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In this lab we will design a differential amplifier using two different biasing sources.  The first design will use a passive bias, a resistor, as the biasing current source and the second design will use an active bias, a transistor, as the biasing current source.  In this way, we can see the effects of non-idealities in the biasing current source on a differential amplifier as well as examine other aspects of the differential amplifier.
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Circuit
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NOTE:  For the purpose of comparing results, all tables have been grouped at the end of this report.
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Experiment

CIRCUIT 1

In this lab we constructed a differential amplifier using two npn transistors and compared two different methods of biasing this amplifier.  We began by construction the differential amplifier and using a resistor for the bias current as seen in Circuit 1 above.  For this circuit we used the calculated and measured values listed in Table 1.  

After constructing the amplifier we measured the DC quiescent values in Table 2 and compared them with our hand calculations.  It should be noted that our unpreventable mismatch in RC1 and RC2 as well as our ( variation between transistors could have caused the difference in our measure values for IC1​ and IC2.  This difference in quiescent current also resulted in our variation between VC1 and VC2.  The difference of these two values is known as the output offset voltage, which was equal to 0.41V.  

We next wanted to apply an input voltage of vid equal to 500mVpp at 5kHz.  Since our input to a differential amplifier must be:



vip = -vin = v​id/2

We used a 1-to-1 transformer to deliver our differential signal.  Those waveforms can be seen in Figure 1.

Next, we measured the input and output voltage values seen in Figure 2 to determine the differential gain (Avd) for this circuit (see Table 3).  It is important to note however, that the overall differential gain of the circuit can be positive or negative since we get inversion for free by switching the output references on a differential amplifier.  

In calculating our geometric mismatch for this configuration, we computed a mismatch of 40.74% using the values in Table 4.  This mismatch occurs from our RC​ and transistor mismatches within the circuit and is unavoidable in real-world applications.  However, for optimum performance, this value should be minimized by making the circuit as symmetric as possible.  

To measure the common mode gain (Avcm), we disconnected the transformer and applied an identical, in-phase-input voltage equal to 1Vpp at 5kHz (see Table 5).  The input/output waveforms can be seen in Figure 3.  Using the differential and common mode gains we calculated; we measured the common mode rejection ration (CMRR) for our circuit to be 37.726dB (see Table 6).  


Finally, we measured the input resistance (Rid) of our amplifier using a 500mVpp input voltage to vip in series with a Thevenin' resistance Rx and grounding vin (see Table 7).  

CIRCUIT 2

Since we know that increasing the resistance at our bias source in the collector can increase our CMRR, we connected an active source in place of the resistor as seen in Circuit 2.  Reference Table 1 and Table 2 for the values for this circuit.  After recalculating our output offset voltage for this circuit, we found it to be 0.3142V, which is slightly better than our previous circuit.  

We applied the same input as for the Circuit 1 and recalculated our differential gain (Avd) and observed that it changed little as expected (see Figure 5).  

We then measured our common mode gain (Avcm).  However, for this configuration, we must use an input voltage of 15Vpp at 5kHz in parallel with a 100pF decoupling capacitor to filter out the noise on the signal.  This gain was found to be very small on the order of 1/1000th V/V.  It should be noted that when measuring the value of the output signal, there is much room for inaccuracy due to the sensitivity of our equipment as well as the noise, which we could not filter (see Figure 6).  

Using these two gains from our actively biased differential amplifier, we notice, as expected, that our CMRR had increased to 89.59dB, which is more than double the value of our passively biased configuration.  

We used the same method used in Circuit 1 to measure our input resistance (Rid​) recorded in Table 7.  

Tables

	Component
	Hand Calc
	Measured
	% Error
	
	Component
	Hand Calc
	Measured
	% Error

	RC1
	3.9K(
	3.931K(
	
	
	R
	3.6K(
	3.598K(
	

	RC2
	3.9K(
	3.889K(
	
	
	RX
	30K(
	30.038K(
	

	RE1
	75K(
	74.594K(
	
	
	RB1
	6.2K(
	6.123K(
	

	RE2
	75K(
	75.764K(
	
	
	RB2
	1.3K(
	1.289K(
	

	RE3
	510(
	513.2(
	
	
	C
	100pF
	97.5pF
	

	

	Transistor
	(
	ro

	Q1
	122
	60k(

	Q2
	126
	80k(

	Q3
	151
	65k(


Table 1 - Component Values and Transistor Characteristics

	
	ICQ1
	ICQ2
	VC1
	VC2
	VE1
	VE2
	VE3
	VB3
	VR

	Circuit 1
	1.930mA
	1.986mA
	7.372V
	7.042V
	-0.635V
	-0.629V
	-
	-
	-0.781V

	Circuit 2
	1.835mA
	1.863mA
	7.801V
	7.550V
	-0.632V
	-0.629V
	-13.05V
	-12.41V
	-0.772V


Table 2 - DC Quiescent Values

	
	Vin(pp)
	Vout(pp)

	Ad 
	Hand Calc

	Circuit 1
	256.2mV
	10.31V
	-40.24V/V
	-46.34V/V

	Circuit 2
	256.3mV
	10.16V
	39.64V/V
	-41.85V/V


Table 3 - Differential Gain

	
	Vos
	(RC
	RCavg

	(IS/IS

	Circuit 1
	0.0102V
	0.042k(
	3.91k(
	0.4074


Table 4 - Geometric Mismatch

	
	Vin(pp)
	Vout(pp)

	Acm 
	Hand Calc

	Circuit 1
	1.016V
	0.5312V
	-0.523V/V
	-0.536V/V

	Circuit 2
	15.94V
	20.94mV
	0.0013V/V
	-0.000602V/V


Table 5 - Common Mode Gain

	
	CMRR
	Hand Calc

	Circuit 1
	37.726dB
	38.741dB

	Circuit 2
	89.59dB
	96.84dB


Table 6 - Common Mode Rejection Ratio

	
	Rx
	Vx(pp)
	VI(pp)
	Rid
	Hand Calc

	Circuit 1
	30k(
	0.5062V
	0.2314V
	25.87k(
	26.63k(

	Circuit 2
	30k(
	0.5063V
	0.2250V
	23.996k(
	22.045M(


Table 7 - Input Resistance 
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Circuit 1


Differential Amplifier w/ Passive Bias
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Circuit 2


Differential Amplifier w/ Active Bias
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Figure 1
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Figure 2
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Figure 3
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Figure 7
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Figure 6





�


Figure 5
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