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AT

9 SMEUH H, 89 IR AR 3R HI&l WA (sensing applications) & ol T Havrof
98 WIdEd YOIAM I3 UESHT P UKIE B & | ARADR WRIGEd [oid I3 Y]
&Iglrv\-ldo ST T AR YTl (communication system) B foru W—]‘%ﬁ{q ] TS orenfireT
b foro s [Ugh fabey & wU H IR BT 2 | URATad fafevsd (resonator) AT, &9 Eﬁ BRG]
IR FaR (noiseless wireless communication) @ foIg 3frenfiie, dsnfe iR fafecar ds
H 24 GHz & 9T darferd €IaT 2 | I8 23.52% &1 fafdor gefar (radiation efficiency) @ TT
Jed fafaor ReRdr ue™ &xar 2 SR, eI 100 WMMEcsl @l Ufaren dsfas (impedance
bandwidth) Y& &xaT 8| I8 gTH RIMIIET Ira‘é:lﬁ gch! (current components) IR waE
TR (surface waves) & IS 8 & BRI ~IqH ;bulﬁ—gqﬁlcm”l g1 (minimum loss due to
cross polarization) W& &xaT ¢ |

ABSTRACT

In this paper, we propose a narrow-band dielectric resonator antenna for wireless
communication and sensing applications. The rectangular dielectric resonator antenna is
emerging as a suitable alternative to micro-strip patch antenna technology for the modern high-
speed communication system. The proposed radiator operates near to 2.4 GHz in the industrial,
scientific, and medical band for indoor, short-range, noiseless wireless communication. It
provides high radiation stability with a radiation efficiency of 23.52%, impedance bandwidth
of around 100 MHz. It provides minimum cross-polarization loss due to the induction of
minimum orthogonal current components and surface waves.

a9y dged 2ee — MIATHR WIAEd YoIIAF I3 TSl (RDRA), WRIAEd JaTss Al
(DWM), Hiftd dea fafr (FEM)

Keywords- Rectangular Dielectric Resonator Antenna (RDRA), Dielectric Waveguide
Model (DWM), Finite Element Method (FEM).
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s

foe §B TUHl § FaR AfdeE R
HIEY S & oy areRersd SuaRol § arcfi
glg <l g © | I8 YA WM, W fdy
MY HIFHINEH, JHY, AR TS USHT S
S enrid gih Hiefra (front end devices)
H HAeayul gig gRT wHYT €1 S ddeidl

oI B, 3R Sod RIe—8%ie 31U Uar
&l & [2] |

HaIvl §S IAMHed Udh el T ot Ua™
IRAT & o9 Mde &9 iR gr—eF fafero
(near field and far field) & &< IS B
DS T FHE Bl &, I ATSHI—aRT 3R
fAeffier—aver ¢ T R w e ' | Ifd

BT UG I D AR TR TR T, BEIergl

RaeIfh (noise power) HIg T3 defdgy & forg

(interferences), @ A= @I, iR fIEfcgaaa
G / BT (EMI/EMC) TITaRoT & Tef
AT | g9Ifad Brar 81 9 ARl B dH

U Bl 8, Sfely Hahiol d€ ddeild
ST ode eHal @ R ke, S
RrTe—a 3T (signal to noise ratio) 3R

fear ST A1 € SR JHAE B BH DR,

et o & folv S=a dod urd fhar

W JfWbed, oY EIAl, SUYRh  Ufcrdre
™ (impedance matching) & &I U=
PR HART fHar S wehdr 2

grefas a9 @ Refqal @ik dgifts
3od JATg BHAT & ded RaR ST &X &I

ST Adhar © [3] |
SENT g 3Ifided @ AR @Rl ¥,

RTRT S2d URITRIAT (permittivity) [4] @ <aTer
IR BT SYANT BHRb U fhar S FahdT
2 | T Soa URTRIAT AR & A1, TJoTa

gfiedhe iR e Referal & wfdr Hdereid
2| I8 Al U UOR iR TF YRGBT (system
loading) @ ®RY BT g g9 fau =3
AfIHR (system designers) AR Y HDHIUT
d8, dfsd—N®R, ST ofeT (highly efficient)
N = EIH Rer faferor ufowy (radiation

HR® (quality factor) H ?{f}&' Bl 8, oI fafdvor
WA (radiating structure) P fAR[ag®
Sofl (electromagnetic energy) & Udh UHR &
ST (reservoir) ¥ dGcl Adcl 8| HHIG
AMfAded  (stacked design) [5] ®I STOHTHR
HIfT® SMHR BT HH fhaT ST AhdT 8 | Aigd

pattern) @1 IAH P & oy & Diad
B ©, dlid He@YUl SfERIEH AP
el (interference rejection capabilities)
IR fafdear & A1y g@ s8Rl Ud (diversity
to address fading) [1] @I fafderar uar =@«
Ah | 39 ARVl B UH URTAEd TR
3gTed TSl gRT Hexd fhar S Hevdl
2, ol fafexo foe@m & wag—<oag w9@
(time-harmonic effect) & o fafexor wrad
A WY Yaredcd fdgd gRT (conduction
current), fa¥IY ®©U A HARHIII—IRT 3R
fAreffier—a=ar oIy W) 21t 8 | DRA &7

ererd], demeAd @™ (directive gain) I

I Wies U APt wies Yed B a3 A
# HEgul YT T ® | Sea—hH AIS Bl
UBe] JJUTT (aspect ratio) TR Sfad AT &
qegq A Yo (AT ST Heball &, FTas sy
B Bl fhar S dahar © [6] |

39 UF H, B 9NN 9OR IR Had
&W‘ﬁ (sensing applications) @ forg
A HI—RET B BT SUANT B Y Uh HabIof
d€ HHaE (stacked) AMIATHR WRIAEA ATTE
GEHT IR BRA & | ARSIARY 2.4 FRMEST
(GHz) ™ —10 Sl (dB) & 100 # &S
(MHz) @ wfcEren defder  (impedance

bandwidth) TSR 2 | fafdxor Yesi wfcramer
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defdeyr W qHM & | Hew@qUl WA U Iic

P IRV WHT n = 1, 2, 3 D ARl THHRT

TodR gRT U fhar Sar g ofed fhAw
fqad= (edge diffraction) & HRUT g @I
e (surface wave) fU@el Uifel (back lobe) #
e TcHD »Yg ¥ 9= fafeRor (radiation) UeT
HR E T |

B gomett

JAATBR  BIRRY &I Sifced  SATAI
WA (geometrical structure) 3iR =
ATl & A4S (boundaries) & HRUI, faveryo
TTT® (analytical) FHTEIT §R—&F [7] TR &l
BT AR 98} B FhdT 2 | SAfTT A=ATHS
(numerical) FATET BT SUANT AT [STIAT
34@‘%{ 3 fafamor FJ—PRP (radiation Q-factor),
3R fae[a—grrara &3 (electromagnetic
far-field) &7 fRefRa &1 & forg fova irar 2 |
fAvelyuITcHe a1l (Analytical techniques)
H T 3R URIET BT AT TThR FRAR
3FaRerd  (continuous variables) M &
ST § f @1 oW AR @ 3R 'd far
ST AT g1 B! B | g fqaRor fagd aiRk
GADIY & Bl IR HRAT 8, STd =TS faaRor
(charge distribution) 3R ﬁ@ﬁ DI Udig =Td
B & [8]

I IIATHR SIRT BT fATIYT BT B
forg gRAd @ fafr (Finite Element Method)
& AN fHar & & | uRfd a@ fafdy sre
oS H Eas] ST (geometry) & fagarfe
THR (discretization) BT 69 &Rl & | UID
SERSH @ foTT URIETT B AT IMMBR BT
DT A T STl &, forde R w@y
B3 MR HaH (basis function) B & | fhy,
Ples AT FHIGIUT BT GRIET0T B & IO
fpar ST 8 &R fiR mds & AR W
Q‘d‘ﬂ% (integration) fham SIraT HESREIER
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CERIE I
T Blecsl & FHIHROT H [7]:

VZA+K?A=—]

.............. (1)

L ?)
_V(V.A)

E e I 3)

S8l A gddbId | &Hdl (magnetic

vector potential)

Vx(iVxE)—k(z,erzj

1
f(wn.v X (#—v X E) - kgerwn.E) dv =0,
.

T R BT STINT RSP 3R SAO
W Pl AR dRd THT DI AT DI HA
fpam 1 gt &

S (V X Wy). (iv X E) - kggrwn,E) =
[f (boundary t erms).dS

S8l n=1,2... N

E=Ymnxmwy

9 UbR,
S m [ (VX Wa). (5-V X E) = ke, wp. ) d =
[ (boundary t erms).dS

Zm XmAm = by
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SiEl, b UIC veTgede § 3R | U NxN
Hfert & o @1 0 MW (boundary
conditions) ¥l B1 E =i x & foU &
PG TUFET DI S Fhvell 8 RIIATBR SIRIRY
(Rectangular Dielectric Resonator Antenna) &
oy wet w9 @H JIe (lowest order mode) &
|1 3T AT fIAE (infinite ground plane)
TE51: &7 UROITH &5 & ©cdl URIdgd
ge #ed (Dielectric Waveguide Model) @7
TN B U fHaT ST AT & | TEjyy & &3
gedi (field components) &I YRad FTHIHI]
(transcendental equation) [4] 8, B &A PDd
T o ST AdhT ¢ |

k, tan (k’z‘—d) = \/(sr — Dko? — k,”

faea—daa &1 aRuHl & RRETA
(Sinusiodal) ST 8T S 1 fferRaa &
_ (k) +k.%)

H
* Jwly

cos(k,x) cos(kyy) cos(k,z)

.................................................... (13)
E,.=0

....................................... (14)
E, = kycos(kyx) cos(kyy) sin(k,z)

E\.Jl
mnm
S
nm
=%
STET,
21 21 fy T _m
ko_lo_ c 'ky_w'kz_b

frTedst (GHz) # oMM SMgRy £ bl
TOET BT ST Fhdl © [4]:
15F

fO(GHZ) = W(cm)n\/a

fafévor  ®—bR®  (radiation Q-factor)
@ TUET wh [8] B R weat & forg
Fb B B B wY H HARNGT F-DRD
(normalized Q-factor) & ®HAHDH HI ITANT
PRD DI S AHd! & | OTE], h TS 8, w aAlreTs
2, TAT d, RDRA &I &S ¢ |
Ter JEer

ffF 17, @3- wze o &k ¥
3eY BT 3R IR fSSIMS arel MAATBR
QRIIEA [SIIHE QST &1 fagd Samf#fa @
Ui #RAT B IRSIAIRY (RDRA) &I
FHAA JAdd W &N AT § Sl U 37ael
ﬁgﬁ AqreAd (Perfect Electrical Conductor) & |
JRSIRIRT BT Harg (h) B M A HH B
% foru Bfd U9 (image theorem) SIS o
AT & | SRSIIRTY IRIAT BT oA Pl HUNT
AdE W G T © |

ofid fafwor ARemT wagd Ao IR,
3. 3010 (SIYA) (Roger RO 3010™), tan § =
0.0035 ¥ §9T 8 fSrIdT MM 13x13%6.5
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e 2 freell REHT 102 @ URITRIAT (permittivity) 3R 13x13x2 il & mam & A
3MRET 6010 (RT Duroid 6010) I &7 € 3R U MIATHR AT (Aperture Slot) & U I&@T
AT B | AT UTSS ©F Bl SHIATT dedee $l HUN Ade R {har a7 8 o &f o 1 v #
ST AT R

ICERIRERESICERYSE]
Bl 3—S] AlgS g
(Fig. 1a. 3-Dimensional
side view of the
proposed antenna

design)

l"-!'-t-l.lh:.trut-’l:

e Tty

- O o =
Infinite ground plane
? Aperture over the
infinite ground plane Ry 1 & R D
NICRCAD)

(Fig.1b. Top view of the
proposed antenna design)

e # 16x1.2 e &1 &
IRM & S ASH-RgT A o
el JTRSIBIRTY (RDRA) A& Sl
@ H8dYUl g9 (coupling) WaT
B b forg feomse foar T 2
TdeAge IR SITATHA 6 (Roger
TMM), r= 6, tan & = 0.0035 ¥ &
2 Rraer emam 30x30%0.762 AP

Zz yl\:lii'::;'o-strip transmission s Req e
PHrdGe (Substrate) s & w4 x 17.5
Rectangular DRA ol <@ 2 fog goee wis

da (aperture feeding mechanism)
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Al AEd Td o, "aIRe’] WaR AR Hded IR & fofg Faiol d€ uRTagld Yorade I3 U

SR gelldgd AIS &I YOOI PRl 8, Si8i Al B4 3o} Als TEY,, [9] & | Lo 3gf,
AR FG—PRS (H—TIsTad) 3R $TYT UG SI T URIGEd =9 Mgs Arsal (Dielectric
Waveguide Model) [10] & STANT &R B oI Aball 2 |

JsurflLa_per_m]

5. 7498e+801
5. 3915e+801
5.B8336e+801
4. 6759e+801

4, 3182e+0E1 .

3. 96@Be+EOL I 2: NI XU
3. 6E29e+BEL

3, 245ze+@E1 (RDRA) T

2. 8875e+001
Z2.5298e+801
2, 1721e+081
1. 8145e+801
1. 4568e+801
1.8991e+8601
7. 4141e+808
3. 837 5e+00B
2. 6B47e—-B01

ufRume faeciwor

39 fagemy & o Ua S dilg_l% NNER] Qﬁgdc% (High Frequency Structure Simulator)
BT IUART fohar SIar € @1 | o 3 9 I8 ar aadn 2 {6 9SHr 2.4 eds (GHz) R wfe
I1d (resonate) B V&1 & 3R Re A &7 o T —12 Sl (dB) |

TB—gRI—8Tcd

(Fig. 2. Surface current

density of rectangular
dielectric resonator

antenna design)

15

30 (mm)

—=— Return loss

o 3. gfafda qona (|S11 | dB #)

o J .
3 | ] A ST S
o L
g \ | (Fig. 3. Reflection Coefficient versus
& 1 | Frequency plot)
10 4

2.4 GHz, -11.69 dB

T

3
Freq (GHz)
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300 -{\‘
200 - %
% | R 4. ATASRIAR (VSWR)
S Y M AT ATITeT
100 "v (Fig. 4. VSWR versus
% Frequency plot)
0 \/\—__—
1 2 3 4 5
Freq (GHz)

10 ST (dB) wfcramen dsfaser (impedance bandwidth) @1 TTOT ST 100 HTECS €, ST
g AH0T de ufafrar uem o B | o 4 dasegRiR 99 SRy & Had <dT § | I8
AMIF—TS &g BT STINT ST & 312F 50 Q ARy BT SRa1 & Heer § fhar Siran
ERCER g1Yc UfaTen (input impedance) @ dRGdd 3R BTAH 9T (real and imaginary

500 paﬁ)ﬁﬁ@ﬁ%lﬂ'&’é@w%\'%
Yy e 2.4 ATESS (GHz) &1 gfaeat amgfy
] *— Re(Z(1,1 ﬁ (resonating frequency) UR 3TRSIRY
300 1 I (RDRA) & ¥HId | 3ff&dad  wfe
= 200_- J_\ FXITARYT (maximum power transfer) T
T 'ﬂ\\ T B oy ufcRIEd A (resistive
g 100'_ ‘\ matching) BIdT ¥ |
g o-,@ “ s —
00+ ../ o 5. aR<fd® AR B aH Hfcrarer
-zoo- d S SR
] (Fig. 5. Real and imaginary impedance
-300 : g z g ) y Z y | versus Frequency plot)

Freq (GHz)

fora 6 # fa@mm AT & #1 3Mseye ¢ = 0° AR 90° R yz 3R xz 499 & @rer faga iRk
Faara e BT ARG o 2| I8 9r 77 ® fF 24 RS (GHz) MRSIIRY (RDRA)
e f3em # &3 a1 fAfexe o= & foy e aeet geay fggdia @ dvg @asR o @ 2|
BIeif, s T (aperture coupling) & HRUT, U & o H fAfRor 8IaT © | IR e ¢
9% 3TUTT Bl TUMT ST 26.776 B @1 ST © |
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el oh (—3 ST B SHBRIAT DI TOET T 60° BT Sl 8 | I8 fafewor det a1
PIONT ArerS B el g 99 Bl Adfwd fhar Sar 21 g @ fafawor faemar ufoarn

-20

-40 |

40 -

-20

1270

0 —e—H-Plane
—=—E - Plane

90

240 120

180

—u=— Cross Polarization [ Dir theta] Freq = '2.4 GHz' Phi = '90 deg'
—=— Co Polarization [ Dir Phi] Freq = '2.4 GHz' Phi ='90 deg'

-20 -

-40

-60 -

-40 -

-20 -

270

180

JdSfdSy  (impedance bandwidth) W
affa 21 ga—wN ok - Ha—
g,—cﬁw (cross-polarization) & foIg
fafdror ded wer 24 MmEdS W
oA 7 3R =rF 8 H #u fHar
g1 I8 < T g b el wuae |
|E 3R HA—gdIhrYT (Co- and cross-
polarization) & 9 —20 dB &7 HcR
gl

ﬁﬂ&yz&ﬁ?xz qAT H aga 3R
N
(Fig 6. Plot of the Electric and
Magnetic field in the yz and xz plane)

o 7. 08— W8 YA iR
HII—gdIhNUT (cross-polarization)
D wilc
(Fig 7. Plot of H-plane co and cross
polarization)

37



UGC-CARE Listed Journal ISSN : 1549-523-X , TaqT wahteT - foram wa grenfirent e stviet, a:18, 316 1-2, 5. -5[7,2020

—mu=— Co - Polarization [Dir Phi ] Freq = '2.4 GHz" Phi ='0 deg'
—u=— Cross - Polarization [Dir Theta] Freq = '2.4 GHz" Phi ='0 deg'

-20 -

-40

-60 -

60 J2T0

-40

-20

R 8. 83—l 8 YdIhroT 3R 14
AP B e

(Fig 8. Plot of E-plane co and cross
polarization)

7 8 mgRy 9@ gl o™
fezarar 21 ¢ @ @A afa @
EO 3R E$ Uchl & INT & ©U H
IR fhar T |bar &1 I8 UrIT
T & fh 2.4 WMESS (GHz) R B
AT ST —2dBi 2 | olfd fd I8
UG GIeddl IRk HaR @ fory
ST fdHar o7 & § gafery fa
A AYE HEEYl ® SR 9 U&
faftre fowm= [12, 13] & @ feiRa
frar < dear g1 o 9 # foosH

190 fPU U IRSIIRT H fIofenl AR
IO &5 & A HT 9 2 |
04
§
5 7
18 -
1 ' 2 ' 3 4 5

Freq (GHz)

= 8. AMGRT 99 Bl T wile

(Fig. 8. Gain versus frequency plot)
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[Agd HEG U9 3,

E Field[¥_per_n

4., 200 2e+B0Y
3, 9378 +004
| 3. 6754e+ERY
3, 4130e+E0Y

3, 1006 +0aY4

2.8802e+@84 |

2, 6258+00Y4
2, 363 +0aY
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1, 8386 +0a4
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1,8515e+084
7. 8995 +003
5. 2670¢+203
2, G431e+003
1, 9159 +081

rETotallmy]

3.5814e+003
3.3601e+003
3.1388e+003
2.9175e+083

2.6962e+003
2. 4749e+003
2.2536e+083
2.8323e+083
1.8110e+883
1.5897e+083
1.3684e+003
1.1471e+083
9.2575e+002
7.0445e+002
4. 8314e+002
2.6184e+002
4.8538e+001

IR HAR 3R e JGEANT & oy Hebrol d8 uRdegd o A3 G

1

H Field[A_per_n

5.@336e+0081
4, 7192e+861
4, baktBe+aal
4, B983e+061
3. 7759e+001
3. 4615e+001
3. 1471e+001
2, 5327e+001
2,5183e+801
2, 2038e+001
1. 5894e+001
1, 5750e+801
1. 2666e+861
9, 4618e+008
B, 3176e+008
3.1734e+008
2,9278e-002

(o= o. fEwiest vy g
GSHT ¥ fagd iR gaa
&3 ® ddex P w@ile)

(Fig 9. Plot of electric and magnetic
field vectors in the designed antenna)

(= 10. 3olgYr 3R IHY BT B
Arer # faga e a1 381 g3)

(Fig 10. 3-D view of the electric field
w.r.t azimuth and elevation angle)

A 10 H SRy (3H) 3R
SATE (0) PITT & g fagd &
1 3D 339 fa@mn 1 & | I8 <l
T 2 fdh GEHAT 0=0° W z- 31&T &
| ANE fawm # et R IET
2| e T 9% ITUId TV 26.77
S 2 o qufar § 5 fafesfa
oIfth 49 ®U 9 T/ A H Digd

2| gt fagd & 115.84 fAcfidlee (ST) B, TEfF ¢ =76° 3R 0= 10°A Afdrwmaw ff=fa afs
T 3.185 fAefae (mW) R |

forepet

9 UF ¥, GRIRe SRS SR LY Uteae & fog U ool d€ uRTded YoM
I3 GEAT DI fagfd—gwaad Rigelex HFSS 14.0 &1 STANT &R fSolre 3R fageryor faar
T B | fSomsd @Y 7 WRaAr 2.4 WESS (GHz) WR 100 #TESST (MHz) & ufcraren dsfaser
(impedance bandwidth) @& Wrer Hfedf~d &Il © | I8 YSIHT 26.776 dB & Whe— T— 4 3rguTd
DI ST & ST 9F G H I=addq Afh Td BT BT T2AT 2 | Sa URTIAT (high permittivity)
% URTAEd UcTe [14] &1 SUANT dxa R I=a Faendd @ (high directivity) U<l &R @
U U Bfed dF &1 ST BXe 59 Uie fafdron & sraeg iR STARN 9911 S el 2 |
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aferer 1 -Tgameht orseraett

Aperture Jg

Coupling T

Dielectric TRTIE
Dimension IDIE
Magnetic Vector DI Al &
Potential

Narrow-Band Taof §
Permittivity ORITRIAT
Q-factor TR — HRD
Radiation fafepeor
Resistance TRl
Resonator W‘F{ I3
Resonant USIREIET 3T|—cc|-|%[
frequency

Sinusoidal NGBS
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