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Abstract—Smartphones integrate functionalities 
that enable users to process information in 
numerous formats, incorporating power-intensive 
capabilities that create heating scenarios that are 
detrimental to phone components and users’ 
comfort. As dissipation of this heat is obviously 
impeded when phone covers are present, the 
widespread adoption of phone covers necessitates 
studies on their contributions to thermal issues in 
smartphones. In this study, we monitored thermal 
behaviours of two identical smartphones — one 
bare and the other encased in a cover, obtaining 
their skin temperatures with k-type 
thermocouples, processor and battery
temperatures from inbuilt sensors and infrared 
thermograms using a thermal imager, as they 
simultaneously performed voice call, online 
gaming, music playing and video streaming tasks. 
The risein skin temperatures during the tasks was 
greater in the covered phone, and the increase in 
back surface temperatures relative to front surface 
temperatures was intensified by the presence of 
covers except during gaming tasks. Hence, though 
the covers could protect users in the non power-
intensive tasks by retaining or impeding the heat 
generated, the power-intensive gaming task which 
actively utilized the LCD emitted additional heat 
from screens. User comfort threshold 
temperatures were not exceeded in this study 
unlike in earlier studies on bare phones. We, 
therefore, recommend further investigations on 
covered phones during high power-intensive tasks. 

Keywords - mobile phone, smartphone 
temperature, phone covers, thermal imaging, thermal 
management  

I. INTRODUCTION AND BACKGROUND 

Smartphones have become a necessary part 
of contemporary living, and their usage have 
become ubiquitous in recent years. As users have 
increasingly relied on their smartphones for the 
generation, communication and consumption of 
various forms of information (text, audio, video, 
etc.), manufacturers have been propelled to 
integrate greater functionalities. However, this 
has been accompanied by concurrent reductions 
in form factors, so that as smartphone power 
densities have grown, their effective areas for 
heat dissipation have shrunken simultaneously. 

Several phone components, including the 
Wi-Fi chipset, battery, camera, big core, LITTLE 
core, GPU, codec and liquid crystal display 
(LCD), generate heat when in operation. 
Previously, the ensuing thermal problems 
resulted from reductions in device size, which 
increased device power densities. Currently, 
however, increased computing capabilities in the 
form of multiprocessor system on chip (MPSoC) 
devices, parallel processing and power-intensive 
processes such as gaming, high bandwidth 
internet, etc., are the new drivers of thermal 
issues in mobile phones. The rapid increase in 
smartphone functionality has occurred as form 
factors have reduced simultaneously, bringing 
mobile phone technology to the limits of thermal 
enhancements at the package level [1]. The 
future of mobile device development may thus be 
confronted with thermal constraints to 
improvements in performance and functionality 
rather than power constraints [2, 3], creating 
situations in which smartphones operate for 
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extended periods below their real capabilities and 
negating the ab initio incorporation of high 
performance features in such phones.  

Heating in smartphones presents a serious
challenge for smartphone designers. If left 
unmanaged, the eventual overheating will result 
in the damage of internal components on the 
circuit board, acceleration of thermal fatigue in 
solders, thermal runaway in batteries, etc. 
Elevations in phone surface temperatures also 
degrade user experience due to reduced battery 
life, reduced frame rates (as a result of process 
throttling), low-temperature skin burn injury, 
anxiety, and other discomforts during usage [4]. 

Phone surface temperatures need to be 
maintained below the 45℃ threshold 
temperature for pain [5, 6] since they are usually 
in contact with users’ skins. To achieve this, 
several power and thermal management 
techniques have been proposed, developed and 
implemented, which seek to optimize the power 
consumption and thermal behaviour of the 
mobile devices [7]. At the kernel level, these 
goals are achieved by any of [7, 8] 1) the 
Dynamic Power Management (DPM) technique, 
which suspends idle processing elements (PEs) 
or other idle components of the system if 
required to reduce energy consumption; 2) the 
Dynamic Voltage Frequency Scaling (DVFS) 
technique that allows processors to operate at 
variable voltage-frequency levels; 3) the 
customization of processors to match the 
processing needs of tasks on an MPSoC; 4) the 
customizing of cache-based memory access; and 
5) the mapping of application tasks to the 
processors to improve utilisation and reduce 
energy consumption of PEs by balancing 
workload across all processors in an MPSoC. 

On the hardware side, [9] demonstrated the 
cooling of mobile electronic devices with a phase 
change material (PCM), n-eicosane, with which 
the temperature of a simulated electronic unit 
was successfully maintained below a set 
threshold under moderate heating conditions. 
Reference [10] (using Gallium PCM), [11] 
(using a microencapsulated PCM) and [12] 
(using the n-eicosane and dodecanoic acid PCMs) 
also obtained similar results as the PCMs 
introduced a delay effect in the dissipation of the 
heat generated by the device [11, 12].  

The heat generated within mobile devices 
travels along heat transfer paths to their surfaces 
and raises the skin temperatures [13]. From the 
surfaces, the heat is ultimately lost to the 

environment by thermal convection and radiation. 
While users’ safety is more closely linked to 
device skin temperatures, traditional thermal 
management techniques focus on throttling 
processes on the application processors to 
maintain their temperatures beneath acceptable 
thresholds [4, 14]. Mobile phone thermal 
management approaches are however advancing 
to incorporate skin temperature considerations 
[13, 15]. For the effective design of such, an 
understanding of how the processes being 
performed by a smartphone influence its skin 
temperature is required, and this may be obtained 
experimentally or by modelling. Reference [16] 
studied the correlation between smartphone tasks 
and the measured temperatures of the phone’s 
surfaces. They analyzed infrared (IR) 
thermograms and phone surfaces temperatures 
obtained during some common phone tasks and 
found that processes that intensively used the 
application processor, power management circuit 
and camera chip caused major heating of the 
smartphones. Reference [17] performed a tear-
down analysis of a popular smartphone and 
measured temperature rises in the phone to 
develop a smartphone thermal model, which was 
implemented while varying the thermal 
conductivities of the back- and middle-plates 
(stiffener within the tablet). The obtained results 
showed that metallic spreaders and gap filler 
pads helped in establishing contact between 
surfaces within the mobile phone, facilitating 
heat conduction to the phone’s outer surfaces for 
dissipation to the atmosphere. This cooled the 
phone’s internal parts, preventing                        
any deteriorations. 

Phone covers have been available since the 
advent of mobile phones themselves, and a large 
number of smartphone owners utilize them for a 
wide variety of functions. They initially offered 
protection from shocks and cracks resulting from 
falls, normal wear and tear resulting from routine 
use, and other forms of physical damage that 
mobile devices could experience. With the 
emergence of multi-purpose smartphones, phone 
covers now offer additional services like 
aesthetics, abrasion/scratch resistance, and 
waterproof and dust-proof abilities. Multi-
functional phone covers are also available, which 
provide overall phone protection and also offer 
battery charging abilities, additional data storage 
capacity, wallet space (for holding small notes, 
cash, and cards), signal boosting, etc. The use of 
phone covers, irrespective of their varied 
material properties, introduces additional 
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barriers in the heat dissipation routes of                 
the devices.  

Notwithstanding the widespread use of phone 
covers — more than three quarters of smartphone 
owners in the US were estimated to use phone 
covers by 2013 [19], while the estimated worth 
of the global market for protective phone covers 
was USD 21.4 billion in 2018 [20] — their 
contributions to the thermal characteristics of 
smartphones have been largely excluded from
existing studies. For example, in the studies of 
[21] and [22], skin temperatures were measured 
and IR thermograms obtained and analyzed for 
different smartphone models to determine their 
characteristic temperatures in normal use 
scenarios but the effects of phone covers were 
not considered. Furthermore, the models 
theoretical models of [4, 13, 17, 18] did not 
consider scenarios that involved the use of phone 
covers. Reference [16] presented a comparison 
of steady-state skin temperatures in the presence 
and absence of a cover, which showed that the 
covered phone took a longer time to reach its 
steady-state temperature, which was also lower 
than the temperature of the bare phone. However, 
the phone cover tests weren’t comprehensive, 
being only for Skype video calls.  

The present paper investigates the impact of 
phone covers on the thermal behaviours of 
smartphones. Skin temperatures, processor and 
battery temperatures and infrared (IR) 
thermograms of two identical smartphones — 
one in a cover and the other bare — were 
monitored as they simultaneously performed 
common tasks, to evaluate the influence of the 
phone covers. The results show that the skin and 
battery temperatures of the smartphones were 
elevated by the presence of phone covers, while 
the processor temperatures were minimally 
affected. This initial study highlights the need for 
further studies to further investigate the thermal 
response of smartphones, especially when their 
processing abilities are fully exploited. 

II. MATERIALS AND METHODS 

Test were performed on two identical 
(Samsung J6+) phones — a control phone 
without a cover and a test phone encased in a 
cover — to simultaneously monitor their front 
and back surface temperatures. The temperatures 
were used to evaluate the influence of the phone 
covers on the range of temperatures experienced 
by users when performing typical phone 
operations, and the heat flow directions in the 
phones, i.e., towards either the front or back faces 

of the phones. The phones were operating on the 
Android 9 OS and were equipped with the 
Qualcomm MSM8917 Snapdragon 425 mobile 
AP, which has a Quad-core and various 
peripheral components. Each phone also had a 6 
inch 720 × 1480 resolution LCD screen, 802.11 
b/g/n Wi-Fi interfaces, a 13MP rear camera and 
a 3300 mAh battery.  

A test chamber was built to enclose the 
phones during the tests (Fig. 1a). In order to 
prevent heat exchange between the phones and 
the external environment, five of the chamber’s 
inner surfaces were lined with a reflective 
aluminium foil to diminish radiant heat exchange 
between the phones and the chamber’s walls, 
while the sixth wall was made of a glass sheet 
which is opaque to low frequency thermal 
radiation. Temperature distributions on the 
phone screens during the tests, in the form of 
infrared (IR) thermograms were captured by 
means of an infrared thermal imaging camera 
(Seek Thermal CompactPRO ™). This was 
attached to one of the test chamber’s walls to 
ensure a fixed distance between the imaging 
camera and the phones during the tests.  

 

a) 

 

b) 

Figure 1. (a) Test chamber with the mobile phone 
setup; (b) Thermocouple locations on the phones. 
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The temperatures within the test chamber and 
at identical positions on the surfaces of both 
control and test phones were measured using k-
type thermocouples (Fig. 1 b). The temperatures 
were recorded using an Applent AT4208 eight-
channel temperature data logger (having 
accuracy of 0.2C ± 2 digits a resolution of 0.1℃). 
Furthermore, the CPU Monitor mobile phone 
app was also used to record the phones’ 
processor and battery temperatures that were 
measured by in-built sensors and displayed the 
phone screens. The phone casings investigated 
represented the phone casing designs in 
commonest use, and included those made of 
carbon fibre, leather, plastic and silicone 
materials (Fig. 2).  

Tests were performed as the phones 
simultaneously performed four common tasks, 
including audio voice calling using the default 
app, online gaming using the PUBG MOBILE 
online gaming application, musing playing using 
the Deezer music streaming app, and online 
video streaming using the YouTube video 
streaming app. In order to ensure identical 
operations in both (test and control) phones and 
minimize thermal measurement errors, the 
batteries of both phones were fully charged 
before the start of each test; all background 
applications, including auto-update, adaptive 
screen brightness and battery saving features, 
were disabled; Wi-Fi was used for all processes 
that required internet access; and each test lasted 
for 30 minutes to ensure that the phones had 
reached steady state.  

III. RESULTS AND DISCUSSION  

A. Effects of Covers on Skin Temperatures  

Fig. 3a shows the time-varying temperatures 
of the front and back surfaces of the control and 
test phones during an audio call test with the test 
phone encased in a carbon fibre cover. The test 
enclosure’s ambient temperatures during the test 
are plotted alongside. The corresponding 
temperatures recorded during the online gaming, 
audio music playing and online video streaming 
tests are presented in Figs. 4a, 5a and 6a, 
respectively. For both phones, the front and back 
surface temperatures recorded were all within the 
phone user comfort rage (<45℃). 

Increments in the measured skin 
temperatures above their initial values, i.e., (Tfront 

− Tfront,0) and (Tback − Tback,0), are presented in Figs. 
3b, 4b, 5b and 6b, for the audio calling, online 

gaming, audio music playing and online video 
streaming tests, respectively. 

The plots show that the temperatures rose 
rapidly within the ~10 minutes of the tests. 
Subsequently, the gains in temperature 
diminished as steady-state conditions                        
were approached. 

 

a) Carbon fibre b) Leather c) Plastic d) Silicone 

Figure 2. Casings for the test phones. 

 

a) 

 

 

 

b) 

Figure 3. (a) Temperature responses of the phone 
surfaces (with test phone enclosed in carbon fibre 

casing) during audio calls; (b) Transient changes in the 
phone surface temperatures above their                 

initial temperatures. 
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The increments in the phone surface 
temperature were between 2.5 – 3℃, depending 
on the phone task being undertaken, although the 
extent to which the phone tasks affected the skin 
temperature gains could not be fully determined. 
This was because, as the phones had to be fully 
charged before the start of the tests, their initial 
skin temperatures weren’t the same at the start 
of the different tests. 

The (b) plots show that increments in the test 
(encased) phone’s skin temperatures were more 
than those of the control (bare) phone during all 
the tests, indicating that the covers had an 
inhibitory effect on heat dissipation from the 
encased phone.  

 

a) 

 

b) 

Figure 4. (a) Temperature responses of the phone 
surfaces (with test phone enclosed in carbon fibre 

casing) during an online gaming session; (b) Transient 
changes in the phone surface temperatures above their 

initial temperatures. 

 

 

a) 

 

b) 

Figure 5. (a) Temperature responses of the phone 
surfaces (with test phone enclosed in carbon fibre 

casing) during an audio music session; (b) Transient 
changes in the phone surface temperatures above their 

initial temperatures. 

 

 

a) 

 

b) 

Figure 6. (a) Temperature responses of the phone 
surfaces (with test phone enclosed in carbon fibre 

casing) during video session; (b) Transient changes in 
the phone surface temperatures above their              

initial temperatures. 

 

 

(a) 0 min.           (b) 15 min.             (c) 30min. 

Figure 7.  Infrared thermograms of the phones in 15 
minute intervals of an audio call session with the test 
phone in a carbon fibre cover. (Control (bare) phone 

the left and test (covered) phone on the right). 
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Infrared thermograms of the phones that 
were obtained in 15 minute intervals are shown 
in Fig. 7 for the voice call test and in Fig. 8 for 
the video streaming test (with the test phone in a 
carbon fibre cover). The thermograms showed 
that the skin temperature of the covered phone 
(on the right) is slightly elevated beyond the skin 
temperature of the bare phone (on the left). 

Furthermore, we observe that for the covered 
phones, the temperature increments on the back 
surface were generally higher than the 
temperature increments on the front surface 
except during the gaming test. For the bare 
phones, the temperature increments for both 
surfaces were comparable, again except during 
the gaming test, when the front surface 
temperature recorded higher increments.  

B. Effects of Covers on Heat Flow Directions 

Because the phone covers possess lower 
thermal conductivities than the shells of the 
phones, the covers introduce an additional 
barrier to heat dissipation by the phones. This 
most likely explains why increments in the 
surface temperatures of the encased phone were 
higher in comparison to the bare phone — the 
larger heat capacities of the casings caused them 
to accumulate more heat, leading to the higher 
temperature increments in the encased phones. 
For both bare and encased phones, the back 
surface temperatures rose higher than the front 
surface temperatures (b plots), and since the heat 
loss ˙QlossαTsurface − Tambient, there will be more 
heat flow through the phone’s rear than its front 
surface. This will be beneficial during audio 
calls when the front surface of a phone is in 
contact with the skin of the user’s face and the 
back surface is in contact with the user’s palm, 
since the face is more sensitive than the palm. 
The question however arises on how the 
respective heat flows through the phone’s rear 
and front surfaces compare in the presence                      
of casings. 

 
testdt dt

Qr
  . (1) 

In Figs. 9 a– d, the ratios of cumulative rear 
surface temperature rise to front surface 
temperature rise for different tasks are compared 
for the control and test phones, i.e., where ∆Tback 
= Tback − Tback,0 and ∆Tf ront = Tfront − Tf ront,0 are 
the temperature increments above the initial 
temperatures. During the tests, rQ was higher in 
the encased phone than in the bare phone, except 
during the online gaming task (Fig. 9)). 

Fig. 4b indicated this, with front surface 
temperature increments in the encased phone 
that were remarkably higher than the rear 
surface temperature increments, although both 

 

a) 0 min.           b) 15 min.             c) 30min. 

Figure 8. Infrared thermograms of the phones in 15 
minute intervals of a video streaming session with the 

test phone in a carbon fibre cover. (Control (bare) 
phone the left and test (covered) phone on the right). 

 

a) 

 

b) 

 

c) 

 

d) 

Figure 9. Evaluation of the influence of casing 
material on the heat flows through the front and back 
surfaces of the uncovered and encased phones during 

(a) audio call (b) gaming (c) audio music and           
(d) video sessions. 
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temperature increments were comparable in the 
bare phone. The online gaming task, in addition 
to the application processor and Wi-Fi chipset, 
also actively utilizes display resources in the 
LCD. Hence, heat generation in the LCD, which 
is ultimately dissipated on the phone’s front 
surface, is greater for this task than for the rest.
With a cover, the increased barrier to heat 
dissipation on the phone’s rear will further 
increase rQ as seen from Fig. 9b. 

C. Processor and Battery Temperature 
Responses  

The phone processor and battery 
temperatures that were measured by inbuilt 
sensors in the phones are present in Figs. 10 – 13. 
These were recorded during the phone tasks with 

the test phones encased in the different covers. 
The temperatures recorded during the music 
playing tests were excluded to improve clarity 
since they roughly coincided with the 
temperatures obtained during the video playing 
test. For both bare and encased phones, the 
highest processor and battery temperatures 
generally occurred during the online gaming tests, 
while the lowest temperatures occurred during 
the audio call tests. The processor temperatures 
recorded during the gaming tasks exceeded those 
recorded during the call tasks by up to 20℃, and 
differences in battery temperatures were up to 
almost 10℃.  

The presence of casings didn’t significantly 
alter the processor and battery temperatures. In 
some cases, the control phone had slightly higher 
processor temperature than the test phone, 
suggesting that the tasks undertaken were well 
within the limits of the phones’ thermal 
management algorithms. Further investigations 
are needed to assess their performance under 
more severe conditions (e.g. more power-
intensive processes and multiple concurrent 
processes). As expected, higher battery 
temperatures (by ~ 1℃) consistently occurred in 
the encased phone, since the battery is positioned 
at the phone’s rear (where temperature 
increments had been early found to be higher). 

IV. CONCLUSION 

Mobile handheld devices dissipate the heat 
generated during processes through passive 
convection and radiation from their surfaces and 
this determines their skin temperatures and, in 
turn, user experience. As the presence of covers 
introduces barriers to this heat dissipation, this 
study investigated the influence of covers on the 
thermal behaviour of a smartphone. Temperature 
histories, temperature rises and IR thermograms 
of a covered smartphone were compared to those 

 

Figure 10. Variation of processor and battery 
temperatures during audio call, gaming, and video 

sessions with the test phone placed in a carbon           
fibre casing. 

 

Figure 11. Variation of processor and battery 
temperatures during audio call, gaming, and video 

sessions with the test phone placed in a leather casing. 

Figure 12. Variation of processor and battery 
temperatures during audio call, gaming, and video 

sessions with the test phone placed in a plastic casing. 

 

Figure 13. Variation of processor and battery 
temperatures during audio call, gaming, and video 

sessions with the test phone placed in a                 
silicone casing. 
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of an identical bare phone while both 
simultaneously performed common tasks. 
Elevations in the skin temperatures were 
observed in the presence of the covers, though 
they could offer some protection to users during 
low power consuming tasks. The test phone tasks 
were performed under conditions of well 
controlled ambient conditions although the tested 
phones had unequal initial temperatures. This 
limited the extent to which the influence of the 
phone covers was determined. Further tests with 
better-controlled phone temperatures, which will 
also investigate thermal behaviors during power-
intensive or multiple concurrent tasks, are 
needed to provide further clarity on the phone 
covers’ thermal influence. 
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