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Abstract— An internal compact printed loop antenna with matching element is presented for laptop
applications. Bending to the printed loop structure is employed to reduce the size of antenna. A matching
element is used at backside of the substrate to enhance the bandwidth of the antenna. The matching
element is of rectangular shape with inverted U shape dot in it. The proposed antenna with wideband
characteristics covers GSM900, GSM 1900, UMTS, LTE2300, WLAN, WiMAX 3.3/3.5/3.7 bands and is
suitablefor laptop applications. The antenna structureissimulated using | E3D software.
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l. INTRODUCTION

Modern wireless communication system is moving from one generation to another. With the advancement of
wireless communication system, wireless networking has become an important function for laptop, notebook and
tablet. Nowadays the laptops are available for different wireless applications. Thus, many researchers are getting
attracted towards the field of antenna designing for wireless systems. The main point of attraction is size of
antenna and its ability to operate at different frequencies.

The basic difference of designing an antenna for laptop and mobile phone applications is that the laptop in
earlier development stages is not considered as a wireless communication device. Thus, the space provided for
antenna in laptops is small and confined. There are many challenges for antenna design for laptop applications
such as its integration into laptops. There is extensive use of conducting materials in the cover of the laptop to
minimize radiation from very high speed processors. Thus, it is difficult task to find a place suitable for an
antenna in an environment free from the effects of other conductors. Therefore, it has become a necessary to
reduce the volume of an antenna and maintaining its multiband operations. The printed loop antenna is a planar
structure and can be designed as a low profile antenna. The printed loop antenna structure is a promising
candidate for antenna design with reduced volume for multiband operation in the laptops.

The present trend for wireless communication in laptops includes Globa System for Mobile Communication
(GSM), Digital Cdlular Service (DCS), Persona Communication Service (PCS), dong with Universal Mobile
Telecommunication System (UMTS), Wireless Local Area Network (WLAN) services. In addition to it, World
Wide Interoperability For Microwave Access (WiMAX) technology is also used in wireless applications such that
it provides wider coverage and higher data transmission speed than WLAN. Long Term Evolution (LTE) is the
standard for wireless communication for higher data transmission speed. LTE is marketed as 4G services
provided in cellular and data terminals. Nowadays, some internal printed loop antennas have been proposed
though only few of them covers al the desired bands required for wireless laptop applications [1]-[10]. Chiu et al.
(2010) have presented a simple printed loop antenna with a tuning element for hepta-band laptop applications. It
has covered GSM850/GSM900, DCS1800, PCS1900, UMTS, WLAN and WiMAX bands [9]. The antenna is
printed on a FR4 substrate. Wong et al. (2011) have presented a small size loop antenna with a parasitic shorted
strip monopole for internal wireless wide area network (WWAN) notebook computer applications[10].

This paper presents a rectangular printed loop antenna structure with wideband operations to cover bands for
wireless applications in laptop, notebook and tablets. It uses traditional loop theory for calculating initial
dimensions of antenna structure. Then a series of simulation is done to get optimize dimensions of the printed
loop structure based on the requirement for desired bands of operations. The rectangular printed loop antenna is
further bended; this will further help in reduction of dimensions of the proposed antenna. Thus the bending of the
printed loop antenna helps in reduction in volume of antenna structure. The proposed design uses a rectangular
matching element with inverted U shape dot in it, at the backside of the substrate as the matching element is used
to increase the bandwidth of the antenna [9]. The proposed antenna with wide bandwidth covers eight bands
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required for laptop’s wireless applications. The volume of the proposed antenna is less than the volume of
antenna [9],[10]. It has avolume of only 51x12x0.8 mm® is a suitable candidate to be used in laptops for wireless
applications. To design and simulate the antenna structure Integrated Environment for 3-D Simulation (IE3D)
simulation software is used.

II. DESIGN OF ANTENNA STRUCTURE
A. Traditional Loop Theory

The current distribution of loop antenna structure depends on the dimensions of the loop whether they are
small loops or large loops. They may be uniform current distribution or non-uniform current distribution. The
uniform current distribution exists in the small loop structures and the uniform current distribution for the loop is
valid till the circumference of the loop is less than about 0.2 times of the wavelength (or radius less than 0.03
times of wavelength) [11]. Thus for small loop antenna structure

1(®@)=lo )

As the perimeter of the loop structure is increased, there are current variations along its perimeter which must
be taken into account. Thus for electrically large loop antenna, the current distribution is non-uniform. Firstly, it is
assumed that the variations are co-sinusoidal but this approximation is not being valid near the driving point.
Thus a new approximation is given for the electrically large loop antenna which satisfies its non-uniform current
distribution [11]. The Fourier series of non uniform current distribution is given in equation
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where @ is the measured angle from the feed point of the |loop antenna along the circumference.

For the proposed antenna, the electricaly large loop is used. The loop is used as a printed element for
designing of a compact printed loop antenna for laptop applications. The electrically large loop structure has its
perimeter equal to 1-wavelength [11]. Thus by deciding an operating frequency, the perimeter of the rectangular
loop is abtained. Traditional loop antenna concepts are used to calculate the perimeter of printed loop antennaand
commercial software package |E3D isused for its simulation. RT-Duroid is used as a dielectric material on which
structureis printed. It has relative permittivity (g, ) 2.2 and loss tangent 0.0009.

B. Design of rectangular printed loop antenna

The proposed Printed Loop antenna is designed for laptop applications such as GSM, UMTS, LTE, WLAN,
WIMAX 3.3/3.5/3.7. So the frequency range selected for the simulation lies in between 0-4 GHz. However,
2 GHz is selected as operating frequency for deciding the initial dimension of internal compact printed loop. A
rectangular printed loop antenna is simulated without any ground plane. The loop antenna structure is electrically
large and hence the perimeter of the loop is taken of one wavelength. The structure is simulated without the
ground plane is shown in Fig. 1(a). Theinitia dimension of the loop taken as55 mmand 20 mm. The feed point
is taken at centre of the printed loop antenna. A port is used as feed to the rectangular printed loop antenna. From
Fig. 1(b), it is seen that the simple rectangular printed loop has a resonant mode in the rectangular loop nearly at
0.95 GHz which is approximately at half awavelength [12].

55mm

20mm

@ (b)

Figure 1: Rectangular Printed loop without ground plane and simulation results
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Figure 2: Real part of input impedance for Rectangular Printed loop without ground plane.

In the Fig. 2, it is seen that a very high value of resistance at 0.95GHz, so this mode is referred to as
anti-resonance [12]. Thus the rectangular printed loop antenna without ground plane generates traditional loop
modes. There is an anti-resonance at half wavelength but due to its larger values of resistance it does not match
with 50 Q of feed and therefore does not generate aresonance [9].

C. Folding of the structure and addition of strip

After the simulation of simple rectangular printed loop structure, the loop is folded and a strip is added to the
XZ-plane. The dimension of the strip along X-axis is equal to the length of printed loop antenna and when the
length loop is varied the length along X-axis of the strip is also varied. The width of the strip along the Z-axis is
fixed to 0.8 mm. The folded printed loop structure is ssimulated without any ground plane. The dimension of the
loop is same as that of simple rectangular loop antennai.e. A = 55mm, B = 20mm and folding length is taken as
4 mm.The printed loop after the addition of strip shows considerable improvement in return loss. Fig. 3 shows 3D
view and the return loss of printed loop antennawith strip. At 2.1557 GHz, the return loss obtained is -18.987 dB.

D. Addition of large ground plane

A large ground has been added to the structure. The size of ground is defined by using the aspect ratio and
diagonal of display screen. The proposed antenna is designed for the display of diagona size of 10 inch. The
aspect ratio of 5/4 isinitially taken and height and width of display ground are 200 mm and 160 mm. The return
loss of the loop structure with ground plane is shown in Fig.4. It is observed that with the addition of large ground
plane, the return loss at resonating frequencies has been improved within the desired range of 0-4 GHz.

Figure 3: 3D view and Return loss of printed loop antenna with addition of strip.

Figure 4: Return loss of printed loop antenna with addition of large ground plane.
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E. Variation of loop dimension

A series of simulations have been performed so that the dimension (length and width) of the loop is optimised.
An analysis has performed on the loop such that certain geometrical parameters of the initial loop are varied to
see their effects on antenna parameter. The length and width of the loop have been varied in a combination and its
return loss for different combinations are shown in Fig.5. And it is observed that as the length of the printed loop
increases and the width of the printed loop decreases the return loss at nearly one-wavelength resonating mode is
getting better than the previous combinations. It is also seen that the third and the fourth resonant frequencies are
also shifted towards left as the length of loop increases and the width of  loop decreases. It is seen that for
65mm x 10mm first and second resonant points have the highest value of return loss. The fourth resonant modeis
required for WiMAX coverage but for loop dimension of 65mm x 10mm, the return loss of fourth resonant point
only reaches to the value of -4.065 dB. Thus the next better dimension 63mmx 12mmof loop is selected. In this
dimension, the return loss of first three resonant points are better than -22 dB and fourth resonant point has value
of -7.6 dB.

F. Variation of thickness of substrate

After varying the dimensions of printed loop antenna, simulations have been done to see the effect of height
of substrate on the antenna parameters such as resonant frequency and return loss. The effect of variation of
substrate thicknessis shown in Fig. 6, it is seen that with the variation of height of substrate from 0.4 mmto 0.8
mm, the resonant frequency points are slightly shifted towards left. The fourth resonant frequency which is not
present in the range from 0 to 4 GHz at 0.4 mm, is also shifted towards lower vaue in the required range as the
height increases. The return loss for second resonant mode is also improved with the increase of height from
0.4mm to 0.8mm.

Figure 5: Comparison of return loss of printed loop antennafor different combinations of dimensions of loop structure .

Figure 6: Comparison of return loss of printed loop antenna with different thickness of substrate.
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Figure 7: Printed loop antenna structure after bending with parameter ‘r’ and ‘s'.

@ (b)

Figure 8: Return loss of printed loop antennawith (&) variationin ‘r’ and ‘s’ fixed to 11mm, (b) variationin ‘s and ‘r’ fixed to 1.5mm.

II.  BENDING OF THEPRINTED LOOP

After different simulations for printed folded loop structure, the dimension of loop has been modified for
obtaining smaller size of the antenna. This has been done by bending the printed loop structure. The two factors
are decided and they are varied to see their effect on the antenna parameters. The length of ‘r’ and ‘S are decided
asa parameter which are shown in Fig.7 and are varied as ‘r’ from 0.5 mm to 1.6 mm and ‘s from 11 mm to
25 mm. The bending of the loop will increase the electrical length of the structure and thus have an option to
reduce its dimensions. In Fig. 8(a) & 8(b), the variation of return loss with the variation of ‘r' and ‘s’ with one
parameter fixed at atime are shown. From the Fig.8(a) it is seen that if ‘r’ is varied from 0.5 mm to 1.6 mm there
isadlight shift in resonant frequencies to the higher value and the return loss is improved. From the Fig.8(b), it is
observed that if ‘s’ isvaried from 11 to 23 mm thereis afrequency shift to lower values due to the increase in the
electrical length of the loop structure with ‘s’. The fourth resonant frequency which is not in the range of 0-4 GHz
at s=11mm is shifted from higher valuesto 3.3975 GHz at s= 23mm. Thus for desired band coverage, the length
‘r and's areset to 1.5 mm and 23 mm with smaller loop dimensions of 51mm x 12mm.

I11.  IMPEDANCE MATCHING

Impedance matching is the direct method/technique to influence the impedance behavior of an antenna. The
matching element is placed close to the radiating element. The matching element enhances the bandwidth and
also improves the radiation efficiency of the antenng[9][14]. To achieve greater bandwidth, a rectangular
grounded element with inverted U shape dot is used at the back side of the substrate. The length of the
matching element is fixed to 12mm and the width ‘x’ of the matching element is decided through simulations.
The distance between the matching element and feed is about 0.5mm. The width ‘x’ is varied from 7mm to
9mm. The return loss for different values of ‘x’ is shown in fig.9. With the addition of matching element two
wide bands having return loss better than -6 dB have been obtained. With the increase in *x’, the bandwidth of
the first band starts increasing while the bandwidth of the second band is reduced. For x = 9mm, the two
resonant frequencies of 2.2336 GHz and 3.3483 GHz covering two wide bands of -6 dB bandwidth of 809 MHz
and 896 MHz are obtained.
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Figure 9: Return loss of printed loop antennafor different values of ‘x’.

@ (b)

Figure 10: (a) Impedance matching element used at the backside of antenna structure (b) Return loss of printed loop antenna with different
vauesof ‘'m'.

Asit is seen that with the addition of the matching element the bandwidth of the structure improves though it
results in the reduction of the return loss at 0.84 GHz. So in order to improve the return loss, the matching
element is modified by making an inverted U shape dlot in it [9]. In inverted U shape dlot a varying parameter
‘m’ isdecided and is shown in Fig.10(a). In Fig. 10(b), the comparison of return loss for different values of ‘m’
is shown. As ‘m’ varies from 1mm to 8mm the return loss of first resonant mode improves considerably. At
m = 6 mm it has another resonant frequency that has return loss better than -6 dB. Though with further increase
it improves return loss but also result in decreasing of bandwidth for the resonant frequency of near at 2.2 GHz.
Thus optimum value selected is 7 mm. For m = 7mm the resonant frequencies are 0.9344 GHz, 2.22541 GHz
and 3.5 GHz that cover three bands of -6dB bandwidth which are found as 57MHz, 604 MHz and 949 MHz,
respectively is achieved.

The new generations of laptops are provided with the widescreen and of aspect ratio of 16/9, for providing
high quality of images. Thus the aspect ratio has been changed from 5/4 to widescreen ratio of 16/9. Asthe aspect
ratio of the screen is changed the size of ground plane is also changed to 220 x 120 mm?. It is seen from
Fig. 11, that changing the aspect ratio of the screen to 16/9 from 5/4 leads to the decrease in return loss at some
frequencies but does not affect much, the bandsit covers.

Figure 11: Return loss of printed loop antennawith different aspect ratio of screen
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Figure 12: Return loss of printed loop antennafor different locations of matching element.

The location of matching element is varied to see its effect on the resonant frequencies and bandwidth it
covers. The simulation is conducted on three locations. The location 1 is the position when the matching element
is placed at the right most corner of the of the printed loop antenna. The location 2 is the position when the
matching element is placed at near centre position that is near to the feed whereas the third location of the
matching element is the one for which the matching element is placed at the left most corner of the printed loop.
All the locations for matching element is at backside of substrate. In Fig. 12, there is comparison for different
locations of matching element based on return loss. It is clearly seen that best location of the matching element is
near center location as it covers the desired frequency wide bands. This is because at near center location the
matching element is nearer to the feed and the impedance matching isimproved [11].

The best location for antennain laptop is at top edge of the ground plane [13]. Thus position of printed loop
antennaiis placed at the top edge of display screen ground. The position of the antennais varied at the top edge of
display ground. The effect of variation of the location of an antenna on the top of the display screen is seen
through series of simulations.

The effect of variation of the location of an antenna on the top of the display screen is seen through series of
simulations. (‘I" is the distance between the top right most edge of antenna and right most edge of the ground as
shown in Fig. 13(a)). It is seen from Fig. 13(b) that as ‘I’ is varied from Omm to higher values, it affects the
impedance matching of the antenna.

@ (b)

Figure 13: (a) Printed loop antenna structure showing parameter ‘I’ (b) Return loss of printed loop antenna with different values of ‘I'.
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Figure 15: 3D radiation pattern of the proposed antenna (a) at 0.9523 GHz b) at 2.005 GHz
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Figure 14: Final proposed printed loop antenna for laptop applications.

(b)

()
C) at 3.3584GHz.

IV. RESULTAND DISCUSSION

After series of modification to the initial printed loop structure, a final proposed antenna is obtained with
desired bands and gain. The final proposed printed loop antenna is shown in Fig. 14 The dimension of final
structure for the proposed antennais 51mm x 12mm and has substrate thickness of only 0.8 mm. The volume of
final antennais 51x12x0.8 mm°.

Table 1: Antenna parameters of fina printed loop antenna with matching element.

Resonant Gain (dBi) Antenna Radiation Frequency Range (GHz) | Bandwidth
frequency Efficiency Efficiency (%) (MH2)
(GH2) (%)
0.9385 2.30 67.86 90.03 0.91009- 0.967246 57.1554
21349 479 85.18 92.84 1.86678- 2.53418 667.339
33152 6.29 84.40 90.89 3.07408- 4.0 925.92

From the Table 1, it is seen that the gain reaches up to 6.29 dBi at resonant frequency 3.3152 GHz. It is seen
that the final antenna has three bands centre at 0.9385 GHz, 2.1349 GHz, 3.3152 GHz of -6 dB bandwidth
which are found to be 57 MHz, 667 MHz and 925 MHz. The bands covered are GSM 900, GSM1900, UMTS,
WLAN at 2.4 GHz, WIMAX 3.3/WiMAX 3.5 and WiMAX 3.7. The antenna efficiency at 0.9385GHz, 2.1349
GHz and 3.3152 GHz are 67.86%, 85.18% and 84.40%, respectively. The radiation efficiency is better than 88%
for al bands. The 3D radiation pattern for the designed antenna is shown in Fig. 15. The radiation pattern is
though not purely omnidirectional but provides a wide coverage and is thus suitable for operations in laptop

applications.
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V. CONCLUSION

The proposed internal compact printed loop antenna with matching element for laptop applications has been
successfully designed and simulated using procedure of traditional loop antenna along with 1E3D software. The
proposed antenna is a compact printed loop antenna which is required for modern small and dim laptops.
Bending to the printed loop structure is employed to reduce the size of antenna. In addition to it, a matching
element is used at backside of substrate to enhance the bandwidth of the antenna. The matching element is of
rectangular shape with inverted U shape slot in it. The proposed antenna occupies avolume of  51x12x0.8 mm®,
RT Duroid has been used as dielectric material. The proposed antenna which has a simple structure making its
fabrication easy, covers GSM900, GSM 1900, UMTS, LTE2300, WLAN, WiMAX 3.3/3.5/3.7 bands.
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