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UWB & Promising Applications

+ UWB Radio Technology: s Promising Applications:

v'Emission mask (3.1-10.6 GHz) v'Wireless connections with

v'Low emitted power (-41.3dBm)

v'Pulsed or Pulsed modulated

4

v'High date rate (>110Mbps)
v'Short range (<3 m)

v'Consumer Electronics (WUSB & Next G Bluetooth)

430 Mbp3
WiMedia:
Ultrawideband
100 Mbps
10 MbpS Wi-Fi: WiMax: \ = i '-.z-,;;“
IEEE 802.11g/n IEEE 802.18 . ]
3G: E R - %
HSDPA o g
1 MbpS Bluetooth :r‘:’ __:,-'- k rﬁT\_‘ E—El_L - \‘\ o ‘11
Cellular: '“i , ; “\ ; ﬂ l 2z IE
GSM/IS95 - pemf uw
100 kbps 4 O.L.g_ fossas
m 10m 100m 1 km 10 km
Range S s
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Introduction:
Update of UWB Regulation

Worldwide Regulatory Status ((K) WiMedia
Updated 7-14-08 | Bﬂﬂi(gmun |

|¥ Al
Band Group Band Group Band Grgup Band Gr&uup Band Group
# #2 # | # | #5

| | '
Band Band Band Band Band Band Band Bandi Band Band Band! Band Band Band

| M #0 #1 ) Mz A3 A4

Usable bands
(No protection
requirements)

== Usable bands
(with protection
requirements)

D Unusahle bands

Center 3432 3960 4488 | 5016 5544 6072( 6600 7128 7656 B184 87121 9240 9768 10294
Frequency | MHz MHz MHz| MHz MHz MHz| MHz MHz MHz MHz MHz MHz MHz MHz

DAA: Detection And Avoid 6
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Introduction:
Challenges in UWB Antenna Design

: _ sImpedance matching:
Ultra-wide bandwidth 3.1-10.6 GHz, 3.1-4.8 GHz, 6-10.6 GHz

Small size Radiation related--Stable

*Gain:
Low cost Consistent at transmission/reception direction

Beamwidth:

Consistent

ePolarization:

Unchanged
\_*Phase:

Linear

*Physically small:
Embeddable/conformal/easy integration into circuits

4 a

*Electrically small: sFunctionally small:
Overall size smaller than A/4 or 25 Diversity/band-notch/...
mm (A=100mm @3 GHz) .
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Introduction:
State-of-The-Art Solutions
3-D

smaller

Planar design is very promising
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Introduction:
State-of-The-Art Solutions: Planar Design
Ground independent Embedded Diversity
23x33m

11 x 4 m 48 x 115 mm

|
|

t.a
.,u‘
W

Thin

slotax
= main ground plane in back = = . = jﬂnm
I S|
b ¥ ! n 'y J
Kwon, D.-H.; K|m, Y., A. Kuramoto ?}.:Brini:’)?«isubsmtc: W%i “%1 tgrounapme
IEEE AWPL 2006 1 EuCAP K.L. Wong, S.W. Su, Y.L. Kuo
MOTL 2003
Band-notch
Small size ;_24 x 35 mm ' LTCC
(16 x 19mm) '
L({
L
W, — "::::::l:: g
L Ls
¥ Le
A. A. Eldek ‘ m—O AN M. Sun, et al APMC 2006
MOTL 2006 z X Feedline W.

Hong, C.-Y., et al IEEE T-AP DEC 2007
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Miniaturized Antenna Design

Miniaturized design for WUSB

Less ground plane effect

Miniaturized diversity design

Miniaturized filtering design

Band-notched design

Design with stable gain

Design on LTCC

Size vs. Performance

Imstitute for
Infocomm Research

10
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Miniaturized Antenna Design
-- Reduced Ground Plane Effect

Problem
Effect of changed size/shape of “Ground plane” of planar antenna on
o Impedance response (matching/resonant frequency)

o Radiation patterns P ' i fent oore
A Ny --- without ferrite core |
-10f
g
= =20
PCB End ~ Fissir 30 6
Launcher Core 2
It_, Calibration HI =
Plane S 0
"
In test: accuracy
In installation: detuned P

C fIGHz]
Hertel, T.W.; Cable-current effects of miniature UWB antennas, IEEE Antennas and Propagation Society International Symppsium,
2005, Vol 3A, 3-8 July 2005 pp.524 - 527
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Miniaturized Antenna Design
-- Reduced Ground Plane Effect

AN
. N

% \
J
7\
7
\
1
- - ;
/ /
| /
/
Ground plane Ground| plane ,/

t

The “GP” is part of the antenna (asymmetrical unbalanced fed dipole)!

12
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Miniaturized Antenna Design
-- Reduced Ground Plane Effect

Existing Solutions

o Differentiated antennas (dipole)

But Doubled size; positioned far from ground
plane (reflector)

Thin

slots \

o Modified “ground plane” (monopole) L—»

But ground plane large enough, just partially
suppressed leakage current

o RF cable with chock

But for testing only; absorb power although
without radiation from cable

Kwon, D.-H.; Kim, Y.; “Suppression of Cable Leakage Current for Edge-Fed Printed Dipole UWB Antennas Using Leakage-Blgcking
Slots”, IEEE Antennas and Wireless Propagation Letters, Vol. 5, No. 1, Dec. 2006, pp.183 - 186
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Miniaturized Antenna Design
-- Reduced Ground Plane Effect

Our solution

1 1 1 I

feed point feed point feed point feed point
dielectric
substrate At low edge freq

ground plane

Z. N. Chen; See, T.S.P.; X. Qing; Ultra-Wideband Antennas with Miniaturized Size, Reduced Ground Plane Reliance, and 14
Enhanced Diversity, iWAT 2008. International Workshop on Antenna Technology, 4-6 March 2008, pp. 24 - 27
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Miniaturized Antenna Design
-- Reduced Ground Plane Effect

0, — = Measured
— Simulated

25

Feedpomt
15}

25 prototype
o Simple method 2 4 6 8 10 12
o Stable impedance performance Frequency, GHz

O Less degraded radiation performance
(radiation efficiency: 79~95%)
O GP size can be further reduced to 2 mm

Zhi Ning Chen; See, T.S.P.; Terence S. P. See; Small Printed Ultrawideband Antenna With Reduced Ground Plane 15
Effect, IEEE Transactions on Antennas and Propagation, Vol.55, No. 2, Feb. 2007, pp. 383 - 388
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Miniaturized Antenna Design |
-- Reduced Ground Plane Effect

IS,,l. dB

3 GHz

6 GHz

Zhi Ning Chen; See, T.S.P.; Terence S. P. See; Small Printed Ultrawideband Antenna With Reduced Ground Plane 16
Effect, IEEE Transactions on Antennas and Propagation, Vol.55, No. 2, Feb. 2007, pp. 383 - 388
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Miniaturized Antenna Design

-- Reduced Ground Plane Effect

M2

M4

Electric
Current

+«— RF Cable —

Zhi Ning Chen; See, T.S.P.; Terence S. P. See; Small Printed Ultrawideband Antenna With Reduced Ground Plane

Electric
Current

Effect, IEEE Transactions on Antennas and Propagation, Vol.55, No. 2, Feb. 2007, pp. 383 - 388

A*STAR

Institute for
Infocomm Research

17



Miniaturized Antenna Design
-- For USB Dongles

Demand
o Wireless USB dongle

Problem

o Narrow with a width of ~11-24 mm
o Significant effect of ground plane length/shape

14-24 mm

Nano

kkkkkk

18
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Miniaturized Antenna Design
-- For USB Dongles
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Solutions

VSWR

20mmx70mm

Reference antenna (without the stub lines)
Proposed antenna (with the stub lines)

\f\/\ L~

Strong GP effect :

1S11/, dB

20mmx ~ mm
Less GP effect

3 4 5 6 T 8 9 10 1 12

Frequency ( GHz )

3 4 5 6
Frequency, GHz

Jinwoo Jung, Hyeonijin Lee, Yeongseog Lim, “Band notched ultra wideband internal antenna for USB dongle application”,

Microwave and Optical Technology Letters, Vol. 50, No 7, July 2008, pp.1789-1793

Chen, Z.N.; See, T.S.P.; Reduced Ground-Plane Effect UWB Antenna and Application for Laptop Computers (Invited),

TENCON 2006. 2006 IEEE Region 10 Conference, 14-17 Nov. 2006 Page(s):1 - 4

Institute for
mm Research

19
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Miniaturized Antenna Design
-- For USB Dongles

Cut from here

=/

3 GHz

25 mm — o — Measured
. _ Simulated
N
o o
o = e
3 3 o
- -20 o o
=
'30 T T T T T T v T T T T 1
11Immx ~ mm 25 30 35 40 45 50 55

Less GP effect Frequency, GHz

Zhi Ning Chen; UWB antennas with enhanced performances (invited), International Conference on 20
Microwave and Millimeter Wave Technology, 2008. ICMMT 2008. Vol.1, 21-24 April 2008 pp.387 - 390
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Miniaturized Antenna Design
-- Diversity Performance

Demand

o Reliability and robustness of UWB system in dense indoor
environments

Problem

o Very limited space for two or more antennas with high enough
Isolation

Solution
o Polarization
o Pattern
o But space

21
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Miniaturized Antenna Design
-- Diversity Performance

f— 48 \
g $5 - I| §=45
T-shaped protruded ' 1
ground in back
truncated square 0 M
monopole 0= 1807
(side length 14 mm) A p
& =45/225 plane (H-plane)
90" |"
| 80 mm
main ground plane in back = ~
| 1 | I ‘ L f
: s : AN 4
0.8 mm FR4 substrate : g % : ground plane % E, 4 = 135"315" plane (E-plane)
(E;=44) port 1 port 2 — E
port | excitation at 5 GHz
7
- g
3 z°
= g
- [
= g M
73 g 3t
2
- Simulated (Ansoft HFSS) |
_60 X i ! I ! .
2000 4000 6000 8000 2000 4000 6000 8000
Frequency (MHz) Frequency (MHz)
K.-L. Wong, S.-W. Su, Y.-L. Kuo, “A printed ultra-wideband diversity monopole antenna”, Microwave and Optical 22

Technology Letters, Vol. 38, No. 4, 20 August 2003, pp. 257-259
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Miniaturized Antenna Design
-- Diversity Performance

ww Q2

IS11|’ |821|’ dB

Measured

20 25 3.0 35 40 45 50 55 6.0
Frequency, GHz

g=26.5 mm

Zhi Ning Chen; UWB antennas with enhanced performances (invited), International Conference on Microwave and 23
Millimeter Wave Technology, 2008. ICMMT 2008. Vol.1, 21-24 April 2008 pp.387 - 390
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Miniaturized Antenna Design
-- Filtering Antenna

Problem
o Possible out-of-band interference between UWB devices with other
electric devices

o Additional filters with increased size of devices

o Embedded filter into radiator with low Q
Worldwide Regulatory Status

Band Group
Updated 7-14-08 £6
| |
If__ol
Band Group Band Group Band Grdup Band Grr.Jaup Band Group
i 2 " | # | #5

= : i \
Band Band Band Band Band| Band Band Band| Band Band Band! Band Band Band

H o H #3: # M0 #11:#12 #13  #14

# #2 w3 4 #5

us Usable bands
(No protection
requirements)
. \ *
Usable bands
.Japan . (with protection
requirements)
Korea foaalioary anejl/ .

D Unusable bands
oposeal] | YAl NN
proposed)] | FziBNNNSW ¢} 1§ .

Center 3432 3960 4488 5016 5544 B0O72 6800 7128 7656 8184 B7121 9240 9768 10296 24
Frequency MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz

—_—
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Miniaturized Antenna Design
-- Filtering Antenna

Solutions
oAdditional bandpass filter before antenna: large size

oCo-design of filter and antenna with a common
ground plane : compact but challenging (low & high Q)

filter

Ground
plane

filter
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Miniaturized Antenna Design

-- Filtering Antenna

Solutions

oAdditional bandpass filter before antenna: large size

oCo-design of filter and antenna with a common

ground plane : compact but challenging (low & high Q)

-20 ¢t

251t

-30

sy T fulwave

T measured

'|'l ------ - measured -

IE (with hand)
2 4 6 8

Frequency (GH2)

Ind

&&&&&&

llllllll "
focomm Research
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Miniaturized Antenna Design
-- Band-notched

Demand

o Possible interference between UWB devices with other electric
devices in 5 GHz-band (4.9-5.875 GHz)

Problem

o Additional filters increase size of devices
Worldwide Regulatory Status

Band Group
Updated 7-14-08 £6
| |
A,
I
Band Group Band Group Band Grdup Band Grcoup Band Group
#1 #2 } #4 | it
an an
us Usable bands
(No protection
retjuirements)
EU *

= (T . == Usable bands
Japan . | . 2% (with protection

requirements)

D Unusable bands

(proposed .. RSN -. .

Center 3432 3960 8 5016 5544 8072 66 184 1 9240 9768 10296
Frequency MHz MHz MHz LM MHz MHz MHz MHz MHz MHz MHz MHz MHz

Public Security Band(WiMAX) WiFi (5.15-5.875 GHz) 27
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Miniaturized Antenna Design

-- Band-notched

Solutions

o Extra band-stop filter (before UWB antenna): bulky size
o Integrated filter into ground plane (in antenna): strong coupling
o Embedded filter into upper radiator: low Q & bandwidth & rejection

filter

filter

filter

G

round plane

28
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Miniaturized Antenna Design Eieol
-- Band-notched
Solutions Ground
10
I 25 mm > = Reference, without U-slot P lane
Tn=3 A st
' =
circular slot — % 0 or o
‘ » g opos
ciruclar stub — 3 5
2
U-slot =
fm FaP—— Y 55 8.5 115
0.4 mm thick FR4 substrate ¥ 50 Q2 SMA connector . Frequency (GHz)
Ne——— T

|

5 -

1k
1.

¥ L__J'
Ws =16, Ls =19mm:

Ll e

S. W. Sy, K. L. Wong, and F.S. Chang, “Compact printed ultra-wideband slot antenna with a band-notched operation”,
Microwave and Optical Technology Letters, Vol. 45, No. 2, 20 April 2005, pp.128-130

A. A. Eldek, “A small ultra-wideband planar tap monopole antenna with slit, tapered transition, and notched ground plane”, 29
Microwave and Optical Technology Letters, Vol. 48, No. 8, August 2006, pp. 1650-1654
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Miniaturized Antenna Design
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-- Band-notched L
filter
semi-circular upper disk 10
(monopole element) Grpund
-2 0.8 mm FR4 substrate = Reference, without slits
je—— D =25 mm _ 08 mm FRé su i g sl plane
¢ Iy j‘ 3
| x i =
12.5 \ /| .5
7
\\H 2;4 B Q0 PI‘OPOSﬁd
- = - -’ £ sssashasacl +ssife s onsaas - i d
Lk 28 | g
12.5 y ‘, 1y shit 75 am) | I g -5 :
I il 1 I [ i |
B - ¥ Al I
50 Q2 microstirp line = semi-circular lower disk -10 ——
(ground plane) 25 55 8.5 11.5
o v e Frequency (GH2) - Narrow bandwidth
4 8
b ol 21 6
\\ Iy a b, 1 g
AN + = =
, \ T - peakgain [4 8
i L N £ 4 == face-do-face 2
7 5 r — - sidedyside| |, 3
round plans L A= e o s @
front I 3:2& e N -3 'lﬁ‘- s j \u \J”\ a R %m\:"f N
view '.. | . _\4_ u)‘ _0
w
-5 I I I I | I

frequency, GHZ

«Saou-Wen Su, Kin-Lu Wong, Fa-Shian Chang, “Compact printed ultra-wideband slot antenna with a band-notched operation”,
Microwave and Optical Technology Letters, Vol. 45, No. 2, 20 April 2005, pp.128-130

*R. Gayathri, T.U. Jisney, D.D. Krishna, M. Gopikrishna and C.K. Aanandan, Band-notched inverted-cone monopole antenng®r
compact UWB systems, ELECTRONICS LETTERS 25th September 2008 Vol. 44 No. 20
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Miniaturized Antenna Design filter
-- Band-notched: Wideband/Multiband ﬂ‘t‘
lnter
0
Grpund
ﬁ plane
5 '_" Wide bandwidth
X 30+ —a— Measurement
--0-- Simulation
40 I . L 1 |
2 4 6 8 10 12
Frequency(GHz)
b=y Nit 1 E —

awasqng

VSWR
(=3

Multiple bandwidth

Frequency (GHz)

*T.-G. Ma, R.-C. Hua, and C.-F. Chou, “Design of a Multiresonator Loaded Band-Rejected Ultrawideband Planar Monopole Antenna
With Controllable Notched Bandwidth”, IEEE Trans antennas Propagat., Vol. 56, No. 9, Sept 2008, pp.2875-2883

*Y. Zhang; W. Hong; C. Yu; Z. Kuai; Y. Don; Planar ultrawideband antennas with multiple notched bands based on etched siis on
the patch and/or split ring resonators on the feed line, IEEE Trans Antennas Propagat., Vol56, No9, Sept. 2008 pp.3063 - 3068
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Miniaturized Antenna Design
-- Stable Radiation

Problem

o Gain along T/R direction of interest changes across wide
operation bandwidth (for P2P or P2MP)

o Distorted waveform of pulses
o Degraded receiver performance

Solutions

o Combining different modes to compensate for the variation of
the currents on antenna

32
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Miniaturized Antenna Design
-- Stable Radiation 0

54
] ¢
o _10-.,5 \ L S, 7, S
' ' o o
Shorting bridge Zoas{ ¥y o e 0
20 1 %? 4 ° °¢P° o" o‘ 9?
L J %4
| l S V)
254 ‘o, L)
- ;
'30 T T T T T T T T 1
3 4 5 6 7 8 9 10 11
Frequency, GHz
8] — — without bridge
6- — o— with bridge
‘ /. -9
‘ 4 ° e
[ P b N
521 ° - T = N
= / \
. = 04 \
Feed points 8 \ J
-2 \ ,
\
44 /
‘',
6 ) ) ) \ ) 1
2 4 6 8 10 12

Frequency, GHz

X. N. Low and Z. N. Chen, “A compact planar dipole antenna with ultra-wideband performance,” IEEE AP-S International 33
Symposium on Antennas & Propagat., July 5-11, 2008 San Diego, USA
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Miniaturized Antenna Design
-- Tiny Design

Problem
o Integration of antenna into very small devices such as sensors
o Integration of antenna into package

Solutions
o Trade-off between performance and size
o Using LTCC

34



a Institute for
Infocomm Research

A*STAR

Miniaturized Antenna Design
-- Tiny Design

0 0
\ P :::\x
? h AN P .
o 40 " e S e e ‘\\ _,““'?v ‘\
o 8 N & 3
8 s SN A% > = .}Nf:x \ \./-\. /
EI N “. —i _21} \J }f-f
E \ k 4 .25 \
Sl - !
© V \
25 . -30 Measured |
----- ﬁl?:‘!ﬂtriﬂ .35 | ==+ Simulated ’I
i i 1l
=0 2 2.5 3 3.5 4 45 5 55 6 -4 | | |
Frequency (GHz) 2 3 4 5 6 7 8 9 11 12

Frequency (GHz)

Ferro ceramic type with a dielectric constant of 5.9 and a loss tangent <0.002 below 10 GHz.

Sun Mei; Zhang Yue Ping; A Chip Antenna in LTCC for UWB Radios, IEEE Transactions on Antennas and Propagation, Vol3§6, No.
4, April 2008, pp.1177 - 1180
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Conclusions

»All designs are strongly driven by applications
with specific requirements.

»Desired UWB antennas for portable devices:
v'Small/tiny size: limited to area of ~12x12mm
v'Reduced “groundplane” effect: still challenging
v'Diversity performance: more work

v'Filtering performance to suppress out-of-band
Interference: just started

v'Band-notch performance: Shape rejection with enough
bandwidth and/or multiple bands

36
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THANK YOU |

Any gquestions or feedback, please contact me at

chenzn@i2r.a-star.edu.sg

WWW.I2r.a-star.edu.sg/~chenzn

Many thanks for all contributors to the work in this talk!
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