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Special Project Title

Name

Special Project Advisor
Department

Acadamic Year

The aim of this special project is the development of low power microwave systems based
on Doppler effect for the detection of trapped human being under rubble .
waveguide unit and 2GHz microstrip-based low cost prototype have been designed and
implemented. Large clutter signals due to reflection from brick surface were cancelled in the first
system by using adjustable attenuation and phase shifting technique . The cancellation can also be
done by differential ampliﬁcation of the signals received from the two symmetric antenna aligned on
both sides of the transmitting one, the concept of which is used in the second system. Preliminary
testing results show that the sensitivity of waveguide unit is better. At 20 mw illuminating level, the

system can be used to detect artificial thoracic breathing signals from a phantom located under 1

feet of brick layer.

Microwave Life Detection System
Mr. Prajak Tongjan

Mr. Sukum Luikitmongkol
Asst.Prof. Annupong Songprapa
Applicd Physics

2001
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(f) Triangular (g) Disc sector h) Circular nng (i) Ring sector
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Microstrip Traveling — Wave antenna (Mta)

a a dy b4 v o w a g A @
ﬁ'\ﬂa'lﬂ'lﬁhhﬂﬂiﬁﬁﬂ‘lfuﬂu ‘LI§$ﬂ'ﬂUﬂ’)ﬂﬂ?ﬂ?ﬁﬂ]&lmz'ﬂlfljuﬂiﬂﬁi@ﬁﬂ'ﬂﬂ!?&ﬂ@ﬁ‘lﬂ

! [ ~
91']11“1!')8'1'3@\121]712.8
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Aupsautiasemarituaas Aluaeaisian 2.1 uaz 2.2

Electrical Propcrties- of Commonly Used Substrate Materials for Microstrip Antennas

Dielectric Loss
Material Consrant Tangent Reference
Unreinforced PTFE, Cuflon 2.10 0.0004 [
Keinforced PTFE. RT Duroid 5880 2420, G.0009 1)
(1.5%)
Fused Quartz 3.78 0.0001 [2]
96% Alumina 9.40 0.0010 (2]
(5%)
99.5% Alumina 9.80 0.0001 [2]
(5%)
Sapphire 9.4, 1.6 0.0001 (2]
Semi-Insulating GaAs 12.9 0.0020 [2)

A1519 2.1 LAAIA1 dielectric constant, Loss tangent YOIe15UAAZTHUA

12
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Nonelectrical Properties of Commonly Used Substrate Materials for Microstrip Antennas

Properties

PTFE

Fused
Quaritz

Alumina

Sapphire GaAs

Useful
Temperature
Range (°C)

Thermal
Conductivity
(W/cm-K)

Coefficient
Thermal
Expansion
(ppm/K)

Temperature
Coefficient of
Dielectric
Constant
(ppm/K)

Minimum -
Thickness
(mil)

Machinability

Solderability

Dimensional
Stability

Estimated Cost
(US $/in?)

—55to +260

0.0026

16.0 to 108.0

+350.0 to +480.0

Good
Good
Poor for
unreinforced.
very good for
others
N

up to +1100

0.017

+13.0

~

Very poor
Good
Good

up to +1600

0.35 10 0.37

6.30 10 6.40

+136.0

Very poor
Good
Excellent

36

—24 to +370 —-55to +26

0.42 0.46

6.00 5.70

+110 to +140 —

Poor Poor
Good Good
Good Good

' v
A1514 2.2 KAAIAIAUTRDUG NI DUNITIMVRIFUIATN
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4 H 2 { lz | ; %
ASZ10ATY (Radiating patch) NogFuUY Tuyaziaodslulnsansdogruais  Taserde

Y
nann15ad1Uas (coupling) Tumsderunwdsau

C-round piane

511 2.10 waaamsfleudygn las1dmedalulasanTil (Microstrip Line Feed)

2272 mstloudwanulasldaelauendion (Coaxial Feed)
A Y = < @ @ ° 1 1 g Y 1 Y
weldmelanedvailudiiloudyana sgdhnmsasmoninuruns1IAAILEIN A2
}4 .
doaasulugavesme lnweadvardiiudameemaduuy dauanihdiuuenazieuds

@ [} 4
AULNUNTIIN

N
Dielectric Circular microstrip
substrate patch

Coaxial connector Ground plane

51 2.11 uamamsfeudyannlaeldae Taueadva (Coaxial Feed)

2.2.7.3 mstloudyanalaoldmodsdyanauuuils (Buried Feed)
%4 1 U % L} L% o 1 v a % & L
mstleudyanalasldmodsdyananuuiudnioguuainalsauazsiaiy 67

1 a (B o .9 o Y ' 4 '
ﬂa’NLLﬂﬂz‘]ﬁuﬂﬂ%@gﬂﬁi%ﬁﬂﬂﬂuﬂ'JEJLLﬁz‘VI"Icl?illﬂ”l'iaﬂﬂ'ﬁlmﬂizi]'lﬂﬂﬁu‘ﬂﬂ\‘lﬁ'lﬂfﬁblﬁ N
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o a da quy R ") 1ad xdy 1 @
aslfasaananadiauwes iaan(permittivity) LAy HAITA5H M NZ AU IO DALY

A IMALLUIY

Sy ;
/7 Microstrip &&7
7, :
linc &9

o

51 2.12 uamemstloudyana lasldmwdadayanauuuils (Buried Feed)

g

[

2274 msteudaanalasldmsdauurIuse9319 (Slot Feed)
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mufu1glaeFude Taomsldurunsnailuditlosduaduainmedsiszinsuniunaun
1 1 o o o 4 1 1 [} do @ ' ' 4
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a 4 o < P v = 26 J ddqw
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uaz9eg Inaainurud i

P4 .
~ 7 Microstrip
24 line

s 213 msfleudyanalasidnisduwuriugeddng (Slot Feed)
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2.2.8 Cavity Model
o { A a ad a
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Taomsnszneaavedlszall 2 na'lnfe attractive iU repulsive Tasna'ln attractive 9
a a o 9 o [ 9 J ] ' a A g v A
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a 1 9 d o Y a 5 ' r\ a ot A @ [}
Vnaueazthsve g liidanssud jb daunaln repulsive Ainainlszanmiiounueg
Y Y
a : o o [ a 4 o a 3 [
uSnaldunng sxviinisnandszatu lluuivewmnd waziliianssud jt uaasldasgl
02.14
4 o ] a 4 @ 1 ' [
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SanT1damIEN I h v w anas Tunagaunds e ludwnsndl Tangential magnetic field AL
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yosunnalfuuiiaesil Suminzaulumsesuie Inuavesauny Il uaz aunuusivan
a o I~ ] A Ao w 1 4 A g 1 J ad o
Tlulnsaasdunnaldiduednd Fendrgeimilandludounnsaszniemannylula
a a (¥ a 1 1 1
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- Field Configurations (modes)-TM"
AosanmeonidlulasaasUluisaninlugdi 2.15 wiemnsam Inuavosnsie

nszaefiinuReadoafuunyiiaesni3a 110 Vector potential A ladaauns
V2A, +K?Ay =0 1)
wazdnevd ldvesauns Tavldmsusndau saziu
Ay = [A1 cos (kxx)+B1 sin (kxx)][Ag cos (kyx)+ B9 sin (kyx)[A3 cos (kz x)+ B3 sin (kzx)]
o)

e e :
Tag k, , k, 10z k, A1 wave number AUHUIAY X y LA 2 Faazih 17 Id e Iihuag

v
1 < (Y @
ammmmaﬂﬁuﬂ‘u Vector potential A AITNNIT

2
1

L8 | A

2
0°A 0A
Ex:-j_1_ X Hy=—1— X

wpe 0x0Y u 0z 3

D 1N A 1 0A,
wpe 0x0z 7 u oy

A a v P a
uazanitou luSudunauyd

Ey(c=00<y<L0<z<W)=Ey(x'=h0<y'<L0<z'<W)=0
Hy(OSx'sh,OSy'SL,z'=0)=Hy(OSx'Sh,OSy'SL,z'zw =0 )
Hy(0<x'<hy'=00<z'sW)=H,(0<x'<sh,y'=L0<z'sW)=0
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gﬂ‘ﬁ 2.15 @AY Reactangular microstrip patch

o vy Y1 o 9 J P A
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Ax :Amnp cos (kxx')cus (kyy!)cos (kzZ') (5)

Ak, , k, uaz k, 1Ny

%, = i”—’ij m=012,.

h
k, = ”T”] n=012..tm=n=p=0 (6)
P ﬂ’ij, p=012,..

W ‘

& =2 A a d? 9 F
%3 m, n, p %zuaﬂmiwmmﬂmuiu XYz Tag ki ky uae k, ﬁihlvli]'lﬂﬁmmﬁ constraint

equation
a

k,amgmg:(mj

nr)? (pz 2_k2_ 2

L
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a J Qdy 9
AUN Lﬂmmu“ﬁ 1IN "ﬂzulﬂll']%Wﬂ

(f r )mnp 5 erﬁ &I’;—ﬁf e (_n[,i)z i (%/75)2 ®)

wazuny (6) Tu 3) 9218

20572
(k _kx)
Ex =~j——wﬂg——Amnp cos (kxX')cos (kyy')cos (kZZ')
kyk
Ey Z—j a);ug Amnp sin (kxxl)sin (kyy')cos (kzz')
. k k 1 1 1
EZ = ﬁ‘]_a)j‘u—gZAmnp sin (kxx )cos (kyy )sin (kZZ)
H, =0
©
k
Hy =—'lu£‘Amnp cos (kxx')cos (kyy')sin (kzZ')
k

HZ =—/‘[li'Amnp cos (kxxl)sin (kyyl)cos (kzZI)

A a ' A ' = J a A & '
LN@W%TSQHIH;J@G]N“]LWE’)ﬁWﬂ"Iﬂ’J’l‘JJﬂLiI%Lmu“U Ta®I537 dominant mode 9EWLIN

definsanlululnsansUmeldifonly he<L tag he<w &1 L>W>h 3z ldhanuddigalu
1 X
g1

T OL)
2L\ ue 2Lye&r (10)

(ot =

Tushueaeariu L>w>L/2>k Tu TM

(fr) = 1 = 20
L i an
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811> L/2>W>h lu TM',,

1 V0
U)o =—= =
G Lyus Lye&r (12)

Tausrenmnsonaaimsnszneauy i lu Tnuadieg lddanmdiuais

T g VRN (d) T™ 2

gﬂﬁ 2.16 e g Twnmiwq“lu Rectangulr microstrip patch

- Equivalent Current Densities
Taoidfefosannnluaaves lulnsansy wenuhiidamvosiumaainy i electric wall)
maﬁmuummuwwﬁuazé’mﬁwuaﬂﬂmﬁﬁaﬁﬁmwaﬁmmulmﬁﬂagjﬁﬁmga 4vpalulnsa
A31) TﬂammwumﬂummﬂizuaJﬁuLﬁmi]mﬁumVlwﬁmammwmu&immmzua M,

o A 1 = 9 o =
E]‘LILLI@Q’\]']ﬂﬁu'lullllmﬁﬂuﬁﬂﬂllﬂﬂﬁzﬂﬂ 2:17
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JS = ﬁ. X Ha (13)

MS = —ﬁ X Ea (14)

& ] o (] 9 9 ' -

¥ E_ 0L H, Lmuaum"lvlﬂuLazﬁummeaﬂ‘luismmmwmmmmmﬁmmamﬂmsw
a (4o [l 9 ' Y -~ Y a [ 3

vluiﬂiﬁﬂiﬂﬂ’ﬂ@]ﬁWﬁ'Juu@ﬂN'lﬂ hAd w uaaumwﬂuwa“lw IS J Nﬂ'l”lji$1l']m 0 ANUUIT

' a ! [
l@nszuagnivesauuuitanao

Mg =-2nx Eg (15)

= d‘ a 4 1 x o ) §
Tasaumsdadufad free space auyAlinduoglulnua My sz 1w lda e i

[l S @
AUIWLUADNAITUNIT
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T
EX ZEO cos (Ey')

T
HZ =H0cos (zyj

(16)

4 s X
& Eo =-joAg10 uaz Ho = (7 1L)Ao10 uaasgmanszane lddann

$ 1 [~
g‘ﬂﬁ 2.18 yEAIATEUAIMAN T Rectangulr microstrip patch

' o o d @ [
HAZIINAINITNTZAWUDINTLLE AINITONINTATUIULUASUTAL LWNNDIUUDY E N H vlﬁﬂq
AN

#1, #2, Total

h

Tl Y R R L

(a) E-planc (b) H-plane

4 ' Y . i z o
§1Jﬁ 2.19 Le¥AN E WasH pattern (2) I HuAaZAIUYDY microstrip patch slot 4R (b)VI\329%}TLJ'i’)3Jﬂu



X
- Fields Radiated TM010 Mode
151E3130WI5N far field pattern IAAIT
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1. radiating slot

311 2.20 werae AWM LUNUYBINTZUAUNAIY Nonradiating Slots

Tu Rectangulr microstrip patch

E,=Eqg=0
£4-0) kohWEoe—Jkor a0 a2
£
BN
koh
A 0 sin & cos ¢
2
- koW
Z = 0 cos O
2
ﬁ‘ﬂﬁﬂﬂﬁﬂ?'}ﬂﬁl‘lﬁlﬂﬂ substate kOh <<1
[koW 9]
—glenr sin cos
. 2Vpe ™0
Es=- sin @
¢ J 7[7- cos 6
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4 v o J ° = 4 [ <]
e L =anueadusing w1t laauin Wil slot 2 611w

2koh _‘jkor sin sin koL
E¢ :—j 0 WEO@ {sin 1) (X) (Z)}Xcos ( 0% sin @sin ¢]
. nr X VA
X = kOLe sin @ sin ¢
cohile i
ANsanfinnuniIves substrate koh <<19gaag1didu
koW
T 4yge kT AT (koLe b
¢ = 217 s sin g cos sin sin
l
die Vo =hEo iumarudieindfianaseu Slot
E-Plane (9 =90°,0° <¢<90°,270° <¢ 33600) wihldisawsoangy1da
i)
B __.2k0WVOe_Jk0r o koLe
¢ ~u ! 2 kOh cos 2 sin ¢
2 cos ¢
H-Plane (9”:00'00 <6<180 ) wihliisienunsoaagd 1da
koh koW
—]k r sin O sin @ | sin 0 cos 9
kg 0 2 2
E ar koh koW

cos 0
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A5 ludun luiins Radiation 9EWUN
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e
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Eg=-j kOhLefOe_jkor WX RN
z- X (v)? - (/2
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— Mearasred
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- Modulate DC Power Supply

- 20 mW Gunn Oscillator

- 20 dB Cross-directional Coupler

- 20dB Pyramidal Horn Antenna

- Attenuator 1l Movable Short Phase Shifter

- Lock - in Amplifier(Model 5210)

- Function Generator

- Storage Oscilloscope
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3.2 szvunlyeneaimauuululasansdnnud 2 GHz
v Y

==1 ° ~ Ry Y
Tunil ldvmseenuuuszuufinnud 26Hz Tasldmseenuuulissuuiaivens
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- Microstrip Antenna (1-Transmitting Microstrip Antenna ,1-Receving Antenna)
- Crystal Detectors
- Sweep Signal Generator (HP83620B )
- Lock-in Amplifier (Model 5210)
- Function Generator

- Oscilloscope
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sruunldlunimaaasazilsznaulifas

Microstrip Antenna (1-Transmittering Microstrip Antenna ,2-Receiving Antenna)

Crystal Detzctors

- Sweep Signal Geneérator (HP83620B )
- Lock-in Amplifier(Model 5210)

- Function Generator

- Oscilloscope
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a (4 g ‘g ' 1 =2 =
arwene lu IasaasUiduiugiuuazdienenisoonuuulazAne) Ao a1geIme
a { k £ ° ! '
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4 ] a 4 1Y @ ]
AAUAIUULUANINDIAUN (Print Circuit Board) lAsazlanyazvaseeaImatazalsnig 9

aguaaalugy

rectangular microstrip patch

microstrip feed line
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(e Aeff , A, do  anwenaaululedidnasauazanueinduduRng
A A A
A, fe  anwenaauluguanIAnIeoIne ( free space )
A ' a ad a R iy »
Eyr 9 maan ladianasn ( relative dielectric constant )

AN AL AU 3 X 10° m/s

o
Dp D
(]

)

Aq ¥
ANVD 11U

' ' ' ' v '
Taef auiia laoialdvesmoomananun2 GHz Usatife Anen lasaansn (Dielectric

1 a d a = a 1 1
Constant) VDWAUNUHIIDITIMGAUVUBNIBATIIFUNA= 5.2 AINNUNUIVDINDILAY
3 i 1 1 a d 1
(Copper foil) = 0.0326 mm AANUHUIVDIUNUNUNINDG (Thickness) = 1.465 mm 2z 1d

uueeINRIEinNUnNazANNEIT 4.04 LAy 3.074 cm 9z ldnyMEAIIUN 3.5

5171 3.5 nrasdnyzuazvavesee A Ly Insansugldimacunnud 2GHz
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(M) 5202v19INIARUINAIIYBINATZIAY 0.70A = (44.86 mm)
(V) 320£M19NIARUINANVDUAAZIHY 0.85A = (54.48 mm)
(M) 5202119NIARUINAIIVBILABZIAY 1.00A = (64.09 mm)
(1) 32UTHIINNIARUINAIIVBILARLUAY 1.20A = (76.91 mm)

' 4 [ '
() 3EUSVIINNIATUINANIVOILUADSLUNY 1.50A, = (96.14 mm)
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