
CMPE 118– Intro. to Mechatronics

Operational Amplifiers (OpAmps)
and Comparators

Cyrus Bazeghi

Winter 2010



CMPE 118– Intro. to Mechatronics

Operational Amplifier
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How do we use OpAmps?
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The Golden Rules



CMPE 118– Intro. to Mechatronics

Inverting Amplifier
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Non-Inverting Amplifier
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Non-Inverting Buffer
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What about a real source?
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What if I connect the two inputs?
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Input Offset Voltage?
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Input Offset Voltage Specifications
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Effects of Input Offset Voltage
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How to fix
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Input Bias Current
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Input Bias Current Specifications
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Can We Correct for Input Bias Current
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Does this fix the bias current problem?
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Output Voltage Limitations
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Does that fix the bias current 
problem?
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Output Voltage Specifications
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The Importance of Test Conditions
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A Comparison of Some Op-Amps
Parameter LM324 LM6144 LMC6484 LMC6494

Input Offset Voltage 7mV 3.3mV 3.7mV 6.8mV

Input Bias Current 250nA 526nA 4pA 200pA

Input Offset Current 50nA 80nA 2pA 100pA

Output Voltage Hi @10K 3.5V 4.87V

Output Voltage Lo @10K 0.02V 0.05V

Output Voltage Hi @2K 3V 4.8V 4.7V 4.7V

Output Voltage Lo @2K 0.13 0.24V 0.24V

Output Voltage Hi @600 4.24V 4.24V

Output Voltage Lo @600 0.65V 0.65V

Unity Gain Bandwidth 1MHz 6MHz 1.5MHz 1.5MHz

Slew Rate 0.42V/S 11V/S 0.63V/S 0.5V/S

Input Common Mode Range 0-3.5V 0-5V 0-5V 0-5V

Cost @ 1k $0.088 $2.80 $1.39 $1.59

Temperature Range 0° – 70° C -40° – 85° C -40° – 85° C -40° – 125° C
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What is this?
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The Comparator
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How might you use it?
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Implementing Hysteresis
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How does this work?
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Eliminating the separate Vref?
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What is going on?
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Inverting Comparator Design 
Procedure (1.3)
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Inverting Comparator Design 
Procedure (2.3)

+ 

- LM339



CMPE 118– Intro. to Mechatronics

The Non-Inverting Configuration

+ 

- 
LM339


