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Our Heritage

1895
Demonstrated a mechanical operation
using WIRELESS at 2.5 GHz

transmitting Horn receiving Horn



Bose’s Pyramidal Horn

S History



Unknown Mode in Known DRA



31 Years ago

1983-2014

IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. AP-31, NO. 3, MAY 1983

The Resunant[ Cylindrical Dielectric Cavity]Antenna
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RESONANT FREQUENCIES AND Q FACTORS OF THE FIVE LOWI

L MODES
Comput Distributions for
Iso. Resonators
DARKO K 1'W. GLISSON, MEMBER, IEEE, 4 Mode £ (GHzZ} Q
MEMBER, IEEE res

IEEE 984 T 4.829 45.8
™y, 7.524 76.8
I{EHILS 6,333 30.7
HEM, ) 6.638 52.1
HEM, | 7.752 327.1
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m: number of full-period variations of fields along the azimuth
n: half-wave variation along radius (field between center and the periphery)
‘p+0’: half-wave variation along z-axis of the cylinder




HEM 45
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Theoretical HEM ,,5; Mode Does it Radiate?
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Address the Challange

Boundary Condition demands Horizontal current

lace metal
New approach to realize a current ribbon ??
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First Examination

Kajfez's Sample + our Technique

11.5 mm 10 F
o R e C
P L —~ -
HEM AR Fitirer HEM|234-"!Ilt—t--wx\\\\\\l E m -
128 S % v % iy NN NN NN E R N S S R R R ] -15 —
[ N N S -
AR TN P N VE LN s m NN ~ -
CRRNAANNNANNN SN e S P p e L I e e L L R R R A NN U)H - 7.2GHZ
RIS -
L e s SNANA NN NN S e e s F [} [ brmmr ok \\\:::::;"‘ AR 20 E
L AR W RN H N P T I aeyey & ARANARY 4 Pleeers -
R Y ¥} Yy L
L Ry I RN (A S SSEBINMNN §4 C
------ B it — S T -SSR U ey \ |
B e LN NI e S S d _25
P e e | -SSR ——— [ e = tmmmmme e mm e — - b C
| s — - [———————d e - - e = r
R e (R e B
o e T T e | i e e e 1 f |;J//,—_.__\‘\‘:\\: £ -
Bt ol B e p— - | ey rem s e S I~ I I I I I
. - TN T T N N T T T N I L1l
L B N e o :::::'/ 30
I A PP NN D NNNNNNN ST 50 55 60 65 70075 80
L A A A A A R AR T B T T NN s
A A A B R R R T A T LAY [N
L R A R T O N T T AR L FrequenCy(GHZ)
L}
FEET T . 10
P —y ari
co-polarized

o F Gain at 7.24 GHz

‘ g
Ty ‘ o
v =
200 > -20
\ NIl o Hrst o 5 = i
! Q \\Q\“: ~———e s = cross-polarized
|l ==/ 2 © 9
e o -30
ez 3

-40 —— E Plane
—— HPlane
_50 11 I 111 1 I L1 1 1 I 111 1 I 111 1 I L1 1 1 I 111 1 I 11

-150 -100 -50 0 50 100 150
Theta(degree)

14



experiments
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Radiations

after 3 decades

f=7.4 GHz

10 10
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D. Guha, et al. IEEE AP Transactions, January, 2012
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Design Limitations? Unknown Mysteries

Any limitation in DRA diameter?

Any limitation in DRA height?

Any limitation imposed by the DRA material?

zinc tungstate composite

D. Guha, et al. [IEEE AP Mag. August 2014




Any other Technique?

Fully planar should be most advantageous; should it be like this?

No, not so straight forward.

Mysteries lie in Current Ribbon with matching;
solution needs a different approach.

D. Guha, et al. IEEE AP-S Memphis, 2014




Yet any Other Technique?

YES!

Much Easier and Robust Technique has been developed recently and reported

Probe-Pin
Excitation Mechanism?

Completely NEW
» Feed is conventional using vertical Probe.

»Ground plane (GP) is a metal sheet.

»Boundary condition of GP has been

modified favorably which can support _FF’ect )
rou

HEM,,s mode. Ground Plane J



Role of Embedded Truough
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The Results

co-polarized — simulated

10 measured

Cross- polarlzed
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D. Guha, et al. [IEEE AWPL, 2014
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TROUG anauses

with cavity

HEM125 mode




. _

Definitely YES
An Open Book to YOU

Two Different Techniques have been Explored Recently

Composite Aperture — to Under investigation

realize equivalent
Magnetic & Electric
Dipoles as new Feed




Suitable Aperture

Aperture Coupled

Why?

 Aperture introduces no metal.

 Favors required boundary condition for HEM,,5s mode.

« Suitable for HEM,,5 mode too.




Aperture-Feed Explored HEM,,s+ HEM 5
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Impedance vs Feed
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Characterize the Feed

Choose the Right Feed for Hi

I RL
I Co-Cross Isolation
B Gain \///

31
+ B
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Feedl Feed?2

Feed3 Feed4



What about Dominant Mode?




Select the Optimum One
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I Co-Cross Isolation I Co-Cross Isolation /

B Gain (dB/dBi) \// B Gain (dB/dBi) N ,
35 [ V4 35 v
30 [ 30 [
25 £ 25 E
20 £ 20 E
15 | 15 F
10 E 10 F
5 F 5 F
0L ot

Feed1 Feed2 Feed3 Feed4 Feed#l Feed#2 Feed#3 Feed#4
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Radiation Patterns
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Optimized Aperture




Optimized Feed Line




Optimum Parameters

Frequency (f)

Wavelength (A)

3.85GHz(f,)
7.35GHz (f,)

78mm (A,)
41mm(A,)

Table of Parameters

Parameters Optimized Value In Terms of A
(mm)

a 10 0.13\, (0.24\,)
b 2 0.03A,(0.05A,)
w 3.6 0.05A,(0.09A,)
I 39 0.5A,(0.95A,)
p 9 0.12A,(0.22A,)
q 3.95 0.05A,(0.1A,)
K 11.5 0.15A,(0.28A,)
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Viewed from Feed-line side
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Measured Results
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E-Plane Gain(dBi)

E-Plane Gain (dBi)

Measured Radiations
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Interesting Obse

Air-film Thickness~ (0.02-0.04)mm



E-Plane Gain (dBi)

E-Plane Gain (dBi)
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Effect of the air-film

HEM 56

Radiation over the Operating Band

HEM, 5




Location on the spe
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Interesting Features

*New feed for CDRA with HEM,,5 & HEM,,5s modes simultaneously.
» Both the modes with comparable Bandwidth, Gain and Patterns.
sDual mode dual-band antenna with identical radiations

*Unavoidable air-gap is a new finding, which adds a new feature.




Known Modes in Unknown Structures



TM,,5 mode after a decade

- Mongia et al Elect. Lett. 29(17)

. i 1530-1531, 1993.
/

E Field[¥/n]

3. 00001033
2. 01254883
2.6250+005
2.437364023
2. 25004303
2. Uae RS
1.8/ Hms
1.ERTS4A3
1. SAAe A3
1.31254083
1. 42504083
9.3750¢1832




Marriage of two Monopoles

return loss

g
Dl 124 i
E‘lT:’.mEn?soJP4.1mmh4.4mmé o - gr?lzz?i':d monopole
Ittipiboon, Petosa, Thirakoune, Bandwidth % i0 15 »
. . . Frequency (GHz)
enhancement of a monopole using dielectric
antenna resonator loading, ANTEM, Canada, Us patent no.6940463 Sept. 2005

Aug. 2002



Problem bestowed upon




Mystery of BW? Inside ws

——DRR:I=4.4 mm
—— monopole:l=10 mm
— DRR+n?|opoIe:I:10 mm

14

> 0.6/ = A,/4

Frequency (GHz)




Design Becomes Easy

Guha, Antar, Ittipiboon, Petosa, Lee, IEEE AWPL, vol. 5, 2006.

a) Design Frequency
first resonances:f, , third resonances : f, are related as f, = 2.5f,.

b) Monopole Parameters :
Length: /=4,/4
Radius:s>r>s/2

(c) DRA Parameters :

Spacing s is important for second and third resonances and it is optimum
when 0.016 A4, 25 >0.0134, and

b=r+s, a=b/0.3,

0.5/>2h20.4].

Finally, ¢ value is extracted from the TM,, resonance formula



Verification

-10

Paper design as per Design Guideline
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Improved Bandwidth?

Definitely Yes!
If we can add identical mode(s)

How 7
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How to accommoda

By shaping the DRA 2009-12




What's New?
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DRR radius = 4.2 mm
DRR height = 4.4 mm
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£=10
MP height=10 mm
MP rad=0.65 mm




Radiations over the Band

Directivity (dBi)
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The Physical Insight

UWB ?
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Negnildadegitlies

9 Y95 BEPIMEEEE AWPL , vol. 5, 2006.

Yes, Possible

D. Guha, B. Gupta and Y. M. M. Antar, |IEEE AWPL , vol. 8, 2009

0

-10 —
o 20+
Z I
w30t

40

_50 ....................

5 10 15 20 25
f (GH2)
BW 148.4%

S11(dB)

-10
_15..
-20-
25
-30-
_35..
-40 .

-5

D. Guha, B. Gupta and Y. M. M. Anar, IEEE AP Transactions, Jan., 2012

|

10 20 30 40 50 60 70 80
Frequency GHz

BW 177.5%
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Composite DRA Structure Monopole-like Pattern

D. Guha and Y. Antar: D. Guha and Y. Antar:
IEEE AP Transactions Oct. 2006  I[EEE AP Transactions, Dec. 2006
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New Approach ew Configurations

heiht= 10 mme =12
probe length = 9.2 mm, radius = 0.55
mm.

56



The Resonances

F Field[¥im]

1. 2000203
1. 42500003
1. 0500 1833
. TSR 2
. PO 1202
1. 25 R
7. SABde W02
6. TSR N2
E. DROA 1007
5. Z500EDRL
4, SRR A2
3. 7500202

Probe as monopole




Half of a Hemispher

Half of a Hemisphere Electromagnetically coupled
two Half- Hemispherical DRAs



Composite DRA

measured

Irn Loss (dB)

40% Banc
4.8 dBi p



Radiation Patterns
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Symmet how to obtain

Need Modal Symmetry _ Structural Symmetry

61



Quarter and Composite

Introduces Modal Symmetry



Are they Different Modes ?
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8 20 - s
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E Field[¥/m]
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7. 508 E +AA2
7. BE0EE +E02
6, SEE0E +002
6, BRE0E +002
5. SOBEEe +562
5. BEEHE +66 2
4, SAEEE +6A2
4, BEEE e +602
3, SEEAE +AA2
3, BEEEE +EA2
2, 5EEEE +ER2
2, 80 E +002
1, SEEEE +6E2
1, BEEEE +6E2
5. BERDE +6E1
@, BERDE +6E0

TM,,; mode




Perfect Symmetry

E Field[¥/m]

o
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, SEEEe+BE
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D888 e +B0 2
, SEEEe+BE
D888 e +B0 2
, SEEEe+BE
D888 e +B0 2
, SEEEe+BE2
D888 e +B0 2
 BEEEe +B81
. B88E e +BE8
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Radiation Patterns
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Compare

Gain (dBi)

Gain(dBi)

-15

Frequency=3.3 GHz
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Concluding Remarks

DRA is still an Open Book; Not event its 30% Explored.
DRA researchers should have more insight and serious attention
Resonator, Material, and Antenna need to be addressed together

Next Breakthrough Awaiting New Dielectric Materials

| hope to come with new information for you shortly :
Mode filtering technique as a potential tool for DRA engineers.

Newer Feed to resolve major DRA issues in integrated platform -
which is supposed to be very hard task.
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