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Four Probe Apparatus

Introduction: The Four Probe Apparatus is an important instrument in physics
laboratories, primarily used to measure the electrical resistivity (or conductivity) of
materials with high accuracy. Unlike the two-probe method, it minimizes errors due to

contact and lead resistances.
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Applications of the Four Probe Apparatus in a Physics Laboratory
1. Measurement of Electrical Resistivity
o Determines the resistivity of semiconductors, metals, and alloys.
o Used to compare the conducting properties of different materials.
2. Measurement of Semiconductor Conductivity

o Measures the electrical conductivity of semiconductor samples such as silicon
and germanium.



o Helps classify materials as conductors, semiconductors, or insulators.
3. Study of Temperature Dependence of Resistivity
o Investigates how resistivity changes with temperature.

o Demonstrates the negative temperature coefficient of semiconductors and
positive temperature coefficient of metals.

4. Determination of Band Gap Energy

o By measuring conductivity at different temperatures, the energy band gap of
semiconductors can be calculated.

o Widely used in undergraduate and postgraduate semiconductor experiments.
5. Characterization of Thin Films
o Measures the sheet resistance and resistivity of thin-film materials.
o Important in research on solar cells, sensors, and electronic devices.
6. Material Quality Assessment
o Detects impurities, defects, and non-uniformities in semiconductor wafers.
o Used for quality control during material fabrication.
7. Research in Electronic Materials

o Characterizes novel materials such as graphene, nanomaterials, conducting
polymers, and thermoelectric materials.

o Commonly used in materials science and condensed matter physics research.
8. Calibration and Verification

o Used to verify electrical properties of newly synthesized materials before device
fabrication.

9. Educational Demonstrations
o Demonstrates the principle of four-terminal resistance measurement.

o Helps students understand Ohm's law, resistivity, conductivity, and
semiconductor physics.

10. Industrial Applications

e Quality testing of semiconductor wafers in the electronics industry.



e Measurement of conductive coatings and thin-film devices.

o Characterization of photovoltaic (solar cell) materials and integrated circuit
components.

Advantages of the Four Probe Method
o Eliminates contact resistance errors.
o Provides highly accurate resistivity measurements.
o Suitable for materials with very low or very high resistance.
o Non-destructive testing method.

e Applicable to bulk materials as well as thin films.



