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Abstract— Modularized designs have been widely used in 

today’s consumer electronic devices and flexible RF springs are 

used for electrical connections between the modules. In the 

meantime, aluminum alloy material becomes a common chassis 

option. It is well known that the oxidized chassis surface 

introduces a certain level of nonlinearity when contacted by the 

springs, as known as passive intermodulation (PIM). PIM is one of 

the well-known root causes of the RF desensitization (desense). 

This paper is focused on investigating the relationship between 

PIM and contact conditions of the springs, especially contact area.  

The PIM level behavior is explained mathematically by the 

regrowth rate and the RF power distributions on the contacts. 

Full-wave simulations and mechanical simulations were 

conducted to further support the hypothesis.  

Keywords— passive intermodulation, radio-frequency 

interference, spring component, desense, contact area, contact 
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I. INTRODUCTION  

In modern electronic devices, modularized design is 
commonly used for massive productions and easy assembly 
process in factories. Also, it makes the products easy to repair. 
Thus, there are many different modules in the consumers’ 
electronics. The separate modules need to have the shared 
ground with the main chassis for the radio frequency (RF) 
current return path for electromagnetic compatibility or radio 
frequency interference control purposes. The electrical 
connections between the modules and the chassis are usually 
realized by flexible metal components such as springs. The 
spring-to-chassis contacts, on the one side, the springs are 
typically gold-plated on their contact tips to have excellent 
electrical performance. However, on the other side, the chassis 
surfaces are usually not ideal for electrical contacts due to the 
oxidization layer on the aluminum alloy surface. Aluminum 
alloy material is widely used as the chassis because of its 
inexpensive price, light weight and fair electrical performance, 
so the non-ideal spring-to-chassis contacts cannot be easily 
gotten rid of.  

Passive intermodulation (PIM) represents a nonlinear 
behavior between non-ideal metallic contacts. In wireless 
communication applications in the electronics, due to the 
nonlinearity, the wide occupied spectrum of the TX signals will 

inter-modulate and generate the broadband sideband spectrum. 
The sideband will always follow the TX frequencies and in a 
frequency-division duplex (FDD) mode, the receiver sensitivity 
tends to be degraded (desense) due to the spectral regrowth in 
the sideband spectrum. Furthermore, the TX signal power of the 
electronic devices can reach up to 23 dBm. Such high transmit 
power levels will lead to more spectral regrowth in the sideband 
spectrum which will have a significant adverse impact on the 
receiver desense performance. Therefore, the study of reducing 
PIM caused by metallic contact is essential to mitigate desense 
issues.  

PIM generation mechanisms and characterizations have 
been studied in previous research. One of the most popular 
mechanisms is the tunnel effect due to the semiconductor-like 
junction between two metal surfaces [1]. The metal surface 
tends to form an oxide layer when exposed to air, and a thin 
oxide layer between the two metal surfaces can generate the 
PIM. There are other mechanisms for PIM such as the thermal 
effect. The regrowth rate is an important indicator to 
differentiate the dominant mechanism for PIM generation [2]. 
Practically, enlarging the compression force or adding the torque 
can reduce the amount of PIM generation [3].  An equivalent 
circuit model was also proposed by [4] based on the 
understanding of the contact surface topology of the coaxial 
connectors. For the PIM related topics, great efforts have been 
spent on the PIM source localizations such as using ultrasound 
or emission source microscopy [6] [7]. Most of the PIM studies 
with measurements focus on standard RF components or 
devices, but seldom do researchers study the non-standard 
components. It is worthwhile to spend some effort 
characterizing the PIM in non-standard components such as tiny 
springs, which are universally used and may have more 
interesting insights to dig into. For PIM caused by spring 
contact, previous studies found some interesting phenomena 
such as the folded structure spring can self-contact itself and 
cause PIM [8]. Also, statistical study was conducted to 
investigate the feasibility of using DCR to represent the PIM 
values [9]. Both studies on springs are mainly focused on the 
loose contact regions (when the springs barely touch the landing 
pads) that the PIM levels will have large variations, so the 
measured data for high-PIM cases can only support some trend 
analysis.  
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