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• Invented by Bob Munson in 1972. 

• Became popular starting in the 1970s. 

R. E. Munson, “Microstrip Phased Array Antennas,” Proc. of Twenty-Second Symp. on USAF Antenna Research 

and Development Program, October 1972. 

R. E. Munson, “Conformal Microstrip Antennas and Microstrip Phased Arrays,” IEEE Trans. Antennas Propagat., 

vol. AP-22, no. 1 (January 1974): 74–78. 

Sejarah Antena Mikrostrip 



Sejarah Antena Mikrostrip 

Custodio Peixeiro “Microstrip Patch Antennas An Historical Perspective of the Development”   

IEEE Trans. Antennas Propagation 2011. 



Sejarah Antena Mikrostrip 

Custodio Peixeiro “Microstrip Patch Antennas An Historical Perspective of the Development”   

IEEE Trans. Antennas Propagation 2011. 



 Antena Mikrostrip tersusun dari Konduktor tipis (patch) yang 

terpisah dari groundplane oleh suatu bahan dielektrik 

(substrat)  

 Biasanya digunakan untuk aplikasi frekuenci mikrowave 

Struktur Antena Mikrostrip 



Bentuk-Bentuk patch pada mikrostrip 



 Low profile: h << l0 

 Conformal 

 Light weight 

 Inexpensive 

 Robust 

 MMIC compatible 

 Versatile 

Kelebihan dan Kekurangan Antena Mikrostrip 

 Small bandwidth 

 Poor efficiency: losses due to surface 
waves in addition to conductor and 
dielectric losses 

 Low power-handling capability 

 Difficult to design - require full wave 
analysis 

Kelebihan 

Kekurangan 



 Radar 

 Satellite communication 

 Biomedicine 

 Automotive  industry 

 Mobile Communication (base station and handset) 

 WLANs 

 RFID 

 

Aplikasi Antena Mikrostrip 



 Transmission-line model 

 simplest 

 good physical insight 

 less accurate, valid only for rectangular patches 

 Cavity model 

more complicated 

 good physical insight, more accurate, more versatile 

 Integral Equation/Moment Method 

most complicated, less physical insight, very 
accurate & versatile 

 Differential Equation Techniques (FDTD, FEM) 

 complicated, computationally slow 

most versatile and can take into consideration 
surrounding environment 

Metoda Analisis 
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Prinsip Kerja 

Rectangular Patch Antenna  
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Medan listrik tidak berhenti begitu saja 

pada tepi rongga mikrostrip, tetapi 

medan tersebut merambat hingga ketepi 

dan memanjang dan biasanya disebut 

fringing field, dimana medan listrik ini 

akan merambat sebagian besar didalam 

substrat dan sebagian kecil diudara. 

Peristiwa tersebut kita sebut fringing 

effect dan menyebabkan patch 

meradiasaikan gelombang 

elektromagnet 



Karakteristik Antena Mikrostrip 

Rectangular Patch : Directivity 

Rectangular Patch : Bandwidth 
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Karakteristik Antena Mikrostrip 

Rectangular Patch : Efficiency 

• E-plane pattern • H-plane pattern 

Rectangular Patch : Radiation Pattern 



 One of the main disadvantages 

of printed antennas 

 

 

 

 
 Trends : 

excitation of surface waves 

hsw = 
Prad 

 Prad + Psw 

r                     hsw 

thickness            hsw 

Mutual coupling Diffraction at substrate edges (SLL, polarisation?) 

Active devices Interference 

Surface Wave dan Efeknya 

Effect 



 Surface-wave power is more important for thicker 

substrates or for higher substrate permittivities. (The 

surface-wave power can be minimized by using a foam 

substrate.)  

 For a foam substrate, higher radiation efficiency is 

obtained by making the substrate thicker (minimizing 

the conductor and dielectric losses). The thicker the 

better! 

 For a typical substrate such as εr = 2.2, the radiation 

efficiency is maximum for h / λ0 ≈ 0.02. 

Mengatasi Surface Wave 



Mengatasi Surface Wave 

D. R. Jackson, J. T. Williams, A. K. Bhattacharyya, R. Smith, S. J. Buchheit, and S. A. 

Long, “Microstrip Patch Designs that do Not Excite Surface Waves,” IEEE Trans. 

Antennas Propagat., vol. 41, No 8, pp. 1026-1037, August 1993. 



RSW: E-plane Radiation Patterns 

RSW: Mutual Coupling 

Mengatasi Surface Wave 
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Microstrip line  Feed  

• Advantage 
 easy to fabricate 

 easy to match by controlling 

inset position 

 “easy” to model 

(approximately) 

 allows for planar feeding 

• Disadvantage 
 spurious feed-line radiation  

and surface-wave excitation 

 for deep notches, pattern may 

shown distortion. 



• Advantage 
 easy to fabricate 

 easy to match by 

controlling position 

 requires via hole 

 

• Disadvantage 
 difficult to obtain input 

match for thicker 

substrates, due to probe 

inductance. 

 significant probe 

radiation for thicker 

substrates   

Probe Coaxial Feed 



Aperture Coupled Patch Feed 

• Advantage 
 can give broader bandwidth 

since probe inductance 

problem restriction is 

eliminated and a double-

resonance can be created. 

 allows independent 

optimisation of feed substrate 

and antenna radiator 

 allows for planar feeding 

 feed radiation is isolated from 

patch radiation 

• Disadvantage 
 requires multilayer fabrication 

and more difficult to fabricate 

 alignment is important for 

input match 

 some spurious radiation due 

to slot 

 

 

  

   

 



• Advantage 
– Can give broader bandwidth 

– low spurious radiation 

– more difficult to fabricate 

• Disadvantage 
– requires multilayer fabrication 

– alignment is important for input match 

Proximity Coupled Patch Feed 



Coplanar Patch Antenna 
 

The coplanar waveguide, compared with the microstrip line, 

has advantages such as low radiation loss, less dispersion, 

uniplanar configuration 
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1) Pelebaran Bandwidth Mikrostrip 

 For a single layer geometry 

 use low dielectric constant material 

such as hard foam (r = 1) 

 use thick substrate (h > 0.050) 

Non-contact feed techniques 

 Proxy-coupled patches 

 Achieve a dual resonance: 

 with aperture coupled patches 

 with stacked patches 

Use parasitic coupled patches 
(horizontally) 



1) Pelebaran Bandwidth Mikrostrip 

microstrip feed line, wf

feed substrate (df, rf)

antenna dielectric (da, ra)

patch (L, W) Disadvantage: more difficult 

to construct (alignment of 

layers important), surface 

wave losses higher, 

therefore less gain 

 

             BW10dB = 10 % 

to active devices 

Proximity Coupled Patch 

L-shaped Probe 



Patch (L, W)

Antenna Substrate (ra, tan a, da)

Aperture (SL, Sw)

Feed Substrate (rf, tan f, df)

Microstrip feedline (Wf, Ls)

Advantages: high bandwidth, polarisation purity 

Disadvantages: F/B ratio, construction 

Analysis: full-wave spectral-domain integral equation 

1) Pelebaran Bandwidth Mikrostrip 
 

Aperture Coupled Patch 



1) Pelebaran Bandwidth Mikrostrip 
 

(xp, yp) 

R1 
R2 

x 

y 

 

z 

d1 

r1 

r2 d2 

Advantages: robust, ease of construction, good isolation between feed 

network and antenna element 
Disadvantages: cross-polarisation levels, difficult to design 

Analysis: full-wave spectral domain with attachment mode 

Probe-fed/ACP Stacked Patch 

 Bandwidth increase is due to thick 

low-permittivity antenna substrates 

and a dual or triple-tuned resonance. 

 Bandwidths of 25% have been 

achieved using a probe feed. 



Advantages: bandwidth, polarisation purity, better F/B 

Disadvantages: construction 

Analysis: full-wave spectral-domain integral equation 

Aperture Coupled stacked Patch 

1) Pelebaran Bandwidth Mikrostrip 
 

Bandwidths of 100% have been achieved using an 

ACP (Aperture Coupled Patch) feed. 



 Combination of high and low dielectric 
constant substrates 

 Arbitrary shaped edge-fed patch on high 
r (e.g. r >10) substrate 

 Parasitic patch stacked on low r (r 

=1.07) substrate 

Parasitic patch 

High dielektric constant substrate 

Low dielectric constant laminate 

 Patch 

Patch conductor 

Patch conductor 
Edge feeding 

Low 

dielectric 

constant 

material 

High dielectric 

constant 

grounded 

substrate 

1) Pelebaran Bandwidth Mikrostrip 
 

Hi-Lo Stacked Patch 



patch 
feed network 

metallic cavity coupling slot 

a 

b 

•Advantages: high bandwidth, polarisation purity, no backward 

slot radiation 

•Disadvantages: construction 

•Analysis: full-wave spectral domain integral equation 

Cavity-Backed Aperture Coupled Patch 

1) Pelebaran Bandwidth Mikrostrip 
 



Parasitic Gap Coupled Patch 

1) Pelebaran Bandwidth Mikrostrip 
 



1) Pelebaran Bandwidth Mikrostrip 
 

U-shaped slot Patch 



2) Multi Band Antenna 

General Principle: 

Introduce multiple resonance paths into the antenna. 
(The same technique can be used to increase bandwidth 
via multiple resonances, if the resonances are closely 
spaced) 

A multi-band antenna is often more desirable than a broad-band antenna, if 

multiple narrow-band channels are to be covered. 

Dual-Band E patch 
Dual-Band Patch with Parasitic Strip 



3) Circular Polarization Microstrip 

 CP can be achieved using various feed 
arrangements and/or slight modifications to the 
elements 

 CP is obtained when 2 orthogonal but otherwise 
identical modes are excited with a 90o phase 
difference between them. 

 Techniques include 

 single feed 

• simplest, narrowest bandwidth CP (less than impedance 
BW) 

 dual feed 

• requires additional phasing in feed network, broader 
bandwidth 

 synchronous subarray 

• most complicated geometry, best performance 



Single Feed Arrangements for CP 

3) Circular Polarization Microstrip 



Dual Feed Arrangements for CP 

3) Circular Polarization Microstrip 



1) 0o 

2) -90o 

3) -180o 

4) -270o 

Synchronous Subarray Technique for CP 

3) Circular Polarization Microstrip 



 Resonant frequency set by the size of the 
patch (length). 

 Bandwidth - thickness of material, r and here 
the feed-network! 

 Number of elements in array set by the radius 
of cylinder. 

4) Omnidirectional Radiation Microstrip 

Use the advantages of 
printed-antenna 
technology to produce 
a conformal omni-
directional antenna. 

antenna 

Telemetri Antenna 



Circumference of cylinder 

“Wrap-around” 

Alternative 

Use of discrete elements allows for input impedance to be nominally
independent of number of feed points.

Patch width can be adjusted to control input impedance of each patch.

Use of inset patches allows another degree of freedom in controlling input
impedance.

Capable of producing an omnidirectional radiation pattern in the azimuth plane.

4) Omnidirectional Radiation Microstrip 

Teknik yang digunakan 
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4) Omnidirectional Radiation Microstrip 

Pola Radiasi 



5) Array Microstrip 

Types of feed of arrays: 
(1) Series Fed 

(2) Parallel Fed (or Corporate feed) 

(3) Combination 

Series Fed 

advantage: minimum antenna real estate 

disadvantage: narrow bandwidth (~1/10 of 

the impedance bandwidth of the patch!) 

Parallel Fed 

advantage: good bandwidth 

& phase control 

disadvantage: feed loss 

Series/Parallel Combination 

moderate bandwidth 



Contoh Patch Array 

16 x 16 Planar 

Patch Array 



Contoh Pola Radiasi Array Patch Antenna 

8 element H-plane 

linear array 

4 x 8 element 

planar array 

H-plane E-plane 

H-plane E-plane 



Advance Microstrip Array 

Reflectarray Lens-coupled printed antennas  



Miniaturization patch Antenna 

 Note: miniaturization usually comes at a 
price of reduced bandwidth. 

 General rule: maximum obtainable 
bandwidth is proportional to the volume of 
the patch (based on the Chu limit) 

 Technique : 

 High Permittivity 

 Quarter-Wave Patch 

 PIFA 

 Capacitive Loading 

 Slots 

 Meandering 



It has about one-fourth 

the bandwidth of the 

regular patch (Bandwidth 

is inversely proportional 

to the permittivity) 

Miniaturization: High Permittivity 

Miniaturization patch Antenna 

Miniaturization: Quarter-Wave Patch 

It has about one-half 

the bandwidth of the 

regular patch. 



Miniaturization patch Antenna 

Miniaturization: Planar Inverted F Antenna (PIFA) 

Miniaturization: Planar Inverted F Antenna (PIFA) with Capasitive Loading 

The capacitive 

loading allows for 

the length of the 

PIFA to be reduced. 

The antenna types and locations 

on the Samsung Galaxy S. 



Miniaturization: Slotted Patch 

The slot forces the current to flow 

through a longer path, increasing 

the effective dimensions of the 

patch. 

Miniaturization: Meandering 
Meandering forces the current 

to flow through a longer path, 

increasing the effective 

dimensions of the patch. 

Miniaturization patch Antenna 
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Recent and Future Potential Development 

 New Material and Metamaterial 

 RFID antennas 

 MIMO Application 

 Wearable Antennas 

 Reflectarray and Phased-arrays 

 UWB antennas 

 Reconfigurable and multifunction antenna 

 Wideband and Multiband antennas 

 Miniaturisation Techniques (nano antennas) 

 medical applications 

 Active and Integrated antennas 
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Contoh Procedure Design 

Dimensi Rectangular patch Antenna Transmission Line Model Formulation 
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Impedansi Input Rectangular patch Antenna 
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1. menghitung lebar patch W 

2. menghitung konstanta dielektrik efektif  εeff 

3. Menghitung panjang extention patch ΔL 

4. Menghitung panjang patch L 

Desain Untuk Mode Dominan  



Impedansi Karakteristik MikrostripLine 

Contoh Procedure Design 



Contoh 

1. Design a rectangular patch. RT/Duroid 5880 substrate (εr = 

2.2 and d = 1.588 mm) is to be used to make a resonant 

rectangular patch antenna of linear polarization 

a) Design such an antenna to work at 2.45 GHz for 

Bluetooth applications. 

b) Estimate its directivity. 

c) If it is to be connected to a 50 ohm microstrip using the 

same PCB board, design the feed to this antenna. 

d) Find the fractional bandwidth for VSWR < 2. 

Prosedur Design Bisa dibaca di Constantine A. 

Balanis “Antenna Theory Analysis and Design” 



Dimensi Circular patch Antenna Cavity Model Formulation 

Contoh Procedure Design 

Catatan : fr dalam Hz 

                 h dalam cm 

 

Desain Untuk Mode Dominan  
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Questions??? 
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