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This study describes the design and implementation of a miniaturized ultra-wideband (UWB) microstrip
patch antenna(MPA) intended for smart electronic systems, featuring two on-demand independently switch-
able band-notch attributes. The MPA is capable of suppressing a contiguous sub-band within WiMAX
(3.2-3.8 GHz) and WLAN (5.1-5.8 GHz) band, as well as simultaneously mitigating both bands. Initially,
a semicircular radiating plane combined with a altered partial ground plane is utilized to achieve the UWB
characteristics while maintaining a small footprint. Two rejection bands are realized using two truncated
circular slots on the patch. Equivalent circuits of PIN diode are employed to implement reconfigurability,
providing ON-OFF control of each notch for adaptation to spectrum availability. The presented MPA exhibits
a miniaturized physical footprint of 26 x 27 mm? and achieves a quasi-omnidirectional radiation character-
istic with a peak gain of 4.6 dBi. The design also demonstrates a wide operational bandwidth (3-14 GHz) in
the UWB spectrum, achieving a fractional bandwidth of 130 %. In terms of low profile, stable gain perfor-
mance, and reconfigurable notch functionality, the proposed antenna shows satisfactory performance. Sim-
ulation results demonstrate stable radiation patterns, satisfactory gain performance, and strong suppression
at the activated notched frequencies. Owing to its compact size, wide operational bandwidth, and flexible
interference mitigation capability, the proposed design is suitable for UWB communication systems, cogni-
tive radio applications, and portable wireless devices.
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1. INTRODUCTION wide UWB band from 2.68-8.55 GHz (diodes OFF), cov-
. . ering WLAN (5.2 GHz), ISM (5.8 GHz), and lower
A reconfigurable notch-band antenna may dynami- X-band (~ 8 GHz), and a Ku-band from 12.7-15.65 GHz

ca.lly modify its notch banFl properties to suppress cer- when the diodes are ON. Another frequency-reconfigu-
tain narrowband (e.g., WiMAX, 5G, or WLAN) while rable antenna was proposed in [12] which operates at

maintaining ultra-wideband (UWB) or wideband perfor- eight distinct frequencies depending on the switching

mance. This flexibility is achieved by including switch- states of three PIN diodes (S1, S2, $3). K. Dalal et al. in
ing devices like PIN diodes, MEMS switches, or varactor

diodes. As a consequence, a single antenna may adapt to
changing spectral environments, increasing flexibility
and spectrum efficiency in smart communication sys-

[13] proposed an UWB MPA by using a unique elliptical
shaped radiating structure and a defected ground struc-
ture that encompasses a pair of L-shaped slots and two
. rectangular slots. The design features four notch bands:
tems [1-4]. A notch band antenna is generally an ultra- Wi-Max. WLAN. C-band and X-band. Five switches in
w1deband (UWB) antenna engmeere.d to operate across  ON/OFF states allows for reconfigurability of required
a very'W1de frequency spectrum while intentionally in- notch-bands, making this design appropriate for a vari-
troducing one or more narrow stop-bands. (I,thh?S)' ety of narrowband applications. In [14] a compact ultra-
These notches remove interference from coexisting wire- wideband (UWB) antenna with reconfigurable triple
ESS services, such as Wi-Fi/WLAN, W¥th0“1t compromis- — pand notch characteristics is proposed. The MPA has a
mng overa.ll UWB performance. Premse })and-re]gctlon CPW-fed circular shape patch and ground plane loaded
characteristics are commonly achieved using techniques with two slots in the form of 'C' shape and split-ring res-

like embedded slots, split-ring resonators (SRRs), or .41 (SRRs). Four PIN diodes are incorporated into
electromagnetic band-gap (EBG).structures [5-10]. Ref. {1 SRRs and slots. The antenna's current distribution
[11] presents a frequency-reconfigurable monopole an- ), SRRs and slots allows for eight separate notch states,
tenna for UWB and Ku-band applications. It uses Reu-  ,)15wing UWB to coexist alongside 5G, X-band, WiMAX,
leaux-triangle microstrip-fed .patch with a defectlve WLAN without interfering. Developing tiny, low-profile
g?qund str uctgre, where PIN d19de§ engble reconflgu?a- antennas with integrated reconfigurable parts that pre-
bility by altering the current distribution and effective serve excellent performance and are ideal for seamless

electrical length. The antenna operates in two modes: a implantation in devices have been the main challenge or
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research gap in this particular area.

This research work elaborates the design of a minia-
turized reconfigurable UWB MPA with dual band-
notched. Ultra-wideband operation is realized by modi-
fying a conventional monopole antenna through the in-
corporation of a semi circular radiating plane and a trun-
cated slot loaded ground plane. Two notch band charac-
teristic for the WLAN band and WiMAX band is intro-
duced using two truncated circular slots on the patch.
Furthermore, notch reconfigurability is enabled through
the integration of two PIN diodes. The design has been
simulated in CST Studio Suite.

2. DESIGN, DEVELOPMENT OF PROPOSED
ANTENNA

Fig. 1(a) and Fig. 1(b) depict the radiating plane and
the ground structure of the projected antenna, respec-
tively. 1.524 mm thick Rogers RO4730G3 (& = 2.98, tan
6=0.0029) is employed as the substrate layer. Radiating
patch with semicircular in shape of radius R1 mm is ex-
cited using a 50 Ohm microstrip feedline. The original
ground plane, having the same dimensions as the sub-
strate, is first reduced in length, and a rectangular slot
(A x B) is then introduced at appropriate locations to
form the final ground plane. Two truncated circular-
shaped parasitic strips are etched out in the radiating
patch, serving as a parasitic resonator that suppresses
frequencies at WLAN (5.1-5.8 GHz) and WiMAX (3.2-3.8
GHz) band. Proposed antenna's variables and their val-
ues are tabulated in Table 1. Two PIN diodes are used
as switches, shown in Fig. 1 are placed strategically on
the slots to control the notch bands.

Table 1 Proposed MPA variable and their values (mm)

Varia-| Value | Varia-| Value | Varia- | Value | Varia-| Value
ble | (mm) [ ble | (mm) | ble | (mm) | ble (mm)
Ws 27 Wa 27 r3 4.4 B 2
Ls 26 Lg 13.2 T4 3.6 X 1

Wr 3.7 B 13 rs 2.6 Y 0.5

Lr 13 ro 5.4 A 4.4 — —
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Fig. 1 — Proposed MPA: (a) patch and (b) ground

3. DESIGN STEPS WITH SIMULATED
RESULTS

Step-by-step evolution of proposed antenna design is
illustrated in Fig. 2.

Stepl: This configuration corresponds to the refer-
ence antenna described in the previous section. The ref-
erence circular patch radius 'R1' was estimated for a
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resonant frequency of 5 GHz using traditional calcula-
tions.

F
Rl = 2h F 1
(1+n8rp(ln(a)+1.7726)2
where
F= 8.791x10°

G

where h — substrate height, €, — dielectric constant

The Fractional Bandwidth Ratio (%FBR) is calcu-
lated using:
Fy—F,

FBR(%) = 7
C

x 100 %

Where, FL = 3 GHz is the lower cutoff frequency, upper
cutoff frequency Fu= 14 GHz, and Fc= (Fy + F;)/2 is the
= Center frequency. Accordingly, the reference antenna
achieves a fractional bandwidth of approximately 130 %.

I 1

Patch

Substrate

Stepl: Reference

Step3 Step4: Proposed

Fig. 2 — Proposed MPA’s Evolution steps

Step2 and Step 3: This step results in a UWB an-
tenna incorporating two band-notch characteristics. Two
truncated ring slots etched on the semicircular radiating
patch, as shown in Step 2-3 of Fig. 2, are responsible for
generating the frequency rejection bands. One annular
slot with a radius of 4.9 mm, slot width of 1 mm, and a
top-end opening of 0.5 mm is designed to reject the Wi-
MAX (3.2-3.8 GHz) frequency band. The second circular
slot, having a radius of 3.1 mm and a slot width of 1 mm
with a top-end opening of 0.2 mm, is employed to gener-
ate the notch in WLAN (5.1-5.8 GHz) band.

(@ (b)

Fig. 3 — Effective surface current path along circular slots:
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(a) 3.5 GHz (b) 5.5 GHz

Fig. 3 exhibits the approximate current path length
around the slots in one direction. The required value of
effective current path length Lpi and Lpzfor a central fre-
quency can be calculated using the following equation:

[

ertl
Py 2

froten =

Where, C and frowcr are velocity of light in free space
and notch band center frequency of the respectively, and
&r 1s the permittivity of the substrate. Accordingly, the
effective current path length Lp: is calculated as 26 mm
approximately for 3.5 GHz and 16 mm for the 5.5 GHz.

Step4: In this step, both circular slots are employed
to achieve the dual notched Ultrawideband characteris-
tics.

A parametric sweep available in the simulation soft-
ware is employed to identify the optimum slot-opening
lengths for the targeted notch frequency ranges.

4. RECONFIGURABILITY WITH PIN DIODE

o
PIN

Diode

PIN
Dk js Diode

Fig. 4 — PIN diodes to control notch bands

In this final step, the dual band-notched antenna ob-
tained in Step 4 is modified to achieve independent re-
configurability of the notch bands by employing two PIN
diodes. Each PIN diode is connected across the two top
edges of the corresponding slot, at half length of the slot.
PIN diode’s RLC equivalent circuit in ON state and OFF
state are shown Fig. 5. The RLC parameters of a PIN
diode vary with bias: in the ON (forward bias) state, it
behaves as a low resistance (approximately 1-2 Q) in se-
ries with a minor parasitic inductance (in the nH range),
whereas in the OFF (reverse bias) state, it functions as
a high resistance (in kQ or more range) in series with
junction capacitance (in the pF range) and the same par-
asitic inductance, rendering it as a variable resistor ad-
vantageous for RF switching and attenuation. When a
PIN diode is in the ON state, it effectively short-circuits
the corresponding slot, neutralizing the effective current
path length and thereby disabling the associated notch
band. Conversely, when the diode is in the OFF state,
the slot remains electrically effective and continues to
produce the desired band-notch response. Table 2 shows
typical values of R, L, C used for simulation for simula-
tion environment. Table 3 tabulates the simulation out-
comes for four different conditions of diodes.
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() ()
Fig. 5 — RLC circuit of PIN diode (a) ON and (b) OFF state
ON-OFF control of the two PIN diodes is independ-
ent of each other, enabling multiple reconfigurable oper-

ating states. As a result, the antenna can operate in four
distinct reconfigurable states, as illustrated in Fig. 6.

Table 2 — R, L, C values for PIN diodes in ‘ON’ and ‘OFF’ con-
dition

Diode . .
State R (Resistor) | L (Inductor) | C (Capacitor)
ON 2Q 0.6 nH negligible

OFF 1 MQ 0.6 nH 0.02 pF

Table 3 — Outcomes in four different conditions of diodes

Diode Condition
1 D1 = ON,

Outcome
Continuous UWB operation with

Ds= ON no notched bands
2 D1 = ON, | Notch band corresponding to the
D2=OFF | WiMAX (3.2-3.8 GHz) is acti-

vated
Notch band corresponding to the

3 D1=OFF,

D= ON WLAN(5.1-5.8GHz) is activated
4 D1=O0FF, | Simultaneous rejection of both
D2=OFF | WiMAX and WLAN bands are ac-
tivated

-10 \

1

-204

Diode Condition 1 ||
Diode Condition 2 H

= Diode Condition 3
Diode Condition 4

Reflection Coefficient (S ) (dB)

-40 4+
1 2

T T T T T T T T T T T T

3 4 5 6 7 8 9 10 11 12 13 14 15
Frequency (GHz)

Fig. 6 — Variation of Si: for diode switch conditions

A comparison of the peak gain and efficiency for all
four reconfigurable states is shown in Fig. 7 and Fig. 8
respectively. As expected, activation of the notch bands
leads to a reduction in gain and efficiency.

04021-3




A. SINHA, T. TEWARY, A. MUKHERJEE, S. BHUNIA

5 <
4_
=
Z 34
5
% 2
o Diode Condition 1
14 Diode Condition 2
Diode Condition 3 |
0 Diode Condition 4|
-1 T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Frequency (GHz)
Fig. 7 — Variation of peak gain for diode switch conditions

Fig. 9 and 10 show radiation pattern (absolute) both
in E and H plane, at two notch band frequencies (3.5 and
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5.5 GHz) and one pass-band resonant frequency (8.6
GHz). The radiation pattern shows that gains at two
notch frequencies are much lower than those at the pass-
band resonant frequency.
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Fig. 8 — Variation of efficiency (%) for diode switch conditions
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Fig. 10 — H plane radiation patterns at (a) 3.5 (b) 5.5 and (c) 8.6 GHz

5. CONCLUSION

A miniaturized planar UWB microstrip antenna
with two independently reconfigurable band-notch char-
acteristics has been presented in this work. The planned
antenna employs a semicircular radiating patch and
modified partial ground plane to achieve wide band-
width, while two truncated circular slots in the radiating
patch are introduced for realizing dual band rejection.
Independent control of the notched bands is

accomplished using PIN diodes, enabling dynamic adap-
tation to spectral requirements. The presented MPA op-
erates over frequency range of 3-14 GHz, achieving a
fractional bandwidth of approximately 130 %. Around
18 dB isolation has been achieved between notches and
pass band of the antenna. Four distinct reconfigurable
states are realized by selectively switching the PIN di-
odes, allowing the antenna to suppress either or both Wi-
MAX and WLAN bands without affecting the overall
UWB performance.
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IIpoexTyBanHsa Ta aHAJIi3 peKOHQIrypoBaHOI MOABITHOI HAAIMINPOKOCMYTOBOI MiKPOCMYsKKOBOIL
aHTEHU 3 HAAIIUPOKOCMYTOBMM BUPi3oM
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Y poboTi ormrcaHo IPOEKTYBAHHS Ta peanaaliis MiHiaTopHol Haammporocmyrosol (UWB) mikpocmysxkoBoi
narta-autenu (MIIA), npuaHadveHol 1JIs IHTEJIEKTYAIbHUX €JIEKTPOHHUX CHCTEM, III0 Mae JBA HEe3AJIeIKHO [Iepe-
MHKAHI HA BUMOTY aTpuOyTu cMyru-Bupidy. MITA smaTHa mpuayllyBaTy CyMIKHHHI INUTIAIA30H y JiallasoHl
WiMAX (3,2-3,8 I'T'ir) ta WLAN (5,1-5,8 I'T'1r), a Tako:x 0JHOYACHO ITOM'AKITyBaTH 00uaBi cmyru. CouaTry ass
nmocsirHeHHs xapakrepructuk UWB, 36epiraoun npu 1i50My MaJLy ILIOIIHHY, BAKOPUCTOBYETHCS HAITIBKPYTJIA BH-
HPOMIHIOBAJIbHA IUIOIIMHA B HOEIHAHHI 31 3MIHEHOK YACTKOBOIO ILIOIIMHOI 3a3eMuieHHs. J[Bl cMmyru pereny-
BaHHS PEANI3yI0THCA 34 JOIOMOIOI0 IBOX YCIUeHHUX KPYIVIMX MasiB Ha mardl. Jjia peastisariii pexoHgiryparrii
BUKOPUCTOBYIOTECSI ekBiBastenTHI cxemu PIN-1tioza, 110 3abe3neuye kepyBaHHs BMUKAHHAM/ BUMUKAHHAM KO-
HOI BHPI3KM JJIs1 amanTarii go mpocrymsocTi criekrpy. [Ipencrasimena MITA gemorcTpye MiHIaTIOpHY (Bi3H4HYy
oty 26 X 27 MM2 Ta [jocsirae KBasiBceHAIPABJIEHOI XapAKTEPUCTHKY BUTIPOMIHIOBAHHS 3 IIIKOBUM KoediIrieH-
ToM TiocruteHHs 4,6 1Bi. KoHeTpyKITis Takosk 1eMoHCTpye MMpoKy pobody cmyry mporyckanus (3-14 ['T) y crre-
Krpi Hammupororo mamasony (UWB), nocaratoun gactroBoi cmyru mporryckauus 130 %. 3 Touku 30py HU3BKOTO
IpodiITIo, CTAOITEHIUX XapaKTePHUCTUK MOCUJIEHHS Ta PEKOH(ITYpoBaHOI (PYHKITIOHATHFHOCT] PEIKEKITl, 3aIrpoIro-
HOBaHA AHTEHA JIEMOHCTPYE 3a/I0BLIIbHI XapAKTePUCTUKH. Pe3ysmbraTu Mo/IeII0BAHHS JIEMOHCTPYIOTEH CTablIbHL
JlarpaMu CIIPSIMOBAHOCTI, 3a/I0BLIBHI XapaKTEPUCTUKY IIOCHJIEHHS Ta CHJIbHE IIPHAYIIeHHS HA aKTHUBOBAHUX
PEKEKTOPHUX YACTOTAX. 3aBAAKNA KOMIIAKTHHM PO3MipaM, IIMPOKIA poO0Uiil ¢Mys3i HMPOIyCKAHHS TA THYYKHM
MOSKJIMBOCTSIM 3MEHIIIEHHS [IePEIITKO]T, 3aIIPOIIOHOBAHA KOHCTPYKIIIS IiIX0MUTh 1A cucreM 3B'sisky UWDB, 3a-
CTOCYBaHBb KOTHITMBHOIO PAJIio TA MOPTATUBHUX 0E3POTOBUX IIPUCTPOIB.

Kmiouosi cmosa: MikpocmyskkoBa anTeHa, PexondirypoBana suimka, Hammmporwuit miamasom (UWB),
WiMAX, WLAN.
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