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A 470 to 960 MHz 
ResonAnt AntennA: 
CoveRing UHF Mobile 
tv And CdMA/gsM 
witHoUt tUning CiRCUits
A novel wideband antenna has been developed for UHF mobile digital TV. The 
new antenna has a bandwidth of more than 68 percent. It is an unbalanced 
resonant antenna that does not need any tuning or matching circuits. It resonates 
from 470 to 960 MHz and can cover all bands of UHF mobile digital TV (470 
to 862 MHz or a portion of it), CDMA/TDMA/GSM800 (824 to 894 MHz) and 
E-GSM900 (880 to 960 MHz). The overall size of the new antenna is very small 
and its manufacturing costs are very low. It has a very small cross-section and 
is made of a flexible material. Bending the antenna in more than one direction 
considerably reduces the effect of the human body and the surrounding 
environment on the antenna. It also increases its sensitivity to different 
polarizations. Since the new antenna is multi-polarized, it significantly reduces 
the need for separate diversity antennas. The new antenna can be used as an 
internal, external or partially internal and partially external antenna.

Antennas for mobile TV are usually re-
quired to have a very wide frequency 
band. For example, ultra high frequen-

cy digital video broadcasting-handheld (UHF 
DVB-H) is designed to work in the frequency 
band from 470 to 862 MHz or a portion of it. 
This is a very wide bandwidth, which is difficult 
to cover with a single resonant antenna. There-
fore, matching circuits are usually used to tune 
the antenna for this band1 or even for narrower 
bands such as 470 to 770 MHz2 and 470 to 702 
MHz.3 Matching circuits increase the com-
plexity and the costs of the antenna and also 
reduce its efficiency. 

On the other hand, the mobile TV band 
overlaps with the CDMA/GSM800 band (824 
to 894 MHz). It is also too close to the E-
GSM900 band (880 to 960 MHz). This over-
lapping may cause severe coupling and inter-
ference between antennas of both applications, 
especially if they are placed close to each other 
in the limited space inside handsets, which are 
getting smaller and smaller. A novel solution to 
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gether by a shorting metallic strip. The 
two arms may be parallel to each other 
or may have any angle between them. 
The length of the short arm is L1 and its 
width is W1 while the length of the long 
arm is L2 and its width is W2, the thick-
ness (the height) is T and the antenna 
is fed at a distance F from the shorted 
edge. The two arms of the antenna can 
have equal or unequal widths W1 and 
W2. Furthermore, the two arms can be 
shaped in different ways in order to op-
timize the antenna performance. 

As shown, each arm has a set of 
slots having different configurations. 
These slots can be circular, rectangu-
lar, square, triangular or other shapes. 
The arm lengths of the new antenna, 
especially the length of the short arm, 
are the main parameters that deter-
mine the operating frequency of the 
antenna. The feed location is adjusted 
in each configuration in order to im-
prove the return loss as much as pos-
sible. The bandwidth, the peak gain 
and the efficiency of the antenna are 
mainly determined by the widths 
of the two arms, the angle between 
them, the thickness of the antenna 
and the configurations of the slots, 
which are all optimized together in 
order to enhance the antenna perfor-
mance, especially the bandwidth.

The antennas are completely self-
contained and do not need extended 
ground planes or any additional com-
ponents. Thus, the new antenna can 
be mounted anywhere, inside or out-
side any handset, because the antenna 
does not use a part of the handset as an 
extended ground plane, which usually 
happens with most available internal 
antennas. Furthermore, the antenna is 
made of a flexible printed material and 
can be bent and/or folded in different 
forms in order to fit any available space 
inside or outside the handset. Actually, 
it can be used as an internal, external or 
partially internal and partially external 
antenna. Moreover, the overall size of 
the antenna is small and its manufac-
turing costs are low.

circuits. It resonates from 470 to 960 
MHz and hence can cover all bands 
of UHF mobile digital TV, CDMA/
TDMA/GSM800 and E-GSM900. Of 
course, if it is undesirable to merge 
the frequency bands of mobile TV and 
CDMA/GSM, the new antenna can be 
designed with a narrower bandwidth 
that can only cover the mobile TV band 
or any other band. Actually, narrowing 
the bandwidth increases the efficiency 
of the antenna. The new antenna can 
be used with cellular phones, palmtop, 
notebook, laptop computers or any 

other portable com-
munication equip-
ment.

Description 
of the new 
AntennA

Figure 1 shows 
the geometry of the 
newly developed 
UHF digital mo-
bile TV antenna. It 
consists of two nar-
row printed metallic 
arms connected to-

overcome this interference problem 
is to use only one antenna that can 
cover all bands of UHF mobile digi-
tal TV, CDMA/TDMA/GSM800 and 
E-GSM900. In this case the antenna 
is required to cover an overall band 
from 470 to 960 MHz, which is very 
challenging.

A wideband antenna for UHF mo-
bile digital TV has been developed. 
The new antenna can cover a band-
width of more than 68 percent. It is 
an unbalanced resonant antenna that 
does not need any tuning matching 

s Fig. 1  Geometry of the new antenna.
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s Fig. 2  The selected sample antenna configuration.
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s Fig. 3  Calculated and measured return 
loss of the new antenna.
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figuration is shown in Figure 2.
The two arms of the selected sam-

ple antenna are parallel to each other. 
The length L1 of the short arm is 11.5 
cm while the length L2 of the long arm 
is 25 cm. The width W1 of the short 
arm is 2.6 mm while the width W2 of 
the long arm is 3.5 mm and the an-
tenna thickness T is 2 mm. The over-
all size of the antenna is 25  0.35  
0.2 = 1.75 cm3. It should be noted 
that this is the overall volume of the 
antenna because it does not require 
an additional ground plane, a match-
ing circuit or any other components. 
All slots in both arms are selected to 
be rectangular in shape. The length of 
each slot is 5 mm and its width is 2 
mm. The distance between the short-
ed edge and the first slot is D1. The 
distances between the successive slots 
are D2, D3,…., D8, respectively. 

The locations of the first five slots 
are similar in both arms. This means 
that the first five slots in the short arm 
are located exactly above the first five 
slots in the long arm. However, since 
the long arm is wider than the short 
arm, the first five slots are positioned 
close to the middle of the long arm, 
while they are located at the edge of 
the short arm as shown. The values of 
D1, D2, …., D8 are as follows: D1 = 5 
mm, D2 = 10 mm, D3 = 15 mm, D4 = 
5 mm, D5 = 45 mm, D6 = 35 mm, D7 
= 5 mm and D8 = 75 mm.

The return loss and the radiation 

configuration are presented. The sam-
ple is made of a flexible printed mate-
rial “PET” with a dielectric constant r 
= 3.5 and a loss tangent δ = 0.015. The 
geometry of the selected antenna con-

Results
Different prototypes of the new 

mobile TV antenna have been de-
signed, manufactured and tested. The 
results for a selected sample antenna 

s Fig. 4  Calculated radiation patterns at 800 MHz.
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s Fig. 5  Measured radiation patterns at 800 MHz.
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Figure 7 from 470 to 960 MHz. The 
average measured efficiency over the 
whole frequency band is approximate-
ly 45 percent.

Reducing the AntennA Size
The antenna size can be further re-

duced by decreasing its width and/or 
its thickness. For example, if the width 
W1 of the short arm of the above con-
figuration is reduced from 2.6 to 2 mm 
while the width W2 of the long arm is 
reduced from 3.5 to 2.8 mm and the 
antenna thickness T is also reduced 
from 2 to 1 mm, the overall size of 
the new antenna configuration is 25  
0.28  0.1 = 0.7 cm3. Thus, the size 
of the antenna is reduced from 1.75 
to 0.7 cm3. Figure 8 shows the cal-
culated and the measured return loss 
of the new antenna after reducing 
its overall size from 1.75 to 0.7 cm3. 
The return loss is still approximately 
5 dB over most of the band from 470 
to 960 MHz. The calculated and the 
measured peak gain and efficiency of 
the antenna after reducing its overall 
size from 1.75 to 0.7 cm3 are shown 
in Figures 9 and 10, respectively. It 
is clear that the peak gain is still much 

quency, are shown in Figure 4. The 
corresponding measured patterns are 
shown in Figure 5.

Figure 6 shows the calculated and 
the measured peak gain of the new 
antenna from 470 to 960 MHz, which 
is approximately 0 dBi over most of 
the band. The measured peak gain is 
much higher than the MBRAI specifi-
cations of UHF DVB-H mobile TV.14 
The calculated and measured efficien-
cies of the new antenna are shown in 

patterns of the antenna were numeri-
cally calculated using a software pack-
age that utilizes the moment method. 
They were also measured at the IMST 
antenna labs in Germany.13 Figure 
3 shows the calculated and the mea-
sured return loss of the antenna. The 
measured return loss is better than 
5 dB from approximately 470 to 960 
MHz, which is more than 68 percent 
bandwidth. The calculated radiation 
patterns at 800 MHz, as a sample fre-

s Fig. 6  Calculated and measured peak 
gain of the antenna.
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s Fig. 7  Calculated and measured efficiency 
of the antenna.
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s Fig. 8  Calculated and measured return 
loss of the reduced size antenna.
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used assumes an infi nite substrate. 
This assumption affects the accuracy 
of calculations when the width of the 
antenna substrate is very narrow as 
in the earlier antenna confi gurations. 
The difference between calculations 
and measurements is signifi cant in ef-
fi ciency curves because the effi ciency 
depends on radiation patterns in all di-
rections and in all planes; hence, there 
is an accumulated reduction in the ac-
curacy of calculations. This was clear-
er at the lower part of the frequency 
range, where the antenna width is 
very narrow in terms of wavelengths. 
Furthermore, the difference between 
calculations and measurements was 
further increased when the width of 
the antenna was reduced from 3.5 to 
2.8 mm, as can be observed by com-
paring Figures 7 and 10.

BENDING AND FOLDING THE 
ANTENNA

As mentioned before, the new an-
tenna has a very small cross-section 
area and is made of a fl exible printed 
material that can be easily bent and/
or folded in order to fi t the available 
space in any wireless equipment. 
Therefore, although the length of the 

0.5 cm3. The return loss is better than 
6 dB over most of the band from 470 
to 960 MHz. The measured peak gain 
of the 0.5 cm3 antenna is still much 
higher than MBRAI specifi cations 
of UHF DVB-H mobile TV. It is not 
shown because of space limitations.

From all the results shown above, 
it can be seen that there are some 
considerable differences between 
the calculated and measured results. 
This is because the software package 

higher than the MBRAI specifi cations 
of UHF DVB-H mobile TV.

The width W2 of the long arm of 
the new antenna is further reduced 
from 2.8 to 2 mm in order to make 
it equal to the width W1 of the short 
arm. The overall size of the new an-
tenna confi guration is now 25 � 0.2 
� 0.1 = 0.5 cm3. Figure 11 shows the 
calculated and the measured return 
loss of the new antenna after the sec-
ond reduction in its size from 0.7 to 

 Fig. 9  Calculated and measured gain of 
the reduced size antenna.
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 Fig. 10  Calculated and measured effi ciency 
of the reduced size antenna.
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 Fig. 11  Calculated and measured return 
loss of the 0.5 cm3 antenna.
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antenna is 25 cm, it can be easily re-
duced in different ways. For example, 
the two ends of the antenna can be 
folded, as shown in Figure 12, where 
the length is reduced from 25 to 16 
cm without significant effect on its 
performance.

On the other hand, the new an-
tenna can be folded to form a rectan-
gular shape around the handset from 
the inside and/or outside, as shown 
in Figure 13. The performance of 
the new antenna while it is folded in 

s Fig. 14  Calculated and return loss of a 
bent antenna.
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s Fig. 12  Straight and folded antennas.

s Fig. 13  The antenna folded around a 
handset.

s Fig. 15  Calculated radiation patterns of 
the bent antenna.  
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the form of a rectangular shape was 
also measured at IMST labs in Ger-
many. The calculated and measured 
return loss of the folded antenna in 
the y-z plane is shown in Figure 14. 
The calculated radiation patterns 
at a sample frequency 800 MHz are 
shown in Figure 15; the correspond-
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versity is to make the antenna sensitive 
to three perpendicular polarizations. 
This can be achieved by bending the 
new antenna in three perpendicular di-
rections. Bending the antenna in three 

MIMO and in all indoor applications, 
where the waves are randomly orien-
tated because of multipath reflections 
and rotation of polarization.

Multi-polarized 
configurations

From the above results, it was shown 
that bending the new antenna in two 
perpendicular directions significantly 
increased its sensitivity to two perpen-
dicular polarizations. Of course, the 
optimum situation for polarization di-

ing measured patterns are shown in 
Figure 16. Comparing Figures 5 and 
16, it can be seen that the main dif-
ference between the performance of 
the folded antenna and the straight 
antenna is the sensitivity to more than 
one polarization. It is clear that the 
straight antenna is sensitive to only 
one polarization. Folding the antenna 
in two perpendicular directions in the 
y-z plane makes the radiation pat-
terns sensitive to two perpendicular 
polarizations. This is very important in 

s Fig. 17  A palm top computer with the 
antenna bent in three perpendicular directions. 

s Fig. 16  Measured radiation patterns of 
the bent antenna.

y

x

z

90°

270°

0°

0°

180°

–30° 30°

–60° 60°

–90° 90°

120°–120°

150°–150°

XY PLANE

�

XZ PLANE

E-� E-�

YZ PLANE

�

�

�

�

0°

180°

–30° 30°

–60° 60°

–90° 90°

120°–120°

150°–150°

180°

150° 30°

60°120°

210° 330°

300°240°

0
–10
–20
–30

0
–10
–20
–30

0
–10
–20
–30



100 MHz to 20 GHz

FEATURES:
•	Power	levels	to	5	KW	CW,	75	KW	Pk.
•	Low	Intermod	Units
•	Low	Loss	Options
•	Extended	Octave	Bandwidths
•	Power	Monitors	and	DC	Blocks
•	Iso	Filter-Monitor	Assemblies

Isolators / Circulators

Our “POWER-LINE” capability 
serves major markets...
Military and Commercial

Broadband Units • Common Band Devices • High Isolation 
Units • Multiport Devices • Drop-In Devices • Wireless/PCN
Devices • High-Power Industrial/Medical Iso Adaptors
Waveguide Junctions • High-Power TV Units • VHF and UHF 
Devices                   sales@utemicrowave.com

3500 Sunset Ave., Asbury Park, NJ 07712 
Tel: 732-922-1009  Fax: 732-922-1848
E-mail: info@utemicrowave.com

Contact us for more information on our extensive product line and current catalog. We accept Visa, MC, Amex

The	following	models	are	examples	of	our	High	Power	units

Model	No. Power Connectors Freq.	Range

CT-1542-D 10 Kw Pk 1 Kw Av DIN 7/16 420–470 MHz

CT-2608-S 3 Kw Pk 300 W Av “Drop-in” 1.2–1.4 GHz

CT-3877-S 2.5 Kw Pk 250 W Av “Drop-in” 2.7–3.1 GHz

CT-3838-N 5 Kw Pk 500 W Av N Conn. 2.7–3.1 GHz

CT-1645-N 250 W Satcom N Conn. 240–320 MHz

CT-1739-D 20 Kw Pk 1 Kw Av DIN 7/16 128 MHz Medical

POWERHIGH

For Military / Radar

      
 Applications.

Telecom

Communications

Scientific – Medical

Drop-in Model CT-3885-S

Military and Radar

UTE Microwave is one of the leading suppliers of ferrite components 

in the industry. We offer innovative engineering, reliability, custom 

design, standards...many off-the-shelf...plus superior service and 

over 35 years of know-how.

For Military and Radar applications our Drop-in Model CT-3885-S  

is designed to operate at 2.5 KW Peak and 250 Watts average 

power in the 3 GHz radar bands. Bandwidth is up to 12%. Typical 

specs are 20 dB Isolation. 0.3 dB max Insertion loss and 1.25 max 

VSWR. The 1-5/8 x 1-5/8 x 7/8 package provides for optimum RF 

grounding and heat transfer. Other stripline interface HIGH POWER 

units are available from VHF thru C band.

A broad line of low loss HIGH POWER coaxial and stripline mounting 

circulators are available. Typical coax units handle 3 KW CW, 10 KW 

peak at 120 MHz and 1 KW CW, 3 KW peak in the 400-800 MHz  

TV bands. 250 Watt stripline drop-in units are also available. In the 

800-3.5 GHz spectrum, 0.15 dB loss stripline drop-in units operate 

at 200 Watts CW, 2 KW peak power levels.

MWJ/UTE/POWER/0309

Visit http://mwj.hotims.com/28497-112 or use RS# 112 at www.mwjournal.com/info



Technical FeaTure

Visit http://mwj.hotims.com/28497-10570  MICROWAVE JOURNAL  NOVEMBER 2010

2470 Fox Hill Road, State College, PA 16803-1797
Phone: 800-458-3401 or 814-355-8004 • Fax: 814-355-2714
E-mail: sales@resistor.com • Source code: 56235

QUALIFICATIONS

ISO9001 & AS9100 • MIL-PRF-55342 • MIL-PRF-32159 • MIL-PRF-914

RESISTIVE PRODUCTS

At State of the Art, we like control... 
the superior design, manufacturing and 
delivery of every resistor we make.

Technology, quality and reliability 
are not an option; they’re a given. 
And our policy of made in the USA
will never change.

Sure we’re control freaks, but you 
wouldn’t want it any other way.

Control Freaks

We are mission-critical resistor specialists

is clear that the antenna configuration 
can be fully embedded inside the por-
table computer. The calculated radia-
tion patterns of the new antenna while 
it is folded in three perpendicular di-
rections are shown in Figure 18. The 
antenna is sensitive to all polarizations 
in all planes.

On the other hand, the form fac-
tor of some wireless equipment does 
not allow the new antenna to be in-
ternally folded in three perpendicu-
lar directions, as in cellular phones. 

perpendicular directions will also re-
duce the effect of the human body and 
the environment on the antenna. Since 
the new antenna has a very small cross-
section area and is made of a flexible 
material, bending the antenna in three 
perpendicular directions can be easily 
accomplished depending on the form 
factor of the wireless equipment. For 
example, the new antenna can be fold-
ed in three perpendicular directions 
inside notebook, laptop and palmtop 
computers, as shown in Figure 17. It 

s Fig. 18  Calculated radiation patterns 
of a bent antenna in three perpendicular 
directions.
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In such cases, special methods have 
to be found in order to bend the new 
antenna in three perpendicular direc-
tions. In one of these methods, a part 
of the antenna is embedded inside the 
handset while the other part is kept 
external to the handset. The internal 
part of the antenna is folded in two 
perpendicular directions parallel to 
the handset. The external part of the 
antenna is retractable and can be used 
as a mechanical support for the hand-
set while it is used as a mobile TV. In 
this case, the external part of the an-
tenna is mechanically supported by 
a thin plastic rod in order to make it 
mechanically rigid.

ConClusion
A novel wideband antenna for mo-
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tended ground planes or any other ad-
ditional components.

The antenna is made of a flexible 
material that can be bent and/or folded 
and shaped in different forms to fit the 
available space in any wireless equip-
ment. It can be used as an internal, 
external or partially internal and par-
tially external antenna. On the other 
hand, some configurations of the new 
antenna are aimed to be multi-polar-
ized, which is a very important factor 
in MIMO and in all indoor applica-
tions. Multi-polarization can be easily 
achieved by bending the new antenna 
in three perpendicular directions. 
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cellular phones, palmtop computers, 
notebook computers, laptop comput-
ers or any other portable communica-
tion equipment. The overall size of the 
new antenna is very small and its man-
ufacturing costs are very low. Different 
configurations of the new mobile TV 
antenna have been designed, manufac-
tured and tested. The overall sizes of 
the sample prototypes were 1.75 cm3, 
0.75 cm3 and 0.5 cm3. These were the 
overall sizes of the antenna because 
the new antenna does not require ex-

bile digital TV has been developed. 
The new antenna covers a bandwidth 
of more than 68 percent. It is an unbal-
anced resonant antenna that does not 
need any tuning or matching circuits. 
It resonates from 470 to 960 MHz and 
hence can cover all the UHF bands 
of mobile digital TV (470 to 860 MHz 
or a portion of it), 700 MHz WiMAX 
band (698 to 806 MHz), CDMA/
TDMA/GSM800 (824 to 894 MHz) 
and E-GSM900 (880 to 960 MHz). 
The new antenna can be used with 


