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Abstract: The four-probe method is a well-established technique for measuring the electrical resistivity of
various materials, notably semiconductors, metals, thin films, and nanomaterials. Its primary advantage
lies in eliminating contact resistance errors, making it essential for applications requiring precise resistivity
measurements. This paper provides a comprehensive review of the theoretical principles, working
mechanism, instrumentation, and key engineering applications of the four-probe method. Additionally,
recent advancements in the technique and its impact on material science and semiconductor engineering

are discussed
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I. INTRODUCTION

The accurate measurement of electrical resistivity is critical across multiple engineering domains, from semiconductor
device fabrication to the characterization of emerging materials like nanowires and thin films. Traditional two-probe
methods often introduce inaccuracies due to contact resistance between the probes and the material, which can lead to
erroneous data, particularly in high-precision applications. The four- probe method eliminates these issues by using
separate probes for current and voltage measurements, enhancing the reliability of resistivity measurements.

This review aims to provide engineers and researchers with an in-depth understanding of the four-probe method's
fundamental principles, technical setup, and engineering applications.

II. THEORETICAL BACKGROUND

Electrical resistivity is an intrinsic property of materials that governs their ability to conduct electrical current. The four-
probe method calculates resistivity by measuring the voltage drop across a material when a known current is passed
through it. The mathematical relationship governing resistivity (p\rhop) is expressed as:

p=RA/L
Where:

R is the electrical resistance,

A is the cross-sectional area,

L is the length of the material.
For accurate measurement of resistivity, it is essential to eliminate the influence of external factors, such as contact
resistance and lead resistance, which can distort the measurement. The four-probe method addresses this by using
separate probes for current and voltage measurement, which minimizes these external influences.

II1. WORKING PRINCIPLE
In the four-probe method, four metallic probes are placed in contact with the material, typically spaced at equal
distances. A constant current (I) is applied through the outer two probes (P1 and P4), while the voltage (V) is measured
across the inner two probes (P2 and P3). By measuring the voltage across the inner probgszmehknowing the applied
current, the resistivity of the material can be calculated using the formula: A
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For bulk samples, the equation simplifies to:
p=2nsV /I
Where:
V is the voltage measured between P2 and P3,
I is the current through P1 and P4,
s is the spacing between adjacent probes
For thin films, the thickness t of the sample having length L is factored in, modifying the equation to:
p=2nsVt/1 t/L
This method assumes that the sample is large enough for edge effects to be negligible, or adjustments are made in the
formula for smaller samples.

IV. INSTRUMENTATION
The four-probe setup typically includes (Fig. 1):
a) Probes: Four equidistant metallic probes mounted on a platform.
b) Current Source: A constant current source to apply a stable current between the outer probes.
¢) Voltmeter: A sensitive voltmeter or nanovoltmeter for measuring the potential difference between the inner two
probes.
d) Sample Holder: A setup to hold the sample securely and ensure consistent contact between the probes and the
material.
For different types of samples, such as thin films, bulk materials, or nanomaterials, specific adjustments in the
instrumentation may be necessary to account for sample size, geometry, and thickness.

V. ADVANTAGES OF THE FOUR-PROBE METHOD
The four-probe method offers several significant advantages:
a) Elimination of Contact Resistance: By using separate probes for current and voltage measurement, the method
significantly reduces errors caused by contact resistance and lead resistance.
b) High Precision: This method is more precise compared to two-probe techniques, making it ideal for materials where
accurate resistivity measurements are critical.
¢) Broad Applicability: It is suitable for both thin films and bulk materials, including semiconductors, metals, and
insulating materials.
d) Non-Destructive: The four-probe method is generally non-destructive, making it suitable for delicate or expensive
materials, including nanomaterials and advanced coatings.

VI. ENGINEERING APPLICATIONS OF THE FOUR-PROBE METHOD
The four-probe method is widely used in various scientific and industrial applications:
a) Semiconductor Industry: Used to measure the resistivity of semiconductor wafers, aiding in determining the doping
concentration and material uniformity.
b) Material Science: Employed to evaluate the electrical properties of metals, alloys, and novel materials such as
graphene, superconductors, and carbon nanotubes.
¢) Thin Films: Commonly used in thin-film research to measure the sheet resistance and uniformity of coatings, which
are important for photovoltaic cells and other electronic devices.
d) Nanotechnology: The method has been adapted for nanomaterials, where precise resistivity measurement is critical
for developing nanoscale electronics and sensors.

VII. RECENT ADVANCEMENTS
Contact Resistance: Since the voltage is measured using separate probes (inner ones), the method minimizes the effect
of contact resistance between the sample and probes.
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in ever-smaller and more complex materials, such as 2D materials and thin-film transistors. These advancements have
expanded the method’s utility in modern engineering applications, particularly in the rapidly evolving fields of flexible
electronics and optoelectronics.

VIII. APPLICATIONS
a) Measurement of resistivity of semiconductors and thin films.
b) Determining the doping concentration and mobility in semiconductors.
c) Characterizing new materials in research labs.
The four-probe method is a precise and widely used technique for electrical resistivity measurement, especially when
accuracy is required and the material has high or variable contact resistance.

IX. CONCLUSION
The four-probe method remains a vital tool for engineers and researchers working with semiconductors, thin films, and
nanomaterials. Its ability to provide precise resistivity measurements while eliminating the effects of contact resistance
makes it indispensable for applications requiring high accuracy. Ongoing developments continue to enhance its
capabilities, broadening its applicability in cutting-edge engineering domains.
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Fig. 1: Typical Experimental setup and Schematic Diagram of Four Probg2
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