Analysis and Design of
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Objective

- To study the on how to analyze and design 5.8 GHz of
- Single Microstrip Patch Antenna

- 1x2, 2x2 Microstrip Array Antenna which is expected
to have more gain than a single patch

- 1x2, 2x2 Microstrip Phased Array Antenna which beam
IS expected to be tilted



Project Plan

- 1. Design Microstrip Patch Antenna
- 2. Design 50 Ohm Matching Circuit
- 3. Simulate and optimize using CST Software

-+ 4. Combine together as an array antenna and design power divider
with matching circuit

- 5. Shift phase of the array antenna
- 0. Fabricate those antennas

- 7. Measure for results



Methodology

Theories and calculation




Microstrip Antenna

What's microstrip patch antenna?
Why using microstrip patch?
Transmission Line Model

~ringing Effect

Preliminary Design

Radiation Pattern

Design Procedure




What's microstrip patch antenna

- A patch over ground plane
- Resonant cavity with open slot

In this project, it is bullt on FR-4 substrate




Why using microstrip patch antenna®

- [t's low profile
- t's lightweight
- |t's easy to fabricate

- |t's cost effective



Microstrip Antenna -
Transmission Line Model

K. Carver and J. Mink, "Microstrip antenna technology," in IEEE Transactions on Antennas and Propagation
, vol. 29, no. 1, pp. 2-24, Jan 1981.
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Microstrip Antenna -
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(a) Top view

Patch
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(b) Side view

Antenna Theory: Analysis and Design, 4th Edition - Constantine A. Balanis

—ringing Effect & Preliminary Design

Extra fringing length

AL (€,0orpy +0.3) (X +0.264
—= — 041221 ' ("i )

h (€r(espy — 0.258) (¥ + 0.8)

Length with fringing effect compensation
C

L=—CS  _9AL
2 f ry/ €rfr

For best radiation efficiency

) C 2
W = —
Zf r 6 + 1




Radiation Pattern

1. Original Problem

(a) J, M with ground plane
2. Let Jt, Js = 0 and

assume 4 sidewalls as PMC 3. Remove PMC

U\
)= E
» .

14

(b) J; =0, M; with ground plane | (c) M, with no ground plane
Antenna Theory: Analysis and Design, 4th Edition - Constantine A. Balanis



Radiation

Pattern

There are 2 types of slot
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Cavity Model
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Antenna Theory: Analysis and Design, 4th Edition - Constantine A. Balgnis NOﬂrad|at|ﬂg SlOt



Radiation Pattern
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Antenna Theory: Analysis and Design, 4th Edition - Constantine A. Balanis



Microstrip Antenna -
Radiation Pattern

After solving Maxwell Equation,
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Ey =7 e IkoT [ cos fsin ¢ x cos(Z)
| wr X Y
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Antenna Theory: Analysis and Design, 4th Edition - Constantine A. Balanis

(b) H-plane



Microstrip Antenna -
Design Procedure(Step 1: Find Width)

For best radiation efficiency

1.

i C 2
W=sr\Veor1
3 x 10° 2
T 2x58x10°V13+1
= 15.8 mm

Antenna Theory: Analysis and Design, 4th Edition - Constantine A. Balanis



Microstrip Antenna -

Design Procedure(Step 2 @ Find Length)

1.6 x 1073

2.1 ‘
_etl a1 12 h ~1/2
43+1 43-1
= 1+ 12
5 + 5 [+ X
= 3.76
2.2
reff) +0.3) (% +0.264
Al _o 412(5 ff) )(1 )
h (€r(ess) — 0.258) (4 + 0.8)
041 (376+03)(1’8+0264)
o (376—0258)( 8)
= 0.454

15.8 x 103

2.3

AL =0.454 x h
= (0.454 x 1.6 mm

~1/2
] = (.726 mm

2.4

L= — 2AL

&
2 frn/Erfir
~ 3x5x10°
2% 109/3.76 x 1
=11.9 mm

— 2 x 0.454

Antenna Theory: Analysis and Design, 4th Edition - Constantine A. Balanis



We have the dimension of the patch antenna.
But the standard feedline is 50 Ohm.
Therefore, we have to make create matching circuit




Microstrip Antenna -
Design Procedure(Step 3 @ Find Input Impedance)

3.1 3.4 _
27 f() Y = knl, = 271’.]‘() % L
X =kW =——xW - T T
C .
: ¢ 27w x 5.8 x 107 .
27 x 5.8 x 107 ) B = RO Y v 11.9x 1073
= x 15.8 x 107 3 x 108
3 x 10% = 1.45
= 1.92 3.5 - >
3.2 an( X O — 1 /7’ sin (% cos6) IV <in ) sin 06
I, = -2 + cos(X) + XSi(X) + ”“‘i; ) 2= 12022 J, cosg | Jol¥sinb)sin"c
“ : 2
. i _3 sin(1.92) 1 ™ [sin (122 cos @) |~ .
= —2 + cos(1.9 92 x 15.8 x 107° x Si(1.92 — 2 Jo(1.45sin 6) sin® 6d6
2+ cos(1.92) +1.92 x 158 x 1077 x Si(1.92) + T 92 12()W2A p——"y: Jo(1.45sin 0) sin” 6d
= 1.17 = (0.613 mS
3.3 I 3.6
GL= — 7 1
YT 12072 " 2(G1£Gh)
117 ) '
12072 "~ 2(0.988 x 103 +0.613 x 10~3)
= ().988 m.S — 312.6 O

G1 is defined as slot admittance

G12 is defined as mutual slot admittance

Antenna Theory: Analysis and Design, 4th Edition - Constantine A. Balanis



What do we have now?

/0= 50 Ohm ?

A matching circuit is required due to iImpedance mismatch

Solution: Use Quarter Wave Transformer



Design

Microstrip Antenna -

Procedure(Step 4:

Zowr =\ ZinZL
= /50 x 312.6
= 125 ()

LowT =

4 fr\/Er(eff)

LQH-*’T = 7.6 mm

Design QWT)

Hammerstad's

‘-“’rQ‘,y"/' - ()37 mm

Effective
Dielectric
Constant



Microstrip Antenna -

Design Procedure(Hammerstad's Equation)

[ 8 W
W ed — Qe—A por h <2

T 2{ & — 1 | | u.(sl” W
—{B-1-In(2B-1)+ —; In(B—1)+0.39 — . for ’—>2

k“ FA €, {

T €r — 1 L. 011
A= E\/l(e,. +1)Z + p— (().23* - )
o




Design

Procedure(Effective
.
€ + 1
rlef) T T T T
= |

Microstrip Antenna -

Dielectric Constant)




What do we have now?

70 =50 Ohm Zaw=125
Ohm

The circuit is completed
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Microstrip Antenna

Prototype



Simulate and wait about 10 minutes



dB

S-Parameters [Magnitude in dB]

§ — 51,1
L
$1°% I WS N S S NS S ,
27.18 i i 5 i i i § q (5.477,-16.243)
5 5.2 5.4 5.6 5.8 6 6.2 6.4 8§ (5.3979, -9.9744 )
Frequency / GHz & (5.5529, -10.075)

81 1 First Prototype




Optimization for
the best S11

B Parameters ~

E

il Optlml'er‘] E @ = ’\}/“
Par. Sw Problem Type ~
AL Mesh Global Properties History Parametrlc & Problem Type Macros
Logfile - View Properties - List  Update Calculator .
Optimizer — O X
Simulation type: Time Domain Solver v | | Acceleration...
Settings Goals Info
Algorithm?) | Nelder Mead Simplex Algorthm | | Properties... General Properties...
Algorith Trust Region Framework
Sl Nelder Mead Simplex Algorithm
—|CMA Evolution Strategy o
Reset min pore [M] Include anchor in initial point set
[] Use cument as anchor value [ ] Use data of previous calculations
Parameter /7 | Min Max Anchor Cumrent Best
 h 1.44 1.76 16 16 16
[~ h_cu 0.0315 0.0385 0.035 0.035 0.035
X L_ant 10.08 12.32 1.2 1.2 11.2
X L_gwt 6.21 7.59 6.9 6.9 6.9
- L_Z0 6.3 77 7 3 7 7
[ W_ant 14.22 17.38 15.8 15.8 15.8
X W_gwt 0.72 0.88 08 08 08
- W_Z0 2.79 341 3.1 3.1 3.1
Start OK Apply Close Help
4




Walit about 10 hours



S-Parameters [Magnitude in dB]

— 51,1
40 g (5.6893, -10.011)
5 5.2 5.4 5.6 5.8 6 6.2 6.4 Q (5.9157, -10.054)
Frequency / GHz 0_,’ ( 5.7995, -35.755)

81 1 Optimized




dB

S-Parameters [Magnitude in dB]
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Microstrip Antenna | optimized




Farfield

Optimized S11
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Array Antenna

Array of Dipoles
Array Factor
Power Divider
1x2

2X2




Array Antenna - Array of Dipoles

2
2

S

(a) Two infinitesimal dipoles (b) Far-field observations



Array Antenna -
Array of Dipoles

AI [ —jlkr1—(8/2)] (3_-7'[‘5"'2—(.*'3/2)]
Et El + E2 = dgjm ym cosfy + cos 05

] )

ry~r— —cosf

9 -
p f for phase variation

o ~ 1+ —cosf
2 -1 5 )

ry ~ 19 ~ 1 for amplitude variation

Et = (1(9,7‘71M cost [ ,+i(kdcos0+8)/2 4 —J(kdm€9++3)/2]
47r

2 AF = 2 cos <kd cos 6 + ,43)
E' I [ kdc 30 8
t — a()jr,_ cos 0 [ COS < dcost + , )]

wr 2

f(O0,¢) = E(0,¢) x AF(0, ¢)



Array Antenna -
Array Factor

lamkda = 1;

d = lamkda;

k = 2*pi/lambda;
beta = 0;

kdcosf +

AF = 2cos S S LSS0
af = 2*cos (k*d * cos(2*pi*x / 360)/2 + beta):;
polarplot (2*pi*x/360,abs (af))
title('Array Factor when d = \lambda')
Array Factor when d = \/4 Array Factor when d = A\/2 Array Factor whend = A
90 90 90
120 60 120 c 60
150 30 150 30
180 0 180 : 0
210 330 210 330

240 300
270 270 270




What do we have now?

Zowt=125
Ohm

/0= 50 Ohm

) Zawt=125

/0= 50 Ohm

We need a power divider with 50 Ohm matching



Zo1

Power

Divider with Matching

N/

Zawt

[

Zin

ZoZ

To match all 3 ports as 50 Ohm,
Zawt Wil be 37.7 Ohm



What do we have now?

Zawt=125
Ohm
/o= 50 Ohm
ZO _ 50 Ohm ZQvg;rCi?] ZQVC\/)T:%25
Zo=50 Ohm

The circuit is completed



57.40 mm
15.80 mm
= 0.80 m I;é
o 2500 mm -
o N — T
i t&w—é
1x2 Microstrip Antenna | prototype

-



Simulate and wait about 20 minutes



dB

-30

S-Parameters [Magnitude in dB]

5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6
Frequency / GHz

81 1 1x2 Prototype
(Not yet perfect)

— 51,1



farfield (f=5.8) [1]

Type
Approximation
Component
Output
Frequency
Rad. effic.

Tot. effic.
rlzd.Gain

Farfield

enabled (kR >> 1)
Abs

Realized Gain

5.8 GHz

0.5651

0.5581

4,676

Farfield(Linear Scale)
(Beam is tilted)

1x2 Prototype

4.68
4338
47,09
3.8
- il
- Zdl
. 92
. 63
o R
.05
.75
.46
.17
0.877
0.584
1) o s b
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To fix that, we have to reduce the ground plane.
Also, the optimization Is required.




-40

S-Parameters [Magnitude in dB]

— 51,1

5.2

5.4 5.6 5.8
Frequency / GHz

S11

6.2 6.4 6.6

1x2 Optimized, ground reduced



farfield (f=5.8) [1]

Type
Approximation
Component
Output
Frequency
Rad. effic.

Tot. effic.
rlzd.Gain

Farfield

enabled (kR >> 1)
Abs

Realized Gain

5.8 GHz

0.5732

0.5730

4127

Farfield(Linear Scale)

Cioake
B
2o (=l
Z) o
2ol
.84
- i
- i
.06
- i2hl
- i
- )
.03
0.774
0.516
1) o i

HER R NNNN

1x2 Optimized, ground reduced




57.40 mm

15.80 mm
0.80 mm
=
25.00 mm

1 2
o .
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1x2 Microstrip Antenna

Optimized, ground reduced

-



S-Parameters [Magnitude in dB]

-40

—511

57.40 mm

15.80 mm

= 0.80 m

25.00 mm

45

N\ ,

11.20 m

5.2

5.4

5.6 5.8 6 6.2

S-Parameters [Magnitude in dB]

6.4 6.6

— 51,1

57.40 mm

00'Ly

(LI TT]

wu gL'

15.80 mm

0.80 mm

25.00 mm

05

11.20 m

wuw pL'e

Wi /7 6¢

5.2

5.4

5.6 5.8 6 6.2
Frequency / GHz

Comparison

6.4 6.6

Optimized vs Prototype



For 2x2, just copy to another pair ar

them altogether and t

nen optimize the

d connect
oower divider




Zawt=125

Ohm
What do we have now?
Z0=50 Ohm

ZO _ 50 Ohm ZQVVOT;r?Zj ZQVC\/)T;r1125
ZQWT=
Zo=50 Ohm ““ > _ohm
Zo= 50 Ohm

Zawt=37.7 Zawt=12
Zo=500hm .~ =
Zo=50 Ohm
No additional component is required




“Type a quote here.”

-Johnny Appleseed



15.80 mm

|

7.65 mm 30.00 mm

<

<

it 0 9

12.60 M

ww oz L

2x2 Microstrip Antenna

Optimized

Y-axis distance is 2*pi/3

-



Farﬁeld(Linear Sca\e) 2x2 Array Antenna




Phased Array Antenna

Phase variation from Array Factor
Feed-Translation Technique

1x2 Phased Array Design

2x2 Phased Array Design



Array Factor whend= A2 and =0
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Phased Array Antenna -
Phased Variation from Array Factor

‘dcost + [
AF = 2cos <A(I(()s' Ll )))

2

Array Factor whend = A/2 and 3= n/4 Array Factor whend = A2 and 3= n/2
20 90
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Phased Array Antenna -
-eed- Translation Technique

To lock the distance of the patch, the Feed- Translation
technique was used.
It's very convenient to use for phased array

To + 11 = dp
o — T1 = Ay ) )
(
Yo + Y1 = (-ly .
L
Yo — Y1 = Ay 0
V.
\ /




Create a 1x2 Phased Array Antenna
with Quadrature Phase




Phased Array Antenna -
1x2 Phased Array Design

- 3 x 108
Aoy = % =z 8x>< Tk 51.7 mm

A 51.7 x 1072
D = o = 28.6 mm

/\ B

! VErlef f) V'3.26
Ao
2

— 25.8
28.6

- = |

4

rg+ 11 =d, =

| A
Iy + I = A@r - 49

2xg = 32.9
Irny = 16.5

middle point = 7‘1 = 12.9 mm

Therefore, the feed point must be translated by

10.5-12.9 = 3.0 mm

90




dB

5.94
3.44
0.2945
-1.56
-4.06
-6.56
-9.06
Array Factor when d = A/2 and 3 = n/4 -11.6
: 1
2 - .
= 6° -19.1
15 =Eaal - (3
150 30 -24.1
-Z26.6
=i Al

=&l (3
180 3 0 -34-1

210 330

240 300
270

1x2 Phased Array
Antenna (Beta = 90)

Farfield




Create a 2x2 Phased Array Antenna
with Quadrature, Hexature Phase




Phased Array Antenna -
2x2 Phased Array Design

3 % 10%

C - -
Ap = ? = R <100 = 1.7 mm
£1 7 —3
Ag = o _LTx 107 28.6 mm
VErlef f) V' 3.26
2,
Yo +y1 =dy = T\O = 34.4
| Ag
yn—y1=Aoy=?—48
2yp = 39.2
Uy = 19.6
middle point = ?y = 17.2 mm

'I\I'

<

- Therefore, the feed point must be translated by

19.0-17.2=2.4 mm
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150
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2X2
Antenna(

Phased Array

Beta = 90,60)

Farfield
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Fabrication

Step by step

Photo by Dane Deaner on Unsplash



Make the PCB file

into Glossy Paper

1. Export antenna CST files as
DXF Extension

2. Import DXF Files using

CorelDraw X7 g

3. Fill black color into the
necessary boundary

4. Remove the boundary lines

5. Print

https://www.researchgate.net/post/How_to_create_pcb_layout_form_dxf_file_generated_by_cst_microwave_studio
Read

s AN )

& Libi Mol V.A 2 years ago
Cochin University of Science and Technology

v CAD soft Corel D Equivalent Mode

ou can use software Corel Draw the UWB Antenn:
It will import an outline.Just colour the structure according to the photoresist that Feeding
you are going to use. [Show abstract]

Print it and do photolithography H Full-text - Article

Valérie Bertrand



Move the ink from
Glossy Paper to FR-4

- 1. Pour the DE-2X into the
FR-4

- 2. Cover the FR-4 with the
printed glossy paper

- 3. Wait until dry

- 4. Gently remove the paper
with pure water

- 5. Draw additional necessary
line using permanent marker




Facilities were used in King Mongkut's University of
Technology North Bangkok



Shake with FeCI3

- 1. Fill warm water and FeCI3
Into the basin

- 2. Put sticker into the other
side of the PCB

- 3. Throw PCB into the basin




Facilities were used in King Mongkut's University of
Technology North Bangkok




Finish 1t

- 1. Clean with pure water

- 2. Connect to the SMA Port




MONTHLY

Results & Discussion

WED THU FRI

Simulation and actual value

31.86%

LINE ITEMS 13.5 M$

Photo by rampixel on Unsplash
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The results were taken from
King Mongkut's Institute of Technology Ladkrabang



Testing Condition

- The results were normalized

- The results were co-polarized
only.

- E-Plane were defined as
Phi = 90 (Red Circle Line)

- H-Plane were defined as
Phi = 0 (Green Circle Line)
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Single Patch Microstrip
Antenna

Actual




S11(dB)

Simulated S11
Measured S11 | °

X:5.8
Y:-35.75

=

1 L

Single

55 6
Freauency (GHz)

Patch Microstrip
Antenna

6.5

S11




300

270

240

210

60 300

90 270

120 240

150

180
E-Plane

Single

Patch Microstrip
Antenna

330

210

Farfield

-5dB

60

90

120

150

180
H-Plane



Single Patch Microstrip
Antenna

Simulated(for comparison)




1x2 Array Antennas | Actua



S11(dB)

L)

Simulated S11(0° Shift)
Simulated S11(90° Shift)
Measured S11(0° Shift)

Measured S11(90° Shift)

m
X: 5.563
Y: -2063 o .
X: 5.827 X: 6.167
Y:-31.74 Y-.0542
n
("
R X: 5.843 ’
Y:-3938]) |y:.3368
4 . 1
55 6

Frequency (GHz)

& 1x2 with

1x2

S11

Phase Shift

6.5




300
270
240
0 Shift
————— 90 Shift
210
180
E-Plane

& 1x2 with

60 300

90 270

120 240

150

1x2
Phase Shift

330

0 Shift
————— 90 Shift
210
180
H-Plane
Farfield

150

120



& 1x2 with

1x2

Phase Shift

Simulated(for comparison)



2X2 Array Antennas | Actua



S11(aB)

Simulated S11(0°,0° Shift) . X' 5.851
Simulated S11(90°,60° Shift)| | | y- 40.78
Measured S11(0°,0° Shift) .

Measured S11(90°,60° Shift)

5.5 6
Frequency (GHz)

2X2
& 2x2 with Phase Shift

S11

6.5




330

300 ’/' Bt
; )
\‘
\..
\.
270 !
\.
)
N\
k.
240
0,0 Shift(5.7 GHz)
————— 90 , 60 Shift
210
180
E-Plane

& 2x2 with

90 270

120 240

150

2X2
Phase Shift

0,0 Shift(5.7 GHz)

----- 90, 60 Shift
210
180
H-Plane
Farfield

150

60

120



& 2x2 with

2X2

Phase Shift

Simulated(for comparison)



“Thank you for your kindness attention”

—~Norawit Nangsue



