1262 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 49, NO. 7, JULY 2001

A High-Impedance Ground Plane Applied to a
Cellphone Handset Geometry
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Abstract—A high-impedance electromagnetic surface is a new Il. HIGH-IMPEDANCE ELECTROMAGNETIC SURFACE
type of metallic structure exhibiting high surface impedance

and the suppression of propagating surface currents at a par-  1he high-impedance electromagnetic surface is made of
ticular frequency band. We experimentally characterize such a continuous metal, and it conducts dc currents, but it does not
higth-imp%dﬁpce Surfﬁce defSigned tnear t2-§f _GtHZ- We td?jscfibe_tanconduct ac currents within a forbidden frequency band. The
e e o B o e s gty Pical geometry consits of a metal sheet, textured with a
Measurement shows high radiation efficiency near 2.4 GHz. two-dimensional lattice of resonant elements, which act as
a two-dimensional filter to prevent the propagation of electric

currents [3].

The high-impedance properties occur near the resonance fre-
quency of the surface = 1/+/LC, whereL is the effec-
I. INTRODUCTION tive sheet inductance ard is the effective sheet capacitance.

ECENTLY, a new kind of ground plane has been develhe high-impedance electromagnetic surface studied is shown

R oped that is capable of suppressing the propagationiBfFig- 1. It consists of a three-layer printed circuit board, in
radio-frequency surface currents [1]. This new surface is ithich the lowest layeris solid metal and the top two layers con-
portant for antenna applications because it is has the propertj®f nearly hexagonal metal patches. The inductance of the sur-
partially isolating the radiating elements from the nearby eletdce is related to the thickness of the circuit boardiby- yut,
tromagnetic surroundings. For example, the property of surfa¢@€res: is the magnetic permeability artds the thickness of
current suppression can be very useful to portable telephomf? bo_ard. For a standard 1.6-mm circuit board, the sheet induc-
where current handset telephone designs radiate nearly one-if1£€ is 2.01 nH/square. To produce a bandgap in the 2.4-GHz
of the emitted power into the user’s head [2]. While the biolod[€duency range, a capacitance of 2.19-guare is needed.
ical implications of this are yet to be determined, the absorptidiliS high capacitance is obtained by using two parallel metal
by the user's head decreases the radiation efficiency by rougRI§tes with a thin insulating layer between them. The patches
3 dB. By shielding the antenna from the user, this radiation effi® roughly 5-mm wide, and are connected to the ground plane
ciency can be greatly increased, resulting in greater battery 1y, Plated metal vias. The two layers of patches are separated
which, in turn, affects the weight of the phone. py 0.05 mm of polyimide insulatore( ~ 3.25).. The patches

The new surface also provides a high electromagnetic surfdgdhe lower layer are separated from the solid metal layer by
impedance, which allows the antenna to lie directly adjacentol-6-mm substrate made of standard fiberglass printed-circuit-
the ground plane without being shorted out. This allows corf@ard material, commonly known as FR4% 4.5). The overlap
pact antenna designs where the radiating elements are confif@iveen neighboring patches provides a sheet capacitance of
to limited spaces. Hence, the two properties described ab@RPut 2.13 pF square. The structure shown in Fig. 1 has a res-
result in a low-profile antenna that can fit into the small forffnance frequency of = 1/2rVLC = 2.43 GHz.
factor of a cordless handset, while also partially shielding the The width of the bandgap can be shown to h¢// =
antenna from the effects of the user. As an example, we havéC/\Vio/eo = 8.14%, which translates to a bandgap
built an antenna using a high-impedance electromagnetic sigauency range of 2.33-2.53 GHz. In this frequency range,
face as a ground plane, and integrated it into the circuit bodf electromagnetic surface exhibits high surface |mpedance,
of a portable handset. Measurement shows the antenna achi&@&$ not conduct ac currents, and suppresses the propagation of

high radiation efficiency, even in the presence of a lossy dield@dio-frequency surface waves. For portable communications,
tric body. the suppression of surface waves can improve performance by

effectively confining antenna radiation to only one hemisphere,
_ ed 5 2000 acting as a shield between the antenna and the user.
Manuscript received June 12, . _ ;
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Fig. 1. (a) Side view of the high-impedance electromagnetic surface. (b) Top view of the high-impedance electromagnetic surface.
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Fig. 2. Experimental setup to measure the transmission of TE surface wave™ 50 J

can be constructed as a small wire loop connecting the two co 551
ductors of a coaxial cable. The plane of the loop is parallel t S
the surface, creating a vertical magnetic field that couplestott 220 226 230 235 240 245 250 255 260 265 270 275 2480
magnetic field of the TE surface waves. Frequency (GHz)

The result of the measurement is shown in Fig. 3, confirmir]g 3 M t of the ¢ ission of TE surt
the bandgap. A sharp jump in transmission of about 20 dB oco = Measurement ote ansmission of T suflace waves.
curs at 2.53 GHz, indicating the TE band edge. Beyond this fre- )
guency, transmission is much higher compared to the bandgﬁtem was employed on the end near the feed point to ensure
frequency band, with only small fluctuations due to speckl®V reflection ©1,) over awide band. .
Since the probe used in this experiment can also couple to TMThe high-impedance electromagnetic surface V.V'th. the
waves, the TM band edge is also visible in this measuremenﬁgf"whed a’?te””a was soldered to a Sxcrb cm FRA' c_lrcwt .

oard to simulate the presence of the phone circuitry. This

about 2.3 GHz. . S . o
prototype simulates a design in which the antenna is integrated
into the circuit board of the phone to minimize cost. One
side of the circuit board was solid copper, and the other side
etched clean to reveal bare FR4. The solid metal back side of

The antenna geometry that we studied consisted of a hdhie antenna ground plane was soldered to the copper side of
zontal copper wire etched on a piece of FR4 board. This ahe blank circuit board. The addition of real circuit traces and
tenna geometry was a bent-wire horizontal antenna fabricatsmmponents may tend to increase absorption into the board,
as an additional printed circuit layer. An impedance-matchirigus, this may be considered a best-case situation. The antenna

I1l. CORDLESSHANDSET PROTOTYPE—MEASUREMENT AND
ANALYSIS
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Fig. 6. Radiation pattern of an antenna on a high-impedance electromagnetic
surface. The frequency is 2.44 GHz.
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L ] B e [ | I R ] The radiation efficiency as a function of frequency shown
e B s [ O e S| in Fig. 7 was obtained by comparing the radiation pattern of
mraet  p.Esmfesess oue the antenna on a high-impedance electromagnetic surface to a
e b, edlEbEdld Oin

standard gain horn whose radiation properties were well docu-
mented [4]. The radiation transmissions of both the antennaon a
Fig. 5. Measureds11 plot of the antenna using a high-impedance electrddigh-impedance electromagnetic surface and the standard gain

magnetic surface as a ground plane. horn were measured. The first steps in the calculation are ob-
taining the cross sections associated with the full-width at half-

geometry along with the prototype is shown in Fig. 4. Td max'imum (FWHM) ve}lues for both radia'Fion transmissions. If
of the antenna and prototype is shown in Fig. 5. Qpy is the standard gain horn_’s cross section 8nds the cross

The radiation pattern of the antenna on a high-impedan%%cnon ofthe antenna_onahlgh-lm.pedance electromagnetic sur-
electromagnetic surface is shown in Fig. 6. The frequen@ce: then antenna efficienayis defined as follows:
shown is 2.44 GHz, which is inside the bandgap. At tfie 0 Qu R

; _ A [i—A/10

polar angle, the cordless telephone prototype has its antenna n= O (10 )
facing the horn and its attached FR4 Circuit Board pointing
toward the 270polar angle. Note that the front-to-back ratio isvhereA is the absolute value difference between the peak trans-
approximately 10 dB. Antenna measurements were performméssion values of the horn and antenna. The antenna efficiency
from 2.2 to 2.8 GHz. Since the designed bandgap is from 2.88finition above compares the efficiency of the antenna on a

to 2.53 GHz, frequencies both inside and outside the banddagh-impedance electromagnetic surface to the efficiency of the
were analyzed. horn.
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The peak antenna efficiency occurs at 2.44 GHz, which is[4] R.F. Jimenez Broas, “Experimental characterization of high impedance

also the near the center of the designed bandgap of the high- electromagnetic surfaces in the microwave frequency regime,” M.S.
thesis, Dept. Elect. Eng., Univ. California at Los Angeles, Los Angeles,

impedance ground plane. For frequencies near the center of the - 1999

bandgap, the antenna efficiencies are quite high (above 80%).
For frequencies outside the bandgap, however, the antenna effi-
ciencies decrease below 50%.

This result can be explained as follows. Within the bandga
the suppression of surface currents tends to confine the rac
tion to the forward hemisphere and limit the interaction of th
antenna with its electromagnetic surroundings. For frequenc
outside the bandgap, the antenna couples strongly to the nee
electromagnetic surroundings, including the attached circi
board. Significant energy leaks away as induced currentsﬂr
the circuit board, and is then absorbed. Hence, it eventually
becomes lost radiation and decreases the antenna efficiency.

IV. CONCLUSION

High-impedance electromagnetic surfaces have two no
worthy characteristics over a designed frequency band tt
makes it an ideal choice for antenna ground planes. Its abil
to suppress the propagation of surface currents allows
to partially isolate the radiating elements from the neart
electromagnetic surroundings. The surface also has a h
electromagnetic surface impedance that allows the radiating
elements to be placed very close to the ground plane. These
two properties were utilized when we built a compact low-pr¢
file antenna integrated to a small cordless handset while t
antenna itself was shielded from the user. The peak anter
efficiencies were inside the bandgap of the high-impedan = =
electromagnetic surface.
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