Healthg¥e GLOSSARY

Professional Certificate in Instrumentation Engineering (Egypt)

Electronic Instrumentation

ADC (Analog-to-Digital Converter)

Related terms: resolution, sampling rate, quantization

A device that transforms a continuous analog signal into a discrete digital number. Typical resolutions are
12-bit, 16-bit, or 24-bit, affecting accuracy. In instrumentation, ADCs enable microcontroller-based data
acquisition. Challenges include aliasing, jitter, and ensuring proper grounding to minimize noise.

AFE (Analog Front End)

Related terms: signal conditioning, low-noise amplifier, filter

The circuitry placed directly after a sensor to prepare its output for digitization. It may contain amplification,
filtering, and impedance matching. For example, a photodiode array in a spectrometer uses an AFE with
transimpedance amplification. Design difficulty lies in achieving high linearity while suppressing
interference.

Amplifier

Related terms: gain, bandwidth, slew rate

An active component that increases the amplitude of a signal. Operational amplifiers (op-amps) are the
most common in instrumentation, providing configurable gain stages. Practical use includes boosting
millivolt thermocouple signals to a level suitable for ADCs. Overdriving the input or exceeding bandwidth
can cause distortion.

Band-pass Filter

Related terms: center frequency, Q-factor, roll-off

A filter that allows frequencies within a specified range to pass while attenuating those outside. Used in
vibration analysis to isolate resonance peaks. Designing a filter with a high Q-factor improves selectivity but
may increase sensitivity to component tolerances.

Bridge Circuit

Related terms: Wheatstone bridge, strain gauge, balance

A network of four resistive arms used to measure unknown resistances or changes due to strain. In load
cells, a Wheatstone bridge converts mechanical deformation into a voltage proportional to force.
Temperature compensation and lead-wire resistance are common challenges.

Calibration

Related terms: traceability, reference standard, offset

The process of adjusting an instrument’s output to match known standards. Calibration ensures accuracy
over the instrument’s operating range. For a pressure transducer, a dead-weight tester provides reference
pressures. Calibration drift, environmental effects, and certification intervals must be managed.

Capacitive Sensor
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Related terms: dielectric constant, plate spacing, fringe field

A sensor that detects changes in capacitance caused by variations in distance, area, or dielectric material.
Applications include level measurement in tanks and proximity detection. Design considerations include
shielding from moisture and ensuring linearity across the measurement range.

Control Loop

Related terms: feedback, setpoint, loop gain

A closed-system that continuously monitors a process variable and adjusts an actuator to maintain a
desired setpoint. PID (Proportional-Integral-Derivative) controllers are typical in temperature regulation of
furnaces. Loop stability, tuning, and time delay are critical factors.

Data Logger

Related terms: timestamp, storage capacity, remote access

An electronic device that records measurements over time for later analysis. Modern data loggers often
include built-in ADCs, memory cards, and Ethernet interfaces. Example: logging humidity in a climate
chamber. Power consumption and data integrity during long-term deployment are key concerns.

Differential Pressure Transmitter

Related terms: P-type, gauge pressure, span

A device that measures the difference between two pressure ports and outputs a standardized signal (e.g.,
4-20mA). Used in flow-measurement loops where a primary element creates a pressure drop. Installation
orientation and proper venting affect accuracy.

Digital Signal Processor (DSP)

Related terms: FFT, real-time processing, fixed-point

A specialized microprocessor optimized for high-speed numeric calculations, particularly on sampled data.
In vibration analysis, a DSP can compute Fast Fourier Transforms on-the-fly to identify fault frequencies.
Programming complexity and handling of overflow in fixed-point arithmetic are typical hurdles.

Electrostatic Discharge (ESD)

Related terms: protective diodes, grounding, ionizer

The sudden flow of static electricity between two objects at different potentials. ESD can destroy sensitive
analog front ends. Mitigation techniques include using ESD-protected I/O, adding series resistors, and
maintaining a low-impedance ground plane. Testing to IEC 61000-4-2 standards is recommended.

Faraday Shield

Related terms: electromagnetic interference, grounding, enclosure

A conductive enclosure that blocks external electromagnetic fields from reaching internal circuitry.
Frequently employed around low-level sensor amplifiers. Proper grounding and avoiding gaps in the shield
are essential to prevent leakage currents.

Gain
Related terms: amplification factor, dB, closed-loop
The ratio of output signal amplitude to input signal amplitude. In instrumentation amplifiers, gain is set by
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resistor ratios to achieve the desired scaling of sensor outputs. Excessive gain can amplify noise; insufficient
gain may limit resolution of the ADC.

Hall Effect Sensor

Related terms: magnetic field, bias current, linearity

A solid-state device that produces a voltage proportional to the magnetic flux density passing through it.
Used for current measurement (Hall-effect current transducer) and position sensing. Temperature drift and
offset errors require compensation.

I/O (Input/Output)

Related terms: digital 1/0, analog I/O, multiplexing

The interface points through which a measurement system exchanges signals with the external world.
Analog I/0 includes voltage or current loops; digital I/O may involve TTL or RS-485. Pin-count limitations
and signal integrity are common design constraints.

Isolation Amplifier

Related terms: galvanic isolation, opto-coupler, transformer

An amplifier that provides electrical separation between input and output while transmitting the signal
accurately. Essential when measuring high-voltage equipment to protect low-voltage electronics. Isolation
voltage rating and bandwidth trade-offs must be balanced.

Joule Heating

Related terms: power dissipation, thermal resistance, IR loss

Heat generated by the passage of electric current through a resistor. In precision shunt resistors used for
current sensing, Joule heating can cause resistance drift. Selecting low-temperature-coefficient materials
and limiting measurement current mitigate this effect.

Kelvin Bridge

Related terms: four-wire measurement, low resistance, lead compensation

A type of Wheatstone bridge that uses separate current-carrying and voltage-sensing leads to eliminate
lead resistance errors. Ideal for measuring milliohm resistance of strain gauges. Calibration of the bridge
balance and precise current source are critical.

LVDT (Linear Variable Differential Transformer)

Related terms: core displacement, sinusoidal excitation, demodulation

A non-contact electromechanical sensor that produces an output voltage proportional to linear
displacement of a ferromagnetic core. Common in position feedback for hydraulic actuators. Requires
excitation at a fixed frequency and careful phase-sensitive detection to extract the magnitude.

Modulation

Related terms: AM, FM, PWM

The process of varying a carrier signal’s parameter (amplitude, frequency, or width) in accordance with an
information signal. In instrumentation, PWM (pulse-width modulation) is used to drive heating elements for
temperature control. Modulation depth and carrier stability affect measurement fidelity.
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Noise

Related terms: thermal noise, 1/f noise, signal-to-noise ratio

Unwanted random or deterministic variations that obscure the desired signal. Sources include resistor
thermal agitation, flicker noise, and electromagnetic interference. Techniques such as shielding, filtering, and
averaging improve the signal-to-noise ratio.

Op-Amp (Operational Amplifier)

Related terms: rail-to-rail, offset voltage, slew rate

A versatile analog building block offering high gain, differential inputs, and configurable feedback networks.
Instrumentation amplifiers are built from precision op-amps with matched resistor networks. Selecting an
op-amp with low offset and appropriate bandwidth is essential for accurate sensor interfacing.

PID Controller

Related terms: proportional gain, integral time, derivative filter

A control algorithm that combines proportional, integral, and derivative actions to regulate a process
variable. Widely used in temperature, pressure, and flow loops. Proper tuning (e.g., Ziegler-Nichols method)
prevents overshoot and oscillation.

Quartz Crystal Oscillator

Related terms: frequency stability, load capacitance, temperature coefficient

A resonant device that provides a precise reference frequency, often 10 MHz or 32.768 kHz. In data
acquisition systems, the crystal clock determines the sampling interval of ADCs. Aging and temperature drift
must be accounted for in high-precision timing applications.

RTD (Resistance Temperature Detector)

Related terms: Pt100, alpha coefficient, self-heating

A temperature sensor whose resistance changes predictably with temperature, typically made of platinum.
RTDs offer high accuracy over a wide range (-200°C to 850 °C). Linearization techniques (lookup tables or
polynomial fits) are required for digital processing.

Signal Conditioning

Related terms: filtering, scaling, isolation

The set of processes applied to a raw sensor output to make it suitable for digitization or further analysis.
Includes amplification, offset removal, filtering, and conversion to standard current loops. Designing a
robust signal-conditioning chain reduces measurement error and improves repeatability.

Thermocouple

Related terms: Seebeck effect, cold-junction compensation, type K

A temperature sensor formed by joining two dissimilar metals; the resulting voltage is proportional to
temperature difference. Widely used for high-temperature measurements (up to 1800 °C). Requires
cold-junction compensation and careful selection of extension wires to avoid additional thermoelectric
voltages.

Ultrasonic Transducer
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Related terms: piezoelectric, time-of-flight, echo

A device that converts electrical energy into high-frequency acoustic waves and vice versa. Employed in
level measurement, flow metering, and non-destructive testing. Calibration of sound speed (affected by
temperature and composition) is vital for accurate distance calculations.

Voltage Divider

Related terms: ratio, load impedance, tolerance

A simple resistive network that produces a fraction of an input voltage. Used to scale down high sensor
voltages to the input range of an ADC. Loading effects can alter the division ratio; therefore, the divider's
output impedance must be low compared to the ADC's input impedance.

Wheatstone Bridge

Related terms: balance, bridge voltage, strain gauge

A classic circuit for measuring unknown resistances, especially in strain-gauge applications. The bridge
output is proportional to the resistance change caused by mechanical stress. Temperature compensation
and bridge excitation stability are essential for high-resolution measurements.

X-Y Plotter

Related terms: vector display, raster scan, pen-type

An instrument that draws two-dimensional graphs by moving a pen (or laser) along orthogonal axes. In
instrumentation, X-Y plotters are used for real-time monitoring of process variables versus time or other
parameters. Calibration of the axis motion ensures accurate scaling.

Zener Diode

Related terms: voltage reference, breakdown voltage, temperature coefficient

A semiconductor device that conducts in reverse bias once a specified breakdown voltage is reached,
providing a stable reference voltage. Frequently used in low-cost voltage reference circuits for ADC scaling.
Voltage drift with temperature and current must be considered in precision designs.

ADC Resolution

Related terms: LSB, effective number of bits, quantization error

The smallest change in input voltage that can be distinguished by an ADC, defined by its number of bits. A
16-bit ADC over a 10V range yields an LSB of ~152 uV. Higher resolution improves accuracy but may
increase conversion time and power consumption.

Bandwidth (Instrument)

Related terms: frequency response, cutoff, flatness

The range of frequencies over which a measurement system accurately reproduces the input signal.
Bandwidth is often limited by sensor dynamics, amplifier slew rate, and anti-aliasing filters. Ensuring the
bandwidth exceeds the highest signal component prevents distortion.

Cold-Junction Compensation (CJC)
Related terms: reference junction, thermistor, linearization
A technique used with thermocouples to account for the temperature at the connection point where the
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thermocouple wires meet the measurement electronics. Modern CJC modules use a precision temperature
sensor (often an RTD) and embedded lookup tables to add the appropriate voltage offset.

Dead-Band

Related terms: hysteresis, setpoint tolerance, control chattering

A range around a setpoint where no corrective action is taken, preventing rapid switching of actuators. In
temperature control, a dead-band of +£0.5°C can reduce heater cycling. Too large a dead-band may cause
unacceptable process deviation.

EMI (Electromagnetic Interference)

Related terms: shielding, filtering, common-mode noise

Disturbances generated by external electromagnetic fields that can corrupt sensitive analog signals. Sources
include motor drives, radio transmitters, and switching power supplies. Mitigation strategies involve
twisted-pair wiring, ferrite beads, and proper grounding schemes.

Filter Order

Related terms: Butterworth, Chebysheyv, roll-off rate

The number of reactive components (capacitors or inductors) in a filter, determining its steepness of
attenuation. A second-order low-pass filter provides a —12 dB/octave roll-off. Higher order filters improve
selectivity but increase component count and design complexity.

Gain-Phase Margin

Related terms: Bode plot, stability, Nyquist criterion

Metrics used to evaluate the stability of a feedback control system. Sufficient gain and phase margins
(typically >6dB and >45°) ensure the loop will not oscillate. Adjustments are made via compensators or
controller tuning.

Hysteresis (Sensor)

Related terms: loop error, dead-band, repeatability

The difference between the output values when a measured quantity is increasing versus decreasing. In a
proximity switch, hysteresis prevents chatter near the activation point. Excessive hysteresis reduces
measurement precision.

Impedance Matching

Related terms: source impedance, load impedance, reflection coefficient

The practice of designing circuit interfaces so that the source and load impedances are equal, maximizing
power transfer and minimizing signal reflections. Critical in high-frequency sensor interfaces such as
RF-based pressure transducers.

Jitter

Related terms: timing uncertainty, phase noise, sampling clock

Short-term variations in the timing of a digital signal’s edges, affecting the accuracy of sampled data. In
high-speed ADCs, clock jitter can translate into voltage error proportional to the signal’s slope. Low-jitter
crystal oscillators or PLLs are employed to mitigate the effect.
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Leakage Current

Related terms: insulation resistance, bias, sensor drift

Small undesired currents that flow through insulating materials or across PCB surfaces. In high-impedance
sensor circuits, leakage can cause significant offset errors. Proper PCB layout, conformal coating, and
moisture control reduce leakage.

Magnetometer

Related terms: fluxgate, Hall sensor, geomagnetic field

A sensor that measures magnetic field strength and direction. Used for current sensing in power
distribution and for navigation in aerospace instrumentation. Calibration against known field strengths and
temperature compensation are essential for accuracy.

Noise Figure

Related terms: SNR, NF, cascade loss

A parameter that quantifies the degradation of signal-to-noise ratio as a signal passes through a device.
Low-noise amplifiers (LNAs) are selected to minimize the overall noise figure of the measurement chain.
Cascading stages adds noise according to Friis’ formula.

Optocoupler

Related terms: phototransistor, isolation, CTR (current transfer ratio)

An electronic component that transfers electrical signals between isolated circuits using light. Useful for
protecting low-voltage measurement electronics from high-voltage process loops. The CTR determines the
efficiency of signal transfer; low CTR may require amplification.

Peak-to-Peak Value

Related terms: amplitude, RMS, waveform

The total voltage difference between the maximum positive and maximum negative excursions of a signal.
Important for specifying the dynamic range of ADCs. Designers must ensure the ADC input range exceeds
the expected peak-to-peak voltage plus margin.

Quantization Error

Related terms: LSB, rounding, non-linearity

The difference between the actual analog value and its nearest digital representation after conversion. It
appears as a deterministic error that can be modeled as a uniform random variable within +>2 LSB.
Oversampling and dithering can reduce its impact.

Ratiometric Measurement

Related terms: bridge excitation, reference voltage, common-mode rejection

A technique where the measurement signal and the reference are derived from the same source, cancelling
out supply voltage variations. Common in load-cell instrumentation amplifiers where the bridge excitation
voltage serves as both excitation and reference for the ADC.

Signal-to-Noise Ratio (SNR)
Related terms: dB, noise floor, dynamic range
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A measure of the relative strength of the desired signal compared to background noise. High SNR is
required for accurate digitization; typical instrumentation specifications demand >80dB SNR. Improving
SNR may involve shielding, filtering, and increasing gain.

Thermal Drift

Related terms: temperature coefficient, compensation, stability

Changes in circuit parameters caused by temperature variations. For precision resistors, a 50 ppm/°C drift
can introduce measurable error over a 30 °C temperature swing. Selecting low-TC components and
implementing temperature compensation circuits mitigate drift.

Transfer Function

Related terms: Laplace domain, frequency response, system modeling

Mathematical representation that relates input to output of a system, often expressed as a ratio of
polynomials in s-domain. In sensor modeling, the transfer function defines how the physical quantity is
converted to voltage. Accurate models enable simulation and controller design.

Ultra-Low-Power ADC

Related terms: sleep mode, sampling capacitor, power budgeting

An ADC designed to operate with minimal current consumption, suitable for battery-operated data loggers.
Techniques include duty-cycled sampling, on-chip reference, and low-leakage switches. Trade-offs often
involve reduced sampling rate or lower resolution.

Voltage Reference

Related terms: bandgap, temperature coefficient, drift

A precision component that provides a stable voltage used for scaling ADC inputs or for comparator
thresholds. Bandgap references typically offer £0.1 % accuracy over temperature. Selecting a reference with
low noise and low temperature coefficient is vital for high-accuracy systems.

Zero Drift

Related terms: offset, baseline stability, temperature compensation

The tendency of a sensor's output to change when the measured quantity is zero. In pressure transducers,
zero drift can be caused by temperature changes or mechanical creep. Regular zero-adjustment or software
compensation maintains measurement integrity.

Zero-Span Calibration

Related terms: full-scale, linearity, offset error

A calibration method that defines both the zero point and the full-scale point of a measurement instrument,
establishing a linear mapping between input and output. Required for devices that output a proportional
current (e.g., 4-20mA). Accuracy depends on the stability of the reference standards.

Analog Multiplexer

Related terms: channel switching, crosstalk, on-resistance

A switch matrix that routes multiple analog inputs to a single ADC channel. Used to expand the number of
sensors a microcontroller can read. Switching transients and on-resistance must be considered to avoid
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measurement error, especially for high-impedance sources.

Bias Current

Related terms: input bias, offset voltage, compensation

The small DC current required by the input terminals of an op-amp. In high-impedance sensor circuits, bias
current can develop voltage drops across source resistance, leading to offset errors. Selecting op-amps with
nano-ampere bias reduces this effect.

Current Loop (4-20mA)

Related terms: transmitter, receiver, loop power

A standard analog communication method where a sensor varies a current between 4 mA (zero) and 20 mA
(full scale). Provides excellent noise immunity over long distances. Loop power must be sufficient;
sometimes a 24V supply is required to drive the load.

Dead-Weight Tester

Related terms: pressure calibration, primary standard, load cell

A device that generates known pressures by applying calibrated masses to a piston of known area. Used to
calibrate pressure transducers and verify linearity. Accuracy depends on mass standards and temperature
effects on the piston area.

Digital Filter

Related terms: IR, FIR, convolution

Algorithmic processing of sampled data to attenuate unwanted frequency components. FIR (Finite Impulse
Response) filters offer linear phase, while IIR (Infinite Impulse Response) filters provide sharper roll-off with
fewer coefficients. Implementation must consider computational load and real-time constraints.

Electro-Magnetic Compatibility (EMC)

Related terms: conducted emissions, radiated immunity, standards

The ability of equipment to operate without causing or suffering unacceptable electromagnetic
disturbances. Compliance with IEC 61000 series is mandatory for industrial instrumentation. Design
practices include grounding, filtering, and proper cable routing.

Fast Fourier Transform (FFT)

Related terms: spectral analysis, frequency bins, windowing

An efficient algorithm to compute the discrete Fourier transform of a signal, revealing its frequency
components. Used in vibration monitoring to detect bearing faults. Window selection (e.g., Hanning)
reduces spectral leakage.

Ground Loop

Related terms: potential difference, earth ground, isolation

A condition where multiple grounding points create a closed conductive loop, allowing unwanted current to
flow and induce noise. In sensor networks, ground loops can cause zero drift and hum. Star grounding and
isolation amplifiers are common remedies.

H-Bridge
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Related terms: motor driver, PWM, bidirectional control

A circuit topology that allows a load (typically a DC motor) to be driven in both directions. In
instrumentation, H-bridges can actuate valve motors or positioners. Proper dead-time insertion prevents
shoot-through currents that could damage components.

Impedance Analyzer

Related terms: LCR meter, frequency sweep, phase angle

A test instrument that measures complex impedance over a range of frequencies. Useful for characterizing
sensor elements such as capacitive humidity sensors. Calibration against known standards (e.g., 100Q
resistor) ensures measurement accuracy.

Joule-Thomson Effect

Related terms: expansion cooling, throttling valve, cryogenic instrumentation

The temperature change observed when a real gas expands without external work. Basis for certain
low-temperature sensors and refrigeration cycles. Instrumentation must account for pressure-dependent
temperature variations.

Kelvin Probe

Related terms: surface potential, work function, non-contact measurement

A device that measures the contact potential difference between a vibrating probe and a material surface.
Used in semiconductor wafer inspection. Requires vibration isolation and temperature control to achieve
nanovolt resolution.

Logic Analyzer

Related terms: digital capture, timing diagram, protocol decode

An instrument that records multiple digital signals simultaneously, displaying their temporal relationships.
Helpful for debugging communication between sensor modules and microcontrollers (e.g., SPI, I*C).
Sampling rate must exceed the highest clock frequency by a safe margin.

Magnetometer Calibration

Related terms: hard-iron offset, soft-iron distortion, ellipsoid fit

Process of correcting systematic errors caused by surrounding ferromagnetic materials and sensor
misalignment. In current transducers, a rotating calibration procedure generates data for an ellipsoid fitting
algorithm that removes bias and scale errors.

Noise Shaping

Related terms: sigma-delta ADC, oversampling, quantization noise

Technique used in high-resolution ADCs where the quantization noise is pushed out of the band of interest,
allowing subsequent filtering to improve effective resolution. Requires careful design of the modulator loop
filter to avoid instability.

Optical Encoder
Related terms: incremental, absolute, quadrature output
A sensor that converts angular position into digital pulses using a light source and a patterned disc. Used
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for precise motor shaft position feedback. Resolution depends on the number of lines; environmental dust
can degrade performance.

Phase-Locked Loop (PLL)

Related terms: frequency synthesis, lock range, VCO

A control system that locks an output oscillator to the phase of an input signal, maintaining a constant
frequency relationship. In instrumentation, PLLs generate stable clocks for ADCs or demodulate modulated
sensor signals. Loop filter design influences lock time and jitter.

Power Supply Rejection Ratio (PSRR)

Related terms: regulation, noise attenuation, decoupling

A metric describing how well an op-amp or regulator suppresses variations in its power supply from
appearing at the output. High PSRR is crucial for low-noise sensor front ends powered from noisy industrial
supplies.

Quasi-Static Measurement

Related terms: steady-state, low-frequency, drift

Measurements taken slowly enough that dynamic effects (inertia, thermal lag) are negligible. In temperature
monitoring, a quasi-static approach allows the sensor to reach equilibrium before reading, improving
accuracy at the cost of response time.

Ratiometric ADC

Related terms: reference voltage, bridge excitation, common-mode

An ADC that uses its own supply voltage as the reference, making the measured value proportional to the
ratio of input to supply. Useful in bridge circuits where both excitation and sensor output share the same
source, canceling supply variation errors.

Self-Test Routine

Related terms: built-in test, checksum, diagnostics

A firmware procedure that checks the health of instrumentation hardware, such as verifying ADC calibration
constants, sensor connectivity, and communication integrity. Enables early detection of failures in remote
monitoring stations.

Thermal Conductivity Sensor

Related terms: heat flux, Wheatstone bridge, temperature gradient

A sensor that determines material thermal conductivity by measuring the heat flow between a heated
element and a reference. Used in process control for molten metal monitoring. Calibration requires
reference materials with known conductivity.

Ultralow-Noise Amplifier (ULNA)

Related terms: input referred noise, noise density, flicker noise

An amplifier designed to add minimal noise to a low-level signal, often achieving sub-nanovolt/vHz
performance. Employed in electro-cardiogram (ECG) front ends and precision strain-gauge measurements.
Careful PCB layout and power supply filtering are mandatory.
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Variable Gain Amplifier (VGA)

Related terms: digital control, gain step, attenuation

An amplifier whose gain can be adjusted programmatically, allowing adaptation to varying sensor signal
levels. Common in multi-range data acquisition systems. Gain hopping must be synchronized with ADC
sampling to avoid transients.

Waveform Generator

Related terms: function generator, arbitrary shape, modulation

An instrument capable of producing electrical signals of defined amplitude, frequency, and shape for testing
and calibrating sensors. Provides sine, square, triangle, and user-defined waveforms. Output impedance and
harmonic content affect test accuracy.

X-Ray Fluorescence (XRF) Analyzer

Related terms: elemental analysis, detector, excitation source

A non-destructive instrument that determines the elemental composition of a material by measuring
characteristic X-ray emissions. Utilized in quality control of alloys. Calibration against certified reference
materials is essential for quantitative results.

Yield Stress Sensor

Related terms: material testing, strain gauge, load cell

A specialized sensor system that measures the stress at which a material begins to deform plastically. Often
integrated with extensometers and high-precision load cells. Accurate temperature compensation is
required because material properties are temperature dependent.

Zero-Cross Detector

Related terms: phase detection, comparator, Schmitt trigger

A circuit that signals when an AC waveform passes through zero voltage, used for frequency measurement
and synchronization. In instrumentation, it can trigger the start of a data acquisition window. Noise on the
zero crossing can cause false detections; hysteresis helps mitigate this.

Analog-Digital Hybrid Converter

Related terms: mixed-signal ASIC, simultaneous sampling, latency

A device that combines analog front-end functions (filtering, amplification) with digital conversion on a
single chip, reducing board space and improving performance. Used in compact sensor modules for
aerospace. Design trade-offs include power consumption versus conversion speed.

Bias-T Compensation

Related terms: temperature coefficient, sensor drift, reference adjustment

Adjustment of the zero offset introduced by bias currents in precision amplifiers, often performed by adding
a compensating voltage or current source. Essential for maintaining accuracy in ultra-high-impedance
measurements such as those from ion-selective electrodes.

Capacitance-to-Digital Converter (CDC)
Related terms: sigma-delta, frequency measurement, oscillator
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An integrated circuit that directly measures capacitance by converting it into a digital value, often using a
sigma-delta modulation technique. Used in liquid level sensors where the capacitance changes with fluid
height. Requires careful PCB layout to avoid parasitic capacitance.

Dead-Time Insertion

Related terms: switching loss, shoot-through, PWM

A brief interval introduced between the turning off of one transistor and the turning on of another in a
switching circuit, preventing simultaneous conduction. Critical in H-bridge drivers for motor control to avoid
catastrophic short circuits.

Electro-Optic Modulator

Related terms: Mach-Zehnder, phase shift, fiber optics

A device that changes the refractive index of an optical material in response to an electric field, thereby
modulating a light beam. Used in fiber-optic sensor interrogation for strain and temperature
measurements. Requires high-voltage drive and careful alignment.

Frequency Counter

Related terms: gate time, resolution, reference clock

Instrument that measures the frequency of an input signal by counting cycles within a defined gate interval.
Employed to verify oscillator stability in instrumentation systems. Accuracy depends on the stability of the
internal reference oscillator.

Gain-Phase Detector

Related terms: network analyzer, S-parameters, calibration kit

A measurement system that determines both magnitude and phase of a device under test across frequency.
Utilized for characterizing filters and amplifiers in instrumentation. Calibration with known standards (open,
short, load) is required for reliable results.

Harmonic Distortion

Related terms: THD, intermodulation, non-linearities

The presence of frequency components at integer multiples of a fundamental frequency, caused by
non-linear behavior in amplifiers or sensors. In power quality monitoring, total harmonic distortion (THD) is
a key metric. Reducing distortion involves linearizing circuits and proper filtering.

Impedance Spectroscopy

Related terms: Nyquist plot, frequency sweep, complex plane

Technique that measures a material’'s impedance over a range of frequencies to infer properties such as
conductivity, dielectric constant, and diffusion processes. Used in battery health monitoring. Requires a
precise LCR meter and temperature control for repeatable results.

Jitter-Tolerant Design

Related terms: clock recovery, PLL, timing margin

Design approach that ensures system performance despite variations in clock timing. In high-speed data
acquisition, employing a PLL with adequate loop bandwidth and using asynchronous FIFO buffers can
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absorb jitter. Simulation of timing margins is part of the verification flow.

Kelvin Probe Force Microscopy (KPFM)

Related terms: AFM, surface potential, nanoscale measurement

A scanning probe technique that maps the work function of a surface with nanometer resolution. Applied in
semiconductor device characterization. Requires vibration isolation and ultra-clean environments to achieve
accurate potential measurements.

Linearization Algorithm

Related terms: lookup table, polynomial fit, compensation

Mathematical method to convert a sensor’s non-linear output into a linear representation of the measured
quantity. For RTDs, the Callendar-Van Dusen equation is commonly used. Implemented in firmware or DSP
to provide real-time corrected values.

Magnetoresistive Sensor

Related terms: AMR, GMR, spin valve

A sensor whose resistance changes with applied magnetic field, offering high sensitivity for current and
position measurements. Used in automotive wheel-speed sensors. Temperature drift and hysteresis are
mitigated through on-chip compensation circuits.

Noise Figure Measurement

Related terms: Y-factor, hot/cold source, ENR

Method to determine the added noise of a device by comparing output noise levels when a known noise
source is applied. The Y-factor method uses a calibrated noise diode. Accurate measurement requires a
low-noise preamplifier and proper impedance matching.

Optical Fiber Interrogator
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