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Introduction

In the realm of high-frequency PCB design, understanding the electrical characteristics of PCB traces
is essential for ensuring signal integrity, minimizing losses, and optimizing overall circuit performance.
One of the critical parameters in this context is the resistance of PCB lands or traces, which can
influence voltage drops, power dissipation, and electromagnetic interference.

This article aims to provide a comprehensive analysis of how to determine the resistance of a 6-inch
PCB land with a width of 5 mils at two distinct frequencies: 1 MHz and 40 MHz. The given voltage and
current values (0.59 V and 0.776 A) serve as practical data points for our calculations. By exploring
the underlying principles, relevant formulas, and frequency-dependent effects, readers will gain
insight into the factors impacting PCB trace resistance and how to accurately evaluate it at different
operating frequencies.

---

Understanding PCB Land Resistance

What Is a PCB Land?

A PCB land refers to the flat, pad-like area of copper on a printed circuit board where components are
soldered. These lands serve as the connection points for components, traces, and vias, facilitating
electrical continuity across the circuit.

Importance of Resistance Calculation

The resistance of a PCB land impacts:

- Voltage drops across the land
- Heat dissipation



- Signal integrity at high frequencies
- Overall power efficiency

Accurate resistance estimation is vital for designing reliable and efficient electronic systems.

---

Factors Affecting PCB Land Resistance

Several factors influence the resistance of a PCB land, including:

1. Material Properties: Copper's resistivity is the primary material factor.
2. Physical Dimensions: Length, width, and thickness of the land.
3. Frequency-Dependent Effects: Skin effect and proximity effect at high frequencies.
4. Surface Roughness: Surface finish can slightly alter effective resistance.
5. Temperature: Elevated temperatures increase resistance.

Understanding these factors helps in precise resistance calculations, especially at different operating
frequencies.

---

Calculating Resistance at DC and Low Frequencies

Basic Resistance Formula

For direct current (DC) or low-frequency AC signals where frequency-dependent effects are negligible,
the resistance \( R \) of a PCB land is calculated using:

\[
R = \frac{\rho \times L}{A}
\]

where:

- \( \rho \) = resistivity of copper (~1.68 x 10\(^{-8}\) Ω·m)
- \( L \) = length of the land
- \( A \) = cross-sectional area of the land

Parameters for Our Case

- Length \( L \) = 6 inches = 0.1524 meters
- Width \( w \) = 5 mils = 0.005 inches = 0.127 mm = 1.27 x 10\(^{-4}\) meters



- Copper thickness \( t \): standard PCB copper thickness is often 1 oz/ft² (~35 µm), but this can vary;
assume 35 µm for calculations.

Calculate cross-sectional area:

\[
A = w \times t = 1.27 \times 10^{-4} \text{ m} \times 35 \times 10^{-6} \text{ m} = 4.45 \times
10^{-9} \text{ m}^2
\]

Calculate resistance:

\[
R = \frac{1.68 \times 10^{-8} \times 0.1524}{4.45 \times 10^{-9}} \approx 0.575 \text{ Ω}
\]

This is the approximate DC resistance of the PCB land.

---

Frequency-Dependent Effects and Their Impact

At higher frequencies, the simple DC model becomes insufficient because phenomena like skin effect
significantly influence resistance.

Skin Effect

- At high frequencies, alternating current tends to flow near the surface of conductors.
- The effective cross-sectional area decreases, increasing resistance.
- The skin depth \( \delta \) is calculated as:

\[
\delta = \sqrt{\frac{2\rho}{\omega \mu}}
\]

where:

- \( \omega = 2\pi f \)
- \( \mu \) = permeability of copper (~4π x 10\(^{-7}\) H/m)

Calculations at 1 MHz and 40 MHz:

At 1 MHz:

\[
\delta_{1\text{MHz}} = \sqrt{\frac{2 \times 1.68 \times 10^{-8}}{2\pi \times 10^{6} \times 4\pi
\times 10^{-7}}} \approx 66 \text{ µm}



\]

At 40 MHz:

\[
\delta_{40\text{MHz}} \approx 10.5 \text{ µm}
\]

Since the copper thickness (~35 µm) is greater than the skin depth at 40 MHz, the effective
conducting thickness reduces, increasing resistance.

Effective Resistance at High Frequencies

The resistance considering skin effect is approximated by:

\[
R_{f} = R_{DC} \times \frac{t}{\delta} \quad \text{(if } t > \delta \text{)}
\]

At 1 MHz:

\[
R_{1\text{MHz}} \approx R_{DC} \times \frac{35\, \mu\text{m}}{66\, \mu\text{m}} \approx 0.575
\times 0.53 \approx 0.305 \text{ Ω}
\]

At 40 MHz:

\[
R_{40\text{MHz}} \approx R_{DC} \times \frac{35\, \mu\text{m}}{10.5\, \mu\text{m}} \approx
0.575 \times 3.33 \approx 1.92 \text{ Ω}
\]

This illustrates that resistance increases notably at higher frequencies due to skin effect.

---

Practical Calculation Using Voltage and Current Data

Given data:

- Voltage \( V \) = 0.59 V
- Current \( I \) = 0.776 A

Using Ohm's Law:

\[



R_{measured} = \frac{V}{I} = \frac{0.59}{0.776} \approx 0.76 \text{ Ω}
\]

This measured resistance aligns with the theoretical DC resistance, considering minor variations due
to manufacturing tolerances and measurement conditions.

---

Summary of Results

| Frequency | Approximate Resistance | Explanation |
|--------------|------------------------|-------------------------------------------------------|
| 1 MHz | ~0.305 Ω | Skin effect minimal; close to DC resistance |
| 40 MHz | ~1.92 Ω | Skin effect significant; resistance increases due to reduced effective conducting
area |

The measured resistance (~0.76 Ω) suggests that at the specific operating conditions, the resistance
is between the DC and high-frequency estimates, possibly influenced by actual copper thickness,
surface finish, and measurement environment.

---

Design Recommendations and Best Practices

- Optimize Trace Width: Increasing trace width reduces resistance.
- Use Thicker Copper: Thicker copper layers lower overall resistance, especially at high frequencies.
- Consider Skin Effect: For high-frequency designs, account for increased resistance due to skin effect.
- Surface Finish Selection: Smooth finishes like ENIG can influence surface resistance.
- Simulation Tools: Utilize electromagnetic simulation software for precise modeling at high
frequencies.

---

Conclusion

Determining the resistance of a PCB land involves understanding both basic electrical principles and
frequency-dependent effects. For a 6-inch land with a width of 5 mils, the DC resistance is
approximately 0.575 Ω, with frequency effects causing notable increases at higher frequencies such
as 40 MHz. Skin effect reduces the effective conducting area, leading to higher resistance, which can
impact circuit performance.

By combining theoretical calculations with measured data, designers can accurately assess PCB trace
resistances and make informed decisions to optimize their designs for high-frequency applications.
Proper consideration of these factors ensures signal integrity, minimizes power losses, and enhances



overall system reliability.

---
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Frequently Asked Questions

How does the resistance of a 6-inch PCB land of width 5 mils
change when measured at 1 MHz versus 40 MHz?
The resistance of the PCB land slightly varies with frequency due to the skin effect; at 1 MHz, the
resistance is higher than at 40 MHz because the skin depth decreases with increasing frequency,
effectively reducing the cross-sectional area for current flow.

What is the significance of the voltages 0.59 V and 0.776 V in
determining the PCB land resistance?
These voltages likely represent the potential drops across the PCB land at different frequencies, which
can be used in Ohm's law to calculate the resistance at 1 MHz and 40 MHz respectively.

How can the resistance of a PCB land be estimated given its
dimensions and voltage drops at different frequencies?
By measuring the voltage drop across the land and knowing the current flowing through it, resistance
can be calculated using Ohm's law (R = V/I). Alternatively, if current is unknown, the voltage drops at
different frequencies can be compared to assess the effect of skin effect on resistance.

Why does the resistance of a PCB land depend on frequency,
and how is this relevant for high-speed PCB design?
Resistance depends on frequency due to the skin effect, which causes current to concentrate near the
surface at higher frequencies, reducing effective cross-sectional area and increasing resistance. This
impacts signal integrity and must be considered in high-speed PCB design to minimize losses and
electromagnetic interference.

Given the voltage drops of 0.59 V at 1 MHz and 0.776 V at 40
MHz for a 6-inch, 5 mil wide PCB land, how would you
calculate the resistance at each frequency?
If the current flowing through the land is known, resistance can be calculated using R = V / I for each
voltage drop. If current is unknown, additional measurements or assumptions are needed, but the
change in voltage drop indicates an increase in resistance at higher frequency due to skin effect.
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In the realm of high-frequency electronics, understanding the resistance characteristics of PCB
(Printed Circuit Board) traces is crucial for designing reliable and efficient circuits. Whether for signal
integrity, power distribution, or RF applications, the resistance of PCB lands (the conductive pads or
traces connecting components) can influence overall performance. This article explores how to
determine the resistance of a 6-inch PCB land with a width of 5 mils at two distinct frequencies—1
MHz and 40 MHz—while considering the associated voltage drops and current flow. We will delve into
the fundamental principles, the impact of frequency-dependent effects, and practical calculation
methods to aid engineers and hobbyists alike.

Introduction: The Significance of PCB Land Resistance
in High-Frequency Design

Printed Circuit Boards are the backbone of electronic devices, providing physical support and
electrical connectivity for components. The conductive lands, often just a few mils wide, carry current
across the board. While resistance may seem negligible at low frequencies or low currents, at high
frequencies, parasitic effects, skin effect, and material properties come into play, making resistance a
critical factor.

The given data—voltage drops of 0.59 V at 1 MHz and 0.776 V at 40 MHz—along with the PCB land
dimensions, serve as a basis for analyzing how resistance behaves under different RF conditions.
These parameters provide insight into the current flowing through the land and how frequency
influences the effective resistance.

Fundamentals of PCB Land Resistance

Basic Resistance Calculation

The fundamental formula for resistance (R) of a conductor is:

R = ρ (L / A)

where:

- ρ (rho) is the resistivity of the material (typically copper for PCB lands),
- L is the length of the conductor,
- A is the cross-sectional area.

For copper, the resistivity (at room temperature) is approximately 1.68 x 10^-8 Ω·m.



Given:

- Length, L = 6 inches ≈ 0.1524 meters
- Width, w = 5 mils ≈ 0.005 inches ≈ 0.127 mm ≈ 1.27 x 10^-4 meters
- Thickness, t = standard PCB copper thickness, usually 1 oz/ft² ≈ 1.4 mils ≈ 0.035 mm ≈ 3.5 x 10^-5
meters

The cross-sectional area:

A = w t = (1.27 x 10^-4 m) (3.5 x 10^-5 m) ≈ 4.45 x 10^-9 m²

Calculating resistance:

R = (1.68 x 10^-8 Ω·m) (0.1524 m) / (4.45 x 10^-9 m²) ≈ 0.574 Ω

This is the DC resistance assuming uniform current distribution and no frequency-dependent effects.

Limitations of Basic Resistance Calculation

While the above provides a good baseline, real-world high-frequency scenarios involve additional
phenomena:

- Skin Effect: At high frequencies, alternating current tends to flow near the surface of conductors,
effectively increasing resistance.
- Proximity Effect: Currents in nearby conductors influence each other’s current distribution, altering
resistance.
- Material and Surface Finish: Variations in copper quality, plating, and surface roughness can affect
resistivity.

Understanding these frequency-dependent effects requires more advanced models and
measurements.

Impact of Frequency on Resistance: 1 MHz vs. 40 MHz

Skin Effect and Its Influence

At low frequencies like 1 MHz, the skin depth (δ) — the depth within the conductor where current
density drops to about 37% of its value at the surface — remains relatively large, meaning current
distributes evenly across the conductor's cross-section.

The skin depth is calculated as:

δ = √(2ρ / (ωμ))

where:



- ω = 2πf (angular frequency),
- μ = permeability of copper (~4π x 10^-7 H/m),
- ρ = resistivity.

Calculating for 1 MHz:

ω = 2π x 1 x 10^6 ≈ 6.283 x 10^6 rad/sec

δ ≈ √(2 1.68 x 10^-8) / (6.283 x 10^6 4π x 10^-7)

Simplifying:

δ ≈ √(3.36 x 10^-8) / (7.895 x 10^-0)

δ ≈ (5.8 x 10^-5) / (7.895)

δ ≈ 7.35 x 10^-6 meters ≈ 7.35 micrometers

Since the copper thickness (~35 μm) is much larger than the skin depth at 1 MHz, the current flows
primarily within this skin depth, slightly increasing the effective resistance compared to DC.

For 40 MHz:

ω ≈ 2π x 40 x 10^6 ≈ 251.327 x 10^6 rad/sec

δ ≈ √(3.36 x 10^-8) / (251.327 x 10^6 4π x 10^-7)

δ ≈ (5.8 x 10^-5) / (3.161 x 10^2)

δ ≈ 1.83 x 10^-7 meters ≈ 0.183 micrometers

This indicates a much shallower current penetration, resulting in increased resistance due to the
reduced effective cross-sectional area.

Frequency-Dependent Resistance Estimation

The effective resistance R_eff at high frequencies can be approximated by:

R_eff = R_DC (t / δ)

This relation accounts for the increased resistance caused by skin effect:

- At 1 MHz: t / δ ≈ 35 μm / 7.35 μm ≈ 4.76

- At 40 MHz: t / δ ≈ 35 μm / 0.183 μm ≈ 191

Therefore:

- R at 1 MHz ≈ 0.574 Ω 4.76 ≈ 2.73 Ω



- R at 40 MHz ≈ 0.574 Ω 191 ≈ 109.6 Ω

These estimates show that the resistance increases significantly at higher frequencies due to skin
effect, affecting voltage drops and current handling.

Calculating Current and Voltage Drop

Given the voltage drops of 0.59 V at 1 MHz and 0.776 V at 40 MHz, we can estimate the current
flowing through the PCB land:

- At 1 MHz:

I = V / R ≈ 0.59 V / 2.73 Ω ≈ 0.216 A

- At 40 MHz:

I = 0.776 V / 109.6 Ω ≈ 0.00707 A

The dramatic decrease in current at higher frequency aligns with the increased resistance due to skin
effect.

Practical Implications and Design Considerations

Designing for Frequency-Dependent Resistance

Understanding how resistance varies with frequency helps in:

- Power Distribution: Ensuring traces can handle the current without excessive heating.
- Signal Integrity: Minimizing voltage drops that can distort signals.
- RF Design: Managing parasitic inductance and resistance to optimize performance.

Mitigating Skin Effect Impact

Design strategies include:

- Using thicker copper layers for RF traces.
- Employing wider traces to reduce resistance.
- Considering alternative materials with lower resistivity.
- Using surface finishes that enhance conductivity.



Measurement and Validation

While theoretical calculations provide estimates, empirical measurements—using instruments like
four-wire Kelvin measurements—are essential for validation. Such measurements account for real-
world factors like surface roughness, plating, and temperature variations.

Conclusion: Balancing Theory and Practice in PCB
Resistance Design

Determining the resistance of a 6-inch PCB land with a 5 mil width at different frequencies involves a
nuanced understanding of both fundamental physics and practical engineering. Basic calculations
based on resistivity and geometry provide a starting point, but high-frequency effects like skin effect
significantly influence resistance, especially at 40 MHz. By integrating theoretical models with
empirical data, engineers can design PCB traces that accommodate current demands and frequency-
specific behaviors, ensuring reliable performance across diverse applications.

In high-frequency electronics, awareness of how resistance varies with frequency is not just
academic—it’s a practical necessity. Whether designing RF filters, high-speed digital circuits, or power
distribution networks, appreciating these nuances leads to better, more robust electronic systems.
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