AMPLIFIERS
VCE Physics – Unit 3
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Do you own an amplifier? Most people think that if they’re not playing in a band the answer is no. We tend to picture amplifiers as large heavy boxes of electronics. But in fact if you own any of the devices that are common in the modern world:– a mobile phone, mp3 player, VCR, radio, TV, computer, DVD player, etc then you probably own a great many amplifiers. You probably have several amplifiers in your pocket right now.
Amplifiers are used whenever a very small pulse or signal must be boosted.

For example: 
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                                               Fig. 1.1
Typically, the size of the signals received from transmitters at the antennas of Radios, TVs, Mobile Phones etc. is in the order of microvolts (millionths of a volt, (V).
Similarly, the voltage variations (signals or pulses) generated in microphones; record player needles; CD / DVD optical detectors; heads in hard-drives; antennas in remote-controlled devices such as automatic garage door controllers, VCRs, car alarms etc. are also extremely small.
When you make a call with your mobile phone its signal strength is only about a quarter of a Watt. It has to radiate in all directions, as it does its intensity drops rapidly as 1/d2. Imagine how small the fraction of this signal must be that intercepts a small network antenna a kilometre or more away. Yet the signal is successfully processed and sent on. This also requires very high quality filters to pick the desirable signals out from all the others.
The problem is, however, speakers require many volts to work, so do the remotely controlled devices that arm alarms in cars and lock/unlock their doors, turn on the motors the operate automatic garage doors etc. So these signals and pulses must be greatly increased to be useful. Amplifiers perform this task.
· In this course we study one type of amplifier called a Class A CE (Common Emitter) Linear Amplifier.
            Their basic components are (i) a single Transistor (ii) Voltage dividers 
            (iii) Capacitors (iv) Resistors
· These amplifiers preserve the input signal’s frequency: 

 
Input Frequency = Output Frequency
· Only the amplitude of the input signal is amplified by a constant amount. This magnifying factor is called the amplifier’s VOLTAGE GAIN, AV. 
Voltage Gain is defined as:


Gain AV = - 
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                                                  ∆VIN                                        ∆VOUT  
                                                                                                               Fig. 1.2
Eg: In this example, the Amplifier’s GAIN = - 4.0V/0.02V = - 200
Most amplifiers invert the signal (we will see why later). This is the reason for the negative sign. This inversion is usually not a problem but if it is, a second inverting amplifier (2nd stage) is used to follow the first.
The negative gain means that as the input voltage increases or decreases just a little the output swings in the other direction a lot. 

Typical Vin – Vout Graphs for inverting amplifiers:

For amplifiers it is common to produce a graph of how the output voltage varies versus the input voltage: VOUT vs VIN graphs. These graphs don’t have to go through zero as you might expect (see Amp. 2 below) but usually have a non-zero output even when VIN = 0 (as in Amp 1 below). We will see later that this is a result of what is called DC Biasing of the amplifier. The result is that the output of the amplifier will be a steady, non-zero voltage even when there is no input signal applied.
These graphs have a sloping section that represents the useful/working range of the amplifier and horizontal sections that are a result of the limits of the power supply to the amplifier.
Note: The voltage gain AV = - ∆VOUT /∆VIN is also the GRADIENT OF THE VOut vs VIN graph. In both cases the gradient is negative as most amplifiers are INVERTING. 
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The gain of Amp. 1. = gradient = - 8.0V / 0.020V = - 400 
INPUT SIGNALS:
In the following examples the input signal is a simple sine-wave. Of course real signals from audio sources will be far more complex with both frequency and amplitude varying, fig 1.3.
                                                               
                                                                            ∆VIN = vin      
                                                                                                   Fig. 1.3
Applying a sine-wave signal input of constant frequency & amplitude: 

           (VIN = vin
 5mV

                                                                                               time

-5mV
                                     Fig. 1.4
Therefore, if, say, its input ∆VIN  = 5mV then the size of the output signal variation would be:

                ∆VOUT  = AV x ∆VIN  =  400 x 5mV = 2000mV = 2V               
 
                                                                                                               Vcc = 8V
                                                                               0 V
                                                                                          Fig. 1.5
(Often the supply voltage and earth are left off the symbols for amplifiers and just the triangle symbol is shown:                          ) 

A graph of this amplifier’s output in this example would look like this for a steady sinusoidal input signal of amplitude 5mV:


 8V       VOUT
                                 AV = - 400
6V
4V                                                                               Peak-to-Peak voltage = ∆VOUT  
                                                                                                                    = 6 – 2 = 4V
2V
0 V                                                   time               Fig. 1.6
The signal’s Amplitude is 2 volts. 
What is assumed here is that the output of this amplifier is centred around 4V (halfway between the supply voltage of 8V and earth). Therefore even when no input signal is applied (VIN = 0) the output would be a steady 4V. This 4V is called the quiescent level.
                                           8 V

                   No signal                        4 V (Quiescent level)
                                                             Fig. 1.7
                                             0 V     
Now if the 5mV-peak (10mV peak-to-peak) signal is applied we will see the output voltage swing from the quiescent DC level of 4V down to 4 V - 2V = 2V and up to 4V + 2V = 6V at the same frequency as the input signal as shown in the graph.
Remember this is an inverting amplifier, so when the input signal starts to rise from 0 to 5mV, because of the negative gradient shown by the graph for amp.1 on page 3 the output starts to fall from its steady, quiescent level of 4 V down to 2 V and when the input signal falls from 0 to -5mV the output rises from 4V. So as the input swings positive, the output swings negative and vice-versa.  
Representing the INPUT SIGNAL:

The graph of the input signal to the amplifier in figure 1.4 shows the variation in voltage, (Vin only. With reference to the graph of Vin vs Vout for Amp 1, a value of Vin = 30mV corresponds to an output of 4V. So we could also graph the absolute value of Vin with the signal varying by 5mV about the average value of 30mV rather than just the ∆VIN graph for the input signal:
E.g.  Input Signal:
VIN    (mV)                                                                   (VIN = vin     

35                                                       (mV)
30
25                                      OR         5
                                                     0                             t
                                      t             -5
        Magnitude of VIN                                                 Magnitude of change in VIN = (VIN
          Fig. 1.8a                                                                    Fig. 1.8b
 Feed this signal into amplifier:                          Output result:
                  
                   8V     
                                                 6
             AV 

            = 400             4V              4 

Vin                                           
                                                 2 
                        0V                    
         Fig. 1.8c
                                                                 Fig. 1.8d

Clipping:

You can’t get something for nothing:
Again consider the first Graph. What if the input signal varied with a peak-to-peak value of ∆VIN (p-p) = 30mV. What do you expect the output signal’s peak-to-peak ∆V to be?
Would it be 400 x 0.030V = 12Volts? This represents a peak value of 6V, so assuming the quiescent level were still set at 4V, would the output now swing up to 4 + 6 = 10V and down to 4 -6 = -2V?
No! The amplifier is only supplied with 8V and earth so 8V is the highest output voltage variation achievable. 

What would the output signal actually look like? It would be clipped and if it were driving a speaker the sound would be distorted.

VOUT
                                                                                       Fig. 1.9
8V
4V

    0                                                                           t
In fact for this amplifier, if the most the output can swing between is 0 to 8 Volts from an average value of 4V and the gain is 400, what is the largest ∆VIN  possible that will not result in a distorted output?


                                                                             VIN
                                                                40mV
                                                                30mV                                                 ∆VIN  
                                                                20mV

                                                                                      Fig. 1.10
Any audio signal, no matter how complex (e.g. fig. 1.3) can be represented by sum of sine-waves of various frequencies and amplitudes (known as Fourier’s theorem). Any clipping of a wave form changes these sine waves and it sounds harsh to the ears. You sometimes hear the results of clipping when you turn the volume up too loud on a radio.
Amplifiers – what’s inside:

Basic circuit: 

                              VCC Supply 
                                        R1                Rc
                                                                       C2

                              C1
                                                                                 Output
Input                                                        Q


                                        R2                        RE
                             Earth (0 volts)
                                                             Fig. 2.1
Notes: 
· As you can see above, there are really 2 types of voltage (and current) in the amplifier circuit:
(i) DC (Direct Current) - consisting of the Supply Voltage, Vcc, and the various voltage levels around the circuit controlled by the resistors etc.
(ii) AC (Alternating Current) – this is the signal passing into, through and out of the amplifier. This is classified as AC since, unlike DC, it varies with time.
(Actually it’s not 2 types, DC can always be considered as AC with a frequency of zero)

· C1 and C2 are capacitors (these block DC and only pass signals: AC)
· Q is a Transistor – it is the principal amplifier component. Everything else is there to help it do its job.
· R1 and R2 form a voltage-divider. It sets the DC voltage of the input to the transistor (its base).
Biasing
Setting the DC levels to suitable values at various points around the circuit (with the correct choice of components) is called biasing the amplifier.

· The maximum peak-to-peak swing of the output signal, ∆VOUT  would be VCC – 0 = VCC. To achieve this, the DC level at the output should be set to halfway between Vcc and Earth = ½ Vcc. This is the job of RC and RE (RE isn’t always present). 
For example, if VCC = 9V, then it is desirable to set DC level at the output to 4.5V so the amplified signal can swing from 4.5V up to 9V, down to 0V and so on. 
                         9V                                                                  9V
             4.5V              ∆VOUT = 9V                                7V               VOUT = 2x(9 - 7)                                 
                                                                                                              = 4V
                                                                                                      (Max unclipped)
              Ov                                                               0v
Max ∆VOUT  achieved.                                           Less desirable.          Fig. 2.2
Different representations of the CE Class-A amplifier:



      






Note: It is common to represent circuits with a supply rail VCC (right) rather than a battery (at left). This is true for most complex circuits. Imagine a computer motherboard for example, it has hundreds of components and each one could not possibly be connected directly back to the power supply, there’d be wires everywhere. Instead there is a track set to VCC and another track set to 0V that runs around the board and each component is connected to it at the closest point. 
The role of the Capacitors C1 and C2:
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                                                                               Current = 0
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Fig. 2.4

[Note: (not for exam)

Capacitors do offer some resistance to AC and the higher the frequency the less the resistance (R ( 1/f). So high frequency signals pass through capacitors more easily than low frequencies. When any component’s resistance changes with frequency we refer to resistance as impedance (Z). 
There are also components in circuits that can block AC and pass DC. These are called inductors.]
Decoupling AC and DC:
The input signal to an amplifier is usually a mixture of AC and DC. The Capacitor C1 removes the DC component while allowing the AC signal to pass into the amplifier. Similarly, the output capacitor C2 removes the DC component from the amplified signal. We say capacitors decouple AC and DC.
        Input to C1                                                                            Output of C1
V                                                                             V

                                                C1
0
                                       t                                                                             t
DC + AC ripple                                                       DC removed
                                                                             (decoupled)
         Fig. 2.5a                                                                    Fig. 2.5b
TRANSISTORS:
It is a semiconductor device that has become essential to the modern electronics industry and some describe as the greatest invention of the 20th Century. Invented in 1947 at the Bell Telephone Laboratories by physicists Bardeen, Shockley and Brattain, the team winning the 1956 Nobel Prize. It won John Bardeen the first of his two Nobel Prizes. (The second was for the theory of superconductors, known as BCS theory. He is still the only person to ever win 2 Nobel Prizes in Physics).  

[In fact Shockley should not have received the amount credit he did. Bardeen & Brattain made the first working transistor, an unreliable point-contact transistor. Announced on December 16th 1947 it had a gain of about 330. Only their names appear on the transistor patent. However, virtually all transistors in use today are based on Shockley’s field effect design.] 
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Transistor as an Amplifier:
A transistor can be used as an amplifier or a switch. There are several different types of transistors; in this course we use npn BJT (Bipolar Junction Transistor) -types.
Current flows into the Collector C and out of the Emitter E.

                                                                               IC 


                 IB ( 0

                                                              IE = Ic + IB
                                                                 ( IC
                               0.7V                                           Fig. 2.6
A very tiny current on the transistor’s base B is able to control the transistor. Very small changes in IB cause very large changes in IC.  This is how it acts as an amplifier: the small input signal causes the tiny variations in IB which cause very large variations in IC.

A transistor will not conduct until the voltage between the Base and Emitter is 0.7 volts: 
       VBE = 0.7V         (We say 0.7 V is the forward bias)
(  VB = VE + 0.7      (VB means the voltage at that point relative to earth: 0v)
The transistor is a current amplifier. 
                                                                                             ICE
                                                                                                                   fig. 2.7
Typical values:  20 < ( < 200                                                                              VBE
                                                             0     0.7                                 
When the DC Voltage levels around the circuit are set for the transistor to operate we call this the Quiescent point. This is set by the resistor values. At the quiescent point the transistor is more or less “turn half on”.
Worked example: 
No signal input, just calculating the DC levels around the circuit that should correctly bias the amplifier.

             Vcc = 20V

                                R1                       RC
                                                               C                            output
                       C1                          B                            C2
     input

                                                                    E
 
                               R2          200(
                  0 V                                           Fig. 2.8
(a) Calculate the value of R1.
We use the base voltage for this and the voltage divider rule on R1 & R2:
VBE = 0.7 and we can see that VE is zero because the emitter is earthed in this particular amplifier, therefore VB = 0.7

Using the voltage divider rule:                                                  
0.7/20 = 200/(200 +R1)                                                R1
Solving: R1 = 5,500( = 5.5K(
                                                 20V
                                                                            
                                                          R2      200(      0.7V
                                                                                                 0 V                     fig. 2.9
(b). Calculate the current in R1 & R2. 
Though a small current flows into the transistor’s base (IB) we neglect it and assume          IR1 = IR2: = 0.7 / 200 = 0.0035A = 3.5mA
(c). Given that the transistor’s current gain ( = 120, and IB = 0.05mA find IC:
IC = ( x IB = 120 x 0.05mA = 6mA
(d) Calculate IE:
IE = IC + IB = 6mA +0.05mA = 6.05mA, however, we usually ignore the small IB.
So to a good approximation: IE = IC = 6mA
(e). Given that RC is selected to set the quiescent DC level of the collector C to 10V, calculate the value of RC:
Now we have: Vcc = 20V and Vc = 10V so the voltage drop across Rc = 20 – 10 = 10V
The current passing through Rc calculated in (c) above is 6mA. 

Therefore Rc = 10V / 6mA = 10V/0.006A = 1,667( = 1.67K(
(NOTE: keep current values in mA and get R in k(.  Here: 10V/6mA = 1.67k()

A simple Amplifier: Circuit 1 (Firstly see Potentials Practice Questions on the 2nd last page). 
           VCC = 10v

                     
             R1                                        RC
                      IR1       IC
                                   C

                          B


                                       E

                      IR2
  VB        R2      500(                   VC
                                       IE

                                          fig. 2.10
Calculations: (Take ( = 150)

(i) VE = 
                      

            (ii) VB = 
(iii) IR2 =                                  


(iv) IR1 = 

(v) Use the voltage divider rule to find R1:

(vi) Given that IB = 30(A,  and ( = 150, what is IC ?
(vii) What is the emitter current IE:  

(viii) To achieve the maximum possible peak-to-peak output voltage ∆VOUT, what should the collector voltage VC be set to?
(ix) Use this value and your answer for IC to calculate the required value of RC:

Note (again): Keep R-values in k( and I-values in mA: V=I x R will come out in Volts
          since k( x mA = 103( x 10-3 A = 1 x volts
Eg: If R = 2k( and I = 3mA then V = I x R = 3mA x 2k( = 6 Volts potential difference.
Circuit 2: A npn CE Amplifier with an Emitter by-pass:-
 VCC = 12V
                 

                  R1         2.2K(                   RC = 1.2K(
                                                            C                                                                              

                                       B
                                                        E                              
                                                                                           
                                                                                   4V
                  R2                       RE                                 
                                        500(     
                 



         CE

NOT for exam:



Calculations: (Assume VC is set to 4V).
(i) IC = 
(ii) Given that IB = 50(A, calculate the transistor’s current gain ( = IC / IB =

(iii) Approximately, what is the value of IE?

(iv) VE = 


(v) VB =                                                       (vi) The voltage across R1
(vii) The current in R1 =
(viii) The value of R2 = 

(ix) What happens to the value of VC as IB (and therefore IC) rises in both circuits? Can you explain why these amplifiers invert signals?

Circuit 3 
(No R1 or RE)
                                       8V

                                              R1         330k(      RC         1.2k(
                                                                              C                           Vout = 4V
                                                                 B
                       Vin
                                                                                   E
                                                                 0 V
Calculations

1.(i) What is the DC value of VB?

(ii) What is the voltage across R1?

(iii) Calculate the transistor’s base current IB: 

(iv) What is the current passing through RC?

(v) What is this transistor’s current gain ( = IC / IB?

2. Given the magnitude of an amplifier’s Voltage Gain is AV = 40, find the value of V1 on the horizontal axis in the graph below:

            VOUT
                 8 V
                                                                                   ∆V = ______ mV
                                                                                    V1 = ______ mV
                 2 V
                  0 V
                                V1            250                  VIN (mV)                fig. 3.1
Circuit 4 - Signal operation (worked example):
                   Similar to Circuit 2 from page 14, but this time including capacitor COUT
Vcc = 12V

                                                                                       IC = 3.33mA
                                     R1        2.2k        Rc         1.2k
                                                                                                 COUT
   (VIN                                                         C                                      V(C out)
                                                         B                Vc 
                                                                                ( = 150
                                                                          E
                                                                           
                                                                                           CE
                                    R2          1.2k      RE          500(

                                                                                       fig. 4.1
(a) Given IC = 3.33mA, calculate Vc
Vc = Vcc – Ic x Rc = 12 – 3.33mA x 1.2k = 8.0V (This is the DC quiescent level).
(b) Calculate the size of IB: for a value of beta ( = 150
IB =  IC / ( = 3.33mA / 150 = 22.2(A 
(c) Now a signal is applied to the input (Vin = vin.

Given that a maximum change in VIN of 15mV (peak) causes a change in the base current of (IB = iB = 16.7(A (peak) calculate the size of the change in the current Ic:
    (IC =( x (IB = 150 x 16.7(A = 2.5mA  
(This means that the signal will cause the quiescent collector current Ic to swing back and forth between the values of 3.33 +2.5mA = 5.83mA and 3.33 – 2.5mA = 0.83mA).
(d) Calculate the peak change in voltage at the collector, (VC caused by the input signal:
The amount the voltage at Vc changes by is identical to the amount the voltage across Rc changes by.  (VC = (V(Rc). 
Note, it is the changes that are equal, not the values of Vc and V(Rc).
  (VC = (V(Rc) = (IC x RC = 2.5mA x 1.2k = 3V (peak) or 6V peak-to-peak.
(e) Calculate the voltage gain, AV, of this amplifier:
Now the value of (vOUT here is the size of the change in Vc = (vC
AV =  - (VOUT / (Vin = - 3V / 15mV = -3 / 0.015 = 200
(f) Graph the output of this amplifier for this 15mV signal at both VC and at the output of COUT:
         VC (Voltage at collector)                                     V (Cout) 
11
8                                                                            3
5                                                                            0                                                                   
                                                                                                                                         t
                                                                            -3
  0                                                            t                     COUT removes 8V DC component
           fig. 4.2






fig. 2.3
Circuit 5 - Signal operation


Vcc = 12V
                                        R1        3.3k        Rc         2.5k
                                                                      Cout

                    Cin
                                                       ( = 120

                                                                                 VOUT
                                      R2                      RE          800(
                                 fig. 5.1
Firstly, the DC operation of the circuit:

(a) When there is no signal input, IB = 20(A and ( = 120, find IC:
(b) Calculate the collector voltage, VC:

(c) Find the voltage at the emitter, VE:
(d) Find the Collector-Emitter potential difference VCE:

(e) Given that VBE = 0.65V for this transistor, find the DC base voltage, VB:
(f) Find the value of R2:
Now an input signal from a microphone is applied to the transistor’s base B:

                           (vIN 
              25mV      
                                                                                t
           - 25mV






fig. 5.2
The signal is a simple sine-wave. When the signal’s voltage peaks at 25mV the current to the transistor’s base increases by 5(A.  

(g) Calculate the maximum variation (peak-value) in the current through RC:
(h) Calculate the maximum variation (peak-value) in the voltage across RC:

(i) Calculate the voltage gain, AV of this amplifier:
(j) Sketch the output signal at the collector before COUT and after COUT = VOUT :
     VC                                                                          V output of COUT
12                                                                   6
                                                                        0                                                                      
                                                                                                                                         t
                                                                     -6
                                        t 
(k) Using your value of AV from Q5(i), what is the largest input signal that can be fed into this amplifier before clipping will occur? 
Now a larger input signal is applied. The peak-to-peak base voltage is now 300mV (150mV peak).
(l) Sketch the output wave forms expected at (i) the collector and (ii) VOUT
       VCollector                                                                VOUT        
12                                                                  
Notes: (not for exam) 
· Most amplifiers are more complex than these. The problem with these Class-A amplifiers is that they are very inefficient: they constantly draw current even when there is no signal at the input. More efficient designs use the signal to switch the amplifier on. (However, some audiophiles believe only Class-A amplifiers are capable of delivering the purest sound).
· There are many other configurations of amplifiers than shown in these notes or covered in this course.

· Some applications require current amplifiers rather than voltage amps. For these the current gain, AI, is of greater interest than AV.

· Most amplification is actually done in stages, with several amplifiers cascaded. This way a very tiny input signal is gradually amplified. This has to be done because very high gain amplifiers are difficult to keep stable and low gain amplifiers are much more reliable for constant gain over a wide range of temperatures and frequencies. The overall amplification is just the product of the gains of each of the stages. So if a gain of 400 were require this might be achieve with two stages each of Av = 20.
· Increasing an amplifier’s gain tends to decrease its bandwidth (taken here to mean the range of frequencies over which the gain is constant). 
                     Gain


                                                                                                            Log (freq)


                                                     High gain, lower (f

                                                     Low gain, higher (f
            fig. 6.1
As the graph shows, the gain of an amplifier is frequency dependent. Outside the operational range the gain trails off and what the operational range is, depends on the application: e.g. for a mobile phone signal it might be centred around a GHz, for an audio amplifier it might be 20Hz to 20kHz etc.
Application:  A simple radio might be modelled by:


              Triple J                        3MMM
FOX FM
                                  Antenna
Nova
                                                                   A1            A2        A3          Speaker
                                                                    Gain = A1 x A2 x A3 
                                                                                                          fig. 6.2
· COUT (an output capacitor) would be between each of these stages so that the input to each following stage has the DC component (VC) removed leaving the signal to vary around zero. Also it is important to remove the output DC offset from any stage that drives a speaker. High DC voltages can damage speakers.
· One amplifier doesn’t fit-all. An engineer’s job is to design the amplifier to have a desirable gain that is stable and linear over a suitable frequency range.  This frequency range is different for almost every application - radio, mobile phones, telephones, TV, modems etc. Often there is some trade-off between power, gain, linearity and frequency range (and sometimes cost and size) so compromises have to be made. Amplifier design is still not an exact science and quite a few “rules of thumb” are used in their design and selection of components.
Solutions:

Circuit 1

(i) VE = 0 V  

(ii) VB = VBE + VE = 0.7V 
(iii) IR2 = 0.7V / 0.5k = 1.4mA
(iv) IR1 = IR2 = 1.4mA 
(v) 0.7V / 10V = 0.5k / (0.5k + R1)    Solving:   R1 = 6.6k(
(vi) Ic = ( x IB = 150 x (30 E -6) = 4.5 mA   

 (vii) Take IE = IC = 4.5mA
(viii) ½ VCC = 5V


(ix) VRC = 10 – 5 = 5V    ( RE = VRE / IRE = 5V / 4.5mA = 1.1k(
Circuit 2

(i) Ic = (12V – 4V) / 1.2k( = 6.7mA
(ii) ( = Ic / IB = 6.7E-3 / 50E-6 = 133                (iii) IE = IC = 6.7mA 
(iv) VE = 6.7mA x 0.5k( = 3.3V  

(v) VB = 3.3 + 0.7 = 4.0V
(vi) VR1 = 12 – 4 = 8V              


(vii) IR1 = 8V /2.2k( = 3.6mA = IR2
(viii) R2 = VR2 / IR2 = 4V / 3.6mA 
                             = 1.2k(
(ix) As (vin rises ((), VBE increases (() and therefore IC ( and so V across Rc ( and consequently VC = VCC (fixed) – VRc (. And visa-versa if (vin decreases. So the output voltage wave is always opposite to the input voltage wave form.
Circuit 3

1. (i) VB = 0.7V                 (ii) VR1 = 8 – 0.7 = 7.3V
(iii) IB = 7.3V / 330k = 0.0221mA = 22(A

(iv) IRC = IC = (8V – 4V) / 1.2k( = 3.3mA

(v) ( = IC / IB = 3.3mA / 0.0221mA = 149
2. ∆VIN = (8 – 2) / 40 = 0.15V = 150mV      

    So V1 = 250mV – 150mV = 100mV

 Circuit 5

(a) IC = ( x IB = 120 x 20(A = 2.4mA
(b) VC = VCC – IC x RC = 12 - 2.4mA x 2.5k = 6 V
(c) (IC ( IE)
      VE = IE x RE = 2.4mA x 0.8k = 1.92V
(d) VCE = VC – VE = 6 – 1.92 = 4.08
(e) VB = VE – VBE = 1.92 + 0.65 = 2.57V = 2.6V
(f) 2.57/12 = R2/(R2 + 3.3k)
     12 x R2 = 2.57 x (R2 + 3.3k)
     R2 = 8.48/(12 – 2.57) = 0.899k = 900(
(g) (iC = ( x  (iB = 120 x 5 x 10-6 V = 0.6mA
(h) (vRc = (iC x RC = 0.6mA x 2.5k = 1.5V peak or 3.0 V peak-to-peak

(i) AV = - (vOUT / (vIN =-1.5V / 25mV = - 1.5V / 0.025V = -60
(j) 
          VC                                                                        VOUT
12                                                                         6

7.5                                                                       1.5
 6                                                                         0
4.5                                                                      -1.5
0                                                                          -6
(k) Maximum peak swing from VC = 6V up to VCC =12V is 6V. 
Therefore 6V / AV = 6 / 60 = 0.1V

So (vin (max) = 0.1 peak or 0.2V peak-to-peak (100mVp or 200mVp-p)
(l) For (vIN (peak) = 75mV peak, (vOUT = - AV x (vIN = - 60 x 0.150V = 9.0V peak or 18V peak-to-peak. Clearly the output cannot rise 9V above the quiescent point of 6V at which this amplifier is biased so the output signal will be clipped at 0 and 12 volts.
VC
                                                                                       COUT removes DC component:
12

                                                                            VOUT               
6                                                                             6
0
                                                     -6
VOLTAGE POTENTIAL PRACTICE QUESTIONS (suggest these be done prior to working on Circuit 1, see page 14)
Calculating Potentials and Potential differences around the circuits:
Eg. 1                            These Potential Values mean:  Voltage above Earth (zero).
             12 V                      
                                         1. What Potential Difference (voltage) would a Voltmeter

                                           measure across R1?
           R1
                                       2. What is the P.D. across R2?
                    8 V 
           R2
            0 V          
Eg 2.         Vcc = ?                   1. What is the Potential at Vx? (This means that if a

                                                voltmeter were placed between X and earth, what 
                                                would it read?).
     R1                  V2 = 2.4V            
         X                                  2. What is the Voltage Vcc?
                           Vx = ?
    R2                  V2 = 5.2V            
                   0 V
Eg 3.                                       10 V           1. What is the voltage at E?  VE = ___
                                                               2. If the voltage between B and E is VBE = 0.7V, 
  200(                                    RC                  then what is the voltage at B= VB? _____
                                                               3. What is the potential difference (voltage)
                                                                   across the 200( resistor? ______

                                                               4. What current flows in this resistor? 

                 0.7V                                          
                                              RE        V = 3.5 V
  








fig. 7.1
                                0 V
Summary of DC circuit operation
                          VCC = DC Supply voltage


                                                                            IC
                                                                                                VRC = IC RC
                                                R1                        RC
                                                                              
                                                                                      C
               No Signal
                                                                    B           E

                                                R2                RE







                IE
      CE

                                          Earth = 0 volts

                                                     fig. 7.2
Summary of AC circuit operation

                      VCC
                                                                                                          (iC = ( x  (iB
                                                                                              (VRC =(iC x RC = ( (iB RC
                                  R1                      RC

                                                                                                                       (vC = (vRC

                                 R2                RE
∆Vin





∆Vout





   Input signal





Output signal





mV or (Volts





Need many Volts to drive a speaker





   20mV





4.0V





The energy to amplify must come from somewhere: its Power Supply.





We could represent the first amplifier with its Supply voltage Vcc (8 volts) and earth (0 Volts) like this:





Clipped output signal.





Occurs when 


GAIN x ∆VIN  > Supply





Answer:


∆VIN  max = 8V / 400 = 0.02V = 20mV peak-to peak value (or 10mV peak).





So the signal can vary by at most 10mV above and below 30mV (graph for Amp 1 and from fig. 1.8a) before clipping will occur.





A time varying voltage on one plate of the capacitor is mirrored on the other plate and so a signal, pulse or AC is able to “pass through”. Of course no electrons actually cross from one plate to the other.





A positive cycle on the left plate will induce a build up of negative charge on the right plate then when the negative cycle enters the left plate it will induce a positive build up the right plate and so on. 





So without actual charge transfer the time varying voltage on the left capacitor plate induces the same effect on the right and the signal appears to pass through.








A capacitor is basically 2 metal plates separated by a gap. A Direct Current (DC) cannot pass through it. 








E





C





B





Its CURRENT GAIN is defined as


              � EMBED Equation.3  ���





0v





Note:


The base resistance of the transistor is very high (that’s why IB is very small).





So R1 & R2 form a pure voltage divider, other parts of the circuit are not in parallel with it: you can treat the connection to B as essentially an open circuit and therefore assume  IR1 = IR2.





VB = VCC x R2 / (R1 + R2)








B   Base


C   Collector


E   Emitter





The By-Pass capacitor CE:





CE is called a bypass capacitor. 


It has no effect on the DC operation of the circuit.





It is present in real amplifiers to prevent RE interfering with the A.C. operation of the circuit. Signals are able to bypass RE through the low resistance path of CE to earth, so the value of VE will be more stable and have little affect on the base-emitter voltage VBE. 





[Not for exam: 


It also increases the amplifier’s gain. This is because of the approximate formula for gain is: Av (not by-passed) ( Rc / (RE + rBE) for this type of amplifier, where rBE is the AC resistance of the transistor’s base-emitter junction. The inclusion of CE makes RE invisible to the signal thus removing its resistance from the gain equation, giving the result:   AV (by-passed) ( RC / rBE   which is > AV (not by-passed.]





The presence of CE does not affect any of the calculations you do in this course. It will be present in most amplifier circuits you see but you can ignore it.








Tuning


circuits





Only passes selected frequency through. 
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Quiescent Point
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Purposes of RE





Amplifier designs can function without an emitter resistor, so why is it there?





1. The inclusion of the resistor at the emitter, RE improves the amplifier’s DC stability (giving it more constant gain).





It provides negative-feedback to keep the value of the transistor’s gain constant.


This is important as ( is very sensitive to temperature.


 


When the amplifier is in use its components get warmer.





As the transistor gets hotter, ( increases, so IC increases, so VE increases, and this reduces VBE  below 0.7V thus reducing ( as required. And vice-versa if the transistor’s operating temperature drops.





2. It also provides some protection to the transistor against excess current flowing through the emitter and possibly damaging the transistor.











∆Vin = vin 





∆Vout = vout 


           = ic Rc


    











Signal current


          = iin





E





C





B





Conventions for representing signal voltages and currents:





∆VIN = vin         ∆Vout = vout 





∆IIN = iin         ∆Iout = iout                                                                            


                  


That is, lower case letters or ∆ to represent time varying (AC) voltages or currents.


                                                       








This current controls IC





IC ( IB





Capacitors block DC but pass AC (signals)








Connected to earth so the voltage (potential) at the emitter E is 0 V





For maximum possible signal output this should be set half way between VCC (20V here) and Earth (0 volts) => 10V.


Assume it is here, however, this cannot always be achieved in practice.





The base potential should be 0.7 volts higher than the emitter potential: VBE = 0.7





So VB = VBE + VE





This bit is connected to the base, so it is at the same potential as the base.





Signal In





Signal Out





 (f)


                              12V








                  R1          3.3k





     12V





                 R2                 2.57V











                               0 V








DC base-voltage    VB = VE + VBE





Voltage divider rule gives: 





VB/VCC=R2 / (R1+R2)








VC = VCC – IC x RC


      = VCC - VRC





VE = IE x RE





IC ( IE





IC = ( x IB





Note: If R1 = 5500(  and R2 = 200( then values of 55( and 2( would also give the desired VB = 0.7V here. So why do amplifiers use such large values of resistors?


Because they reduce the current through R1 & R2 that is constantly being drawn (even when no signal is applied). 





VCC





Earth





VCC





 (VIN





 (VIN





VOUT





Is equivalent to:





VCC





Earth





 (VIN





 (VOUT





 (VIN





 (VOUT





The transistor’s inventors: John Bardeen (left) and Walter Brattain (right). Shockley is seated.





First transistor





By-pass Capacitor
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