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Abstract – Numerous small antennas have been designed at the Electronics, Antennas and Telecommunica-
tion Laboratory (LEAT) of the University of Nice Sophia-Antipolis. In this paper, we perform a detailed analysis 
of the most interesting concepts. We especially focus on the different miniaturization techniques employed to 
reduce the size of the antennas. 
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1. Introduction 

Numerous small antennas have been designed at the Electronics, 
Antennas and Telecommunication Laboratory (LEAT) of the 
University of Nice Sophia-Antipolis.  

In this paper, we perform a detailed analysis of the best con-
cepts. We especially focus on the different miniaturization tech-
niques employed to reduce the size of the antennas. 

2. Meandering the radiator 

The most common printed antenna used in the microwave fre-
quency range is the well-known rectangular patch usually posi-
tionned a large ground plane. This antenna is generally used in 
its first resonant mode. At this operating frequency, the currents 
are approximately covering a half guided wavelength distance 
along the length of the resonator. One solution to miniaturize 
such an element consists to modify its geometry while keeping 
the currents still covering the same distance. For example, etch-
ing a slot in the patch force the currents traveling around this slot 
and thus naturally increase the average path length regarding the 
initial structure. In this way, if one wants to work at the initial 
frequency, the surface occupied by the resonator is decreased. 

The C-patch is the first miniature antenna designed at the 
LEAT. This structure is shown in Fig. 1. This antenna is posi-
tioned on the corner of a large ground plane. 

 

 
 

Fig. 1: The C-Patch on a large ground plane [1]. 
 
In 1988, two different elements were designed and fabricated 

to respectively operate in the UHF and the L bands [1]. The 
miniaturization trick was the one explained above: etch a slot in 
a square patch antenna to force the currents traveling along this 
slot. The area reduction gain was about 3 to 4 at the expense of a 
reduction of the available bandwidth. This is often the case when 

miniaturizing radiating elements. It was also observed a degrada-
tion of the polarization purity. Depending on the application, this 
fact may be an advantage in a communication link. 

The same concept was extensively used and enhanced by 
some researchers from Nokia to optimize the occupied space 
when changing the shape of the slots [2] but also to increase the 
available bandwidth by adding coplanar [3] and/or stacked C-
patch resonators [4]. 

3. Stacking another radiator 

The next miniaturization technique achieved at the LEAT was to 
vertically stack another C-patch antenna to the previous one 
while linking them via a small vertical strip [5]. The structure is 
using air substrate (Fig. 2). 

 

 
 

Fig. 2: Stacked C-Patches on a square ground plane. 
 
It can also be described as a folded slot-dipole antenna (Fig.3). 

The reduction of the dimensions was about 5 at the expense of a 
small -10 dB bandwidth (3%).  

This antenna was further miniaturized using a Duroid sub-
strate with a 2.2 permittivity value [6]: dimension reduction was 
about 7.5 at the expense of an even more reduced -10 dB band-
width (0.3%). 

 

 
 

Fig. 3: C-Patches as a slot-dipole [5] 
(before folding). 
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4. Adding a short circuit 

A well-known miniature radiating element is the Planar Inverted 
F-Antenna (PIFA). The miniaturization technique consists to add 
a vertical shorting wall in the middle of the resonant length of a 

h (Fig. 4), the structure being still positioned on a 
la

5. Com

Quarter wavelength resonators for broad-band and dual-band 
pu s ively the S and 
the E antennas (Fig. 5a and b).  

 folded in a stacked manner and 
e element is positioned on a large ground plane 

(1

. A bandwidth of 30% for a VSWR<2 was demon-
st

 

 
 

Fig. 5b: E antenna from [8]. 
  

Several investigations were conducted to enhance the feeding 
mechanism of these antennas. Particularly, it was especially 
found interesting to feed these elements by a coplanar waveguide 
ended by an open slot. This kind of feeding way has the follow-
ing advantages: no soldering point, possibility to enhance the 
bandwidth, easier integration of passive or active components 
[9]. 

Equivalent structures having quite the same shapes were also 
published at the same time [10] and patented [11] by J. Ol-
likainen and P. Vainikainen from Helsinki University and Tech-
nology and Nokia. 

6. Using a small ground plane 

Two additional techniques were pointed out in the last 
aforemnetionned work. Surprisingly, the obtained bandwidths 
were not as low as the one obtained on a large ground plane. 
This fact was further explained by other groups [13] like Dirk 
Manteuffel from IMST [14]. It was found that the PCB size in 
wavelength could strongly enhance the available bandwidth if 
chosen to be nearly λ/2 or λ/4 and if correctly coupled to the 
small antenna element. It was also found that a capacitive effect 
carefully introduced in the resonator was helpful to decrease the 
high-order resonant modes of the structure without affecting too 
much the fundamental resonance: this was a real breakthrough to 
understand how to control the higher resonant frequencies of a 
PIFA. 
 
In the following years, the LEAT concentrates at 2G mobile 
communications, especially the intensive use of internal anten-
nas in handsets. The challenge was to designed miniature multi-
band PIFAs on small ground plane with large bandwidths (>8%).   

The first designed concept was a dual-band PIFA positioned at 
the top of a 100x50mm2 ground plane [12]. This antenna con-
sisted in a quarter-wavelength resonator, connected to the 
Printed Circuit Board (PCB) via a vertical metallic strip as a 
partial short-circuit and fed by a thin metallic strip connected to 
a SMA connector (Fig. 6). The end of the antenna was folded 
under the air space between the main plate and the PCB to create 
a strong capacitance between these facing metallic parts. This 
technique was used to keep the same current path length in a 
reduced area size. 

 
A GSM (880-960 MHz) / UMTS (1920-2170 MHz) antenna 

was patented with the help of Alcatel Mobile Phone Division 
and Alcatel Space [15]. The following miniaturization tech-
niques were simultaneously used: slotted-stacked resonators, 
several shorting posts on the lower and the upper plates (Fig. 7). 
 

 

patch and remove the other part to get a quarter-wavelength 
resonator. An additional trick consists to use a partial short 
circuit instead of an entire shorting wall to further lengthen the 
current lines flowing in the element to decrease its resonant 
frequency.  

This last technique was applied in 1996 to the previous 
stacked C-patches ; especially adding a partial short circuit to the 
lower C-patc

rge ground plane and using air substrate. It was patented with 
the help of France Telecom R&D La Turbie (formerly France 
Telecom Le CNET) [7]. The dimension reductions were about 6 
at the expense of a -10 dB bandwidth: 2.5%. 
 

 
 

Fig. 4: Short-circuited Stacked C-Patches [6]. 

bining all the previous techniques 

rpo es were then designed in 1999 [8]: respect

 
The S antenna is a quarter-wavelength patch with a vertical 

shorting wall. The main plate is
th

00x100mm2). The antenna was optimized for a dual-band 
behavior: the achievable ratio between the two operating fre-
quencies was found to be controlled within a range varying from 
1.3 to 2. 

The E antenna is a structure composed of two superposed 
quarter-wavelength patches. It was optimized for a broadband 
operation

rated. 
 

 

 
Fig. 5a: S antenna from [8]. 
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Fig. 6: Dual-band PIF CB [12]. A on a small P
 

 
 

Fig. 7: Patented GSM/UMTS antenna (Alcatel [15]). 

The same concept was further optimized to additionally cover 
th

s on small ground planes was also developed 
at

). The small radiator is working like a shorted monopole for 
GSM frequencies. 

 
 

 
The last structures designed at the LEAT are using concurrently 
all the min ed: slotted 

uarter-wavelength resonators, partial short-circuits, vertical 
of 

ving a 

was 
to 

plate 

Finally, some modifications of the previous concept [20] led us 
to design an antenna also covering the GSM850 US band (824-
89  MH
 

Fig. 1

7. Conclusion and future issues 

Today, with iversity and 
IMO techniques in the cellular 3G and 4G communications, 

th

the introduction 

 
 

Fig. 9: Miniature GSM wire-patch antenna [19]. 

 

e DCS (1710-1880 MHz) and the PCS (1850-1990 MHz) 
standards (Fig. 8, [16]). 
 

 
 

Fig. 8: GSM/DCS/PCS/UMTS antenna 
 

It is also interesting to emphasize that these concepts can be 
equally analyzed as monopolar wire-patch antennas instead of 
slotted PIFAs with partial shorting vias [17-18]. 
Taking into account this kind of approach, a miniature stacked 
wi e-patch antennar

 the LEAT. The challenge was to design a low profile, low 
cost, large bandwidth and dipolar radiation pattern antenna on a 
very small ground plane. The antenna had to be suitable for 
automotive or indoor applications [19]. The optimized ground 
plane dimensions were only 1.2 times the antenna element (Fig. 
9

iaturization techniques previously describ
q
strips as capacitive loads, antenna positioned at the top edge 
the PCB and use of coupled to parasitic elements to enhance the 
available bandwidth.  

The first concept was a GSM/DCS/PCS/UMTS PIFA ha
38.5x28.5x8.5 mm3size on a 100.5x40.5 mm2 PCB.  All these 
frequency standards were covered with a VSWR better than 2.5 
and high efficiency measured with a home-made Wheeler Cap.  

An improvement was the coverage of the HIPERLAN/2 
(5150-5350 MHz and 5470-5750 MHz) and the IEEE 802.11a 
(5150-5350 MHz and 5725-5825 MHz) bands [21]. This 
achieved by etching and additional slot in the main resonator 
alter the current path length of the fifth resonance of this 
without altering the fundamental and the third modes (Fig. 10). 

4 z, [22]).  

 
 

0: GSM/DCS/PCS/UMTS/WLAN antenna 

the upcoming implementation of d
M

e LEAT concentrates on the integration of several antennas on 
small ground planes while keeping a high isolation between 
these elements. This has been already done with 
of a neutralization effect between two radiators working in very 
close frequency bands [23]. A prototype with four PIFAs having 
low mutual coupling and high total efficiencies has been recently 
presented [24]. Another exciting field of interest of the LEAT, 
already demonstrated by P. Vainikainen et al. is to use the PCB 
as the main resonating element, and excited by a non-resonant 
structure [25].  
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