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In this experiment , will be discuss what happens on the gain of the frequency  when transistor amplifier connected as a multi  stages one after one and learn how to  testing and design of a multi-stage amplifier . finally , studies  the principle  operation and models of differential amplifier .
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Theory :-
A. Multi-stage amplifier:- 
The multi-stage could be definition , the output of first amplifier stage is connected to the  input of another , the amplifier stages are said to be connected  in cascade. That connected one after another .In real time applications, a single amplifier can’t provide enough output that causes  a problem but we solve it by using  two or more amplifier stages are cascaded (connected one after another) to provide greater output Such an arrangement is known as multistage amplifier Though the basic purpose of this arrangement is increase the overall gain, many new problems as a consequence of this, are to be taken care. For example  problems such as the interaction between stages due to impedance and a  noise etc .

A multi-stage amplifier is a complex circuit constructed by using a several of the basic designs are arrangement according to the output and input layer , it is classify a   common collector  and common emitter  that we have studied. Typically, a multi-stage amplifier consists of 3 sections , show Figure A.1: 
1. The Input Stage : This section has one purpose, to provide the multi-stage amplifier with a high input resistance. For differential amplifiers, this stage must also be a operate between input and output difference . 
2. The Gain Stages : This section consists of one or more amplifiers stages with high open-circuit voltage gain . This section thus provides the required voltage gain for the multi-stage amplifier. 
3. The Output Stage : The third and final section of the multi-section amplifier likewise has one purpose: to provide the multi-stage amplifier with a low output resistance. As such, this stage is often a common collector.
[image: ]
Fig A.1


Multi-stage amplifiers are amplifier circuits cascaded to increased gain. We can express gain in decibels(dB range).Two or more amplifiers can be connected to increase the gain of an ac signal. The overall gain can be calculated by simply multiplying each gain together The figure A.2 that shown below the block diagram of the multistage . and multi-stage amplifiers, the output of first stage is coupled to the input of next stage using a coupling device. These coupling devices can usually be a capacitor or a transformer. This process of joining two amplifier stages using a coupling device can be called as Cascading , figure A.3 that shown below an coupling stage between two stage .

[image: ]
Fig A.2

Av = Av1*Av2*Av3 ………………………………………………1		
AV=AV1×AV2=………………………………………….2		

Where  = Overall gain,  = Voltage gain of 1st stage, and  = Voltage gain of 2nd stage.
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Fig A.3



 There are a many type of multistage amplifier  that we studied on the electronics book .
amplifier stages are  category according to component connected .

1. capacitor coupling amplifier. 

Capacitor coupled amplifier is the most widely used method of coupling in multistage amplifiers. In this case the capacitor C is connected in between the amplifiers. It is also called a blocking capacitor, since it will block DC voltage. The main disadvantage of this coupling method is that it causes some loss for the low frequency signals. However, for amplifying signals of frequencies greater than 10 Hz, this coupling is the best and least expensive method. It is usually applied in small signal amplifiers, such as in record players, tape recorders, radio receivers, etc. figure A.1.1 an e.g circuit of the Direct coupling amplifier 

[image: ]
Fig A.1.1

2.Transformer Coupling amplifier .
The coupling method that uses a transformer as the coupling device can be called as Transformer coupling. There is no capacitor used in this method of coupling because the transformer itself conveys the AC component directly to the base of second stage. The secondary winding of the transformer provides a base return path and hence there is no need of base resistance. This coupling is popular for its efficiency and its impedance matching and hence it is mostly used. figure A.1.2 That shown below .
[image: ]
Fig A.1.2

3.Direct Coupling amplifier .
If the previous amplifier stage is connected to the next amplifier stage directly, it is called as direct coupling. The individual amplifier stage bias conditions are so designed that the stages can be directly connected without DC isolation. The direct coupling method is mostly used when the load is connected in series, with the output terminal of the active circuit element. Figure A.1.3
[image: ]
Fig A.1.3

 
The multistage amplifier connection has many benefits:
 
1. Additional amplification can be required. 
2. Improving the performance of amplifier (High input impedance, High gain, and small output impedance). 
3. Increase the bandwidth. 


B. Frequency Response:-

[bookmark: _GoBack]Frequency Response of an electric or electronics circuit allows us to see exactly how the output gain (known as the magnitude response) and the phase (known as the phase response) changes at a particular single frequency, or over a whole range of different frequencies from 0Hz to many thousands of mega-hertz, (MHz) depending upon the design characteristics of the circuit . we can see in figure B.1 that the frequency response of any given circuit is the variation in its behavior  with changes in the input signal frequency as it shows the band of frequencies over which the output (and the gain) remains fairly constant. The range of frequencies either big or small between ƒL  and ƒH is called the circuits bandwidth. So from this we are able to determine at a glance the voltage gain (in dB) for any sinusoidal input within a given frequency range .
[image: ]
Fig B.1
Discuss fig B.1
Generally, the frequency response analysis of a circuit or system is shown by plotting its gain, that is the size of its output signal to its input signal, Output/Input against a frequency scale over which the circuit or system is expected to operate. Then by knowing the circuits gain, (or loss) at each frequency point helps us to understand how well  the circuit can distinguish between signals of different frequencies.

As operating frequency decreases from the mid-band area of the curve, a point is reached where the power gain begins to drop off. The frequency at which power gain equals 50% of its  mid-band value is called the lower cutoff frequency ƒL. 
As operating frequency increases from the mid-band area of the curve, a point is reached where the power gain begins to drop off again. The frequency at which power gain equals 50% of its mid-band value is called the upper cutoff frequency ƒH . 
Frequency points ƒL and ƒH relate to the lower corner or cut-off frequency and the upper corner or cut-off frequency points respectively were the circuits gain falls off at high and low frequencies. These points on a frequency response curve are known commonly as the -3dB (decibel) points. So the bandwidth is simply given as:
…………………………………………………………………………………..****
-3dB corner frequency points define the frequency at which the output gain is reduced to 70.71% of its maximum value. Then we can correctly say that the -3dB point is also the frequency at which the systems gain has reduced to 0.707 of its maximum value.
The equations of the high and low frequency response :-

. 
 
 
 
If ……………………………………………………………….(4)
Then the low-frequency responses………………………………………………………..(5)
………………………………………………….(6)

 

If  Then the high-frequency responses





C. Differential Amplifier:-

A differential amplifier is a type of electronic amplifier that amplifies the difference between two input voltage signals but suppresses any voltage common to the two inputs  figure c.1 that shown the circuit e.g. It is an analog circuit with two inputs   and  and one output . which the output is ideally proportional to the difference between the two voltages.              -)

Common-mode 

Common –mode signal is the component of an analog signal which is present with one sign on all considered conductors. In telecommunication, common-mode signal on a transmission line is known as longitudinal voltage. The common mode signal is a .

VC=



The common mode rejection ratio (CMRR).

The common mode rejection ratio (CMRR) of a differential amplifier (or other device) is a metric used to quantify the ability of the device to reject common-mode signals, such that those that appear simultaneously and in-phase on both inputs. An ideal differential amplifier would have infinite CMR . 

vd=0	CMR=ꟾ
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c.1



























Procedure :-
1.1-Multi-stage amplifier :-

Design the circuit as a two stages amplifier with a voltage gain peak to peak output of 2.5 volt , connected the two stages in cascade , the design instruct under a parameter 
hie = 4*Ω 
  hoe =  1\Ω 
  hfe = 300
   hre = 10-3
Vcc = 10v

The all calculation found in the pre-lab . the circuit results from the calculation that shown in the figure 1.1.a below . firstly connected the first stage of the circuit and before that made sure on the variable dc voltage be +10 volt and made a input sinusoidal be minimum  16mVp-p and frequency 1khz . measure VB,VE,VCE & Vp-p(out).

Secondly connected the second stage and made the input of it stage equal the output of the first stage and measure the VB2,VE2,VCE2 & Vp-p(out) , record data for the before two cases .
Finally connected the circuit that shown in the figure 1.1.a that shown below , made sure the input of the multi-stage was minimum value it less than 16mv and taken the data from oscilloscope .

1.2 frequency response :-

Keep the circuit of the previous part the same but before that .connected the two channel of the oscilloscope . and change the input frequency according to the table 1.2.T and taken the input and output Vp-p(out).

[image: ]
Fig 1.1.a
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 Input stage (First stage ).
[image: ]
Output stage .( second stage)

1.3 differential amplifier :-
 
Connected the circuit that shown in the figure 1.3.c . sure the dc power supply on +15 &-15
And keep the V1 &V2 are same according to the table 1.3.T* . taken the Vo and record data .
Finally keep the circuit , but keep the V2=-V1 . taken the Vo and record data on the table 1.3.T** 
**note :-The tables are shown in the data and results part .
[image: ]

Fig 1.3.c

Data ,calculation & results :-

1-multi-stage  amplifier :-

Stage 1: input stage figure 



= 16mV
 = 2.08V
  = 130


Figure c1 that shown the oscilloscope output .
[image: C:\Users\raya co\Desktop\72890558_419113572130580_1200794880830341120_n.jpg]
Fig c1
Note :- 
𝑝, 

Stage 2 : output stage 






= 2.08V
 = 4.20V
  = 2.019
Figure c2 that shown the oscilloscope output
[image: C:\Users\raya co\Desktop\72580348_726763307844216_7800322906377945088_n.jpg]
Fig c2
Note :- 
𝑝 

Multi-stage : represent stage 1 & 2 connected in cascade 
= 16.00 mV  
  = 3.60 V
  = 225 when connected the two stages in cascade .
Total gian=Av1*Av2
=2.019*130=262.47 for stage 1&2




Figure c3 that shown the oscilloscope output
[image: C:\Users\raya co\Desktop\72643675_763374184089520_3966104149816246272_n.jpg]
Fig c3
Note :-


Questions :-
· What is the gain of your stage
  = 130    = 2.019
· What is the voltage gain of the two stage amplifier?
= 225
· What would happen if the coupling capacitor used did not have negligible impedance at 1  kHz?
Capacitors are designed to provide negligible impedance at frequencies of interest and provide open circuits at dc , and if we negligible impedance at 1  kHz, we will deal with as short circuit.




Comments about the results :-
we observe when we connect two amplifiers 'multi-stage amplifiers' and the total  gain is almost equal gain of first stage multiply the gain of the second stage  also we note the actual gain less than theoretical gain. This comes from potential loading effects when two amplifiers .


2-frequency response :-
Table results 1.2.T 

[image: C:\Users\raya co\Desktop\table 1.PNG]

 The  graph of magnitude frequency response (20 log (Av) vs log f) i.e. dB/Decade scale figure p.1 that shown below . 
[image: C:\Users\raya co\Desktop\50zoom.PNG]
Fig p.1 frequency response 


 Questions :-
· Does the output amplitude vary with frequency?
It was variable (Increasing, constant, and decreasing).
· What happens to the output amplitude at low frequency?
It was small at first then start increasing
· What causes this effect at low frequencies?
The coupling capacitor has effective impedance and this reduces the gain.
· What would you expect happen to the gain of the circuit at high frequencies?
The gain will decrease because of internal capacitor in transistor.
· Between which frequency limits does the amplifier have a constant gain? 
form 400hz to 30khz according to the table  .

· At which frequencies is the gain 0.707 times the maximum gain?
At fL = 3000 Hz and fH = 30kHz.
· What is the difference between these two frequencies?





Comments about the output results :-

shows the frequency response  will often start to fall at a very low frequency when operated in its open loop mode , Also the effect of input frequency on amplifier gain. Where in low frequency in capacitor of coupling has large impedance decreasing in time and the gain increase and start deal with it as a short circuit, then in bandwidth db decade scale becomes constant.

3.differential amplifier :-
 
Table 1.3.T*:-
[image: C:\Users\raya co\Desktop\table 2.PNG]


The graph of Vout against V1 = V2 . in figure p.2 that shown below .

[image: C:\Users\raya co\Desktop\plot table 2.PNG]
Fig p.2

Questions :-

· What is the slope of the graph?


· As  =  , what does the slope of the graph represent ?
The slope equal 

· What is your experimental value of ?
2.019

· If  is made zero instead of , what will the expression of Vout become?
 = ×


Table 1.3.T**:-

[image: C:\Users\raya co\Desktop\table3.PNG]

The graph of these results in the figure p.3 that shown below , and calculate the slope of the graph 
[image: C:\Users\raya co\Desktop\plot table3.PNG]
Fig p.3





Question :-

· What does the slop represent?
Ad: differential Voltage gain.
· What is your experimental value of Ad?
-0.667
· From the Ac and Ad values found, calculate the common mode rejection ratio of the amplifier?



Comments about the output results :-

The differential amplifier circuit was taken the difference between the two input voltages signal , and the gain when the two input was small cause a large differential gain .




































Conclusion :-

In this experiment will be discuss the multistage amplifier and how it operational principle . and describes ways to design an amplifier connection  by used a method  to connected over one has to take a large amount of amplifier gain . also  Frequency effect in voltage gain. In addition to another type of amplifier differential amplifier. This amplifies the difference between two input voltages. This may be useful for eliminating the noise from the devices that make up the circuit.
 
Finally , we will shown the difference between the experimentally and theoretically results .this difference it been from error in the digital multi meter resistance and digit of significant to read the output voltage, the carbonic resister value could be changed , and the internal resistor of the function generator .
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Experiment #6

Multistage Amplifiers and Frequency Response

Objectives: 7
1. Toi mvesllgatc what happens when transistor nmplmcr stages are ; connceted one after another.
2. To investigate the effect of frequency changes on the gain of the amplifier

Pre-lab Work:
You have to apply PSPICE simulation to all practical circuits shown in the procedure below, and you
have to do all necessary calculation you will need in the lab.
Procedure: 2
A. MULTISTAGE AMLIFIER

I. MULTISTAGE AMPLIFIER DESIGN.
1. Let us design a two stage amplifier with a voltage gain of 200 to give a peak to peak
output of 2.5V , As shown in Fig.(6-1) : Avi = 100, Av2=2, Vi= 16 mVp-p .

STAGEB
GAIN = 2

STAGE A

GAIN =100 OUIRLY

Fig.(6-1)

hie= 4x10°Q , hoe= 10* T, hfe = 300, hre =107,Vcc=10V.

2. Use a bypass capacitor of 100 pF in parallel with Ri; of first stage , the second stage

Design the first stage of the amplifier for the h- parameters of a BC107 transistor are :
| emitter resistor is left un-bypassed.

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

'thanhe variable dc control knob is at min. Switch on the PSU and adjust the
to give Vcc of +10V. G
£ Ng = 2 39 Vet

¢ of the collector, the emitter and base with respect o E o 509 Vo I

e Vee = 951L Vel

00 uE capacitor to the base of the transistor

: v
ompare this with the required output. [~ ot= .08V

|Page42
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Nuostion: '
e What is the gain of your stage

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

9. Ensure that the variable de control knob is at min. Switch on the PSU and adjust the

variable dc voltage to give Vec of +10V. Z A VL'{
) N = 2326 Vit
10. Measure the quiescent voltage of the collector, the emitter and base with respect 0 \ cz (L5 e Vel
ground. ( Measure Va2, Viz, V) \ICE = 4 937Vt

11. Connect the sine wave generator viaa 100uF capacitor to the base of the transistor Q2, and adjust
the generator output to 1.6Vp-p at 1 kHz frequency. Y (&7 wl = @ Y, Yy Vel

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

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

15. Adjust the generator connected to the input of first stage to 12.5mVp-p at f=1 kHz and measure
wie vuput srom the second siage.

OQuestions:

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

Note:
Keep the circuit connected for the next part.

1I. FREQUENCY RESPONSE.

1. For the same circuit of part I, adjust the output amplitude of the sine wave generator to a
suitable value and measure the output amplitude from the amplifier for the frequency 50Hz
100 Hz ,200,300,400,500Hz. 1 kHz . 50, 30, 100,300 , 500, 700, 1000 and 2000 kHz

2. Calculate Vout/Vin for each frequency.

3. Record your results as in table 6.1.

|Paged3
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Table 6.1

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

Questions:

Does the output amplitude vary with frequency?
‘What happens to the output amplitude at low frequency?
e What causes this effect at low frequencies?
'« What would you expect happen to the gain of the circuit at high frequencies?

'« Between which frequency limits does the amplifier have a constant gain?

‘hich frequencies is the gain 0.707 times the maximum gain?

‘'Wh tis the difference’ betwcen these two frequencies? Mark these two points on
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L el R Tion

1L DIFFERENTIAL AMPLIFIER.
1. Set up the circuit as shown in Fig. (6.2).

2.2k VARIABLE
07020V,
(e}

Fig.(6-2)

IS

Switch on the power supply .
Measure the output voltage Vout, for input voltage V1 and V2 of 0, 1, 2, 3, 4 and 5V.

G

b

Tabulate your results as in table 6.2.

VI=V2 Vv —
i - % 3-5 Yelb -

(7 P 3% 19 (S =
53 1S
s

Table 6.2
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6. Set up the circuit as shown in Fig. (6.3).

22k VARIABLE
0t020V

Fig.(6-3)

7. Connect a voltmeter between each of the amplifier inputs(V1 and V2) and 0
volt, and set both inputs at 0 volts .

8. Record the resultant Vout .

9. Measure and record Vout for V1, V2 as indicated in table HIGN

—2foe

[V2)

e
common mode rejection ratio
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