Op Amp Primer

Characteristics

· Differential Amp: An Op Amp is a special class of differential amps, which amplify the difference of the two input voltages.
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V_out = Av (V+ – V-)

(Note: A differential amp has the ability of canceling common-mode input noise.)

· Infinite gain: An ideal Op Amp is a differential amp with infinite gain (10 to 100 thousands for a real Op Amp). Consequently, a small differential voltage will saturate the output and the output voltage will equal to the positive or negative power supply voltage, depending on the polarity of differential voltage. 

V_out = +PS if V+ > V-

V_out = -PS if V+ < V-
· Infinite input impedance: An ideal Op Amp has a Zin = (.

· As a result, Op Amps are often used as comparators in applications such as A/D conversion.
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Linear Op Amp circuits: In a linear Op Amp circuit negative feedback is used to control the gain and to avoid saturating the output. Typical linear Op Amp circuits include voltage/current amplifiers, summing amplifiers, differentiators/integrators, DC offset amplifiers, and active filters.

· Analyzing linear Op Amp circuits: The key to linear Op Amp circuits analysis is the concept of virtual ground (short). Considering the following circuit, because of the infinite gain assumption, the voltage difference between the two inputs must be small or the output will be saturated. Since the (+) input of the Op Amp is grounded, the (-) input is called the virtual ground because it is also at approximately 0 volt. With the virtual ground and the infinite Zin assumptions the voltage gain of the circuit can be derived easily. 
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V_out / V_in = - R2 / R1 (inverting amplifier)

· Using the virtual short assumption the gain of a non-inverting amplifier can also be derived: 

V_out / V_in = 1 + R2 / R1
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· Other common linear Op Amp circuits:

· Voltage follower:
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V_out = V_in

· Difference amplifier:
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V_out = V2 – V1

· Summing amplifier:
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V_out = -R4 (V1/R1 + V2/R2 + V3/R3)

· Differentiator:
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V_out = -R C (d V​_in/dt)

· Integrator:

[image: image10.png]V_out




V_out = - 1/R C (( V_in dt)
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