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Microstrip antennas

® Aperture model:

® How does a MSA looks like? A /7

e MSA is a conducting strip of

metal (patch)
o 1 i i X X X
printed on a dielectric substrate, e ) Front View
® which is situated above a >
round plane
g P
. . h
* Fig. (a) Front view and (b) paeh |
. . Substrate (b) Side View
Side view of rectangular %‘I_—" T
microstrip antenna (RMSA)  Ground plane \
Coaxial feed
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Microstrip antennas

* Possible patch shapes are
® Rectangular (RMSA)

® Circular

e -
square, Feed Line Patch

— L —

4—PX,

® triangular, |

® semicircular, Notch |

® sectoral and

-

Fig. Microstrip line (MSL) fed MSA

® annular ring, etc.

® For signal incoming from MSL

® it sees the patch (assume x, =0 for simplicity) as a low

impedance parallel plate transmission line (TL)

* with characteristic impedance Z ),
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Microstrip antennas

After some reflection, the signal continues to move and
® encounters an open circuit at a distance L,

® which is the length of the microstrip antennas

At the two ends of the patch there are two radiating slots formed as

Shown 1n Flg Slot 1 Slot 2
< i
Wh)/ does radiation occurs at the slots? & E ®
Two radiating slots are separated by a 4
- - L s ATl
® distance of L Ilii* | R
~ 2

It is a 2 element slot antenna array " Radiating Slots -~

Since the heights are quite small, Fig. Slots at the two ends of the patch

® the field may be assumed to be uniform

and approximated as
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Microstrip antennas

Step 1:
Establish the fields in aperture (slot)

- XEyy, 0<x<h,—w/2<y<w/2
E, =

0, elsewhere
Consider the first slot at z=-1./2

In practice,
® we have a slot from x=0 to x=h

® Electric field is directed
from the ground plane to the
microstrip plane like VED
over an infinite PEC

surface
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y=-w/2

Fig. Model of slot aperture fields
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Microstrip antennas

Fig. Model of slot aperture fields y=1/2
using method of images

Using method of images,
® remove the ground plane
* Image (like the case of VED over PEC)

® from x=-h to x=0

¢ will follow the same direction of original field

L (RE,, —h<x<h-w/2<y<w/2
o F qa =

0, elsewhere
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Microstrip antennas

e Since the electric field is
e assumed to zero

* everywhere
e except over the slot,
e itlooks like a
e uniformly excited aperture

* in an infinite ground plane

e A small field exists in the region
7z<0

® Hence, PEC can be introduced

® behind the aperture or slot
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Microstrip antennas

* Equivalent source over the slot or aperture
® M:_ZAXEa:_ZAXD/C\EO:_yEO
® [ooks like a HMD

© Apply method of images
L Image HMD

® same direction at the same location y

® adds up y=-w/2

® M — _yZEO
* A factor of 2 comes up

° Equivalently multiply a factor of 2

® in aperture field
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density and application of method
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Microstrip antennas

o Step 2:
o 2-D FT of the aperture fields

o Bay = [ 7, 2B U +IByY D dx' dy’
2

\

{e(fﬂxh)_e(—jﬁxh)} ((IBy7) _o(-iBy3))
4
0 jByx iBy
{e(fﬁxh)_e(—jﬁxh)} (By7) _o(-iBy3))
= 4
0 2] Bx 2j By

\ J

\ y

_ sin(Bxh)) [sin(Bys)
_4E0hW{ 'Bxh }{ ﬁng}

=4Eyhwsinc(f,h)sinc ('By %)
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Microstrip antennas

o Step 3:

» Use equation (24.1) and (24.2) to find the aperture fields
jBe=IBT) ~ ~ ,

* Errp = = [n(Haycosﬁcosqb — Haxcosesmqb) i

E ,sing + E .cosp) | --(24.1)
y

~ JBe” ]ﬁr)[ —1(Hyysing + Hyycosg) +
(anCOSHCOSd) — Eaxcosesmqb)] —--(24.2)

Since we have only x component of aperture electric field, simplity further

* Similarly, E ffp =

]ﬁe( jBr) .
E . cosd]

(=JjBT) ~
JBe |—E,cosOsing]

* Erro =

41Tr

* Similarly, E ffp =

A4TTTr
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Microstrip antennas

e Hence
]'83 ]ﬁr)

© Efpg = [thwsmc(ﬁxh)smc ([)’y )cosqb]

® Similarly, Eff¢ =
]ﬁe( JBT)
[ Eyhwsinc (B, h)sinc (,By ) COSHSlngb]
° For very thin substrate (h < A) and usually it is true for MSA, then
* B.,.h = fhsinfBcosp = %Sinecoscp - 0
* Hence, sinc(f,h) = 0

. ~ ]lge(_]ﬁr) i . wW
Efrg = — _thwsmc ([)’y 3) cosqb]
_ jBeIBN T . w .
* Efpg = — _—thwsmc ([)’y 3) cos@smqﬁ]
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Microstrip antennas

This is for single slot 1 Slot 1

z=-L/2
But, we have a two element slot array Slot 2

We need to find the AF

- L/\ 4 LA
where 7{ = —>Zand Ty = 2

Fig. Two slot array

., L ., L
Hence, AF = e /P72 + ¢/P7 = 2c0s (,BZ %) = 2cos (,Bcos@ %)

Therefore using pattern multiplication principle,

Efrg = 21F (;(;jﬁr) :thwsinc (,By %) cos (,BCOSH g) Cosc/)]
Efrp = 21F (;(;jﬁr) :—thwsinc (,By %) cos (,BCOSH g) COSHSingb]

where 8, = psinfsing
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Microstrip antennas
e E-plane (¢p = 0)

° Efrg = 2 [thwcos (ﬁ%cos@)]

nr

* Efpp =0
e H-plane (8 = ig)

° Efrg = 2jpe I [thwsinc (ﬁsingb %) cosc/)]

nr

* Errg =0
° Typical values of dimensions:

OLzl—gg A
2 = 25’

® You can plot radiation patterns in E- and H—planes

w = %,h =0.11and e, = 4.4
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Microstrip antennas

e (Gain:
. 4tr?S5(6,9) 2nr2|§(9»¢)|2
G(H ¢) - P; NoP;j

e Let us find the input power P;

e Consider the input power is coming from a uniform TEM field
line of width w,,,, then

S 2
\/S_erh|E il

27Mg
® Note that the incident electric field and aperture electric field are related

- 2
as (Eo)? = |Eg| (1 = IJ%)
* where [ is the input reflection coefficient of the MSA

‘PiE
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Microstrip antennas

* [ is the input reflection coefficient of the MSA can be calculated as

_ Zop—ZOm

. . —

~ Mo h
* where Zop = =w

r
No
g s 0. 398 1+
and Zgm Ver(7+1.393+0.667In(T+1. 444)) ot

In (zth)) , tis the thickness of the microstrip

® The above formula gives accuracy upto 1% for WTm > 1

® Hence the maximum gain is for @ = %,
2}33( ]ﬁT‘)
¢ Eff9 = - [EOhW]
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Microstrip antennas

e Hence
~ Zjﬁe(_]ﬁr)
e Eff@ = r [thW]
:8e(—JBT) 2
2 2 ZJBe Eh ~
. G0,8) = — EoMWI| - 16(pnwy2 B (1=Imil?)
’ VEwmh|Ey|’ e wmh|Ei|
210 Mo
64mh(w)?%(1—|T;| 64T Wh W
¢ = z( ) —— (1 — |I}|%)
Verd“wm VEr A2 wi

° Typical values for MSA:

o Fl S O.ZS,W > ZWm,W — O_ZSA,h — 0_1 }L 87" —
4.4 for FR4 substrate

o Gy = 4.49,G, 1 qpi = 6.5dBi
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Microstrip antennas

® Some microstrip antennas and it variants from our research
group:

® Dual-band folded strip Printed Monopole Antenna (DB-
FSPMA) tor RFID and WLAN applications

® Printed Triangular Monopole Antennas (PTMA) for UWB

applications
* Printed monopole antenna (PMA) with tapered feed line, feed

region and patch for super wideband (SWB) applications
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Microstrip antennas

.6
____________ 3+ Resonant Path I (L)
P ol
FR4_Epox —
=P 3 g Resonant Path 11 (Lg)
B
15 3
3 : ‘
Ground Plane
\ M N &
&
18
16 " 19

35

* Fig. DB-FSPMA for RFID & WLAN applications (fc=2.4 GHz

(BW=2.05-2.86 GHz) & tc=5.81 GHz (BW=5.55-6.14 GHz))
[Source: http://www.jpier.org/PIER /pier.php?paper=11051301 ]
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Microstrip antennas

FR4 Substrate W >

N

/

Ground Plane

We W

* Fig. PTMA for UWB applications (BW=1.8-15 GHz) [Source:
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Microstrip antennas

FR4 Substrate
a ol g ’
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* Fig. SWB PMA with tapered feed line, feed region and patch (— 10 dB
bandwidth 2.5—80 GHz) [Source:
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