General Lab Rules

e Be PUNCTUAL for your laboratory session.

e Foods, drinks and smoking are NOT allowed.

o Open-toed shoes are NOT allowed.

e The lab timetable must be strictly followed. Prior permission from the Lab
Supervisor must be obtained if any change is to be made.

e Experiment must be completed within the given time.

» Respect the laboratory and its other users. Noise must be kept to a minimum,

o Workspace must be kept clean and tidy at all time. Points might be taken off on
student/group who fail to follow this,

Handle all apparatus with care.

All students are liable for any damage to equipment due to their own negligence.

At the end of your experiment make sure to switch off all the instruments.

Students are strictly PROHIBITED from taking out any items from the laboratory

without permission from the Lab Supervisor.

o Students are NOT allowed to work alone in the laboratory.

e Please consult the Lab Supervisor if you are not sure on how to operate the
laboratory equipment.

e Report immediately to the Lab Supervisor if any injury occurred.

o Report immediately to the Lab Supervisor any damages to equipment, hazards,
and potential hazards.

» Please refer to the Lab Supervisor should there be any concerns regarding the

laboratory.

Grading Policy

The total mark for this lab is distributed as follows

[ Lab Report 20%
Quizzes 10%
Prelab 5%

" Attendance 5%
Mid-term Exam 20%

Final Exam | 40%
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Guidelines for Writing Lab Report

The most 'CffEC:_W: iy to alcquu'e the practical skills in engineering studies is usually
by expenmeriing, 10 4 ‘abgljat(.)w' The process of experimentation involves
organization, observation, familiarization with various pie

. 08 ces of equipment, working
wnh_othcrs, wuthg, and communicating ideas and information. These are the skills
required of an engineer.

In a practical situation, such as that in the industs

‘ 'y or university research, experiments
are designed for the purpose of clarify :

' _ ‘ Ing research questions or conflicting theories by
means of collecting a series of data. The conclusions drawn from that data can be used

to v'alldaj[e a lhe.ory or sometimes to develop a theory that explains the behavior of an
CUBLEEETINg object. The. report for this kind of experiments must includes an
mtroduction to the topic and purpose of the experiment. the theory, method,

procedure, equipment used in the experiment. the data presented in an organized
manner, and the conclusions based on the data oathered.

In engineering education. lab experiments are usually designed to enhance the
understanding in engineering topics. Students are supposed to "dirty their hand" in
preparing the experiment setup, organize the experiment flow, and leam to observe
the salient features as well as to spot any unexpected occurrence as part of the training
to acquire the practical skill to become an engineer. Although the introduction and the
procedure are usually given in the lab handouts. students should practice writing a
proper lab report which includes all the necessary sections, targeting at a reader who
does not have any prior knowledge about the experiment. This is to develop the skill
in documenting the laboratory work and communicating that experience to others.
This write-up gives some guidelines on what to write in each section in preparing
laboratory reports for engineering curricula.

Title Page

)

The title page should contain the title of the experiment, the code and title of the
course, the name of the writer, the date when the experimental work was performed,
submission date of the lab report, and the name of lecturer for whom the report is
prepared for.

Introduction or Objectives

An introduction is necessary to give an overview of the overall topic and the purpose
of the report. The motivation 10 the initialization of the experimental work can be
included. Its content should be general enough 1o orientate the reader gracefully into

the subject materials.

Theoretical Background

This section is to discuss the theoretical aspects leading to the experiment. Typically,
this involves the historical background of the theories pubhsh.ed in the rnlasef.:\rch
literature and the questions or ambiguities arose in these theoretical wor}(. .CltathI‘.lS
for the sources of information should be given in one of the standard bibliographic
formats (for example, using square brackets }»’1l|1 the corresponding number [2] that
points to the List of References). Explore this backgroun‘d Lo prepare the readers to
read the main body of the report. Il should contain sufficient materials to enable the
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veaders to understand why the set of gy,

. a are colle ; .
restiires io cbiserve ih thvgraph, charts ia g cted, and what are the salient

tables presented in the later sections,

- Depending on th.c length and complexity of the report, the introduction and the
theoretical background may be combined into one introductory section.

Experimental Method, Procedure and Equipmelnt

s . . \‘ . ] =
This section describes the approach and the equipment uséd to conduct the
expenmgnt. It }eXPlF‘UHS the_ function of each apparatus and how the configuration
works to perform "a particular measurement. Students should not recopy the

procedures of-the experiment from the lab handout. but to summarize and explain the
methodology in a few paragraphs. .

Observations, Data, Findings, Results

Tbe datalshould- be organized and presented in the forms of uraphs, charts, or tables in -
this section. without interpretive discussion. Raw data which may take up a few
pages, and most probably won'tinterest any reader, could be placed in the appendices.

Calculations and Analysis

The interpretation of the data gathered can be discussed in this section. Sample
calculations may be included to show the correlation between the theory and the
measurement results. If there exists any discrepancy between the theoretical and

experimental results, an analysis or discussion should follow to explain the possible
sources of error. -

The experimental data and the discussions may also be combined into one section, for
example, under the heading called "Discussion of Experimental Results".

]

Conclusions

The conclusions section closes the report by providing a summary to the content in
the report. It indicates what is shown by the experimental work, what is its
significance, and what are the advantages and limitations of the information
presented. The potential applications of the results and recommendations for future
work may be included.

Appendices

The appendices are used to present derivations of formulae, computer program Source
codes, raw data, and other related information that supports the topic of the report.

List of References

i i d numbered according to the order they
The sou of information are usually arranged an ' . .

are citz.dr?rs fhe report. The reference materials may be entered in the following formats:

[1] Author, "Title of the book", 2nd edition, New York: Publisher, 1989. o

[2) Author, "Title of the paper”, Journal name, Vol. 2, No. 3, Jan 1990, pg. :

[3] Author, “Title of the paper”, Proceedings of Conference 1991, pg. 5-6.

[4] Author. "Title of the thesis", Ph.D. thesis, Rice University, Houston, May 1973,
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Lab Session 1
Diode Characteristics

D S . —
. — - --—--—-———————-—-————-———----—-_—__

OBJECTIVES:

After completing this experiment, you should be able to:

e Measure the forward voltage across a diode. and determine i
faulty.

* Demonstrate the forward current
zener diodes.

f the component is
and voltage characteristics of pr-junction and

Demonstrate the reverse current and voltage characteristics of pr-junction and
zener diodes.

SUMMARY OF THEORY-

The diode is a semiconductor device that conducts currents much more readily in one
direction than in the other. The voltage across the diode terminals determines whether
or not the diode will conduct. If the anode is more positive than the cathode, the diode
will conduct currents and is said to be forward-biased. As forward current (Ir)
increases, so does forward voltuge (V) across the device. However, Iy increases at a
much lower rate than /. because the forward resistance of a diode decreases as the Jr
increases. Hence, I increases at a very Jow rate when a diode is opcrated above its
knee voltage (V). This is true of p» junction diodes, zener diodes, and even LEDs.

The following formula is used to calculate the dynamic or AC resistance of the diode:
Where:

AV

1
AV: The small change in voltage across the diode.
Al The corresponding change in current through the diode.

1A

rD_

forward-
biased
region

¥<

reversed-
biesed region

—AV-

Fig,1: 1-V Characteristic of Normal Diode.
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~ The static or DC resistance at any pojpy

using Ohm's law: along the characteristic curvg is calculated
R - \Y
o B e
. @
Where:

V: The voltage across the digde.
I: The current through the diode.

These relationships can be seen in the characteristic curve shown in Figurel.

If the cathode is more positive than the anode, the diode will conduct only an
extremely small Ielakage current and is said to be reversed-biased. When a pn-junction
diode 1s reverse ’blased. the reverse current (1) through the device is extremely low,
even with a significant reverse voltage applied. This is not necessarily the case with a
zener diode. Zener reverse current remains low until Vg reaches the zener voltage (V7)
rating of the component. When the magnitude of 'k reaches ¥z /x increases abruptly.

The forward and reverse characteristics of pn-junction and zener diodes are the [ocus
of the second part of this experiment.

A diode can be tested using a simple ohmmeter, but this is not a very accurate test.
Most modern multimeters have a diode-checker function, which allows you to
determine the actual voltage across a forward-biased diode. If the forward voltage
falls within its expected range, the diode is considered good. If the diode test indicates
the component is shorted or open, then the diode should be replaced.

MATERIALS:

Function Generator

Variable DC Power Supply . P
Digital Multimeter, DMM (with diode-check function)
Breadboard

IN4001 Small Signal Diode

1N5240 Zener Diode

Resistors

~4C>.Lh-h-}»’f‘Jj—‘
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PROCEDURE:

Part 1: Diode Testing

‘ Nale Thei—fhematzmaléldcomponentsymbdsﬁ’r pr-junction and zener diodes are
shown in Figute 2. Note that ‘the, indicator band ‘on the corponent is alwa
.closest;to the cathode;terminal, i 5 v i Tl A TR YS

1. Set your DMM to the diode test position,

2. Connect the DMM to the 1N4001 diode as shown in Figure 2a. Measure the

fl‘?l’;’”{agd voltage (F¢) across the diode. and record your measurement in
ablel.

Diode Vi Vi

1N4001
Normal Diode

1N5240
Zener Diode

Tablel: Diode Test Measurements

3. Reverse the diode as shown in Figure 2a. Measure its reverse voltage (Vz), and
record this reading in Table 1.

4. Repeat Steps (2) and (3) for the 1N5240 zener diode. Record the meter
readings in Table 1.

D G,
DIMIV DIV
N — _i__ ——
k:;' 5

—

Forward voltage (VE) Reverse voltage (VR)
(s) Diode te sting
il s | SRR iy
— Anode
Cathode Anode Cathode \
h— iy
Zener diode

pn-junction dicde

(6) Diode symbols

Fig.2: (a) Diode Testing (b) Diode Symbols

2
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Part 2: Diode Voltage and Current Characteristics:

5. Construct the circuit shown in Figure 3. The voltage source should be set

initially to 0.0 V. Ry limits the diode current to a value lower than the rated
maximum forward current.

VS-—'-—

DMM!1

n

8'4'A%

1.0kohm

!D‘l

1N4001GP

1

Fig.3: Measurement of the Forward Characleristics of Diode.

'6. Measure Vr, Vg, and compute /. Record these values in Table 2.

7. Repeat Step (6) for all the voltage values listed in Table 2.

8. Replace the normal diode with a zener diode. Repeat Steps (6) and (7) for the
1N5240 zener diode.

Vs (volt)

Vi) (VG]U

Normal I

Zener

Normal

"r (volt)

I

Zener

Ir=Vg /R (MA)

Normal Il Zener

0.0

|

0.2

I
I

0.4

0.6

1.0

3.0

5.0

—

7.0

9.0

—

11.0

L 20

Table2: Diode Forward Currents and Voltages
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9. Use your results from Table 2 1o plot the /5 versus I curve for both diodes in
Figure 4.

~ If(mb)

}

200 400 600 el AL
Fig.4: I versus Vg

10. Determine the static resistance of the normal diode at 1, 3, 5 and 10 volts
using values obtained for Ig and Vp from Table 1.

11. Graphically determine the dynamic resistance of the normal diode at 1, 3, 5, 7,
and 13 volts using the [-V characteristic curve obtained in Figure 4.

12. To obtain the I-V characteristics of the diode using the oscilloscope, connect
the circuit shown in Figure 5 below. Set the function generator to 10 V,_;,

1KHz sinusoid input signal.

AN — To Scope
woQ Channel-1
1174001
Vin= 1U'Jp_1°@ To Scope
1 KHz -2 R Channel-2
TI—T’—:T )

Fig.5: Measurement of 1-V Characteristics using Oscilloscope

13, Set the oscilloscope to the X-Y mode. Connect‘ the horizontal in}?ut o_f the
oscilloscope channel-l to the anode of the diode and thf: ve.mcal input
channel 2 to the cathode. Set the sensitivity of the vertical input to 10
mV/division and set the horizontal sensitivity at | mV/division. Draw the curve
shawn on the screen of the oscilloscope and find the junction potential.

14. Compare these results with the table you made.

R il ot s
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. 15. Construct the circuit shown in Figure 6, Note that the 1N4001 diode is now
© reverse biased.

16. Measure and rCFOTd Vri. Use this value (and the measured value of R)) to
calculate fr;. This equals the reverse current through the diode.

DMM1

R1 WAL
g7 i
SRR ]
1 nm ——
Vs Srenm

— F M
oy T 1N4001GP

Fig.6: Measurement of /j,

17.Construct the circuit shown in Figure 7.

DRRMMI
=

Vs = Zener

Fig.7:—Zener Diode Test Circuit

18. Measure the voltage across the zener diode, and record this value in Table 3.
Repeat this procedure for all the voitage values listed in the table.

I =Vri /Ry
(mA)

Vs (volt) Vg (volt) Vz (volt)

0
0.2
0.4
06
1.0
3.0
5.0
7.0
9.0
100

= 12.0
L 140

—

E—

Table.3: Measurement of Vy, and Vz
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19. Use the values from Table 3 to plot the £, versus V' curve in Figure 8.

Fa¥) < 110 100 -

S E

{z1mA)

Fig.8: Zener Reverse Operating Curve.

20. Determine the internal DC resistance Rz of your zener diode by taking the
change in zener voltage, Vz, divided by the corresponding change in current,
Iz.

Electrical | Computer | Mechatronics

' ELCOM-HUCOM
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- QUESTIONS & PROBLEMS:

1. Refer'to your graphs in Figure 4, Compare the forward characteristics of the
two diodes. Explain why they are so similar (or dissimilar).

2. Refer to your results in Table 3. Explain how you could use these results to
calculate the zener impedance of this 1N5240 zener diode.

3. From step (18). what is the difference between this Zener diode and the
normal diode you measured previously? Can you tell the difference between a
normal diode and a Zener diode by locking to their characteristic charts?
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[.ab Session 2

Diode Applications: Rectifiers, Filters, Clipper and
Clamper

OBJECTIVES:

After performing this experiment, you should be able to:

¢ Demonstrate the strengths and weaknesses of the (wo basic rectifier circuits.
o Draw the output waveforms for the two basic rectifier circuits.

¢ Demonstrate the effect and benefit of filtering on rectifier circuits.
e Demonstrate the operation of the shunt clipper circuit.
e Demonstrate the operation of the diode clamper circuit.

SUMMARY OF THEORY:

Part 1: Rectifiers and Filters

The most popular application of the diode is the rectification. Rectification is simply
defined as: the conversion of alternating current (AC) to direct current (DC). This
almost always involves the use of some devices that conduct in only one direction, so
one polarity of an AC signal, which has zero average (DC) level, can be eliminated
resulting in net DC component. As we have scen in the previous experiment, this is
exactly what a semiconductor diode does. This process can be used to make power
supplies, peak detectors, and amplitude modulators.

AWAWATE
AWAVE

(c)

\4

Fig. 1: (a) Input Waveform, (b) Half-Wave Rectified Waveform and
(c) Full-Wave Rectified Waveform
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The three basic rectifier configurations are the half-wave, ful

rectifiers. The output of a positive halfiwave rectifier is sh
Figurel(c) shows the output of a positive full-w

l-wave, and bridge
own in Figurel(b).
ave, or bridge rectifier,

In-any case of rectification the amount of AC voltage mixed with the rectifier's DC
output is called ripple voltage. In most cases, since "pure” DC is the desired goal

ripple voltage is undesirable or unwanted. If the power levels are not too great:
filtering networks that are composed of suitably connected capacitors and inductors
may be. employeq to reduce the amount of ripple in the output voltage. We will be
discussmg'and using only the simple capacitor filter. A measure of the effectiveness
of a filter is given by ripple factor (r), which is defined as the ratio of the peak-peak
value of the AC component to the DC or average value. That is

\%
T = L

(1)

aveg
It is desirable and important to make ripple factor as small as possible,

The capacitor filter is the simplest filter circuit with a capacitor in parallel to the load
resistor R . The capacitor is charged to the peak value of the rectified voltage V, and

begins to discharge through load resistance R after the rectified voltage decreases

from the peak value. The rate of decrease in the capacitor voltage between charging
pulses depends upon the relative values of time constant RC and the period of the
input voltage. The large time constant results in slower decrease and hence smaller
ripple component. The concept of capacitor filter is illustrated in Figure 2. The

disadvantages of the capacitor filter lies in: (a) poor regulation and (b) increased
ripple at large loads.

g Charge Discharge r— T-— —»

e

" ' ‘f oy \ ," N "" f Y Y

i oo | ;'f 'l ‘ Ly ) \

: ' ] ! Y * i
H ¥ 14 ! \ !

_é L_V. I T T [P——

I Diode current !

Fig. 2: Output Voltage Capacitor Filter is a DC Voltage and Small Triangular Ripple Voltage.

For most power applications, half-wave rectification is insufficient for the task, The
harmonic content of the rectifier's output waveform is very large and consequently
difficult to filter, Furthermore, AC power source only works to supply power to the
load once every half-cycle, meaning that much of its capacity is unused. Half-wave
rectification is, however, a very simple way to reduce power to the resistive load.

10 i S s .
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The half-wave voltage signal of Figure 3(a) normally established by a network with a

single diode has an average or equivalent DC voltage level equal to 31.8% of the peak
voltage Vp.

That is,

v, =
" 0318 V., Volts|,iume (2)

The full-wave rectified signal of Figure 3(b) has twice the average or DC level of the

half-way signal, or 63:6% of the peak value Vo.
That is,

2 Vp
Vavﬂ = = 0'636 V VOHS‘FUII-WDVC

peak

A

€)

Fig.3: (a) Half-Wave Rectifier (b) Full-Wave Rectifier.

In rectification systems the peak inverse voltage (PIV) or Zener breakdown voltage
parameter must be considered carefully. The PIV voltage is the maximum reverse-
bias voltage that a diode voltage can handle before entering the Zener breakdown
region. For ideal single-diode half-wave rectification sysiems, the required PIV level
is equal to the peak value of the applied sinusoidal signal. For the four-diode full-
wave bridge rectification system, the required PIV level is again the peak value, but

for a two-diode center- tapped configuration, it is twice the peak value of the applied
signal.

Part 2: Clippers and Clampers

The primary function of clippers is to "clip" away a portion of an applied alternating
signal. The process is typically performed by a resistor-diode combination, DC
batteries are also used to provide additional shifts or "cuts" of the applied voltage. The
half-wave rectifier is a simple series clipper. It “clips” either the positive or the
negative alternation of its input waveform, depending on the polarity of the diode.
Since we examined series clipper operation in the rectifier experiment, we will focus
on the shunt clipper in this experiment.

Ry
+
Ideal
v. f-\:, Diode . Ve
;V:m

]

(a)

e ks : I
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e P, o e

2
Nl e

(b)

Fig.4: (a) Clipping Circuit (b) Input and Output Waveforms.

A typical clipper circuit is shown in Figure 4(a). In this circuit the output voltage can
never be greater than the value of V.. The ideal diode becomes forward biased at V

equal to V. and this ties the output directly to the V. supply as shown in Figure 4

(b). Often in the development of electronic circuits it is required that voltages be
limited in some manner to avoid circuit damage. Furthermore, the limiting or clipping
of voltages can be very useful in the development of wave-shaping circuits.

The clamper is a diode circuit used to change the DC reference of a waveform
without significantly altering the shape of that waveform. The positive clamper shifts
its input waveform in the positive direction; the negartive clamper shifts it in the
negative direction. The negative clamper is identical to the positive clamper except
for the polarity of the diode and capacitor. Clampers are easily distinguished from
clippers in that they include a capacitive element. A typical clamper as shown in
Figure 5(a) includes a capacitor, diode, and resistor with some also having a DC
battery. This circuit works by allowing the capacitor to charge up and act like a
battery. This is the voltage across the capacitor depends on the input waveform, the
output maximum ( or the minimum depending on the orientation of the diode) will be
clamped to a fixed reference point. The only design constraint is that 27 RC be five
times larger than the period of the input waveform.

Observe that the output voltage is simply the input voltage shifted by the value of

steady state offset ( Vpc) as shown in Figure 5(b).

-C}—
Vi Ideal
Diode it

Qe

(a)
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h l==‘| ﬂ
b = - et 5‘_}1‘!
~AV UU

1Y)

Fig § (a) Clamping Circuit  (b) Input and Cutpasd WaveFaema

Equipmenis:

e Dual-Trace Oscilloscope
e Digital Multimeter DM
Bread Beard

Resastors

Capacitance
Flectrohviic Capacitors 10 uF and 100 4l
INA001 Rectifier Diodes

« & % &

H
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PROCEDURE:
Part 1: Half-Wave Rectification
I. Construct the half-wave rectifier circuit shown in Figure 6. Record the

measured value of the resistor. Set the function generator to a 1 KHz,
8V,_, sinusoidal voltage using the oscilloscope.

1H4001GP
—P o+
+ _
Ya
Va=4sin Wt /4" L |;12k X "
2. |
f= 1000 Hz \"» i

T -

Fig.6: Half-wave Rectifier.

[

Using the oscilloscope with the AC-DC coupling switch in the DC
position, obtain the input voltage Vi, and the output voltage Vg and sketch
their waveforms. Before viewing Vg be sure to set the Vo =0V line using
the GND position of the coupling switch.

3. Determine the theoretical output voltage Vg for the circuit of Figure 6 and
sketch its waveform for one full cycle using the same sensitivities
employed in step (2). Indicate the maximum and minimum values on the
output waveform. Compare the results of step (2) and (3)?

4. Set your oscilloscope to X-Y setting. This will display channel-1 (your
input) on the horizontal axis and channel-2 (the output of the circuit) on
the vertical axis. The X-Y mode will display the transfer characteristic of
your circuit. Sketch the transfer characteristic you observed and commit.

5 Measure the DC value of Vo using the DC scale in the DMM.

6. Calculate the DC level of the half-wave rectified signal of step (2). Find
the percent difference between the measured value (from step 5) and the
calculated value.
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| Part 2: F ul[- Wave Rectification

7. Construct the circuit shown in Fj | :
| : : igure 7. Sket i
waveforms. Then, measure the DC Joad voltag: ﬁ?ir:}gleDﬁPMUt and output

D> | D

vm=4s.in w o+ .

F 1000H2® ’ _

DIK /ﬁn.;
Yy

1l

Ry e Y
S.6k0 \

Fig.7: Bridge Rectifier,

Part 3: Rectifier Filtering

As you have seen in the previous parts of this experiment, the output from a rectifier
is a pulsating DC voltage. The filter in a linear power supply is designed to reduce the
variations in this DC voltage. As you will see shortly, the value of the filter capacitor
determines how effective the filter is. No filter is perfect, however. so the variations in
the DC voltage are never completely eliminated. The remaining variations in the DC

voltage are referred to as the ripple voliage (V).

8. Add a 1 uF capacitor in parallel with the bridge rectifier load as shown
in Figure 8. Use the DMM to measure Vo, and record this value.

D #’\’ \‘;, 1
'E‘fm = 4 Siri w! +“\ ,/ \,‘-— &
#= 1000 Hz () AV
e P i
— wr Xt R > v
T 5.0k <
)

Fig.8: Filtered Bridge Rectifier

Nore- It s extremely important to observe proper polarity when working' with
electrolytic capacitors. If installed backwards, they will fail and may explode..

o observe and measure the ripple voltage. (Note:
be AC coupled to measure the ripple voltage.)
d record its measured peak-to-peak value.

9. Use the oscilloscope t

The Channel 1 input must
Draw the ripple waveform, an

or from | pF to 10 pl. Power up. and repeat

). Che e filter capacit : :
10. Change h b voltage wavelorm, and record 115

Steps (8) and (9). Draw the ripple
‘measured pcak~1u'peak value.
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Part 4: The Shunt Clipper

L1. Construct the clipping circuit shown in Figure 9. Record the measured value
of the resistor. Note that the input signal is 10V,_, sine wave at a frequency of

1KHz.

R1

"W

2.2kohm

Fig.9: A shunt Clipper with DC Battery

12. Using the oscilloscope with the AC-DC coupling switch in the DC
position, obtain the input voltage and the output voltage V,, and sketch

their waveforms. Before viewing

v

out

using the GND position of the coupling switch.

Part 5: Clampers with DC Battery

be sure to set the V ,= 0 V line

13. Construct the circuit shown in Figure 10. Connect a 2 KHz, 10V, sine wave
to the input and use the oscilloscope to observe the input and output signals.

Cl1
-

10uF

Fig.’l:O: Clamper Circuit with DC Battery

14. Repeat step (12) for Figurel 0.

D1
1N4001GP

+

—— L5V

'['_

:

R1
100Jcohm

\Ir

ot

16

Scanned by CamScanner



 QUESTIONS & PROBLEMS:

[. Using the results of step (2), calcul

at i
sketch its waveform. e the peak values of the current i(t) and

2. Refer to Figure7. Explain how

i you would modify this circuit to obtain a
negative load voltage.

3. Refer to the circuit shown in Figure 8, how would you decrease the ripple in
the output voltage?

4. Refer to the circuit shown in Figure 9, how can you limit the output at a
voltage different than the threshold voltage (V,) of the diode, for example at
around *+ 5V?

Electrical | Computer | Mechatronics

ELCOM-HUCOM
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Lab Session 3
BJT Characteristics and pc Biasing

OBJECTIVES:

After performing this experiment, you should be able to:

® D'et'ermine Fhe transistor type (NPN, PNP), terminals, and material using a
digital multimeter (DMM),

Deter_mme the_PaIameters for the small signal transistor model of a Bipolar

JUDCU(')D Transistor (BJT) and use these parameters to plot the DC load line.

e [nvestigate the operation of the two types of Bipolar Junction Transistor.

SUMMERY OF THEORY:

A bipolar junction transistor (BJT) is a three-terminal semiconductor device, made of
either silicon (Si) or germanium (Ge). Their structure consists of two layers of n-type
material separated by a layer of p-type material (NPN) or of two layers of p-material
separated by a layer of n-material (PNP). In either case, the center layer forms the
base of the transistor, while the extemnal layers form the collector and the emitter of
the transistor. It is the structure that determines the polarities of any voltages applied
and the direction of the electron or conventional current flow. With regard to the
latter, the arrow at the emitter terminal of the transistor symbol for either type of
transistor points in the direction of conventional current flow and thus provides a
useful reference as shown in Figure 1. One part of this experiment will demonstrate
how you can determine the type of transistor, its material, and identify its three

terminals.

oC E
5O t B
OE PP O C

NPN
Fig.1: Transistor Symbols

A bipolar junction transistor (BJT) is very versatile, It can be used in many ways, as

an amplifier, a switch or an oscillator. Before an AC input signal is applied to the
transistor, its DC operating conditions need to beset

18
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he typical
‘ _ package of the BIT transistor as show
in Figure 2, .the emitier (E,) IS on the right, the base (B) is in the middle dCl }';n
collector (C) is on the left side of the package A

BJT transistor

Fig.2: Typical Package of the BJT Transistor

Thefe are three regi0n§ ol operation for the transistor: Active Region, Saturation
Region and Cutoff Region. To bias a BJT transistor for operation in the active region,

the base-emitter junction must be forward biased and the collector-base junction

reversc biased. Thus, in the active region, current will flow through the collector and
will be related o the base current by:

[ =p I, (1)
Where: < o
/.. The collector current, & - {5
I, : The base current, j,(.}
f3: The DC current gain. w = 'jE

The active region is the desired region of operation for a linear amplifier.

If the collector voltage falls below the base voltage by an amount that exceeds the
threshold voltage of that junction, the collector-base junction will become forward
biased and the transistor will enter the saturation region. . Transistor switching circuits
are generally driven into saturation for the ON state. prever, for appl?cation
requiring rapid switching the distance driven into saturation must be limited to
prevent long charge storage time in order to reduce switching time.

In addition to the active and saturation regions, the transistor will enter the cutoff
region if both the base-emitter and base-collector junctions beco_me reverse biased. In
this case, all terminal currents are extremely small and the transistor is said to be off.
Switching circuits are driven into cutoff when the desired state of the switch is OPEN,

“In order to use a transistor in an amplifying circuit it has to be biased. In other words,
a Q-point has to be set in order to place the device in the active region of operation.
There are several methods which can be used to bias a transistor. Figures 3 and 4

demonstrate two possibilities.
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The first scheme (Flhgurg 3)is cfalled a fixed bias scheme. In a fixed biasing the base
cle0” by = throug. % 2ES res_lstol' and the emitter of the transistor is grounded. This
scheme is not used in practice since the Q-point depends very strongly on f.

+20V
R,

o IN3904

Fig.3: Fixed Biasing Scheme.

A second possibility, which is commonly used, is the self biasing scheme. Here the
base voltage is set through a voltage divider and the emitter is tied to ground through
a resistor. If designed correctly, this scheme is relatively independent of f.

+20V

R, Rg
2N3904

R, Rg

—

Fig.4: Self-Biasing Voltage Divider Scheme.

PrelLab:

Read the specification sheet
typical and maximum values

for the 2N3904 NPN BIT transistor and determine the
for each parameter listed in Table 2.

20 -
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PROCEDURE:

| Pert 1: Checking Transistors

It is often necessary to perform 3

— . uick ; )
transistor's type, terminals, materia] ax?d if Sheck on a transistor 1o determine the

. it is working, Bipolar . :
NPN or PNP depending on the arrangement of maten‘ali as i¥r)1 E igut;:nssmtors oo it

Emitter Collector

Emitter Collector
I —1 P |n P —

Base [
Base

Symbol
Symbol ~'<

Fig.5: Arrangement of Transistor's Materials Depending on its Type

Ifor purposes O:f quick festing only, a transistor can be thought of as two back to back
cnod(.:s as in Figure 6 and hence the following procedure will determine the type
terminals, and material of a transistor and it can be tested in the same manner as a:
diode. The procedure will utilize the diode testing scale found on many modem

multimeters. If no such scale is available, the resistance scales of the meter may be
used.

NPN t—H——I—N—o u—ﬂ—I-—H—o PNP

Fig.6: Simple Transistor Model for Testing Purpose

1. Label the transistor terminals of Figure 7 as 1, 2, and 3.

2. Set the selector switch of the millimeter to the
diode scale.

3. Connect the positive lead of the meter to
terminal 1 and the negative lead to terminal 2.
Record your reading in Table 1.

4. Reverse the leads and record your reading,

Fig.7: Determination of the Identities of BJT Leads

5. Repeat steps (3) and (4) using the other terminal to complete Table 1.

Mate leads connected to BJT Diode check reading
Step | positive Negative NPN PNP
1, I 2
2. 2 1
i 9 1 3
4, 3 1
5, - 2 3
6. 3 2

Table 1: Testing Transistor

21
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part 2: Determining Transistor pg,

and The DC Load Line eSS

1. Connect the circuit as shown jn F

power supply. igure 8 using NPN transistor. Switch on the

V%c 10V

R

1.0kohm

2N3904
o

Rg

§1Dkohm
-

Fig.8: Biasing of NPN Transistor

2. Using the DMM: measure the collector, base and emitter voltages with respect
to ground and measure the collector, base and emitter currents. Recording
these values in the Table 2.

Percentage
error %

Parameter Measured Calculated

V¢
Vg
VE

Table 2: Transistor Parameters

3. Determine the DC current gain or beta (B) and the parameter (o) for this

transistor so that:

I
B Bt @)
IBQ
_ B
T+ 3)
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4, Measure the collector-emitter voltage v
Record these values in Table 2.

5. Determine the saturation (

. v b et Clshor ) aNd Cutoff ( Vg oy, ) points on the DC load
line for this circuit using the following equations

ce and the base-emitter voltage V, .

\Y% !
IC(Shorl) = R -ECR (4) |
C E
vCE(nIT) = Vcc ()

&

Plot the DC load line using the calculated
the DC load line. Locate. the Q point based

Vg -

7. Connect the circuit as shown in Figure 9 using PNP transistor. Switch on the

power supply.

values of step (5) as end points of
on the measured values of I, and’ ‘

1‘“rcr, 10V
N
Eg ‘
1.0kohm
il
Ry L 1
APA l\znaaos
1.0Mohm
. R C
j‘/mkohm

i

Fig.9: Biasing of PNP Transistor

8. Repeat the steps from (2) to (5) for Figure 9. Tabulate your records.
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Part 3: Transistor Switch

9. Build the following circuit shown
Be sure to include the current limi
Emitting Diode (LED) or it may be d

in Figu_re 10 using the NPN transistor.
ting resistor Re in series with the Light
amaged.

vcc 10V

R

1.0kohm

3} LED

R Q1
B 2M3904

100 kohm

Fig.10: Transistor as a Switch

10. Make sure that one end of R, is connected to ground as shown in Figurel0.
Measure and record the voltages at the Base ( V), Emitter (V.. ), and Collector

(V). What do you observe?
11. Connect the Base resistor (R,) to +10 V instead of ground. What do you
observe?

12. For this configuration measure the Base (Vy), Emitter (V) and Collector
(V.) voltages. What mode of operation is the transistor in? Explain.

-~ A
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QEUSTIONS & PROBLEMs.

]. Calculate the DC parameters |jg

circuit shown in Figure 8. (Show ed in Table 2 of the NPN transistor in the

your calculations)

2. Compare the measured values of
obtained from Question (1), using
typical base-emitter voltage of 0.7

steps from (2) to (4) with expected values
the value of 8 determined in step (3) and a
V. Record these values in Table 2.

3. For Paft 3: What is the operating mode of the NPN transistor when
connecting:

(a) R, to the ground?

(b) R, to +10 volt ?

4. For Part 4: Calculate the DC parameters obtained from step (14) and compare
them with measured values. What is the operating mode of the NPN

transistor?
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~Lab Session 4
The Common EmitterAmpliﬁer

e e
T

Supervised by: Dr. Osama Al-Oquili IR ———

OBJECTIVES:

After performing this experiment, you should be able to:
[ ]

Determine the voltage gain of a common-emitter (CE) amplifier.
e Determine the input impedance of a CE amplifier.

o Determine AC resistance of the emitter (r,) for a CE amplifier.

S Of?mlp““g and bypass capacitors in a CE amplifier.
Demonstrate the effect that a load has on the voltage gain of a CE amplifier.

SUMMARY OF THEORY:

In a common-emitter (CE) amplifier, the input signal is applied between the base and
emitter, and the output signal is developed between the collector and emitter. The
transistor’s emitfer is common to both the input and output circuit; hence, the term
common emitter. The common-emitter (CE) amplifier is the most common BJT
amplifier configuration. This amplificr has the following characteristics:

High voltage gain.

High current gain.

Moderate input resistance.

Moderate output resistance.

180° voltage phase shift between the input and output waveforms.

(W T S VS I O T

To make any transistor circuit amplify AC signals, the base-emitle:r junction must be
forward biased, and the base-collector junction must be reverse-biased. The purpose
of bias circuits is to establish and maintain the proper DC operating conditions for the
transistor. There are several ways 1o apply DC bias. The simplest methqd, calle.d l_}ase
bias or fixed bias, is frequently unsatisfactory due to manul?actgnng variations
between transistors and sensitivity to temperature changes. Base bias 1s reco.gmzed by
a single resistor connected from V¢ to the transistor base. A much more widely used

bias circuit is called voltage-divider bias. Voltage-divider bias is not as sensitive to
transistor variations and temperaturc changes. Voltage-divider bias 1s shown in

Figurel(a).

the DC parameters. The steps 10 solve for the DC

; i tart with LV X
To analyze any smpifch =) ith voltage-divider bias illustrated in Figure 1(a)

parameters for the CE amplifier W

are: ST _ -
1. Mentally remove capacilors from the circuit since they appear open to DC.

' moved. Solve for the base
This causes the load resistor,R,, to be removed Solve for th

voltage, V., by applying the v
Figure 1(h).

oltage divider rule to R andR, , as illustrated in

12 :
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RE "’:’AHC e AV  fereVe R L
: wﬁ.t‘_vfr-{‘;.( A'ﬁ ) fortals C--l.

mevease Ry o H a0

" ®) © @
Fig1: Ainalysis of CE Amplider

9. Subtract the 0.7 V forward-bias drop across the hase-emitter diode from V1o
obtain the emitter voltage, V, . as illustrated in Figure 1(c).

3 The DC current in the emitter circuit is found by applying Ohm’s law 10 R;.
The emitter current, 1., is approximately equal to the collector current, 1.
The transistor appears lo be a current source of approximately I into the
collector circuit, as shown in Figure 1(d).

The AC parameters for the amplifier can now be analyzed. The AC equivalent circuit
is shown in Figure 2. The capacitors appear to be an AC short. For this reason, the AC

equivalent circuit does not contain Rg. Using the superposition theorem, Ve 15
replaced with a short, placing it at AC ground. The analysis steps are:

|. Replace all capacitors with a short and place V. at AC ground. Compute the
22

AC resistance of the emitter, r,. from the equation: /%
26 mV % -

L="3 (N

€
I E
2. Compute the amplifier’s voltage gain. Voitage gain is the ratio of the output
voltage divided by the input voltage. The input voltage is across the AC
emitter resistance (O ground which. ‘0 this case, is r,. The output voltage is
taken across the AC resistance from collector to ground which, in this case, is
R . For the circuit in Figure 2, the outpu[wgg_tdivided by the input voltage
. svans ”/———_/ Te—
can he written: P | P
/ /LD
. A Vo _ W Re Re ™ (4
With R, bypassed: i v|"—, = = (2)
' - = n l‘ere rc

% \
“With R, unbypassed:



osama
Draft


S
@(\‘,\\ \P\\(b
- 'J 0 &
%‘%0 U.SZL

Rt
3. Compute the total input resistance seen by the AC signal:

With-RE bypassed: R = RlllRi‘lﬁf,
with R unbypassed: R, = R'llRZHB(re +R,)

4. Compute the total input resistance seen by the AC signal: (Assuming 1, = ®)
R‘out = Rc (6)
5. Compute the voltage gain from the source to the load:
\'A R R,

T ™
VS r5+Rin RL+Rou1

i c
—B .

&B *
Rﬁ% éﬁﬂ <l> sr-a %Rc Vm ERL '

c—2 2 — —
s j R ait

Fig.2: AC Equivalent Circuit of CE Amplifier,

{

v
L

+
R
T 1
Vi
R

EQUIPMENTS:

Variable DC Power Supply
Dual-Trace Oscilloscope
Breadboard

Resistors

Capacitors

Potentiometer

2N3904 NPN Transistor

e @ © © @ e @
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PROCEDURE:

Part 1: DC Measurements

1. Measure and record the values of the resistors,

12

Construct the amplifier shown in Figure 3. The signal generator should be
turned oft. Measure and record the DC voltages listed in Table 1.

Tad

Using the measured resistances and the value of B determined in step (2).
compute the DC parameters listed in Table | for the CF amplifier shown in

’ = r ' ,
Figure 3. Your measured and computed values should agree within 10%%
(Show your calculations)

ne Computed | Measured |
Parameter | Value Value

\
V

]

|

|

L ———

Table.1: DC Parameters of CE ~\m—p1||'|cr

|.|"-. . +‘jl “u

Fig.3: CE Amplifier

Puart 2: AC Measurenienls

4. Compute the AC parameters listed in Table 2 (show your caleulation). The AC
. Com — ‘ . . "y
b " poltu e v, , represents the signal input to the amplifier, V. Multiply the
ase voltage, vy, s !

input signal by the computed vollage pain to obtain the output sipnal.
- = L b
5 Disconneet the load resistance R, Furn on the signal genetator and adjust Vy
- Disconnect the 51
| rasure (he peax- " alues of the
o wave af 1.0 Kz Measure the peak-to peak values o
for a 0.1 V, sine wave al

waveforms, and record these values mn Table 2 Use the
[$ 1 v

‘ and oufpuat .
pat B | ltages to caleulate the voltape gain of the amphiie

measured sipnal vo

15
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10.

Carefully sketch the input and output waveforms

between them. showing the phase shifl

]Rl::.:;me ll;e circuit tohlts original configuration shown in Figure 3. Set R, to
2, and meas > peak- ,
ik lncasu!;e??mj i ;-! peak-to peak value of the output waveform. Record
:h \’6lla " g'iindl?m “ir::lllmcd values. Use this measured voltage to calculate
¢ ML m I m Ty A
oltag € mputto the load V, /V ", Record it in Table 2.

’ s | o a1 b ' vl ey ¥
Fsmb‘lhu basic lows of voltage division, you can easily determine the input
impedance of this amplitier as follows:

> ¥ 4 € 1
. !nsx.rl a 4.4' K potentiometer hetween the signal generator and the
input coupling capacitor. “

e Adjust the potentiometer until 'V, drops to one-half the value noted
priot to insert the potentiometer.

* Power down, and remove the pot from the circuit without disturbing ifs
serting.

» Measure the adjusted resistance of the potentiometer, and record this
value in Table 2. This value equals the input impedance of the
amplifier.

Remove C, trom the circuit. Measure the AC signal voltage at the transistor’s

base, emitter, and collector. Measure the voltage gain of the amphifier.

With C, open (R, unbypassed): repeat steps (7) and (8). Compare the result

values with the calculated values obtained from step (4).

. To measure the output resistance R of the ClE Amplifier connect a ' KQ

potentiometer connected between the output coupling capacitor and ground.
Adjust the potentiomeler until V_, drops to one-hall’ the previous value,
Remove the potentiometer and measure its resistance. By the voltage divider

role. the resistance of tie potentiometer equals the output resistance of the

amplifier.
Computed Measured
1 [ s »'.‘ )
AC Parameter Value \ thc
R byp. R, unbyp R, byp « R unbyp
R 0Py e T L ]
Vp = Vzn L == i o
r, i
____+___,_L__-_,—-_—-_—+——"—1~‘—‘ .
A\F
WPEN ’_v___,_‘,_,—._______,._——-——'—ﬂ—‘_"'— e -
y =V
b C ‘-_-'__‘«“J ___“__‘_r____,_.l e
Ve b
I{ Vi e o g S = Fears R s = T e
PR t, | .
) _r,_u'l’_ S J_ BT '__l‘r,,,:_ = “ 1 .y s }

]
{
£

] Fli._"]'—{ 204 Ii' [acamtifis ol E jﬁH‘.i»i(ﬁ?f ‘



QUESTIONS & PROBLEMS:-

1. Refer to Table 1: How close are vour calc

- | ulated values of the DC parameters
to the measured value? Explain any discre

pancies,

rJ

R_efer l_o the : aveforms that you drew from Figure 3. Explain why the output
signal is 180° out of phase with the input.

3. Refer to Table 2: How close are your calculated value of AC parameters to the
measured value? Explain any discrepancies.

4. Refer 1o Step (7): What happened to the voliage gain of the circuit when the
load resistance was connected? Explain why you think this happened.

5. Refer to Step (9): What happened to the voltage pain ol the cireuit when the
bypass capacitor was removed? Explain why you think this happened.
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ab Session 5
Multistage Amplifiers

w— = e o
s - = N —

p - - ——— .

OBJECTIVES:

yier performing this experiment. you should be able to-

+ Construct a two-stage transistor amplificr,
« Measure the DC and AC parameters jne

; . luding the input resistance, output resistance,
voltage ain, and power gain, '

SUMMARY OF THEORY':

A single stage of amplification is often not enough for a particular application. The overall gain

cn be increased by using more than one stage. Practical transistor amplifiers usually consist of a

er of stages connected in cascade. In addition to provide gain, the first (or input) stag

Iy required 1o provide a high input resistance in order to avoid loss of signal tevel when

ifier is fed from a high resistance source. In a differential amplifier the input stage must
]

=
=4
2]
L=

15

th

=
-
<4

|

P

> )

litier 1s
¢ large common mode rejection. The function of the middle stage of an amplitier
czcade is to provide the bulk of the voltage gain. In addition, the middle stage provides such
cther functions as the conversion of the signal from differential mode 1o single ended mode and
the shifiing of the DC level of the signal. Finally, the main function of the Jus (or output) stage
of an amphifier is 10 provide a low outpul resistance in order o avoid loss of pain when a low-
valuzd load resistance is connected to the amplifier. Also, the output stage should be able o

suppty the current re,quircd by the load in an ellicient manner.

The two-stage linear amplifier is shown in Figure 1. It uses two common emitter (CE) circuits,
with the PNP and NPN transistors connected in a cascade Amplifier. R and R, are not
tonsidered part of the amplificr, but are only used o .‘ul‘cnumc the i}\l’!“ -‘iﬂ”JL from the function
getierator by a known factor. To analyze the ump“fll‘f- start with “‘{DL-V parameters, Use
Measured values of components in your caleulations, The steps to solve for the DC parameters
‘orthis amplifier are:

tors from the circuit since they appear open to DC. Solve
By inspection, the DC base voltage is zero; however if
- altage can be found by applying the voltage-divider
and R,

L Mém}a]ly remove (open) capici
for the base voltage, V, of Q,.
the resistors are not equal, the base v
rule and the superposition theorem to R,

the base-emitter diede of Q, from V, o obtain

a8 ]

Add the 6.7 V forward-bias drop across
the emitier voltage, V, of Q.

, e e TS B yoly Ohm's Jaw 1o solve for the emine
Yo B the voltage across the eminer res1stors and apply : ey

o 1, of Q).
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er current (s
pgume the emitter current (Step 3) is equal (o the collect
] s R ol Tis oliiee or current, 1., of Q, hml the
colioge 37 c ge drop across Q. Solve for the DC voltage drop across
e equiv alent resistance to find the voltage at the collector of 0.

base voltage of ¢ denvi
Compute the % and P,R :QI by applying the superposilion theorem and volije
and . 7 ,
; givider mule 10 & ubtract 0.7 V from the base voltage of @, to find the
| emitter voltage of Q, Find the voltape across the emitter resistors and apply Ohm's 2w
10 determine the emitter current in Q.

e

ygsume the emitter current (step 5) is equal to the collector current I, of Oy Find the

\altage across R, and the voltage drop across Q.

vee 18V
\VCC 18V l
IEN— SRC2
\ R3] > 10uohm
| < 100Kkakm ]
p .\.“C1 UiniF
.gm .'\? 10kohm E Vout
100kt
‘\ 0 10uF |_152
1CoF | I o1 !
————ﬂ 1
5; | Y | RE2
li ‘_ﬂi p faghm
“\.' 17Eohm >
:i'::‘\_\ |, RLY ) ]
Xa ) R |, A2 o Akenm l
= = 12kohm 4 l
> | ——
EB
¢

,_L_u

Fig |- Two-blage [Lincor Amplifier

il g The AC analysis steps are:
Ik AC parameters for the amplificr can How be analyzed. The AC analysis sieps Are
in the emitier cireuit includes the

The AC resistance
iransistor. Compute the AC

AC resistance of the
{rom the equation:

I. Replace all capacitors with a shorl.

anbypassed emitter resistor and the
emiter resistance of each transistor, fo

BSmVV m

B
3
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' : o, e of .
cireuit The output resistance is simply yhe Fthe emiger circuit re

{he bias resistors and the AC emitter resist

compute the input and output resisian

: : of Q. The ;
esistors in paraliel With the AC resistance gof . . P 'ESistance inchudes the bias

flected into the base

\l
alue of (he collector resistor,

leQH = R] n R;v " {B (l'e +Rl 3)}

Compute the input and output resistance of Q,. As before, the | ,
© s belore, the input resistance includes
: : ance - T
b i g the collector resistor ¢ reflected to the buse circuit, The outpul

"
‘\m("):“l = R_\ H R; H {B r,, (3
Compute the unleaded pgain, A

- “ vy Of each stage, The unloaded voltage gain for the
common-emitier transistors can be written:

V R.
\“\u.\'\_}‘. 5 “ﬂ = l‘ l\L = R‘:
Vo L(+R ) (e+R

(4
u’m‘))

Compute the overall gain of the amplifier. It is easier to calculate the voltage gain of a
multistage amplifier by computing the unloaded voltage gain for each stage, then
including the loading effect by computing voltage dividers for the output resistance and
input resistance of the following stage. This idea is illustrated in Figure 2 Each transistor

is drawn as an Amplifier consisting of an input resistance, R_, an output resistance,
R . alonp with its unloaded gain, Ay - Then. the overall loaded gain. A, of this

amplifier can be found by:

A= Ay

'.";.:——4 /\\: QS)
‘ ’ ,
l\‘“_,“ i ]\m: /

Note that if a load resistor was added across the output, an additional voltage divider
consisting of the oulbui resistance of the second stage and the added load resistor 13
used to compute the new pain.

Mt

. R.a
R oxl ﬂ\-—-—\.ﬁ'\"‘""" V;u

\ rh\\\ - A 1
//

Ras |/~
E.

\-‘,_
ni <, ;

Z i

—_—

Fig.2: Two-S1ag¢ Amphfier
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| Fg{)(‘EDURE"

1.

[

ol : C A L (T
Teagured overall pain, Ay l{rmﬂ_i the mea

- Connect he function generator voltage to the

(onnect the circuit shown in Fig.1. Com

{ pute the DC py ers for i
sl : C parameters for the amplifier histed
D T Compaad T
Parametr v puted Measured
—— | Value __Value
o ~—fee TQUE e
—
Y
I tn
Ve
crn
[ LIL A}
e
L{Q2)
]L’lk.‘:l
]
\ cC(Qdy
L Veean

Table |: DC Parameters of the Mului-Stage Amplifier

Construet the two-stage bipolar transistor amplifier shown in Figure 1. The function
pererzlor should be turned off. Measure and record the DC voltages histed in Table
2 Your measured and computed values should agree within 10%.

Compute the AC parameters listed in Table 3. The gains for each stage are not loaded.
The output resistance of 0, (R_.on) is simply the collector resistor, the input resistance

of Q, is determined by the procedure given in the Summary of Theory.

- Compute the overall gain of the amplifier using the computed gains from Table 3 and the

input and output resistance between the SIages (5¢¢ step 3 of the AC analysis in the
Summary of Theory). Enter the computed overall gain, Ay, on the first line of Table 4.
Using this value (:6:11Pulc the expected output voltage and record the computed output
voltage on the last line of T able 4.

divider composed of R and R, as shown

ol : o racistors is to attenuate the generator signal by a
in Ticure |, (Note: The purpose of these rest e s
knosn arne f t; the wi;ljl ;I(}J? he considered_part o of the gmplifier). Turn on the function
"r’ﬁe;m:}ln”f , lﬂ:!y’!_c; a (1.5 Vppnsinc wave al 10 KHz. (Check voltage and frequency
generator and set V, fora b ,

ignal voltage al the amplifier's output (V)

- 1 The w VYV ¢ V a h
mnd record the value on the last fine of pable 4. Then use V oand V1o find the

eured overall gain in the Hiest liee of Table 4.

4l
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Table d: 'L‘bmpulcd AC Paramcters

e T - ‘__
AC Computed | [ _
! parameter Value AC " Computed T Rime—i—
| |__Parametey puted 1 Measured
[ '_h-—..\__,_______ Vl]lu(: \ E "
CAR] N \;' e = S S »s_.a.'. LIL el
=T ' L Tw{ony ""
P_,_b“‘_"’_,ﬁ_.__ﬂ;_.z.;_, i V T
A R TLTS
\VNLYy P S
L — R = =
) wiey
Avimg, “‘l*{‘ I SRS )
R oty f——m
] e P
] 1’\ y
R S N . -

Table 4: Computed & Mensured AC Parameters
The measurement of the total inp THET T : - :
input resistance, R wian « 15 done indirectly by using o

potentiometer as shown in Figure 3. The output signal (V_,) set by V, to a convenient

Ee\tl \\;ith the anuﬂ_il"wr aperating normally (no clipping or distortion). Using the basic
laws o voltage division. you can easily determine the input impedance of this amplifier
as follows:
¢ Inserta 100 KQ) potentiometer in series between the base af the transistor (), and
the input coupling capacitor.
¢ Adjust the potentiometer until V_, drops to one-half the value noted prior to
insert the potentiometer.
¢ Power down, and remove the pot from the circuit withour disturbing its setring.
 Measure the adjusted resistance of the potentiometer, and record this value in
Table 4. This value equals the input impedance of the amplifier.

In this step you will measure the output resistance of the amplifier. The computed output
resistance is the same as K., the load resistor of Q. T'o measure the output resistance
o h o T8 L c1? M

. - eter connected between the output coupling capacitor
R, connect a 10 K polentiomeler conneeted betwee [ ‘ p B wapac
and ground. Adjust the potentiometer until V,, drops to one-halt the previous value,
Remove the potentiometer and measure its resistance, hy ”'\\‘ “‘“*‘t-if‘ _d“idt‘f role, the
resistance of the potentiometer equals the output resistance of the amplitier.

1 7 Vie ™
FR AN C Ry
[100K
Vilsee | < I, 100 k2 - R, =R
din o2 1 b Vin = Ragey = Ry
“Stussion) () T2.0k0Q o
10 kifz SR s

Fig 1: Mo g eIen! of R
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l i[ [?‘,ﬁi TI()J\I ‘-L‘ ]\TD REl'IE”, QL;ESTIO}VS'
. pyplain the principle used to measure the Input and output resis tang

. what is the phase between the inp i “xplai
, whaisthep Putand output signal? Explain your answer

1 What is the general characteristic of the multistage circuit shown in figure. |

4. What happened 10 the valtage pain of the circuit if you add a bypass capacitor {Paralle to
R,, and parallel to R, )? Explain why.

1)
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[ab Session 6

Op-Amp Applications | :In verting
OpAmp Circuits ’

0 e e e i
= - -

P

OBJECTIVES:

After performing this experiment, you shoyld be able 1o-

o Analyze the vperation of the inverting

non=inverting and summing amplifier.

Non-inverting and Summing

e Determine and measure the closed-loop voltage gain o an inverting and o

noninverting amplifier.

o Demonstrate the effects of load resistance on amplilier pain
o Demanstrate the relationship between the gain and the bandwidth for operational

amplifiers,

SUMMARY OF THEORY:

An operational amplifier (op-amp) is a linear integrated circuit that incorporates a DC-
coupled, high-gain difTerential amplifier and other circuitry that give it specific character-
istics. The 1deal op-amp has certain unattainable specifications, but hundreds of types of
operztional amplifiers are available, which vary in specific ways from the 1deal op-amp.
Important specifications include very large open-loop gain, high input impedance, and

low cutput impedance.

The opamp chip that we are using in this lab is the 741A opamp. It comes in an 8-pin
dual-inline package (DIP) (see fig.1). The connections for the pins are as follows: pins
and 3 are for v- and v+ ., pin 4 is for negative supply voltage, pin 7 for positive supply

voltage, 2nd pin 6 is for the output.
+V o

':\‘J\\“ @

Imerriing i ':J —a

——

— .
[‘Hr_,mrr'r'uni.r{, mput |~ 5l Dot klentifles pin )

O]
Fig.l: (a) The Symbol for an Op-Amp

) ot P Ne
' )

(-)hwﬂtrj.. 710 V.

>
() Imput O] 3 ¥ &[0 Ouut
Ve ] 4 j o ﬂﬂ’l;:)null
T T Y
| DIPpindizgm ™,
TN 4 ¢} The ﬁnﬂu{mr o | M7 Op-Alrp
4 14

L A
: : |
!!g‘j

P Hotrh —~ p

(h )

(b) Typical 8-pin DIP Op-Amp

3
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perational amplifie & usey _

Ori?::smi?:egtzm adrjilci::;:\ b;u‘;ied- 10 perform mathematical operations en voltage signals
e tant. In lhis‘c\ erim:a t fac,[-lm}' 'ntegration, differentiation, and multiplication by
a const . S Exp entwe will introduge the inverting. non-inverting snd summing
amplitiers. B g F

Inverting Amplifier

The basic in\‘umng op-amp conlipuration i< shown in Figure 2. The nverting amphifier
produces a ‘lmo volage phase shift from s input to its x';r,_ﬂ_pm, Inverting :nn;\hﬁnn can
also h_e designed for a wide range of voliagee pains. AL the same lime, the interting
amplifier has many characteristics that are determined largely by the external hasing
resistor, R, (input resistor) and R, (feedback resistor). o 7

* Inverting amplifiers are capable ofextremely high voltage gains

R
Ay ==L (N
R,
+  The gain of an inverting amplifier is extremely stable and easy to calculate
* laput resistance: R =R, (2
Fig 2: laverting Amphifier
*  Outpul resistance. R =0Q ()
L)

Inverting amplifiers are easier o desien and troubleshoot than common emutter or
common source ampliliers,

Non-inverting Amplifier

Another configuration of op-amp is the noninverting amplificr as shown in Figure 3, The
non-inverting amplifier shares many characteristics with the inverting amphlier (R =00,
high valtage gain ...), with some exceplions:

e Asthe name implies, the output of this amplifier is in phase with us input,
¢ The namnverting amplificr has significantly higher input impedance than g comp-
arable inverting amplifier: R, == Q (4)
) ) R /
o (losed voltage pain: A =1+ e (33
'
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As shown in Figure 2, the input is connected directhy 1o th

op-amp. As a result, the circuit inpur |
impedance of the op-amp itself.

When compared to discrete amplifier circuiss (like the

non-imverting amplifier shares some o
impedance and low output impedance,
major difference is that non-inverting
emitter and source followers are limitec

mpedance is

e non-inverting termimal of the
equal to (or greater than) the Input

emitter or source follower). the

Ftheir characteristics ns well 1 has high tnput

and the input and outpunt stgnals are in phase. The

amplifiers can have high voltage pam. whéreas

K

—

l‘ll{ ‘; ?\l‘

Summing OpAmp Circuit

namverting Amplifier

dto volage gains of shghtly less than uniny

The inverting amplifier can be modified 10 accommodate multiple input signals as in

Figure 4.

R,

| o/ |,lﬁ\"‘l,.-.“‘-'—1
v

A s A
o e AN

R

R,

——AWA———

I*Vcc

LraTar - S S

11,

L8 =

L e ——

Fig 4 Summing Amplificr

With this configuration, the output signal 1s the sum of the two input signals and

determined by the following equation:

V, =

~(

) !l
&_ |'.-" + _..‘_f_ \r! )
R, R,

(6)

The amplifier can be extended 1o any number of inputs. For this reason, it ¢an be used to
build a digital-to-analog converter (DAC).

Equipments:

Variable DC power supply
Function generator

Dual-trace oscilloscope

LM741 op-amp (ar equivalent)

] e

Mever apply un input ©)gnel (0 en op-amep unless bath supply valiages wre conne

0 the IC.

46
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PROCEDURE:
Yart 1: Inverting Amplifier

1. Construct the circuit showp jn Figure 5. Connect g SO0 He, 1 V. sine wave 1o the

nput and use the oscilloscope (o observe the input and output signals

10k{3
VWA
el2e e
-
100 3 -k"J‘,T 1

VW

= A

FigS: Inverting Amplifier

lanc a / ~ - 1 N 1 Y
2. I\ug__sum the peak-to-peak values of the input and output wavelorms, and record
therr values. Then, sketch both waveforms,

tad
.

s¢ Nour results from Step (2) 1o calculate the closed-loop voltage gain for the

"

4. Table | lists a series of resistance values to be used in place of R, . For each value

listed, repeat the measurements and calculations in Steps (2) and (3).

‘ , ‘ _ ) _
I }

‘: R, \ Vou \, (Calculated) AL (Measuredy

! . ] e —— e L
| 27k02

: .
| 33k02

L . —t e

Table. 1 esisiance Values

Measure the inverting amplifier circoit's input impedance by adding o 10 k(2
pu!cmimncwr m series with the npul Adjust the pot such that the gain reduces 1o
the 50% of the value you measured in step (2).

6. Retwrn R, to 10 k2. Connect a 10 k£ resistor as o load, and increase the input

L]

signal to 5V_ . Power up, and measure the output voltage across the load, Uce
this value to calculate A, . Record these values in Table 2,
7. Repeat Step (6) for the other load value in Table 2.

R L \Jﬂ x’l 1 '\' L
10 kL
i) € R

Table 2. Resistance Yalues

o
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Part 2: Non-inverting Amplifier

”'_"" m—A /r

Fig.o: Non-taverting Amplifier

D ~ ¥ .. " . 3 v . — '
8. Construct the circuit shown in Figure 6. Connect o 500 112, ) V_, sine wave to the

mput and use the oscilloscope to obsenve the nput and output signals
9. Repeat steps (2) and (3) for Figure 6,

10. Increase the input signal frequency from | KHZ to 600 KHz and measure the

- 3 / . B - H : H ’ v
amplitude of V., and V... Calculate the gain in dB, where dB3 1520 Log .j(——‘i 1
v
Record your results in the Table 3. Reduce the amplitude of V., if waveform of
V. begins to distort.

Freguency L I | | _’_wi

KHz volt | volt I |
1 1 7
10
100
200
600

B e ———

]

Table 3 Rewistance Values
I'T. Plot the results on semi-log paper. You may need 10 make more measurements

around frequencies where the changes occur more rapidly in order © find the -3 dB
corner frequencies,

Part 3: Summing Amplifier
12. Construct the circuit shown in Figure 7. Note that the signal generator s
supplying both inputs to the summing amplifier, which is op-amp 2, Note that op-

ampl in Figure 7 is included simply as a bufTer; that is, it is being used 1o provide
izolation between the two summing amplifier inputs.
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10EQ
+1IV
1050
v @ !T_\,
LM T4) ——
Veun
U
1050 £ l /T, ‘L
.  AAA - =¥ =
E;r'_r
- QY '
300 Hz v’l",’u 1\ )
"l 1

Fig.7: A Twa-Input Summing Amplificr.

13, Measure and record the peak-to-peak output voltage.
14. Change R, to 22 k€, and measure the peak-to-peak output voltage

15. Restore Ry to 10 kQ, and change Ry to 22 kQ. Measure the peak-to-peak output
voltage.

QUESTIONS & PROBLEMS:

1. Refer to Figure 3. What was the phase relationship between the input and the
cutput signals? Explain this phase relationship

7 Refer 1o vour results from Step (3). Compare your measured value or A 1o the
calculated value? Explain the reasons for any significant difterence between these
two values”?

3 Refer to Table 2: What effect did a change in load have on the voltage gain of the
amplifier?

4. Refer to Step (6): Based on your knowledge of op-amp outpul impedance, explain
why the output waveform began to change i this value of R,

Refer 1o Step (11): Calculate the maximum operating frequency using the op-
amp’s slew rate (from the spec shee). How does this value compare with your
i y GIC 4

measured value? Explain any difference between your calculated and measured

LA

yvajues.
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Lab Session 7
Op-Amp Applications 2:

e
p—

OBJECTIVES:

After performing this experiment, you should be yhje

Com i
parafor, Integrator and Differentiator

.
““"-!M-....-____
-

o

o Construct and test comparator, integrator

; and difTerentiator circuits.
e Determine the response of (he ' 7

SE Cireunts to various waveforms,

SUMMARY OF THEQORY:

A nonlinear ‘JI.-‘I“‘C“UO“ of an op-amp is the comparator. A comparator is a circut wied 1o
compare twa mput voltages and to provide a DC output that indicates which of the two
inpuls is greater, A comparator circuit is essentially a very high gain op-amp having a
plus (=) and a minus (-) inputs. The output of the comparator is a ln'gic level that provides
an indication of when the plus input voltages is greater than the minus input or when the
plus input is less than the minus input. Although an op-amp can be used for this purpose,
special comparator ICs are available which are better suited for the operation

Figure i shows an inverting 741op-amp used as a level detector. Ifa LED is connected a

the outpul. the indicator LED goes on whenever the input V.. eoes below V_ and goes
off whenever V  goesabove V.

\
+Ve,

Vin A P: - \\ \r

> o

’MO————-—/

!
-Vee
Fig 1. Comparstor Cireunt

Inverting comparator output:
J

V.= +V,_, when V.. < V. (th
: . 2)
-I’Hl -~ —‘\Icht “lile]“ Vm > \‘“[ l 4
There are twn other nonlinear circuits that have application in waveform generation and
signal process ing - the integrator and the differentiator. An integrator produces an output

| g LW e ] R " Y

voltage thar js proportional to the integral (sum) of the input voltage waveform over time

= (o . . ¢ s shown in Figure 2 using an operation:
A simple integrator circuit can be constructed as sl g g petational
empdifier, a resistor and a capacitor, It can be shown (hat:

V. it e ]"v",JU"“ )

&4
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Tresistor, and a capacitor. Unlike an ide

Cs
e
Ro

Vin B . v
¢ [
L ¢

Fig 2 Integrator Circuit

Infi slv thie ; ator | :

Unfortunately this Integrator is oflen unstable and hence not very practical. This is
h'mm_e even the slightest DC offset in the input voltage will drive the cutput into
saturation. For this reason, a resistor R, as shown in Figure 3 is added in paralle! to the
capzcitor 1o limit this effect and to limit the minimum input frequency allowed. With R ¢

n place, the circuit is known as a leaky integrator (also known as a running average or
Miller integrator).

Cn
I(
Rz
. |
R.
IR |
—4——0
Vin |t Vour
_T. L,‘”‘f, Y e !

Fig 3 Leaky Integrator Circuit
Integration will be performed only at frequencies above the break frequency caused by
the feedback resistor: | R

= "“ ,L"' i 4

[ﬂ EHRR\CH) ( '
rentiation. A differentiator circwt produces an output
that is proponional to the derivative or rate of change ‘f" ‘h‘-’ inPil" N _\*“.Oé‘t‘j over l-imu
Differentiator circuit can bhe constructed as sh(m"n usng An “l‘*'{‘“‘“m ﬂﬁi?“ﬁfjff» a
-al integrator circuit where the slightest DC offset in
inta «aturation, for the differentiaton we need not be
1 mince the derivative of a constant is always zero.

The opposite of integration is diffe

the mput eventually drives the outpul
concerned about a DC offset in the inpu
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o this circuit, it can be shown thay.
ot

(%)

Fig 4: Differentiglor Circuit
Since the output voltage of a differentiate
freguency signals (suc!

ran e

d is proportional to the input frequency. high
as eleetrical noise) may saturate or cutoff the amphilier. For this

rezsen: a resistor s placed in series with the capacitor in the input as shown in Figure §

This establishes high frequency limit beyond which difTerentiation no longer oaccurs:

Rp

; ]

g = (6)

. - q - \

- '-R 'ﬂCT
—0
vr.",‘f
' | b
\ 2 . —
! _LJ ‘ n
\ - 4 Fiz.§ Stable Differentiator Circuit
I ; LB}
Ta achie

nt oscillation), a feedback
ve preat .quation at higher frequencies (of pre}}nf:\;}S:w;mmh" l?rcai-
3Daci g En;mtr _jm_nu“ | with the feedback resistor. This establishes ¢

“HUOr s added in paralie) W ) ot
freRuane ) ~ed as in the integraton

“AuEncy that can be calculated as in't

'\l‘
i ‘(l’!- » F
' |
LT
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PROCEDURE:

Fa i %
Part 1: Comparator with 741 IC Used as a Level Detector :_ AP
1. Construct the circuit of Figure 6. Adjust the function generator to produce a  5-
V,_, sine wave ata frequency of 1 KHz. Measure and record the resistor values.

+12V
-:‘\ 7

Lm7ai>s— Vo

+ 4 .

VAR (22
=2

Ve Veebs e

V) \Js
-12V J,\_JL-

Fig.g: Comparator Circuits =

-Vos |
2. Set up your oscilloscope so that both channels are ground-referenced to the center
of the Osc. Screen. (This wili enable you to use the oscilloscope to measure the i
value of input voltage that causes the op-amp oulput to change states). To
establish the center of the grid as the ground reference:
o Set GND switch to the ground (GND) position.
o Move both channels to the center of the CRT display.
e Set both switches ta the DC position to provide dc coupling.
3. Observe the circuit input and output for the same vertical sensitivity (V/Div).
Determine the magnitude of the input voltage at which the output changes state,
and record this value.

4. Sketch both waveforms. ,’

Electrical | Computer | Mechatronics

ELCOM-HUCOM

i
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Part 2: Integrator

5§ Connect the circuit thown in Figure 7.

0 Ol¥

(4]

10RO

? A3 0

— ——

-

g 70 Integrator Crrcuit

o

Apply a 3V _ of 500Hz sine wave to the integrator and sketeh the observed

V,oand V__ on the same ume scale. Note any phase shift of the output voltage

with respect to the input voluge

7. Vary the frequency of V_ frown 500Hz to 50KH:z Calculate the gam s 4R

8. Record the results in the Table | and plot the gam vs frequenty o semislog

graph paper 7

— e

. . ‘ | N =

l:I‘CqUi’HC}‘ ! \“F‘" { \f-‘t! i '(“\ = ? I Fh _— ;
1 ) [ | = 1 \

(Hz) | (Vo) | (Vo) | ‘\ + haa | 73'""7“‘ |
200 1 “;4 { i

LS N I S — 4
K| | ___j,; I N
e ]
1UF! i I ,,kl’,---—, 77?2_;
— e - | i
= !

k| |

Jakle i “r-qm;“.;in Valuss

f!,

54
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Part 3: Differentiator

39

a9, Connect the covuit shown in Fipase 8

0t
-
|
(%}
MR .fi'-
213" ¢
| L b
oA | ) |
Ka 0iipF | |
i
- |
O —aaAJ(—as -0 ,
BEFTEN =
v
¢ >
" | ¥
1y
L)‘ |
] )
-
s
| LA {

) } ) - " -
Appd I\ 1 VAV T i ¥~ : i "
Y v\ ¢ - . : i i

A [
1 L ]
< !
wiszle he \ B!

{ j e ol
(7}
|
f
| 1
__l;arg
{ — — - —
‘l‘ =t L
e
] ) { ) B I ~
== ) 1 gl ' cncies Va
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QUESTIONS & PROBLEMS:

|

[y

e

Using the nominal values of the

Compare this value 1o the voltage measured in ¢
between the two values
Refer 10 the waveforms ou foeerdsl n |

et lln'n'—t‘h;\ that vew ohwerved Tor the
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Lab Session 8
JEET Amplifiers

OBJECTIVES:

After performing this experiment, you should be able to:

. Measpre and graph the drain characteristic curves for a junction field-effect
transistor (JFET).

Measure V¢ ., and 1, fora JFET,

Measure the DC and AC parameters for self-biased common-source and common-
drain amplifiers.

Explain the differences between the AC operating characteristics of typical
common source and common-emitter amplifiers.

Test a common-drain amplifier with current-source biasing.

SUMMARY OF THEORY:

The bipolar junction transistor (BJT) uses base current to control collector current. Unlike
the BJT, the field-effect transistor (FET) is a voltage-controlled device that uses an
electrostatic field to control current. The FET begins with a doped piece of silicon called
a channel. On one end of the channel is a terminal called the source and on the other end

of the channel is a terminal called the drain. Current in the channel is controlled by a
voltage applied to a third terminal called the gate.

Field-effect transistors are classified as either junction-gate (JFET) or insulated-gate
(IGFET) devices. The JFET has a reverse-biased diode at the gate whereas the IGFET
uses a thin glass-insulting layer. Since the gate circuit of either type of FET draws almost

no current, the input resistance is extremely high. Both types have similar AC
characteristics but differ in biasing methods.

The gate of a JEET is made of the opposite type of material than the channel, forming a
PN junction between the gate and channel. Application of a reverse-bias on this junction
decreases the conductivity of the channel, reducing the source-drain current. The gate
diode should never be forward-biased. The JFET comes in two forms, n-channel and p-
channel. The n-channel is distinguished on drawings by an inward arrow on the gate

connection while the p-channel has an outward pointing arrow on the gate as shown in
Figure 1. A typical JFET package is shown in Figure 1(c).

__|Dramn
Gate [} Source
- Gate
'ISourtc Drain
Fig.1: (a) n-Channel JFET (b) p-Chennel JFET  (c)Typical JFET Package
57
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The characteristic drain curves for a JFET exhib;
BIT. In addition to the fact that the JFET is a

normally ON device. In other words, a reverse-bias voltage must be applied to the gate-
source PN Junc_tion in order to close off the channel and prevent drain-source current.
When the gate is shorted to the source, there is maximum allowable drain-source current.
This current is called 1., for Drain-Source current with gate shorted. Another
important difference is that the JFET exhibits a region on its characteristic curve where

dral'n curren_t is proportion.al t.o the drain- source voltage. This region, called the ohmic
region, has important applications as a voltage- controlled resistance.

t several important differences from the
voltage-controlled device, the JFET is a

A useful specification for estimating the gain of a JFET is called the transconductance,
which is abbreviated g _. Recall that conductance is the reciprocal of resistance. Since

the output current is coplro\led by an input voltage, it is useful to think of any FET as a
transcon_ductance amplifier. The transconductance can be found by dividing a small
change in the output current by a small change in the input voltage.

g = Al 0
AV

As you know, bias is the application of DC voltages to set up the proper quiescent
conditions for circuit operation. A satisfactory bias circuit for a FET depends on its type.
With depletion-mode devices, which include all JFETS and some D-MOSFETS, the gate
must be reverse biased (or zero biased) with respect to the source. These devices are
normally on - they are turned off by applying reverse bias to the gate. Most MOSFETS

operate as enhancement mode devices (all E-MOSFETS and some D-MOSFETS) and
require bias to turn them on.

b

Fig.2: (a) Self-Bias (b) Voltage Divider Bias

58
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Self-bias is the most common type of bias for JF
drain current, 1, is in the source resistor, crea
terminal. Since the gate is at ground potential (
the same magnitude but opposite sign to the
voltage law). For an n-channel device, V

bias on the gate. Self-
between various FETs.

ETs and is illustrated in Figure 2(a). The
ting a voltage V, =I R, at the source

0V), the gate-source voltage must have
voltage drop across R (by Kirchhoffs

cs = — V5. This provides the required reverse
bias tends to compensate for different device characteristics
en . For example, if a device with higher transconductance is put in
the circuit, the drain current increases along with the voltage drop across Rg. This

increased voltage tends to bias (he FET off, compensating for the higher
transconductance.

An even more stable form of bias combines self-bias with voltage-divider bias as
illustrated in Figure 2(b). The voltage-divider connected to the gate biases the gate at
some positive voltage. Unlike bipolar transistors, the JFET draws almost no input current,
so the divider resistors can be much larger. The source voltage must still be more positive
than the gate in order to establish the proper gate-source reverse bias. To accomplish this,
the source resistor is made large enough to develop a positive voltage with respect to the
gate (much larger than in self-bias). The net result is that transistor variations have less
effect on the operating point than self-bias, producing a more stable form of biasing. The
drain current is fairly Independent of the transistor; however, the drain-source voltage
must be large enough to assure that the transistor is operating in the constant-current
region.

There are several similarities between common-source (CS) and common-emitter (CE)
amplifiers. Both provide a measurable amount of voltage gain, and both have a 180°
voltage phase shift between their input and output signals. At the same time, however,

they also have several differences.
Perhaps the biggest difference is that JFETs are voltage-controlled devices and BJTs are

current-controlled devices. Also, the CS amplifier typically has much higher input
impedance than the CE amplifier. Finally, the voltage gain calculation for a CS amplifier
is very different from that of a CE amplifier.

In this experiment, you will test AC configurations of JFET amplifiers, beginning with a
self-biased common-source amplifier as illustrated in Figure 3(a), then a self-biased
common-drain amplifier as illustrated in Figure 3(b).

59
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(b)
Fig.3: (a) Common Source Amplifier (b) Common Drain Amplifier

The DC bias of a JFET is determined by the device transfer characteristic (V, and I,¢)
and the DC self-bias determined by the source resistor. The AC voltage gain at this DC
bias point is then dependent on the device parameters (g, ) and circuit drain resistance.

AC Voltage Gain: The voltage gain of the amplifier as in Figure 1 is calculated from

VOU
A, = - t=—g R, [ -2 (R, ”RL)] (1)
Where:
. 21
Emn = EBmo (1_VGS/VP) withg , = \1;55 2)
P
Vv, = VGsI
1 _ D
IDSS
AC Input Impedance: The AC input impedance is
R, =Rg (3)
AC Output Impedance: The AC output impedance is
Rou =Rp @)

EQUIPMENTS:

Variable DC power supply

Function generator

Dual-trace oscilloscope

Breadboard

Resistors, Capacitors

IN3819A JFET Transistor (or equivalent)

60
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PROCEDURE:

Part 1: Current Voltage characteristic

I. Measure and record the value of the resistors listed in Table 1. R, is used for
protection in case the JFET is forward-biased accidentally. R, serves asa current-

sensing resistor.
Resistor | Listed | Measured
Value Value
ok
R, | 100Q
Table.1

Fig.4: JFET Circuit

7. Construct the circuit shown in Figure 4. Start with Vgg and V,, at 0 V. Connect a
voltmeter between the drain and source. Keep Vg at 0 V and slowly increase Vpp
until V¢ is 1.0 V. (Vpg isthe voltage between the transistor's drain and source).

3. With V,, at 1.0 V, measure the voltage across R, (Vg,). Compute the drain
current, 1, by applying Ohm's law to R, . Note that the current in R, is the same

for the transistor. Use the measured voltage, Vg,, and the measured

as 1,
Enter the measured value of Vg, and the

resistance, R,, to determine Ip.

computed I, in Table 2 under the columns labeled Gate Voltage =0 V.

4. Without disturbing the setting of Vg, slowly increase Vpp until Vg is 2.0 V.

Then measure and record Ve, for this setting. Compute I, as before and enter the
measured voltage and computed current in Table 2 under the columns labeled Gate

Voltage=0 V.

Gate Voltage Gate Voltage
=0V =-15V
VDS VR2 lD VRZ lD
(measured) (measured) (computed) (measured) |(computed)
| (meast . o ]
1.0V
20V
3.0V
40Y cs Curves for JFET Transistor

Table.2: Data of Drain Characteristi

(]
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Repeat step (4) for each value of Vs listed in Table 2

6. Adjust Vog for -0.5 V. This applies -0.5 V between the gate and source because

there is 3'":/0“ no 'gﬂfe current into the JFET and almost no voltage drop across
R,. Reset Voo until Vo = 1.0 V. Measure Vi, and compute 1, as before. Enter
the values in Table 2 under (he columns labeled Gate Voltage =-0.5 V.

7. Without changing the setting of \A

Table 2 as before. Compute the dr
and current values in Table 2 unde

q» adjust Vi for each value of V listed in

ain current at each setting and enter the vollage
r the columns Jabeled Gate Voltage =-0.5 V.

8. Adjust Vg, for-1.5V, Repeat step (7), entering the data in the columns labeled
Gate Voltage =-1.0 v,

O

The data in Table 2 represent four drajn characteristic curves for your JFET. The
drain characteristic curve is a graph of Vo versus I, for a constant gate voltage.

Plot the four drain characteristic curves. Choose a scale for I, that allows the
!m—gest current observed to fit on the graph. Label each curve with the gate voltage
It represents.

10. In this step you will determine the value of Vosiorr - Set Vi for +12 V and V,
for 0 V. Monitor the voltage across R, and slowly increase the negative gate
voltage. When the voltage across R, reaches zero, note the gate voltage. Record
this value as Vg, ,. Record 1,4 from reading Plot obtained from step (10).
These are the key parameters for your JFET.
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Common-Source JFET Amplifier

1. Measure and record the resistance value of the resistors listed in Table 3,

Resistor | Listed | Measured
Value Value
Rg 1.0 KW
Ry 3.3 KW
L Rg 1.0 MW
LR, 10 KW

Table.3: Values of Used Resistors

Construct the circuit shown in Figure 5.

L 12

Restore the initial settings and turn on the function generator as shown in

Figurle.i. Set lh‘e signal generator for 500 mV,, sine wave at 1.0 kHz. Check the
amplitude and frequency with your oscilloscope.

VDD
+15V
RD C
33K 3
- It Vaa
\
R,
10K Q
\JS —
500 mVy,
1.0KHz

Fig.5: Common Source Amplifier

4. Measure the DC voltage at the drain, source, and gate. Use the source voltage and
source resistance to compute I;. Enter the data in Table 4. Compare the input

and output AC vollage by viewing Vi, and Vo simultaneously on a two-channel

oscilloscope. Measure the voltage gain and note the phase difference (0 or 180°)
between the input and output signals. Record these values in Table 4.
[ DC & AC Parameters | DC Values | AC Val

@te Voltage, V;

ﬁ)urce Voltage, Vg
rDrain Voltage, V,
rDrain Current, I

Wlput Voltage, V.,
\ Qutput Voltage, V
Woltagc Gain, A,
| Phase Difference

Table.4: Data for Common Source Amplifier

—
€

ues

il

oul
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. Common-Drain Self-Biased JEET Amplifier

5. Clhange the circui.t to the self-biased common-drain configuration as shown in
Figure 6. The d'ram is connected directly to +15 V. Observe the input and output
AC voltages with the oscilloscope. Measure the voltage gain and note the phase.

Enter the data in Table 5.

G
1
I\ q
v, = 1.OpF
2.0 \fm Rg
O0KHz I‘m

v

on
1.0pF L ]

By
J_mx-:o

Fig.6: Common Drain Amplifier

i DC & AC Parameters | DC Values

(lnput Voltage, V,,

AC Values

'l_Output Voltage, V,

Wohage Gain, Ay

o

‘ Phase Difference

—

Table.5; Data for Common Drain Sell-Biased Amplifier

64
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E VALUATION AND REVIEW QUESTIONS

1. (a) Explain how to find Ioss from the characteristic curves of a JFET.

2. Look up the meaning of pinch-off voltage, V,, when Vo5 = 0. Note that the
magnitude of V

is equal to the magnitude of V,

so we can use the
characteristic curve for V

os =0 to determine V,. Using the data from this
experiment, determine the pinch-off voltage for your JFET.

3. (a) What advantage does a common-drain amplifier have compared to a
common-emitter amplifier?
(b) What disadvantage does a common-drain amplifier have compared to a
common- emitter amplifier?

4.

Compare the common-source and common drain amplifiers tested in this

experiment. What are the significant differences between them? What things do
they have in common?

65
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Lab Session 9
Amplifier Frequency Reg Ponse

—

OBJECTIVES:

After performing this experiment, You should be able (o

e Compute the three lower bre
compute the overall lower crit

IIII\' [requencies for o CE amplifier and use them to
ical frequency, Lo

e Measure the overall low-frequency response of the CE amplifier

* 1\"1635““’ the phase difference between (he input and output signals at the critical
frequency,

e Compute the upper break frequencies for a CE amplifier and the overall upper
critical frequency, f .

* Measure the overall upper critical frequency of the CE amplifier.

Summary of Theory:

The frequency response of an amplifier is the variation in the output as the frequency is
varied. The analysis of the frequency response of an amplifier can be considered in three
frequency ranges: the low-, mid-, and high-frequency regions. In the low-frequency
region the capacitors used for DC isolation (AC coupling) and bypass operation affect the
lower cutoff (lower 3-dB) frequency. In the mid- frequency range only resistive elements
affect the gain, the gain remaining constant. In the high-ﬁ*cquency region of operation,
stray wiring capacitances and device inter-terminal capacitances will determine the

circuit's upper cutoff frequency.

Amplifier Low Frequency Response: If a capacitor is in series with the signal path,
a high-pass filter is formed causing low signal frequencies o be nllenynled at the output.
The input and output coupling capacitors are examples of series S FACIKES In performing
their intended job of blocking DC, they also attenuate 10\_\*\ sll‘g(lzll‘llpqllenCIes, causmg_an
AC signal to be developed across them. Also, a Ph“s“" shift is 1|'1l10duced by the coupling
capacitors because C, forms a lead circuit with R, of the amplifier, and C, forms a lead

circuit with R, and R as shown in Figure 1. s o .

The effect of the coupling capacitors is illustrated in Figure 1. Looking into the ampl'lﬁer,

as illustrated in Figure 1(a), you se¢ an equivalent capacitor in series with the input
) ’ . -

resistance of the amplifier, forming the high-pass filter shown in Figure 1 (b).

60
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Generator

R'_C“

(_LR j_ &

6

Vs

=

iRE 1:c, 1 g

Fig.1 (a): CE Amplifier Fig.1 (b): Input High Pass Filter

The cutoff frequency due to the input coupling capacitor is:

1 :
fCl B 21 (R] +R5)C| e i, R, = R' h R, " pr, (1)
The phase shift introduced due to the input coupling capacitor is:
9 =tan™ e @)
Rin + RS
The output coupling capacitor forms the same type of network. The cutoff frequency due
to the output coupling capacitor is:
l
= Hz 3
Jo=5s (R.+R,)C, )
The phase shift introduced due to the output coupling capacitor is:
9 =tan” ey 4)
R.+R,

Another RC circuit that affects the l[ow frequency response is when a parallel bypass

capacitor is across the emitter resistor, R .. Recall that the gain of a CE amplifier is

determined by the ratio of the AC collector resistance to the AC emitter resistance. When
a bypass capacitor is placed acrossRg, the AC resistance in the emitter circuit is much

lower for frequencies above the critical frequency, causing the gain to be higher. Below
the critical frequency, the bypass capacitor looks open, causing the gain of the amplifier
to be reduced. The cutoff frequency due to the emitter bypass capacitor is:

s P 1 Hz With: R, =REl(re+th/[3) (5)

“2nR.C,
Where: R, =R, | R, || Rg

utoff (lower 3-dB) Frequency: Each capacitor used will result in a lower cutoff

~ frequency. The overall lower cutoff frequency at the network is then the largest of these
lower cutoff frequencies,

Lower C
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the signal path forms a low pass filter causing
at the output. The frequency at which the in
dependent on the circuit and the device, but it
these frequencies, so they can be measured
capacitance in this experiment between the vari
A typical transistor amplifier, showing
Figure 2(a). At high frequencies, the cou
can be ignored (placed with shorts). T
Figure 2(b). The Thevenin resistance o

the low-pass filter. Notice that Ce
capacitances, CinMinenyand C

temnal capacitance becomes important is
is typically well above 1 MHz. To reduce
more accurately we will add additional
ous leads of the transistor.,

the various shunt capacitances, is illustrated in
pling capacitors have very low reactance, so they
he equivalent high-frequency circuit is shown in
f the generator is part of the RC network, forming
in the original circuit is shown as two Miller
oueminery 1N the equivalent circuit,

Ve
J. l
S ¢
Gen erator : C, ‘_J_ ]’
5 R. T ,) R,
N‘?‘r——l% Cl | I\‘ —
7 ' -L % =
s 3R,

| I S

Fig.2 (a): Transistor Amplifier Showing Internal CapTacitances

Generator

|

Fig.2 (b): Equivalent High Frequency Circuit

We can find the upper cutoff frequency by tracing the dischar

ge path for the capacitors.
On the input side, the equivalent capacitance is

ch(in) =C,. +C.

in(Miller) *

Where C,, viery = Cre (1+lAvD- These capacitors can discharge through the parallel

combination consisting of R, .= (R |R,)| Rs|| (Br,) as shown in the equivalent

circuit. The cutoff frequency for the input circuit can be found from the equation:

(o 1

= 6
21 R qiimy Cegoiny ©

Because the output voltage of a high- frequency input RC circuit s across the
68
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The phase angle is expressed as:

e — ta_n_l Req(in) (7)
XCBq(in)

At output connection of the circuit, the cutoff frequency can be found as:

I
= 8
To 2n R C ®)

eq(out) eq(out)

1+|A
Where: CcQ(OUI) = Cc: + Coul(hhlltl) ; CDU‘(M“I“] - Chc( 1"1 |V|]
v

capacitor, the output of the circuit lags the input.

R Re|Ry

eq(out) =

The phase shift introduced by the output RC circuit is:
R
0 =tan"' (—————'“("“” } &)
XCeq(nul)
The most important parameter for high-frequency analysis with inverting amplifiers is the
Miller capacitance. Other internal characteristics (such as varying B, internal base

resistance, and stray capacitance) also affect the response, so the calculated cutoff
frequency may differ from the measured one.

Upper Cutoff (upper 3-dB) Frequency: Each of the two capacitances used will result in an
upper cutoff frequency. The overall upper cutoff frequency at the network is then the
lower of the two critical high frequencies.
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PROCEDURE:

Part 1: Amplifier Low Ffequency Response

1. Measure and record the values of the resistors listed in Table 1

Resistor | isted | Measured | Parameter | COmputed | Measured
Value Value Value Value

R, 620 Q VW

R, 68 KQ Vi
R, 10 KO Ve
Rg 560 Q Ve
R, 3.9 KQ I
R, 10 KQ . "
Table.1: Resistors Values Ay
LV

Table.2: DC and AC Parameters of CE Amplifier

2. Compute the DC and AC parameters for the CE amplifier shown in Figure 3.
Tabulate your calculations in Table 2 (the first five are DC parameters; the last
three are AC).

3.

Construct the amplifier shown in Figure 3. Then measure and record the

parameters listed in Table 2 (in the open boxes) and confirm your calculations.
Recheck your work if the calculated and measured values differ significantly.

Ve =+15V
IL
R e
=L 3
=39 KN v
| out
Q 1 1
022 uF 2 RL
2N 3904 10 KQ
2
0
ERE l C2
560 Q Imn F

Fig.3: CE Amplifier

4. To compute the low-frequency response, it is necessary (o find the equivalent
resistance, R, , that represents the AC charge and discharge path for each
= ] eq ?

capacitor. From the Summary of Theory, you find that R for C, is
R, =(R,|R, | Br,) +R;. Enter the computed value in Table 3,
e
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Capacitor R f i
critica

&q

Table.3: Req seen by Each Capacitor and their Lower Critical Frequencies

5. In the same manner as in step (4), you can trace the charge/discharge path for C,
and C;. For C,, R is in parallel with the capacitor, and the combination
consisting of r, and the reflected resistance of the base circuit. (The reflected

resistance of the base circuit is only 4 ohm to 6 ohm because it is divided by B to
move it to the emitter circuit). Note that for C,, the collector resistance appears to

be in series with the load resistance. Compute the equivalent resistance seen by
C, and C,. Enter the computed values in Table 3.

6. Compute the critical frequency for each capacitor (C,,C,, and C,). Use Eq(1),

Eq(3) and Eq(5) from the Summary of Theory. Use the Req from Table 3 for each
capacitor. Enter the computed critical frequency for each capacitor in Table 3.
The overall lower cutoff frequency at the network is then the largest of these
lower cutoff frequencies.

7. Measure the overall lower critical frequency of the amplifier. Observe the output
signal in midband (around 10 KHz) and adjust the signal for 5.0 vertical divisions
on the Osc. Screen. The output should appear undistorted. Reduce the generator
frequency until the output falls to 70.7% (approximately 3.5 divisions) of the
voltage in midband. This frequency is the low critical frequency of the amplifier.
Measure and Record this value.

8. Maintaining the input voltage at the level set above, vary the frequency and
measure and record V,, to complete Table 4.

Phase
Shift

Frequency | V. V

n out
(Hz) (Volty | (Volt)
50

400
800
2K
5K
10K

oult

n

dB

Table.4: Vohage Gain vs Frequency
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Part 2: Amplifier High Frequency Response

9. Compute the DC and AC parameters for the CE amplifier shown in Figure 4. The
purpose of C,,C, and C; is to reduce the high-frequency response (as discussed

in the Summary of Theory) to make it easier to measure; they do not affect any
other parameter. Calculate the parameters in Table 5.

Parameter Computed | Measured
Value Value

V
\Y

B

E

V

out

Table.5: DC and AC Parameters of CE Amplifier

10. Construct the amplifier shown in Figure 4. Measure and record the parameters
listed in Table 5 (in the open boxes) and confirm your calculations. Recheck your
work if the calculated and measured values differ significantly.

11.In this step, and in steps (12) and (13), you will compute the upper critical
frequency due to the input network. First, determine the equivalent input
capacitance, Cin, as illustrated in Figure 2. Assume Cy. is equal to C, since the
added capacitor is much larger than the actual base-emitter capacitance. This
capacitance is in parallel with C,, yer - The input capacitance is found from:

C e cbe + Cin(MiIler)

=C6+C4(1+|A\,|)

(in)
eatn (Use absolute value of gain)

The base-collector capacitance, Cue, is represented by C,. In a small-signal

transistor such as the 2N3904, this capacitance is small (3 pF to 5 pF). The added

100 pF capacitance in parallel is sufficiently large that you can ignore the actual !
internal capacitance of the transistor. Record the input capacitance on the first line '
(Step 11) of Table 6.
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39 KQ? R‘C C3
; |
" oo e C 0.22\‘%1
;' 1 Mhiooat’ Ry
620 Q| o'\ p | cdﬁ_g T00 -__jl—o KQ
PV $R, 00 l
Iy, Lo,
_L JS_GU 0 :EDD F

LA

Fig.4: Measurement of High Frequency Response

12. Compute the equivalent resistance,R ., seen by C_ ., (illustrated in Figure 2
and described in the Summary of Theory). Enter the computed value in Table 6.

13. Compute the upper critical frequency due to the input network, f,,,. Enter the
computed value in Table 6.

Computed | Measured
\ Step \ Parameter \ Value Value
| n | c T

I R |
I
l 14 \ Coqom) \
‘[ 15 \‘ R, ll :

16 T v AR g
‘l 17 ‘ feu \ J

Table.6: High-frequency Parameters

14. In this step, and in steps (15) and (16), you will cpmpute the upper critical
frequency due to the output network. Start by finding the equivalent output
capacitance, C,,,, as illustrated in Figure 2. Assume Cq. is equal to C; since the
added capacitor is much larger than the actual collector-emitter capacitance. This

capacitance is in parallel with the outpul Miller capacitance. The total output
capacitance, C,, . is found from:

ch(cul) = Cce + Cout(MilIer)

1+]|Ay l} (Use absolute value of gain)
=C,+C, | ——— ,
el
Record the output capacitance in Table 6.

15. Compute the equivalent resistance, R, seen by C ) Since the transistor

represents @ current source, the capacitor charge/discharge path is only
through R ¢ || R, Enter the computed value in Table 6.
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16. Compute the upper critical frequency due to the output network, f ,, . Enter the
computed value in Table 6. :

17. The overall upper critical frequency of the amplifier will be the lower of the two
critical high frequencies. Enter the computed overall upper frequency, fey, in
T.able 6. Then, observe the output signal in midband (about 1 kHz) and adjust the
signal for 5.0 vertical divisions on the scope face. The output should appear
undlstor.ted. Increase the generator frequency until the output falls to 70.7%.
gapprommately 3.5 divisions) of the voltage observed in midband. This frequency
is the upper critical frequency, f cu - Measure and record this frequency in Table 6.

18. Apply an input that provides undistorted output voltage and complete Table 7.

Frequency | V. V.. \L\ Phase

(KHz) ) (voiy | (volry | |V ls | Shift
10

| w0 | | |

| 50 | | |

|70 | | |

| 1000 | ] \

| 2000 | | |

Table.7: Voltage Gain vs Frequency

19. Using the semi-log paper, plot the gain versus frequency over the full frequency
range obtained from sieps (8) and (18). Plot the actual points and connect to

obtain the actual plot. Use straight-line approximation curves to obtain the Bode
plot.
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EVALUATION AND REVIEW QUESTIONS:

1. The critical frequej,ncy occurs at the frequency at which the output voltage drops
to 70.7% of the midband voltage. Prove that this is also the half-power frequency.

2. Assume capacitor C, was open. How would this affect:
(a) The gain of the amplifier?
(b) The low critical frequency of the amplifier?
(c) The high critical frequency of the amplifier?

3. Assume the measured lower cutoff frequency was much higher than it should be
but other parameters (AC and DC) were normal. You assume one of the
capacitors is the wrong size. How could you use another capacitor to quickly

isolate which capacitor was incorrect?

4. Assume the amplifier shown in Figure 4 contained an unbypassed 10-ohm resistor
in the emitter circuit. What effect does this have on the:
(a) Gain?
(b) Miller capacitance?
(c) Upper critical frequency?

5 Consider the three capacitors that were placed between the transistor leads
(C,.Cs, and C,). Which had the greatest effect on the upper critical frequency?

Explain your answer.
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