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Abstract— Nowadays consumers’ electronic devices are highly 

integrated, and modules and integrated circuits (ICs) are usually 

placed close to each other due to the compact size. The modules 

and ICs may interfere with the radio frequency (RF) antennas and 

cause desense issues. In recent years, desense caused by direct 

coupling from the noise sources to the victim RF antennas has been 

well studied. However, more complicated mechanisms such as 

modulations between transmitting signals and low-frequency 

clock or data signals can also result in desense problems, especially 

in frequency divide duplex (FDD) applications. Typical solutions 

to desense problems will focus on suppressing the noise sources 

and/or the coupling paths, and little studies have shown the 

feasibility that desense in FDD applications can also be mitigated 

by engineering the spectral power distribution over the frequency 

range. This paper provides a comprehensive study on how to 

mitigate desense with the change in the spectrum distribution by 

tuning the duty cycle of the interfering clock. Measurements 

conducted on a real cellphone showed a 10 dB suppression of 

desense for certain TX bandwidth condition. 

Keywords— desense, RF interference, clock, duty cycle, FDD, 

modulation. 

I. INTRODUCTION  

Radio frequency (RF) antenna desensitization problems, 
also known as desense, have drawn more attention in recent 
years. Due to the trend that modern electronic devices are 
designed to be more compact, equipped with more functions, 
and working under higher speed, unwanted noise sources and 
the coupling to the victim RF antennas will occur more 
frequently. There are many mechanisms that desense can 
happen on the RF antennas such as direct coupling [1][2], 
modulation [3], intermodulation [4][5],  etc.  

The most common cases are the direct coupling to the victim 
antennas. When there exist certain noise sources radiating 
frequency components within the receiving band, the antenna 
may pick up the noise when the sources have efficient coupling 
paths to it. Because the working frequency ranges of the 
antennas are known, it has been extensively studied to avoid 
unwanted noise coupled to the antenna from nearby modules. 
Typical mitigation solutions include shielding, absorbers, and 
even rotating the orientation [1]. The reciprocity-based theorem 
is used as a framework to model the direct coupling  problem 
[6]. Based on the framework, several methods have been 
proposed such as equivalent dipole moment extraction for noise 
source modeling [7][8] or using Huygens box [9].  

Desense problems with modulation involved are more 
difficult to identify. The radiating transmitting signals can be as 
high as  23 dBm, and a significant amount of TX power can be 
easily coupled to nearby modules and components. Owing to the 
nonlinearity of the components, coupled TX signals modulated 
with low-frequency baseband signals generate new frequency 
components and then interfere with the RX band. The low-
frequency baseband signals, which are typically ignored for the 
desense  issues, can be troublemakers in such situation. There 
exist little study on relationship between the baseband signal 
spectrum and desense. 

 In this paper, a new direction for desense mitigation is 
proposed. Without modifying the hardware design, desense can 
be suppressed by engineering the spectrum distribution through 
tuning the noise clock duty cycle. The understandings of 
modulation caused desense and the clock spectrum distribution 
versus duty cycle are explained. Then the real cellphone 
measurements validated the feasibility of desense mitigation by 
the tuning of duty cycle.  

II. MODULATION INVOLVED DESENSE ISSUES 

A. Brief Introduction to the Modulation Casused Desense 

For frequency divide duplex (FDD) working mode RF 
antennas, the transmitting frequencies are usually not far away 
from the receiving frequency range. As. Fig. 1 (a) shows, using 
LTE band 5 as an example, the transmitting channels have a 45 
MHz difference to the receiving channels. Modulation-caused 
desense can happen under two conditions: 1) There exist 
baseband signal spectral components around 45 MHz; 2) There 
is sufficient nonlinearity to mix the TX and the baseband signals. 
Then the baseband signals will be up-converted into the RX 
range and interfere with the channel. Previous study has well 
identified this modulation mechanism happened in a practical 
phone design [3].  

As Fig. 1 (b) shows, the TX signals radiated from the antenna 
can be picked up by the nearby digital microphone (Dmic) 
circuit. Due to the nonlinearity of the Dmic component, the 
coupled TX signals, can modulate with the clock signals on the 
mic, thus, new unwanted high-frequency signals at the RX range 
will be created after the mixing. Eventually, the modulated RX 
noise will couple back to the victim antenna and degrade the 
sensitivity. Notice that although the Dmic clock’s fundamental 
frequency is 2.4 MHz, its harmonics can occur near 45 MHz. 
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