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Lab Safety Instructions and Rules
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General Behavior
e Never work in the laboratory alone, always have another qualified person in the area
do not use any equipment unless you are trained and approved as a user by your
instructor or staff. Ask questions if you are unsure of how to operate something.
e Perform only those experiments authorized by the instructor. Never do anything in the
laboratory that is not called for in the laboratory procedures or by your
instructor. Carefully follow all instructions, both written and oral.

Unauthorized experiments are prohibited. P (/

e Don't eat, drink, or smoke, in the laboratory .

e Please don’t yell, scream, or make any sudden loud noises that could startle NO
others who are concentrating on their work. SMOKING

e When you are done with your experiment or project, all components must be dismantled
and returned to proper locations.

e Dress properly during all laboratory activities. Long hair, dangling jewelry, and loose
or baggy clothing are a hazard in the laboratory. Long hair must be tied back and
dangling jewelry and loose or baggy clothing must be secured.

e Keep aisles clear and maintain unobstructed access to all exits, fire extinguishers,
electrical panels, and eyewashes.

First Aid & fire

e First aid equipment is available in the lab, ask your instructor about the nearest  grsT AID
kit.

e Fire extinguisher are available in the lab, ask your instructor about the nearest
one to your lab.

Electricity

e Do not handle electrical equipment while wearing damp clothing
(particularly wet shoes) or while skin surfaces are damp.

e Never bend or kink the power cord on an instrument, as this can crack the
insulation, thereby introducing the danger of electrical shocks or burns. ELECTRICAL

e Know where the stop button, main switch or other device for stopping the HAZARD
apparatus is located

Machines and moving parts
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e In order to avoid the possibility of injuries, it is important that the students be aware of
their surroundings and pay attention to all instructions.

e Deal with caution with rotating machines, fans pumps compressors, motors etc. don’t
touch any of the rotating parts; shafts, or blades.

e Read and understand operation instructions before turning on the machines, do not turn
machine till you instructed by the instructor or the technician.

Hot surfaces and burns
e Do not touch hot surfaces; hot plates boilers, heating elements machines etc.
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Introduction

The circuits and Electronics Laboratory is one of the most important Laboratories that
engineering students will take since it will enhance the theoretical knowledge gained in
classes through a series of experiments.

In addition to practical experiments, students will have to prepare for the lab through
simulation and calculation of the circuits under test. |students will work in groups to enhance
communication and team work skills, they are also required to write a report to illustrate and
interpret results and draw conclusions and observations.

In most experiments prior knowledge of the theoretical material is assumed.

Obijective

e To test and debug various electric circuits and components including
transient, steady state and frequency response.

e To test and debug various electronic components and circuits including
transient, steady state and frequency response

e To perform characterization tests on Diodes, BJTs, FETs, Op-amps and
voltage regulators and oscillators.

e To perform tests to verify operation of diode based circuits such as rectifiers,
clippers, clampers, multipliers and zener diodes

e To perform tests to verify operation and performance of BJT and FET
amplifier circuits

e To perform tests to verify operation and performance of Op-amps and voltage
regulators and oscillators.

e To Report on experiments and to develop necessary skills to communicate experiment
findings in a scientific and precise way

Laboratory Instructions

e Each Student should prepare for the lab by reviewing the theoretical background and
simulating the circuits under test using Pspice and submit the material of the prelab
before the start of the laboratory session

e Students will work in groups of 2-3 students maximum

e Each group should prepare a report and submit it at the beginning of next lab session

e Reports should be original and contain the basic required elements detailed below,
any copy from any source will result in a zero grade and proper academic punishment

e During the laboratory session it is required to have an experimental setup checked and
approved by the instructor before starting data collection

e Data sheet should be signed by the instructor before you leave the laboratory,
otherwise your report will not be accepted

e Smoking, eating, drinking and use of cell phones is not allowed during the laboratory
session

|Pages
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Experiment # 1

Basic Measurement Techniques

» Objectives:
1. In this experiment, we shall study how to use the digital multi-meter, power supply,
function wave generator, and the oscilloscope.
2. To make some measurements in the lab.

3. Measuring Phase between two signals.

» Equipment Required:

Board, resistors, capacitors and wires.

Digital Multi-meter GDM-8135.

Oscilloscope TDS 2002B.

Power Supply Unit TK286 [0-20V] Variable DC.
Function Wave Generator GFG-8215a.

o & w0 D

» Procedure
Part A: Measuring resistance
1. Use digital multi meter (DMM) to measure resistances you have been given, record
results.
Part B: Measuring voltage

1. Connect the circuit shown in figure 1.14, set the input power supply to 10V, measure the

voltage across each resistor, record and discuss results.

R1
AAAY
1kQ
10 VDC
("‘) R2 § 1kQ
Figure 1.14

|Pageé
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Part C: Measuring current
1. For the same circuit of figure.1.14 measure the current through each resistor, record and
discuss results.
Part D: Using oscilloscope and function wave generator
1. Connect the circuit shown in Figure 1.15, set the input voltage to sinusoidal voltage at 8

Vpp and 1 kHz (you will need to connect channel 1 of the oscilloscope to the input

voltage).
R1
VMV
1kQ
8 va, 1 kHz
C_”_1uF
=
Figure 1.15

2. Connect channel 2 of the oscilloscope to the capacitor, use measure menu to view
characteristics of the voltage across capacitor.
3. Use DMM to measure the current in the circuit, and the voltage across the resistor and the

capacitor.

|Page?
Summer Semester 2020-2021



ENEE2103 Circuits & Electronics Lab

Experiment#2 ENEE2103

Circuit Laws and Theorems

Objectives:

1. To use to measure the resistance, the voltage and the current.

2. To test the validity of the KVL and KCL laws.

3. To verify the validity of the voltage and current division rules.

4. To test the validity of the superposition theorem.

5. To determine the Thevinin and Norton equivalent circuits.
Equipment:

1. Digital Multimeter.

2. Feedback Prototype Board

3. DC power supply

4. Discrete Resistors, Resistance Decade Box
Pre-lab:

1. Simulate the circuits in the procedure section and determine the required values (set
the parameters that must be assigned by the instructor in the procedure to proper
values).

2. Verify if Simulation Results match the expected results

Procedure:

A. KVL,KCL
1. Measure the value of the resistances given to you by the lab instructor and make sure

they match those in Fig. (2.1)
Connect the circuit of Fig (2.1). Consider Rx=R1=R4=1k€Q , R5=3.3kQ R6=4.7kQ

N

3. Set the voltage source to 15 volts

4. Set the resistance decade box Ry to the value 1kQ .

5. Measure and fill the values required in table 2.1(value and sign according to the used
sign convention).

6. Change the value of Rx to the half of the first value.

7. Reapeat step 5

8. From your measurements verify the validity of KCL , KVL for the circuit. Keep the

circuit connected for the following part.

Vs Pot R1 R4 R5 R6 Rx
V1 11 | V4 14 V5 15 | V6 16 | VX IX
15V Rx
15V 0.5 Rx
Table (2.1)
|Page8
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R5
R4 |+ ve=wx -
+ova o, Re
Vs

Fig (2.1)
B. Voltage & Current Division:
I. Voltage division
In the circuit of Fig (2.1) disconnect the resistance Rs from the circuit
Measure the voltages on all the branches of the circuit.
Change Ry as shown in table2.2 and repeat step2 for all the given values.
In each case apply the resistors values into the voltage division formula
Do the measured values satisfy the voltage division rule? Keep the circuit

okrwnE

connected for the following part.

Vs (volt) Pot. V1 V4 V6 VX
10 Rx
10 0.5Rx
Table (2.2)

Il1. Current division

1. Inthe circuit of Fig (2.1) reconnect Rs and replace R1 by a short circuit and set Rx to
its start value.

2. Measure the curents in all the resistive branches of the circuit and fill the values in
table2.3.

3. Change Rx as shown in table 3 and repeat step 2 for all the given values.
4. In each case apply the resistors values into the current division formula
5. Do the measured values satisfy the theoretical values of the current division rule?
Vs (volt) Pot. 14 15 16 IX
10 Rx
10 0.5Rx
Table (2.3)

|[Page9
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C. Superposition:

Connect the circuit of Fig (2.2).

Set the source Vsi to 5 volts and Vs to 10 volts.
Set the variable resistor Ry to the value of 1K.
Measure the current and the voltage on Rs

Set Vs1 to zero and Vs, to 10 volts measure the current and the voltage on Re
Set V1 to 5 volts and Vs to zero and measure the current and the voltage on Re
Define the relation between the three current values measured in (4,5,6)

Define the relation between the three voltage values measured in (4,5,6)

N O PR

Vsl(volt) Vs2 (volt) V6 (volt) 16 (mA)
5 10
0 10
5 0

Table (2.4)

R4

Cc

I

Fig (2.2)

D. Thevinin and Norton equivalent circuits:

=

Reconnect the circuit of Fig (2.2).

Set the Vg1 to 5volts and Vs2 to 10 volts and measue voltage across R1.

3. Disconnect R1 and measure the voltage on the terminals (a,b) where R1 was connected

as in Fig (2.3).[ Voc- open circuit voltage]

Short circuit the terminals (a, b) and measure the current in the short circuit (Isc).

Disconnect the voltage sources and short circuit the terminals where each source was

connected.

Measure the resistance from the terminals (a,b) (Rab=Rth).

7. Connect the voltage source in series with the variable resistance from the
potentiometer (VR1) as in Fig (2.4) , do not connect R1.

8. Set the voltage source to Voc measured in step (3) and the variable resistance to Rth
measured inn step (4).

9. Measure the voltage on the opened terminals of the series connection.

S n

o

|[Pagel0
Summer Semester 2020-2021



ENEE2103 Circuits & Electronics Lab

10.
11.
12.
13.
14.
15.
16.
17.

18.

Short circuit the terminals of the series connection and measure the current in the
short circuit.

Define the relation between the voltage values measured in steps (3,9)

Define the relation between the current values measured in steps (4, 10)

Compute the ratio between the measured voltage VVoc and current Isc in steps (3,4)
Define the relation between the computed value in step (13) and the resistance
measured in step (5)

Connect the resistance R1 across terminal a-b of Fig. 2.4 and measure the voltage
across it?

Compare voltage across R1 from step (15) to its value measured in step (2)

What is the relation between the circuit of Fig.2.2 and the circuit of Fig.2.4
constructed in steps (7,8)? Refer to the electric variables on the port (a, b).

Compare the short circuit current value with the Norton current source determined by
computation.

a
Vg1
b
il
ov 1
Fig (2.3)
VR1=Rth
' a
VOC__"' l
L R1
H b
Fig (2.4)

Components List: R1=R4=1 kQ , R5=3.3 kQ, R6=4.7kQ

Resistance Decade Box

|[Pagell
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Experiment#3 ENEE2103

First and Second Order Circuit

Objectives:

1. To use the Oscilloscope to measure electric values.

2. To test and analyze the time responses of RL and RC circuits.

3. To test and analyze the time response of the second order RLC circuit.

4. To test the effect of the initial state of the dynamic elements on the time response.

5. To determine the first and second order circuits parameters from the circuit response.
Equipment:

1. Digital Multimeter.

2. Oscilloscope (TDS-2002B).

3. Power supply.

4. Signal generator.

5. Discrete Capacitors and Resistors, Inductance decade box, Resistance decade box
Pre-lab:

3. Simulate the circuits in the procedure section and determine the required values (set

the parameters that must be assigned by the instructor in the procedure to proper

values).

4. Verify if Simulation Results match the expected results

Procedure:

A. RC Circuit:

1. Set the resistance Decade Box to the value of R3 then measure Value of C1 using the
RLC meter.

2. Connect the circuit of Fig (3.1)

3. Set the signal generator to square wave 5Vp-p and 50Hz with dc offset=2.5V

4. Connect the Oscilloscope to the Capacitance terminals.

5. From the response displayed on the oscilloscope, determine the value of the system
time constant.

6. Determine the steady state voltage value on the capacitor.

7. Use your measurements of the time constants to determine the value of the
capacitance.

R3
Square | vy 22 k
wave C1
SVpp 100nF =—=
S0Hz
Fig (3.1)

B. RL Circuit:

|[Pagel2
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=

Connect the circuit of Fig (3.2)

2. Set the signal generator to generate a periodic square waveform with 10Vp-p and

frequency=500Hz , dc offset=5V.

Connect the oscilliscope to display the voltage response of the inductor.

4. Measure the time constant of the circuit and the steady state values of the voltage and
current responses.

5. Determine the behavior of the voltage and current responses in relation to the element
characteristic equation.

6. Change the period of the periodic square wave to T=2t|_and display the result.

7. Write your conclusion about the displayed waveform.

w

R
2.2k
10Vp-p L
f=500Hz
500mH
Fig (3.2)
C. RLC Circuit:
I.  Response type:
1. Connect the circuit of Fig (3.3)
R3 L2
Square 500 mH
wave
SVpp
30Hz 100 nF C1

Fig (3.3)

N

Connect the oscilloscope to measure the voltage in the capacitor.

3. Set the signal generator to generate a periodic square waveform with + 2.5 volts and

30Hz, dc offset=2.5V

Determine the type of the response.

Replace R3 by resistance decade box

Calculate the value of the resistance that satisfied the critical damping and the under

damping conditions.

7. Change the variable resistor with steps so that you can detect a change in the type of
the response.

8. Refine your steps around the value for which the transition occurs so that to detect the

transition point.

o oA
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9. Determine the type of the response in each case.

Il. Response parameters:

1. Set the value of Ry to (define value through test) so that to get an under damped

response

2. Use the cursor to measure the decay-envelope time constant (z), the damping
coefficient (o) and the damped frequency (wq) as shown in Figure 3.3.
3. Double the value of C1 and Measure the parameters defined in step2 noting the

effect.
Reset the capacitance to its initial value

ok~

V,(t)

A=v,0) 1

<
o

<
o

<

3
M
*

Overshoot

Reduce value of L2 to half its value and note the effect on previous parameters.

Envelope:

- Env ()= Y(@) +[ A - Y@)]e "
‘\\.\\.‘.

- ear e caPgecccaas

Time

th

Figure 3.3
: tp—t
Decay time constant T = V;’_—V“()
o(co
m("b-"o(oo))
. . 1
Damping Coefficient a=-
. 2T
Damped radian frequency Wq =
tp—tg

Components List:
22kohm , 2.2kohm
100nF (2)

Resistance Decade Box
Inductance Decade Box

Summer Semester 2020-2021

|[Pagel4



ENEE2103 Circuits & Electronics Lab

Experiment#4 ENEE2103
Sinusoidal Steady State Circuit Analysis
Objectives:
1. To use the Oscilloscope, the DMM, the Wattmeter for AC electric quantities
measurement..

2. To measure the circuit elements impedances and voltage and current phasors.
3. To verify the validity of the Circuit theorems in the sinusoidal steady state.
4. To measure the power in sinusoidal steady state circuits.
Equipment :
1. Digital Multimeter.
2. Oscilloscope (TDS-2002B).
3. Power supply.
4. Function generator.
Pre-lab:

1. Simulate the circuits in the procedure section and determine the required values (set
the parameters that must be assigned by the instructor in the procedure to proper
values).

2. Verify if Simulation Results match the expected results

Procedure:

A. Impedance:
1. Connect the circuit of Fig (4.1)

2. Value of Rx=2.2kQ

3. Set the signal generator to generate a sinusoidal waveform with amplitude 5 volts and
frequency 1 kHz.

4. Measure the total impedance of the circuit using DMM by measuring the total voltage
and current. Find the phase shift between total voltage and current using the
oscilloscope cursor menu.

5. Repeat the step (4) with the signal frequencies: 500 Hz , 1500 Hz. Fill in the results in
table 4.1

6. Write your conclusions about the variation of the impedance of the resistor with the
frequency.

7. Connect the circuit of Fig (4.2).

8. Repeat the steps (2-5) with the signal frequencies: 500Hz , 1500 Hz. Fill in the results
in table 4.2

9. Write your conclusions about the variation of the impedance of capacitor with the
frequency.

10. Connect the circuit of Fig (4.3)

11. Repeat the steps (2-5) with the signal frequencies: 500Hz , 1500 Hz. Fill in the results
in table 4.3

12. Write your conclusions about the variation of the impedance of the inductor with the
frequency.

|[Pagel5s
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Rx

10Vp-p | Vs -9k
1000Hz() 1K S R1

Fig (4.1)

10Vp-p | Vs 5o9¢  100nF == C4

=
8y

Fig (4.2)

Rx

—AM

10Vp-p | Vs

1k

6Y

+

Fig (4.3)
B. Capacitive and inductive behvior:

1. Connect the circuit in Fig (4.4) (note : use table 4.5 to fill in the results)

2. Set the generator to generate a sinusoidal waveform with amplitude 5 volts and
frequency 1 kHz.

3. Measure the phase shift between the total current and the voltage.

4. Repeat the step (3) incrementing the frequency 2 kHz, 4 kHz,6 kHz,8 kHz .

5. Determine the resonance frequency fo experimentally (note that at fo, both voltage
and current will be in phase)

|[Pagelé6
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~

Write your conclusions about the circuit behavior in relation to the capacitive and
inductive and the resistive behavior.

Set the generator frequency to the resonance frequency found in 5.

Connect another 100nF capacitor in parallel to C2 and explain the behavior of the
circuit according to the circuit response.

Disconnect the extra capacitor and double the value of L3 and Explain the behavior of
the circuit according to the circuit response.

C4 L3
||

I
10Vp-p | Vs oo e

330 R13

+

Fig (4.4)

. Sinosoidal steady state power:

1.

2.
3.
4

Set the voltage source to amplitude 2.5 V and frequency 2 kHz
Connect the circuit in Fig (4.5)

Measure the rms voltage and the rms current across R6, L1, C2 and R1
Measure the phase shift between Vs and Is; VVc and Ic and fill table 4.5.

Notice that in order to measure phase shift between Vc, Ic, you need to add

a 10 Q resistor in series with C2. Find the phase shift between voltage of C2+ Rx
and the voltage of Rx.

Compute the active power (average power), the reactive power and the power factor
in each element.

Verify the validity of the conversation of energy law (3 input Power=) Output Power)

c2—— 11 R2 220Q
470nF
100 120mH
Is E 220 Q
Fig (4.5)
|[Pagel7
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Table 4.1
f [Hz] Vrms Irms At Phase shift
500
1K
1.5k
Table 4.2
f [Hz] Vrms Irms At Phase shift
500
1k
1.5k
Table 4.3
f [Hz] Vrms Irms At Phase shift
500
1k
1.5k
Table 4.4
f 1k 2k 4k 6k 8k fo
At
(OVS- Ols)
Table 4.5

VRy |VL=VRe | IL Irs Vs Is (Ovs-O1s) | Ve lc | (Ove- Orc)
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Experiment #5 ENEE2103

Filters

Objectives:
1. To use the Oscilloscope, the DMM, for AC electric quantities measurement..
2. To measure the Amplitude and phase of frequency variable sinusoidal signal.
3. To implement and measure the characteristics of circuits with Op-Amp.
4. To verify the Characteristic behavior of the different types of filters.
5. To verify the differences between the active and the passive filters.
Equipment :
1. Digital Multimeter.
2. Oscilloscope (TDS-2002B).
3. Power supply.
4. Function Generator
5. Discrete components:
Opamp: uUA741
Resistors: 1 kQ, 2.2 kQY;
Capacitors: 220nF, 470nF
6. Inductance decade box
Pre-lab Work:

1. Simulate the circuits in the procedure section and determine the required values (set
the parameters that must be assigned by the instructor in the procedure to proper
values).

2. Verify if Simulation Results match the expected results

Procedure:

A. Passive filters:
I.  First order circuits:
1. Connect the circuit of Fig (5.1) (make sure to measure R1 and C1 provided to you)

C1
220 nF

6Vp-p D
f?
R1
2.2k
Fig (5.1)

2. Set the signal generator to generate a sinusoidal waveform 3 volt amplitude and f
=20 Hz and measure the output voltage on the capacitor using the DMM.

3. Determine the phase shift between the circuit current and the input voltage using
the oscilloscope, Put chl on ac source and ch2 on R1 to represent the current.

4. Measure Vi, Vr and VVc using DMM (fill results in table 5.1)

|[Page19
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5. Measure the value of cut-off frequency ( fc ) by finding the max value of Voltage

across the capacitor Vc_max (use DMM) first, then fc is the frequency for which
Vc=0.707 Vc_max. (note: value of fc=1/(2xReq.C)).

6. Repeat steps 3, 4 for frequencies ranging from 0.1fc - 20fc and fill results in table

5.1 . Make sure to take enough points to be able to draw the magnitude frequency plots

[dB/decade]

7. From the magnitude-frequency plots of (Vr/ Vi) and (Vc/ Vi) determine the filter

type in each case.

8. From the plots of step 7. Determine approximately the 3-db cut-off frequency in each

of the two cases.

9. Analyze theoretically the phase behavior with the frequency and determine if the

filter introduces a phase shift.

Il. Second Order Fiters:
1. Connect the circuit of Fig (5.2)

L1 C1

Q- .

Fig (5.2)
2. Set the component values R1=1 kQ, L1=100 mH and C1=470nF.

3. Set the signal generator to generate a sinusoidal waveform with amplitude 5 volts and
a frequency value that equals the resonance frequency (fo) measured experimentally and
verified theoretically.

4. Measure the voltages across each component: Vg, Vi, Vc using the DMM. (fill in the
results in in table 5.2)

5. Determine the values of fcl and fc2 experimentally and compare to theoretical values.
6. Repeat step 4 for frequencies ranging from 0.1fcl - 20fc2, take enough points to be
able to draw the magnitude frequency plot [dB/decade] as in table 5.2

|[Page20
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7. From the magnitude-frequency plots of (Vr/Vi)and ((Vc + VL )/ Vi) determine
the filter type in each case.
8. From the plots of step 6. Determine approximately the 3db cut-off frequency in each

of the two cases. Does it match the theoretical values?

Active filters:

1. Connect the circuit of Fig (5.3). Don’t forget to connect the bias voltage sources
2.2k

220nF

1k

Fig (5.3)

2. Calculate the expected value of cut-off frequency f.? Does it match the value
obtained from the measurement and simulation?
4. Set the signal generator to generate a sinusoidal waveform with 3 volts amplitude and
f =fc and measure the input and output voltage using the DMM.
5. Repeat step (4) for frequencies within the following range (0.1f. < f < 40f;), make
sure to take enough number of points in table 5.3 to construct the magnitude bode plot.
7. Draw the magnitude bode plot (20 log(Vo/Vi)) based on measurements of step (5),
determine the filter type, and approximately determine the 3db cut-off frequency.
8. Inyour report compare the simulation results for the magnitude and phase frequency
response for the passive and active filter of part A-1 and part B ( from 10Hz to 10
MHz)

|[Page21
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Frequency | Vin(Vrms) | Vr(Vrms) | Vc(Vrms) Ov-0 log f 20 log
(VR/Vin)
20 Hz 1Vrms
0.1fc 1Vrms
0.5fc 1Vrms
fc 1Vrms
1Vrms
4fc 1Vrms
1Vrms
10fc 1Vrms
1Vrms
l4fc 1Vrms
1Vrms
20fc 1Vrms
Table 5.1=» ac sweep
Frequency | Vin(Vrms) | Vr(Vrms) | Vc(Arms) | Vi(Vrms) | (VC+VL)(Vrms) | Jog | 20 log 20 log
f (Vr/Vin) | (Vc+Vi/Vin)
0.1 fcl
fcl
0.5fo
fo
2fo
fc2
10fc2
14fc2
20fc2
Table 5.2
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Frequency | Vin(Vrms) | Vo(Vrms) |ogf 20 Iog
(Vo/Vin)

0.1fc

0.4fc
0.8fc

Fc

1.5fc

afc

10fc

20fc

Table 5.3
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Experiment # 6 ENEE2103

Diode Characteristic and Applications.
Objectives:
1. To investigate the operation of PN junction, and the VI characteristics of the silicon diode
2. To investigate some applications of the P-N junction like Rectification, Clamping and
Clipping.
Pre-lab Work:

1. Simulate the circuits in the procedure section and determine the required values (set
the parameters that must be assigned by the instructor in the procedure to proper
values).

2. Verify if Simulation Results match the expected results

Procedure:

|. DIODE CHARACTERISTICS
1. Connect the Circuit of Fig. (6.1).

Variable
DC Power * VR
supply +4/\/\/\/7
(current 1000
limit v A B
150mA) -
Fig.(6.1)

N

Set the current limit of the dc power supply to 150mA.
3. Switch on the power supply and adjust it from zero to 1 volt in 0.1V steps and in 0.5
steps from 1V to 3V.
4. For each setting measure the value of VR.
Table 6.1
Vs VR Vb Ip
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.5
2
2.5
3
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5. Calculate Vp and Ip and enter them in the table 6.1 .
6. Draw the forward characteristics of the diode by plotting Ip versus Vp.

Questions:

e At what approximate value of Vp does the current Ip begin to rise noticeably?
e Does Vp rise much above this value for larger values of 1p?
e What happens if the diode is reversed?

II. RECTIFICATION.
A. HALF - WAVE RECTIFICATION.

1. Connect the circuit as shown in Fig.( 6-3).

SY356/6
Vo

P -
10V p-p
200hz 10K

Fig.(6-3)

2. Switch on the oscilloscope and the sinusoidal supply.

3. Measure and record time T(the period) and peak voltage Vp« for the output voltage.
4. Measure the dc and ac components of the output voltage using DVM and compare
your dc value with the theoretical value.

5. Reverse the Diode and observe the output voltage

Questions &
e Is Vy nearly equal to the peak voltage of the supply.

e Why will V« not be exactly equal to the source peak voltage ?

e How much will it differ?

e How could you obtain a negative voltage relative to zero?

. Now add a capacitor of 2.2uF to your circuit, the circuit becomes as shown in Fig.(6-

4).
SY356/6 Vo(t)

P -
10V p-p
200hz 10k

2.2uF

Fig.(6-4}
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7. Observe the output waveform on the oscilloscope and measure peak-to-peak ripple
and rms ripple voltage using ac coupling.

8. Measure the mean value of Vo(t) using dc coupling, then calculate the ripple factor.
9. Now replace the 2.2 uF capacitor by a much larger value of 47uF, making sure to
connect the + side of the capacitor to the diode cathode (the capacitor is electrolytic and
MUST be connected in the correct polarity).

Questions:

e Isthe ripple now less than or more than it was with the lower value of the capacitor?
e Is the mean rectified voltage now greater or less?

B. EULL-WAVE RECTIFICATION

Diode bridge circuit as a full wave rectifier:
1. Construct the circuit of Fig.(6-5).

[ Srdge FaTwave

| Rectifier I
Step Down . I
2:1 ! I
' : A Y
I I Vo(t)
Vs(t) ' = + | o
| |
I
AC supply I ! I I 10KQ
20V p-p |
2KHz I r
Fig.(6-5) OMo

2. Connect the oscilloscope to the output.

3. Draw the output waveform as seen on the oscilloscope and take a picture showing key
quantities.

4. Measure the dc and ac components of the voltage across the load using DVM.

5. Now add a capacitor of 2.2uF to your circuit, and observe the output on the
oscilloscope.

Questions:

e When the capacitor connected, what is the change on the waveform, why?

e Does the ripple voltage change with frequency?

e What is the effect of frequency on the ripple? When the input frequency is reduced,
do you need a larger or a smaller capacitor to achieve the same ripple?

|[Page26
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I11. other applications:

A. clipping:
1. Connect the circuit as shown in Fig.(6-6).
10K

! SY356/6
6V p-p f\J
200Hz

ov

Fig.(6-6)
2. Connect the oscilloscope to the output of the circuit.

3. Set the power supply variable control to zero (fully anti-clockwise) and sketch the output
waveform.

4. Increase the dc source slightly and notice what happens to the output waveform (take
photos of input and output for three different values of dc voltage: 0V, 1.5V and 4V)

Note: make sure to have dc coupling for oscilloscope channels

Questions:

e What difference is there between the input and output wave?

e At what voltage is the output wave form chopped off?

e Ifthe dcis 2V, at what voltage are the positive peaks chopped off?

e If the ac is 10V p-p, does the clipping voltage change?

e What is the relationship between the clipped level and the dc voltage in the two cases?

B. Clamping:
1. Connect the circuit shown in Fig.( 6-7).
1pF
“ CH1
I
! SY356/6
6V p-p
200Hz K\J y
1
ov

Fig.(6-7)
2. Follow the same steps you had followed in the previous part A (clipping).
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3. Take photos of both input and output for three different values of dc voltage: 0V,
1.5V and 4V

Note: make sure to have dc coupling for oscilloscope channels

Questions:

e Does the output wave form alternate about the same dc level as the input waveform?

e To what value the positive peak of the output waveform is clamped, if the ac input
signal is 5Vpk?

e Does the positive peak still stay clamped to the same level?

e Can you see any relation between the reference voltage setting and the clamping level.

C. VOLTAGE MULTIPLIER CIRCUITS

1. Set up the circuit as shown in Fig.(6-8).

1pF 1pF
d I I c
1 1
6V p-p C1 C3
A% A )
BYX36 BYX36 BYX36
1uF
||
a " b
Cc2
Fig.(6-8)

2. To see how the circuit works as a doubler measure the dc voltage between points a and
b using DMM.

3. To see how the circuit works as a Tripler measure the dc voltage between points ¢ and d.

4. Measure the dc voltage across each capacitor. Are they of the same value?

Questions:

e Is the output voltage between a,b twice the input voltage.

e Is the output voltage between c,d three times the input voltage.

e What is the peak inverse voltage across each diode?

e Compare the results of the above questions with the theoretical values.
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Experiment #7 ENEE2103
BJT Transistor As An Amplifier, CE, CC, CB Connection

Objectives:
1. To investigate the effect of applying sinusoidal signal to a transistor connected in
common emitter.
2. To investigate the properties of the transistor amplifier in common emitter, common
collector, and common base connection.

Pre-lab Work
1. Simulate the circuits in the procedure section and determine the required values (set
the parameters that must be assigned by the instructor in the procedure to proper
values).
2. Verify if Simulation Results match the expected results

Procedure:
l. COMMON EMITTER TRANSISTOR AMPLIFIER.

A.CE amplifier with voltage divider - bias
1. Connect the circuit of Fig. (7.1).

+15V +15V

io(t)

1uE Volt)
-

10K

ii(t) | =T wF

Vi
{tlf\) Fig.(7-1)

N

Switch on the power supply and the function generator.

Set the function generator frequency to 1 kHz sine wave and amplitude to zero.
4. Adjust the base bias potentiometer for a DC collector voltage (V¢) of 8 volts or as
close as possible to it. Measure and record Ic,lg, Vce, Veeand Vec

w
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5.

8.
9.

10.
11.

Switch on the oscilloscope and connect its channels to the base and the output of the
circuit.

Turn up the function generator output until the output of the circuit is 8 volts peak-to —
peak.(make sure there is no distortion due to saturation or cut-off)

Use oscilloscope to measure and record the input signal Vi (t) , the base voltage Vs(t)
and the output signal Vo(t).

Calculate the voltage gain Avl = Vo (t) / Vi (t) and Av2=Vo (t)/ Vs (t)

Using DMM measure the AC currents for both the base and the collector of the
transistor.

Calculate the current gain of the amplifier Ai =io (t) / ii (t) and the input impedance of
the amplifier Zi = Vi (t) /i (t) .

What is the effect of the 100 kQ resistor on the voltage gain?

COMMON COLLECTER TRANSISTOR AMPLIFIER.

Connect the circuit of Fig. (7.2).

1 10V

Zi 47K 70
100nF 100K

[ VAVAY I

" N~ Vo(t)

1pF
@ Vi(t) 22K <+
1K
-
Fig.(7-2)

Ensure that the variable dc control knob is at minimum.

Switch on the power supply and adjust the variable dc voltage to give a Vcc of +10
volts.

Set the sine wave generator to a frequency of 1 kHz ,but either disconnect its output
,0r turn its output amplitude to zero, so there is no signal input to the circuit.

Measure the quiescent bias voltages of the circuit Ve and Vg, using DVM.
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6. Increase the output amplitude of the sine wave generator until an output amplitude
from the amplifier is about 2volts peak-to-peak. (make sure the waveform is
undistorted).

7. Measure the ac input voltage needed to achieve this output.
8. Calculate the voltage gain Av.
9. Measure the ac voltage across the 100 k€ input resistor.

10. Calculate the input current using your measured value of voltage across the input
resistor.

11. From the output voltage and the load resistor value calculate the ac output current.
12. Calculate the current gain Ai.
13. From your measured values you can calculate the input impedance Zin.

14. To find the output impedance of the amplifier, you should take off the input sine wave
generator and replace it with a short circuit, then you have to connect the generator to
the output (emitter) via a capacitor, and measure its output voltage and current.

15. Enter your results table 7.1.

Quantity Measured values
Vin
Vout

lin

lout

Calculated values

Av=Vout/Vin
Ai=iout/iin
Zin=Vin/iin
Zout

Table 7.1
Questions:

e How is the output quiescent voltage related to the input?
e How do the parameters compare with those of the common emitter stage?
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11l. COMMON BASE TRANSISTOR AMPLIFIER

1.

10.

11.

16.

Connect the circuit of Fig. (7.3).

Zin Zo
| Il
| u
+
*
«
@ Vi(t) 1k 1uF Vo(t)
100 k e
T 4.7k
22 k
- 10V -
10v
Fig.(7-3)

Ensure that the variable dc control is at min.

Switch on the power supply and adjust the variable dc voltage to give a Vcc of +10
volts.

Set the sine wave generator to a frequency of 1 kHz ,but either disconnect its output
,0r turn its output amplitude to zero, so there is no ac signal input to the circuit.

Measure and record the quiescent bias voltages and currents Ig, Ic, Vee , Vec and Vce.
,using DVM.

Increase the output amplitude of the sine wave generator until an output amplitude
from the amplifier is about 2volts peak-to-peak.

Measure the ac input voltage needed to achieve this output. What happens if the ac
input is increased further?

Calculate the voltage gain Av.
Measure the ac voltage across the 10 kQ input resistor.

Calculate the input current using your measured value of voltage across the input
resistor.

From the output voltage and the load resistor value calculate the ac output current.

Calculate the current gain.
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17. From your measured values you can calculate the input impedance Zin.

18. To find the output impedance of the amplifier, you should take off the input sine wave
generator and replace it with a short circuit, then you have to connect the generator to
the output (collector) via a capacitor, and measure its output voltage and current.

19. Enter your results in a table like table 7.1.

Questions:

e How is the output quiescent voltage related to the input?
e How do the parameters compare with those of the common emitter stage?
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Experiment #38 ENEE2103

The Field-Effect Transistor
Objectives:
1. To understand the difference between the bipolar and the field effect transistor.
2. To examine the characteristics of N-channel JFET when using as a common source
and common drain.

Pre-lab Work:

1. Simulate the circuits in the procedure section and determine the required values (set
the parameters that must be assigned by the instructor in the procedure to proper
values).

2. Verify if Simulation Results match the expected results

Procedure:
. CHARACTERESTICS OF AN N-CHANNEL JFET.

1. Connect the circuit of Fig.(8-1) taking into account the polarities.

moa)
0-20V dc
Variable
Current
- Power
DC (Feedback)
Bench
Power
Supply + l -

Fig. (8.1)
2. Set the current limit on the bench power supply to its minimum value .
3. Set the voltage to zero , then switch on the power supply.
4. Set the Vps to the first value in table 8.1, and then read Ip for each value of Vgs.
5. Repeat for all the values of Vps in the table, recording the corresponding Ip values.

6. Plot the results from your table onto your graph, drawing one curve of Ip against Vps
for each value of Vgs.

Table 8.1
Io( mA) for Vps=(V)
Ves(V)| O | 05 | 1 2 5 | 10 | 15

-0.5
-1.0
-1.5
-2.0
-2.5
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7. Now go back to your circuit and set Vps to 10 V and Ves to -1.0 V ,then try to
measure lg.

Note: When preparing the prelab in Pspice use dc and parametric sweep to get the

curves measured in Table 8.1

Questions:

e From your graph above which values of Vps is Ip almost unaffected by Vps when
Ves=07?

e Foragiven value of Vps, (say 10 V ),do equal changes of Vgs cause equal changes of
Ip?

e Can you measure I or is it too small?

e From your graph, estimate the change in Ip for 0.5 change in Ves when Vps =10 V ,
and Vs -1.0 V ,then find the transconductance of the transistor(gm).

Note: trans-conductance gm=(change in Ip)/(change in Vgs).

1. AJFET AMPLIFIER.
1. Connect the circuit as shown in Fig. (8-2).

-15v +15V

A

47K § K

iMQ

/\/\ﬁI.t

L
!

output

10K

A

input
R

FIG.(8-2)

-
2. Set the sine wave generator to a frequency of 1 kHz ,but either disconnect its output

,0r turn its output amplitude to zero, so there is no signal input to the circuit.
3. Set the potentiometer to give a value of +10 V for Vps.

4. Now apply an input of 2volts peak-to-peak from the generator and observe the output
on the oscilloscope.

5. Measure the peak-to-peak output voltage and calculate the voltage gain.

6. Measure the ac input current and voltage using DMM and calculate the input
impedance Zin seen by the source.
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I1l. COMMON DRAIN AMPLIFIER.
1. Connect the circuit as shown in fig. (8-3).

+15V

220K
Zo

1uF

1uF
1] Vo(t)

& L i

Vit
it 10K 1K - 22K

Fig.(8-3)

2. Set the sine wave generator to a frequency of 1 kHz ,but either disconnect its output
,0r turn its output amplitude to zero, so there is no signal input to the circuit.

3. Measure the DC voltages of Vg, and Vs.

4. Now apply an input of 0.4 volts peak-to-peak from the generator and observe the
output on the oscilloscope.

5. Calculate the voltage gain and the phase shift between the input and output voltage.

6. Measure the values of Zin and Zout using the appropriate voltages and currents at the
places shown in the previous figure.

Question:

e Compare the voltage gain of step 5 with the theoretical gain value.
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I11. CONSTANT CURRENT SOURCE.
o Connect the circuit as shown in fig.(8-4).

+15V

RL

Fig.(8-4) ™

o Measure the values of the Vr,and calculate the current Ip for each value of
the resistor, then record your result in a table like table 8.2

RL(KQ) | VL(V) | Ip(mA)
0.1
0.22
0.33
0.47
0.56
1
15
2

3

Table 8.2
Question:

e Calculate the maximum theoretical value of load resistance for which the JFET -
current source can provide constant current.

e Comment on the measured range of load resistance in comparison to the theoretical
range of load resistance.
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Experiment #9 ENEE2103

Multistage Amplifiers and Frequency Response

Objectives:
1. To investigate what happens when transistor amplifier stages are connected one after
another.
2. To investigate the effect of frequency changes on the gain of the amplifier

Pre-lab Work:
You have to apply PSPICE simulation to all practical circuits shown in the procedure below,
and you have to do all necessary calculation you will need in the lab.
Procedure:
A. MULTISTAGE AMLIFIER

I. MULTISTAGE AMPLIFIER DESIGN.
1. Let us design a two stage amplifier with a voltage gain of 70 as shown in
Fig.(9-1) : Avy =35, Av, = 2,
Vi=50 mVp-p.
Note: use common emitter amplifier configuration with voltage divider bias
and emitter stabilization resistor for each stage,

STAGE A
STAGE A

— OUTPUT
INPUT GAIN = 15 GAIN =2

Fig.(9-1)

Design the first stage of the amplifier for the h- parameters of a BC107
transistor are : hie= 2x10® Q , hfe = 200, Vcc=10V.

2. Use a bypass capacitor of 100 uF in parallel with Re of first stage , the
second stage emitter resistor is left un-bypassed.

3. Connect the first stage of the circuit you have designed.

4. Ensure that the variable dc control knob is at min. Switch on the PSU and
adjust the variable dc voltage to give Vcc of +10V.

5. Measure the quiescent voltage of the collector, the emitter and base with
respect to ground. ( Measure Vg1, VEe1, VcE1)

6. Connect the sine wave generator via a 100 pF capacitor to the base of the
transistor Q1, and adjust the generator output to 50mVp-patf=1 kHz.
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7. Measure the output from the first stage, and compare this with the required
output.

Question:
e What is the gain of your stage

8. Connect up the second stage of the circuit you have designed.

9. Ensure that the variable dc control knob is at min. Switch on the PSU and
adjust the variable dc voltage to give Vcc of +10V.

10. Measure the quiescent voltage of the collector, the emitter and base with
respect to ground. ( Measure Vg2, Ve2, Vce2)

11. Connect the sine wave generator via a 100uF capacitor to the base of the transistor Q2,
and adjust the generator output to 1.5Vp-p at 1 kHz frequency.

12. Measure the output from the second stage.
13. The two stages must be now connected together to form the complete amplifier.

14. Ensure that the variable dc control knob is at min. Switch on the PSU and
adjust the variable dc voltage to give Vcc of +10V. Make sure that both
transistors are still biased in the linear region.

15. Adjust the generator connected to the input of first stage to 100 mVp-p at f = 1 kHz and
measure the output from the second stage.

Questions:

e What is the voltage gain of the two-stage amplifier?
e What would happen if the coupling capacitor used did not have
negligible impedance at 1 kHz?

Note:
Keep the circuit connected for the next part.

Il. FREQUENCY RESPONSE.

1. For the same circuit of part | , adjust the output amplitude of the sine wave generator
to a suitable value and measure the output amplitude from the amplifier for the
frequency 10Hz , 100 Hz ,200,300,400,500Hz, 1 kHz , 10, 30, 100,300, 500, 700,
1000 and 2000 kHz .

2. Calculate Vout/Vin for each frequency.

3. Record your results as in table 9.1.
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Frequency(Hz)

Vin(pk-pk)

Vout(pk-pk) | Av

10

100

200

300

400

500

1k

10k

30k

100k

300k

400k

500k

700k

1000k

2000k

Table 9.1

1. Plot a graph of magnitude frequency response (20 log (Av) vs log f) i.e. dB/Decade

scale.

Questions:

Does the output amplitude vary with frequency?

What happens to the output amplitude at low frequency?

What causes this effect at low frequencies?

What would you expect happen to the gain of the circuit at high

Experiment #10

frequencies?

Between which frequency limits does the amplifier have a constant gain?
At which frequencies is the gain 0.707 times the maximum gain?

What is the difference between these two frequencies? Mark these two
points on your graph.

ENEE2103

The Operational Amplifier

Summer Semester 2020-2021
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Objectives:

To investigate the application of the op. amp circuits such as adding, Voltage follower,
Comparator, Integrator and Differentiator.

Prelab:

You have to apply PSPICE simulation to all practical circuits shown in the procedure below,
and you have to do all necessary calculation you will need in the lab.

PROCEDURE:

I._Adding Application
1. Set up the circuit of Fig.(10-1), V1 is controlled by the potentiometer and V2,
is obtained from the variable dc source on the trainer.

+15V
100K
106 ANV
10K +15V
10K
<L/W\I : UAT741 Vo
+
100K -15v
10K
Fig.(10-1)
v2
- 15V 0 to 20vdc

variable

2. Measure the output voltage for V1, V2 as shown in table 10.1.

Input voltage Output voltage
V1 2 Vo Calculated voltage
0.5
0.1
0.3
-0.9
-1.1
-1.5

olrlNve o<

Table 10.1
3. Calculate the expected output voltage for each step using the formula : Vo

=XV1+ YV where X, Y is the resistors ratios.

I. Voltage Follower Application
1. Setup the circuit of Fig.(10-2).
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+15V

OUTPUT
UA741

INPUT
AW +

10K

220Q
-15v

Fig.(10-2)

2. Draw the output Vo(t) for Vi(t) is 2V p-p sinusoidal with 100Hz.

3. Measure and records Vo for Vi (1V,2V,3V,4V,5V,6V,and 7V).
4.  Change RL (220Q) to 1KQ , then measure and records Vo

for Vi (6V,8V,10V,12V,,and 15V).

Question:

e |s this circuit has similar properties as the emitter follower. Explain ?
e For what applications is this circuit used?
e What is the relation between your Vi, Vo?

e \What the approximate value of maximum output current of the op-amp?

1. Comparator Application
1. Set up the circuit of Fig.(10-3).

+15V

output
10k UAT741

Traiangle 10K
wave

-15v
Fig.(10-3)

2. Use 1 kHz triangular input signal from the function generator.

Summer Semester 2020-2021
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3. Set the triangle input signal to 2 Vp-p and change the dc reference voltage
so that you obtain an output of positive Vsat then negative Vsat and a
square wave output.

4. For each of these cases draw the output voltage and record the value of
the dc reference voltage.

Question:

e \What happens to the amplifier output?. For what application is this circuit used?

e |s there any similarity between this circuit and the diff amplifier, what is the shape of the
output?

IV. Integrator and Differentiator
1. Set up the circuit of Fig.(10-4).

|| LK
i

11 1pF
"

|| 1uF

L

220k

l 5y Fig.(10-4)

2. Put an input signal with 2Vp_p and a frequency of 30 Hz, and draw the output
signal from the oscilloscope.

3. Repeat for all types of signals you have.

4. Set up the circuit of Fig. (10-5).

50K

—\W—

+15V

+
‘ -15Vv

l Fig.(10-5)

1uF

Vin

Vo

5. Repeat steps 2 and 3, and record your results.

Question:

e Is the output realize the differentiation and integration theory?
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V. To investigate the effect of adding hysteresis:
1. Connect the Schmitt trigger circuit shown in Fig.(10-6).

100K

Fig.(10-6)

+5V

2. Put Vi(t) = 15Vp-p sine wave of frequency 1 kHz.
3. Sketch the output voltage with respect to Vi(t).
4. Indicate the levels of Vi(t) where Vo(t) changes its level.

5. Calculate the theoretical lower and upper trigger levels for the circuit above
and compare them with those of measured values.

V1. Active Clipping Circuit:
1. Connect the circuit shown in Fig.(10-7).

10K +15V
Vin

Fig.(10-7)
2. With Vi(t) of 1 kHz , vary the amplitude until you have a clipped output
voltage .

3. Sketch the output voltage with respect to input voltage and record the levels
of Vo(t) .

4. Reveres both diode connections and repeat steps 2,3 above.
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Experiment #11 ENEE2103

Zener Diodes and Voltage Regulators
Objectives:
1. To construct the I.V characteristic of a zener diode.

2. To demonstrate the use of zener diode as voltage regulator.
3. To examine the operation of the voltage regulator.

Pre-lab Work:

You have to apply PSPICE simulation to all practical circuits shown in the procedure below,
and you have to do all necessary calculation you will need in the lab.

Procedure:

I.ZENER DIODE.

1. Connect the circuit shown in Fig (11-1).
1K

—A\W

Fig.(11-1)

2. Set the applied voltage E to (0.1, 0.2, 0.3,0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1,2,3,4) V.

3. For each value of E, measure the voltage a cross the resistor, the forward current
through the  zener diode, and the voltage a cross the zener diode and fill as in
table 11.1.

E(V) | VrR(V) | Vz(V) | I(m A)
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

2
3
4

Table 11.1
4. Connect the circuit shown in Fig(11-2).
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100Q

Fig.(11-2)

5. Set the applied voltage Eto (0.1,0.5,1,2,3,4,5,6,7,8,9,
10,11,12,13,14,15)V.

6. For each value of E, measure the voltage across the zener diode
and calculate the current through the zener diode. (Fill in Table

11.2)

Table 11.2

E(V)

VR(V)

Vz(V)

I(m A)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.9

AIWINF

7. Using the results obtained in steps 3 and 6 constitute a graph of the
characteristic of the zener diode.

8. Connect the circuit shown in Fig(11-3).

Summer Semester 2020-2021
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RL = 10K

Fig.(11-3)

9. SetEto(10,11,12,13,14)V and measure the load voltage V.. (Fill

Table 11.3)
Table 11.3
E 10 11 12 13 14
Vi
10. With E set to 10V measure the load voltage V. for
R.=(8.2K,6.8K,4.7K,2.2K) and Fill in Table 11.4
Table 11.4
RL 8.2k 6.8k 4.7 k 2.2k
Vi

Il. THE VOLTAGE REGULATED POWER SUPPLY.

1. connect the circuit of Fig.(11-4).

Summer Semester 2020-2021
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+15V

1K

R1

-15Vv

R2 1K

Fig.(11-4)

2. Measure Vo.
3. Attach a 1k load resistor to the output. Measure lo and Vo.

4. Repeat step 3 for load resistance RL = (680, 470, 220, 100) ohm.

Table 11.5
RL open 1kQ 680 Q 470 Q 220 Q 100 Q 50Q2
Vo
lo
5. Set RL back to 1K .Change the value of R2 to 470 ohm . What is
the new output voltage.
6. Change R2 to 2.2k. What is the output voltage now
Table 11.6
RL R2 Vo
1kQ 470 QQ
1kQ 2.2kQ
7. Connect the circuit shown in Fig.(11-5).
|[Page48
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Q1

1K
+15V

-15V

Q2

R1
1K

Fig.(11-5)

8. Measure Vo.

R2
1K

9. Repeat steps 3 and 4 . and record your results .

Table 11.7
R Open 1kQ 680 Q 470Q | 220Q | 100Q | 500 40Q
Vo
lo
Table 11.8
RL R2 Vo
1kQ 470 Q
Il. THREE TERMINAL FIXED VOLTAGE REGULATOR 7805.
1. Connect the circuit of Fig (11.6).
7805
IN ouT Vv
N/ — GND
RL
Fig.(11-6)
|[Page49
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2. With Vi=10V measure IL and VL for the load resistances listed in the table 11.9.

RL(Q) | VL(V) | IL(m A)
25

50

100
200
400
600
800
1000

Table 11.9.
3. Using the results of table 9.2 , determine the load regulation of the 7805.knowing that

load regulation = AV /A IL.

4. Set RL=100 ohm , adjust the input voltage Vi as listed in table 11.10. Measure V
and I, for each input voltage in the table.

Vi(V) | VL(V) | IL(m A)
8
9
10
11
12
13
14
15

Table 11.10

Using the results of table 11.10 , determine the line regulation of the 7805 .
line regulation = AVL/AVi

I1. THE LM317 ADJUSTABLE VOLTAGE REGULATOR.
1. Connect the circuit of Fig.(11.7).

LM317T

VL
IN ouT

ADJ

V| —— R1

RL

Fig.(11-7)

|[Pages0
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2. With Vi=10V, R1=100Q, RL=1k , adjust R2 as shown in table 11.11.

R2(Q)

VL(V)

IL(m A)

0

100

200

300

500

700

3. Measure and record VL,IL for each R value.

Table 11.11

4. With RL =1k , R1=100 ohm , R2=220, adjust Vi as listed in table 11.12.

Vi(V)

VL(V)

IL(mA)

10

12

14

15

16

17

Table 11.12

5. Measure and record the load voltage and current for each input voltage value.

6. Using your results, calculate the line regulation for the LM317T voltage regulator.

7. With Vi=10V, R1=100 Ohm , R2=220 , adjust RL as shown in table 11.13.

RL(Q)

VL(V)

IL(m A)

100

200

400

500

600

700

1000

8. Measure and record VI, for each R value.

Summer Semester 2020-2021
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Appendix A

Introduction to Simulation and Report Writing

» Objective:

This experiment provides an introduction to the basics of circuit’s simulation using “PSPICE
9.1 schematic” which will be used in pre-labs through this course. Also, an introduction to
technical report writing is provided.

» Equipment Required:

1. Personal computer with PSPICE 9.1 and Microsoft word.

> Introduction:

Through the course this lab students have to prepare for experiments by studying theoretical
background related to experiment, and by doing pre-labs which includes simulation of
circuits.

Computer simulation programs, such as PSPICE, simulates the behavior of electric circuits
on a digital computer and tries to emulate both the signal generators and measurement
equipment such as multimeters, oscilloscopes, and curve tracers. Though, by using PSPICE it
is like you have a virtual circuit lab on your personal computer.

Also, by using PSPICE students can easily subject the circuit to various stimuli (such as input
signals and power supply variations) and to see the results plotted out graphically using
PSPICE’s post processor called Probe. Therefore, students can obtain results before they
come to lab, and the laboratory experiments become reinforcement to the subject matter at
hand.

We will be using PSPICE 9.1 student version for simulation, and you can use newer versions
provided by OrCAD. The first part of this experiment is dedicated to introduce students to the
different applications of PSPICE that are related to the lab.

The second part of this experiment is dedicated to introduce students to the guidelines of
report writing. The Bachelor of Science degree in Electrical Engineering involves numerous
courses that require written reports. These courses also include laboratories, which require
reports too. The fact is, once you graduate, industry will require you to write well. In some
cases, you will be involved in writing proposals or possibly final design reports. Certainly,

you will always be required to write short reports and memos detailing your activities. The

|[Pages2
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second part of this experiment is dedicated to introduce you to the basic guidelines of report
writing.

> Installing PSPICE 9.1
e To download PSPICE 9.1 student version, visit the following link:

http://www.electronics-lab.com/downloads/circutedesignsimulation/?page=5

You will find a list of programs, scroll down until you see PSPICE 9.1 Student Version,
then click download. The setup is straight forward, however, in case you needed help
check the following video and follow steps.

https://www.youtube.com/watch?v=tCFjjHY94Ro

» Building and simulating circuits

e Toopen PSPICE 9.1, search your computer for “Schematic” and open the program. This is

shown in figure.1 for windows 10 users. Note: zoom in to see figure details if not clear.

b

B Db @

Best match

E"é Schematics

2l pesktop app
Folders
Schematics
Document ts
3] Schematics - in exp2 prelab

3] Schematics - in PAR

£ schematics

Figure.l
e Click on Schematics icon, then you will see the window shown on figure.2

|Pages3
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ENEE2103
@[épsm:s Schematics - [ Schematicl p.1 ] -
Dls(al 8] 4[=le <[] Slaalalal sisia@ o @zl oEe o] 2l viv(
2 + 1 :
B
-
Figure.2
e To build the circuit of figure.3 on PSPICE, click on “get new part” icon shown in figure.4:
+ RL + R5 |
MA—
12 KO
+
10V R3
DC -
I g2 +
- MA—=
8200
Figure.3
N Pspice Schematics - [ Schematict p.1 | E-—
[B File Edit Draw Navigate View Options Analysis Tools Markers Window Help - & x
DlEd| 8| +[=e] -] slajalalal| sisd@RT] = e =T D
~l Get New Part| -
o 2 A % 1
]
|
=
|
Figure.4
e When you click on get new part icon, you will see the window shown on the left side in

figure.5. This is a list of all components available in the program. Click on “advanced” so

you can see the picture of part you want to add as shown on the right side in figure.5.
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Part Browser Basic Part Browser Advanced
Part Name: Part M ame: Dezcription Search
[ 1 |
Degcription: o] iption:
[:Ssi;n; o |Ereate Mews Part List j
Search
Library
+0 ~ Close :> |E: WProgram Fileg\O1CAD_DemohPS pic Cloge
_25;1 595 EEK»?BIK 1 break
wlorea
2N5a44 _ Pace | RAMEKABoreak Pl |
=
140 ROM32KBbreak R? -
S

7402 NG Sbieak Heb |
7403 SN 4/\/\/\/_
7404 SOFTLIM
7405 SQRT
7406 Libraries... STIM1 Libraries. ..
A R 1 k ibraries
i

vanced STIME i
Ty v A y << Basic

Edit Symbal
Full List Full List
Figure.5

e Toadd a circuit part, you can search by typing part name in the specified field. After finding

the part you want, click on “place and close”, then click wherever you want to add a part.

After you finish adding components, click on “Esc” on your keyboard to end the mode.

Note that each circuit element in PSPICE have a specific name that might be different from

its name in circuit analysis. Table.1 provides the names of mostly used circuit elements in

the circuit lab.

Table.1

Circuit element Part name in PSPICE
Resistor R
Capacitor
Inductor L
DC Voltage source Vdc
DC Current source Idc
Periodic square voltage source | Vpulse

AC Voltage source: two types

vsin (sinusoidal voltage source used in transient analysis)

vac (variable frequency source used in ac sweep analysis)

Ground

gnd_analog

Operational amplifier

uar4l
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¢ Note that when you place parts, each circuit part in PSPICE has a name and a value as shown
in figure.6 Always make sure to place circuit parts in PSPICE in a similar way to the circuit
given in manual. For example, check the way the parts are placed in figure.6.
R
—NAh—
S I LN
1
T A
o R
—hh—
e
Figure.6
e To connect the components, click on “draw wire” icon shown in figure.7, a common
mistake that students do is clicking on “draw bus” icon which is next to “draw wire”. Avoid
doing this mistake!
e Also avoid drawing wire over components (shorting parts). Click where you want each
vertex of the wire. Each click ends a wire segment and starts a new one
|@ PSpice Schematics - ["Schematicl p.1 (stale) ] - kS
B File Edit Draw Navigate View Options Analysis Tools Markers Window Help _ 8 x
ST RS T NEVENCEN S o Y e = ] e Y A e
A :::: S I
OJ e
O e
a3 = R1 1k A L
s L " o L
Zﬁﬁﬁnﬁﬁi:‘“ * I L
p— R3 1k RE 1k
...... R2 1k
SRR SRR mo SRR
Figure.7
e To change a part value e.g. resistance, voltage source ... etc. double click on its value and

the window in figure.8 will show up, type the value you want inside the box then click ok.

Set Attribute Value ot
Wal LIE

] 4 | Cancel

Figure.8
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When elements such as resistors and voltage sources are given values, it is convenient to use
unit prefixes. PSPICE supports the prefixes listed in Table.2. Note that the letter must
immediately follow the value — no spaces. Also, PSPICE is case insensitive so, there is no
difference between 1M and 1m in PSPICE.

Table.2

PSPICE Unit Prefixes

K - kilo - 10° MEG - mega - 10° G - giga - 10°

M - Millie - 1073 U - micro - 107° N - Nano - 10-9

PSPICE requires that all schematics have a ground, the voltage there will be zero and all
other node voltages are referenced to it. If you do not place a ground, you will get an error
and will not be able to simulate your circuit. The part you need is either the analog ground
(GND_analog) or the earth ground (GND_earth) which are equivalent, you can get them
from “get new part option”. In this example, we used GND_analog.

Your schematic is finished now and ready for saving, click on “save” then on “simulate”

button as shown in figure.9.

|@ PSpice Schematics - [*Schematicl p.1 (stale) ] - x
[ File Edit Draw Navigate View Options Analysis Tools Markers Window Help -8 %
Dl@ld| &| [ -] | slajalala] sisiofal w5 el dewe < 2l vl
S o o
||
o
a3 R1 1k
L 12k

RS
v
L =

p— R3 2k R6 390

R2 680

AN AR

~ 820 R4

Figure.9

When you click on “simulate” button the window shown in figure.10 will show up
(simulation output window), if your circuit doesn’t have any errors you will see the message

in the box in figure.10.
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E Schematic11 - OrCAD PSpice A/D Demo. - X
File View Simulation Tools Window Help B8

FETT NN o m—

AR @ [MEwE g o] |[A¥Femaanye|

BHm afmE e

Figure.10
e Return to the schematics window and click on “V” and “I” buttons shown in figure.11. By
clicking on these buttons, PSPICE displays the voltage on each node “with respect to
ground” and the current on each branch.
I%ng\czi(hematus'["S(hemat\d p.1 (simulation errer) -
File Edit Draw MNavigate View Options Analysis Tools Markers Windew Help — - & x
DisE g (e o] slajalala)] 5|T|O/w P -] ale| Bl e LRIV
'\ . L B . B B B . . -
[}
®] 3.008mA S 1k
& n
hd
]

Figure.11
e The Passive Sign Convention and PSPICE:
All currents and voltages in PSPICE and Schematics obey the passive sign convention shown
in Figure.12. The voltage across the element is defined positive at node 1 with respect to node

2, and current is entering a device from its “1” end and leaving its “2” end.

+ Vi -
1 2
14' M
Figure.12
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All two leaded passive components have an implied “1” end and a “2” end (not visible on
schematic). Whenever you place a component, it takes a default position, for example, a
resistor, capacitor, or inductor will take a default position with its ““1”” end to the left as shown
in figure13-(a). A component may be rotated by activating it, then right-clicking and selecting
Rotate, or by typing the letter “r” (see b). Each rotation moves the component
counterclockwise by 90°. To get the “1” end facing up, you must rotate the component 3 times

from its default position as indicated in (c).

1
1 O—AM— 2 % 1k 2 o—AA—D 1 % 1k
1K
1k
(a) Default (b) Fust rotation (90 deg) (c) Second rotation (90 deg) (d) Third rotation (90 deg)
Figure.13

e Knowing about component layout is important when you are viewing your results in Probe

to be discussed later.

> Types of Analysis Performed by PSPICE
PSPICE is capable of performing four main types of analysis: Bias Point, DC Sweep, AC
Sweep/Noise, and Time Domain (transient).
e Bias Point:
The Bias Point analysis is the starting point for all analysis. In this mode, the simulator
calculates the DC operating point of the circuit. This is the type which was explained in the
previous section.
e DC Sweep
The DC Sweep analysis varies a circuit part e.g. voltage source, global parameter (resistor)
over a specified range in an assigned number of increments in a linear or logarithmic fashion.
e Time Domain (transient)
The Time Domain (transient) analysis is probably the most popular analysis. In this mode,
you can plot the various outputs as a function of time.

e AC Sweep/Noise

|[Pages’9
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The AC Sweep/Noise analysis varies the operating frequency in a linear or logarithmic

manner. It linearizes the circuit around the DC operating point and then calculates the

network variables as functions of frequency.

» Example on DC Sweep

e To perform a DC sweep for the same circuit of the previous section, click on the “setup

analysis” icon shown in figure 14.

VB2 Pspice Schematics - [*Schematicl p.1 (simulstion error) 1
[& File Edit Draw Navigate View Options Analysis Tools Markers Window Help

680

Dlatal &) J[5le] |- siejalaia] siciom = sls|[olE e 218 N
— o o

)
Figure.14
e The window shown in figure.15 will show up:
Analysis Setup *
Enabled Enabled
- AL Sweep... Options... Cloze |
r Load Bias Point... r Farametric...
|_ Save Bias Paint... - Sensitivity...
- DC Sweep. . - Temperature. ..
B taonte Carlo/w/orst Case. . I Trahszfer Function. .
W Biaz Paint Detail ™ Transient...
Digital Setup...
Figure.15

e Click on “DC sweep” and the window shown in figure 16 will show up, you have to fill the

spaces indicated inside boxes in figure.16.
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DC Sweep

SweptVar Type

Mame: W

* “Yolage Source

" Temperature

" Curent Source
" Model Parameter
(" Global Parameter

Sweep Type

{* |inear
" Dctave
" Decade
" alue List

Mested Sweep...

Start Walue:
End " alue:

11 THE.

Ihcrement:

|

Cancel

Figure.16
e Click on simulate, then the simulation output window will be as shown in figure.17:
E Schematicl - OrCAD PSpice A/D Demo - [Schematic] (active)] - X
B File Edit View Simulation Irace Plot Tools Window Help BR = 1_15’ ﬂ
ERAN-T-A= ] Schematicl »
GAWY MreE %
@
@
@&
A e -
For Help, press F1 : s/t V.Vi= 10 1007 [INNNENNEND BOE
Figure.17
e The output now is displayed as curve rather than a point, to display the voltage across R6

for example click on “Voltage Marker” and place it where you want as shown in figure.18.

NE2 espice Schematics - [*SchematicT p.1 (simulation erran) ] - x
[#) File Edit Draw Mavigate View Options Analysis Tools Markers Window Help
D(@(d| 8| L= o s[a[a|alal| 5[S/0%| P -] || ) Current marker
~ - . . . - . . - . . Voltage marker @

R

10 -
S0 1 397mA
o R EED
Figure.18
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e When you place the marker, the output simulation window will be as shown in figure.19.

this is a curve of the voltage at the node you placed the marker with respect to ground.

482l Schematic1 - OrCAD PSpice A/D Demo - [Schematict (active)]

- 3
B File Edit View Simulation Trace Plot Tools Window Help g8 -5 x

g | sBHS Schemalicl »
AW MhxE K% P oF

1w
o U(R6:1)

| B8 schematic1 (

Figure.19
e If youwantto display the voltage on R6 only, then go to schematic window, click on marker,

and select “mark voltage differential” as shown in figure.20. (you will place two markers)

1B pspice Schematics - ["Schematicl p.1 (simulation errar) |

[ File Edit Drow Navigate View Options Analysis Tools Markers Window Help

Dl@‘ﬂl@ ;g‘ggl ‘ “ MC‘%lQHQl kd Mark Voltage/Level Crl+M ygl Bl=E ‘ND”E j pulpo \V| \I\
Mark Voltage Differential ”

Mark Current into Pin

Mark Advanced... |

- X

Clear All

Show All
Show Selected
i‘”
10

1.397mA

680

Figure.20

e The output now will be as shown in figure.21. Note the difference on y-axis range!

482l Schematic1 - OrCAD PSpice A/D Demo - [Schematict (active)]

- 3
B File Edit View Simulation Trace Plot Tools Window Help g8 -5 x

g | sBHS Schemalicl »
RAWE M E K% P oF

2u

1
o U(R6:1,RE:2)

| & schematie1 (

Figure.21
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e You also can add curves, (traces) from simulation output window by clicking on traces and

select add trace as shown in figure 22. You show current trace by clicking upon Current

Maker (note that current marker must be placed on the terminals of a part to display current).

48l Schematic - OrCAD PSpice A/D Demo - [Schematic (active)]

B File Edit View Simulation  Trace

A BEHS Dele Tace Ctrl+ Delete
@ & @ Q M 9 E  Undelete Traces CtrlsU
el
=
&
Geal Functions...
=] Ty Eval Goal Function...

- X

=& %]

e Then the window shown in figure 23 will show up, in this window you will find a list of all

variables in the circuit: (voltages and currents on all parts) to add a trace just click on it and

Figure.22

it will show up in the field indicated in the box in figure.23.

Add Traces

Sirulation Output Y ariables

®

I[F1] v Analog

IR2)

R3]

[[F4]

[R5

(315

1)
WIEH_0001)
YIEM_0002)
Y[EM_0003)
YI$N_0004)
Y[EM_0005)
()]
YIR1:1)
YIR1:2)
YIRZ1)
VIRZ2)
YIR31)
YIR3:2)
YIR4:1)
YIR4:2)
YIRE1)
YIRE:2)
YIRE1)

Full List

-
v ‘oltages

v Currents

-

v Alias Mames

-

40 wariables listed

Functions or kacroz

|.-’-'-.na|u:|g Operatorz and Functions ﬂ

ABS()
ARCTAN( )

ATAN[ ]

AVG[)

AVGH] ]

COS()

Df]

DE( )

EMWMAX] )

ENWMIN(, )

EXPI)

G[]

IMG( ]

LOG )

LOG10()

M ]

M ] v

T race Expression: |I[F|'I]

0k | Eanu:el| Help |
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e When you finish selecting variables click on ok, and the trace you selected will be shown in

simulation output window as shown in figure.24.

4 Schematic] - OrCAD PSpice A/D Demo - [Schematic] (active)]
B File Edit View Simulation Trace Plot Tools Window Help S

2 BB HS S chemaliol »

B QWG M8 2% 8PS of

fiF £l &

& m

" B Schematic (

e In the “add trace window you can also add a trace that is a combination of more than one

circuit variable e.g. to add a trace of the power dissipated in R6, note the equation inserted

Figure.24

in figure 25.
Maodify Trace
Sirulation Output Y ariables Functions or M acros
|’1 |.-’-'-.na|u:|g Operators and Funchions j
T P
:EE % v Analog £]
liF4) a :
I[RE]
\iRE] v “foltages ;
I[¥1] iz
W{$h_0001) [v Currents AEST)
WIEM_0002) - ARCTANI]
WIEM_0003) ATAM[ ]
WM _0004] i ANG[ )
Vi$h_0005) v Aliaz Names AE ]
Vi) - COS()
W[F1:1] ]
WiF1:2) DEl]
WR21] ERVRAR] ]
WRZ2) ERNWMIM . ]
WR31) E=P[]
WR3Z) G
WR4:1) [FG[ ]
WiRd:2) LOG( ]
EEE 312} 40 varniables listed H:[”]a-l iy
WIRE:1] b ] v
Fuill List

Trace Expression: |["v"[F| B:1)-Y[RE:2]* I[RE]

(] | Eanu:el| Help |
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e The output is displayed in figure.26, note that the y-axis unit now is Watt.

48l 5chematict - OrCAD PSpice A/D Demo - [Schematic] (active)] —
&) File Edit View Simulation Trace Plot Tools Window Help B -1 & %
a2~ =2k = Schematicl »

RA@MA M xE K2R o oF

=]

1w 2u
+ (U(R6:1)- U(RG6:2))* I(RG)

Figure.26
e To perform a DC sweep for a resistor in the same circuit, you need to add “param” part,

go to “get new part” and search for “param”, as shown in figure.27.

Part Browser Advanced

Fart Mame: Dezcrption Search

|parard |
Descriptian: -
Uszed to specify pre-defined parameters |E”3'5"tE New Part List j

Search

Library

| PaLZ0RPAE F |E:'\F'r|:|gram FilezsOrCAaD_DemahPs pi Cloze

POT Pl
PRIMT ace
PRINTDGTLCHG
P Place & Cloze
Fa/RS

Q2N 2222
A2N29074 Hz
[12M 3304 PARAMETERS
[12M 3306
L2MB052
[A2ME053 Libranes...
[breakl
[breakM
[breakM 3 << Bagic

[breakM 4 hd
E dit Symbal

Figure.27

i

Full Lizt
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R1 1k PARAMETERS: _
A Ay
S 12K " R5
v A S
I — - R3 §2_2k' RE § -390
- R2 . .. gan.
Ay Wiy
o 80 Re
Figure.28
e Double click on “param”, and the window shown in figure.29 will show up, insert
parameters as shown in figure.
PM1  PartMame: PARAM x
M arne Walue
e <
A [Change Disla |
PARLATE = PARAK @EMNAMET=EALUET BMAME ZAGMNL
MARMET=var
AR Y =
WALIJET1=1k
TELUE W
[v lnclude Mon-changeable Attibutes oK
[v [nciude System-defined Attributes Cancel
Figure.29
e Click on “setup analysis” and select DC sweep, fill in parameters as shown in figure 30.
. |oc Sweep x
SweptVar, Type ]
I Voltage Source ez var
C Temperat
O Cunert S
Enabled Enabled " Model Parameter
r AL Sweep... Options... Cloze (* Glohal Parameter ,7
r Load Biaz Paint... r Parametric....
|— Save Bias Point... r Sensitivity... S[_TEEF 1 Start W alue: 1k
* Inear
v DC Sweep... r Temperature... ™ Dctave End alue: 30k,
r Monte Carlo/\worst Caze. .. r Transfer Function... " Decade Increment: 1k
v Biaz Point Detail I Transient... " Walue List
Digital 5
gt ep Mested Sweep. . Cancel
Figure.30
e Type the name of the global parameter inside curly brackets {}, as shown in figure 31.
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R1 1k
Wy Ay i PARAMETERS
12K RS var 1k
| V1
M — N
pp— R3 § 2k R6 § {var}
R2 630
Ay Wiy
Vﬂ 820 R4
Figure.31

e Click simulate and check the output as shown in figure.32.

48 Schematic] - OrCAD PSpice A/D Demo - [Schematic] (active]]

B File Edit View Simulation Trace Plot Tgols Window Help S
Hr BB WS Schematicl »
BE WG M se S k2% s ok

& &

P
i

&

v
o U(R6:1)

- g8 X
& x|

" B Schematic (.

Figure.32

e To change trace properties such as width and color, right click on the trace and select

properties as shown in figure.33.

48l Schematicl - OrCAD PSpice A/D Demo - [Schematicl (active)]

B File Edit View Simulstion Trace Plot Teols Window Help BE
Hr zEHS Schematicl »
R WA (M S

=

Information

Cursor

Cursor 2

20
(U(R6:1)- U(R6:2))* I(R6)

Figure.33
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e The window shown in figure.34 will show up, you can change trace properties.

Trace Properties >
Pattern _ =
Width

Symbial % -

[ Shaw symbal

(] | Eanu:el| Help |

Figure.34

e After changing trace properties, the simulation output window will be shown in figure.35,

always make sure to increase the trace width in your prelab.

4881 S chematic1 - OrCAD PSpice A/D Demo - [SchematicT (active]]

- X
B File Edit View Simulation Trace Plot Tgols Window Help B - lE | x

e ZELS B
Raaa |0k E|M% e o

e il &

& m

2u
{U(R6:1)- U(R6:2))* I{RG)

Figure.35

click on window then select “copy to clipboard”, then select ok as shown in figure.36.

48 5chematict - OFCAD PSpic

e A/D Demo - [Schematic! (active)]

- X
B File Edit View Simulation Trace Plot Tools | Window Help B! _ | & x
e New Window
CRgE-3-J=g]
Close

Ra@me MHeS K7 E> Coseal

Cascade

Tile Horizontally

i & &

Copy to Clipb

B

Backgiound

v make window and plot backgrounds farsparent

& change white to black

" change all colors to black.

1
O U(R6:1)

Figure.36
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5.0V

» Example on Transient analysis

0V

Then click “paste” or “ctrl+v” inside word document and the output curve is copied a shown.

o

v 2v
O V(R6:1)

The circuit shown in figure.37 contains a square wave source which is a function of time, so

we will use transient analysis.

R1.
My
4k
c1 —Au
| 4_70:
Figure.37

The source name is “vpulse” and can be found on the components list as shown in figure.38.

Part M ame:

wpulze

Degcription:

Description Search

Pulze voltage source

WPWL

WPwWL_ENH
WPwL_F_RE_FOREY
WPWL_F_RE_M_TIM
WPwL_FILE
WPwlL_RE_FOREWVEI
WPWL_RE_M_TIMES
WSFFM

WEIN

WSRC

WSTIM

W

WATCHT

Whreak

®
XFRM LINEAR v

Fuill List

Library

|Create M Part List

=

Search

C:AProgram FileshOrCAD_DemotPS pic

V?

E dit Symbal

Cloze
Place
Flace & Cloze

Help

Libraries...

i b

<< Basic
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e Double click on the source to insert its parameters, the window in figure.39 will show up.

W1

PartMame: VPULSE

Mame Walue

|REFDES = |1

Save At

W=
W2=1
TD=0
TR=1n
TF=1n

P =20m
FER=40m

[ Include Mon-changeabls Attributes
¥ Include System-defined Attributes

]9

iy

Cancel

Figure.39
e Table.3 provides the details of this parameters.
Table.3
Parameter Description Value
V1 Lowest value Usually 0
V2 Highest value Depending on the question e.g. 1
TD Delay Time Usually 0
TR Rise Time In
TF Fall Time in
PW Pulse Width (1/ 2xFrequency) e.g. 20m
PER Period (1/ Frequency) e.g. 40m

e To perform atransient analysis for the circuit of figure.37, click on the “setup analysis” icon

and select “Transient”, the window in figure.40 will show up.

e There are two important parameters that must be determined carefully in transient analysis

S0 you can picture the output properly, these are: Final time, and step ceiling.

e Final time is the time till which you want to see the output signal, it is usually selected three

times the period of the source.

e Step ceiling controls the accuracy (smoothness) of the output plots, it is usually obtained

by dividing the final time on 10%.
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| Transient >
Transient Analysis
Frint Step: iz
Final Tirme: 120ms
Enabled Enabled Na-Frint Delay:
r AL Sweep... Options... Close Step Ceiling: 12u
r Load Bias Paint... - Parametric. .. ™ Detaled Bias Pt
I Save Bias Point... o Sensitivity... [~ Skip initial tranzient solution
r DC Sweep... - Temperature... Fourier Analysis
I Monte Carloworst Case... [ Transfer Funchion... [~ Enable Fourier
™ Bias Point Detail v Transient... Center Frequency:
Digital Setup... Mumber af harmonics:
Output Yars.: |
K | Cahcel ‘
Figure.40

e The output is now displayed in figure.41.

488 o4 - OrCAD PSpice A/D Demo - [exp4 (active]] - x
B File Edit View Simulation Trace Plot Tools Window Help BS! =& x|
Az HS sipd »

Gaed Maes M7 P

B &

0s
OU(C1:2) < U(U1z+)

Figure.41

e Cursors are used often used to determine certain points on traces to use cursors click on
“toggle cursors” icon shown in figure.42.

e There are two cursors in PSPICE (al), and (a2), you can move between them by clicking the
right and the left buttons of the mouse.

e Each cursor has a reading of x-axis and a reading of y-axis, look at figure.42.

|[Page71
Summer Semester 2020-2021



ENEE2103 Circuits & Electronics Lab

{8 exp4 - OrCAD PSpice A/D Demo - [exp4 (active]] - B3
B file Edit View Simulation Trace Plot Tgols Window Help B% -2 %

- sELS »
RaBE M BRPY || KEFEAEA 2

@ &

& m

= 41.848Bm, 841.159m

Figure.42

e Another example on transient analysis, sinusoidal voltage source (vsin).

v o
@ IE
.0
Figure.43
e Source settings.
V1 PartMame: VSIMN =
M ame Walue
DC= EY |
AC=
WOFF=0 Delat
WistPL=4 ElEe |
FREQ=1k
TD=0
DF=0 W
v Include Mon-changeable Attributes Ok |
Iv Include System-defined Sttibutes Cancel |

Figure.44
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¢ In the simulation output window, we are viewing the current and voltage, but the voltage is

in the range of (-4 to 4) and the current is in the range of (-4m to 4m) so we need to add a

separate y-axis to the output window.

e Click on “plot”, then select “add y-axis”, note that you have different y-axes as shown in

figure.45, you can move between axes by clicking on the axis you want to add a trace to.

J8 x5 - OrCAD PSpice AD Demo - [exph (active)] - ®
File Edit View Simulation Trace |Plot Tgols Window Help B8 = X
File Edit View Simulation T Tools Window Help 88 5 |
R Asis Settings... —
a = & 8 g Add ¥ Auis Ctrl+¥ 4
BRaBQ M B & Deleteyiis CtriShift+¥

Add Plot to Window

B &

Figure.45

e Voltage and current traces are shown in figure.46, each trace is on a different y-axis range.

P

&

0s .5ns 1.6ms
[ ouwiz+) [2 @ -1¢R1)

» Example on AC sweep analysis

Figure.46

e The circuit shown in figure.47 contains an (vac) source which is used for AC sweep analysis.

¢ Double click on the ac source to insert setting: only insert voltage magnitude to 1.

ﬁ}{) R4 //€> V1 PartName: VAC X
MM & Name Yalue
22k [ |ACMAG = [1v Save Attr |
1H 3y L1 DC=0v N -
. < = Ch Displ
) * SIMULATIONONLY= _Change Disay
9 ¥ PART=VAC Delete
L v1 ) ACPHASE =
1Y/ (’E‘J) | * MODEL=
=! "]
co L qon PKGREF=\1
¥ Include Non-changeable Attributes OK
¥ Include System-defined Attributes Eacel

Summer Semester 2020-2021

Figure.47

|[Page73




ENEE2103 Circuits & Electronics Lab

e Setup analysis setting: usually select “AC sweep type” to decade.

AC Sweep and Moise Analysis >
AC Sweep Type Sweep Parameters

Enabled Enabled " Linear Pts/Decade |

v AC Sweep... Options... Cloze

v F F " Octave Start Freg.: 10

Load Biaz Point... Farametric... v
: : @ Decade EndFreq:  [300k
|_ Save Bias Point... |_ Sensitivity... - -
Moize Analyzis
r DT Sweep... r Temperature. . Output Yoltage: l—
. I Moize Enabled
r Monte Carlofwiorst Casze... N Transfer Function... I l—
[ Bias Point Detail |_ Tranzient... Interval l—
Diigital Setup...
ak | Cahicel |
Figure.48
e Output window:
88 9.1 - OrCAD PSpice A/D Demo - [(B) 9.1 (active]] - X

B File Edit View Simulation Irace Plot Tools Window Help B2 @ x|
ERAI-3 A= [} EN—.

REAQE M K% P oF

1868KHz

18Hz
& U(R1:1,R1:2)

B Weps B ®)91(active)

Figure.49
e To get the magnitude in dB:
&8l 9.1 - OrCAD PSpice A/D Demao - [(8) 9.1 (active)] - X
B Fle Edit View Simulstion Trace Plot Tgols Window Help BS -1 = L

A m=EsEEHSE [ic] 51 >
B Eaaa | mikse s 2% W of

186KHz 1.8MHz

Figure.50
e To get the phase:
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188KHz

Figure.51

e Another example:

+15y

(¥
A
R3
m 15y +15v
uAT4 R 1k
V3
18y
w

10k

—
=X
D<l—f||\|.—~:>

C1
|1

10n

Figure.52

481 10.2 - OrCAD PSpice A/D Demo - [10.2 (active)]

X
B File Edit View Simulation Trace Plot Tools Window Help BS! - |2 x

g BB HE 102 »
& a@a mMise S 2% B of

& o

100KHZ
o U(U1:00T)

Figure.53
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Parametric Sweep With DC sweep to

plot the characteristic curves of the
JFET

s N
PARAMETERS: == e
 Yoltage Souce e i
X 0 1 " Temperabaz
. . . . AN A Maodel Type: I
7 Currenl Souncs neeiane
i Model Parameter Model Marme: I
R 1 Anatysis Setup . | pg |-‘ i Global Parametz Fazram. M I
Enabled Enabled ~Sweep Type
I~ AL Sweep.. Ophicre... Cioze I . Start VaLe I
'( 6 ™ Lingar
r Lo Bims Por... I~ Faramelric... 0 Octave ErdValue: |
r Save Hiaz Port... r Senzitmaty... i Decad: InerEmEt I
v DC Swasp.. r Temperaiire. 0 yehe g Velues (10805204302
'l W onte CarloSedorat Case... I~ Transher Funchar,.. 1 e I -
R 1 I~ Bizs Paink Detal r Tharment...
Digkal Setup. .
’
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Parametric Sweep With DU sweep to
plot the characteristic curves of the

JFET

[ WIRWan ¥ L) | Sy By BEN B S NS 0
DC Sweep

- Swen Var Tpoe X 0 1
& Yokage Souce (e I 4 - . . . . . . A Tl B
oo a
L Fode Typs: | e
' CumehtSolrca T Sehqi '. =
 Model Patameter Pl I s
" Glkha Paanster Faam. Mame: I .|| Enadled Enabied
- AL Gween Optian . Chee |
II —Sween Typa I'I ml Lo=d Biaz Poiri... |7 Parametric..
- IU
16 (= . s - Save Biaz Pt r Senctivhy
G End Vale: 15 -
 Decade Incrsmenl; |0.1 [ DC Swe=ep r Temperatue.. .
" Wabie Let Ul I— ] bionte CaloAwdonst Cacs. . r Trznzher Function .. VT
| [w Bizs Faint O exal r Trangert... .
B | _Cancol Digilal Selup . -

JbreakN

Output

PR EELIES e

A @A DExe|mEe-d||[rEramrsanms|

B o

i e E T I
5 bin: e
Biuxpord c aclabad pamie W
D Analpsie
OC At Trichad Shak= 0 VuTe 15 End- 15
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output
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Multi stage amplifier
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Frequency Response
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» Report writing guidelines
An experiment report is an important tool to communicate the experiment results and

findings to others, it should be organized and written in clear a way. Reports should be
original and contain the basic required elements detailed below, copying from any

source will result in a zero grade and proper academic punishment.

The report must contain the following sections:

1. Cover page
Cover page must contain: course number and name, section number, experiment name and

number, author name, date performed, lab partner(s) name(s), and the instructor’s name.

2. Table of contents:

A list sections headings and page numbers.

3. Abstract

This section provides a brief summary explaining the aim of the experiment, and the

methods used. Use your own words, do not copy objectives from manual.

4. Theory
This section should include any relevant theory along with mathematical formulas. The
following should be considered when writing the theory section:

e Avoid copying from lab manual, summarize the theory in your own words.

e If you used information from any resources, state them in references.

e Explain symbols in the mathematical formulas, and use graphical representation of

formulas (curves) where applicable.

5. Procedure
This section describes in detail the way the experiment was conducted. This is very
important so that anyone who reads it should be able to re-produce the experiment and its

results. In this section, what was measured and how it was measured should be provided.

6. Data, Calculations, and Analysis of results:

e Your report must include a section for data aside from the sheet you used to record data
in the lab, which must be attached at the end of your report. The data should be recorded
in clear and readable fashion, be provided in tables where possible, and should have units.

e Calculations should be performed to get the required quantities from measured ones, you

must show a detailed sample calculation showing any equations used.
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7.

e You have to discuss all results comparing with what was theoretically expected from
prelab exercise and explaining any differences. Discuss results qualitatively i.e. no need
to state numeric results for each result as the experiments usually contains measurements
of many quantities, it is enough to state the general behavior of results. The discussion
should contain answers to the following questions:

= Isthe result acceptable?
= What is the behavior of graphs/plots?
= What are the possible sources of error?

e Any questions in the procedure section must be answered in this section when discussing
results.

Conclusions

Restate the main objectives and how or to what degree they were achieved. What

principles were validated by the experiment? Were there any major experimental

complications? How the result can be improved in the future if the experiment is repeated

(optional)?

8.

References:

List any references you used in writing your report, examples on IEEE references

formatting are given below:

example of textbook:
[1] J.W. Nilsson and S.A. Riedel, Electric Circuits. Reading, MA: Addison-Wesley, 5th
ed., 1996, pp. 111-113.

example of Internet web page:

[2] Approximate material properties in isotropic materials. Milpitas, CA: Specialty

Engineering Associates, Inc. web site: www.ultrasonic.com, downloaded Aug. 20, 2001.

General Format Guidelines

1.

Use bold font with size (14 point) for titles (Times Roman or Arial), and 12 points
elsewhere. Also, use 1.5 line spacing, and justify all paragraphs.

Place page numbers on all pages, bottom (though title page is page 1, don’t display the
number 1 on the title page).

Equations are centered and the equation numbers are right justified. The equation number

is placed in (). See example.

F(s) = [7 e Stf(t)dt (1)
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4. Center all tables and include a heading and caption with the appropriate table number
above each table. For example, “Table 1: Voltage measurements for Part 3”
5. Figures must be centered, and the figure number and caption are centered beneath the
figure. For example, “Figure 1: Circuit schematic of Butterworth filter”.
6. All graphs must be done with a computer (e.g. Microsoft Excel or even Matlab).
7. All graphs require labels and units on the axes, and require a legend for more than one set
of y-axis data.
8. Include a leading zero when a number’s magnitude is less than 1 (use 0.83 instead of writing
.83). Include a space between any number and an associated unit (i.e., 3.4 mA, not 3.4mA).
9. Use your word processor for Greek symbols for common engineering quantities as 3, 7, @,
o, and Q. Also use Microsoft word to make any necessary superscripts and subscripts. (Use
V = 10R? instead of VV = 10R"2).
10. Verb Tense:
- Use past tense when describing a procedure that was implemented in order to produce
your results. For example, “After constructing the circuit of Fig. 1, power was applied.”
- Use present tense when analyzing the results and making conclusions. For example,
“The data shows that the efficiency of the process is 92%.” Also, when making reference
to a figure or data within the report, use present tense. For example, “The test setup is
shown in Fig. 1.”
Report Grading Guidelines
The laboratory report grade will depend on the following:
e Isthe report written well and in good English?
e Does the theory contain the necessary illustrative figures? Are these figures meaningful
and clear?
e Do data and calculated quantities have correct units?
e Are calculations made correctly?
e Does the report contain all information to reproduce the experiment?
e Is the result correct and consistent with what is expected?
e Are the graphs complete, correct and properly labeled (title, axis labels)?
e Are all elements of the report included?

e Isthe report submitted on time?
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Appendix B

Introduction to Lab Equipment and Measurement

> Objectives:

4. In this experiment, we shall study how to use the digital multi-meter, power supply,
function wave generator, and the oscilloscope.

5. To make some measurements in the lab.

6. Measuring Phase between two signals.

> Equipment Required:

6. Board, resistors, capacitors and wires.

7. Digital Multi-meter GDM-8135.

8. Oscilloscope TDS 2002B.

9. Power Supply Unit TK286 [0-20V] Variable DC.
10. Function Wave Generator GFG-8215a.

> Introduction:

- Board:
Used to build circuits on it. Each adjacent four holes marked with a white line forms one
node (short circuit), circuit elements are connected between nodes, the board is shown in

Figure 1.1.

.lllllilllllllllll
Electricity & Electronics Constructor EEC470
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Figure 1.1: board.
Power Supply Unit:
Power supply unit provide AC and DC voltage output. We will use the Power Supply Unit
(Feedbak 92-445) shown in Figure 1.2.

The internal Voltage Selector
has been factory set for
0-240

Figure 1.2: Power supply unit.
Digital Multimeter:
Digital Multimeters are used to measure resistance, voltage and current. This makes the
multimeter one of the most important instruments. We use the GDM-8135 in the lab as
shown in Figure 1.3. This is typical of such instruments. The power switch is located on the

lower right of the front panel, with green color.

Figure 1.3: Digital Multimeter GDM-8135, connected as ammeter.
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The multimeter has three buttons indicated above that determine which type of
measurement is being made. For example, if you want to measure resistance, you have to
select the resistance mode button. Likewise, current and voltage modes can easily be set.
Next, you need to attach cables to the multimeter ports. You may use cable with a

connector as shown in Figure 1.4.

Figure 1.4: Cable with a connector.
A black cable inserted in the black port called ‘common' or COM. Another red cable is
inserted in one of the three red ports depending on the quantity to be measured.
To measure voltage or resistance, the red cable is inserted in the upper red port which is
marked (V-Q).

000
A V-0 MAX
CAT 11200V

A
Black Port: common CATII 600V

com ‘rﬁ’f,‘{—l
Lower red Ports: Current A

2A 20A
MAX MAX

A

Upper red Port: Voltage / resistance

To measure current, the red cable is inserted in one of the two lower red ports which are
marked 2A max, 20A max. The First port is fused and can measure currents up to 20 A.
The second port is used to measure small currents of 2A or less and is fused.

In circuit lab you will have two multimeters, one is configured to measure currents, and
the other is configured to measure voltages and resistances. So, cables are connected to
the appropriate ports, and you do not need to reconnect them each time you want to

measure a different quantity.

Measuring resistance:

Use the multimeter configured to measure voltage and resistance (the one with the red
cable attached to the (V-Q) port). To measure resistance, you need to set the multimeter

to the resistance mode by pushing the "KQ' button.
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e You must connect the Ohmmeter cables in parallel with the element in the circuit for

which you want to measure the resistance, as shown in figure 1.5.

Ohmmeter

Figure 1.5: Multimeter connection to measure resistance.
e An Ohmmeter usually employs an internal battery across the resistance you are trying to
measure. The battery drives a current into the resistor, which is measured by a current
sensor. The value of the resistance is the calculated by dividing the battery voltage by the
current. Hence, be careful not to connect any external power supply to the resistor
you are trying to measure because an extra current can damage the ohmmeter. Also
isolate the resistor you want to measure from the circuit, since the multimeter calculates
the overall Thevenin resistance connected to its terminals.
e Selecting suitable range: You will see numbers appear on the multimeter display.
= |f these numbers are all zero, then the range setting on the multimeter is too high and
you should lower it. The range of measurement is selected by the buttons below the
multimeter display.

= |f only the number 1 appears in the left most position, then the range setting is too low
and the resistance value is 'out of range'. In this case, increase the range setting.

= If the display shows actual values, then this is the value of the resistor. Try out
different range settings to see which one gives you the most precision.

= Remember to check your range setting before reading the display e.g. if the range
setting is 20 KQ the display unit is k€, if it is 200 Q the display unit is Q.

- Measuring voltage:

e Use the multimeter configured to measure voltage and resistance (the one with the red
cable attached to the (V-Q) port). To measure voltage, set the multimeter to the voltage
mode by pushing the V' button.

e A voltmeter is connected in parallel with the circuit element where the voltage

measurement is desired as shown in figure 1.6. Since the voltage across parallel elements
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is the same, the voltage measured by the meter will be the same as the voltage across the
element to which the meter is connected.
e The internal impedance of the voltmeter is very large, to avoid drawing extra current, thus

disturbing the voltage it is trying to measure.

R1
+ Voltmeter
Power supply R2 v C\D

Figure 1.6: Multimeter connection to measure voltage.

e There are two different types of voltage measurements: AC and DC. The button to the left
of the voltage mode button toggles the FigFmultimeter from AC to DC mode.

e When measuring voltage in DC mode, the multimeter measures the time average of the
signal. In AC mode, the multimeter measures the R.M.S (root mean square) of the signal.

e A common mistake is to measure AC voltage in DC mode, the reading will be zero since
the average value of AC voltage is zero.

e The red cable is connected to the higher voltage, while the black cable is connected to the

lower voltage to produce positive measurement in DC mode.
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Figure 1.7: Sinusoidal signal
e Selecting suitable range for voltage measurement is done in the same way for resistance
measurement. Note that the unit of measurement is (mV) or (V) depending on the
selected range.
e To protect the instrument, you should always select the highest range first when making

measurements of unknown voltages, then lower it till you find the suitable range.
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Measuring current:

Use the multimeter configured to measure current (the one with the red cable attached to
the (2A) port). To measure current, set the multimeter to the current mode by pushing the
'mA" button.

An ammeter is connected in series with the element in the circuit through which you
want to measure the current. This means, for example, if you want to measure the current
through a cable between two devices, you will have to disconnect that cable, and
reconnect it through the meter, as shown in figure 1.8.

Since the current in each element of a series circuit is the same, the current flow through
the meter will be the same as the current flow to the element of interest.

The ammeter has a very small internal resistance so it does not disturb the current it is
trying to measure. Due to this fact, however, if it is connected by accident in parallel
with the circuit element, a large amount of current will flow through it, thus

damaging it. That is why ammeters are usually protected by a current limiting fuse.

Power supply

=

Figure 1.8: Multimeter connection to measure current.
Current measurement has AC and DC modes similar to voltage measurement.
The red cable is connected such that the current flows into it and leaves out the black
cable to produce positive measurement in DC mode.
Selecting suitable range for current measurement is done in the same way for resistance
measurement. Note that the unit of measurement is (mA) or (1LA) depending on the
selected range.
To protect the instrument, you should always select the highest range first when making

measurements of unknown currents, then lower it till you find the suitable range.
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Function Wave Generator:
The function generator can be used to produce three different kinds of signals as a function of

time, square wave, triangular wave and sine wave.

BT RR RVAVAVAVAVARAVAVAVATAVAY

Square Wave Trangular Wave Sine Wave

Figure 1.9: Waveforms

The function buttons determine the type of signal the instrument produces. With the sine-
wave button pushed in, a sine wave will be produced, for example. The function generator

also has range settings to determine the frequency range of the signal. The amplitude of the

output signal is controlled using “AMPL” knob. The Function Wave Generator used in lab is
the GFG-8215a as shown in Figure 1.10

Figure 1.10: Function Wave Generator GFG-8215a

Oscilloscope:

The oscilloscope is a device designed to display a voltage signal in visual form. It can used
for some quantitative measurements, such as voltage amplitude and frequency, it also can be
used to compare two separate signals and estimate their relative characteristics. The scope
used in lab is the Tektronix TDS 2002B as shown in Figure 1.11.

Basic Set Up:

The oscilloscope is turned on using the power button indicated in figure 1.11. After a few
seconds a horizontal line should appear on the screen. The line, called a ‘trace’ is a plot of

voltage (on the vertical scale) against time (on the horizontal scale).

Note: Autoset button used to get the signal direct without any setting on oscilloscope.
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Figure 1.11: Oscilloscope Tektronix TDS 2002B

The TDS 2002B is a digital oscilloscope that functions very much like a computer. Most of

the settings can be changed through various menus accessible from the top control panel:

2. Menu is displayed on
the right side of the screen

£

Tektronix TDS 20028 5505 e 0

=

4, Change the parameter
you have selected

3. Select the parameter
you want to change

Figure 1.12: Oscilloscope menu
Note that the oscilloscope screen has graduations (or 'divisions'). This is to enable you to
make quantitative measurements of signals displayed. You can also try the MEASURE and
CURSOR menus. The MEASURE menu allows you to measure various quantities
(frequency, mean, peak-to-peak, etc...) for one or two channels. The CURSOR menu uses
two lines to measure any feature on the vertical or horizontal axes. Try these out for yourself.
In the section of the front panel labeled "VERTICAL" set the CH 1 MENU and CH 2
MENU In the HORIZONTAL section set the SEC/DIV knob to 5ms/div (as you turn the
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knob, you should see the value at the bottom of the screen (just above the date) change). You
should see a trace on the screen. Adjust the intensity and focus if needed. Center the line
using the position knobs in the HORIZONTAL and VERTICAL sections.

Connecting Signals:

CH2 BNC

CH1 BNC socket

socket

Figure 1.13: connecting signals to oscilloscope
Signals are connected to the scope through one of two BNC sockets, located as shown above.

These accept cables with connectors of the type shown below.

BN connector
There are two sockets, because the scope can simultaneously display up to two signals. The
signals and connectors are identified as CH 1 and CH 2, for channels 1 and 2. Note that the
signal is actually provided to the scope through the central pin of the BNC sockets. The outer
shield is a ground connection (not just a common) so you must be a little careful what you
connect to it. (E.g. if you set the power supply to provide 5V relative to ground and then
connect the 5V to the BNC shield the resulting mismatch might cause problems the
scope.)
When you have made your connections, you need to tell the oscilloscope what to display
using the CH 1 MENU and CH 2 MENU buttons. Pressing these buttons will toggle the
display of their respective channel. Channel 1 signal appears as a yellow trace, while Channel
2 signal is blue. It is therefore possible to display the signals from both channels at the same

time.

lllI"
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The MATH MENU button can be used to display an arithmetic combination of two signals.

You can select from addition, subtraction, multiplication, addition or Fourier Transform

(FFT). The resulting signal is plotted in red.

Setting the Vertical Scale:

Scopes give you the same control over displaying a signal as you would have over plotting it

on a piece of graph paper. You can independently control the origin and the scale of the

voltage displayed on the vertical axis. There are duplicate controls for the two channels.
Vertical

Position
Control

Press to access
Coupling control

The vertical 'POSITION' controls are used to set the origin. Turning the POSITION control
for CH1 for examples simply moves the signal up and down on the screen (i.e. the origin is
moving up and down). If your objective is to make an absolute voltage measurement (rather
than just look at the form of the signal) you will want to know quantitatively where the origin
you've set is. You can do this by selecting GND coupling to plot zero volts on the screen.

VOLTS/DIV
display

L, A

VOLTS/DIV control
For controlling the scale of the voltage axis there is a VOLTS/DIV control. This sets the

voltage represented by each of the large vertical divisions on the screen. The actual value set
is indicated by the number in their lower left corner of the screen and may be varied from 5
mV per division to 5 V per division.

If you need finer resolution in the increments of VOLTS/DIV you can press the CH 1
MENU and change Volts/Div from Coarse to Fine. Note that it is perfectly possible to set the
POSITION and/or VOLTS/DIV control so that the signal you want to look at, or even the
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voltage origin, is off the screen so that you see no trace. If you think this has happened the
best way to get your signal back is to increase the VOLTS/DIV setting, and then to rotate
POSITION knob until the trace appears.

Setting the Horizontal Scale:

Horizontal
Position
Control

SECS/DIV
Control

The controls for the horizontal (time) axis are located as shown in the picture. The same
horizontal scale is used for both channels, so there is only one set of controls. For controlling
the time origin (i.e. for moving the signal horizontally across the screen) there is a
POSITION control. For controlling the scale of the time axis there is a knob labeled
'SEC/DIV'. This sets the time represented by each of the large horizontal divisions on the
screen. The actual value set is indicated at the bottom of the screen (just above the date) and

may be varied from 5 nanoseconds per division to 50 seconds per division.
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» Procedure
Part A: Measuring resistance
2. Use digital multi meter (DMM) to measure resistances you have been given, record
results.
Part B: Measuring voltage

2. Connect the circuit shown in figure 1.14, set the input power supply to 10V, measure the

voltage across each resistor, record and discuss results.

R1
1kQ
10vDC
R2 § 1kQ
ni
Figure 1.14

Part C: Measuring current

2. For the same circuit of figure.1.14 measure the current through each resistor, record and
discuss results.

Part D: Using oscilloscope and function wave generator

4. Connect the circuit shown in Figure 1.15, set the input voltage to sinusoidal voltage at 8

Vpp and 1 kHz (you will need to connect channel 1 of the oscilloscope to the input

voltage).
R1
Vv
1kQ
8 Vpp, 1 kHz
C__1pF
<
Figure 1.15

5. Connect channel 2 of the oscilloscope to the capacitor, use measure menu to view
characteristics of the voltage across capacitor.
6. Use DMM to measure the current in the circuit, and the voltage across the resistor and the

capacitor.
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