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• Amplification

• Instrumentation Amplifiers

• Filtering

• Attenuation

• Isolation

• Linearization

• Circuit Protection
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• Data Acquisition 
Block Diagram

• Multiple Input 
Channels

• Multiplexer

• Instrumentation 
Amplifier

• Analog-to-Digital 
Converter (ADC)

Figure 5.01
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• Parasitic RC Time 

Constant

• Accuracy

• Source Resistance

• Sampling Rates

Figure 5.02



Return to Main Menu

• Input & Source 
Impedance

• Voltage Divider

• Piezoelectric 
Transducers

• Amplifier Reduces Error

Figure 5.03A
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MUX Charge Injection Effects

• Low Source Impedance

• Voltage Spikes

Figure 5.03B
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Operational Amplifiers

• Inverting Op Amps

• Non-Inverting Op 
Amps

• Thermocouples

• Strain-Gage 
Bridges

Figure 5.04



Return to Main Menu

Inverting Amplifier Stage

• Simple Transfer Function

Figure 5.05Equation 5.01
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Non-Inverting Amplifier Stage

• Simple Transfer Function

Figure 5.06Equation 5.02
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Differential Amplifier

• Combined Inverting and 
Non-Inverting Amplifiers

• Rejects Common-Mode 
Voltage

• Simple Transfer Function

Figure 5.07Equation 5.03
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Programmable Gain Amplifier

• Non-Inverting Op Amps

• Digitally Controlled

• Addressable Inputs

Figure 5.08
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Instrument Amplifier

• Low Input Current

• Low Drift

• Low Offset

• Stable & Accurate

• High CMRR

Figure 5.09
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High Common-Mode 
Amplifiers

• CMRR Defined

• Shorted Inputs

Figure 5.10
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Integrated Instrument 
Amplifiers

• High Quality Op Amps

• Internal Feedback

• Three Amplifier-
Configuration

• High CMRR

Figure 5.11
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Butterworth Filter

• Flat Response

• Steep Attenuation

• OK for Step Function

Figure 5.12A
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Chebyshev Filter

• Steeper than Butterworth

• More Non-Linear than 

Butterworth

Figure 5.12B
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Bessel Filter

• Best Step Response

• Best Phase Linearity

• Need High Order

Figure 5.12C
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Low-Pass Filters

• Low-Frequency Signals

• Filtered/Buffered Data 

Acquisition System

Figure 5.13A
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Simple RC Filter

• Reduces Bandwidth 

and Noise

Figure 5.13B
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Amplifier/Filter/MUX 
Combination

• Maximum Signal-to-
Noise Ratio

Figure 5.13C



Return to Main Menu

High-Pass Filter

• Low-Frequency 

Interferrence

• 50/60 Hz Power Lines

Figure 5.14
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Active Filters

• High-Pass

Figure 5.15A
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Active Filters

• Low-Pass

Figure 5.15B
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Active Filters

• Band-Pass

Figure 5.15C
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Switched-Capacitor Filters

• Capacitors vs. Resistors

• Tolerances

• Higher Accuracy 

Figure 5.16
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Attenuator/Buffer

• Low Voltage Inputs

• High Voltage Inputs

• Input Impedance

Figure 5.17
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Buffered Voltage Dividers

• High Impedance 

• Unity Gain Buffer

• MUX Inputs

Figure 5.18
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Compensated High-
Voltage Dividers

• Balanced Differential 
Input

• Range Selection

• CMRR

Figure 5.19



Return to Main Menu

Isolation

• Low-Level Signals

• Ground Loops

• Input/Output Sections

• Capacitive

• Inductive

• Optical
Figure 5.20
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Galvanic Isolation 

Amplifier

• Ground Loops

• Ground Isolation

• Two Power Supplies

Figure 5.21
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Capacitive Isolation 

Amplifier

• Modulator

• Demodulator

• Filtering

Figure 5.22
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Optical Isolation 

Amplifier

• LED Transmitter and 

Receiver Pair

• Digital to Analog 

Conversion

Figure 5.23
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Magnetic Isolation 

Amplifier

• GMR Bridge Circuit

• Magnetic Field 

Generator

Figure 5.24A
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Transformer-Type 

Isolation Amplifier

• Pulse Generator

• Modulator-

Demodulator

• Isolated Grounds

Figure 5.24B
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Digital Method of 

Isolation

• Isolation Barriers

• Data Rates

• Bi-directional Signals

Figure 5.25
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Isolated Sensors –

Hall Effect

• Speed Sensing

Figure 5.26A

Conditioned output
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Isolated Sensors – Hall Effect

• Permanent Magnet Biasing

• Gear-Wheel Generator

Figure 5.26B
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Isolated Sensor – Current 

Transformer

• AC Voltage and Current

• Ground Connections

Figure 5.27

Ratio 1:1 Ratio 2:1 Ratio 4:1
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Isolated Sensor – Variable 

Reluctance/Magnetic

• Core material

• No Power Supply Required

Figure 5.28
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Isolated Sensors –

• LVDT

Figure 9.02

Schematic

Winding Positions

Physical Construction Excitation & Output Signals
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Isolated Sensors –

• Encoder

Rotary Position Encoder

Figure 9.07
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Isolated Sensors –

• Strain Gage

Full-Bridge Circuit

Figure 7.01
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Thermocouple Output 

Voltage

• Non-Linear Functions

• Compensation

Figure 5.29
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Seebeck Coefficient Plot

• Thermocouple Output

• Non-Linear Output

Figure 5.30
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Temperature Conversion Table

• Non-Linear 
Thermocouple 
Output

Figure 5.31
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NIST Polynomial Coefficients
• Software Linearization

Figure 5.32

• Nested Polynomials
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Curve Divided 
into Sectors

• Third-Order Polynomials

• Hardware Linearization 
methods

Figure 5.33
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Isolation from 

High Voltage

• Programmable Attenuator

• Isolation Amplifiers

Figure 5.34
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Overload Protection

• Current Limiting 
Resistors

• Diode and FET 
Voltage Clamps

• Electrostatic Discharge

• Shielding & Grounding

• Humidity Control
Figure 5.35


