NF EFFECTS ON AN AMPLIFIER
I.    OBJECTIVES



Experimental determination of the quantitative relationship between the value of the amount of feedback (1+ar) and the modification of the closed loop amplifier’s parameters as compared to the open loop amplifier’s parameters due to NF: gain, nonlinear distortions of the gain, 3dB bandwidth, input and output resistances. 

II.  COMPONENTS AND INSTRUMENTATION


We use the experimental assembly from Fig. 5 equipped with two npn Si transistors, type BC107, 2 diodes, resistors and capacitors. To supply the assembly we need a dc voltage source. We use a dc voltmeter to measure the quiescent points, a signal generator for the sinusoidal input voltage and an analog dual-channel oscilloscope to visualize the variable voltages and the transfer characteristics. 

III.   PREPARATION

P.1. Basic amplifier and feedback two-port
P.1.1. Quiescent points

· Estimate the quiescent points (VCE, IC) and the voltages in the collectors of the transistors for the circuit in Fig. 5. The dc voltages in the base of the two transistors are 1V for T​​1 and 1.8V for T2.

Suggestion: Draw the equivalent dc circuit.

P.1.2. Open loop gain

· What are the components of  the feedback two-port?
· Does the feedback appear only in dc, ac or both in dc and ac? Why?
· Prove that the feedback’s topology is series (voltage)-parallel (voltage).
Suggestion:  Draw the equivalent small signal circuit.



The basic amplifier from Fig. 5 is a non-linear amplifier because of the diodes D1 and D2 and of the voltage dividers R11, R12 and R15, R16. For small amplitudes of the variable voltage in the collector of T2, the two diodes are off and the resistors R11, R12, R15, R16 do not influence the gain a. When the amplitude of the variable voltage increases in the collector of T2, to a certain value, the diodes will be in on state, D1-for positive half-wave and D2 for the negative one. The equivalent resistance in the collector of T2 will get smaller, leading to a proportional decrease for the gain a1. 

· Which are the values for the open loop gain a (D1 and D2 off) and a1 (D1, D2 - alternately on)? The input resistance in the second stage (with T2) is approximately 12K(.



The vo(vi) transfer characteristic in ac only for the circuit without feedback is represented in Fig. 1.a). From this characteristic, we derive the gain as the slope in a certain point. Are these values the same with the ones computed before?  
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Fig. 1. Transfer characteristic of the amplifier in ac:

a) no feedback; b) with feedback.

P.1.3. Feedback factor

· What is the value of the feedback two-port transmittance r?
· Does the circuit have NF?
· What are the values of the amounts of feedback, (1+ar) and (1+a1r)?
P.2. NF effects
P.2.1. The gain, the variation of the gain, the non-linear distortions of the gain

· For the feedback circuit, determine the values of the gain A and A1.
· The transfer characteristic, vo(vi) for the feedback amplifier, in ac only is presented in Fig. 1.b). Do the values of the gain computed by you correspond to the ones obtained from the transfer characteristic? 
P.2.2.The bandwidth



After simulation we obtained the Bode plots presented in Fig. 2. The plots were determined for the open loop amplifier’s gain a, respectively for the closed loop amplifier’s gain A.

· Determine the bandwidth of the open loop amplifier, B, and the bandwidth of the closed loop amplifier, Br. Pay attention to the logarithmic scale used for the frequency!

· What should be the relationship between B and Br? What about between the gain-bandwidth products?

P.2.3. Input and output resistances



The common circuit to bias a BJT in an amplifying circuit uses a resistive divider in the base of the BJT. In this case the resistance seen by the signal source is composed by the resistance in the base of the transistor in parallel with the two resistors in the divider. To ensure the stability of the operating point the resistances in the divider can not have large values, so the resistance seen by the signal source is heavily affected by the divider resistances. In a case of an emitter degenerated amplifier, as the first stage in our circuit, the resistance appearing in the base of the first transistor has a high value. Because of the divider, the signal source tends to see the resistance of the voltage divider, rather than the resistance from the base of the transistor. 


To study the effect of negative feedback on the input resistance of the amplifier it is necessary to avoid the influence of the resistance of the divider on the small signal resistance seen by the signal source. The solution is to use the bootstrap method to considerably increase the resistance due to the voltage divider in the base of the transistor, by means of  R1 and C2 components.


Setting up a close to infinite resistance for a variable signal is equivalent to say that the variable voltage applied on that resistance is as small as zero (it results a zero current through the resistance). To accomplish this, the R1 resistor was introduced in the circuit, having one terminal connected at the input of the amplifier and the other terminal connected in a point in the circuit with the same signal potential, its potential follows the potential of the input (bootstrapping method).


Because we want this resistance to matter only for variable regime and not to affect the dc regime (the operating point), the C2 capacitor is necessary. The value of C2 should be large enough so that its equivalent impedance will be neglected (considered short-circuit) for the frequency of the useful signal.
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Fig. 2. Gain-frequency characteristic of the:

a) open loop amplifier; b) closed loop amplifier


As a second connection point for R1, the emitter terminal of the first transistor is used, because we know that there is a voltage follower.     

· Do the input and output resistances of the amplifier modify by introducing the NF? 
· How can we compute the input and output resistances (Rir and Ror) of the closed loop amplifier if the input and output resistances (Ri and Ro) of the open loop amplifier are known?
IV. EXPLORATIONS AND RESULTS

1. Basic amplifier and feedback two-port
1.1. Quiescent points

Explorations

· Supply the circuit from Fig. 5 at 20V dc.
· Check if T1 and T2 are on (vBE≈0.65V).
· Determine the quiescent points and the collector voltages for the two transistors, in the case of an open loop amplifier, K open (off), and in the case of the closed loop amplifier, K closed (on).
Results

· The quiescent points and voltages in the collectors of T1 and T2. 
· Are the dc values influenced by the feedback? Why?
· Compare the measured values with the ones obtained at P1.1. What is the cause of the differences between the computed and measured results?
1.2. Open loop gain

Explorations

· Supply the circuit at 20V dc; K open (off).

· To determine a, vi is a sine wave signal of 1KHz frequency and 20 mV amplitude.

· vi and v​o​ are simultaneously visualized.



Because of the non-linear character of the amplifier, a1 cannot be computed as a ratio between the amplitudes vo and vi, even though the amplitude of vi is large enough for the gain to be a1 (Fig. 1.a)). We will determine a1 from the slope of the transfer characteristic vo(vi) in ac. 

· vi  is a sine wave signal of 1KHz frequency and the amplitude 500mV. 
· The transfer characteristic vo(vi) is visualized.
Results

· vi(t) and v​o(t)
· The ac transfer characteristic vo(vi).
· From the transfer characteristic, determine a and a1 as the slopes of the corresponding line segments.
· Compare the values for a and a1 with the ones obtained by simulation (Fig. 1.a)) and the ones computed at P.1.2.
· For what range of values of vi do we have the gain a? What about for the gain a1?
· How do you explain the presence of the horizontal line segments on the vo(vi) characteristic?
· Is the basic amplifier inverting or non-inverting?
1.3. Feedback factor

Explorations

· K is closed in order to have feedback.
· vi – sine wave signal of 1KHz frequency and the amplitude smaller than 100mV.
· The voltages vo and vr (voltage across R5-feedback voltage) are simultaneously visualized.
Results

· vo(t), vr(t). Take into account that the orientation of vr(t) is from the emitter of  T1 to the ground.

· The value of r.

· Compute the two values of the amount of feedback: (1+ar), (1+a1r)
· Does the circuit have NF?
2. NF effects 

2.1. The gain, the variation of the gain, the non-linear distortions of the gain

Explorations

The vo(vi) characteristic for the feedback amplifier is determined.

· K-closed (on).

· vi – sine wave signal of 1KHz frequency and amplitude of 900mV.

· vo(vi) is visualized.

· For all the following experiments, the amplitude of the input voltage will be chosen so that the amplifier works only in the first region (open loop gain f).

Results

· vo(vi) for the closed loop amplifier. Does it look like the one obtained by simulation (Fig. 1.b))?
· From the transfer characteristic, the gains of the first region A and of the second region A1 are determined.
· Compare the values to the ones computed at P.2.1.
· The closed loop gain is …… than the open loop gain.
· Compare vo(vi) to the one obtained for the open loop amplifier (section 1.2.). Comment the effect of NF on the non-linear distortion of the amplifier’s gain.
· Compare the relative variation of the open loop amplifier’s gain: (a-a1)/a to the one of the closed loop amplifier’s gain: (A-A1)/A.
· What is the explanation for this difference of the relative variation for the two amplifiers?
2.2. The bandwidth 

Explorations

· K-open; open loop amplifier.
· The amplitude of vi is 20mV.
· Measure the bandwidth of the basic amplifier. The experimental procedure is:
- Adjust the frequency of the input signal to obtain the maximum amplitude of the output signal. This means we are inside of the bandpass of the amplifier.
- To determine fL: decrease the frequency of vi until the amplitude of vo decreases to 
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- To determine fH: we increase vi until the amplitude of vo decreases to
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·  K-closed; feedback circuit.
· Measure the bandwidth of the feedback amplifier for the amplitude of vi of 200mV (Use the same experimental procedure as above).
Results

· B, Br
· Does the following relation Br=B•(1+ar) hold:?
· The bandwidth of the closed loop amplifier is … than the one of the open loop amplifier.
· What is the relationship between the gain-bandwidth products for the open loop amplifier and for the closed loop amplifier? 
2.3. Input and output resistances

Explorations

a) Input resistance



To measure the input resistance of the studied amplifier we propose the following method (Fig. 3.):
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Fig. 3. Measuring the input resistance


We consider the signal generator an ideal source and we introduce an external variable resistor R6, comparable to Ri (in our case hundreds of K(). The input voltage is applied now to the Input2 terminal.

· K-open; open loop amplifier.

· vs – sine wave signal of 1 KHz frequency and amplitude of 200mV.

· measure the amplitude of the vi  voltage on the oscilloscope.
· now we know vs, vi and R6. Using the relation of a voltage divider we can easily compute the input resistance Ri.

· K-closed; closed loop amplifier.

· Rir is determined; the amplitude of vs may increase up to 600 mV.

b) Output resistance



To measure the output resistance we propose the method shown in Fig. 4. First the value of the output voltage without load vo,oc is measured, then with load vo. RL is modified until v​o=vo,oc/2. In this case the value of R​o may be read directly from the decade box. 
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Fig. 4. Measuring the output resistance

· By applying at the input of the circuit a sine wave signal with the amplitude of 15mV, we determine Ro for the open loop amplifier.

· Having the maximum amplitude of 300mV at the input of the circuit, we determine Ror for the closed loop amplifier.

Results

· Ri, Rir, Ro, Ror
· Are the rules found at P2.3 followed?
· For the s-p topology of the NF, Rir is … than Ri, and Ror is … than Ro.
To summarize the knowledge let’s fill in the Table 1.

Table 1.

	Amplifier’s

parameter
	Modifying due to NF

	
	consists of
	is

	
	
	favorable/unfavorable
	Because

	The gain
	
	
	

	Relative variation of the gain
	
	
	

	Non-linear distortions 

of the gain
	
	
	

	Bandwidth
	
	
	

	Input resistance
	
	
	

	Output resistance
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Fig. 5.  The amplifier circuit
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Fig. 6. Experimental assembly
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