© 2017 JARST. All rights reserved

Journal of Advanced Research in Science and Technology
ISSN: 2352-9989

Design and Modeling of Small Solenoid Inductor
for Radio frequency Circuits

Abdelhadi NAMOUNE"", Rachid TALEB?, Abdelkader BELBOULA!, Faycal CHABNI
! Electrical Engineering Department, USTO-MB UniursOran, Algeria

2 Electrical Engineering Department, Hassiba Benbairiversity, Chlef, Algeria

Laboratoire Génie Electrique et Energies Renouletath GEER)

Abstract. Design and modeling of solenoid inductor is présgnThe effect of thickness of magnetic cores,
number of turns, width of magnetic cores and widttcoils of solenoid inductor on inductance, quafctor
and Self-resonant frequency are considered. Deredap in percentage increase of quality factor ie ¢t
increase in width of magnetic cores. It can be fbthmt ~32% of solenoid area reduction is obsewhdn
compared with conventional solenoid inductor desigme effective inductance and quality factor isalted by
simulation for dynamic variation of various paraerstover the desired frequency range. The dimensfon
solenoid inductor considered for asnalysis is 160 x100um, suitable for better solenoid inductor design in
high frequency radio frequency circuits.

Keywords: solenoid inductor, quality factor, radio frequency, magnetic cores, spiral inductor

1. Introduction

Integrated circuits in radio frequency, includingers, switches, low noise amplifiers and voltage
controlled oscillators, have begun to restore sdpaand hybrid components in wireless portable
communication applications. Inductors play an inatr role in radio frequency integrated circuits,
inspiring general work on the advance of structur@sattain optimized performance. On-chip
inductors are critical for permitting integratedre&éss communication systems since the use of
separate components introduce parasitic, credtiegystem integration and miniaturization intricate
Vertical, three-dimensional (3-D) structures haveerb proposed previously [1], with results
illustrating advanced inductance and quality fa@ercompared to planar structures. In new times,
integrated inductors manufactured utilizing magnebres [2] and thin films [3], have established a
performance development of 30 times more thanahah air core inductor of an identical geometry.

A high quality factor can be obtained by the usa ofiagnetic core with a small iron loss at high
frequencies. Thin film micro inductors [4] were paged using multilayered CoNbZr/AIN film. The
optimum conditions for a higkp were explored by varying the size of the magnetice and the
structure of the solenoid inductor. The inductalbh@nd quality factoQ were observed to have higher
values with decreasing thickness of magnetic codevéth increasing thickness of metal coil [5].

This paper comprises of as follows Section 2 dis@sut design and modeling, Section 3 about
results and discussion and Section 4 about conciusi
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2. Design and Modelling

The schematic of an inductor with magnetic cordinigs various parameters used in the
representative model are shown in Fig. 1.

L is the length of magnetic cores (air corejs the number of turnsy,, is the width of magnetic
cores t, is the thickness of magnetic coress the length of the coilsy is the width of coilst is the
thickness of coilst, is the thickness of the air comeis the space between tursgjs the via size and

wy is the width of the via.

tsub

(b)
Fig. 1: Integrated solenoid inductor with magnetice: (a) top view and (b) cross-sectional view

The model for a solenoid inductor is shown in FAd6]. The spiralt model includes the series
inductancelLs, the series resistand®s, the feed-forward capacitanégs, the inductor to substrate
capacitanceCox, and the substrate resistarRaub and capacitanc€sub. The expression for the
inductance of the integrated solenoid inductorlma@pproximate by [7]:

2
Ly = 'W;—Wmtm (1)
m

wheren is the total number of turnsy,, t, andl,, are the width, the thickness and the length of

magnetic core, respectivelyy, is the relative permeability of the core amdis the permeability of
free space.
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Fig. 2: Electrical model for the solenoid inductor
The expression for series resistance is expressg].a

_ 2npwp,
$ 7 ws(1-e-t/8) @)

where,p is the electrical resistivity of the coil material is the widtht is thickness and is the skin
depth of the caoil.

The skin depth is a function of the frequency andriitten as [9]:

2 €)

wap

)
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where,w is the angular frequency,is the conductivity of the coil ang is the permeability of free
space.

Another important parameter that decides the use$sl of a solenoid inductor is the quality factor.
It is defined as the ratio of the energy storeth&energy dissipated in the circuit.

According toQ = «l/R, the expressions for the quality factor of angnééed solenoid inductor
can be expressed as follows [10]:

taw8(1-e"t/3
Q — OHolrn r;wl ( € ) (4)
Plm

3. Results and Discussion

The simulation process followed for the analysisalenoid inductor is meshing and porting of
the device. After porting S-parameters are obtaioedalculate inductance and quality factor. Now
from S-parameters, Y-Parameters are obtained. U&iRgrameters the inductance and quality factor
values are calculated using the expressions showrand 6 respectively [11].

1
1= ®

562



© 2017JARST. All rightsreserved

Namoune A. etal., Journal of Advanced Research in Science and Techgly, 2017, 4(2), 560-567.

(6)

The only mean to enhance the performances of agriaed inductor is to optimize its physical
parameters. This section describes the differestigtor parameters that could be changed and the
results which are obtained by simulation WWMIATLAB.

3.1 Effect of thickness of magnetic cores

Thickness of magnetic cores is varied from 2 pmttpm. As thicknesses of magnetic cores
increase, inductance and quality factor of solemuidictor increase. But there is insignificant shif
the self resonant frequency and the value of irathed. Fig. 3 and Fig. 4 show the effect of increasi
thickness of magnetic cores on inductance andtgudattor respectively.
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Fig. 4: Quality factor for different thickness otgnetic cores.
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3.2 Effect of number of turns

As the number of turns is increased from 3 to H, resonant frequency of solenoid inductor

decreases significantly. Fig. 5 and Fig. 6 showrésellts of solenoid inductor with increased number

of turns. Inductance and quality factor increasth wumber of turns.
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Fig. 5: Inductance for different number of turns
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Fig. 6: Quality Factor for different number of tarn
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3.3 Effect of Width of Coils and Width of Magnetic Cores

This investigation is done in two parts: (I) incsesy width of magnetic cores with constant width
of coils and (Il) increasing width of coils with mstant width of magnetic cores. Though these
investigations are done on a wide range of dalg,taro cases are shown: (a) width of magnetic cores
varied from 10 pum to 20 um with a constant widtltaifs of 3 um Fig. 7 and Fig. 8, (b) width of =il
of solenoid inductor varied from 2 pum to 4 pm watleonstant width of magnetic cores of 15 pm Fig.
9 and Fig. 10.

For a constant width of coils, as the width of metgncores is increased, it is observed that the
self resonant frequency of solenoid inductor desgeaWider width of magnetic cores has the highest
inductance till its resonant frequency compareatteers. If the width of coils is increased then the
shift in self resonant frequency towards lower frexcies is observed. Higher inductance and quality
factor till self resonant frequency are achievedrabptimal value of magnetic cores.
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Fig. 7: Inductance for different width of magnetmres
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Fig. 8: Quality factor for different width of magiecores
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Fig. 9: Inductance for different width of coils

Quality Factor "Q"

Frequency F(Hz) x 10°

Fig. 10: Quality factor for different width of cail

Comparison between previous works and my desighasvn in Table 1. The values mentioned in
the table under my work are the maximum inductageelity factor and self resonant frequency
obtained by the parametric analysis. The area lehea inductor for the entire analysis process is
same as mentioned.

Table 1: Comparison of different inductors

Works Size Frequency Qmax Réf
Spiral inductor 250 x 250 (4n | 100-16 (MHz) 8 12
Spiral inductor 180 x 180 (1A | 0,1-100 (MHz) 7 13

Solenoid inductor | 150 x 150 (ifin| 10-20 (MHz) 4 14
Solenoid inductor | 100 x 100 (ifim|  1-14 (GHz) 9,5 My work
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4. Conclusion

Thorough investigation of miniaturized solenoiduntbr for radio frequency circuits is concluded
in this paper. The parametric characteristic of tthesign was presented and the design procedure
outlines its performance in terms inductance analityufactor. Better performance of the design is
obtained with the optimized parameters from diffiergerations. Maximum value of quality factor
obtained in the analysis is 2 at 8 GHz; Inductaisc&#40nH at 11GHz. Size reductions of ~32% is
obtained for the design when compared to conveatigsienoid inductors.
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