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1. Abstract

The purpose of the experiment was to be familiar with a transistor as anamplifier and its various
circuit configuration including common base, common collector and common emitter, to
distinguish between AC and DC analysis to establish the regarded voltages and current and find the
maximum current and voltages requires before distortion happen, we used AC analysis to find
some parameters for example the voltage gain, current gain , input resistance , output resistance .
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2. Theory

Transistor

It is an electrical device with three layers (NPN —PNP), used widely in integrated circuits, mainly
as amplification, also as a switching. From the figure 1 we can see the three terminals of the
transistor (C-collector, E-emitter, B- base).

E
C D D
B B ) G G
E
C S S
N!:'N ] PNP N Channel P Channel
Bipolar Junction Bipolar Junction JFET JFET
Transistor Transistor

Figure 1: Transistors ™

There are two types of transistor which are field effect transistor (FET) and bipolar junction
transistor (BJT).

They operate inthree different regions which are active region,cut-off region and saturation.

There are three basic configurations of the terminal of the transistor with different voltage gain and
current gain which are Common Base (CB) with voltage gain, nor current gain,Common Collector
(CC)withcurrentgain nor voltage gain and Common Emitter (CE) with voltage and current gain.

Because the common element is often grounded, these configurations are frequently referred to as
grounded emitter, grounded base, and grounded collector.
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e Common Emitter

In this connection the input is connected to the emitter and the output is from the collector, it
gives a negative voltage gain also a current gain, thus is works as an inventor circuit and the
output will be anti-phase of the input (180°). see figure3.

It has a high voltage from the base part that will increase the base current as well as the collector
current because of the relation IC=f IB, a load resistance is usually connected in this circuit its
voltage increase as the collector current increase, so the voltage gain is affected by the value of
the load resistance (Vout), it increases as the resistance increased. See figure 2.
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Figure 2: common emitter !

The ratio of Ic/Ib is B, while Ic/Ie is a
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Figure 3: Common Emitter input —output voltages !

e Common Collector

Figure 4: Common Collector !
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In this configuration the input is connected to the base, and the output from the emitter, while the
collector is common to both, and it’s often called an emitter follower since its output is taken
from the emitter.See figure 4

Its input impedance is much higher than its Output impedance, and it has a voltage gain of
almost

’
A, = =1 unity:

Uin

Q

The load resistance in the common _collector receives

the base and the collector, since the emitter is the sum of the base and collector current it will be
reasonable that this circuit will produce a large current gain.

When applying an AC signal to the input with the presence of the Dc voltage to keep the
transistor in an active mode, the result is a non-inverting amplifier.

As seen from figure 5 the input and output signals are the same peak to peak amplitude

Y= wil) — w(3)

0,0 B00,0 1000,0

time us

Figure 5: input and output voltage ™!
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The load is situated in series with the emitter, and thus the current flowing through it is the
emitter current, with the emitter carrying base and collector the load has all collector current
running through it plus the base, this implies a current gain of § +1:

Ai=| emitter/l base
= (I collector + I base)/l base
= (I collector/l base) +1

= B+l

e Common Base

The input signal is applied to the emitter, and the output from the collector while the base
common to both. See figure 6.

7
" m

Figure 6: Common Base
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Since the input is applied to the emitter, it causes the emitter-base junction to react in the same
manner as it did in the common-emitter circuit. For example, an input that aids the bias will
increase transistor current, and one that opposes the bias will decrease transistor current.

It is mainly used for impedance matching, since it has a low input resistance and a high output
resistance. However, two factors limit its usefulness in some circuit applications its low input
resistance and its current gain of less than 1.

The current gain in the common-base circuit is calculated in a method similar to that of the
common emitter except that the input current is | E not IB and the term ALPHA is used in place
of beta for gain.

The voltage gain and the current gain amplifier equal

Av = Vout/Vin, Ai = IC/IB.
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3. Procedure and Discussion

3.1 Common Emitter Transistor Amplifier.

After the circuit was connected as shown in figure 7:

+15v +15v

22K 1k

7 Vol(t)

10K 100K _“_

10K AA A E

— 1uF

vi(t) 69
Fig.(7-1)

Figure 7: CE amplifier with voltage divider — bias

Function generator set there frequency to 1 kHz sine wave and amplitude to zero.
Then the base bias potentiometer was adjusted for a DC collector voltage (\Vc) of 8 volts.

The measurements were:

Table 1
Current Voltage
Ic Ib VCE VBC VBE
6.9mA 21.46uA 8.2v 10.8v 0.66v
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As DC Analysis was made, the function generator output was turned up until the output of the
circuit is 8 volts peak-to-peak, the input voltage was equal 2.68V, the figure below shown the
voltages of the input which connected to channel 1 and the output which connected to channel 2.

I M Pos 0000s  MEASURE

l'I"‘! Trerer CH1
1 Pr-Pk
1 268y
CH2
Ph-Ph

897, THz

CH1
RMS
300my

CH1
Phase
il : : -176
0us CH1 Wit oty TR
T=Apr=21 1217 900,48 *Hz

Figure 8: input wave form

Then the oscilloscope connected to the base and the output of the circuit, as shown in figure
below channel 1 connected to show VB which is equal 13.8mV and channel 2 to the input
voltage:
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Figure 9: Vb
. ) Vo 4
Voltage gain of the transistor (Av) = vim = T35 2.9629v Eg.1
vl =22 =22 — 606 Eq.2
VB 0.66v

After that DMM was used to measure the AC currents for both the base and the collector of the
transistor

The results were:

Table 2

Ic Ib
2.83mA 11.43uA
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Current gain of the amplifier =lout _ 947,59

Iin
The input impedance Zi = ‘Iﬂ = 118.11KQ

mn

Eq.3

Eq.4

Noticed that the effect of 100K(Q resistor in voltage gain was nothing, Av wasn’t changed when

remove this resistor, but Av1l was decreased as a result of increased in Vb.

3.2 Common Collector Transistor Amplifier

After the circuit was connected as shown in figure 10 below:

1, 10V

Zi 47K Zo

100nF 100K

i
TuF
@ Vi(t) 22K -

1K

J\

Voft)

Figure 10: Common Collector Transistor Amplifier

Function generator was set to 1KHz and amplitude to zero, and Vcc to 10 Volt.
Using the DVM, the quiescent bias voltages of the circuit Veand Vg was:

VE =167V ,VB =2.48V and Vc=10.03V
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Amplitude of the input sinusoidal wave was increased until 19.2V peak-peak to get Vout with
2V peak-peak, and ac input was 6.45V RMS as shown in figure 11:

Trig"i M Pos: 0,000s MEASURE

CH1
Pk-Pk
13.2¥

CH2
Pk—Pk
1.96Y
CH1
Freq

_6933H

W 3500 EHF 270my
7-Apr-211253  893.280H:z

Figure 11: Peak_to_Peak value of Vin and Vout

Vo _ 0.708Vrms

Av = Vi~ 6acrms = 0.1044
Ac voltage across the 100kohm input resistor was:
Vri =5.026 volt rms
So the current across the resistor is:
oV 5026
"=’ T ook = >0zendrms
1% 0.708
Ac output current: [o=2—= =—"= = 708ud rms
RL 1K
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Current gain: Ai= — = —— = 140.8

Input Impedance: (Zi) = Ill—ll = 14%2,4 = 182.883 kQ

Finding the output impedance of the amplifier was done by that the input sine wave generator
was removed and replaced with a wire to make it short circuit and connected to the emitter via
capacitor, and its output and current were measured.

VT=1rmms, IT=4.236mA rms

So, Zo =2 = 236.07Q

IT

Result of this part was put in the table below:

Table 3
Quantity Measured values
Vin 9.5v
Vout 1v
lin 140uA
fout 3.3mA
Calculated values
Av=Vout/Vin 0.104
Ai=ioutliin 0.024 *10°
Zin=Vinliin 0.183MQ
Zout 0.236kQ
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After our calculation it can be noticed that:

» Voltage gain is too small and less than 1 so there is Attenuation, where as in common
emitter circuit the voltage gain is more than 1 so there is Amplification.

» The input impedance in common collector is too high and in common emitter is in
middle.

3.3 Common Base Transistor Amplifier

After the circuit was connected as shown in figure 10 below:

Zin Zo
100nF 10 k 1uF
' —il
|
+
*
h
6) Vi(t) 1k 1uF Velt)
100 k - .
L 4-7 k
22k
L 10V -
10V

Figure 12: Common Base Transistor Amplifier

Function generator was set to 1kHz and amplitude to zero, and Vcc to 10 Volt.

Using the DVM, the quiescent bias voltages and currents of the circuit was:
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Table 4

Ig Ic Vee Vic Vce
75.51mA 1.6mA 0.7v 6.3v 7.1v

Amplitude of the input sinusoidal wave was increased until 4.72V peak-peak to get Vout with
2V peak-peak, and ac input was 1.59V RMS as shown in figure 13:

Trig'd M Pos: 0,000s MEASLIRE
Y CH1

Pk~Pk
472y
CH2
Pk-Pk
1.98Y
CH1

N W R o L IR A g B FLHr Lk ighlt bl

CHZ 500mY M '500us i T
7T-Apr-2113:37 1,04147kHz

Figure 13: Inout and output waveform

aw="0_ W 37
VEVIT 236 T
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Ac voltage across the 10kQ input resistor was:

Vri =1.4285Vrms

The input current used measured value of voltage across the input resistor:

lin = = 0.4mA

R10k

The output current used value of output voltage and load resistor:

2
Tout = p-p = 0.21mA
4.7k
. Io 0.21mA
Current gain: Ai= — = —= =0.525
Ii 0.4mA
Vi 2.36
Input Impedance: (Zi) = —l = Y = 59k0
Ii 0.4mA

Finding the output impedance of the amplifier was done by that the input sine wave generator
was removed and replaced with a wire to make it short circuit and connected to the emitter via

capacitor, and its output and current were measured.

VT =2v, IT=0.4mA

So, Zo = vt _ 5kQ

Result of this part was put in the table below:
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Table 4

Quantity Measured values
Vin 4.72v
Vout 1lv
fin 0.4mA
lout 0.21mA

Calculated values

Av=Vout/Vin 0.4237
Ai=ioutllin 0.525
Zin=Vinliin 5.9kQ

Zout 5kQ

Note: all calculation during the lab is attached in appendix A.
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4. Conclusion

Inthis experiment we learned about BJT and especially about configurations of BJT circuits
and how to connect circuit’s components and how to measure the DC and AC quantities and find
the characteristics of each configuration which are voltage gain, current gain, input impedance,
output impedance.

We had some problems with the tools however in end we solved these problems and the results
we got practically are generally accepted with the theoretically values.
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II. COMMON BASE TRANSIST:
OR
1. Connect the circuit of Fig. (7.3), AMPLIFIER

Zin

100nF 10 k

A T——

Vigt) E. o
100 k
T 47k
L 2k
10V i

Fig.(7-3)
2. Ensure that the variable dc control is at min.

-
Al

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

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

Teplbm, ¥
5. Measure and record the quiescent bias voltages and currents Is, Ic, Ve , Vi€ and
,using DVM. T <
Tp 7551

6. Increase the output amplitude of the sine wave generator until an output _aé)plimde
P

from the amplifier is about 2volts peak-to-peak. \ — V'—

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

8. Calculate the voltage gain Av.

-

. 1Yops wee

9. Measure the ac voltage across the 10 k€ input resistor.

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

resistor.

11. From the output voltage and the load resistor value calculate the ac output currenf« LA

16. Calculate the current gain. 1

nd Semester 2020-2021
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