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Appendix B

FR4 Datasheet

FOTOBOARD...the photosensitive copper

laminate system

PRODUCT DESCRIPTION

FOTOBOARD is a high quality pre-sensitised
laminate, ideal for producing small numbers of
printed circuit boards (PCBs) for use by design
engineers or for work in the classroom or
laboratory. Its key benefits are that it enables the
manufacturing process to be fast and consistent -
for both single and double sided boards.

All materials used in the manufacture of
FOTOBOARD are high quality. This, together with

our technical expertise and stringent manufacturing
controls, ensures the high standard of every product

which is delivered to our customer.

FOTOBOARD is coated with a positive working

phato resist which is i y capable of

is tested according to NEMA, LI-1: MIL-P-13949
and [EC249-2-5.

® Thickness tolerances to MIL-P-13949H Glass Il
and |EC 249-2-5 (TAB Il)

® Copper surface aspect to MIL-P-13949H

@ Copper foil to [EC 249-3 Type A electrodeposited

copper foils

® Copper thickness to IEC 249-3A Class | (TABIII)
Up to a maximum thickness of 3.2mm can be
supplied on request.

CEM/1 is a material composed of a paper-
based core impregnated with epoxy resin, glass
woven face sheets impregnated with epoxy resin
and copper foil. Like FR 4, it is flame retardant

defects caused by dust and dirt on the photowork
and printing frame. The unexposed photo resist
remains hard after exposure to form the image or
circuit pattern and remains unaffected by the
developing process.

The unexpased resist is a blue/green in colour
and when exposed, tends to go a shade lighter -
the change can be seen in daylight.

Te ensure a uniform coating thickness, we have

incorporated a roller coating system in our
production line. This gives more
stability, particularly in the final
processes, and consistency from
batch to batch.
The board's final coat is a low
tack black film which affords
mechanical and light protection.

FOTOBOARD SPECIFICATION

Two basic substrates are used
in the manufacture of
FOTOBOARD. FR4 and CEM/1
are both rigid composite
laminates - standard thickness
1/16" (1.6mm) @/, 1/0, 1/1,
copper.

FR 4 is a material composed
of class woven glass cloth and
copper foil. It is flame retardant
according to UL-94 grade V-O.

The laminate meets most
commonly used specifications and

ding to UL-94 grade V-O and meets most
commonly used ificati It is tested di

to NEMA, LI-1: IEC249-2-9.

@ Thickness tolerances to IEC 249-2-9 (TAB )

@ Copper surface aspect to MIL-P-13949G

® Copper foil to [EC 249-3

@ Copper thickness to IEC 249-3A Class | (TABII)
Up to a maximum thickness of 3.2mm can be
supplied on request.

MICROPONENTS LIMITED P.0. BOX 162, 30 CURZON STREET, BIRMINGHAM B4 7XD ENGLAND
TEL: ++44 (0)121-380 0100 FAX: ++44 (0)121-359 3313 E-MAIL sales @microponents.co.uk
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PROGESS SPECIFICATI@N

Preparation of Artwork

The finished printed circuit pattern can only be as good as
the artwork used to produce it, so great care must be taken in
its preparation. The pattern required to remain as copper
must be opaque and can be formed by applying opaque tape
on to clear polyester film or by using drafting pens. This can
be used to produce a positive - or directly to produce the PCB
if anly one is required. If a number of boards are required, it
may be better to have the pattern reversed twice onto a
grofessional. high contrasting film.

Xposure

While the unprotected FOTOBOARD will operate in daylight
it is advisable to carry out the exposure operation in subdued, or
under yellow light conditions. Do not leave unprotected
FOTOBOARD in direct daylight.

To use, remove the black protective film from the
FOTOBOARD and place the positive artwork onto the board.
The circuit should be the correct way round when placed on
the surface of the board. Place into an ultra violet exposing
unit and expose for approximately six minutes. (This exposure
time will vary depending on the size and type of light unit

. When removed from the exposing unit, the board
should show a visible colour change when viewed in daylight.
Developin

Mix F(gTOBOARD Developer at the rate of 1:1 with water
which should be at room temperature (20-23==C/ 68 -
47 .4=2F).

Plac)e exposed boards into the developer solution for two
minutes, then inspect the exposed part. The photo resist
should have dissolved into the solution. If not, replace into the
developer for a further one minute and then inspect again.
When fully developed, rinse the board thoroughly in running
water for two minutes. Allow to dry.

The final developing time will depend on the working
temperature and the age of the developing solution. After use,
the developing solution can be kept in an air-tight plastic
container and re-used at a later date.

Etching

Etching can be carried out using ferric chloride - a closed
spray system produces the best results. The working
temperature should not exceed 38=<C (100=<F). Etching will
take longer using a dish.

WARNING - all chemicals can be dangerous and should
be used with great care. \Wear gloves, eye protection and a
plastic apron at all times. In the event of a spillage (of ferric
chlorice??7?), neutralise with sodium bicarbonate and wash
down with water. Keep away from children and animals. See
separate Health & Safety Data Sheet.

Sm’;])p:'ng

[0 remove the photo resist, place the etched board into a
dish or tray of FOTOBOARD stripper - again using a mixture
of 1:1 stripper to water. Leave for three minutes, then rinse for
two minutes.

The unexposed resist can be left on the board to act as a
protecting film if requirecl. If a solcler joint is to be macde, it can
be done without removing the resist.

Precautions when using FOTOBOARD

As previously stated, FOTOBOARD is by its nature,
sensitive to light. After the protective film has been removed,
the FOTOBOARD should be exposed as soon as possible.
Work should be carried out in subdued light and boards
should never be left unprotected in daylight.

The shelf-life of FOTOBOARD is approximately six months
if stored in the correct environment {‘IE - 20==C 59 - 68-<F).

FOTOBOARD is a very easy material to use and much
thought has been given to the use and safety of the process.
However, basic safety rules must be observed at all times.

Repeated or prolonged contact with the process chemicals
should be avoided. The ultra violet light should never be
switched on with the lid open - both skin and eyes could be
harmed.

All processes must be carried out in a well-ventilated area

If you have any queries about FOTOBOARD or any of the
Brocesses involved in its use - please contact our Technical

epartment on
Tel: 0127 380 0100 Fax 0121 359 3313,
E-mail sales@microponents.co.uk

GENERAL TECHNICAL CHARACTERISTICS

= CHARACTERISTICS CONDITIONING UNIT FR4 METHODOLOGY CEM/1 | METHODOLOGY
; Feral Strength Lengtmise/Crastbise A W ST0/480 MILP 13049 3250 NEMA L1-1
B Punchatiity ] 1 DIN 53488 1 DIH 53488
= Hardress A Mile 12 105
g Shear Stongth A W2 1305 s
g Flanmability & E16170 5 ) It} 10000) UL 94
= Temperalire Index 1 4 1w 74 W U746
E. Water Absorption E1/105+ D- 24023 % 0 MILP 13040 035 NEMA L1-1
= Pressire Vesse| Thermal Stress 6142 /15 pai + E-205.7260 5 MILP 13343
Thermial Siress E6/150+ E-105/280 5 =40 MILP 13040 =0 MILR13040
2 g Peel Srenith s nceived W mm 22 MILP 13040 210 MILP13040
= § Puel Srngh Ao thermal stress Wmm 19 MILP 13049 18 NEMA L1-1
g g g | Peelanngn E1/125 FRIE-1108) Wmm i MILP 13049 16 NEMA L1-1
¥ Peel Srengih Mter exposure to processing Sal. Wmm 185 MILP 13040 17 MILP13049
L Warp on Panek 304 x 304 mm A % .5 MILP 13040 =1.0 MILR13040
Eketrolytc Gomosin (06/40/92 [ [ [N o2
Diektric Brealidonn To lamination D48/50+0-1/2 /23 K n MILP 13040 65 NEMA L1-1
Eketic Stength DA0/401/2 /23 w/mil MILF 13040
Parmiltivity 1 WHE 04042350 47 MILP 13040
z Pormittiity 1Z0-24/23 L2409 42 NEMA L1-1
= Disipation Factor 1 WT L4023/ 0.019 MILP12040
£ Disipation Factor 1M 02423 008 NEMA L1-1
E— Surfate Resitan: Mokture residam: Q 2y MILP 13049
Surface Resitarca E24/125 FRIE-A/105) a Sx10" MILP 13049 X MILR13949
Wulume Resistivity Moiture resistanc: Qem IR MILP 13340
Valume Resitvity £24/125 [FR3E-4/105) aen 3x10n MILP 13040 Bx e MILR13040
Volume Resitvity (06-3590 aem 3x10n MILP 12040 oy NEALI
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SMA Connector Datasheet

Appendix C

SMA Edge Mount P.C. Board Receptacles

AEP SMA edge-mount P.C. board receptacles offer quick, convenient assembly with no board drilling required,
and can replace more expensive right-angle types in many applications. Gold plating is standard, but other body
finishes are available. Their compact size makes them ideal for applications requiring dense packaging.

SMA edge-mount types can be supplied quickly for any board thickness up to .062" maximum.
Connectors for thicker boards can be supplied by special order.

How they work:

Solder {lag) ityp.

(bottom lags and

Soldar center conductor)
{center conductor)
Ordering Information
r—450—1 gqo[wp_;ﬂ fe—
- A" | AEP P/N
250 X -
P ) T oar 032 9650-1113-014
‘J I. [hhn_arkd 062 | 9650-1113-017 |
thickness)
—I " o050 dia

Also available in bulkhead jack and plug mating end configurations.

Interface Dimensions

Plug

=015 MAX FLAT

- REFERENCE PLANE 074

|~ AEFERENCE PLANE

078 = o 250.35
r 1808 DIA MAX 000 MAX PROJ-——= ! UNS-24 THD
T . — 51
216 y 1810 ) I gaq bia
S :
[
| | Jack
1 \ s l:- bl 115 MM
1 |_ roﬁs\_ 25036 UNS-28 jons Bl N A
& MIN Max | €| 170 MIN
T2 | FURLTHD
MIN

Specifications (MIL-PRF-39012 as applicable)

Materials:
Body components: Stainless steel per ASTM-A-
582, type 303.
Contacts: Beryllium copper per ASTM-B-196,
Condition HT.
Insulators: Teflon TFE per ASTM-D-1710.

Gaskets: Silicone rubber per ZZ-R-765, Class 2B,

grade B5-75.
Finish:
Center contacts: Gold plated per current
revision of MIL-PRF-39012*
Dther metal parts: Gold plated to meet current
MIL-PRF-33012 corrosion requirements.®

Electrical:

Impedance: 5002.

Frequency range: DC-18 GHz.

Insulation Resistance: 5,000 megohms min.
Voltage Rating: 250VRMS @ sea level.
Dielectric Withstanding Voltage: Per MIL-STD-
202, Method 301.

Contact Resistance: 3 milliohms maximum.
RF highpot: 335 VRMS @ 5 MHz.

RF leakage: -60 dB min @ 2-3 GHz.
Insertion loss: .44 dB max to 6 GHz.
Mechanical:

Force to engage/disengage: 2 pounds max.

Force to engage/disengage (female contacts):
{After 5 insertions of .375" diameter pin, .040" min
depth): Insertion force for .037 min diameter pin,
2 pounds max. Withdrawal force for .0355" max
diameter pin, 1 ounce min.

Contact retention: 6 pounds min axial force.
Durability: 500 mating cycles.

Environmental {MIL-STD-202):
Temperature range: -65° C to +165° C.
Corrosion: Method 101, condition B, 5% salt
solution.

Vibration (Method 204): Condition B.
Mechanical shock (Method 213}: Condition B.
Thermal shock {Method 107): Condition B.

*These specifications change periodically with updates to MIL-PRF-39012 requirements. Contact factory for latest specifications.

EF APPLIED ENGINEERING PRODUCTS
A (203) 776-2813 « FAX (203) 776-8294 www.aepconnectors.com + aepsales@aepconnectors.com
- P.O. Box 510 - New Haven, CT 06513
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Appendix D

D- Link Wireless Router Specifications

4-LAN Ports ~ WAN Porl
cable type whea m Ethemel m'u"g'u
Ethernet-enab MIDSL‘HM.

High-Performance
Detachable,
Omni-Directional
Antenna

802.11g/2.4GHz
chipset supporting transfer rates
up to 5x faster than 802.11b

N Power, Status, WAN, WLAN,
Local Network Diagnostics LEDs
Standards
« IEEE 802.11g
« IEEE 802.11b
 [EEE 802.3

* I[EEE 802.3u
Wireless Signal Rates* with Automatic Fallback
* 54Mbps
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* 48Mbps

* 36Mbps

* 24Mbps

* 18Mbps

* 12Mbps

* 11Mbps

* 9Mbps

* 6Mbps

* 5.5Mbps

* 2Mbps

* 1Mbps

Security

* 802.1X

* 64-, 128-bit WEP

* WPA — Wi-Fi Protected Access (WEP with TKIP, MIC, IV Expansion, Shared Key
Authentication)

Modulation Technology

* Orthogonal Frequency Division Multiplexing (OFDM)

Receiver Sensitivity*

« 54Mbps OFDM, 10% PER,-68dBm)
« 48Mbps OFDM, 10% PER,-68dBm)
« 36Mbps OFDM, 10% PER,-75dBm)
« 24Mbps OFDM, 10% PER,-79dBm)
« 18Mbps OFDM, 10% PER,-82dBm)
« 12Mbps OFDM, 10% PER,-84dBm)
« 11Mbps CCK, 8% PER,-82dBm)

« 9Mbps OFDM, 10% PER,-87dBm)
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« 6Mbps OFDM, 10% PER,-88dBm)
« 5.5Mbps CCK, 8% PER,-85dBm)
« 2Mbps QPSK, 8% PER,-86dBm)
- IMbps BPSK, 8% PER,-89dBm)

VPN Pass Through/Multi-Sessions
* PPTP

« L2TP

* [PSec

Device Management

* Web-Based — Internet Explorer v6 or later; Netscape Navigator vo6 or later; or other Java-

enabled browsers.
* DHCP Server and Client
Advanced Firewall Features
* NAT with VPN Pass-through (Network Address Translation)
* MAC Filtering
* [P Filtering
« URL Filtering
* Domain Blocking
* Scheduling
Wireless Signal Range*
* Indoors: Up to 328 ft (100 meters)
* Outdoors: Up to 1312 ft (400 meters)
Wireless Frequency Range
* 2.4GHz to 2.462GHz
Wireless Transmit Power
e 15dBm + 2dBm
External Antenna Type
» Single detachable reverse SMA
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Operating Temperature
* 32°F to 131°F (0°C to 55°C)

Humidity

* 95% maximum (non-condensing)

Safety & Emissions

* FCC

LEDs

* Power

* Status

* WAN

* WLAN (Wireless Connection)
* LAN (10/100)
Dimensions

* L =5.6 inches (142mm)
* W =4.3 inches (109mm)
* H=1.2 inches (31mm)
Weight

* 0.491bs (22g)
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DEVELOFMENT OF MICROSTEIP PATCH ARRAY ANTENNA FORE. WIRELES LOCAL
ARFA NETWORE (WLAN)

Arzan IWat Hashim

achool of Cormputer and Cortrin cation Engineering
Urdversity halaysia Pedis
Ilalaysia

Fhone: 012-5772251
E-rail: mhazizand@yation, cot ty

Abstract: [n thiz project, a 421 Rectangular I crostrip Patch Avray Antenna at frequency 245 GHz for
Wireless Local Area Metworls (WLAN) will be design, fabricateand test. The antenna will be design base
on optirization and characteristics analyais. Some methods for optirmize the Microstnp Patch Artenna
are sdied and implemented to produce this antenna. The objective of this project iz to develop the
antenna that has high gain, directivity, bandwidth and efficiency. Theoretically, the objective of this
project can be achieve through the use of ligh quality substrate such as BT Duaroid 5870 which is hawe
lowr relative permmttivity or dielectric constant and higher substrate that will improve the tandwadih, This
1z because in Fectangular Microstip Patch Array Anterma, the tandwidth is deterrined by the dielectnc
constant and the height of substrate. Low of loss-tangent wall increase the effidency of the anterma. The
patch atray also has a better directivity than the single patch, Microwase OFf ce (BWIWOD wall be introduce
as an effective tod for modeling electronmgnetic stuchure. The anterma was fabricated baszed on
sirmdlation and measured using Wave and Artenna Trinng Systemn (WATSI002 The expected result
from this project is the anterma wall has a high gain, better dirediwvity, larger bandwadth and more

efficiency.

1. INTR.ODUCTION

Wlicrostrips arvay attenra have received lots of
attention since the last decads becanse of their
adwantages such as low cost, lightweight and
gase of fabrication and integration Nhcrostrips
are also able to operate in a wide mnge of
frequencies. Antenras play an important mole in
today’s wireless conmmanication, Without the use
of an arntenra, signals are not able to be
tranamitited ot or received The raize of using
tricrosttip for antennas has been due to the
several adwantages of nmcrostrips. Wlicrostrip
patch antenna meets the requirements for
portatle equipmment because of its lightwed ght
But the main disadwartage wath the low profile
tricrostip patch antenmas is their bandswdth
The tandwidth is litmited and narow. In order to
overcotne bandwidth lmitation, a manber of
antenra elements or a feed matching networls
may be employed in order to satisfy the

bandwidth requirement for a  particdar
application
Ilany applications requite radiation

characteristics that ey not be acdievable by a

single element. The arrangement of the aray
tnay be such that the radiation from the element
adds wp to gve a radation mesdmom in
particdar diredion or direciions, minimmm in
others, otherwize as desired [1]. From that, the
armays have better directivity, and higher gain
Baze on that advantage the armay anterma bas
been developed.

2. ANTENNA DESIGN

The first step in design iz to specify the
ditnension of a single nicrostip patch antenna.
The patch iz in the shape of a rectangular which
is etched on FR4 asubstrate of thickness h= 1.6
tnm atd dielectiic constant 5 = 4.7, The anterma
was designed to resonate at 245 GHz To obtain
an imtial walue of width, w and lengh, L
equation (1% and {2y isused,

1
W= C[[:E‘: -2'1? fz]-\f l:]-:l
o
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[
L=_°% (<)
2f A fE
To find effective relative penmittivity, sa
eruation (3 15 used,
e+l g -1 1 )]

£, = +
2 2 [«ﬂ+12hiw]

With the walue of sg obtain, the finge fictor
can be Al culate, gwen by equation (47

(2 +0300)(w/h+026d) @
(., - 0.258)(w -+ 0.200)

AL =0412h

By udng equation (53, the L value can be
obtained and itrproved.

L=—f  _aal (5

zfvf?

The dimensions of the single nucrostrip patch
and microstnp aay antenra are dlustrated in
Figwe | and Figare 2

27 B0 nun
&
| 3250 nen 13 nmn ﬁ
B ¥ A La
L2 g
i g’ o
g Y

3‘—? T
g! :Im
8 : j

After all the parsrneters obtained, it can be
sirrlate by using LWOATO,

3. SIMULATION RESULTS

In the WNOWO, W crowsase Offi ce enables the user
to use either schetratic based sirnlation (Figure
3 or layout based siondation (Figure 40
Howeser in this project, the layout based
grmlationis used to design the single patch and
artay artenta.

"~ Figure 3. The Circuit & cheratic Based
Etrritotirent

Fioqure 4: The Layout Scherratic Based
Erwirontment

Figure 5 below show the return loss (50 for
angdepatch anterma,

0 c = 511 W
-5
. ¥ - =
-8
=20
Lri]
-0
: &2 4 L6 2B 3
Fragquensy (GHz)
Figure 5 Optimmize Bingle Patch Artenra Sy
Eespons
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For the tmicrostrip patch atray antenra, the result
1zillustrated belows

Al LI

-0

=20 | &

"':'125 235 - 245 - 255 2EG
Fraquan:y [GHE)
Figure 5 Optirmize Avtay Patch Antenna 5y
Eesponze

The tratching state of the arterra can be
detertrined refer to the slope of 55 below or
equal to -10 dB. As a sunwrary, the greater the
maribers of 5 will resulting the more matching
to the anterma and more widely to the
bandwadth

For the sinmlated mdiation pattem, the result iz
presented below

- Wag 5 537 B
radiation pattern Ang 082 08
b
& TRE \'.
a4 985 H &
24,25 | Mag .30 d&
’ Arg -0 0003 11G o |
Fis
I 7 L " ) Y
i : § 5
£ : oA |
=5 =1 I
| | | . |
e 4
| |
| |
|
1 'II
1 e T I ".l
z TR _ad !
\ DERPYT_EPWIN 0] ;
v "RE 4
G *..:R.hn.._ ETas 10 <
S,
R R TRt 1 o
o PP s -
¢l P e friag Him
Par Div T e

Figure 6 Single Patch Optirnized Fadiation
Pattem

For the dnde patch antenra, the smodated
HEEW iz 43.F for H plane while the E plane
produced a HFFEW of 4273% The HFEW for E
plate is rarrow caused by the thin substrate In
addition to that, the width of the antetma patch is
larger, this generating a larger beam width for

the H plane. The sirmidated gain of the anterna is
£.308 dB.

radiation pattern

wiag 406 a8 r Vg 1056 43 Pelasg Mot
Ang- 108 08 ) -D000SEE if']:
: %3 10T

Lo -

e -

[z 101 8
g -1 8508

y

" ,-
‘ 4
10 4B l-.""--._q__ _.-"'"-'J- tag hin
Fer Dix — 045
Fiqure 7. Array Patch Optirnized Radiation

Pattern

Frotn the result obtained abowe, the FEEWF for E
plane i3 45.51° The H plane FFER given by the
sitrulated remilt is rarrower than E plane which
15 21.5° The atray attenna sirilated gmin from
the rmdiation pattern approcamately 10,66 dB.

4. MEASUREMENT RESULTS

Thiz =periment started after the sirlation
successfilly achiewed and the artenras are
fabricated. The parameters that will measare are
rehun losz and tadiation pattem. As an addition,
the antennia also will be go through the Signal
Transtrizsion Petfortrance test uang Metwork
ohurhler software. The first measurement that
was perfonmed is retum loss. It is to enswre that
the antenna exadly operate at 2.45 GHz. Figare
below shows the result and measurement process
for fabricated asingle and amay microstrip patch
attentia.

Mezazured Retum Lost Resubt
a : : : : Frequenoy, Hz
:___ﬂmﬁgn :Mmfdan
] 5 ]
o W
@ s 1
= |
o |
30

Figure 8: Singdle Patch Antenna Measured 3 )
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Azlent ESOE2A Hebarcrk
Analvmar

Figue 0. 5, Measurement Process Using
Aglent E50624 Metworlk Aralyzer

From the Figwe 8, it found that the 5

frequency iz 252 GHz at -2470dB. The
bandwadth of the measwed antetna 13 about 65
IHz.

The Figure 9 bdow shows the meamred 5

response for i crostip patch arrmy antenra that
has been dedamed From the figure found that

the 5, response drop at 2.52 GHz within -20.15
dB.

Brraybrtenna Return Loss Resut

penl: ZLE DB Z4EHDD E.EEFDBWDB
- mﬂt“w_
10 RN

Vi

4B

Freque noy, &Hz

Figure 9 IMeanwed 5,; Eesponse for Atray

In thiz section wall present the measuremernt
results of mdiation patterns plotted on a polar
format. I was done wang WATS 2002
equprment. The testing uwsing Log Periodic
Arterra (LPAY as a transratter anterma. Figure
10 showthe measwement process. After that the
reslt will be nomalized and plot using
Wicrosoft Excel The rmdistion pattem wall be
measured both for the E plane and H plane. The
results for snge patch and arrmay anterma are
llustrated in Figare 11 and 12 respectively.

Log Penodic Antenna
Transnatter Artenna

Mhcrostrip Fatch

Figure 10: Fadiation Pattem Weasurement
Frocess
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Figure 10: Weasured Fadiation Pattemn for
single Whiorostrip Patch Anterma

From the fimure, the FFEW for the E plane is
only 19.9° ondy. For the H plane the FPER 15
51.3% The measured result has a larger FFEW
than simmiated remult for the H plane. However
the E plane FFPER iz namrower than srmlated.
The mastmum cross polanzation for H plane iz -
324 dhmand -27 8 dbm for co polarization. The
07 iznlation hetween hoth polarization patterns is
10 db which satisfies the mininoim threshold of
10 dh.

For the E plane, maxminown co polarization is -
24.2 dhm The crozs polarization for thi s antenma
iz large, which iz -31.1 dhm The 07 isolation
between both polanzation pattems 15 9 db for E
plane.
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Hormalize Measured Radiation Patten For Array Antenna
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Fimre 11: Measured Radistion Pattern for
IWlicrostrip Patch Array Antenra

Themeaswred HFER for b plane is 18.9% and the
mazimmm oo polarzation i -7.8 dbm The
trazimm cross polatization iz -18.2 dhm The
masimm cross polanzation is -18.2 dbm The
tnemsured radiation patten produced 11.1 dB for
mrazimm 07 isalation for the H plane

On the other hand, the E plane produced a
rraszim oo polanzation of -10.4 dbm while the
trazimn cross polanzation walue is -17 dbm
This produces a nominal izolation of 7.8 dh, The
HFEW of this meamyrement on this planeis 257

After perfonmed 5, response and radiation
pattem measuremernt, the anterma will be test for
it application which iz use in WLAMN. The
objective of this test is to determine the ability of
thiz arterra to transmit data over a network The
antenra Wwall be swap to wireless rowter as a
transrission  elemert. MNetwork  Stornbler
software will test on Sigral to MNoise Power Fatio
(AhED. The Fimares provide showe the testing set
up and readts

Wireless EOULEL

25 Weharrl Cahle

Figure 12: Sigral Performance Tesing
Configaration
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Figure 13 5MNE between Single Patch and Armray
Antenna

From the result obtained in Figuwe 13, the
average Sigral to Moise Power Fatio for
i crostrip patch army anterma iz 35 dB. On other
hand, the awerage SME for single microstip
patch anterma i 25 dB.

5. DISCTUSSION

The readts for measwrernent that has obtained at
the previous section will be cornpared with the
sitrnflation results. The discussion for the resalts
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15 present in this section base on the sinwlation
result The difference between those resuts for
retum  loss, radiation pattem and network
petforrmance are discussed briefly

Gy drmilation response iz plotted against the
measured response and illustmted in the Figure
14.
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Figure 14: BingdePatch Anterna 3,; Response
sirmdation versus Measurermert

From the fguwre above, found that the shifting
frequency between sinmlation and measuremert
result 1z 3 5% with a difference of 379%B. For
the bandwi dth (58, the meamured result 1z wider
than dmulated which abowt 2037% This is
caused by the position of the feed line, which is
etched on the same laye as the patch, and suffers
from serious spurious radiation
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Figure 15 Armay Antenna 3, Response
sitrlation versus Measurernernt

The chift frequency for army antenra iz abot
286 % with a difference of 992 dB. The
difference between simulated and measured
result for bandwidth iz apprognately 49.66 Yo
The measured bandwidth obtained iz 011 GHZ

For the both sngle patch and army antenna
result, satious factors such as incorrect design
procedures, naccuwracy of the DWIWO design
software, poor  fbrcaton  or  incomect
measuremernt process and enwiromment could

affect the readts In this project, the accurmcy of
retum loss measurernerts also depends on two
crowmstances  which are  enwiromment  of
tmeaswretnert and the chatacteristics of the
equiptnents used

The dielectric constant walue might not be
gxaclly at 4.7 at 245 GHz, Wt wath the
measired response close to the  srnmdated
response, the walue 4.7 used should be fairly
accurate, Poor fabrication process might lead to
iracouracy of measuremerts, as a gh lewel of
acoutacy i needed for moicrostip cirouitries. The
fabrication need the high lewel of acowracy
maintained when fbrncating the microstrip
antennas.

The MWD might be the problem because the
accuracy of the softsware depends on the cell aze
that defined by uszer The anmller of the cell aze
giving tmore accurate and  smooth  rest
Howesrer, when the size of cell gets amaller, i
wills tales long period of dnwlation process. It
15 becavse the software needs to perform the
more calculation

From the Figwe 13 presioudy, it shows the
armay antenna has higher SNE if compare with
the singe patch antenra. The mmcrostnp amray
antenna has an average ghout 35 dB SR rather
than singe patch anterma which 15 only 28 dB.
The higher the sigral to noise power ratio, the
better the performance and the higher the
informati on capacity. [17]

Fromm here, it can bhe summarize that the
perfornance microstnp patch anay antenra 1s
better than single rdcrostrip patch antenra. The
army antenna iz more directives and haz a higher
gain which made it more efficient than single
patch.

6. CONCLUSIONS

Tlhisthesis detailed the warious aspects
aszzociated with the design snmidation of
Wlicrostip Patch Array Antenna One of the
goals was the introduction of WIW O azan
effective CAD tool for electromagnetic analysis.
& corprehensive and graphi c description of
gach step takeen in creating the sinmilation of the
antenna wa s presented. It was obeerved that the
mreasured resorant frequency still closer to the
sittnlation walue whichis 245 GHz. Howeser, it
was difficult to pin point specific Hotors
responsible for the nismatch that mentioned in
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the previous chapter. Az a conclusion although
the designed anterra hasa shift in frequency, it
gtill can be used az an access poirt sinceit still in
the mnge of WLAN acceptable fequency.

7. REFERENCES

l. Constantine A Balaniz (2005). Anferng
Theorp-  Anddpsis and  Design,
Fditior, John Wiley & Sons, Inc, TT3A,

2 Demeryd, AC1978) Linearly FolariEed
Microstrip  Antermas, IEEE  Trams

Antermas and Fropagation. AP-24, pp
B46-851.

3 J3 Colum and Y. Rahrat-Zami
(17831794~ Drecerrber 1999 Fatch
Antermgs on Exdorvedly Per fratad
High Dielactric Substranzs, ITEEE Trans.
Om Artervas and Fropagation, waol. 47

4. Armal  Tamedl (2003 Jneahle
Microstrip Fatch Anfermas, Bachdor
Degree Theas, Universiti Telmolog
Ilalaweia, llalaysa

5. Randy ¢ Bancroft (2004 Adcrostrip
& Frinted Avtenna Design. 1% Edition,
Maoble Publishing, TT5A,

. Keith B Carwer and Jatnes W, Mk
(1981 “Mdferostrip Avdarme
fechnology™, IEEE Trams Avfernncs
ard Fropagation, AP-29, pp 2-24

7. Johth D Eraus and Fomld Jhiarhefla
(2003, Antermas: For Al Applications,
FEdition, McGaw-Hill, USA.

8. BHARTIA, P, and BAHL, I (1981 4
Freguency Agile Microstrip  Antenng
IEEE AP-3 Int. Swrap Digest, PP 30-
3o

9 Greg Lee liewlelt Packard Laboratories
Palo Alto, CA, Masoud Mostafaw San
Jogse State University Departmert of
Flectrical Enginesing San Jose, CA
"Design of a Adulti-laper Nravsmit £
Fecehve  Dual-Freguency  Adicrostrip
Fatch Anteving Avray

10 Maftali Herscowici (Tune 1998 “AMew
Clorsiderations in the Design of

11

12,

13,

14,

15,

14,

17,

Mcrastrip Aviamnes™, JEEE
Fremscactions on Antermias and
Fropagation, Vol 46, Mo .

Diouglaz A, Waldher, Dept. ofElectrnical
Enginesring and Corputer Science,
Urivwersity of Taledo, Fichard ). Lee,
MNASA Lewis Fesearch Center,
Cleweland, OH, Ka-Fong Lee, Dept. of
Flectrical Engineering, UTniversity of
Ilissori — Colutrhia “Adferostrip Fatdch
Antenv Feceiving Array Operating
the K Bemd”

Mureio M. Cawdrro, Iettnen; JobmE.
Toth, Reading Cleo I Alexender
“Aficrastrip Anterng with Farasitic
Hlernarts”

Greorg Splitt And Marat Davidovitz,
"idelings By Designof
Electrovagnetically Coupled
Microstrip Faich Antermas on Two-
Laver Sabstrates ™ “[EEE Transactions
On Antarmes And Propagation, Wol. 33,
Mo, 7, hiy 1990

Worlgy Choi, ¥ong Hew Cho, Cheal-
aik Pya, and Jae-Ick Chal (October
2003y, A High-Gain Afcrastrin Fatch
Array Anterng LEing o Syperstrads
Laper” ETEI Journal, Vdume 25,
Murmnber .

Ilattin Leung (20020, “Adstyrip 40
Labaratory Adaucd™, Urdversity of
Canberra.

Drawid W Pozar, Dariel H Schubert
(1995, Adfcrostrip Amtannas- The
Anerlysis and Dasign of Mdicrostrip
Antermas and Arvay, John Wiley &
mons Inc, TTEA.

Wame Torrasi (200, Rectronic
Commauricadions Spsterns, Andamenta!
through Advanced, Prenti ce-Hall Inc,
UEA.

101



