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AIMS

Work based on the co-design antennas an RF

front-ends for portable devices in the framework of
a PhD study with Philips research laboratories

* Optimal multi-band architectures are sought
based on:
— Component elimination
— Re-use
— Functionality sharing
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Application(s)

* Mobile phones chosen as main application

—Considered most difficult due to size and SAR
contraints

—Clear need for multi-band operation

* All parameters of importance are considered
simultaneously: |

—Bandwidth, size, efficiency

—User interaction
—SAR
—Cost, ease of implementation

—Multiple antennas (for diversity and MIMO)
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GENERAL ASPECTS OF SMALL ANTENNAS (1)

Q factor
Antenna representation as series resonant circuit
as parallel resonant circuit
BW =1/Q, for P,4(®)/ Pg,q(®p) = 0.5
Impedance bandwidth
BW =2/Q, for return loss = 0.5 (-3 dB)
BW, .= 2 “'[‘)2 -Ql (optimum Z, for given R,)
4 0
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GENERAL ASPECTS OF SMALL ANTENNAS (2)
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The fundamental limits of antenna size, bandwidth and efficiency
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GENERAL ASPECTS OF SMALL ANTENNAS (3)
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INFLUENCE OF SUPPORTING PCB (1)

Antenna centrally at the top of PCB. Simulation HFSS
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Variation of resistance and reactance with antenna height (indicated in legend) and frequency

1200 i i i

(antenna width 1mm, PCB 100x40x1mm)
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INFLUENCE OF SUPPORTING PCB (2)

Antennas are planar, lossless and 11 mm high

\ 4 W | T

Simple antenna test geometries (only the top part of the PCB shown)
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INFLUENCE OF SUPPORTING PCB (3)
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Impedance variations of simple antenna geometries
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INFLUENCE OF SUPPORTING PCB (4)

Antennas are planar, lossless and 11 mm high
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Meandered antenna test geometries
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INFLUENCE OF SUPPORTING PCB (5)
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Impedance variations of meandered antenna geometries
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INFLUENCE OF SUPPORTING PCB (6)
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Positions of PILA “top plates” (not all positions shown)
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INFLUENCE OF SUPPORTING PCB (7)
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Impedance of a PILA at various positions on a 100x40x1mm PCB
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EFFECT OF PCB ON DIVERSITY PERFORMANCE (1)

al b d
Surface current relative magnitudes and phases (degrees) at 1800MHz,

a) z component magnitude, b) z component phase, ¢) x component magnitude,

d) x component phase
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EFFECT OF PCB ON DIVERSITY PERFORMANCE (2)
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Radiation patterns at 1800MHz. Rad
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EU AND US CELLULAR FREQUENCY BANDS

D Receive D Transmit

AMPS AWS* PCS AWS*
824 869 1710 1850 1930 2110
to to to to to to
849 894 1755 1910 1990 2155
GSM DCS UMTS (FDD)
‘ Europe ‘
880 925 1710 1805 1920 2110
to to to to to to
915 960 1785 1880 1980 2170
\ ) \ _J
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Low band High band
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W-LAN AND PAN BANDS
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BASIC ANTENNA AND PCB ARRANGEMENTS

ANTENNA TOP VIEW

ANTENNA SIDE VIEW

E =
PCE
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shorting tab

feed tab

100

PIFA GEOMETRY IN MM
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Differential
S11 WITH FREQUENCY Mode

Balanced
Mode

Sum

COMMON, DIFFERENTIAL AND
SUM MODES

RADIATING, BALANCED AND

Radiating Mode /' SUM MODES
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Common Mode
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A2
resonance

200 —

Resistance
Q)

freq, GHz IMPEDANCE OF RADIATING

AND BALANCED MODES

Reactance
Q)
L

x Radiating + Balanced modes

~600=— ¢ Balanced mode
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feed 3

feed 2

feed 1

20

DUAL-BAND PIFA
DESIGN

FEED 2 SHORTED

TRI-FED PIFA
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S11 WITH FREQUENCY
FEED 2 SHORTED

I RADIATING MODE
b BALANCED MODE

rb SUM MODE
1 920 MHz
2 1800 MHz

® Radiating + Balanced modes |~-___ '
¢ Balanced mode ';.ﬁfﬂ*
@ Radiating mode -
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DUAL-BAND PIFA EQUIVALENT CIRCUIT
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Shorting

tab + SLOT WIDTH 1.5 MM
Ft:ﬂe;d ANTENNA THICKNESS 0.5 MM
22
v
CONVENTIONAL

DUAL-BAND PIFA
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Microstrip
transmission
line

= s CONVENTIONAL
uarter-wave choke

orthogonal to the DUAL-BAND PIFA
PCB (SMA connector

not shown)

MEASUREMENT SET-UP
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V¥ Measured 1

® Simulated

S11 OF CONVENTIONAL
PIFA

800-1040 MHz

MEASUREMENT 1 AND 2 FOR
REPRODUCIBILITY
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V¥ Measured 1

® Simulated

S11 OF CONVENTIONAL
PIFA

1610-2090 MHz

MEASUREMENT 1 AND 2 FOR
REPRODUCIBILITY

]
TUDelft

Delft University of Technology




RETURN LOSS OF CONVENTIONAL PIFA
MEASUREMENT 1 AND 2 FOR REPRODUCIBILITY

------ Measured 2
— Simulated

Freiuenci, GHz
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DIFFERENTIALLY-FILLED (DF) PIFA

shorting pin

feed pin ]
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DUAL FED DF PIFA
GEOMETRY IN MM

SLOT WIDTH 1 MM
ANTENNA THICKNESS 0.5 MM
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DUAL-FED DF PIFA FEED

Capacitors

]
TUDelft

Delft University of Technology



S11 OF DUAL FED DF PIFA IN GSM BAND

s1, s2 SIMULATED BAND-
EDGE FREQUENCIES

ml, m2 MEASURED BAND-
EDGE FREQUENCIES
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S11 OF DUAL FED DF PIFA IN DCS/PCS BAND

s1, s2 SIMULATED BAND-
EDGE FREQUENCIES

ml, m2 MEASURED BAND-
EDGE FREQUENCIES
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RETURN LOSS OF CONVENTIONAL AND DUAL FED DF
PIFA OVER GSM BAND AFTER MATCHING
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RETURN LOSS OF CONVENTIONAL AND DUAL FED DF
PIFA OVER DCS/PCS BAND AFTER MATCHING

---------
lllllllllllllllll
\\\\\\

ffffff
.f.’
- .’.
.,
“u;
*

ML
ML
""""""
v
it
LN
‘‘‘‘
e
i

—20—
] |
’ Conventional : :
T PIFA |
] : ;
] | |

—30 T |||| ||||| T 11 |||| |||| ||||| |||| |||| ||||| I |||||
1.860 1.65 1.70 1.75 1.80 1.85 1.90C 1.95 2.00 2.05 2.10

Frequency, GHz

]
TUDelft

Delft University of Technology




CONCLUSIONS PIFA

PIFA DESIGN SHOWN IS NEW

PIFA IMPEDANCE CHARACTERISTICS CAN BE
DECOMPOSED IN RADIATING AND NON-RADIATING
MODES

SIMPLE EQUIVALENT CIRCUITS REPRESENT PIFA

SLOT EFFECT WITH OPENING CLOSE TO FEED AND
SHORTING PIN IS REACTIVE

SINGLE-BAND AND DUAL-BAND DESIGNS ARE
SHOWN
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CONCLUSIONS PIFA WITH INTEGRATED CIRCUITRY

PIFA PARAMETERS (BANDWIDTH, SIZE, EFFICIENCY, USER INTERACTION,
SAR, COSTS, EASE OF IMPLEMENTATION, MULTIPLE ANTENNAS FOR
DIVERSITY) CAN BE CONSIDERED SIMULTANEOUSLY

EXAMPLE
Bluetooth RF module
o ; N 10.5mm
o 7 § Nk
2 06 / /N 4 \ -
f MR |
0.4 - //: 56 A\ i ; .
o /) L N\ - —
02 }— s
0.1 -/.—//,/ ' ! ] <
0 — E i |
1700 1900 2100 52300 2500 2700 2900 3100 3300 3500 : 3700 3900
' Freq. [MHz] | Very small antenna (<60mm?2) integrated in substrate
¢ > Very low cost

Bandwidth ~ 10x Bluetooth™ Good efficiency (~70%)

Very wideband (typically 10x that of Bluetooth)

Hence, truly “drop-in”

YV V V V
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