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Abstract—In this paper, we present a comprehensive 

analysis  of  concentric  and  interleaved  coplanar  transformer 

models, focusing on key performance parameters such as self-

  inductance,  resistance, mutual inductance,  and  interwinding 

      capacitance. These parameters are used to develop a lumped-

element  model  that  accurately  represents  the  behavior  of  a 

coplanar transformer. We propose a universal method based on 

       FEM simulations to extract each parameter value, while the 

       validity of the lumped model is verified by comparisons with 

      measurements obtained from printed circuit board (PCB) 

transformers and HFSS simulations.

Keywords—planar  transformers,  FEM  simulations,  mutual 

inductance, interwinding capacitance. 

I. INTRODUCTION

   The growing demand for high-frequency applications 
requiring compact form factors and high power densities has 

        led to significant interest in planar transformer designs in 
       recent years [1, 2]. Planar transformers can be  seamlessly 

       integrated into printed circuit boards (PCBs), making them 

    ideal for high-frequency power conversion applications. 
     Additionally, they offer several advantages over traditional 

   wire-wound transformers, including improved thermal 
     performance, high power density, repeatability, and low 

  leakage inductance. Among planar transformer  topologies, 
there are three basic classifications: stacked, interleaved, and 

        concentric [3, 4]. These terms describe the relative spatial 
        arrangement of the windings with respect to each other in 

three dimensions.  

     In stacked transformers, the primary and secondary 

      windings are arranged in distinct, vertically stacked layers, 
       separated by an insulating layer. In this configuration, 
     magnetic coupling and mutual inductance between the 

      windings are maximized since the vertically stacked metal 
        layers share the same surface area. As a result, traditional 

designs often feature windings with identical layouts in each 
layer. This configuration has the highest interwinding 

capacitance between windings because it relies on complete 
overlap between layers and is therefore more suitable for low-

frequency/high-isolation systems.  

In the interleaved transformer topology, the primary and 
secondary windings are alternately arranged side-by-side on 

a single planar layer in order to improve magnetic coupling 

and reduce leakage inductance [5, 6]. This means that each 
turn of the secondary winding is between consecutive turns of 

         the primary winding, and vice versa. In this topology, the 
      magnetic coupling occurs laterally (within the same layer) 

      rather than vertically (across layers), resulting in moderate 
     coupling compared to stacked transformers and reduced 

     interwinding capacitance due to lateral coupling  between 
     adjacent traces.  This  topology is more suitable for high-

frequency applications (e.g., MHz-range converters) and low-
power converters (e.g., wearables, IoT).  

    Similarly, concentric (or tapped) transformers are 
designed with both primary and secondary windings arranged 
radially  on  the  same  plane  [7].  In  this  configuration,  the 

        primary encircles the secondary or vice versa, creating an 
arrangement where the windings are nested as inner and outer 

     spirals. This design allows for higher self-inductances and 
lower interwinding capacitances, while the inductive coupling 

factor ( ) is generally limited. The interwinding capacitance, k
which appears between the overlapping radial segments of the 

    primary  and secondary windings,  is  moderate  due to the 
proximity of adjacent turns [8]. This topology is a balanced 
compromise  between  magnetic  coupling  and  interwinding 

     capacitance, making it suitable for RF/wireless applications 

(e.g., NFC, resonant charging) where symmetry is essential. 

        The ease and popularity of multilayer PCBs, where 12 
       layers are accessible even to electronics hobbyists, has 

contributed to the use of stacked transformers. The repeated 
distribution of the same pattern in each layer allows analysis 

of the magnetomotive force over the entire geometry in the 
normal direction, effectively simplifying the problem into a 

one-dimensional (1D) study [1]. In contrast, the concepts of 
interleaved and concentric transformers, placing both coils in 
the same plane, make the analysis of the magnetic coupling 

     of the circuit two-dimensional (2D) and more complex. 
      Although there is abundant literature on the 1D 

magnetomotive force analysis of transformers, the 2D cases 
where the primary and secondary windings are placed together 

on the same plane have not been thoroughly investigated to 
date [9]. The study of such small coplanar transducers may be 

      relevant for radio frequency devices, wireless power 

       transmission, or sensing applications. It is therefore the 
motivation of this paper to focus on the analysis of coplanar
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