n adeswaptransformer, the primary coil, the o
turns of wire than the secondary, the one tha
transformer has a turns ratio of 2:1, meaning
other. The prioariyl ,wialnld bteh ¢ bseeiclondary t he

T As a result, the load is isolated from any DC
the AC signal, via the transfor mer.

T For maxi mum efficiency, the transformer is <ch
transformer is equal to the | oad i mpedance. T
transfer theorem.

A chal:il enge

l nvestigate what happens i f theupreaasherdmeewmns
mo de .

For your records:

M Copy the circuit diagram for the amplifier.

T Explain what your oscill oscope traces show.

T Use them to estimate the voltage gain when th
T Using resources suchbaaskd,hediinttiensgiueifiam @btaetewe e
dovwnr ansf or mer s.

Copyright 2023 Matrix Technol ogy R®a9%/t i on



Wor ks heet

7

Stabilise@amictotmenonampl i fI

CP44-D3

The simpl emidmmean can be i mp DC

negative feedback to stabil nsafl

variations in factors |ike et e

tolerances and temperature

This worksheet | ooks at the st al

commemi tter amplifier.

Over to you:

T Build the circuit shown |opp 0180k |e1kQ

T A suitable |l ayout 1is givelnputwgnd h,

i ncl udiaqrge i §1tOQ<r, added(ﬁa‘s Sg-_ 470F *
for the amplifier, once—mor e47uF

9 Set the DC power supply |to 6V. Output

T Use a multimeter to measfur e 100k
voltages at the collectolr, bas guri tter
of the transi st

T Copy the table
measurements in

T Connect the inp
set to generate
50mV and freque

T Connect-chaduoel
di splay the inp

T Connect the gro
generator and o

T Adjust the osci
two cycles or s
stgnals. oo oo,

1_[ Obt a | n a t race S h 0 W| n,gHH\HHtHH\H\HéHHHHg\\i\\wg\mHH\%\WHH\S\HHHgHHﬁHH&\HHHHHHHHHH .
copy it for your records.

T Measure the amplitudes] of Mehsui eamen|t \amldt age
output signals, and rdcwpg dy dihtegyd nNaft heeol Ijlect o
table. DC voltage a}l base

DC voltage af emit|ter

AC input amp|]itude

AC output amplitude
Copyright 2023 Matrix Technol ogy R%9188t i on



Wor ks heet 7

Stabilise@amictotmenonampl i fI

CP44D3

So what ?

The amplifier studied in worksheet 6 used one
amplifier, by means of the resistor connecting
mechani sm was d&scwiskeediiom bliet he worksheet.

I n this circuit, the negative feedback is prov
This removes the need for a resistor between b
be a base current in the quiescent (no signal)
AC voltage | ess than 0.7V (i.e. over half of i

determined by the voltage Wrievsiidsetio rfseembdadcliy i niv

Negative feedback, proviWeni tithern hriesicgtraru,i tr evti
opposes changes at the output. I f any temperat
coll ector current to r iWeemi tttheer wvroelstiasgteo ra carl 0ssos
voltage drop ®mamiosert hencasen falls, reducing

reducing the cronédgatcitwe fcaedlead k!
A selléect iIis to reduce the voltage gain of the
capacitomF, capacédi?7or, DICoes r ptohtesya fsfeeecti t as a ga|

HowevAQs, gnals can fl ow through this capacitor,
As a refAQddl,tachee gain is not affected as much.

A chall enge:

T Il nvestigate what happens to voltage gain when
T Vary the frequency over the range 50 Hz to 10

suitable interval s. e
T Use your results to pl s reguency —fesponse
e
graph, showing voltage[gal p ot a nst
L 8
frequency. S
1 Adb olgddgri d is best as (0E koW V 0
cover very | arge r angestoiifiieguven
The diagram a®b olgdgesnmpolwest ¢a: | i o
-requency In Az
v £ | PN n-ll Ll EETIT .
necessary, ask your tut oF——F6 f—hedpt—ito o

For your records:

M Describe the function of the voltage divider
M How does the emitter resistor provide negatiyv
M Explain how the emitter resistor bypass capac
TUsing resources suchbaaxskd,heex mlitaeirm éwegart iitvsexme
feedbaancdk describe its effects in applications

Copyright 2023 Matrix Technol ogy R399t i on



Wor ks heet

38

Emi tter foll ower behavi
CP44-D3
The circuitse&eemmemi daceref itdhwer ati on, where the e
i nput and output circuits. Usually designed| to
i nput signal, 6Gmay larse ghh@dwmampd i fi ~- -
This worksheet | ooks ait oanmdeinflfl &udeteano h/lrat
the collector is connected direct]l "%" pos
|l oad connected between emitter and ~
The emitter follower delivers both jIn a l
such as a speaker. 't usually uses power trlans
Over to you:
f Build the circuit shown apposl
T Use ppbteo vary the input WWIZEO%
Watch the voltmeters as you
out put dvol Btevee Fmerud e
the name of this circuit!
7T Next use a mul ti met e
shown, to make more I H H o] n H Lo
ment s.
1T Use pbtdto set the inpy 5 e Vel ie 3¢ Vs o
oV. :
Multimeter +
1 Measure the correspac Input )
age. l ie ol e 1 jol jel o]
12v. I 250R | [* Multimeter +
T Copy the .table and r o 9 ultimete
ments I n 11t. i is o e . oi
1 Set the input wvoltag ‘
in the table. Measur] . 1 ;ﬁ? "= I/ .
put voltages produce Q\%Mummeter\—)- R
T Modify the circuit tO Lilhdt smown 1Tt e
second | ayout. This 4 = = = = = = =
; W iei jo5 o ol Ie| Ie] le]
negative voltages. ——
T The WrEdsi st or preven
negative input volt g ol ol el O e
1T As befor e, set the i12 ——
values in the table. Output + ~ _
lol lo| ol
the output voltages Multimeter . .
e J_E‘( i Ie] le]
12V _T_[
l 1ef ‘ T r ; Z | o] o]
Copyright 2023 Matrix Technol ogy R348t i on



Wor ks heet 8

Emi tter foll ower behavi
CP4403
l nput vollCQuagreut viol tadgelnput vo|llCGuagreut v|jol t ag:
V| N Vour Vin Vour
0 -1. 0
1.0 2.0
2.0 -3. 0
3.0
4.0
5.0
So what?
T When the inpus ygyolknbage than ~0.7V, the trans]
duct .
T As a result, a voltage drop of ~0.7V is creat
T The remaVndserdroofpped across the MogsSi s as
T Hence, the emitter follower relationshi
VourVinO. 7
Vol tage gai n:
Vol t ageVogwVi = Vin
- ~1 TVOUT
Current gain:
OQut put current emrotuglh toadent
|l nput Gclkrrent I
Currentlg/égai n =
From Ki&@ chhrofdént | aw: ls e
le =lc+ g
and lc > g
Hence curr=mdlg glace(our r ent gain of 't e trar
A chall enge:
f Carry out the same investigation for the pnp
reversing all the power supply connections.
f Let your instructor see your <circuit before ¢
For your records:
T Copy the circuit diagram for the emitter foll
T Use your resul t svoutraog gpiMogtt .ae .grtaltpeh wdl t age tr an.
for the emitter foll ower.
T Copy the expressions given above for the emit
its current gain.
T Write an explanation for one of your fellow s
overall power gain (= voltage gain x current
Copyright 2023 Matrix Technology F®9&iti on



Wor ksheet 9

Emi tter -AOI bDeohwavi our

CP4493

The aim of amplifier systems i s e r
faithfull gndbwitt honodedi stortion
The sounds are converted into A Z S i
sytstem must be able to amplify . // nall
This worksheet | ooks at the way k\\ﬁ/]ﬂ” e s
foll ower, studied in the previo }}7/ , h
.
Over to you:
T Build the circuit shown op|posite.
T The diagram includes two E_a;iffrlgrl:]éiﬁomr t o
bl ock any DC components i,(r tgh:;)]..
so that they do not affecrm tohe on
of the emitter follower or| the [ | Quput 1 t 1 ¢
connected to.
T A suitable | ayout is
1T Set the DC power supf
T Connect the input td
at S, set to output
2V and frequency 1k|-]
T Connect-chaduonel osci l
di splay the input an
and B. L
T Set A& dlet age 6oenn seiatcihv
channed5Vt.o +/ 1
T Connect the ground t
nal generator and os ) ) . ) ) .
s Adjust the oscillosd * = = = = = =

play a few cycl es of -
signal s.
M Obtain a trace showing the signals and
copy it for your records.

Copyright 2023 Matrix Technol ogy F®a82t i on



Wor ksheet 9

Emi tter -AOI bDeohwavi our

CP4493

So what ?

A probl em:
The output signal is di:- ot

copy of thehiahpubfsigna

I n the | ight of the res:- . Wo
sheet, this is not surp ni tt
foll ower handles only .
The diagram opposite sh

the input (blue) and ou.

of

Chall enges:

T Repl aceWrési sltkor with a speaker.

T Compare the sound produced with that when the
of the signal generator. You should hear the
T One solution is to creethnhn tada est.eady DC bias fo
T Experiment with the arrangement s to try
tion by making the transistor| con t hrough

of the signal. —— Input]|+
. . 12V
Design hints: =  47uF
T Choose an emitter voltage of |about Outpuf t h
i.e. ~6V, to allow the output| volt S Wi n
1 Calculate the collector current (roughly the

6 V/W=k 6 mA.

T Hence estimate tchehhbaseacoundn6/ (D0 mA (0. 06m
T Esti mate the base voltage (= emitter voltage
T Assume a current down th resistor chain of 1
f§ Current through top resistor is greater than
Choose appropriate values for the resistors

For your records:

T Copy the circuit diagram for the emitte

T Explain the purpose of the two capacitors.
T Explain why the circuit creates distortion.
9 Draw the circuit diagram for the modificatio
T Explain why this modification should reduce t

5

Copyright 2023 Matrix Technol ogy F®a483t i on



Wor ks heet

10

locktronics

Pusphul I foll ower
CP44-08
The emitter follower has af® on
amplifier f-ot AG|lyi greraslpo®nNnd (| AC
waveform. The solution is C v
the base so that the transi ng
The previous worksheet | o0o0 I t a
di vider of two resistors t ass
time, heat up and waste ensd
This worksheet | ooks at a n w
t his.
Over to you:
T Build the circuit shown_opposite. The dia-
gram includes two capac|tors to bl odqk
any DC components in ti#fp signal s.
T A suitable | ayout is gfﬁ?enlmwm(h@¢r1
without t-thleo d kvion gDCcapagT_fiE orf£°"_3°—El—-
When needed, they can emsi|% be a
to the IayoMMesﬁBtW$e%§Fa;k
| oad. ,
T The circuit wusl€sy goswelrit +12/ 0/
suppl y.
T Connect the input to a signal generator,
set to generate a si/f T T T T
and frequency 1kHz. [ = o8 yLis Ky 3% 3o =] &
T Connect-chaduonel osci
di splay the input an, o isi N 5 s 2
T Set A& dlet age 6oenn seiatcihv 12V
channe-ld5Vt.o +/ -
f Connect the ground t| : %K“ T -
nal generator and o0s v 1KIE
9 Adjust the oscill oscll lse—1—s ﬁ. 1 0
play a few cycles of]| %
signal s. O _ _ _
T Obtain a trace showﬂ % Tfi \j % %F }f %:;
save it for your Fecords, I
T Next, reduce the amplitude of the signal
to ITWe trace should show any distor -
tion more clearly.
T Save this second trace for your records.
Copyright 2023 Matrix Technol ogy F&a%8f#t i on




Wor ksheet 10

Puspul | foll ower

CP44-08

So what ?

The diagram shows typical signals for this cir
red. :

Much of the disttlmert‘édinshasn@@alteive portion to

positive. The main distortion occurs in betwee
't apped@ahoudishea he out put si egrmnelr. dlitstiosr td alnl ead
occurs when the input is too small to turn on

put voltages beOwé¥nappPrad¥i matdel y.
Chall enges:
T Once again, Wepbastothwi ik a speaker-it‘l’her

(¢

sounds harsher than when tRBgF——SpEaRIgT onne

rectly to the signal generafor. 1OKQT

1 The circuit shown can -beeused to_ e[l ifminate cr

. . . - 4.7uF 4.7uF

di stortion. The two diodes _a_rl utoC—I 'UD&“_Q anc

voltage drop of 0.7V acros&XL ﬂp \V4

TAs a result, the base of the [npn t aQSbulp& r s

above the signal voltage. Wheln t1& Isiglil v ol

the npn transistor base is tL 07\ an onduc

T Equally, it conducts for anB®W—votrt=ayge reater
he base of the pnp transistor sit

T Similarly, t
|

ducts at al voltages below zero.

For your records:

Copy the circuit -gdlalgrfaoi If @we rt ,h ewiptutrs ht he DC b

Expl ain why t he eoivrecruidti sctroerattieosn.cr os s

Draw the circuit diagram for the modificatior
t

1
1
1
T Expl ain why his modification should reduce ¢

Copyright 2023 Matrix Technol ogy F®98pt i on



Wor ks heet

FET

CP44-08

11

character

transfer

Made
t he
t o

The

F

Il n th

MOSFET

from

t he

BJT
family

waf er
has
fferent

the same silicon
Efef(ffeicdl d ransi stor)
BJT but wuses di
family only two
tree 1is bi gger.
the behavi
conductor

has
mu ¢ h

me

wor ksheet
(orxeitdael s e mi

i s

Over

T The

atin

shown

nect
vol t
ease
Us e
r e npf(
Us e

gatseour ce

5V) .
Us e
(¥
spon
Copy
me nt
Set
in t
dr ai
c hal

Now
MOSF
me nt
The
shou
@M bt o
and
Crea
your

+12V |

t
fi
g

O you:

r st
i n

part focuses on
depl etion mode.
OpposWrtees. i sTtheer 1dko n -
ed @ptodt edluees the range;
ages available, but 1in
of adjustment.
a multimeter to
upl to 5mA) .

a second multimeter
Vel t (@afgreot VOV t o

e

i |

]

0
B

measur

t o

v ol
t he

b do set the
to 0V, and
ding dr@min
the tabl e
s i n it.

the input
he tabl e.
n currents
| enge:

carry out
ET, which
mode.
circuit
|l d desi
I nput
measur e

i nput
measur e

vol tag
Measur
produ

the ex
oper at

di agram
gn your
vol tages

the dr ain

t abl t abl
t s.

.

te a sui
resul

e e
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Wor ks heet 11

FET transfer character.

CP44-08

So what ?

JFET

1 The drain current is asoarmaxvmlmagkenst,peroga
T Ascdbecomes more negative, drain current/Sdecr e
M Eventually the drain cwroruerncte fvaollltsa gteo tzeac%;to.ca'll

=3

known as -ohte ypohtage.

T Use your measurements from the f.i cuit
agai nsgdowgrace veel tTehges M s known as nsfer
the JFET. Use the graph opposite i de f
MOSFET: Gate-Source voItageVG;

1 No drain curregeneathewsaunhhrkesWold value.

1 Then,gcsasc¥Yeases, drain current in%(rease al mo

1 Use your measurements to phogai masgilapheof drai
source vegl ttahgee tM ansfer characterisstic ffor the

ID

he cur
VGS
e trans

graph opposite as a guide for draowing

1 The gradient of the graph s called t

gn= cCchange in drai #Dg/DVsk e nt
change -souga¢evol tage

Gate-Source voltageV g

A chall enge:

M Design a circuit to test condsouroer VvoDlthgeMD
(up-5tvo .

f Let your instructor see your <circuit before s

DONOTUSE A POSITIVE VOLTAGEOURXLETHERMA NALFBF T
YOU MAY DESTROY | T!

For your records:

T Expl ain what i s dmeaannstf ebry coHhhaer ateetrénEiTst i ¢

T Write an explanation of | ess than 100 words,
way a denwldet Jd&FET and amoedmrh MOS&EmEdntare used 11

9 Draw the circuit diagram for the iIinvestigatio
write a simple |Iist of instructions for a fel

T Copy and complete the foll owing:

T When a MOSFET has a transconductanéééoffor30amsS,
gatsewurce voltage of 3.0V.

Copyright 2023 Matrix Technol ogy F®4A(t i on



Wor ks heet 12

FET output characteri st
A de®i oet put characteristics

with the following subsystem,
To deliver power efficiently

(MC resibghaontd be | ow.

To deliver a voltage signal t
This worksheet shows howvs toout

characteristics.

way

age

g e,
FET

Over to you:

=A =4

The | ayout
(Be careful

shows one way t3g
t op cfcsomect t he

]

Build the circuit shown o_-p_%\é)
T

LJ e .
VGS‘ |
10K

DS
d
t w

rectlyl!)

=

The multi meter,
connechpobandet he
Set the DC power
Se multimeter 1 on
an multi meter 2 on
Us Vhop addt o set t he
to 2.2V.

Us phpe adt o vary
ag from OV to

s ety
Mog! !
S u

]

=
=

t
d
e

t he
1V i

e
e

|®

At each step, measu
Ip, on multimeter 1.
Copy the table and
it

Use them t the out

tilsagaiViast

o pl ot

Now, set thedgpadbe2veoVi ag

Repeat the process, reco

sults in the table.

Pl ot a second output <cha

on the same axes.

Alw|N]|F,]|O

. 5

. 6V

A/

. 8V

.9V

rlololo|lo]©o]Oo]jJ]Oo]|]O]|]O ]| O

. 0V

Copyright 2023 Matr.i
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Wor ks heet 12

FET output characteri st

CP44-08

So what ?

Your graphs should resemble those opposite. Th
ues Vgt he -gatiece voltage. _4 Vosaa
There are two distinct re‘i’g;;ig..\ f"u. & -\,!_E: e=ur ve:
§ 6 i noe adrh midce gi on : § Ilnear// saturation

1T For small valoweseofvodraidqre/ ," A

(Vpbs) , the drlginccensendl fols 11

linearVby with /l 10

1 The traces are nearly ct,éa lg.tvli1e=s tthr ouc

f GS

or i-gmhmt you woul dres'pei:—f

7' increases

/

However, It isaresist,)/r lwvitna/ciue det e
by theogatce Vgl tlatgei,s Kpotyn [ dS

t h®mst ate resistancesofl//t,he MOSFET, [R

(onm) 7 >

T Ros(oheduc&/ssi asreases. |t i s u sDwiadourcevgtage, Vys
qguot e t heVgvarn thaets whygscoh)ysR measur ed. For examp

RFP3ONOGLEMOSFET, wused in the Loegdtynaol nuiec s&fc alr.rOi
wheVes= 5V Ipgen B 0 A.
T Gaturbae giooan:
T Changegshiave | ittlh.e effect on
¢ Drain current i's ingendbuti ve hogwbangéseii
Bel ow a threshd¢sdingmadoedvail hagerrent f |l ows.
For RFHBGNO6LE Vgs(ing bet ween 1V and 2V.
The boundary édhb endavaadeant utrbiaet gioons | inaefhFf edeghen
For your records:

T Copy the circuit diagram for the circuit you
T Describe the steps taken to obtain the MOSFET
T Measure the gradient of the two gmgphs you pl
T Copy and complete the foll owing:

17 A2N7000 MOSFET has as\@fWuse Aol r aipgofc 2rOrOemAt wi | | di

ééé.mW in the device.

Copyright 2023 Matrix Technol ogy F&389t i on



Wor ks heet

S locktronics:

MOSFET switch
CP44-08
A BJT switch exu@fttatien eavihtelmer atl h ] vo
sits across thendstanhei stvbereot he >[r os
transistor is almost zero.
The reason for this is-etmhéd teepeare nl | e
the basetbher BdAdt i-soatcoltledt devi
That can be-ddme ps wtbdyesnt ems are r del
ficient current to switch the BJ] WO r
rable behaviour of a MOSFET swit |
Over to you:
T Build the circuit shown op
1 Set the DC power supply teo
T Measure Wl taagess the | amjp
andps across the MOSFET whe
switch is open and then w
T Copy the table and record you i n
it Swi t|c hVps Vi
T The next <circuit iIIustl—a—%—ts—_t_h_e__u_s_e_c)f a
MOSFET as a | ogic gate. On
T Build the circuit shown. A nogsible | ayout
i's given below. A voltmetpr ©h@s been
added to indicate the outauolelBtate o] t he
MOSFET. Nl T_
ﬂThetaskistoidentifyt_-LTeIog ction.
T Press swanhBhesall four pog$si-—= 10kQ
blceombi nations. These are |[Listed i t he
tabl e.
¢ For each combination,/rrﬁmeaﬁsurt‘e tge oﬁut-E -
put voltage across tf ) - -~ ) -
T Copy the following (= = = & & “’“\/ =
with your results: 2 |
Ny ol T N3i G%A foi
A[} B[ﬂ /I
Switich Switech MOSFET N —
output
Open (|loOpen (loff) [ = %}
Open (|loGlIfgsed| (on) | L} e o sy 1 D o
Cl osed| Opre)n (|of ) { 10K | &
Closed| Cba¥ed| (on) | e e e e 3ot e o
Copyright 2023 Matrix Technol ogy F&33Pt i on



Wor ksheet 13

MOSFET switch

So what ?

A | dagiincits omne way of manipul agang @i gietvalcesi dpr
ry out a particular |l ogic function. There are
gate outputs a |l ogic 1 signal only when al/l it
inside digital |l Cs to perform |l ogic functions.

T Remember the rules for digital | ogic signal s:
fa |l ow voltage, close to OV, represents | ogi
fa high voltage, close to 6V, represents | of
fa switch delivers a |l ogic 1 signal when pr e

T The next step is to convert your measurement s

table for the |l ogic function.

T Copy the table and use your results in it to

| npAfl npBItOut pfut

ol Ll (@] [ @)
ol (=] |l (@)

Circui' t featur es:

T The diodes isolate the two input demxises (swi
pressed, the | ower diode is forward biased ar
terminal sits at a positive voltage. ThB s r e\
from the sigmMmal from switch

T The insulated gate terminal and sour ceaaamot-s ¢
Farads, but this can become chargwWdeandtaf f dr
charges this capacitor.

A chall enge:
Modi fy the second cim@dcNubgpateo that it acts as a

For your records:

T Copy the circuit diagram for the MOSFET swit
T Write a brief explanation (no more than thr ece
circuit can be described as a switch.
d

T Use the at aRFP36NO6LEf @ rf it @& t he f ol l owing infor
f maxi mum continuous drain current ;

T maxi mum power dissipation-siaak9guming the use ¢
T maxi mum vadiggdo&i R t@wodr esustance) .

T Use this information to work out the power di
maxi mum (continuous) drain current.

Copyright 2023 Matrix Technol ogy R®a3alti on



Wor ks heet 1

A

locktronics

MOSFET applications
CP44-08
R Depending on the applif:ation., MO S
&&Pkdig‘rr%,y,c advantages over BJTs, including
}-’TH ,Tg”%',zggggN power -tlhhes sef fhgollys oisRal | y small|l er
SEMICONDUCJ“R,uHcAnoN . .
C BJT forward vgl~t dge8 ey Mwitgechio:i
ELECTR ®CAPACITORS
%D ,Srwﬁ”svsrsm tendency for thermal runaway.
5’”";?5”’0»,6;;5 However input capacitance can |cau
o oL switching and it hoans va | htiaghee r( [~i3nvp
posed to ~0.7V);
Over to you:
Commosnour ce amplifier:
T Build the circuit shown opposite, using
your own | ayout design.
T Set the DC power supply tfo 12V. ATUE
T Connect the input to a silgnal4y It or ,
set to output a signal of Iapntp—l |§10mv
and frequency 1kHz. T Output
T Connect-chaduonal oscillosc¢pe to
di splay the input and outlput—silg S .
T Obtain a trace showing the input and
out put signals and save it for your rec-
or ds.
T Use it to estimate the voltage gain of the
amplifier
Source foll ower:
T Build the circuit shown ip a]gain
using your own | ayout de 4.7pF
T The diagram inbclloucdkelsngtwo—lj
capacitors. 10kQ Output
T Set the DC power supply t .
T Connect the input to a signal generator,
set to output a signal of amplitude 2V
and frequency 1lkHz.
T Connect-caadunal oscill oscope to
di splay the input and output signal s.
T Obtain a trace showing the input and
out put signals and save it for your rec-
ords.
Copyright 2023 Matrix Technol ogy R&432t i on



Wor ksheet 14

MOSFET applications

CP44-08

So what ?
Commosnour ce amplifier:

9 The WIOkad resistor and the MOSFET share the 1
T The WfOkedback resi sWroagsiasnntdon hkei dd Otkhe MOSFET

gi on.

T The 1 deal is to allow the output voltage to ¢
nal, by as | arge an amount as possi bl e.

T 1 n other words, we aim to sit the drain ter mi

Source foll ower:

T The output voltage follows the input voltage,

T The current gain is enormous, because the ing
is |l ess than unity, overall there is a big pc

T1t provides a reasonably |l ow output 1 mpedance
|l ow as the emitter follower. A | ow output i mg
der | oad.

T1t has the advantage that the input i mpedance

T The MOSFET is in satwuration, so the-scowrrrceent e
vol tage.

A chall enge:

One issue for the design of MOSFET <circuits is
device to device. The component values given
mal for the MOSFET you are using.

T Experi ment with other resistor values in bott

For your records:

For each circuit:

M Copy the circuit diagr ams

Describe the steps taken to obtain the Picosc
Write a brief explanation of the function of

Write detailed notes of any changes you made

scribe the resulting effect.

=A =4 =4

Copyright 2023 Matrix Technol ogy F&433ti on
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Answer s

locktronics

Answers for Wor ksheet 1
Testing BJT transistors
NPN PNP
. Base|Coll elctor . Base|Coll elctor
Swi t Swi t
currilgjcurrilgnt currlgrtcurrilgpnt
Open 0 0 Open 0
Clos|] ~0.5nm50mA Cl os ~0.5nmM60mMA
Answers for Worksheet 2
A .
BJT transfer charagX¥jerji st CS
. _ =40
Il n lc1 n o
0 0 530 o ¢
0.1 3 2
(@]
0. 2 12 20 o
0. 3 20 o P
0. 4 30
0.5 35 0 ® | R
0 0.1 02 03 04 05
Gradient is around 100 Base currentl in mA
Answers for Worksheef 3
5 .
BJT output characteir|stics
CP44-BR2 EU4
i o
lci n mA : Py ° o ()
Vece |R=20(R=10pk 83
3
0.0/ o 0 © 2- ., o ©
' o © ©
1.0 1.63 3.28
2. 0] 1.71 3. 317 1
3.0 1.79 3. 48 00. ; : : ; 5:
4.0 1.88 3.53 Collector-emitter voltage, V.
5.0 1. 94
For |l inear portion and a 200K resistor gradieni
Copyright 2023 Matrix Technol ogy F&43pt i on



IA nswers locktronics

Answers for Wor ksheet 4
Transi stor as a switch

CP44-ARA4

Swi t]c hVCE V|_
Oof f 6 0
On 3. 6 2. 4

Use 1k base resistor

Answers for Worksheet 5

Transi stor as al AP ulr EheG Dol t dge
' DC voltage 4t 3x.09|l ector

0

DC voltage gt Ob &dle

DC voltage 4t @emiftter
n
u

AC i
AC o

put ampgl b0 mdle

tput ampl3dVM ulde

Peak to peak input (red) = 50mV

Peak to peak output (blue) = 3V

Gain = 60

Distortion occurs as output reaches bat -
tery voltage.

Peak to peak input (red) = 100mV

Peak to peak output (blue) = 4.5V

Copyright 2023 Matrix Technol ogy F&43ft i on



