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In the rapidly evolving landscape of modern telecommunications, the demand for antennas that exhibit both a low 

profile and an exceptionally wide frequency range has never been higher. The compact broadband spiral antenna

represents a pinnacle of electromagnetic engineering, offering a unique combination of frequency-independent

characteristics, circular polarization, and high gain. From military electronic warfare and radar systems to

commercial satellite communications and signal monitoring, the spiral antenna is a cornerstone technology. This

article provides an in-depth technical analysis of spiral antenna design, focusing on miniaturization techniques,

feeding mechanisms, and real-world implementation strategies based on recent academic and industrial research.

Fundamental Principles of Frequency-Independent Antennas

The concept of a frequency-independent antenna was first formalized by Victor Rumsey in the 1950s. Rumsey’s 

principle suggests that the impedance and pattern properties of an antenna will be independent of frequency if its 

shape is specified only by angles. While a true frequency-independent antenna would need to be infinite in size, the 

spiral antennaprovides a practical approximation by ensuring that its geometry is defined by a growth rate that

scales consistently with the operating wavelength.

Spiral antennas operate based on the current band theory. According to this theory, radiation occurs primarily

from a circular region of the spiral where the circumference is equal to the operating wavelength (;²’à As the

frequency changes, the active radiation region moves inward or outward along the spiral arms. This inherent self-

scaling property is what allows the antenna to maintain a nearly constant input impedance and radiation pattern

over bandwidths exceeding 10:1.

Key Spiral Geometries

There are two primary geometries used in the design of broadband spiral antennas: the Archimedean Spiral and 

the Equiangular (Logarithmic) Spiral.

•  Archimedean Spiral: Defined by the equation r = r € + a<bÂ�v†W&R�"�—2�F†R� adius, r € is the starting radius, and a is 

the growth rate. The arms have a constant width, making them popular for slot-based designs and applications 

requiring precise circular polarization.

•  Equiangular Spiral: Defined by r = r €e^(a<b’à This geometry strictly follows Rumsey’s principle, as the angle 

between the tangent and the radial vector remains constant. It typically offers superior bandwidth but can be more 

challenging to miniaturize due to the exponential growth of the arms.

The Challenge of Miniaturization in Spiral Design

One of the primary constraints in RF engineering is the physical size of the antenna relative to its lowest operating 

frequency (ƒ_low). For a spiral antenna, the outer diameter must typically be at least ;µöÆðw/<��Fò�7W��÷ t the first 

radiating mode. In many modern applications, such as handheld signal monitors or UAV-mounted sensors, this size 

is prohibitive. As highlighted in research from RMIT University and other technical studies, several techniques are 

employed to achieve a compact broadband footprint.



1. Resistive Loading and Chip Resistors

To prevent reflections from the ends of the spiral arms—which cause fluctuations in gain and axial ratio—engineers 

often employ resistive loading. By embedding chip resistorsat the termination points of the spiral arms, energy

that has not been radiated is absorbed rather than reflected. This technique allows the antenna to operate at

frequencies lower than its physical dimensions would otherwise suggest, albeit at the cost of some radiation

efficiency. High-performance designs often use a distributed resistive profile to gradually attenuate the traveling

wave.

2. Dielectric Loading and High-Permittivity Substrates

By placing the spiral on a substrate with a high dielectric constant (;U÷"’À the effective wavelength is reduced,

allowing the antenna to be physically smaller while maintaining the same electrical length. However, this often

narrows the bandwidth and reduces efficiency due to surface wave excitation. Strategic use of multilayer structures

can mitigate these effects.

3. Meandering and Modified Arm Geometries

Researchers have experimented with meandering the spiral arms or using a square-slotgeometry to increase the

effective path length within a fixed area. These modifications help in shifting the lower cutoff frequency downward

without increasing the overall diameter of the antenna housing.

Technical Analysis of Feeding Mechanisms and Baluns

The performance of a dual-arm spiral antenna is heavily dependent on its feeding structure. Since the spiral is 

inherently a balanced structure and most RF sources use unbalanced coaxial cables, a balun(balanced-to-

unbalanced transformer) is required. A poorly designed balun will introduce impedance mismatches and degrade

the circular polarization (CP) purity.

The Role of the Compact Balun

In compact designs, a traditional tapered coax balun is often too long. Engineering teams now utilize planar 

Marchand baluns or multilayer vertical transitions. The goal is to provide a stable 188-ohm impedance (for self-

complementary structures) or 50/75-ohm matching across the entire bandwidth. The integration of a compact 

balun directly into the center of the spiral feed point is essential for maintaining a low profile.

Feeding Methods Comparison



Feeding Method Bandwidth Capability Complexity Best Application

Tapered Microstrip Balun Ultra-Wideband Moderate General Broadband Labs

Marchand Balun Moderate to Wide High Integrated PCB Antennas

CPW (Coplanar 
Waveguide)

Wideband Low Surface Mount Designs

Cavity-Backed Feed Narrow to Moderate High High-Gain Unidirectional

Circular Polarization and Axial Ratio Performance

One of the defining features of the spiral antenna is its ability to produce Circularly Polarized (CP) waves. This is 

particularly useful in environments with significant multipath interference or for communicating with satellites where 

the orientation of the receiver is variable. The axial ratio(AR) is the metric used to determine the purity of the

circular polarization. For a high-quality broadband spiral, the AR should ideally remain below 3 dB across the entire

operating band.

The circular polarization is achieved because the two arms are fed 180 degrees out of phase. As the current travels

along the spiral, the phase shift relative to the physical rotation creates the CP field. To maintain this across a wide

band, the precision of the spiral geometry and the symmetry of the feed are paramount.

Design Workflow for an Archimedean Spiral Antenna

Designing a compact spiral involves a series of iterative steps, often utilizing CAD and EM simulation software like

HFSS or CST Studio Suite.

1.  Define Frequency Specs: Determine ƒ_low and ƒ_high. This dictates the outer radius (R_out "H c / (2<��r�5öÆðw)) 

and the inner radius (R_in "H c / (2<��r�5ö†–v‚’’à

2.  Select Substrate: Choose a material with low loss tangent (tan ;B’�Fò�Ö�†–Ö— e efficiency. Rogers or Taconic 

substrates are common choices for high-frequency spiral designs.

3.  Geometric Modeling: Calculate the growth rate (a) and the number of turns. For Archimedean spirals, ensure 

the arm width and gap width are equal to maintain a self-complementary impedance of approximately 188 ohms in 

free space.

4.  Implement Loading: Integrate ring-shaped absorbers or chip resistors at the outer boundaries to suppress 

back-reflections.

5.  Design the Balun: Create a transition from the 50-ohm SMA connector to the balanced spiral feed point.

6.  Simulate and Optimize: Analyze the S11 parameters (return loss), gain, and axial ratio. Adjust the spiral wrap 

density to optimize for the specific frequency band.

Applications in Modern Engineering

Compact broadband spiral antennas are deployed in diverse sectors due to their robust performance and versatile

form factor.

1. Electronic Warfare and Radar

In radar systems, especially for Radar Warning Receivers (RWR), the antenna must detect signals over a

massive frequency range (e.g., 2 GHz to 18 GHz). The spiral antenna’s ability to maintain a consistent beamwidth



and polarization makes it ideal for identifying and locating threat emitters.

2. Signal Monitoring and Spectrum Analysis

For regulatory bodies and security firms, efficient signal monitoringrequires antennas that don't need to be

swapped out when scanning different bands. A single spiral antenna can replace a whole array of dipole or patch

antennas, significantly reducing the complexity of the monitoring hardware.

3. GPS and Satellite Communications

Compact spirals are frequently used for GPS applications. Because GPS signals are right-hand circularly

polarized (RHCP), a spiral antenna can be tuned to provide excellent rejection of multipath signals (which often flip

polarization upon reflection), thereby increasing the accuracy of the positioning data.

Advanced Topics: Unidirectional Radiation and Cavity Backing

By nature, a planar spiral antenna radiates bi-directionally (both forward and backward). In most applications, 

radiation is only desired in one direction. To achieve uni-directional radiation, the antenna is usually mounted over 

a conducting cavity.

However, a simple metallic cavity reflects the backward wave, which can interfere destructively with the forward 

wave at certain frequencies, creating nulls in the pattern. To prevent this, the cavity is often filled with 

electromagnetic absorbers (like carbon-loaded foam) or a ring-shaped absorber. While this improves the

bandwidth and pattern stability, it reduces the overall gain by roughly 3 dB because the backward-radiated energy

is absorbed. Innovative designs use "shallow cavities" or artificial magnetic conductors (AMCs) to reflect the wave

in-phase, though these are typically more narrowband.

Performance Comparison: Spiral vs. Other Broadband Antennas



Feature Spiral Antenna Log-Periodic Antenna Vivaldi (Slot) Antenna

Polarization Circular Linear Linear

Size Compact/Planar Large/Directional Low Profile/Long

Bandwidth Excellent (Frequency Ind.) High Very High

Phase Center Stable Varies with Freq. Relatively Stable

Typical Gain 3 - 7 dBi 6 - 12 dBi 5 - 10 dBi

Troubleshooting Common Design Issues

Even with advanced simulation tools, engineers often encounter challenges during the prototyping phase of

compact spiral antennas.

•  High Axial Ratio at Low Frequencies: This is often caused by insufficient arm length or inadequate resistive 

loading. If the current reaches the end of the arm and reflects, it creates a cross-polarized component. Increasing 

the outer diameter or improving the absorber quality can resolve this.

•  Impedance Mismatch (High VSWR): If the compact balun is not perfectly matched to the spiral’s input 

impedance, standing waves will form. Check the transition from the coax to the PCB traces for parasitic 

capacitance.

•  Beam Squint: Asymmetry in the feed or the surrounding housing can cause the main lobe of the radiation 

pattern to shift away from the boresight. Ensuring mechanical precision in the feed point is critical.

The compact broadband spiral antenna remains a masterclass in balancing trade-offs between size, bandwidth, 

and efficiency. As we push further into the millimeter-wave spectrum and integrate more RF capabilities into smaller 

devices, the principles of spiral design continue to adapt. The transition toward multilayer PCB integration and the 

use of novel loading structures, such as the modified Archimedean spiral with embedded resistors, allow 

engineers to bypass traditional size limitations. Whether for advanced radar applications or UWB communication

, the spiral antenna’s legacy of frequency independence ensures its relevance in the next generation of wireless

technology. By understanding the intricate relationship between geometry, feeding networks, and material science,

designers can continue to shrink the footprint of these powerful components without sacrificing the ultra-wideband

performance that modern systems demand.
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