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RIRIE]

I YR ANl & HH §eve (Internet of Things) 3R Haffd AMEe dfeds AN
@ fog e fos AT (Aperture coupled) IIEN—d€ SMIATGR WRIAEd I[SIFHE I3 G
(Rectangular DRA) ¥Id &Rl © | I8 fSoirg fobar r If$uer 3.79 GHz WR —10dB wfcraren
dSfds (Impedance Bandwidth) @& 7T 97.62% ! Gﬂ'@ﬁ‘f o H do-1 @ ol 341 9 397
eSSt W 3R 5.09 IRMECS &I feal Mgy & Ar 16.09% I 4.39 fTECS 4 5.20
edst @@ d€ 11 & forg ufteafd 1am §1 98 BITT IMaR W8 v ddg &l ofex
(negligible surface wave) 3R 3H®H JHAH & BRI 97.626% @1 fafeor qerdm (Radiation
Efficiency) W™ &_dl & | 3mScye fafdwor faemarei # 3.8291 dBi &1 RER o™, I i
TG Pl %’clﬁ'ch_\"UT (Cross-Polarization) @ 12T 3.9222 dB &1 RrER digar fafdor (Directivity)
U Rl & |

ABSTRACT

This paper presents an aperture coupled dual-band rectangular dielectric resonator
antenna for narrowband internet of things and enhanced mobile broadband applications- This
designed radiator is resonating at 3.79 GHz with -10dB impedance bandwidth of 97.62% in the
frequency range from 3.41 to 3.97 GHz for band-I and resonating frequency of 5.04 GHz with
impedance bandwidth of 16.09% from 4.39 GHz to 5.20 GHz for band-II. This miniaturized
design provides a radiation efficiency of 97.626% due to negligible surface wave and ohmic
losses. The output radiation characteristics constitute a peak gain of 3.8291 dBi, directivity
3.9222 dB with the desired cross, and co-polarization.

fowa qere e — YATBR WRIAEd JOIHE I3 ST (JRSISRY), AT wRTdegd
JITSS Afed (SreguH), Se-c 3h R (Mg 3T ) |

Keywords - Rectangular Dielectric Resonator Antenna (RDRA), Modified Dielectric
Waveguide Model (MDWM), Internet of Things (IoT).
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s

1939 # IaC I RImR A i@ & wdga fie Gl e Rer Joam 3=
(stable resonating structure) & WU H AR PR Fdhdl & AR IAGT AH WA AAED [1]
(Dielectric Resonator) I&T ST AehdT & | SH® IRd dT<, 1960 H ATHAT AR IRILT 7 U b g8
"wergd” [2] (Rutile: crystalline dielectric material) fST&® T® chs H aﬁj@?ﬁ DI ATAT ST
0.001% & &H Bl 7, 3R o S=a egselfdgd ReR (dielectric constant) T 100 B, €T
® AR} dTell &7 AgAEH (metallic walled cavity resonator) [3] ¥ 31&d TS T HRSD
(Q-factor) & WTT HISSHIIT 3IAIGH (microwave resonator) & ©U H FIER IRAT & | I8 I§
W 9T f6 7 dad 3RS &F [4] H fRT 9 Swaad SAr wigdkil @ Agd 9 AR ReR
T | WRIAEd 3TAGd AT (DRA) & URMe Rigia &1 reaas W1 S9a g1 fdhar 137 o [1]
forae 918 1980 H TH. U. AT A fa@man & 3 SRy qord enfcad UeHr &l o § ifts
B3 NSUSR 99 Fahdl © IR FABI IUIRT CSHT dadi [1] & wU H fbar 51 |Fabdr & | 594
AEYUl JHAN ddel URIded A H WTAT (dielectric material losses) & ®ROT &, ST BTGB!
P © | SRIRY JgdHd Gial Ua HRAl © | $9H Sugth feenetd faferor Uesi (directional
radiation pattern) @I IIRTT B & fory fAf= rural @I Uge] U & URad+ gRT ATA)
A AT o ST FadT B | SRIRY & &8 MHRI U I BT 97 O MIAAIHR, TP,
IGTHR, MATHR AR HH AT, Mfe, T A MIATHR SRRY &I g9dT Jeav faRyarit
@ BRU AT TN § O QI Wad Uge] U, Sl Iod WR @l A Bl d9Id &, [Soig
IO, S A, I§ B [Tacl HH & Al Bl W qHT PRl o, forgsd uRem sy
B4 DHIA—gdHT R (low level of cross polarization) [5] BIAT & | ATEHINTY U= TEHT & THR
SIRT & AT T T BIFST Th-Tpt BT SUANT fhar S bl & | Il IRl ATghI—Rey
BIFST BT SUANT g 79 (aperture coupling) & AT Hedeael H fhar 1 © | el He=
@ A1, JTF OTH (coupling coefficient) TR 1 & HYIG & WIdT & 3R fAfBROT & wae=
H KSCIN % forg He{d far ST FHAT 21 Ansys UAUHUHATH 14.0 (High Frequency Structural
Simulator) AFed?R ST YRMAT T fafer (Finite Element Method) TR 3MeNMRT 8, BT SUANT 39
gRAST ® 11”1(—?*1%? fageryor (full wave analysis) & feTg fdam SIram & [6] |

ydifad Gétenm fEeige
9 AETE H T Gl g8 Arseatd (etched sidewall) SRR SIIRT YA & | F&t
B HDIT TR Y (narrow aperture coupling) FJfEE Hfcrarer e (impedance matching)

T A1 AEdey § YANT fhar ar 7| a8 fSvex & diftsd fafdRor Ye (desired radiation
pattern) 3R T 3 3cyc faemanet @ forw dufifed JTHT (capacitive coupling) o P =

YATfad TEAT & G)edr o 17, ) iR W # foxars M8 21 A SIRSIRIRY AR
% oy GEsIs dd-idl (numerical techniques) & [AGRIT B # A AT & BRI
BT 3Fd UTSS @A (infinite ground plane) @& AT WA $SeguA (Dielectric Waveguide
Model) &1 STANT fHAT AT B | TOMT B TS GRAAT B Alfeld MMM BT FeH Hisd & w4
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# foram ar € dorn aifed SR o B AR fafeRor R-—haex &1 ufrafa &1 & oy
B AT AT AR & T & [7] | SMIAIBR SIRY &1 fAfBRoT Fg—thdex (radiation
Q-factor) I HUTRT ol (stored energy) Ud fATHROT & (radiated power) U R &=a &,
S @ 39 UBR o

_ 200,
B e (1.1)
HUfed ol (stored energy) I 39 IF I dral dHhd &
go&rabd sin(k,d)
Y (1 kyd >(k’% +h5)
...................................................................... (1.2)

fafeor ear (radiated power) UeHT & AT U I f¥R &xar €1 g9 A9 & BRI &F
FE IHd ¢ 6 TEHT & MM & A—ur ofth & AT Aegel & 9l | o {5 g9
7 # fear T &

—jw8e, (g — 1) (kzd)
lekyde, T\ 2

2

A

Z

..................................................................... (1.3)

Prag = 10’(3

T8l g, = &dl B URIRIAT (permittivity of air), g = WATUET URITRIAT (relative permittivity),
a,b,d = U2AT & AT, kok ok, = x-,y- Ud z-feem # 8% AT (wave number), k = f*raig
TEX A& (free-space wave number) Pl SfId B & |

-
n an

RA fenem

o 1 @ Ansys HFSS 14.0 % ¥lc g7 & W1 SMIATHR SIARY BT 3—3MATH T
(Fig. 1a. 3-D view of aperture coupled RDRA in Ansys HFSS 14.0 simulation software)
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Rectangular DELA
etched on both
sidewalls

* Ground Plane

X y

o 1 &) - fog IRAd a1ge 0a ®IST & A AR SIRMRY BT AIgs &

(Fig. 1b. Side view of aperture coupled metallic patch fed RDRA)

fSad anfiet feSITg= oRvT 59 UBR &: Arlon25N™ HERIS &7 Udh Hedge foram ar e 3
70x70x0.6 mm® &, BT TRRET (loss tangent) 0.0025 g @R Wlﬁ?:l—m—cﬁ (material permittivity)
3.38 & | 3Md UTSS WIF &I SYINT Fehge & HUN Adg W fhar T o & 9ifds sars
DI ST I+, Fredss BT YT & TeArRT - del Bfd Rigid ar] & & oy STanf
AT ST 9 | FeAge D el Fa8 W 1.15x18.5 mm? & ATSHINGT SN o8+ &l xy
W WR g9 AT R A8 WiF WR 984 €1 Bic 3T 10x2 mm? BT U AR G137
T & o 1 I # e &) arfd ot dia o faferer dvem & fog giaa fear s
D | G & ST BT HH B & o7 UTR HT MHR d8< BT B AR BTeifh, A
ST BIST A1 1 991 1 6 30 aifod i AfewEr a1 81 96, S Fhedd gdawic
AIS BT IANIT B Al & | ATUeT TRIALID 20 B FTeT THSIMR—20 (Mg-Ca-Ti) Jid HNfd
IRSIRY & U SEgcifded AT & ®U H SYART fHaT 1 2 | 396 Aey AT P 70T
Teel USHT [7] §RT SIgselided AJATGd UGSl 28gd & U AT 42 ¥ FIET a7 Hisd
BT IR FRB DI T © | SIgselided Pl AqhHeld AR 9x13.9x10 mm® & S & I¢ 3fR
99 SHl X% F Uh GO Bl UV B 89 & A ARdrRIER 6y 77 €1z=0mm &Rz =
4mm B HAg F HAT 4 mm P TRDRIN B T3 2| [T Ansys TaUHTATH Rierer
AledaR W fhar ar & o 6 o 1 v H e a2
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ufRoma faeciuor

XY Plot 1

0.00

HFSSDesign1

- Name X Y
1000 mi | 34035|-10.2268
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(Fig. 2. Reflection Coefficient versus Frequency plot)

—10 dB @& I & IS (resonant frequency) W& BT & HA: 3.79 INIT BCol 341 |
3.97 T B (de—1) TP AT 5.04 IR BCol 4.3960 ¥ 5.2080 IRIT BCol (de—II) TP | 39

AT BT IUART FRas wfaaren defdsey & ToET @ S @

x fupper edge — flower edge

3 dB Impedance BW (%) = 2 x 100
ﬁ’esonance
Smith Chart do-1 & frw 97.62% 3R Fe—II
: Curve Info

— 511
Setup1 : Sweep

-110 100 20 -70

TH 3. IARSRIRY AT B T =E =i
(Fig. 3. Smith Chart plot of the concerned RDRA)
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@ forw 16.09% wfarr defdsy ur$
TS 8| I8 AISl argsds Ufdfhar &l
SIBIRY gRT Jaarfed & fafdRor e
(radiating fields) @ A & BRI
g | TFl SIRY Bl UH B T A
Brs fHar T § Wfd W 3R w9y
% AR (space-time difference) @I
Iole ¥ XU-d @R fdarfa® (spatial
altercation) UTIT T1AT | U AT fafd=or
WYIAT BT g Ufdfshar (impedance
response) ®I UG A | gD
PR U & GSHT &l AT AgREl H
3MIE T & |




for 3 RN STREIRIRY WRET & §Ye <fie W aRvmHr Reer are fawarar 2 | 7 uran
AT & {6 3.79 MBS 3IR 5.04 WRMESS @1 T[o W $9Yc <A AR (resistive) 81 STd
B GTIT{% R, 3frmdd URE AT (maximum power transfer) I USHT &I faaRa @ Sge |
Ig <@ T § o ESRE e R dufiafed dufel T W RS g™ (inductive coupling) BTl
21 yz 3R xz [ 5 g iR gaay &3 & Icured fAfbRor &I o 4 H <1 T 8| 35
TATTECST UR 3T HivT A 0 FSIT &fiR 90 f&ll & wu 3 foram a7 8 | P gaiavoT (cross-
polarization) & U9 ®I & & & oIy g0 VeAT fSSMSH & AhAddd IUART —30 S
H —150 &M & 4/ 3 &1 Foba © | oA 5 Ve & o™ U & 3 S IMScye g s Bl

{Cagrwe Info
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Radiation Pattern 1

SR &Rar 2| I8 382 Sl Bl
AfPad o gy ferar 2
RO YT HUSe! BT drferd
1 ¥ fe@rn T g1 98 <@ T
g 5 Sz A 97.726% @1 I=d
T&T 3R HHE: 3.8291dBi R

3.9222dB &1 TRH ULl & AT
I B ST 2 |

R 4. yz 3R xz f99 # ﬁ@ﬁ
8 o ST A )
(Fig. 4. Plot of the Electric and
Magnetic field in the yz and xz
plane)

o 5. A MR o™ U &1 gd & Wie
(Fig 5. 3-Dimensional Gain Plot)
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dferest 1. URomett Udar WRiefie

EINE

G IRPfeR
gy dgdar (Maximum Intensity) 0.27966 W/Sr
Brex drgar fafevor | (Peak Directivity) 3.9222 dBi
IIfrHaH T (Peak Gain) 3.8291 dBi
fafevor waar (Radiated Power) 0.89603 W
whd BHAT (Accepted Power) 091782 W
TeAdT BHAT (Incident Power) W
fafezor Terar (Radiation Efficiency) 0.97626
We ¢ d9@ IR (Front-to-Back Ratio) 16.079

T SIHe, 918, 37eh 1-2, 5. -39, 2020

forspe

foog IFd I 9 IATHR WRIdeEd YSRIAM A TSHT Bl 97.62% 3R 16.09% Afcraren

defdsy & Ay Wwodydd feored fhar 11 8, Rrad Jamere wu 9 S die 19 3.82
SRS 3R fAfRoT T 97.62% 7 | fRSTRT &1 T8 WA # gord d$ <ifuve fawrg <ar
2, S do-1 (341 W 3.97 TN S a) iR Fe—II (3.79 3R 5.04 FRMESH TH) MU AR

Il & A1 I8 YT JMYHd I=d T Falvi gexeic disil (in the frequency range of SGHz
and above ISM band) 3iR AaTsd dfsds SIIIANT ((example: WiMAX operating in the range of
3.4103.6 GHz) & foly SUYH & | IR & folU {B SIS & Use], IIGuId Bl AT IR,

gfoaren defasy ok aeo ted defagy # ofR QurR far S d&ar 81 37 a1 WRIaEd v &
1 URWRE T DI fAfBROT Serar § IR dRA & fofg 3R IgRIT S Favdll © | 78T Uic 3iR
T AR & 919 1fdrawad wIfth XA & foly Aecaqul TR BT AT SR T FhlT & |

arfersT 2. TlleT QrETaett

Terminologies in 8 ) TeTaelt
English

Aperture Coupled fog =
Accepted power Rﬁﬁ SHAT
Bandwidth Efficiency | yferamen é@ﬁga
Dielectric q—\r@gﬁ

Incident power BRGIRILGI
Internet of Things ol @ gevHe
(IoT)

Max Intensity 3fSrpan dradr
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Peak directivity Brex MNegar fafewoy
Peak gain BRI
Radiation Efficiency fafexor eear
Radiated power fafevor waar
Rectangular IMATRR
Resonator W‘F{ BE
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