Thisversion: 2000-08-25

0GsS
e Yo
&, -
e . .
-3 b

LABORATORY
on
ANALOG ELECTRONICS

Authors: Jazek Perz, Jan-Olov Andersson, Benny Thérnberg, Kent Bertilsson and Borje Norlin
First version 1997

1 Measurementson simple circuits

2 Filtersand RC-circuits

3 Power supply circuits

4 TheUsage of Operational Amplifiers
5 Simulationsin Electronics Workbench
6 Design of Transistor Amplifiers

7 Continuation of laboratory work no 6

Name:

Class:

RL

Mid Sweden University, Sundsvall

Department of Information Technology



Analog electronics: 2000-08-25 D 065, o 2

Allméannainstruktioner for Laborationer i Elektronik

1. Rapportskr ivande och regler for godkénnande
Lamna endast in en rapport per Iaboratlonsgrupp
Inlamning av laborationer gors under kursens gang ochsenast 14 dagar efter kursslut. Nasta
tillfalle for rattning av labbar &r forsta veckan pa varterminen for hostens kurser. For
varterminens kurser galler att |aborationer som inldmnas senare &n 14 dagar efter kursslut
réttasi borjan av september.
Skriv med en prydlig handstil eller skriv pa dator.
Diagram skavaralattlasta och hatydliga enheter och axelmarkeringar.
Studenter som lamnar in labresultat skall alltid vara beredda pa att muntligen redovisa
laborationen.
Det ar ocksatillatet att skrivarapporten pa engelska.

2. Allmanna maétinstruktioner och ordningsregler
For att méta strémmen som flyter genom kretsen, anslut amperemetern i serie.
For att méta spanning mellan tva punkter i kretsen, anslut voltmetern parallellt.
Det & ocksa majligt att méta strommen indirekt genom att méta spanningen Gver en resistor.
Kontrollera komponenternainnan du anvander dem. De ligger inte alltid i ratt |1ada. Anvand
RLC-metern for att kontrolleraresistanser, spolar och kapacitanser.
L&gg tillbaka komponenter i ratt 1adanar du &r fardig och stéll tillbaka anvandainstrument pa
rétt platsinnan du gar. Stada efter dig och [amnalabbplatsen som du skulle viljafinna den
nasta gang du labbar.
Slang alltid komponenter som helt tydligt &r trasiga, t. ex. dar ett ben saknas. Om du inte har
négot yttre bevis for att komponenten &r trasig, prova med att byta ut den mot en som skavara
identisk. Om den utbytta komponenten fungerar, sldng den gamla.
Vissamultimetrar har olikaingangar for strom- och spanningsmétning. Det innebér att det inte
racker att bara koppla om mellan strém och spanning.
Oscilloskopets instumentingangar har gemensam instrumentjord. Detta medfor att ett
tvakanaligt oscilloskop i allménhet endast kan mata tva potentialnivaer utifran en gemensam
referensniva (gemensam punkt) i kopplingen. Andra métkopplingar medfor kortslutningar i
kretsen. Dessutom &r instrumentjorden ofta ansluten till oscilloskopets skyddsjord vilket &ven
gdller for andrakringutrustningar. Detta medfor att ingaende apparaters instrumentjordar
darfor en géng for allakopplasihopi en punkt i kretsen for att undvika kortsl utningar.
Tank paatt elektrolytkondensatorer maste polariseras rétt och inte dverskrida maximalt
till&ten spanning. Annars kan de explodera
Bade oscilloskop och multimetrar kan stéllasin i dc- mode eller ac-mode. For oscilloskopet
gdller att dc-mod visar signalen som den ar, medan ac-mod tar bort en eventuell
likspanningsniva. Detta sker genom att en kondensator kopplas in. Multimentern visar
medelvérdet i dc-mod. | ac-mod visas rms-vardet om signalen & sinusformad efter det att en
eventuell likspanningsniva har tagits bort. Oscilloskopet skai normalafall varainstéllt i dc-
mod — &ven nér insignalen &r en vaxel spanning.
Observeraatt Philipsprobar ska anvandastill Philipsoscilloskop och Tektronicsprobar till
Tektronicsoscilloskop.

3. Specidla métinstruktioner for digitalteknik
Digitala utgangar far inte kopplasihop (om det inte &r fragan om open-collector-grindar).
Lamnaingaingangar oanslutnatill digitalakretsar

Mid Sweden University, Sundsvall

Department of Information Technology



Analog electronics. 2000-08-25
List of componentsto be used

M easurements on simple circuits

Resistors: 1 kW, 2 KW, unknown resistance
Diode; 1N4002
Software: Electronic Workbench subcircuit “Vdiff”

Filters and RC-circuits

Resigtors: 5kwW

Capacitor: 6.8 nF

Inductor: 150 mH

Software: Matlab script “rlc.m”

Power supply circuits

Resistor: 330W/5W

Capacitor: 100 nf (Box with capacitor and fuse inside)
Diode: 1N4002

Zener diode: BZX85/C15

Transformer Tufvasson PFS 60N

Full waverectifier  B40C1500

The Usage of Operational Amplifiers

Resistors: 10 kw, 50 kw/, 100 kw
Diode: 1N4148

Zener diode: BZX55-C6V2

Op amp: LM741

Simulations in Electronic Workbench
Software: Electronic Workbench subcircuit “ butter2”

Design of Transistor Amplifiers

Resistors: 100 W, severd resstorsin the KW- range
Transistors: 2N3904
Capacitor: 100 nf
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1 Measurementson simplecircuits

Y ou don’t need to hand in any report for thisfirst laboratory task, just make sure that the laboratory
master is aware of that you have completed your tasks.

1.1 Resistance measurements

The laboratory master will supply you with an unknown resistor. Y our task is to determine the re-

sistance in three different ways.

(@) The Resistance can be determined by checking the colour code of the resistor. Read chapter
3.2.3in Sdderkvist (or Physics handbook chapter T-3.1 or Paperback on a ELFA catalogue)
and determine your unknown resstance accordingly.

(b) Use amultimeter to measure the resistance.

(c) Connect adc voltage source with avoltage of E =5V in series with the resistance and amul-
timeter. Use the Dual Display Multimeter to measure the voltage U across the resistor and the
current | flowing through it. Determine theresistance R=U /|

Do you get the same resultsin all three cases?

p Summary: Determine the unknown resistance in three different ways.

Laboratory master'ssign .......cocevevineeinnnnn

1.2 DC measurementson alinear smple circuit

Connect the circuit shown in Figure 1.1. Connect the regulated DC supply asthe input voltage. Con-
nect the Dual Display Multimeter to measure the voltage across the resistor and al so the current flow-
ing through it.

AN\ |

1.0kohm
+
§ 00.000 |V|

- 15V
2.0kohm
+ R
A 00.000 (A

COoM

Figurel.l

Hint: Connect the instrument common point COM as indicated, measure the component volt-
age at point B and the component current through point A. The measured current will
then be of opposite sign compared to the voltage.

Measure the current | flowing through the 2 kW-resistor and the voltage U acrossthe resistor. Draw U

asafunction of | for U ranging from—4V to4V in stepsof 0.5 V.
p Summary: Draw U(l) for the 2 kW-resistor.

Laboratory master'ssign .......coevvviviineiininnn
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1.3 DC measurementson a non-linear smple cir cuit

Satic method for measurement of diode characteristics: using the multimeter

Semiconductor diodes are examples of component with anon-linear relation between current
and voltage. The diode characteristic curve is described in Séderkvist chapter 3.5.3 and chapter
3.2in Jaeger.

1.0kohm
+
00.000

- 15V
1N4002GP
00.000 (A ’

Figurel.2

Connect the circuit shown in Figure 1.2 using the 1N4002 diode. M easure the current | flowing
through the diode and the voltage U acrossthe diode. Draw U as afunction of | for U ranging
from -4V to 4 V. Estimate the value of the dynamic resistance for the diode when the current |
is0.5 mA.

Hint: Beaware of, that for some regions you might need more pointsto be able to draw the
characteristic accurately.

p Summary: Draw the diode characteristic curve | (U) as measured using the multimeter. Esti-
mate Ry for the specified operating point.

Laboratory master’ssign ..........coeevveeiennnnn.

1.4 AC measurementson a non-linear smple cir cuit

Dynamic method for measurement of diode characteristics: using the oscilloscope

The measurement in experiment 1.3 can be performed in a more handy way by using the os-
cilloscope and AC voltage.

Connect acircuit according to the drawing below. Use a sine-wave generator with the am-
plitude 5V asinput voltage source.

/V ] X-axis: A-channel
B-chanhel~ 1-0kohm¢ Y-axis; A-ch—B-ch
||
5V 100Hz
1N4002GP hel

Figurel.3
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b

Use the A-channel of the oscilloscope to measure the voltage over the diode and the B-
channel to measure the total input voltage. Adjust the oscilloscope to get a proper view of
the two AC-voltages. Switch the oscilloscope sweep mode to X-Y. Use the “add” and the
“invert” functionsto get channel 1 — channel 2. The voltage over the resistor is proportional
to the current floating through the diode. Remember that the channels should have identical
gan.

Observe the characteristics of the diode on the oscill oscope screen and draw it on a paper.
The scale of the drawing is connected to the gain of the oscilloscope channels. If the scale
for channel A is1V/div, the horizontal scaleis 1V/div. If the scaleis 1V/div for channel B,
the vertical scaleis 1V/1kW = 1mA/div. Change the output voltage of the sine wave genera-
tor and the gain in the channel s (keeping the same gain in both channels), in order to observe
the different parts of the characteristic. Estimate the dynamic resistance for the diode when
the current 1 is0.5 mA.

Summary: Draw the diode characteristic curve | (U) as observed on the oscilloscope. The slope
and threshold voltage should clearly beidentifiable in the figures, so be careful when drawing
the characteristics. Estimate R, for the specified operating point.

Laboratory master’ssign ........cocveveeennnnnn.

1.5

Introduction to the ssimulation program Electronics Work bench

Electronics Workbench is an el ectronics simulation program. It is possible to perform most meas-
urements that could be performed on real components. Thisis done using realistic models for the

components and with no risk of destroying the components. It is also easier to see whether the cir-
cuit has been connected together in a correct way. The purpose of this exerciseisto give an intro-
duction to the program. The program isrelatively easy to use, but use the on-line help function or
ask the laboratory master if anything is unclear. The program can be found in the elwork folder.

a)

b)

b

Get familiar with the program. Find the solutions to problems 1-12 and 1-24 in the Soderkvist
exercise book using the program. Show your circuitsto the laboratory instructor.

Connect the circuit of experiment 1.2 using the program. Do thisfor U, =-5V, 2V and 7 V.
Try to find out on your own how to change the value of a component, how to give the compo-
nent a name, how to wire components and how to rotate acomponent. Make sure that you
know how to use the VV-meter and the A-meter and the multimeter. Get familiar with the fa-
vouriteshin

Connect the circuit of experiment 1.4 using the program. Connect the oscilloscope and get fa-
miliar with. Y ou don’t have to do any calculations. Set the colour of the connection to channel
A to bered and the connection to channel B to be blue. (To get the voltage between any two
points and not only relative to ground, you need the subcircuit Vdiff, supplied by the laboratory
master.)

Requested: Show your circuit to the laboratory master and show that you have under stood how
to use the instruments.

Laboratory master'ssign .......coeeveiieiininnn.
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2 Filtersand RC-circuits

2.1 A measurement of filter circuits using sine wave voltage
Basic filter theory is described in Soderkvist chapter 2.11.

a) Connect the circuit showninFigure2.1.

5 kw

- 1 -

—F——
_ |

Figure2.1

Connect the sine-wave generator with the amplitude of about 10 V asthe input voltage. Measure the
amplitude of the output voltage using the oscilloscope. Use the results to calculate VH(fY2° Uy / U,y in
the frequency range 1 kHz - 10 kHz in steps of 1 kHz. Estimate the ” cut-off” frequency of this circuit,
i.e. the frequency at which¥H(f)¥2» 0.707.

What kind of filter isit (Low pass - LP, High pass— HP, Band pass—BP or Band stop —BS)?
b Summary: Draw ¥YH(f)%2° U,/ U;,,f=1,2, ..., 10 kHz Typeof filter? Estimatef..

Build the opposite type of filter using the same components asin (a). Draw your circuit and perform
your measurementsjust asin(a).
b Summary: Draw¥H (f)%2° U,/ U;,,f=1, 2, ..., 10 kHz Estimatef..

Replace the capacitor inFigure 2.1 by an inductor with an inductance L = 150 mH.
b Summary: Draw ¥H(f)%2° U,/ U;,,f=1, 2, ..., 10 kHz Type of filter? Estimatef..

Now connect the 6.8 nF capacitor in series with the 150 mH inductance. The resonance frequency of a
band passfilter is the frequency at which¥H(f)%2reaches its maximum. The resonance frequency of a
band stop filter is the frequency at which¥H(f)%2reaches its minimum. What type of filter isthis? Es-
timate the resonance frequency of thefilter.

b Summary: Draw ¥YH(f)%2° U,/ U, ,f=1,2, ..., 10 kHz Type of filter? Estimatef,s,.

Changeto a parallel connection of L = 150 mH and C = 6.8 nF.
b Summary: Draw ¥H(f)¥2° U,/ U;,,f=1,2, ..., 10 kHz Typeof filter? Estimatef, s,

2.2 Measurementson a RC-circuit

RC-circuits are treated in Soderkvist chapter 3.3.3.

Use the same circuit asin Figure 2.1, but replace the sine-wave by a square-wave with the amplitude of
about 10 V. Observe the waveform of the output voltage. Choose the generator frequency in such a
way that the asymptotic part of the exponential waveform of the output voltageisfully devel oped.
Measure carefully:

t(10%) - the time when the output signal reaches 10% of the amplitude,

t(sau) - the time when the output signal reaches 63% of the amplitude,

t(e0u) - the time when the output signal reaches 90% of the amplitude.

Calculate the time constant t of the circuit using three methods:

t = to0m) = Taow)

t =RC t =t 5

Mid Sweden University, Sundsvall
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Calculate the average value of t and the maximum error in percents.
=} Summary: Calculatet using (a) R and C, (b) t(s3s), (C) t(1006 aNd tg005)-

Replace the capacitance in Figure 2.1 by an inductor with inductance L = 150 mH. The analytical ex-

pression for the time constant in the RL circuitist =L /R
=} Summary: Calculatet using (a) Rand L, (b) t(s3s), (C) tr1osand tigo)-

2.3 Measurements of complex power

() Measurement. Use the same circuit asinFigure 2.1. Connect a sine-wave generator with the
amplitude 10 V asinput voltage. Use the first channel of the oscilloscope to measure the input
voltage and the second channel to measure the voltage over the capacitance. Use the add and in-
vert functions of the oscilloscope to get channel 1 —channel 2, i.e. the voltage over the resistor.
The voltage over the resistor can then be used to get the current asi(t) = ug(t) / R. Measure the
phase shift between the current and voltage. Perform these measurementsin the frequency range
1kHzto 10 kHz in steps of 1 kHz.

Theory. Calculate the impedance of the circuit, and draw the complex representation of the cir-
cuit impedance for the frequenciesf = 1 kHz, 5 kHz and 10 kHz. Calculate the active power P
and reactive power Q of the circuit for these frequencies.

p Summary: Draw X(f) © Uc(f)/I(f) and]j (f), f=1, 2, ..., 10 kHz Calculate Z(f), P(f), Q(f), f = 1,
5and 10 kHz

(b) Place an inductance L = 150 mH in series with the capacitor in figure 2.1 Measure the voltage
over CandL.

Start MATLAB on the PC. Activatethe MATLAB-scriptr | ¢c. m, by choosing it on the menu
“File/Run Script...”. The script will give you agraphic view of the phase and size of the voltage
for each component in aserial resonance circuit. Use the script to verify your calculations.

b Summary: Draw X(f)° Oc(f)/i(f) andj (f), =1, 2, ..., 10 kHz Calculate Z(f), P(f), Q(f), f = 1,

5and 10 kHz
Formulas
Ohm'slaw U=RI A )
Snusoidal signals uty=asinwm +j )0 U=0é"
‘Ohm'slaw for ac’ U=ZI,where¥Z%=U/TandargZ=jy-j,
Capacitiveimpedance Z=1/jwC
Inductiveimpedance Z=jwC
Complex power P+jQ=UI* = ZW4Y3 =A% | Z*

Mid Sweden University, Sundsvall
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3 Power supply circuits

3.0 __Introduction

The three basic constituents of a power supply circuit are the transformer, the rectifier bridge and the
electrolyte capacitor. In this experiment, we examine how these different parts influence the output
voltage aswell asthe load’ sinfluence. In all cases set the oscilloscope to dc-mode to observe the gen-
eral appearance of the output voltage. In case of areasonably good rectification, the voltageis roughly
constant with small variations, the ‘ripple’. Set the oscilloscope to ac-mode in order to observe therip-

plevoltage. Notethat it is not possible to measure the RM S-value using a conventional voltmeter, if the
voltage is not sinusoidal.

3.1 Half wave rectifier
Connect the diode 1N4002 between the output of the transformer and a 330W/5W resistor load (see

Figure 3.1).
N
o IJ__I
230V 24V
1N4002 R
50Hz 50Hz |

Figure3.1

Observe and measure the load voltage using the oscilloscope. Draw the observed waveform. Calculate

the average and RM S (root-mean-square) values. Calculate the output power in this case. Turn the di-

ode in the opposite direction. Observe and measure the load voltage using the oscilloscope. Draw the

observed waveform. Calculate the average and RM S (root-mean-square) values. Calcul ate the output

power in this case.

b Summary: Draw U(t) as seen on the oscilloscope. Calculate U, and Ugys. Do thiswith the di-
ode in both directions Calculate Pg.

3.2 Half waverectifier with filtering capacitance
Connect the capacitance C = 100t (with fuse and SHIEL D supplied by the laboratory teacher) in
parallel to the load R=330W/5W (as shown in Figure 3.2).

N
o IJ__I
230V 24V +
1N4002 — ) R
50Hz 50Hz 00 - |

Figure3.2

[ Summary: Draw U(t) as seen on the oscilloscope. Calculate U,, and Ugus. The signal can be
approximated to a ramp function in the calculations. Do thiswith and without the load. Cal cu-
late Py,

Mid Sweden University, Sundsvall
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3.3 Full waverectifier

Connect the full wave rectifier (built using four diodes 1IN4002) between the output of the transformer
and the load R=330W/5W (asin Figure 3.3).

|~ + ]
230V 24V R
50Hz 50Hz 1

Figure3.3

Observe and measure the load voltage using the oscilloscope. Draw the observed waveform. Calculate
the average and RM S values as well asthe load power.
b Summary: Draw U(t) as seen on the oscilloscope. Calculate U,,, and Ugys. Calculate Py

3.4 Full wave rectifier with filtering capacitance
Connect the capacitance C=100nF (with fuse and SHIEL D supplied by the laboratory instructor) in
parallel to theload R = 330W/5W (shown inFigure 3.4).

~ +
230V 24V _1+ c IJ_'I R
50Hz 50Hz 1 |

Figure3.4

Observe and measure the load voltage using the oscilloscope. Draw the observed waveform. Calculate
the average and RM S values as well asthe load power.
=] Summary: Draw U(t) as seen on the oscilloscope. Calculate U, and Ugys. Calculate Py.

Mid Sweden University, Sundsvall
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3.5 TheZener diode as a voltage stabiliser

A Zener diode can be used as a voltage stabiliser to further improve the performance of the rectifying
circuits. The serial resistance Rs in Figure 3.5 needs to be chosen in such away that the maximum
power dissipation (1.3 W) of the Zener diode BZX85/C15, is not exceeded. Calculate Rsin such away
that the maximum power dissipation (which occurswhen R® ¥)is1W.

R
A +
230V 24V 1+ R
sorz 3| |G Borz = ¢ 7 ]
Figure3.5

Also calcul ate the maximum power dissipation in the serial resistance Rs (which occurswhen R® Q)

and choose aresistor that can stand this power dissipation. Measure the Zener diode voltage and cur-

rent for R =¥ . Use the oscilloscope for the measurement and measure the maximum ripple voltage.

Connect the load R=330W/5W. Measure the voltage and current as well as the maximum ripple volt-

age.

Use the results to calcul ate the dynamic resistance of the diode.

[ Summary: Determine Rsto limit power dissipation. Calculate Py, for R Draw U(t) as seen on
the oscilloscope. Calculate U, and Ugys Do thiswith and without the load. Calculate R.

Formulas
— 1T
Umean =U :?(‘)J(t)dt
0
1 T
Upys =U = ?C‘)Jz(t)dt
0

P=UX :(URMSXIRMS)

DI r®¥ lpy-lg

Hint: Tosimplify theintegrals, the period of the functions can be chosen to:

Sinusodial functions: Use aperiod of 2%
Ramp functions: Useaperiod of 1

This makes the calculations as simple as possible but will not affect the result.

Mid Sweden University, Sundsvall
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4 The Usage of Operational Amplifiers

Linear and non-linear circuits,

References: Soderkvist chapter 4.11, page 369-374, 377-378, Jaeger chapter 12

4.1 First view of the operational amplifier

a) Connect thecircuit of Figure4.1.

5] [5] [6] [7]

NC V+ OUT OF

LM741

OF IN- IN+ V-

+18W
]
Tafl
100 ko +
1 :\\
| I | P
* j/
. A
Llin 15y ULt ]
()mswmn Hz0 Deg 100 k&
i
L J_ &
Figure4.l

HEBRERED

Connect thesine-wave generator as an input voltage U;, setting the frequency to about 100

Hz, and amplitude to about 5V. Connect the channel 1 of the oscilloscope to the voltage U,
and CHANNEL 2 toU,,. Switch the oscilloscope sweep mode to X-Y in order to get the volt-
age U;, as a sweep for the x-axis. Observe the characteristic Uy, = f (U;,) of the connected op-
amp. Changing the output voltage of the sine wave generator and the gain in channelstry to
observe the active part of the characteristic. Draw the characteristic (with the scales on axes).

=} Requested: Draw U, = f (U,

n)-

b) Exchange theinputs of the amplifier (point " X" to the ground and point " Y” to U;,). Observe

the transient characteristic of this connection. Draw the characteristic

p Requested: Draw U, = f (U;,). Explain the difference between the previously measured and

the present one.

+15 Y

T

74
+
100 ke "
| — hot
s &
¢ v}
Liin 18y
C)"vﬁ\m 00 Hz/0 Deg Hmn ] 2t
X
Figure4.2

Mid Sweden University, Sundsvall
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4.2 Op-amp with feedback —linear circuits

a) Now connect point " X" to Uy, instead of the ground as shown inFigure 4.3. Observe the tran-

sient characteristic of this connection. Calculate the gain of the constructed amplifier.
p Requested: Draw U, = f (U;,). Calculate the gain. Explain the difference between the previ-

ously measured and the present one.

5y
® 100kD
740
+
Yo 100 ke -~ i
T — b Ut
i L d
Uin A5y '

()"v 5%M 00 Hz' Deg
& I &

Figure4.3

b) Change the circuit to the one shown in the Figure 4.4. It should be noted that the common
agreement among the op-amp usersisto not include the supplying pins of op-ampsin the
schematic drawings, assuming that their connections to power supplies are obvious). Don’t
removethe 15V supply pins!!!

50 ko2

Lin ot

C)mﬁwmn Hzi0 Deg Hmn -
B I B

Figure4.4

Observe the transient characteristic of this connection.
p Requested: Draw U, = f (U;,). Explain the difference between the previously measured and

the present one.

Mid Sweden University, Sundsvall
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¢) Changethecircuit to the one shown in Figure 4.5.

R-
100 ki
Lin Ut
C)mswmn Hzl Deg R+
a0 ke
& I &
Figure4.5

Observethe transient characteristic of this connection.
b Requested: Draw U, = f (U;,,). Explain the difference between the previously measured and

the present one.

Change the resistancesR+ and R- to 10 kW. Observe the transient characteristic of this connection.
p Requested: Draw U, = f (U;,). Explain the difference between the previously measured and

the present one.

Change the circuit to the one shown in Figure 4.6.

10 ke 100 k&2
llinl & L . L
. 100 k2
Lin? e | — Py i
— 2 Lt

I

—1_ground

Figure4.6

Connect thesine-wave generator as an input voltage U;,;. Use a 100 KW potentiometer connected be-
tween —15V and +15 V supplies asU;,,. Observe the characteristics, i.e. the Uy, = f (U1 ) curve, for a
few different U;, voltages. Calculate the gain of the constructed amplifier for U;,; and U;p.

P Requested: Draw U, = f (U;y; ) for afew U;,,, . Explain the difference between gains.

Mid Sweden University, Sundsvall
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4.3 Op-amp with feedback —non-linear circuits

a) Connect thecircuit of Figure 4.7.

&
It

10 ki 14148

Hm )
& &
Lgrnund

Figure4.7

Observe and draw the transient characteristic of this connection. Switch the diode to the opposite di-
rection. Observe and draw the transient characteristic of this connection. Any ‘normal’ diode can be
used if the 1IN4148 diode is not available. How does the circuit work, i.e. why do you get the results
you get?Isit really an ideal diode without threshold voltage?
=] Requested: Draw U, = f (U;,). Answer the questions.

b) Construct the circuit of Figure 4.8. If the Zener diode BZX55-C6V 2 is not available, use any other
Zener diode with aZener voltage below 15 V.

10 ke

2T Brves-CEy2

10 ks
T >_,_,
Lin 2 Lt

Um ke
& &
igrnund

Figure4.8

b Requested: Draw U, = f (U, ) for the diode in both directions.
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5 Simulationsin Electronics Workbench
Y ou don’t need to hand in any report for this laboratory task.

5.0 Introductions

Electronics Workbench is an electronics simulation program. It is possible to perform most measure-
ments that could be performed on real components. Thisis done using realistic models for the compo-
nents and with no risk of destroying the components. It is also easier to see whether the circuit has been
connected together in a correct way. The purpose of this experiment isto give an introduction to the
program. The program isrelatively easy to use, but use the on-line help function or ask the laboratory
master if anything isunclear.

5.1 General ingtructions

The program can be found in the elwork folder.

Always remember to connect ground to at |east one point of your circuit.

Changing the label of for example adiodeis not the same as changing the model of the

diode.

Choose AnalysigAnalysis options.../Instruments from the menu in order to stop the oscillo-
scope after each sweep or to get shorter time steps for the Oscill oscope and shorter frequency
stepsfor the Bode plotter.

By switching between A- and V-mode it is possible to use the multimeter to measure open cir-
cuit voltage and short circuit current with the same instrument.

The bode-plotter needs an ac source to be included somewhere in the circuit. The frequency set-
ting of the ac source does not matter, but afrequency sweep will be generated according to the
settings of the bode plotter.

5.2 Filtersand the Bode plotter

(@) Connect the RC-filter of experiment 2.1 and use the bode plotter to observe H(w) (both magni-
tude and phase). Change the scales to make the plot easier to view. Find the cut-off frequency by
finding the ‘-3 dB’-level. What is the asymptotic slope of thefilter at high/low frequencies
(measured in dB/decade)?

Note: The voltage amplification in dB is defined asGyg = 20 10g T U o/ Uini -
p Requested: Hand in a printout of the circuit and the bode-plot. Cut-off frequency? Asymptotic
slope?

Laboratory master' SSign .......ooeevieiininnnnnn,
(b) The subcircuit butter2, supplied by the laboratory master, contains a so-called second order
Butterworth filter. Use the Bode plotter to determine what asymptotic slopeiit has.
p Requested: Hand in a printout of the circuit and the bode-plot. Determine the asymptotic slope.
Laboratory master'ssign ......covevvvviveennnnn
(c) Connect R=5KW, C=6.8nFandL =150 mH in seriesjust asin experiment 2.1, part 4, with
Uy being the voltage over C and L. Use the Bode plotter to determine the resonance frequency

fo. Try to determine as accurately as possible the minimum gain of this band-stop filter?
) Requested: Print out the bode plot. Determine f, from the plot. Determine minimumgain.

Laboratory master'ssign .......covovveviieennnnnnn
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5.3 Diodelimiting circuits

(@) Connect the circuit shown inFigure 5.1 below. How does the circuit work? What will happen if
the voltage Uy, is changed? How does the resistance R, influence the results?
b Requested: Show the circuit and the results and explain how it works.

Laboratory master' SSign .......ooevvveiininnnnnn,

1
1 k0
L 4 | I |
s
()m 51 kHz/0 Deg ( . Ubias
L
-]
Figure5.1

(b) How can you make acircuit that clips all voltages below a certain limit? Connect acircuit that

clipsal voltages below approximately +2.0 V.
p Requested: Answer the question. Check that your circuit works and includeit in your report.

Laboratory master' SSign .......oceevvieiininnnnnn,
(c) Connect a‘positively limiting’ circuit, clipping at +3.0 V, and a‘ negatively limiting’ circuit,

clipping at -1.0 V, in parallel in order to clip the voltage in both directions.
p Requested: Design and connect the circuit and include a printout of an oscilloscopetracein

your report.

Laboratory master' SSign .......coveviieiiiinnnnnn,
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(d) Connect the circuit shown inFigure 5.2 below. Note that it s not enough to change the label s of
the diodes to get different zener voltages.
p Requested: Include an oscilloscope plot and explain how the circuit works.

Laboratory master' SSign ........ccevvevininnnnnn,

:

R1
1 kL2

ol BAVES-CVA

C)"v 10 W1 kHz/0 Deg

N BAWaS-C10

Figure5.2
5.4 Electronic Current Source

Make a simple electronic current source according tofigure 3.88, page 295 in Soderkvist or figure
15.67, page 781 in Jaeger. Try to design it in such away that the current is of the order 5 mA. Most
important isthat the current does not change appreciably with the load. The source should be able to
givethis current for load voltages up to 4.0 V. Use a 2N 3904 transistor. How do the values of the re-
sistors R and Re influence the function of the current source? What is the internal resistance of the
source?

p Requested: Hand in a print-out of the circuit or show the circuit to the laboratory master. De-
termine the current and internal resistance. Influence of R and R:?

Laboratory master' SSign .......coveviieiiiinnnnnn,
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5.5 Transstor-transistor logic (TTL)

The circuit below, inFigure 5.3, shows astandard TTL inverter circuit. A low input voltage should lead
to ahigh output voltage and a high input voltage to alow output voltage. For TTL, input voltagesin the
interval 0to 0.8 V are defined as low and input voltages between 2.0 and 5.0 V are high. Output volt-
age between 0 and 0.4 V are low and output voltages between 2.4 and 5.0 V are considered to be high.
Determine the transfer function of the circuit and verify that the output voltage always stays within the
limits for the allowed input voltages. Connect a square-wave generator with afrequency 100 kHz and
observe the output wave form and determine the propagation delay of the gate. The propagation delay
istime between adesignated point on theinput pulse (e.g. the 50% point) and the corresponding point
on the output pul se.

p Requested: Determinetransfer function. Verify output voltage. Draw output waveform? Deter-
mine propagation delay.

Laboratory master' SSign .......coevevieiiiinnnnenn,

Figure5.3
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6 Design of Transistor Amplifiers
Thistask is supposed to be accomplished during two sessions (no 6 and 7).

6.1

Simple CE-stage

a)

b)

A simple CE-stage with atransistor and only two resistorsis shown inFigure 6.1. Calculate the
values of the resistorsto achieve Ugyr = 7.5. The forward base-emitter voltage drop Vse can be
assumed to be 0.7 V and the current amplification factor, b is 200 and | ¢ = 200 MA.

VCC

Cout

—

. _| N304y 2N3904 seen from the
Uin connector side.

Figure6.1

Hint: You haveto choose an arbitrary value of 1o (In the order of 10-50 mA)

Connect the circuit in Figure 6.1, with the resistor you have chosen. Use 100 ni capacitors (for
Gi, and C,) and a 2N3904 transistor. M easure the achieved voltage Ucgo. Does the measured
value differ from 7.5V ? Squeeze the transistor between your fingers. Can this affect the output
voltage? Why?

Check the value of Ucgq for two other 2N3904 transistors. Explain why the measured voltage of
Ucko can differ.

Build the circuit in Electronic Workbench. What isthe output voltage of the simulation?

Requested: Calculate resistor values (With calculations). Measure Ugyr. Answer questions.

Connect the sine-wave generator as the input voltage U;,.. Set the frequency to about 100 Hz and
the amplitude to about 5 V. Connect channel 1 of the oscilloscope to U;, and channel 2 to U,.
Switch the oscilloscope sweep mode to X-Y in order to put the voltage U;, as sweep for the x-
axis. Observe the transient characteristic Uy, = f (U;,,) of the constructed Common Emitter am-
plifier. Change the output voltage of the sine-wave generator and the gain in the channelsin or-
der to observe the different parts of the characteristic. Draw the characteristic (with the scales on
axes) and answer where the following regions are in the charatristics:

Turn-off region

Saturation region

Activeregion?

Calculate the gain of the amplifier using the slope of the transient characteristic. Important in-
formation that can be extracted from the characteristicsis how large the linear region isfor the
amplifier.

Requested: Draw U, = f(U;,) as seen on oscilloscope. Answer questions. Calculate gain. (The
gain is defined asthe slope of V,; = (Vi) in the active region).

Mid Sweden University, Sundsvall
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6.2

CE-stage with voltage divider

To achieve circuit stability avoltage divider isto be added in the DC-biasing network.

a)

b)

6.3

Cadlculate the valuesfor R; and R, so that the DC collector current | is equal to the previous ex-
cercise.

Hint: The base current can be neglected in the claculations if the current in the voltage diveder
ismore than 10 timer higher than .

VvCC

Cout

I

._| 2N3904

X Uout
Uin R22

Figure6.2

Check the value of Ucgq for two other 2N3904 transistors. Are the results any different from the
previous exercise? If so, explain why.

How is the temperature stability for this circuit, i.e how does the collector-emitter voltage
change from start-up with a cold transistor until V¢ is stabilised. Explain why.

Build the circuit in Electronic Workbench. What is the output voltage of the simulation?

Requested: Calculate resistor values (With calculations). Measure Ugyr. Answer questions.

Connect the sine-wave generator and draw the transfer characteristics asfor the first amplifier.
Compare the transfer characteristics with the previous amplifier. Important characteristics are
amplification, voltage swing and the linearity.

Requested: Draw U, = f(U;,) as seen on oscill oscope and compare with other amplifiers. Cal-
culate gain.

CE-stage with emitter resistance

a)

A resistor isintroduced in the emitter-path to increase the stability.

Calculate the values for Re and R with the assumption the voltage drop over Re should be 10%
of the supply voltage. The operating point for Vo, should correspond to the middle of the possi-
ble voltage swing.

Check the value of Ucgq for two other 2N3904 transistors. Are the results any different from the
previous exercise? If so, explain why.

Mid Sweden University, Sundsvall
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vCcC

Lo

Rl? RC?
Cout

—i—

2N3904

Cin
11
I

¥

) Uout
Uin

Figure6.3

How isthe temperature stability for this circuit, i.e how does the collector-emitter voltage
change from start-up with a cold transistor until V¢ is stabilised. Explain why.

Build the circuit in Electronic Workbench. What is the output voltage of the simulation?

p Requested: Calculate resistor values (With calculations). Measure Ugyr. Answer questions.

b) Connect the sine-wave generator and draw the transfer characteristics. Compare the transfer
characteristics with the previous amplifiers. Important characteristics are amplification, voltage
swing and the linearity. What have happened to the amplification? Explain why.

p Requested: Draw U, = f(U;,) as seen on oscill oscope and compare with other amplifiers. Cal-
culate gain. Answer question.

6.4 CE-stagewith emitter capacitance

A capacitor is added parallel to Re to increase amplification.

The value for Ce can be selected to 100 nf.

VCC

Cout

I

R1 ch
Cin
. _| l—.gi 2N3904

) 4 4 Uout
Uin
R2

Figure6.4
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Connect the sine-wave generator and draw the transfer characteristics. Compare the transfer character-
istics with the previous amplifier. Important characteristics are amplification, voltage swing and the
linearity. What have happened to the amplification? Explain why.

What isthe influence of the value for Cz? What will happen if the valueislower?
Hint: Think of the experiment Filters and RC-circuits.

Connect aload, R, =100W to the amplifier. How is the voltage amplification changed when the load is
connected to the amplifier? Explain why.

=} Requested: Draw U, = f(U;,) as seen on oscilloscope for both with and without a load resistor.

Comparewith other amplifiers. Calculate gain for both with and without a load resistor. Answer
guestions.
Don’t disconnect, keep the circuit for alater exercise.

6.5 CC-stage

Construct acommon collector amplifier with the transistor 2N2904.

In the CC-amplifier the resistor R is not needed but can some times be used to avoid high currents that

would destroy the transistor. Here we will not use any resistor Rc. Calculate the valuesfor Rg, R, and
R, for a suitable operating point.

vCcC

—

Cin Rl?

] b onzoos
. l* Cout
Uin R2§ |
§ Uout
RE
|
Figure6.5

Check the value of Ugyt for two other 2N 3904 transistors. Compare the stability for changesin tem:
perature and changesin devices with other amplifiers.

Connect the sine-wave generator and draw the transfer characteristics. Compare the transfer character-
istics with the previous amplifiers. Important characteristics are amplification, voltage swing and the
linearity. Why isthe amplification so different from previous amplifiers?

Connect aload, R, =100W to the amplifier. Do not use a capacitor in the load path! The load will how-

ever affect the operating point but it isnot needed to make any adjustmentsfor this. How isthe voltage
amplification changed when the load is connected to the amplifier? Explain why.

b Requested: Draw U, = f(U;,) as seen on oscilloscope for both with and without a load resistor.

Comparewith other amplifiers. Calculate gain for both with and without a load resistor. Answer
guestions.
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6.6  Multistage amplifier

24

Connect the output from the CE-amplifier to the input on the CC-amplifier.

Connect the sine-wave generator to the CE-amplifier and draw the transfer characteristics. Compare the

transfer characteristics with the previous amplifiers. Important characteristics are amplification, voltage
swing and the linearity. Why is the amplification so different from previous amplifiers?

e

I 12N3904CC
I 2N3904CE I:
Cout
. q ”_.
Uin R2CE } R2CC }
RECE —_I— CE RECC%

Uout
i | ]

Figure 6.6

Connect aload, R, =100W to the amplifier. Do not use a capacitor in the load path! The load will how-
ever affect the operating point but it isnot needed to make any adjustmentsfor this. How isthe voltage

amplification changed when the load is connected to the amplifier? Explain why.
b

questions.

Requested: Draw U, = f(U;,) as seen on oscilloscope for both with and without a load resistor.
Compare with other amplifiers. Calculate gain for both with and without a load resistor. Answer
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