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Abstract— This paper compares the electromagnetic and 

electrical properties of a planar inductor used in a low-profile
organic light-emitting diode (OLED) driver. A luminary 
consists of the OLED cell and its driver which uses a planar 
inductor. The proximity of the OLED cell and the constrained 
area makes the planar inductor lossy. The planar inductor 
represents a loop antenna and a main source of radiated 
emissions of the driver. The properties of the planar inductor 
are analysed w.r.t. the quality factor and the magnetic 
moment. The analysis uses a two-level experiment based on 
EM simulations to explore the geometrical parameters of the 
inductor. The experiment shows that the track width and the 
fill-ratio of the inductor have the largest effect on its 
properties. It is concluded that a planar inductor which 
introduces minimum power losses and radiated emissions to 
the OLED driver needs to be optimized w.r.t. the track width 
and the fill-ratio.
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I. INTRODUCTION

Power converters utilize magnetic devices to store 
energy and low-profile applications use planar magnetic 
devices [1]. An example of a planar magnetic device which 
is commonly used in low-profile devices is the planar 
inductor [2]-[4]. 

Organic light-emitting diode (OLED) cells are planar, 
diffuse lighting devices and they form luminaries with a 
very low profile. The OLED luminary described in [5] 
drives the OLED cell using a buck converter. The buck 
converter utilizes a planar inductor which is considered 
lossy because of the proximity of the OLED cathode and 
the planar, distributed design. The planar inductor due to its 
inductive properties stabilizes the output current, while 
introducing power losses to the buck converter operation. 
Furthermore, the ripple of the output current of the buck 
converter causes the planar inductor to generate radiated 
emissions. The design of the planar inductor thus affects the 
operation of the buck converter and its radiated emissions. 

The electrical properties of the planar inductor w.r.t. its 
geometrical design parameters is studied in [6]. A planar 
inductor on a printed circuit board (PCB) is used in a 
power converter and it is parametrized in [7]. The design of 
a planar inductor is optimized w.r.t. the power converter 
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efficiency in [8] and a multiobjective optimization of the 
planar inductor is done in [9]. The electromagnetic 
compatibility (EMC) of the buck converters, i.e. its 
conducted emissions are studied in [10] and [11]. The 
radiated emissions of a power converter are considered 
w.r.t. the PCB layout in [12]. A buck converter which uses 
an air-core solenoid is characterized w.r.t. the magnetic 
field emissions in [13]. 

This paper compares the effects of the design parameters 
on the electrical properties of the planar inductor related to 
the buck converter and the radiated emissions of the planar 
inductor. 

The analysis of the planar inductor is based on EM 
simulations described in Section II. The electrical 
properties of the planar inductor related to the buck 
converter are modelled in Section III, while Section IV 
presents the analysis of the radiated emissions of the planar 
inductor. The effects of the design parameters of the planar 
inductor on the electrical and electromagnetic properties 
are investigated using a screening experiment in Section V. 
The discussion of the experiment results is presented in 
Section VI, while Section VII contains the conclusions.  

II. ELECTROMAGNETIC SIMULATIONS

The planar inductor is a part of an OLED luminary which 
consists of the OLED cell and the backplane. The 
backplane contains the OLED driver, i.e. the buck 
converter that uses the planar inductor. The dimensions of 
the OLED cell limit the size of the backplane and thus the 
dimensions of the planar inductor. 

Figure 1.  The design of the planar inductor and its parameters.
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This paper analyses a luminary which uses an OLED cell 
with dimensions 118x116 mm2. The luminary is connected 
to a supply VIN = 24 V and the buck converter supplies the 
OLED cell with the current IOUT = 400 mA and the voltage 
VOUT = 13.7 V. The buck converter operates at the 
switching frequency fSW = 3.6 MHz. 

Fig. 1 shows the layout of the planar inductor and its 
design parameters. The planar inductor has a square shape 
and its design is determined by the track width w, the track 
spacing s, the fill-ratio R and the outer dimension D. The 
fill-ratio R is the ratio of the number of turns N and the 
maximum number of turns which is determined by the pitch 
spacing w+s and the outer dimension D. The inductor 
structure has two ports P1 and P2. The electrical properties 
of the planar inductor are simulated using COMSOL 
Multiphysics which result in two-port S-parameters [14].

The simulated substrate has two dielectric layers and 
three metal layers. The planar inductor is patterned on the 
250 micron thick FR4 substrate and it uses two top metal 
layers which are made from 35 micron thick copper. The 
bottom metal layer represents the OLED cathode and the 
dielectric layer between the OLED cathode and the planar 
inductor represents the glass encapsulation.  

The EM simulations analyse the frequency range 300
kHz to 300 MHz, which includes the switching frequency 
of the converter and the resonant behaviour of the inductor. 

III. ELECTRICAL PROPERTIES

The electrical properties of the inductor are commonly 
represented by the quality factor Q which is defined at the 
frequency f as  
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where LS is the series inductance and RS is the series 
resistance of the inductor. The quality factor gives a ratio of 
the energy capacity of the inductor and its power losses.  
 The planar inductor stabilizes the output current of the 
buck converter, while introducing power losses in the 
conversion process. The stability of the output current is 
determined by the inductance, while the power losses are 
caused by the resistance of the planar inductor. The quality 
factor Q thus represents reasonable choice to represent the 
electrical characteristics of the planar inductor w.r.t. the 
buck converter. 
 The EM simulations of the planar inductor result in two-
port S-parameters. The S-parameters are transformed to y-
parameters which are used to define the interport, series 
admittance Y3 by using
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The series inductance LS is extracted at the switching 
frequency by using 
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and the series resistance RS is extracted by using 
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IV. ELECTROMAGNETIC PROPERTIES

The planar inductor consists of a number of turns and 
each turn acts as a loop antenna. The radiated emissions of 
the loop antenna are determined by its magnetic moment,
i.e. the product of the loop area and current [15]. The 
magnetic moment m of the planar inductor is defined by the 
sum of the magnetic moments generated by the individual 
turns of the inductor which equals  
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where N is the number of turns of the planar inductor, IL is 
the inductor current and AL,i is the area of the i-th inductor 
turn. 
 The current of the planar inductor IL is determined by the 
ripple of the output current of the buck converter. The 
ripple current is related to the design parameters of the 
buck converter and the inductance of the planar inductor. 
The peak-to-peak value of the ripple current ΔIout is defined 
as
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 The magnetic moment of the planar inductor is derived 
by taking into account (6) and by determining the area of 
each inductor turn which leads to 
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V. GEOMETRICAL PARAMETER SCREENING

The geometrical design parameters of the planar inductor 
are screened by using a two-level full-factorial experiment 
[16]. Table 1 shows the levels of the design parameters 
used in the screening experiment. The planar inductor for 
each combination of the design parameters is simulated and 
the simulation results are used in determining the quality 
factor Q by using (1)-(4) and the magnetic moment m by 
using (6)-(7).

Fig. 2 shows the quality factor Q of the planar inductor 
w.r.t. the design parameters. Fig. 2 shows the relative value 
of the quality factor w.r.t. the two levels of the design 

TABLE I
THE DESIGN PARAMETERS OF THE SCREENING EXPERIMENT.

Design parameter / Level -1 +1
Track width w [mm] 0.2 0.5
Track spacing s [mm] 0.2 0.5
Fill-ratio R [] 0.05 0.3
Outer dimension D [mm] 75 100
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parameter. The results show that the track width w has the 
largest effect on the quality factor. It is observed that the 
effect of the fill-ratio R is relatively small, while the effects 
of the track spacing s and the outer dimension D on the 
quality factor are even smaller. The effects of the track 
width and the fill-ratio on the quality factor are positive, 
while the effects of the track spacing and the outer 
dimension are negative. 

Fig. 3 shows the magnetic moment m of the planar 
inductor w.r.t. the design parameters. This figure shows the 
relative value of the magnetic moment w.r.t. the two levels 
of the design parameter. The results show that the track 
width w and the fill-ratio R have the largest effect on the 
magnetic moment. It is observed that the effects of the track 
spacing s and the outer dimension D on the magnetic 
moment are comparably smaller. The effects of the track 
width, the track spacing and the outer dimension on the 
magnetic moment are positive, while the effects of the fill-
ratio are negative. 

Table II shows the results of the analysis of variance 
(ANOVA) of the simulation results [17]. Table II shows the 
F-statistics and the p-value for the quality factor Q and the 
magnetic moment m w.r.t. the design parameters of the 
planar inductor. The results confirm the observations based 
on Figs. 2 and 3. The track width has the largest effect on 
the quality factor. The fill-ratio also has a notable effect, 
while the track spacing and the outer dimension have the 
comparably smallest effects on the quality factor. It is also 
confirmed that the track width and the fill-ratio have the 
largest effect on the magnetic moment. 

VI. DISCUSSION

Increasing the track width w reduces the resistance RS of 
the inductor, while minimally influencing the inductance LS
of the inductor and thus the track width has a positive and a
large effect on the quality factor Q. 

The fill-ratio R determines the number of turns of the 
inductor. Increasing the fill ratio, i.e. the number of turns 
increases both the inductance LS and the resistance RS of the 
inductor. The results in Fig. 2 show that the inductance 
increase is larger than the resistance increase and thus the 
fill-ratio has a positive, notable effect on the quality factor 
Q. 

The track spacing s influences the number of turns by 
modifying the track pitch. Increasing the track spacing 
while maintaining a fixed fill-ratio reduces the number of 
turns of the inductor. Due to the decrease in the number of 
turns, the inductance and the resistance of the inductor 
decrease as well. The inductance decrease is larger than the 
resistance decrease and thus the quality factor is reduced. 
The results on Fig. 2 show that this effect is indeed 
negative, but it is comparably smaller than the effects of the 
track width and the fill-ratio.   

The outer dimension D influences the number of turns 
and the area of inductor. This influences the length of the 
inductor turns. These influences affect the inductance and 
the resistance of the inductor. The results show that these 
influences for the simulated parameter levels effectively 
cancel each other resulting in a very small, negative effect. 

The magnetic moment m of the inductor is related to the 
ripple of the converter output current ΔIout, i.e. the 
inductance LS of the inductor. It is also related to the 
number of turns and the area of the inductor. Increasing the 
track width w while maintaining the fill-ratio R leads to a 
reduced number of turns. The reduced number of turns 
decreases the inductance of the inductor and consequently 
increases the ripple current of the buck converter. The 
results on Fig. 3 show that increasing the ripple current 
affects the magnetic moment much more than the decreased 
number of turns and results in a large, positive effect of the 
track width on the magnetic moment. 

The fill-ratio R determines the number of turns and 
consequently influences the inductance of the inductor. 
Increasing the fill-ratio increases the inductance and thus 
reduces the current ripple. The results in Fig. 3 confirm that 
the inductance of the planar inductor has the largest effect 
on the magnetic moment and the fill-ratio has a large, 
negative effect on the magnetic moment. 

Increasing the track spacing s reduces the number of 
turns and the inductance of the inductor. These changes 

Figure 2.  The quality factor Q w.r.t. the design parameters of the planar 
inductor.

Figure 3.  The magnetic moment m w.r.t. the design parameters of the 
planar inductor.

TABLE II
THE ANALYSIS OF VARIANCE OF THE SCREENING EXPERIMENT.

Quality factor Q Magnetic moment m
F p-value [%] F p-value [%]

w 21.3 0.07 37.5 0.01
s 0.27 61.2 7.73 1.79
R 1.20 29.7 20.9 0.08
D 0.20 66.5 1.62 23.0
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effectively cancel each other thus resulting in a comparably 
small, positive effect of the track spacing on the magnetic 
moment. 

The outer dimension D directly influences the area of the 
inductor. Increasing the outer dimension increases the area 
and the inductance of the inductor. These changes 
effectively cancel each other thus resulting in a comparably 
small, positive effect of the outer dimension on the 
magnetic moment. 

In summary, the results show that the track width w and 
the fill-ratio R have the largest influences on the quality 
factor Q and the magnetic moment m of the planar inductor. 
It is recommended to include these parameters in a co-
optimization of the quality factor and the magnetic moment.   

VII. CONCLUSIONS

A luminary consists of the OLED cell and its driver 
which uses a planar inductor. The planar inductor is the 
main source of radiated emissions of the driver. The 
properties of the planar inductor are analysed using EM 
simulations. The simulations are analysed w.r.t. the quality 
factor and the magnetic moment. The two-level screening 
experiment shows that the track width and the fill-ratio of 
the inductor have the largest effect on its properties. It is 
concluded that quality factor may be increased by 
increasing the track width of the inductor, while the 
magnetic moment is most sensitive to the changes in the 
inductance of the inductor.
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