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Exp.! Diodz characteristics

i! Experiment No. (1)
; JDiode Characteristics i

Objectives:

7 RWARO

.,;;25-&. ,ch
APD and REVERSE current and voltage characteristics of 2 “p n”

H

4 ~

jurction-didde.
Theoretical Background:

As forward current (IF) through a diode increases, forward voltage (V¥) across does the
same. However due to the changing characteristics of the forward biased diode, Vrwill increase at
much lower rate than Ir. When a diode is reverse biased, the reverse current (I&) through the device

will be extremely low, even when there is a significant reverse voltage (VR) across the diode. This is
due to the extremely high resistance of reverse biased diode.

. Materials and equipment;

1- Power Supply.

2- AVO meter (analog).

1- Small signal Diode.

1 Rectifier Diode.

1- Resistor 1 kQ.
Procedure:

1- Identify the terminals of the diode.

2- Use the AVO meter to measure the forward resistance of the diodes, and record in Table (1.1).

Diode number | Forward Resistance - Reverse Resistance

;ﬁ

el Table (1.1)

%

|
-

3. Reverse the diodes and measure the reverse resistance, and record in T, ablq 15%151) :

3- Set the circuit of Figure (1.1).

ENT-143 Electronies 1 1
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Exp.1 Diode characteristics

4- Increase the voltage so that you have forward current as indicated in Table (1.2), and record the

-voltage

'_f:Forward current(mA)

Forward voltage (v).

..

0

0

0.5

1.0

1.5

2.0

3.0

4.0

5.0

6.0

7.0

3.0

Table (1.2)

5- Repeat for all other currents, and complete Table (1.2).

6- Reverse polarity of the diode as shown in Figure (1.2). ' ‘

Figure 1.2,

7- Increase the reverse voltage as indicated in table (1.3), measure and record reverse current,

ENT-143 Electronics 1



Exp.! Diode characteristics

bk i

everse Currerit (tA) | Reverse Voltage(V)

-

5

10
20

. ' 30
40

Table 1.3

8- Using the data you collected in Tables (1.2) and (1.3), plot the points that represents each reading,
compare your curve with the one you studied in the lecture.

9~ Calculate the forward, and reverse resistance Rr, Rz using the equation
R=AV /Al '

18-Discuss in your own words, what you have observed, concluded from this experiment.

i i
EN ‘-%:..

ENT-143 Electronics 1 3



Exp.- 2 Hulf-wave Rectifier

———

Experiment No. (2)

Half-Wave Rectifier
bod H
Objective:
To demomsiifimire sonstruction, and operation of half-wave rectifier.

: i 55"%1%‘&% i
Theoretical,Background:

-

T THE Ralfwave rectifier is the simplest of the rectifier circuits It converts. ac Input to pulsating

dec by simply eliminating either the positive alternations of the input (for a negative dc power supply), or
the negative alternations of the input (for a positive dc power supply).

Materials and equipment:

1-Oscilloscope
1-AVO meter (analog).

1-Transformer, rated 240 V. input and 12 Vi output,
1- Si Rectifier Diode (# 547).
1- Resisi:or 5 .6‘k.Q.
Le26}:
Part I (Experimental)

Procedure:

1~ Construct the circuit of Figure (2.1).

Vo

5.6 kQ ,,;E-‘é
i

» st

¥

Fig (2.1)

2~ Apply power to the circuit.

3- Measure and record the rms and peak-to-peak voltage as indicated in Table (2.1).

4~ To calculate the input and output frequencies, measure the input and output time period, record in
Table (2.1). '

FNT.147 Flertrania 1
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Exp.- 2 Half-wave Rectifier

A Y) A
Points | AVO Oscilloscope
" | meter
gl ahnmud’ Result wave_fom )
i
Ve |
VYo
[Ta o
" [ L L L L2 ’ f= IIT
T |l B
.‘ Table 2.1
.
2
v -
5~ Reverse the diode, az # the output waveform.
. _‘_..-». ! ,,:.A,rL
Part II (Computer Simulation) gl
Procedure:
r-.—»f_-._f
1N4305 ¥ g
pg-4-10 * 4
240 Vi50 Hz0
5k
B
Fig (2.2)
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Exp.- 2 Half-wave Rectifier

1- Setup the circuit of Figure 2.2 usiﬁé fElegtronics Workbench Soﬁ.%are)‘.
2- Cénnect the oscilloscope to the input terminals AB, and the output terminals Vo.
3-- Observe the signal waveforms, and print out, to submit with your report.

Report '~

~

I V‘r MY SR DY d VAB(-P)
1-Is Vag(me measured = —\/:
2

2- Is the value of Vo) measured = 0.318 Vy?

3~ What is the PIV for the diode used?

[

4- Wiite brief conclusion about the main idea of the experiment.



Exp. 3 Full-wave Rectifier

Experiment No. (3)
Full-Wave Bridge Rectifier

.i it a‘ l b f /
Objective:
To demonstzate the construction; and operation of center-tapped transformer full-wave rectifier.

Theoreticdl Background:

» »or, s L he:full-wave center-tapped rectifier changes ac to pulsating dc by either converting the
negative alternations to positive alternations (for positive dc power supply) or by converting the positive
alternations of input signal to negative alternations (for a negative dc power supply):

Materials and Equipment:

1-Oscilloscope.

1-AVO-meter (analog). . \
1-Transformer, rated 240 Vj input and 12 V. output ( &1 J
2-Si Rectifier Diode (#547).

1-Resistor 5.6 kQ

Part I (Experimental)
. Procedure:

1- Construct the circuit of Figure (3.1).

Va
Y1240 Vac T

-

Figure 3.1
2- Apply power to the: circuit.

3- Measure the nms and peak to peak values of the secondary voltage of the transformer Vg record in -
Table 3.1.

4- Measure the output voltage Vo as indicated in Table 3.1.

5- Remove the load resistor Ry from the circuit, measure and observe the waveform at point Vo record
in Table 3.1.

6- Disconnect power from the circuit and return Ry to its original position in the circuit. Now, remove
Dy from the circuit and apply power.



. Exp. 3 Full-wave Rectiffer
7- Observe and measure the output waveform, record in Table 3.1.

8- Measure the time period of the input and.output signal. i
i i ' ;H '
Points | AVO N Oscilloscope
i 2 ), meter »
FEEEER L e Number ViDiv. | Result| - Wave-form
of squares T/Diyv.
I Vaz
@ Vo
' Yo
No
: Load
VYo
One
Diode
Remo
ved
: T | o220, '
. ' NemEa ' f= T
Tl o f=U/T

Table 3.1

ENT-143 Electromics | o



Exp. 3 Full-wave Rectifier

PartII (Computer Simulation) ~ **# i
Procedure: :
I- Setup the circuit of Figure 3.2 using (Electronics Workbench Software).

r VA

T »
pa-d-10

340 50 Hz0 DeT : 3

=

Fig 3.2

2- Connect channel | of the oscilloscope to the secondary terminals of the transformer A.B observe the
waveform.

3- Connect channel 2 of the oscilloscope to the output of the rectifier circuit observe the waveform.
‘Report:

1- Explain why an open load resistor caused the waveform you saw in step 5 of the practical procedure.

2~ Explain why an apen diode in the bridge caused the waveform you saw in step.6 of the practical
procedure. '

3~ Is the value of Vo = 0.638 Vp?

4- What should be the PIV for the diodes used in the cxperlment'f

5- Write brief conclusion about the main idea of the experiment.

6~ Submit 2 printout of the waveforms in the simulation procedure.

ENT.142 Rlartranine 1 4]
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™ - EXP. 4 Zemer Diode

Experiment No. (4)

., . Zener Diode
pof

Objectives:
* To demonstrate the constant-voltage characteristics of the Zener diode, _
* To introduce zener diode as voltage regulator.

>
-

Theoretical Background:
: The zener diode is 2 component that maintains a relatively constant voltage across its terminals
even when there is a relatively large change in device current. The 'voltage across the termiinals is a
" approximately equal to the nominal Zener voltage (Vz) of the component as long as the device current
stays within a specified range. The typical tolerance in terminal voltage is £20 %.
A constant dc output voltage is what we seek from regulated power supplies, to do this a zener is used to
adjust it self from variation of input source or load resistance which causes the change in voltage Jevel .

0 Materials and Eguivment:

1-Power supply.
. 1-AVO-meter (analog).
I-Resistor 100 Q. =
1-Zener diode(# 531) . o
1~ Resistor 500 Q2.
1~ Digital voltmeter,
1- Resistor Box.

Part A (Zener Diode Characteristics)
 Procedure:

1- Construct the circuit shown in Figure (4.1).

Figure 4.1

. 2- Apply power to the circuit, increase the voltage E until Vz equals lv measure Iz, and record its value
+ inTable (4.1).

3- Repeat for the other values of Vz as indicated in Table (4. 1); measure and record as you did in step 2.

ENT-143 Electronics | 10



Zener Zener

Table 4.1

PART B (ZENER DIODE REGULATOR)

~ (With Varying Source &Constant

Procedure:

. 1- Construct the zener diode regulator circuit of Figure (4.2), set the resistance box to 1 k&,

Load Resistance)

K28y
R
500
AN —- T
T Alle IRL
i

RL
D . ke

ENT-143 Electronics 1
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NP, 4 Zener Dieds
i

N AR

2- Increase the voltage as indicated in Table (4.2), measure Vz, Iz, IL, and record in the proper spacing.

ST
Vz o .
) i

(mA) !

|
- : . - }
(ma) | - S B ) t g i

Table 4.2

3- We know Vz from pan: (A), otherwise ask your instructor. Calculate the value of E at which the zener
" diode should be on using the equation.

E=ViwR+RL _,
: Ro

(With Varying load &Constant input Source)

4- With the same circuit of Figure (4.2), hold the input voitage constamt at 18.5 v.
5- Increase the resistance of resistance box as indicated in Tabie (4. 3), measure and record Vz, Iz, and I

in the proper spacing.

Resistance ]
@ &) |00 3000 . [s000  [moq  |owa  |10000 |12000

T

Vz : e - ' ' .
IZ . . ’ (,’ - 4
. { - [." B ' x [ - [
Table 4.3
REPORT:

1- Plot the data in Table 4.1
2-Calculate the right value of R so that the zener diode will be on.(use voltage divider rule).

3- What is the limitation of zener diode regulator circuit?
«  4- Write brief conclusion about the main idea of the rcgula;tor part of the experiment?

ENT-143 Electronics 1 12




Exp.5 Traosistor Seif-Bizsing
. pud  H e
Part I (Experimental)
Procedure:

1- Connect the circuit shown in Figure 5.1
vy

Nk ke M 5T g RIS 5T

2- With your AVO—:ﬁetér, measure the currents thréugh the base and collector resistors, record your
values in Table 5.1. From these two sets of values, determine the dc current gain, or beta (Bu), record ™
in Table 5.1. : "

@ 3- Measure Vi and Vgq. Record in Table 5.1.

e — e o T —

4-. Now carefuily place a soldering iron near the transistor for a few seconds while measuring the
- collector current using your AVO-meter. Does the collector increase or decrease?

5- Disconnect power from the circuit and Teplace the 560-kQ resistor (Bs) with 2-1-MC2 patentiometer.
Again apply power to the circuit and comect a voltmeter between the transistor’s collector terminal
and ground.

6- Now vary the resistance of the potentiometer until Ve as read by the voltmeter reaches a mlmmum
value, Vg Then measure the corresponding collector current, Iy Record both values in Table
-2 '

Continue to vary the resistance of the 1-MQ potentiometer until Vg reachesa ma.)nmum value,
Vg Then measure the corresponding collector current Ieos, record both va_lues in Table 3.2

-}
]

oo
]

Vary the potentiometer so that you are able to measure about five combinations of I and Vg over the
L active region of the dc load line, recording afl values in Table 5.2. :

ENT-143 Electronics 1 14



Exp.5 Transistor 3zif-Biasing

Experiment No. (5)
» » 4 Transistor Self-Biasing ¢

Objectives:

To sﬁldy the transistor three states: Saturation, active and cutoff
To smfdv the effect of P and temperature on transistor’'s Q-point under active state.

Theoretical-Background:

Self-bias is the simplest of the transistor biasing circuit. It consists of single transistor, two tesistors,
and a power supply. '

Tt would seem that the siraplicity of the self-bias circuit would make it ideal for most applications,
However, the self-bias circuit is relatively unstable. That is, the Q-point of the circuit will shift {(change) if
there is a significant change in B and/or temperature. This point will be demonstrated in this experiment.
The following equations could be a great help to be able to calculate:

PINNING . ,

‘ . i VB = Voo~ IBQRB = Vg :
- . ) _ PIN DESCRIPTION i
Tep = Vee _KBE' : o 1 collector ° P
w Re7s 2. base ' P
3 emitter ' :
Voo —Vee
Isg = ——— o ]
Rs o : ) d
;
Vezq = Ve =~ Ieq(Re) . == 2“< .'
For the dc load line " . T e 3 :
Vee Simplified outiine (TO-92; SOTS4) _
IC(SGI) = __RT (S'atumﬁon) . and symboaol.: - : ﬁ
i
. Vezem = Vee (C‘ﬂ_'ﬂﬂ)
And B can be calculated by
fue = feo
Irg -

Materials and Equipment:-

1- Power supply.
1- AVO meter or digital multi-meter.
1- Transistor npn (# 568 or 571).
- 1- Resistor, 1 k offic==am
. 1- Resistor, 5607 ohm., .. - -
1- Potentiometer, JvEohar

FNT-147 Blastravias 1 12
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Part II (calcuiation) I
I- Calculate the values of Inq and Igq tecord in Table 5.1. bt
2- Calculate the value of Vcgq record in Table 5.1. X
3- Calculate the saturation and cutoff on dc load line record in Table 5.2. )\J & '{Q BN
, .
¢ o S A
18 . Measured Calculated { ey Ce
Parameter Vaiue Value
Inq - 02 § e
— //
oLy I | 7 Cm BN — s )
1(3\>'/\> x j')}/n)ﬁl ( 5
-~ .._—-—"“""'_E" B&: .
VR e A — Ve -
X——_‘—_\ B /ql//' ' N ¢ :—fL J_ ' ' ,|
_Table 5,1
Calculated ‘;Value Measured Value
ol \_,._.r
Condition I Ve Ie Vez
: £ N4
.Sa;turation V :
seps) | | G ()

swn | O | )jl/

\...,,‘ . N

,:L C ‘. /| r .- Vi
L3 2
" Active
A Regio: s Q\
(Step 8) 7 |
) - 2 1.7 o
A1l |
Table 5.2 <
Report: - _}7’;____,_ —
T s

. 1~ Plot the calculated point of Table 5.2 on a graph paper.

2- Draw the dc load line, and locate saturation and cuioff.

3- To what extend the measured and the calculated value are identical.

‘4~ Explain the efféct of heating the transistor on. Q-peint and p.

5- Wrtbrief conclusions about what you have [earned: form this experiment.

ENT-143 Efectronics I ' ' I5
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EXP.6 BIT Biasing { Voitage.Divider Bias)

Experiment No. (6)
BJT Biasing (Voltage-Divider Bias)
Objective: ATIRY i

"To demonstrate the operation of the voltage-divider bias circuit, and the Q-point stability,
Theoretical Background:
: "The voltage-divider bias circuit is the most commonly used of the BJT biasing circuit for

several reasons:
1- Tt provides, exce]lent operating point stability even with wide change in B and temperature.

2- It requires only one power supply voltage.
3- It provides a degree of stability with respect to change insupply voltage.-

The following equations could be a great help to be able to calculate: 1

Yce -
VB =Vee R2 - f'Q, ——
Rl+R2 ~— =
VE=VB—,$BE /K i
\ € x

g _JVE 7. : :

= . ARy
. Icoa=Ie _
Vegq= Vee - It (Re + Re) \ yﬁ_f_\—_‘

BRIy TN

Materials and Equipment:

1-Power supply. ' )
1-AVO-meter (analog). .
1-Digital multi-meter. ;

2-Transistor upn (# 56% or 571)

1- Resistor 560

1-Resistor. 1.5 kO

1-Resistor 6.8 k2

I-Resistor 33 kQ

I-Potentiometer 25 kQ

Part I (Experimental)
Procedure:

1- Set the potentiometer to 18 kQ (use AVO-meter).
2- Construct the circuit of Figure (6.1).
3- Now apply 12 volts to the circuit, measure and record the points indicated in Tabie 6.1

4~ Adjust Ra fitil V5 i$ approximately equals the value calculated in part Il step 1, repeat the

measurements instep (3).

ENT-143 Eléctronies 1 16



(Ka“) Rico

Calculatior \ ® J}f’
Vv
B 3.2 1R
V. 2.59 R
Vv
BE 0.7 6-4%
V. 5.07 ¢ ¢ .
Vv Y/
CE 2.48 gﬁ )% 5
I
E 4.6mA /:anp*
VB— Rz Vc.n:_ 68 2 =32
R.+ R 18 + 6.8
I ¢ R = 4 .5 x1 .5
= 6 .93
for I . = I
-V « + Ic¢cR ¢ + V . = 0
V . = 5 .07
Ve 12V
T
181 L o Icl Re 3.5k
|
12 — - B
6.8k Z R, '_El E
550: T »
- == =L




Calculation

A 1.9
A 1.2
Vo 0.7
v_ 9

Ve 7.8
L 2mA

® Vi-—1 Voo = —25_12=1.9

R+ R 36+6.8

[cRe = 2x1.5
=3

for I, = I,
_Vcc+.[C.RC+VC=0 12 ————
V. =9

6.8k

e = —

wﬁf\ga’lr{d Z"{yf@;}}\;&
e

- -

JL.Z) r«’d
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EXP.6 BIT Biasing (Voltags-Divider Bias).

pab B i
Re
1.8 kQ
T—Vee
—_ 12V
RE
560 2
Figure 6.1

Experimental | | | Ca]cl;lation :
Re=18 k Va(sEt)Mu:,. S

Measurements Computer Simulation

. /
Part IT (Cuﬁlputei: Simpiation)

" | 0\ j
- - -, ‘\ i

Yz : 3 . / —
Vo ' . /
.. N L. . ,
Ve : / .
Vez - ]
| . l

Table 6.1 i

S/ i
!
!l
Procedure‘ ;'

/ “
1- Setupﬁ’the cigeuit of Figure 6.1 usmg (Electronics Workbench Software)
2- Setuﬁ R, to/l8 kQ
3- Measure the ponﬁrs indicated i m Table 6.1 and record.under computer simulation column.
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EXP.6 BIT Biasing (Voltage-Divider Bias)

Part III (Calculation)
Procedure:

1- With R, equals 18 k<, calculate Vy,
2- Calculate Iy, and L.
3-- Calculatt the rest of the poin:cs, record in Table 6.1 under calculation column,

Report; ,

1- Compare between the columns of measurement, verify the changes if there is any.

2- Write brief conclusion about the advantages of the circuit.
—w—r'—_'_ 'w:.,v_‘:ﬁm—e—ﬂ:r:-—-

P ——
P i

RAR. =

\j ;’ . \\j V _ \“/;ii[; : g 2 o & lv_’]r
N . LN
N c.\o
i " ' o= ™ - o)
- 1L T (}{“‘ i * Ucc’ +—Lf L?;

-y
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Exp. 7 lmnpedance, Power, und Phase Relationship of A Comxmon-Emitter Amplifier

Experiment No. (7)
Impedance, Power, and Phase Relationship of A Common-Emitter Amp lifier

Objectives:

To be come fa.rmhar with the measure of power gain, input and output impedance and 1nvestigate the
phase relationship between the output and input signals of a common-emjtter amplifier,

Thenreticél'rBackgro und:

The.common-{ground)-emitter amplifier has been described as a power amplifier. Power can be
computed from the equation P = V¥/R. The input power of CE amplifier is Ppy = V2/Ryy.’ The output
power is Poue = V7ousRoue To determine Roy and Ropr, A method for determining Ry is shown in Figure
7.1. Figure 7.1(a) shows the standard input circuit, Figure 7.1(b) we have 2dded a variable- resistance
(potentiometer),

e .
T
+u.F . 15 R kais0%
+
vin —» R
i R, 1 ko vin
(@) @ .

- Figure 7.1

First, we set the potentiometer to zero and adjust Vpy until we have an easily measured value of Vogr.
Then we adjust the potentiometer until the output voitage is exactly one-haif. We have a voltage divider
on the input. Half the voltage is dropped across the potentiometer. The other half is dropped across Rpy.
Therefor, Rey must be equal to the resistance value we have set on the potentiometer. We then remove
;{h; potentiometer from the circuit and measure its value with an ohmmeter, This gives us the value of

A similar thing is done to measwre Reyr.

3

e

— Vout
R, [RI1 ke/50%-
ut

@ | (")
Fig7.2.

RNPT 149 e
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Exp. 7 [mpedance. Power, and Phate Refationship of A Connmon-Emuter Amplitier

pif #

Again we have a voltage divider made up of Rour and the potentiometer. First, without the potentiometer

Fig 7.2 (a), we set the output to some value, then we put the potennometer across the output as shown in
Fig 7.2 (b) and adjust its resistance until the output is exactly is one-half that previcusly measured. Again
remove the
potentlometgr from the circuit and measure its resistance, this is the output impedance Royr.
Power gain given by the equauon P = Pour /Pmv. This can be corn.puted by substituting V1 for P.
Rather than express power gain as the absolute ratio of Poyr to Pay, it is usually expressed in decibels.
Power-gain-in’ decibels = 18 log (Pour / Pmv)- ’
In a CE amplifier, the oniput 31gual voltage is 180° out of phase with the input signal voltage at the base
. This relationship is easy to keep in mind when we remember how transistors perform a switching
function. With 0 input at the base, the transistor does not conduct. Therefore, virtually the entire Vec
appears across the output. When a signal is put on the base so as to.drive the transistor into saturation, it
conducts for the full cycle and the voltage across it is zero.

OC g C gy

Materials and Equipment:

S’
1 DC power supply . B o : '_w .
1 AT signal generator - — . ) .
1 Oscilloscope N
. 1 AVO meter . \/O ;g\/ N
1 Resistor, 560 ohm : ' N )
1 Resistor, lk ohm . : : \\I : \€\~;_ '

1 Resistor, 8.2k ohm
1 Resistor, 18k ohm

1 Capacitor, 100 pF ' e N Lo
2 Capacitors, 25 uF S ‘ i " ERT -
I Transistor, 2N3904(# 571) U o L
1 Potentiometer, lk ohm iR B O
1 Potentiometer, 5k ohm ) o,
1 Computer (with Electronic Workbench software} N - { EE TN
PART I (Experimental) o \‘____.mf, -
, Yec=9y v oa. .
.';&';i-, ::ﬂ
Re
R1 1KQ
18 ka
Cc3
25 uF
ot YRl -
[R5 kGl ™o’ . Y

26 pF | .
[ 1@:7}% D U gy

. - + 2

tovim R2 RE 100 wF
L T/l 8.2k 560 @

Figure 7.3

"YR2
[R]I1 kQJ"

ENT-143 Electromics 1 , 20



Exp.7 Impedaoce, Power, and Phase Relationship of A Cotnmon-Ernitter Amplifier

14

Procedure: .
v oAespd oo bt

1- a) Connect the circuit of Figure 7.3.
b) Measure L, Te, and s, record to be used in the calculation paft.

2- a) Set the 5k Q2 potentiometex to Zere ohms.
‘ | b) Set the signal generator for 1 kiz and apply its output to Vov. -
c) Set the oscilloscope to view Vour.
3- Turn ON the powe;' and adjust the output signa.i ge;nmaior until Vour reads 6 volts peak-to-peak on

the oscilloscope.

4- Increase the resistance of the potentiometer until the oﬁtput voltage is exactly 3 volts peak-to-peak.

5- g) Tum off the power and the signal generator.

b) Remove the potentiometer from the circuit and without changing its setting, measure its

i resistance.

1 ¢) Record this as Rpy in Table 7.1.

: . _ iten .

'3 6- a)Putalead inthe circuit in place of the ioput potentiometer.

: - !
k] -

g‘. b) Turn QN the signal generator. _ ‘ , .
j ¢) Repeat step 3. -

‘ 7- Connect the 1 kQ pofentiometer across the output terminals, as shown in Fig 7.3.

b —_—

E 8- Adjust the potentiometer until the output voltage is exactly 3 volts peak-to-peak.

3 9- a) Turn OFF the power and the signal generafor.

b) Remove the potentiometer from the circuit and without changing its settng, measure is

; resistance. . -

c) Record this as Rout in Table 7.1.

10-Turn ON the power, with the signal generator still set to 1 KHz, adjust its output until the output
voltage of the amplifier reads 6 volts peak-to-peak. '

! '

s i) B i LU

i , 11—M¢ﬁ;qr_q the input voltage (peak-to-peak) and record the value of Vi in Table 7.1,

12- 2) With the same setting as in step 11 connect a load resistor of 1kC across the optputtemﬁnal.

b) Measure the output voltage (Vo) wi record in Table 7.1.

Ve and AmtrIt Signals' 7



IR R N AT~ O QAP NP PN

L ot a3V L vt P .._.m...'.;. e AL i

ok Ferindss b g

RUTRINL I S I‘-.c PR |

" 1~ Comgrare between the datz in the three columus in Table 7.1.

Exp. 7 Impedanue, Power, and Phuse Reiationship vt & Commur-Eimiter Ampiiffer

PART [ (Computer Simuliation) * B T L

Prb‘cedurez o
1- Set up the circuit of Figure 7.3 using (Electronics Workbench Software). n

2- Go tb:c;:i'gh the same procedure as you did in your experimental part from step 2 to step 11.

= 3-. Under analysis;Mentt go %”oi’?LC'ﬁ"eqﬁency analysis. . - e IR Lo

i

o éele& 1B as start ﬁ'gqueﬁcy'énglci;{! GHz as end fréquency, dOsMOT i svyto select the praper nades
the, input and the output. - - o TV - oA o

. 5- Observe the frequency response dnd the' phase angle, record in Table 7.1. -
. b
Measurements Computer Experimental " CalTculation

- . i

T e L e Simulation - _ L |
" | Input Impedamce Rix (0hms) L~ T LT I P
L ' I

Output Impedancé Roos (ohms)- . ¥

ny - "~ * " * - P
P . ' by

Input Voltage Vix (8-p) ~ " |

. s - --
Output Vo'l?h‘ag\e Vour (p-p) ' - - |

Qutp_ut Voltage Vou_:r(‘!.'l—}'.!gvgm‘, , l

Vﬂltﬂ.gg Gﬂ.i.n AV s ' - :T

- - e e L S . i I N P " ; .
Voltage Gain Avwi ‘ o o -
Jir . s : b

Power Gain Ap =ifny . ; , e -
3

Power Gain (dB) PGap . :
_ a0 N T i
Phase angle (degree) N 1

Table 7.0 . . -

" PART II (Calculation). ' Lo

 1- Use the measured data in step 1 (b) in the experimental part to calculate B, and re. 'f‘
2- Draw the equivalent ac model, o : )
.-3- Calculate the input and output impedarice R, and Bgur. :

4. Caiculate the voltage gain Av; and the current gain A.. | - . . ;
REPORT:

'2- Under data analysis in your report, write your opinicn abaut step 1 of the report section. r
3- Write what you have conciuded from this.experiment. . - o ' 7 \
J [
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Exp.8 The Emitter Follower

Experiment No. (8)
The Emitter Follower

Objective:

To become familiar with the comr_non-collector amplifier, also known as emitter follower.

-

Theoretical Backgrdund:

The common-emitter amplifier had voltage, current and power gain. The common-collector
amplifier, on the other hand, has only current and power gain. The voltage gain is a little less than 1. The
common-collector amplifier has high input impedance and low output impedance, however, making it
ideal for impedance matching applications, known as buffer stage. -

AL

Fig 8.1

Figure 8.1 shows a common-emitter amplifier, the input signal Vpy, is coupled to the base through
capacitor C,. The load resistor, across which Vo is taken, is connected to the emitter. Note that the
collector is at AC ground because capacitor C; acts as a low-impedance AC path. The collector is
connected directly to Vee. The input signal, Vi, appears between base and ground (collector), and the
output signal appears between emitter and ground (collector). This makes the collector common to baoth

input and output. '

Consider what happens when Vyy increases during a positive AC altemation. Both the collector current

. and the emitter current increase. Emitter voitage Vo = Ig Ry, therefore, becomes more positive. In other

words, when Vpy goes positive; Vo (emitter voitage) follows. This is why this amplifier is called an emitter
follower. Note that Vg is in phase with Vyy.

The base current, Iy, is amplified by a factor of B. Output current, then is Bls. We can look upen this as

two'loop that have Ry, as a common leg and write Kirchhoff's voltage law equatiop. One loop (neglecting
C)) is made up of the sourcs, Viy; the base-to-emitter resistance, Rg, Sthrough which In flows) and the

resistance, Ry, (through which Iy + Bl flows). Therefore,
Vv =R +IgRy + BIzRL
Viv=Is(Ra + BRL+ BR)

ENT-143 Electronics 1 23
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Exp.8 The Emitter Foliowes

Vv =Is (Rg + R (B+1))

o e i

New, let’s look at the second loop, make up the output voltage, Vo, and the resistance, R;, (through which
L+Blg flows):

_ Vo=IRy "'_E'IBRL
Vo =kR; (B+1)

We can, tﬁeféj‘.';ﬁ'e, substitute in the equation for voltage gain, Ay= Vo / V.

IeRy (B+1)
A.V = : The IB ‘s cancel
Iz (Rg + Ry (B+1))
Ry (B+1)
A‘v =
Rg +Ro (B+1)

For example, assume the following values: B = 99; R, = 1000 ohms, Rg = 2000 ohms. .

1000 x (99 + 1)
Av = = (.98
2000 + 1000 x (99+1)

~ Without Ry, Ve would be simply IyRg. We saw, however, that the effective value of the input impedance

was increased with the addition of Ry, In fact, it becomes Ry + Ry, (B-+H1). In our example, instead of 2000
ohms, the input impedance was a 102000 ohms. .

Since the phase of signal voltage (emitter-to~ground) is the same as the base voltage (base-to-ground), and
since the input signal voltage to the circnit is the difference between the base voltage and emitter voltage,
the effect of the un-bypassed emitter resistor is to provide degenerative, or negative, feedback to the
oircuit. In other words, the amplifier sees a lower effective input signal between base and emitter than Vyy.

Materials equipment:

1 DC Power Supply

1 AF Signal Generator
1 Oscilloscope

1 AVO meter -

1 Resistor, 1 k ohms

1 Resistor, 470 k ochms
1 Capacitor, 25 puF '
! Capacitor, 100 uF | -
1 Transistor, 2N2102-5 ¢ = .

" 1 Potentiometer, 1 k ohm

1 Potentiometer, 500 k ohm

Part I (Experimental)
Procedure:

1~ Connect the circuit of Figure 8.2 with Ry, set to zero ohms.

2- Measure Is and I, to be used in part IIT (calculation).-

ENT-143 Electronics § 24
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Exp.8 The Emitter Folio

3- a- Set the Signal Generator for 1000 Hz.

4

ENT-143 Electronics 1

b- Apply power to the circuit.

¢- Connect the output of the Signal Generator to the input of the cireuit, with no load (Ry;
disconnected).

- 7 ’i’g‘"" RE | =

4 s " 470 k2
C1 }
Rv1
rusookar DY oy =
L T ﬁﬁ(v IE—O——’;zmmz Cc2 (.'3 '/ -
. C 30 100 |.lF

" ¥in 4'e -
- .
- I
RE Yo
1 k&2 Rv2
. . RI kayi -
L2 [RIT Ie
L — -
ERe Y.
Fig 8.2

(N

a- Connect the Oscilloscope to the output terminals to observe Vo.

b- Set the Signal Generator to a value that produces an undistorted «&tput waveform ineasuring 150
V  peak-to-peak. e .

N7
— i o

Measure the peak-to-peak value of Vv and record in Table 8.1.

Adjust the 500-k ohm potentiometer until the output waveform measures e:sflfc:;tly 75 mV peak-to-pea
WA = SOom L

Ry -

—

a-Switch off the power.

b- Disconnect the potentiometer from the circuit.
c- Measure its resistance and record as Ry in Table 8.1. \ - /
a- Replace the 500 k ohm potentiometer by a wire. : R )
b- Repeat step 3. gt ( )
o~ Connect the 1 k ohm potentiometer in parallel with the output.

d- Adjust it until the output measures exactly 75 m V peak-to-peak.

e- Disconnect from the circuit, measure its value and record as Rour in Table 8.1

25
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Exp.8 The Emitter Follower

9. Use your measurements, calculate voltage gain Ay, input power, and output power record in Table8.1.

10- Using the data in step 9 calculate the power gain Ap.

Part II (Computer Simulation)

Procedure:

'\fﬁr'- fSmny :‘ t\ §

SomV N

1- Set up the circuit of Figure 8.2 using (Electronics Workbench Software), make shore that the
500-k ohm potentiometer is set to zero ohm.

2-
3-

end frequency, do not forget to select the proper nodes (the input and the output).
- Observe the frequency response and the phase angle, record in Table §.1.

m{\' o O) ™M ‘a L,\ t\Tﬁ

Go through the same procedure as you did-in your-experimental part-from step 3-to step 10.
Under Analysis menu go for AC frequency analysis, select 1 Hz as start frequency and 10 GHz as

“—-—-—-‘!\n [N,

L/

— V) = _— T AT
= Yy, T e T
\\ e (O * 2 L
urements Computer Simulation Experimental Calculation
Qutput voltage (Vo ) 150 mVz.p 150 mVzp
Input voltage (Viv) / s Z.. e l,
VOItage gain (AV) / T \j’l (;i / L;‘, ]
Input impedance (Ryy) ] [ t K oG +\ (( K T
— 142 AN
Output impedance (Rout)

o

Yoo L.

Input power (Pm) = V* ™ / Ruv

mm—

LYQ g/

Output power (Pour) =V 2our /
Rour

e GADEZS

Power gain (Ap) = Pour / P

Y00 got-

Part HI (Calculation)

L

i/
}S{' i L
Table 8. 1

~F

A -
j{g; Y4
KRy
~c

! i -
\J ) f;u_b.y_i.:_—-ir-—— }SL‘”_ILF J

v

{{\11 \v’{}-J-r_ 49 ./5“) e N\ -

J() /“‘* '5 €r—= Sy R R S

1- Using the measured data in step 2 in the experimental part to calculate j, and te. [.
2~ Draw the equivalent ac model.

3- Calculate the input and output impedance Rpy, and Rour. &
4- Calculate the voltage gain Ay, and the current gain A;.

REPORT:

(,.’ ,},__

"
-

I- To how extend computer simulation, experimental, and calculation results are identical.
2~ Write what you have concluded from this experiment.

ENT-143 Electronics 1
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Exp.8 The Emitter Foilower

3. a- Set the Signal Generator for 1000 Hz.

b- Apply power to the circuit. . - ,
. pad F t
.c- Connect the output of the Signal Generator to the input of the circuit, with no load (Ry,
disconnected). ‘
I .
" Veo
I 9 —_ 12V
T Ryl
. [RIf500 k! —L
LY O—t_ﬂv aN2102 C2 -
L S gy
-:_T_- in . + 4 .
' 1y —

RE Vo e
1k : . Ry2

[ .
_fi
I 3 ) R ke

3
E:
£
2
i
f

Fig 8.2

4- a- Connect the Oscilloscope to the output terminals to observe Vo.

b~ Set the Signal Generator to a value that produces an undistorted output waveform measuring 150 m

V  peak-to-peak.

5- Measure the peak-to-peak value of Vpvand record in Table 8.1.

6- Adjust the 500-k ohm potentiometer until the output waveform measures exactly 75 mV peak-to-peak.

7- a-Switch off the power.
b- Disconnect the potentiometer from the circuit,

o- Measure its resistance and record as Rypyin Table 8.1.

e e B B S RISt

8- a- Replace the 500 k ohm potentiometer by a wire.
b- Repeat step 3.
c- Connect the 1 k ohm potentiometer in paralle! with the output.

d- Adjust it until the output measures exactly 75 m V peak-to-peak.

e- Disconnect from the circuit, measure its value and record as Royr in Table 8.1
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Exp.8 The Emitter Follower

9- Use your measurements, calcul}aze}vol'tgge gain Av, input powey; and output power record in Table§. ]

-10- Using the data in step 9 calculate the power gain Ay,

Part II (Computer Simulation) -

A

-

Procedure:

1~ Setui:a the circuit of Figure 8.2 using (Electronics Workbench Software), make shore that the

500-k ohm potentiometer is set to zero ohm.

2- Go through the same procedure as you did in your experimental part from step 3 to step 10.
3- Under Analysis menu go for AC frequency analysis, select 1 Hz as start frequency and 10 GHz as

end frequency, do not forget to select the proper nodes (the input and the output),
4- Observe the frequency response and the phase angle, record in Table 8.1..

Measurements Computer Simulation Experimental Calculation W
Output voitage (Vo) 150 mVpp 150 mVp p
Input voltage (V)

Voltage gain (Av)

Input impedance (Ruv)

Output impedﬁ.nc_e (Rour)

Input power (Pmy) = V' / Ry

Output power (Poyr) = Viour /
Rour

Power gain (Ap) = Pour / Py

Table 8.1

Part I {Calculation)

1- Using the measured data in step 2 in the experimental part to calculate p,andre.

2- Draw the equivalent ac model.
3- Calculate the input and output impedance Ry, and Rourr.
4- Calculate the voltage gain Av, and the current gain A,

REPORT:

1~ To how extend computer simulation, experimental, and calculation resuits are identical.

2- Write what you have concluded from this experiment.

ENT A2 Clecae, + & -~
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Exp.9 JFET Commen-Source Amplifier

i o4 +Experiment No. (9) i+
JFET Common-Source Amplifier
Objective:

To gain an understanding of the JFET common-source amplifier.

Theoretical Background: -
"I'he'f:oimnon-somce amplifier, which we have been using, is the most common type of JFET

amplifier, It is also called a ground-source amplifier because the source énd of the circuit is commeon to
both the input and output and is at the lowest voltage of any point in the circuit.

Ve

RD ‘
c2

Cc3

AT

Figure 9.1-

Figure 9.1 shows a common-source é.mpliﬁer. To isolate the gate from the source, the input signal, Vi, is |
coupled to gate through capacitor C.. The value of the capacitor is chosen to present a.very low reactance
to signals in the frequency range over which it is to operate,

A load resistor in series with the drain Rp, provides a means of limiting drain-to-source voltage to a pre-
Determined value, The gate resistor is usually quite large. The exact value isn’t importamt, as long as it is
large enough not to short out the input signal. Its purpose is to tie the gate to ground. Since no current
flows in the gate circuit as long as the gate is negative (- Vgs) there is no voltage drop across Rg. one end
of it has the same DC potential as the other.

Current does flow through Rs, however from the positive terminal of the supply, through Rp, through the
JFET, through Rg and back to the negative terminal. ‘That makes the top end of Rg more positive than the
bottom end. Since the gate is effectively connected to the bottom end of Rs, the gate is more negative
than the source. This is just what we need for a negative bias on JFET gate.

The common-source amplifier has high input impedaxice, high output impedance, and good veltage gain.
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Exp.9 JFET Common-Source Amplifier

v 2N5459

Materials and Equipment: pe

i - ‘ I-"DC Power supply.

: - 1- AF Signal Generator.

2. I- AVQ meter, '

] . 1- N-charinel JFET 2N5459.

L - L- Resistor, 390 ohm, ' 6 To-82

k. 1- Resistor, 390 ohm_ ‘ Sp .

; l 1- Potentiometer, 1 k ohm. A
. - 2- Capacitor, 0.05 uF. Amplifier
| 1~ Capacitor, 25 pF. N-Channel General Purpose P

PartY (Erperimenta!)
Procedure:

1- Identify the JFET terminals,
2- Connect the circuit of Figure 9.2,

3~ Set Ry initially to 300 €), to measure the value of g, for 3 JFET.

end i TR A s iy L Tohae oo

- —

Vin

Figure 9.2

4~ With R set to 300 Q, measure Vs, Ip and record in Tabje 9.1

. ' . 9.1
3~ Adjust Rs to a value of 400 £2, and measure Vs, Ip again and record in Table

ENT.143 Electronics |




Exp.2 JFET Conmunon-Source Amplifier

pe H
6- Using your data calculate the amplifier gain Ay

Ay= ZuRo
. Experimental Computer Simulation
L2 2 2 3 T F FF R.s RS
Measurgment 300 0 4000 300 0 4000
Veas
Ip
Table 9.1

7- Switch the power off, replace the I kQ potentiometer with 390 Q fixed resistor.

8- With the AVO meter, measure and record in Table 8.2 the DC drain-to-ground voltage, V.
9- Measum and recor& in Table 9;1 the DC voltage drop across the 390 Q source resistor, Vgg.
10- Mmre and record in Table 9.1 the DC bias voltage from gate-to source, Vgs.

11- Tumn on the signal generator and set it for 1000 Hzat | volt peak-to-peak.

12-Measure the peak-to-peak value of the output signal Vi, record in Table 9.2.
13-Calculate the mpﬁﬁer gain using the equa.ﬁon Ay=Vu/V, m rccof(ii your result in Table 9.2,

14- Adjust the vertical sensitivity of your oscilloscope channels so that you can observe both the input

and output waveforms on the CTR at the same time. Then neatly draw the two waveforms in thei_r
proper phase relationship. ‘

Measurement Computer Experimental  Calculation
Simulation '

Vo(DC)
Vrs(DC)
Ves(DC) _ ’
Vulop) 1V 1V 1V
Va(p-p)

GAIN
Av = VoV,
GAIN
Av=g.Rp

Tabie 9.2
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Exp.3 JFET Commaon-Seurce Amplifier

pob H
Part II (Computer Simulation)
Procedure:
1- Setup the circuit of Figure _9.2 using {Electronics Workbench Software).
2° Go thré;igh the same procedure as you did in the experimental part from step 2 to 14.
3- Under‘anzlysis menu go for AC frequency analysis.
"4~ Select 1 Hz as start frequency and 100 MHz as end frequency.

5- QObserve the frequency response and the phase angle.

Part III (Calculation)

1- Given Ingg = 6 mA, and Vp = - 3 'V, draw the transfer characteristics for the JFET.
2- Determine Ip, and Vgs.

3~ Draw the equivalent AC model for the circuit of Figure 9.2,

4- Calculate Ry, and Ry,

5- Calculate I, Vp, Vrs, Vas, and the gain Ay,

Report:
1- To how extent the columns of Table 9.2 are 1deutllca1

2- Under data analysis in your report, write your opinion about step 1.
3~ Write what you have concluded from this experiment.
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Exp. 10 JFET Common Drain Amplifier

+¢ ¢ Experiment No. oy ¢
JFET COMMON-DRAIN AMPLIFIER

bbjective:
. 0 investigate the operation of a common-drain JFET amplifier.
Theoretical chkground:
o The .cormnon-drajn amplifier is also called a source-follower. In many ways, it is similar to the
emitter-follower circuit of the bipolar transistor. Like the common-source, the source follower has high

input impedance. Unlike the common-source amplifier, however, its nput impedance is.relatively low
and its voltage gain is always less than 1. It is mainly used as an impedance matching device,

c3 .

i

c2

i
I\

RS Yout

Figure 10.1

In a source-follower amplifier, the oufput signal appears across R as shown in Fig 10. 1. Naturally, this
means that the bypass capacitor must be eliminated. Going around the loop composed of R, the JFET,
and Rg, it becomes obvious that:-

' Vrs (the output voltage) = Vy¢ (the input voitage) — Vs

That’s why the output voltage, Vo must be less than the input voltage, Viy.

. As before, the value of Rs sets the gate bias voltage: It is also true that the higher the value of Rs, the

closer the gain approaches 1. Therefore, a voltage divider is used so that Rs can be made larger.

The input impedance if a JFET source-follower amplifier is high. It is kept high value of Rg. The high the
resistance, the greater the effect. However, if the gate resistance is returned to the voltage divider instead
of to ground, the input impedance looks much higher than Rg to the preceding stage. In fact, what the
preceding stage sees is Rg in series with the parallel combination of the two biasing resistors (R, and R,).

Also, looking back from the load, the output impedance is seen much lower than the value of Rs. Sifce
the drain is common, the reciprocal of the transconductance (1/gq) looks like a resistance in parallel with

Rs. If you assume a transconductance of 2500 micromohos, the reciprocal is 400 ohms. Assuming
Ry = 1000 ohms, the load sees an output impedance of:

Zour = 1/ga | | Re=400] | 1000 = 286 ohms.

ENT-143 Electronics 1 ) 31



Exp. 10 JFET Common Drain Amplifier
Material and Equipment: . i

1 DC Power Supply

1 AF Signal Generator
1 Oscilloscope

1 AVO meter

1 n-channel, JFET, 2N5459
1 Resistor, 4.7 chm

1 Resistor, 8.2 ohm

1 Resistor, 10'k ohm .
1 Resistor, 33 k ohm

3 Capacitor, 0.05 pF

1 Capacitor, | uF

~

Part I (Experimental)
Procedure:

1- Connect the circuit of Figure 10.2.

2- Apply a 20 volts DC to the circuit.

3- Measure and record in Table 10.1, the DC voltage drop across each of the resistors, the drain-to-
source voltage, Vps, and the gate-to-source voltage, Vs, of the JFET.

Sl

c3
v =
10 ko | +’ '
c1 tl._ ——
0.05 uF .= -
AN .
- RG c2 ‘C4
vin 33kq | 0.05pF 0.05 uF
ﬂE +|E
I g .
. R2 RS
8.2kQ ITka You
Fig 16.2

4- Set the Signal Generator to 1000 Hz at 1 volt peak-to-peak.
3- Connect the Signal Generator to the input terminals.
6~ Measure the peak-to-peak value of the output, Vour. Record in Table 10.1.

7- Set your Oscilloscope for external triggering. With the scope triggered from the output of the Signal
* Generator, observe the waveform of the output signal. Record in table 10.1 the degrees that the output

signal has shifted from the input signal.
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Exp. 10 JFET Common Drr.':‘in Amplifier

Measurements Computet Situlation Experimental Cajam,

Va1 (OC) | | 7

¢

Viz (DC)

Vao OC) : N
Ve 00 -

Vs (DC) ' ¢

Ves (DC)

Vv (p-p) . !

Your (p-p)

N T D o . :
Av=Vo/V; i!
Degrees
Shift

- Table 10.1

Part II (Computer Simulation) J ;
Procedure: ’

1- Setup the circuit of Figure 10.2 using (Electronics Workbenc;h Software). ‘ f { ;
2- Go through the same procedure as you did in the expexﬁnent{aﬂ part from set 1 to step 7,

3- Under analysis menu go fo;AC frequency a.n;xlysis.

4- Set 1 Hz as start frequency and 1 GHz as end frequency.

5- Observe and record the frequency response and the phase Sh.lﬂ‘.
Part II (Calculation)

1- Given g, = 2500 micromhos, Inss = 6 mA and Vp=- 3V, draw the transfer characteristics for the
JFET. .

2- Determine I, and Vgs. .

3- Draw the equivalent AC model for the circuit of Figure 10.2.

4- Calculate Rpg and Royr. ' )

3- Ca.lculate Vm,Vm, VRG, vRs, VDS, Vc,s, and the ga.m

Report;

1- Compare between the data in the three columns in Table 10.1.
2- Under data analysis in your report, write your opinion about step 1.
3- Write what you have concluded from this experiment.
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