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Experiments #6 
 

Differential Amplifier 

 

 
 

1) Objectives: 

To understand the DC and AC operation of a differential amplifier. 

To measure DC voltages and currents in differential amplifier.  

To obtain measured values of differential-mode gain 𝐴𝑣𝑑𝑚, common-mode gain 𝐴𝑣𝑐𝑚 
and common-mode rejection ratio 𝐶𝑀𝑅𝑅. 

2) Introduction: 

Differential amplifiers it is a type of electronics amplifier that multiplies the difference 
between two input signals by constant factor. 

Differential amplifiers are thereby able to reduce noise that is common to both inputs, 
only amplifying the differential signal that we are interested in. 

Differential amplifier is a basic circuit which used in all linear integrated circuit (IC), and it 
also a basic circuit in analog to digital and digital to analog converter circuits. 

Differential amplifiers circuit constructing from two bipolar junction transistor (BJT), so 
that have two separated inputs and outputs pins with common emitter pin as shown in 
figure 6.1 

These BJT`s must be matching and have same types to be able to connect it in parallel 
with collector resistors 𝑅𝑐1 & 𝑅𝑐2. 
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Figure 6.1: The basic differential amplifier circuit 

The output pin 𝑉𝑜1 is inverting pin, and the output pin 𝑉𝑜2 is non-inverting pin, so the 
phase shift between the two output signals equal 180 degree.  

Now we will be study the modes for differential amplifiers: 

1. Single input mode: 

That means single ended input and double ended outputs, we can construct it by 
connect one of two inputs pin with input signal 𝑉𝑖𝑛 and the other one connect to 
ground as shown in figure 6.2. 

There are two cases for output signal, first case the output in phase with input signal 
that means the input connect with positive input pin that is the input of non-
inverting transistor, the second case the output signal not in phase with input signal 
that means the input signal was inverting because the input signal connected with 
negative pin or with inverting transistor. 

The output voltage will be equal the difference between voltage of two input signals 
multiply by Ac voltage gain.  

 
 

 

𝑉𝑜 = 𝐴𝑣 ∗ (𝑉𝑖𝑛1 − 𝑉𝑖𝑛2) 
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Figure 6.2: Single input mode and inverting and non-inverting outputs  

2. Double input mode: 

That means double ended inputs and double ended outputs, we can construct it by 
connect two inputs pin with two input signal 𝑉𝑖𝑛1 & 𝑉𝑖𝑛2 which generates by using 
two function generator as shown in figure 6.1. 

There are two cases for output signal, first case the output in phase with input signal 
that means the input connect with positive input pin that is the input of non-
inverting transistor, the second case the output signal not in phase with input signal 
that means the input signal was inverting because the input signal connected with 
negative pin or with inverting transistor. 

The output voltage will be equal the difference between voltage of two input signals 
multiply by Ac voltage gain.  

 

 

The maximum amplification occur when the two input signals are opposite for each 
other and the output will be equal. 
 
 
 
 

𝑉𝑜 = 𝐴𝑣 ∗ (𝑉𝑖𝑛1 − 𝑉𝑖𝑛2) 

𝑉𝑜 = 𝐴𝑣 ∗ (𝑉𝑖𝑛1 − (−𝑉𝑖𝑛2)) 
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The minimum amplification occur when the two input signals are in phase and the 
output voltage will be equal. 

 
 
 
 

Note that the two output voltage signals have the same magnitude but different 
phase which equal 180 degree, that mean the two output signals are opposite for 
each other. 

3. Common input mode: 

That means the differential amplifier has the same input signal ( 𝑉𝑖𝑛1 = 𝑉𝑖𝑛2 ) as 
shown in figure 6.3, so the output voltage signal in ideal case it will be equal zero 
but in practical case it will be equal very small value because all practical electronics 
device have tolerance +/- %. 

Figure 6.3: Common input mode differential amplifier  

 

 

 

 

𝑉𝑜 = 𝐴𝑣 ∗ (𝑉𝑖𝑛1 − 𝑉𝑖𝑛2) 
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3) AC and DC analysis: 

Figure 6.4: The basic differential amplifier circuit 

a. DC Analysis: 

In DC-analysis all AC sources are disconnected from the circuit and Vin1 and Vin2 will 
be equal zero. 

So the DC values for this circuit will be as the follows: 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑉𝐸 = 0.7 𝑣 
 

𝐼𝐸 =
𝑉𝐸𝐸 − 0.7

𝑅𝐸
 

 
𝑉𝑐 = 𝑉𝑐𝑐 − 𝐼𝑐 ∗ 𝑅𝑐 

 
𝑉𝐸 = 𝑉𝐵𝐸 

 
𝑉𝑐𝑒 = 𝑉𝐶 − 𝑉𝐸  
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b. AC analysis: 

- Single Ended Mode: 

In the AC analysis all DC sources are short circuit and the AC voltage gain will be 
equal  

 

  

- Double Ended Mode: 

 

 

- Common Mode: 

 

 

 

We can quantify the differential-mode versus common-mode gain in a quantity called the 
common-mode rejection ratio (CMRR).  

So, the differential mode gain can calculated by the following expression: 

 

 

And the common mode gain can calculated by the following expression: 

 

 

And the common mode rejection ratio can calculated by the following expression: 

 

𝐴𝑣1 =
−𝑅𝑐

2𝑟𝑒
,     𝐴𝑣2 =

𝑅𝑐

2𝑟𝑒
 

𝐴𝑣1 =
−𝑅𝑐

2𝑟𝑒
,     𝐴𝑣2 =

𝑅𝑐

2𝑟𝑒
 

 

𝐴𝑣 =
−𝑅𝑐

2𝑅𝐸 + 𝑟𝑒
 < 1 

𝐴𝑣𝑑𝑚 =
−𝑅𝑐

2𝑟𝑒
 

𝐴𝑣𝑐𝑚 =
−𝑅𝑐

2𝑅𝐸
 

𝐶𝑀𝑅𝑅 = 20 log (
𝐴𝑣𝑑𝑚

𝐴𝑣𝑐𝑚
) 
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4) Lab work: 

Figure 6.5: The differential amplifier complete circuit 

1) Construct the circuit shown in figure 6.5, then make the circuit quiescent (no signal 
applied) by connecting both bases to ground. 

2) Now measure the DC values of (𝑉𝑐1, 𝑉𝑐2, 𝑉𝐸, 𝐼𝐵1, 𝐼𝐵2, 𝐼𝐸1, 𝐼𝐸2, 𝐼𝐸) 

DC Values Vc1 Vc2 VE IB1 IB2 IE1 IE2 IE 

Measured         

Calculated         

3) Applied all differential amplifier modes. 

 Single-input mode: 
 

Vin1 Vin2 Vo1 Vo2 

50mv 0   

0 50mv   

 Double input mode: 

Vin1 Vin2 Vo1 Vo2 

50mv 50mv   

100mv 50mv   

200mv 300mv   
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 Common input mode: 

Vin Vo1 Vo2 

50mv   

0   

Show the output voltage signal and its 𝑉𝑝 and RMS value and write your 
comment on every one. 

4) Using the measured data in the previous tables to calculate: 

- 𝐴𝑣𝑑𝑚 

- 𝐴𝑣𝑐𝑚 

- 𝐶𝑀𝑅𝑅 𝑎𝑛𝑑 𝐶𝑀𝑅𝑅 𝑖𝑛 𝑑𝐵 

5) Simulate the circuit shown in figure 6.5 via ORCAD program and repeat all the previous 

steps and compare your results with simulation and write your comment. 

 
 


