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ABSTRACT

This thesis presents the development of antenna measurement system. Design and evaluation
of anechoic chamber at operating frequency range of 1.8-2.5 GHz and 11.5-13.5 GHz are proposed.
The aim of this work is to provide facility in radiation pattern measurement for small antenna. Since
the microwave absorber is developed on the basis of Salisbury screen absorber, it is resonant absorber
that absorbs the normal incident wave at design frequency. Moreover, the anechoic chamber is
evaluated by using Voltage Standing Wave Ratio (VSWR) technique. The reflectivity of anechoic
chamber at different positions in the anechoic chamber and for various frequencies of incident wave
is evaluated. The average reflectivity at frequency range of 1.8-2.5 GHz is less than —25 dB when the
distance between transmitting and receiving antennas is in the range of 100-115.5 cm. The minimum
reflectivity at frequency range of 11.5-13.5 GHz is —42.27 dB at the distance between transmitting
and receiving antennas is 80 cm. The designed anechoic chambers can be used for radiation pattern
measurement for antenna of 24 and 44 in size at operating frequency ranges of 1.8-2.5 GHZ and
11.5-13.5 GHz, respectively. However, it is found that the reflected wave can be found in quiet zone
because of the limitation in microwave absorption of absorber. Therefore, the compensation curve for

error due to reflected wave is given in this thesis as well.
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A184 (Half Power Beam Width) n3019uude11 HPBW deinanilszneufe 6,, uae 4,, A9

Ll
numsdszunmm i’fﬂ'l'ﬂﬁ!'lzﬁ@ﬂﬂﬂ‘l\?ﬁ'lll'liﬂuﬂﬂﬂ‘ﬂu aumsldn

K
OripPrp

D, (0,¢")= (2.19)
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Taus K gadmuasglugaa 25,000 i1 41,253 ua Tavdauannudaes 19 K iy 32,400

A 1 { o ' <
mnflumﬁ mminuaum‘lﬁ’f‘lums UTZUMANININIZVINANI

2.4.3 A5 1vENY

ar = -:i o :i - [] ar

sarvmneiiulSinuiddgnvzvondtiguamlunisusEwdnuvesmooIma s

ar ] o s o 5
ﬂﬁﬁﬂﬂﬂﬂ‘i‘l‘ljﬂ‘luu'lﬂlﬂu ﬁﬂﬂﬁﬂﬂllﬂﬂﬂﬂﬂﬂﬁﬂﬁhi‘!im (Absolute Gain Measurement) L%
S3naaouuuUsas1ve10610 10U (Gain-Transfer Measurement) ¥30130n71 85190101501
1fity (Gain-Comparison) [1] 358aT1vtnuduysel liduiudeanswdasvuvvesmoerne
FuszuUNATLLINDU LATDNATOUUVYBATIWIIWA Y ToUILABINAI0DINIANIATTIUN

v a a0 & 3 - o &y

NSRS IvLIWNILN WD IS suisuiuaveimaNAsINIINAdaL

Tauia luda F38aswersduyselllunsdiuifvumemmdasivoomnasgu

a9 1wwaw lauldiNeninioa vy e INIANATOY

2.43.1 danumeduysal

mmaﬁaué’mwawﬁuusnﬁ{umjuuﬁfugm'umﬁummsfhrhuumﬂ?ﬂ (Friis
Transmission Formula) 11 198 M3 U0us03 313513190 100108 RITIUI19INAI00INIATDIR
daunz S0 Tauilszozae R sanaaalunind 2.5

1AM Miasngniulanndiweinia B e B, dmualastoumsdaiiuvesisa

Wy
1 2
P =FRG,G, (_) qsP (2.20)
47R
Tao
G, uaz G, Ao DATINYIWYBITIWEINIA A 1Az B
P, fin aanaueine A Suldvimnseads
-~ as ] L4 a A L4 .
qy, D dalsenounis luuuasvesduiuaus (Impedance mismatch factor) Tay
Usziliunszuud1ad9sen e InIA B v Inan
p Ao Uszansamms Inarlsd nie Sunh dndsznoudigueanis Inanlsa
J .’J [ = c: v - a o o
Faaums (2.20) aseg luauyaguinaun Mdhdidunennezinesineiaweina B lay
szozvin R agluszozmsunsnszarnduszeslna uazeylueulvaniizeiniaing uas

d1senouns lunuasveduuaus dmualay
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_a-raya-[r,
-r,r,[

B (2.21)

Fuls T, uaz T, Ao dudszdnimsazfouvesaivernia B uaz Tnaa mudidy lao
Yspiuftszuudhedadivadu snfudemsuvinn uazme vee I, uaz T, toldmen g,

Tuns@inmsnageumunmanoldifon lumsiansszoznaaoufiauysal wuno
ludeamaneumuema aunsofiszauyd 184 Tifinansnldouas Tnar lsdu lunsd
wuilseaninwInanlsiwdu p amsed e 1d0n Inar s ussmoeniemages

Y] ] oy 9 o
f 1] Avee p amwsadounasldaiuinar lsgvesaverme

r, <47, [, 1T,
| |
| I
| I
. : guanid A fand B:
asavndl 4
—_———— I >l a%avil
l dyan | :
R (Y Yl
Il-—-b- F, —p P,

4 o JJ o o [ =
.ﬂ'“"lﬁ 2.5 52UV INIATDIRMUYUAVHLIUMTAINIUVOINT o

=4

fdeneoeinia A 114 (B) Waunsodalavasald driasnuansalumisde

o

) ¥
faweuniostuiia P, Taofinawduiusiuaai

F,=Pg, (2.22)

Tauh

_a-JrsPa-[r.p

2.23
h-r,r,| (22%)

A

Y] o) ) a 9 A o o
aunls T, waz T, Ae duiszdnimsazieuveunisaduiia uazeueinia A
] » ]
duniesiioIadgiu (Match) fumods dntulidediyumesnlduumadagiu
] » »
nunsesfuiia TunisialuteulviiGunimsidhgiuvesiidsluais (Line-matched power)

g
B, A
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F,=Fyq, (2.24)
Tauh
2
1-|C
q= —l"|—2 (2.25)
-,
Tunsdifnsestuiadhgivaods @uszneums hinuaduesduiiuaud sznatin
iy
" 2
9.4 =1_|r.4| (2.26)
L
A9
F, = Pq, (2.27)

auls P, 50071 MAINANNIENUNGI00INA

o I et A a A - s} o
AIUUTUNITN (2.22) maﬂﬂTﬂUﬂmQﬂNﬂu'l'u HOIWNITAINIUVDINT TS INITO

]
@ A

Woulumeuvesindanil 14 (Available power) 1ty

PR
P =P,G,G, [‘4”]{) 949D (2.28)

2.43.1.1 mInageudAsIvuduyIeilaslymeeInaaen

$raBannaums (2.28) iiedvamsiiszetunu ey luzuesaoniiy sxdionld

A P ,
(G )us +(Gg)yp =20 log(?ﬂ_‘ﬁj -10 IOS[FA] -10log C (2.29)

R

Tauh

C=q,95p (2.30)

4 o ar o ar J A o =
wennsawls C fAv Hadunsiiua (Correction factor) H1ldu191nnsTarsunm Iy,

A = ' i = ' = 4 o
r,, Ty, T;uaz p FaulSinamariionudamanuAanariiessinnsia’la
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TunsfidmMsUSHIIYITInIMAIAIMTINAT BRI 10V IWINARININAD
1 4
annsedaldnin 4, R, C, P, uaz P, uad hinswoasiveisveaaoa manaaed uail

» 3 »
Fou'ly G, = G, dniudasvuvvesmunmanaaesiam iann

G, =G,

1 4R P (2.31)
=—|20log| — |-10log| =% [-10log C
L 20t 422 )-10ig{ £ | 11|

R

an d’ 9 v A und' -1 s ] u‘:
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( [ (P
(G s +(Gp)yp =20l0g i’r—f-{-J— 10log o +1010gC]
St - \F ) 4B
[ i ( 4
(G +(Gep) s =20l0g ﬂ)— 10log i +10logC (2.32)
\ 5y
= JAC
- A #
(Gg) s +(G.) 3 =20l0g @)-— 10log L +10log C
w2 L P dsc
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3.1 na1i
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] A 3 o o 1 ' s n.l
sy Feszusnageunsaenuyiziidesitafiuanaiedu 1ufe ssoznageunalaudaez i

=

awsadlestiu nruguitenlvvesaninuiadouniouon1d igu anmgiidszima nie gil
ot gy daussoznaaeulusueszifeifafuafuszosvirvesmoeinia iesnngm
auiRvesmueImaALerinvzgamaasnluInuams sy uazdesmsnginuaivesn1snaaoy
e meszuelng (Far-field criteria) ttazauiman Idhfiniannsenumosimemanoy
arsezilunduszruai uaue (Uniform plane wave) FhuRensEMMUAR NI TV
dowludsnaniimssmuaszoziavesmunmaimhimimaaeussdeanniisane #aome
fsaihidosvadmiuszoznagon lusmniuies
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(Elevate range) ua:i:uzmﬁamﬁumm{ (Slant range) tﬁuw‘!{ug'mwinfu AUTLULNATDY
Tusy uite WoamAToUT1081NA (Anechoic chamber) 92 18nd 12 TaaziBun tielFlums
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3.2 1NN IRRNIYLSLES NATO VAL 1IN
doninnaaeuavernaludeonlvvesauiussus Ina uazaweimemaaou
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ANuRANAIATBUNTA mﬁ'umsﬁmsmﬂgmmnﬁmaqﬁwiaNﬁ ((5], pp. 14.1-14.41)

3.2.1 M3yeuAeIInvesmwniman IvvhSuennn (Reactive field coupling)
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Maunanuddvesmeeimaannie i snaunisvesla Inaauwin Wi wowEsad
(Hertzian electric dipole) [3] 92uanidas1duvosauuman Il niveauiniiuns
nszoeldiiu 1/27S vufesasidiuilezmifiy —36 dB Hizueviiesenineawe nis 104

o n‘d.y o o o w1
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S>104 (3.1)
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3.2.2 mitFenne VeI THNEINUNEY (Reradiative coupling)

msn%"amia':"'mzmuﬁwtﬁmﬁmMﬂﬁwmmﬁﬁq:nuﬁqni’u'lﬂ”humumnmmﬁan
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Receiving Ant. Transmitting Ant.
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1025 | -10.9 |-25.78|-21.17|-19.92 -24.19( -30.42 | -30.22| -16.48 | -14.6 | -13.64
1045 | -6.41 |-20.31|-30.92|-23.25(-23.95|-15.84|-31.19|-22.52| -17.19| -8.94
1085 |-11.59(-26.45|-22.43|-23.83(-17.33|-29.39| -28.83|-32.41|-13.06| -21.07
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3 STAVAAUTLNOUTNINS (dB) N1A1ND1.8GHz - 2.4GHz

(®3m) | 1.8 1.9 2 2.1 2.15 2.2 23 24

-90 -148 | -8.07 | -1.30 | -1.15 | -6.39 | -1.72 | -2.32 | -2.19

-80 -3.90 | -7.33 | -2.30 | -2.21 | -4.73 | -1.45 | -295| -7.17

-70 -738 | 465 | -032 [ -4.16 |-333 | -191 | -1.80 | -6.52

-60 -4.95 | -6.71 | -6.65 | -4.15 | -5.77 | -7.86 | -4.65 | -4.11

-50 -5.40 | -7.21 | -8.99 [ -3.26 | -4.46 | -5.13 | -6.68 | -10.05

-40 -3.251-1.92 | -386 | -0.76 | -4.04 | -3.05 | -1.58 | -3.72

-30 B TE—{=r 00— _-5076 e300k 1005 [Et58—-12-0:36 7 -5108

=20 -0.91  -292 | -2.65 | -0.26 | -1.16 | -0.24 | -0.98 | -4.67

-10 -5.44 | -1.55 | -2.65 | -0.61 | -3.49 | -451 | -4.23 | -3.19

0 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00

10 -1.59 | -5.89 | -1.80 | -4.04 | -239 | -0.87 | -5.14 | -4.58

20 -3.39 | 476 | -0.19 | -3.79 | -191 | -1.77 | -1.41 | -3.71

30 -1.11 | -0.84 | -346 [ -2.81 | -140| -6.53 | -2.51 | -0.14

40 -3.55 | -1.16 | -1.61 | -1.51 | -2.55 | -3.23 -| -2.09 | -7.54

50 -4.45 | -0.16 | -0.02 | -0.95 | -448 | -5.67 | -3.04 | -6.06

60 -7.59 | -1.10 | -4.11 | -13.42 | -443 | -10.68 | -2.61 | -0.50

70 -1.68 | -6.41 | -0.35 | -6.29 | -7.70 | -7.19 | -4.89 | -0.41

80 -9.56 | -2.90 | -6.82 | -8.46 | -0.60 | -3.17 | -3.46 | -4.39

90 -6.63 | -1.11 | -2.30 | -855 | -1.22 | -5.68 | -934 | -5.65
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dem) | ¢ | a(dB) | o(dB) E“ (dB) | Refl(dB)
D

40 | -10371 [ 0.676 -28.202 -38.573

73 | 50 | -11.186 | 0.629 -28.833 -40.019
60 | -14.687 | 0.567 -29.728 -44.416

40 | -14.548 |  0.431 -32.109 -46.657

74 | 50 | -24.805 | 0.744 -27.366 -52.172
60 | -14.103 | 0.703 -27.863 -41.965

40 | -12.871 | 0.511 -30.631 -43.502

75 | 50 | -13.511 | 0.797 -26.777 -40.289
60 | -11.186 | 0.652 -28.516 -39.702

40 | -15.123 | 0.867 -26.044 -41.167

76 | 50 | -18.576 | 1.041 -24.455 -43.031
60 | -20.136 | 0.831 -26.411 -46.547

40 | -12478 | 0.628 -28.841 -41.320

77 | 50 | -17.962 | 0.785 -26.902 -44.864
60 | -18.512 | 1.290 -22.601 -41.113

40 | -12.639 | 0.884 -25.875 -38.514

78 | 50 | -15315 | 0.926 -25.472 -40.787
60 | -19.568 [ 0.774 -27.028 -46.596

40 | -18570 | 0.692 27.999 -46.569

79 | 50 | -17953 | 0.714 -27.731 -45.684
60 | -13.081 | 0771 -27.061 -40.143

40 | -20.743 |  0.863 -26.084 -46.827

80 | 50 | -13.967 | 0.585 -29.450 -43.417
60 | -18.701 | 1.153 -23.573 -42.274

40 | -11372 | 0597 -29.281 -40.653

81 50 | -16259 |  0.812 -26.613 -42.872
60 | -23.706 | 0.793 -26.817 -50.523

40 [ -11.845 | 0931 -25.426 -37.271

82 | 50 | -15.534 | 0.803 -26.707 -42.241
60 | -18.114 | 0.710 -21.771 -45.891

40 | -6.886 | 0571 -29.667 -36.553

83 | 50 | -9.485 0.860 -26.117 -35.602
60 | -15579 [ 0.621 -28.939 -44.517

40 | -12.905 [ 0.716 -27.704 -40.609

84 | 50 | 22671 | 0.705 -27.843 -50.513
60 | -18241 [ 0.731 -27.524 -45.765

40 | -13.115 [ 0.627 -28.855 -41.970

8 | S0 | -17.771 | 0.510 -30.641 -48.412
60 | -11.498 | 0.775 -27.017 -38.515

40 | -10379 | 0972 -25.053 -35.432

86 | 50 | -15396 | 0.452 -31.689 -47.086
60 | 24290 | 0.749 -27.313 -51.602

40 | -14.652 | 0.761 -27.175 -41.827

87 | 50 | -13.903 | 0.188 -39.316 -53.219
60 | -21.820 | 0.851 -26.205 -48.025
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