£ 7% FEKO Xfi#XZe) L5

7.1 %11 I MOM/FEM i &30t SR ER A 1 FEL 3 00 A

ARG AR R AN BR N (I 0 A B AERRANME—2 232, BN T
/> FEM XIS = MR ni A4 WA 22, £ MOM/FEM [Hi I 75 25 RS 41 1)
BT, 7& CADFEKO ™V I FH I 25, S0 & I o, SR\ss AT
MOM/FEM &Rl o 4 R0 AT IEAR R i 2s .

(1) {E CADFEKO FR# N BIR 76 5 T ANER, 2120009000 0.025 10.03, #R)5
Union; 7EJR#BARR R R — 442k, I 7-1 RIFIGSEL HRSHE 72 Fios, JRissbts
RINSHAUNE 7-3 Fion. @7 SE sINBTRT 2 an B 7-4 FioR

4 Variables

Geometry Coordinates
c0 = 1/sqrt (eps0#nul)

eps0 = B 85418T81761e-12 D Uze global coordinates
epsr = 53.3
fraq = 900e6 Cormer 1 A
lam = cffreq e
ns = Lan/10/sart (epsr) vp 12}
mud = pikdeT Vo |lansd =
mv = lam/B/sqrt (epsr) =
pi = 3 14159PRS35A0TEIZI4E ¥ p i}
tand = 0.4 Corner 2
£ = sqrt foudfeps0) T o =
Wamed points =
L Vo |msf21 [
WlPercect clectric conducton ¥ oo o =
[perfect magnetic conductor Forner 3
WFree space —
a[Poislectric L o
o Vo msf2 1 (k|
Wruscie ¥ o Iy
4 Geometry Corner 4 o
“Ydipole —
@ Pmiont U o [a|
@ Fzpherat | ¥ |lamfd (5a}]
@ Pspherer w__ ol |

B 7-1 RS K72 Prek RS

Geometry | Coordinates
Origin
b 0|
T 00

01

Bl B &

T vector

o

T oo

B E &

00

¥ wector
ino
T 1.0

00

K 7-3  JERARFR RS K 7-4 fEAd

[SHRERREY
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(2) #14r. Prek dipole I EHL AN IE 7-5 Bias, BRI WA 7-6 Fras. $EEK 1 (10%F
PE% A muscle, #EEK 2 FIRFERCA air, Wil 7-7 FE 7-8 Pis.

- -

a-Meshes | 4-Meshes
" dipefe H dipole
.@Uni onl ! nronf
~-Ports Forts
[-Solution \-i [-Solntion ._V_
] 3] <l 1l &
|99 a4 4 (& o1 41 41
4 Sagnent Labals g TR P PR e

:.‘-EEdl = RegionZ m
ire | | R. i 4
Wire3 & ok .

K 7-5 HrEilor K 7-6  BRilo

’% Mesh properties ‘% Mesh properties

Medium Medium

Type |[REEARTLITSES Type |[JUERARTIISE

Fame |mu=cle ] Hame | air EAl
| 0K [|  sply || Comea | | 0K [|  teply || Concel |
Bl 7-7 k1 R E K] 7-8  BR2 kRt v E

(3) f£ CADFEKO 1217 POSTFEKO, #RJ5H{E POSTFEKO Hiz47 EDITFEKO, fE
EDITFEKO 3 XA RS HA s .

** Import model
IN 8 31 "zhuanzhu7-1.cfm"

** End of geometry
EG 1 0 0 0

** Set the material parameters
DI: muscle : : : : : #epsr : 1 : : : #tand : 1000
DI air 1 1

NS HE WK 7-9 F1E 7-10 Fis.

DI - Set dielectric properties DI - Set dielectric properties
Set properties for medium Set properties for medium aix
Relative permittivity & #epsr Relative permittivity 1
Relative permeability el Relative permeahility Ll
Canductivity (Sim} a7 Conductivity (S a
Magnetic loss factar tan 6'“ Magnetic loss factor tan 6'“
Dielectric l0ss factor tan é | #tand Dielectric logs factor tan &
Mass density (kafm"3) P1000 Mass density (kafm"3) P
K79 BRk1MZH Kl 7-10 3k2 M35

** Set frequency
FR 1 ffreq
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** Set source
Al: 0 : dipole.feed : : : : 1 : 0
PW 1 0 1

** Solution control
FE 3 1 1 31 0 0 0
0.16/30

PR AT Sy A E ] 7-11 A 7-12 s

FE - Calculate the near fields

Both electtic and magnetic i

[ Use old output farmat

[ Calculate onlythe scattered part of the field
Coordinate system

Cartesian Cylindrical (y-axis
A1- Add avoltage source to a segment @ )@y s
O Cylindrical (O Conical
() Add to sources
- () Spherical () Specified points
(®) Select segment () Setsaurce position O Cylindrical peaxis)
Apply source to last segment with label lipole. feed Starting values
Magnitude of source (W) 1 ¥ 0
Phase of source {degrees) o v 0
Segment centre z -0.08
b3
M, of points Increment
¥ %1 X
z vl ¥
S-parameter impedance (Ohm) 731 z 0.16-30

B 7-11 s K 7-12 gl SR E

** End of file

EN
(4) MEtE AR b E z Atz id 7-13 Fros.
EIE\%&\U

180

7
1
H
1
1
H
1
1
i

150 === mmmqmooms oo TR i e e
|
1
1
H
1
1
1
H
1
i
T

120 F---—hoo-

Eectne field [vim]
g
g
|
I
1
|
|
I
|
|

3

Fosition 2 mm]

K] 7-13  HIZBEALE z 384k ik
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7.2 2 Mt BRI BUSROR 2

A SAEAT BRI L A BB SRR A S BURIE S 7 1, ) 7-14 &l 7-15
JiR e REGRTTRIB LSS H) FEM SKAR, it ~F 1A IC P4 55 4% 18] ) MOM V3K i . FEM 12
AR, X AT LLg> MOM/FEM A8 1 Ak = A S B oe I SRt

Bl 7-14 Mg LA BOE R R D E

k
B 7-15 M b (A TR R 2 b e s ) i )
(1) EXSH. ZHEME 7-16 Fir.

d-¥ariables

ol = 1fsqrt (epsMmul)

- eps_dome = 9.5

- epsd = §.85418T51TEL 12

- feed depth = 1

- feed inmer = 0.63

- feed _outer = 2,25

- fmax = Bed

- lambda deme = lambda0/=qrt (ep=_dome)
- lambdal = o0/ fmax/0. 001
cemuld = pikde-T

~pl = 3. 141592653589T9323546
~pin_len = B.5

o r_deme = 12,5

r_ground = B0

- zf0 = =qrt (mul/eps0)

K 7-16 WIANSH
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(2) & Xt SRR 25, Wik 7-17. B 7-18 F1E 7-19 s

4-Hamed points
exite_b = pt(feed_point. x, feed point. ¥, feed_point. z - feed_depth)
exite_t = pt(feed_point. x, feed point. ¥, feed_point. z - feed_depthtd 5)
feed_point = pt(0,A.5,0)
a-Media
Perfact elactric conductor
Perfect magnetie conductor
.Free space
4 D]:lielectric
alr

.dome

K 7-17 5 U RO 24

Hame Y Hame
Medium parameters Medium parameters
Relative permittiwity £y 1.0 Relative permittivity £y epz_dome
(8) Dielectric lozs factor tan & 0.0 (®) Dielectric loss factor tan & 0.0
() Conductivity (3/m) o oo (O Conductivity (S/m) I 0.0
Eelatiwe permeability ,&5:,, 1.0 Relative permeability #?‘ 1.0
Magnetic loss factor tan 5# oo Magnetic loss factor tan 5# 0.0
Mass density (kgfm"3) i 1000. 0 Mass density (kg/m”3) i 1000, 0
Hofr = tigét(1 -1 tan 8, ) Fopr = #gis{1 -] tan 8, )
Sy = £p&p(1 - ] tan ) oy = £p5,(1 - ] tan &)
| 0K | | Apply | | Cancel | [1)i4 | | Apply | | Canecel
=" . 3p ~
K 7-18  ZMS L K 7-19 A%

(3) S JUPTRIRE . 150 SCPAER, RSl 7-20 FTE 7-21 ros. Gedii/Rig s
eI RS 5.

Geometry | Coordinates Geometry | Coordinates

[ Use global coordinates [# Use global coordinates

Centre Centre

v [ | X [N )
T oo = T oo =
z oo = Z oo =
Dimensions Dimenzions

Radiuz r_deme Radius r_dometl. 5

K 720 Bk 1R K 721 BR2 RS

BRGSO X A, R AR R ST E 7-220 K& 723 K] 7-24 Fros. BB TR 45

WK 7-25 s
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Geometry Coordinates

¥ Use global coordinates
Baze centre
il
T |feed point =
2 feed _point E“
Dimenszions
Radius feed_inmer
Height (Z) |exite_t
Label immer_conductor
| [1):4 | | Apply | ‘ Cancel |
e N
Bl 722 PR
Geometry Coordinates
# Use global coordinates
Baze centre
X |
T feed point E‘
Z feed point E‘
Dimensions
Radius feed_inmner
Height (Z) pin_len
Label feed pin
(1):4 | | Apply | | Cancel
A
Kl 7-24  Bisd

e e X E M, STl 7-26 s

Geometry | Coordinates

Geometry Coordinates
¥ Use global coordinates
Baze centre
bllFe=d coint |
T feed point E‘
Z feed point E‘
Dimenzions
Radius feed outer
Height (Z) lexite b
Label outer_conductor
| 0K | | Apply | | Cancel |

Kl 7-23 A AR

4 Feometry
4 == TJIRA
2 @ Poes
4 ‘anmes
FE (:g alr_layer
4 E)Ddi el _dome
QDSpherel
a QP Perlit _front?
QDSpherel
4 GDD diel_dome
‘ ODS_FIIEJ‘EI
F] ‘Dfeed

I-?i1'|.1'u=.-r_r_'l:nru:b.lctl:-r
(?outer_conductor
H -(_@f-eed_pin
@ gr ound

K 7-25 fHAILER

[#] Vse glebal cosrdinates
Centre point

L. 0|

T oo

Z 0.0

Dimensions

Radins () r_ground

Radius (¥) r_ground

B B B

K 7-26 s IRHL
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(4) FIIBRL, F0 e R 7-27 FroR.

z

H

B 7-27 AR

(5) £ CADFEKO #Hiz1y7 POSTFEKO, #RJ5#E POSTFEKO Hiz1T7 EDITFEKO, £
EDITFEKO H 5 XA RS H stk .

** Work in mm
SF: 1 : : : : : 0.001

** Import model
IN 8 31 "zhuanzhu7-2.cfm"

** FEM parameters
FP: 0 : 2

** End of geometry
EG: 1 : 0:0: :0¢: ¢ 2 :0

** Set medium properties, coatings and skin effects
DI: dome : : : : : 9.5 :1 : : 0 : 0 : 1000

DI: air ¢+ : : : : 1 :1 : : 0 : 0 : 1000

Dome X1 250 B Wik 7-28 iR

Dl - Set dielectric properties

Set properties far medium
Relative permittivity £ 9.5
Relative permeahility el
Conductivity (Sirm;) I
Magnetic loss factor tan &, 0
Dielectric loss factor tan & 0
Mass density (kgim®3) Pl1ooon

K] 7-28 dome XISk E
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Air XIS H B 7-29 Fros.

DI - Set dielectric properties

Set propedies for medium gy
Relative permittivity £(1
Relative permeahility el
Conductivity (Sim) a
Magnetic loss factor tan dy | 0
Dielectric loss factor tan § 0
Mass density (ka/m™3 P ioon

K 7-29  Air KIS H %S

** Set frequency
FR: : 2 : : : : 3e+t09 : : 6e+09

** Sources
AF: 0 : : ¢+ ¢+ 1 :0 :0: 6.5 : -1 * FEMCurrentSourcel
0 : 6.5 : -0.5

PRI 7 =X an 1 7-30 B

AF - Impressed electric current (FEM)
" () Add to sources

Amplitude of source (&) 1

Fhasze of source (degrees) 0

Source position

Start End
X coordinate 0 il
Y coordinate 6.5 6.5
Zcoordinate -1 -0.5

K 7-30  Soahdsitn s X
** Total source power

** use defaults

** Requested output
DA: : : : O
0S: 0 ** Currentsl

** End of file
EN

(6) WETHH R, 1F 3.621GHz W WS 7 K (XZ P, H dB &) Wil 7-31
iR
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Gain

— Gaintar

K 7-31  FEs 7 B

7.3 B 3 A PRARRRAMOR B A T KRG 515

AT S5 K <5 AT IR e R Ze A\ R R e Z IR AR A il AL < AR UTD i pbe. Wit
REN —BRHMOR Ze . R IR I 8a iy, 4 BE I BEARR ISR 2 i A 5. A FE
AR

o  HkGi BEARR MR £k 12637 K57 1) antenna_coupling_helix_antenna 57,

® Ui T B AR U IR g R e A oy SUIN S\ R IR S B e R e 2 T) ) R A R 2

antenna_coupling receiving antenna.

o  ZEAFHNANRE SR THE LR antenna_coupling_full.

(D g, ZHE WA 7-32 PR,

a-¥ariables
el = 1/=qrt (ep=O¥mul)
epsl = 5. 85418731761e-12
freq = 16459
helix_alpha = 13
helix_radius = lambdakcos (helix_alpha*pi/180)/pif2
helix_spacing = lambdatsin(helix_alphakpi/180)
lambda = cOffreq
mull = pikde=T
pi = 3. 14159285358979323546
wagi_d = 0.25%lambda
wagi_1d = 0. 442%lambda
wagi_li = 0. 451%1ambda
wagi_lr = 0. 4TT#lambda
wagi_rho = 0. 0025%Llambda
zf = =sqrt (mul/eps0)

K 7-32 SHEE
T XA A, il 7-33 TR

RIGE X UTD Tf, WK 7-34 s,
i g ONAKRE:, Rkl 7-35 2K 7-39 s,



957 % FEKO KMERE ) iS4

183

4-Hamed points

helix_centre = pt(-1.5/2,3/4,1.5)
vagi_centre = pti-1.5/%, -3/4,1.58)

K 7-33 EXHNA

Corner 1 -
V| @
T3 (s
z a E‘

Corner 2 o
o =
¥ -3 E‘

Z a E‘ =

Corner 3 o
oo 5
¥ -3 E‘

T |3 =

Corner 4 o
oo 5
T3 =
T [l

Kl 7-34 £ UTD [
Gaometry . Coordinates

# Use global coordinates

Start point
X O
T -wagi_d
I yagi_ld4/2
End point
X [0.o
T -wagi_d
I -wagi_ld/2
K] 7-36  yagi_director 5}
Geometry Il:oordi.nates

W] Use global coordinates

Start point
L0 0
T -wagi_d

I wagi_14d/2

End point
X 0.0

T -wagi_d

I -yazi_14/2

K] 7-38  yagi_director 2 R~}

ENgENy =N

ENgENY =N

B B B

B B E

Geometry Coordinates

W Use glebal coordinates

Start point
g

T 0.0

T -vagi lifZ
End point

X 0o

T 0o

T wagi 1if2

K 7-35 yagi_dipole )X~}
Geometry Coordinates

[# Use global coordinates
Start point

L 0|

T -yag1 d

I wagi 14/2

End point
¥ 00

T -yaz_d

I -yagi_ld/2

K] 7-37 yagi_director 1 R~}

Geometry Coordinates

[# Use glebal coordinates
Start point

g

T wagi_d

I -wagi 1r/2

End point
o

T wagi_d

I wagi_lr/2

K] 7-39  yagi_reflector 5}

Bl E B

BB B

B B G

B B B

B B B

ENYENREN
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JUART AR 2 P it Pl 7-40 Pl o

a-Geometry

 wagi_dipole
» L.
/ wagi_diractor

agl_director_1

agi_director_2

Pl 7-40  JLAAT AR R

(2) F Al I BEE, ikl 7-41 MK 7-42 Fiow.

4-Meshes

Eva11
@fﬂg’f
a Forts
4-~oem@@Tagl port
BETazi. HireTOZ
~e-Yagzi WireTOS
B-Solution
<]

K

&
&

EEEEE .
&

a-Segment labels
WireTOB
WireTOd
WireTi1_1
WireTi1 2
WireTi1 3

B 7-41  Fl5 s

K 7-42 il 0 BeE

(3) RAEBE . SKIFBCE RIWTE & 7-43 Frose Hrp e v s, I, i,
WD Wi s BIARCR 2R B W& 7-44 2K 7-49 R

a-Solution
AnFrequency [1.645 GHz]
#eInfinite planes
FlLoads
4 EExcltatlons
;pPower
(A)¥oltageSourcel
4 ¥ Caleunlation
Arurrents [Ho currents]
a-Ideal receiving antenna
") Receivinghntermal

Kl 7-43  SRAERE I TEE
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Fregueney range

Single frequency el ot
(O Continuous (interpolated) range (®)iHomozeneous (free space) :
(O Linearly spaced diserete points () Ground plane (reflection coefficient approx. )
O Logarithmically spaced discrete points O Ground plane (exact Sommerfeld integrall

Frequency (Hz) |freq O Flanar multilayer substrate

Kl 7-44 SR EE Bl 7-45  Hbm g i

Load type

O Series cireuit

Scale settings

O Farallel circuit
O Ho power sealing

(®)iTotal seurce power [no mismateh) |

Port Yagi_port e
Complex impedance (Ohm) O Incident power (transmission line model)
Eeal part ]

Source power (Hatt)] 100
Imaginary part [0

Eeal part of Z0

Imaginary part of Z0

[] Decouple all sources when calculating power

Label: Loadl | ok [| pply || Concel |

Kl 7-46 sy Kl 7-47  BhEThR K E

Pattern Coordinates

[[] Use global coordinates
Fosition

T

L

B & 5

¥

Fead pattern from

@ a # ffe file O an external data file

Filename ling helixz_antenna, ffe |

Start from point number |1

Fort BEEAERISA3

Yoltage ¥umber of theta points |37

Magnitude (¥) 1 Fumber of phi points T3

Phaze (degrees) 0

Label VoltageSourcel

| 1) | | Apply | | Cancel | Label ReceiwinghAnternmal
Kl 7-48 B LR BEE Kl 7-49  BIAREBE

(4) {F CADFEKO iz{7 POSTFEKO, #XJ57F POSTFEKO *iz47 EDITFEKO, fF
EDITFEKO & XA RS H MG, W& 7-50 2K 7-52 .

** Import model
IN 8 31 "zhuanzhu7-3.cfm"
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** UTD parameters
UurT: 1: 3 : 0 : 0 : 7 : O
** End of geometry

EG: 1 : 0 : 0 : 0 ¢ ¢ ¢ :1
** Set frequency
FR: : : : : : 1.645e+09

** Sources
A2: 0 : Yagi.Wire708.Yagi port : O : 1 : : 1 : 0 ** VoltageSourcel

A2 - Add a voltage source to a node

e () Add to sources

(=) Select segment () Set source position

(®) Source at start of segment
() Source atend of segment
() Use default feed direction {like basis functions)

(&) Fositive feed direction like wire segrment orientation

Source label (see manual) V. Yagi_port
Magnitude of source (V) 1
Phasze of source (degrees) 0

K 7-50  BibdiE
** Total source power

Pw: 1 : 0 : : : : 100

PW - Specify the source power
Scale power to the value given below
() Mo scaling (use specified voltages)

(® Total source power (no internal impedance)

() Total source power {internal impedance)
() Total source power (transmission line feed)

[] Decouple all sources when calculating power
(Selecting this may compromise accuracy)

Source power datt 100
K] 7-51  BUldR T

** Requested output
DA: : : : O

** llprint error "The file 'antenna coupling helix antenna.ffe' couldno longer
be found. It was originally loaded from 'C:/FEKO/examples/cad input/antenna
coupling helix antenna.ffe'."

** llexit
** Receiving antenna
RA 1 1 37 73 -0.75 0.75 1.5 0

-45 0 "antenna coupling helix antenna.ffe"
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RA - Ideal receiving antenna
Read pattern data fram ..
® :5 *ﬁeﬁle
() an external data file
() afterthis line in the *.pre file
() use last pattern defined at previous RA card
Faosition {coordinate)
% —0.75
y |0.75
Z 1.5
Rotation about the axes
w0
y —45
0

Filename ntenna_coupling_helix_antenna.ffe |..|

Start from point number 1
Mo. of ¢ points 37
Mo. of @ points 73

K] 7-52  HRARHERCR R A

**ReceivingAntennal
** End of file
EN

(5) WEHHER . BARMCR LR M)A A AL an B 7-53 Fros.

RECEIVED POWER IDEAL RECEIVING ANTEHHA
Received power {ideal match assumed): 4 _1816E-83 W

Relative phase of received signal: -4 _8833E+00 deg.

Kl 7-53  BAHBCRZBNCEI K DR A AL

7.4 4 WYKL

(1) @R, [hRER_RSEWE, WE 7-54 Fix.
AT B, A 7-55 FIE] 7-56 s

Geometry Coordinates

[] Use global coordinates

Corner 1

Veriabl —0. 45%segment_length
4-Yariables

el = 1/=grt (epsO®mul) L i
edge_length = lambda/B Corner 2

eps0 = 5. 6541875176l e-12 T

frequency = 1.645=9 v 0. 4% =zegment_length
lambda = c0f frequency H 1ambdaf4

mal = pi*de=T Corner 3

pi = 3. 14159265355979523546

]
zegment_length = lambda/15
fll = sqrt (mulfeps0]) 0.0524
Hamed points K |lambdaf4

EHEE [EEE

(=N[=N=H

Kl 7-54 ZHRE K 7-55 R
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TR B, WKl 7-57 AR 7-58 FioR.

Geometry Coordinates

[7] Use global coordinates
First corner

T

¥ 0.0

K 0.0

B & E

Dimensions

Hidth (N 12 96e-2

Depth (V) |B.48e-2

Height (N1 30 2e-2
Kl 7-56  mEZEB L B K] 7-57 EIHERES
S o @A B, i 7-59 A& 7-60 s

Gaometry Coordinates

[] Use global coordinates
Baze centre

v I

¥ oo.o

¥ 0.0

B B B

Dimenzions

Bottom width (U) |12.98e-2
Bottom depth (V) B.48=-Z
Height (H) 452

Top width () S55e-2

Top depth (V) 42, Se-2
K] 7-58 WS ER Kl 7-59  @darmpiml C B
P EI R 7-61 B i IR o

K 7-60 B 1B LA o K 7-61  UIEIGKITER
(2> F5rFnn. F5r s B E K 7-62 FE 7-63 Fias.
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4 -Geometry

4 ‘Horm’mt enma

't?feedline 4a-Jegment labels
Fl qi]'[orn Feedl .
4 P5plit_backl Linel ]
4 ‘Unic-nZ 4 Triangle labals
Puboidl Facsl3 [ 1]
@PFlarel FacelP 1|
a-Meshes Faceld ..
.ﬂ"ﬂr.m!.n tenna Facez0 . .
Forts FaceZl ..
Bl 7-62  JLATHRIEIR JE & Kl 7-63 3 FRITHTE K

(3) £ CADFEKO ™Hiz17 POSTFEKO, #RJ57E POSTFEKO Hiz17 EDITFEKO, fE
EDITFEKO 1% XA RS HA R, WK 7-64 2K 7-72 Fix.

** Import model

#frenquency=1.645e9

*x JURA =SB0

IN 8 2 "zhuanzhu7-4.cfm"

IN - Include an external file

Import CADFEKO model file
[ Include segments SY - Specify sy try of the g try
[ Include polygons Sg!ﬁg}f}rmmetwforthe plane ¥=0
[ Include tetrahedral elements O Electrical
L. () Geometrical () Magnetic
[] Include hamed paints Select symmetry for the plane y=0 .

) () Mone () Electrical
[ Include cuboidal volume elements N ‘@ enE ® Magnstic
File name zhuanzhu?-4 . cfm [ Select symrmetry far the plane 2=0
(@) Include all items (3) Mone (O Electrical
() Include anly iterms with single labellayer () Geometrical () Magnetic
() Include iters with range of labelsflayers Label increment for the new structures

K 7-64 HIEA=SMIEHIC Kl 7-65 5 SCHERFK

kKT y=0 MZBEXTFR.
sy 1. 0 3 0

Kl 7-66  WEXFR G LA s
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*x AN “HornAntenna.Linel” B¢, ANEIGHHLEL.

IN 8 1 "zhuanzhu7-4.cfm" HornAntenna.Linel

IN - Include an external file

10del file

# Include segments

[] Include polygons

[] Include tetrahedral elements

[ Include triangles

[] Include named points

[] Include cuboidal volume elements

File name zhusnzhu?—4 . cfn ™
() Include all iterns

(@) Include anly iterns with sinale labellayer

() Include iterns with range of labelsiayers

Include structures with property snAntenna . Linsel
Up to property
Scale factor

K 7-67 H#EiA “HornAntenna.Linel” Bt

KT z=0 HEHFR.
sy 1. 0 0 2

SY - Specify symmetry of the geometry
Select symmetry for the plane x=0
() Electrical
() Geometrical () Magnetic
Select symmetry far the plane y=0
(®) MNone (O Electrical
() Geometrical () Magnetic
Select symmetry far the plane z=0
() Mone (=) Electrical
(O Geometrical () Magnetic

Label increment far the new structures

F7-68 5t AR 769 HUXTRRE JLAT G

Kl 7-70  HIXERRJE A S

*x LN “HornAntenna.Feedl” i
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IN 8 1 "zhuanzhu7-4.cfm"

** End of geometry

EG: 1 0 0 0 :1e-05

FR: 1 : : #frenquency
** BRI o

Al: O HornAntenna.Feedl : : :
FF 1 1 360 O 90

FF 1 360 1 0 0

FF - Calculate the far fields
Selectfield position
() Mo calealation

@ Fields calculated as specified bel0w§

() Fields calculated only in incident direction

() Only integrate fisld over area given below

[[] Calculate only the scattered part of the field
() Directivity

() Gain
Mumber of ¢ points | 1
Mumber of ¢ points | 360
Initial ¢ 90
Initial @ -390
# increment |0

% increment |1
[ Compute spherical mode coeflicients

K 771 2 SUE

(4) WEHE AR . w54

HornAntenna.Feedl

FF - Calculate the far fields
Selectfield position
() Mo calealation

@ Fields calculated as specified bel0w§

() Fields calculated only in incident direction

() Only integrate fisld over area given below

[[] Calculate only the scattered part of the field
() Directivity

O Gain
Mumber of 4 points | 360
Mumber of @ points | 1
Initial &
Initial @

& increment

i
]
1
% increment 0
[ Compute spherical mode coeflicients

K 7-72 gl
B 7-73 F1& 7-74 iR

Electric far field

— IEzan|

Hectno tar field [d6V]

K 7-73

£agle Phi [deg]
2008-03-04 : zhuanzhu?-4

;A
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Electric rar field

— IEtm

i e e e EEEEEEE
S S SRR PUPUPRPRPPRPY N SR

Hectne tar field [dBv]

JE PR S

=
3
o
=3 S

180 360
#agle Theta [deq)

2008-03-04 : zhuanzhu?-4

Kl 7-74 itk

7.5 15 Ay et I I R

AP ST A R R -

NIEZHEN] GF RBCE, T AE R E SO sl 2 IIEZ

P AP b ST i 21X R T 1 P o

(1D FVER, HhRMmASE,

4 Yariables
el = 1/=qrt (epsOdmul)
diel_thick = 1.59
edze_length = min(Llambdaf12, 0. S%1line
eps_tr = Z.B2
epsl = & §5418751TEl=—12
frequency = 2. 59
lambda = cOffrequency/=qrt leps_v)/=f
line_len = T9
line_width = 4. 373
mul = pikde-T
pateh rad = 175
pi = 3. 141592653559T9323546
=f = 0.001
ofl = sqrt (mulf eps0]

K 7-75 HWIASEL

Wl 7-75 Frose FRE AN L Wil 7-76 Bk

_width)

4 -Hamed points
Feedpt = pt(Z. 1865, 73,-1.59)
Feedpt? = pt (~Feedpt. x, Feedpt. v, Feedpt. z)
a-Media
Perfect electric conductor

Ferfect magnetic conductor

.Free space
K 7-76 5 SCPIAMBEE R

SR 58 A ST Line, WK 7-77 Fis.
5 L2k BE Linel, WK 7-78 Fun. HHIZZR BOeds Bl i R L6 1H Patch, @il 7-79 FioR.
JUART 2SR 2 P it Pl 7-80 BT o
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Forner 1 i

u line_width/Z
¥ 0
" 0

BBy B

Corner Z
U |line_width/Z
line_len

0

EIEE)

Corner 3

0

BB 5y

0
Corner 4
0
0

Kl 7-77 & Ui AFIfT Line
Origin
L. 0|

T 0.0

¥
2]
i)
¥ line_len
2]
i)
¥

BHE

h

Z 0.0

B Gl &

fois direction

X oo

T 0.0

1.0

Bl B E

Rotation angle
Angle [degrees] -130

Set to global axis Set to local axis

| X | v
| ! | v
| z | ¥

Kl 7-79 ek i R ZRT Patch

Geometry | Coordinates

[[] Use global coordinates
Start point
U

V0.0

B & B

K 0.0

End point
o

YV patch_rad

(ENYSNgEN

H 0.0

Kl 7-78 & B Linel

4 Geometry
.Line
F] (!jPatch
. Einel
4 Meshes
@Line
@Patch
Forts
4 Solution

Pl 7-80  JLAAT SEASM P &5

AR 4 Bon i 7-81 AP 7-82 Fia.

] 7-81

CADFEKO H R4 ¥4 43

F¢l 7-82  POSTFEKO H {4554 oK

(2) 7£ POSTFEKO 'iz47T EDITFEKO,

7E EDITFEKO H 5& XA S ER R
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#d=1.59
#er=2.62
#ur=1

** Import model
IN 8 31 "zhuanzhu7-5.cfm"

sy 1 3 0 0

AR X x=0 “FHRERTFR, Wik 7-83 Fis.

SF 1 #sf
** End of geometry
EG 1 0 0
1
I GF A5 XA BT I 4E AL, sl 7-84 i
GF 10 1 0 1 1
2*#d #er #ur
GF - Specify Green's functions
() Homogeneous medium
(O Layered dielectric sphere
anar muitilayer substrate
Conducting ground planes
[ Top
SY - Specify symmetry of the geometry ¥ Bottom
Select symmetry for the plane x=0
() Mone () Electrical

() Gearmetrical

Mumber of layers

Select symrmetry for the plane y=0
Y W p L Laver 0 Layer 1

© Mone @Bl Thickness _ Infinite 7

() Geornetrical () Magnetic s 1 er
Select symmetry for the plane z=0 a (S

(@ Mone () Electrical tan &

) Geametrical O Magnetic te 1/#ur

Label increment for the new structures :'EKag#ImJ‘B)

Mote: For electric symmetry the tangential electric field is zero,
while for magnetic symmetry the tangential magnetic field is
zero Zwalue atthe top of layer 1

Kl 7-83 & X x=0 P Xy R Kl 7-84 & AT

AE: O : Feedpt : Feedpt2 : 3 : 1 : 1 : 0

H AE e X 2 IR H R, Wik 7-85 F1E 7-86 Fios.

AE - Edge voltage source between labels
@ENEW source. (O) Add to sources

Excite edge . ..
() between regions with multiple labels

(O) connected to ground/UTD
(=) of microstrip betwveen two points

Start point of edge Fesdpt
End paint of edge Feedpt?
Magnitude of source (V) 1

Fhage of source (degrees) 0

S-parameter impedance (Ohm)

K 7-85 s SCHL H< 5 K 7-86 B EoR
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FR 8 0 #frequency0.05e9

os O

** Total source power
** End of file

EN

(3) WEER. WM ESE WK 7-87 Fros.

DATA OF THE VOLTAGE SOURCE HO. 1
real part imag. part mnagn . phaz=e
Current in 4 5.1373E-02 -3 .5954E-02 &.2705E-02 -34.99
Admitt. in A-V 5.1373E-02 -3 5954E-02 &.2705E-02 —34.99
Inpedance in Ohm 1. 3066E+01 9.1442E+00 1.5948E+01 34.99

Inductance in H 5.1976E-10

Power in Watt: 2 56867E-02

K 7-87  HL R IEEPE

7.6 15| 6 Yagi-Uda K%

RBITHHACTARAL I\ KL RS . RER— MBS A=A 2518541
o FEN 400MHz. REEAEHTH L 3m 4, Mo sgmy s Ak A sUE 8. AT T A% EH
T RZ M (1 &5 51

(1) EERR, A2 7 EDITFEKO g v fiisy, S NS

** Set some parameters

#freq = 400.0e6 ** Frequency

#lambda = #c0 / #freqg ** Wave length

#h = 3 ** Height of the antenna

#d = 0.25*#lambda ** Distance between the elements
#lr = 0.477*#lambda ** Length of the reflector

#1i = 0.451*#lambda ** Length of the dipole

#1d = 0.442*#lambda ** Length of the directors

#rho = 0.0025*#lambda ** The wire radius

** Parameter of the ground

#epsr = 10 ** Relative permittivity
#fmur = 1 ** Relative permeability
#sigma = 1.0e-3 ** Conductivity

** Set segmentation parameters
#segl = #lambda / 15
IP #rho #segl

** Create half of the reflector
DP Al -#d 0 #h
DP A2 -#d #1lr/2 #h
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BL Al A2
** Create half the dipole (without the feed segment)
DP Bl 0 0.4*#seqgl #h
DP B2 0 #1i/2 #h
BL B1 B2
** Create half of each of the 3 directors
DP Cl #d 0 #h
DP C2 #d #1d/2 #h
BL Cl c2
DP D1 2%4#d 0 #h
DP D2 2%4#d #1d/2 #h
BL D1 D2
DP El 3*#d 0 #h
DP E2 3*#d #1d/2 #h
BL E1l E2

L IR N 1 7-88 BTN

** Mirror around the plane y=0

SY

1

0

2 0

(electric wall)

HRABEG R, SBGEMBERaE 7-89 iR,

** Create the feed segment with the label 1

DP
LA
BL

————

B3
1
B3

e e o

Bl

e

e eme—mn

R R

K 7-88 LA iy
S8 X HIRBE, e R PR 7-90 frr.

Bl 7-90 & B HLIRBOR R R

0 -0.4*#segl #h

—_—

Kl 7-89  IFRJG AR AL

_—
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** End of geometry
EG 1 0 0 0 0

** Set frequency and excitation (1 watt)

FR 1 0 #freq
Al 0 1 1 0
PW 1 1

s, Wik 7-91 Fros.

Kl 7-91

** Firstly calculate the horizontal and the vertical radiation patterns

** without the ground plane
FF 1 1 181 0 90
FF 1 181 1 0

& i sH, ikl 7-92 F118 7-93 Fion.

FF - Calculate the far fields
Select field position
() Mo calculation

@ Fields calculated as specified helow !

() Fields calculated anly in incident direction

() Only integrate field over area given helow

[] Calculate only the scattered part of the field

(=) Directivity () Gain

Mumber of & points |1

Mumber of @ points 181
Initial & 20
Initial ® 0O

& increment | 0

@ increment | 2
[] Compute spherical mode coefiicients

K 7-92 & SLESHSH

W s

FF - Calculate the far fields
Selectfield position
() Mo caleulation

(@ Fields calculated as specified beluw§

() Fields calculated only in incident direction
() Only integrate field over area given below
[[] Calculate only the scattered part of the field
(=) Directivity () Gain
Mumber of & points 181
Mumber of @ points |1

Initial &

Initial ¢

& increment

oM oo

¢ increment
[ Compute spherical mode coefficients

K] 7-93 & SLEHSH

** Repeat with a real ground (reflexion coefficient approximation)

BO 1 ffepsr

#sigma #mur

A XHIEHALY, 5 GF RIER—FE, W&l 7-94 Fis.

** Far field calculations now only in upper hemisphere (z>0)

** Avoid calculating the far field exactly at the interface

FF 1 1 181 1 85 0 0
FF 1 360 1 1

-89.75 0 0.50
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BO - Add a reflective ground

() Mo reflection coefiicient ground

() | Reflection coefiicient ground plane

(O Perfectly electric conducting around
() Perfactly magnetic conducting ground

Relative parmittivity & #epsr
Conductivity (Sfm) J  Fsigma
Relative permeahility 2 #Fmur
Magnetic loss factor tan Gy

Dielectric logs factor tan &

Kl 7-94 s SCHII )

EXEmSE, ikl 7-95 FE 7-96 .

FF - Calculate the far fields
Selectfield position
() Mo calculation

@éFie\ds calculated as specified helnwf

() Fields calculated only in incident direction

() Only integrate field over area given below

[ Galculate only the scattered par ofthe fleld
() Directivity

(=) Bain
Mumber of & points 1
Mumber of ® points 181
Initial & 85
Initial @ 0

4 increment | 0

@ increment | 2
[] Compute spherical mode coefficients

FF - Calculate the far fields
Select field position
(7 Mo caleulation

(®)iFields calculated as specified below

() Fields calculated only in incident direction

(O Only integrate field over area given helow

[] Calculate anly the scattered part ofthe field
() Directivity

(&) Gain
Mumber ol & points
Mumberof ¢ points

Initial &
Initial ®
# incremant

W increment
[ Compute spherical mode coefiicients

360
1
—-89.75
0
0.5
0

K] 7-96 & LTSS

** Repeat for real ground plane using the exact Sommerfeld formulation

K] 7-95 @ SLEHSH
BO 0
GF 11 1 0

1 1 0
#epsr 1

#sigma

245 BO RIMERH, H GF o S frsgmi . anld 7-97 fros. ARG 7-98 Fios.

GF - Specify Green's functions

(O Homogeneous medium

() Layered dielectric sphere

Conducting ground planes
[ Tap
[7] Bottarm

Mumber of layers 1

Layer 0 Layer 1
Irifinite Irifinite

£, 1 #epsr

o (5im) 0 #sigma

tan

B 1 1
tan &,

P (ko/m*3)

Thickness

Z-value atthe top of layer 1

K 7-97 GF REXSH

& 7-98  HeAMpRAd ]
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FF 1 1 181 1 85 0 0 2
FF 1 360 1 1 -89.75 0 0.5 0
** End

EN

(2) THEE 0. 78 POSTFEKO F1 S NGBS 4 (ki 7-99 fros), ia47
JETE

& WEEN view Options Run Windows Help

D Mew session Crl+r
ﬁ' Open session... Ctri+0
u Save session Clrl+g

“ ﬁ Save gession as..

6 * Load results Cirl+R

‘ LI‘I ad model Crl+ha

Kl 7-99 SABIA
ANZE G b T2 e R AR AL B G 18] 7-100 B, 25 R s e (R AR AL B an 1] 7-101 P o

//_,./”
// \7}__«;__
¥ x”
Bl 7-100 RN 8 i 0 (AR Ak B 7-101 2 Re T 52 ma i B AL 1

AN R L s i B A K 7-102 F1E] 7-103 B, 2% FEHb IS m i i A i 7-104
FIE 7-105 B

Electric far figld Electric far field
— e — Il

K] 7-102 AN REHMIM Y E 1K K] 7-103 AN REHUI M) H i
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Electric far field Electric far field

— o — e

2008-03-08 : huarnehu7-5 20000308 : shuanch? 5

K 7-104 25 exh iz i) E i & K 7-105 25 peHhpmsz ) H i &

7.7 1 7 UHF K2k B4

AT S R e K IR AR S o ANl JE /£ EDITFEKO H 37 R
(D EXSH, W RFR:

** UHF Antenna Array

** Parameters for the Problem (everything in millimetres)

#freq = 102.1e6 ** Frequency (Hertz)

#br = 2450 ** Width of the reflector

#hr = 1700 ** Height of the reflector

#xd = 737 ** Distance between the dipole and the reflector

#yd = 784 ** sideways displacement of the dipole (referenced to the middle)
#h = 690 ** Height (half of the length) of the dipole

#xiver = 3000 ** Distance of the inner fields (in the direction of the mast)
#xaver = 4000 ** Distance of the outer fields (in the direction of the mast)
#zver = 3200 ** Height displacement of the individual fields

#pha = 30 ** Phase (in degrees) in the first plane (bottom)

#phb = 10 ** Phase in the second plane

#phc =-60 ** Phase in the third plane

#phd =-40 ** Phase in the fourth plane

#phe =-40 ** Phase in the fifth plane

#phf =-40 ** Phase in the sixth plane

#phg = 50 ** Phase in the seventh plane

#phh = 80 ** Phase in the eighth plane (top)

** Segmentation parameters

#lambda = #cO / #freg * 1000 ** Wavelength in mm
#segl = #lambda / 15

(2) B,

e S, el 7-106 k.
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** Create a quarter of the reflector

** (without the wire that lie in the plane of symmetry)

#dya = 325
#dyb = 625
#dyc = 925
#dyd = #br/2 ** 1225mm
#dz = #hr /2
DP A 0 0 0
DP B 0 #dya 0
DP C 0 #dyb 0
DP D 0 #dyc 0
DP E 0 #dyd 0
DP F 0 0 #dz
DP G 0 #dya #dz
DP H 0 #dyb #dz
DP I 0 #dyc #dz
DP J 0 #dyd #dz
DP M 0 0 —-#dz
ip 20 #segl
ESC10 TEREG W 7-107 P
LA 10
BL F G
BL G H
BL H I
BL I J
BL J E
F [ofe) BEH - .
e o =
¥
) //EﬁEh‘EhEﬁh‘%ﬁﬁ@&h‘“ﬂﬁkﬂ_ﬁﬁ!E_
€ 7-106 5 S [ 7-107 5310 Sk
S SCABER B, Wil 7-108 FoR.
Ip 6
BL B G
BL C

BL I D



202 FEKO 5.4 FRE5 D MR 5 95| g

** Create a quarter of the dipole antenna
EXTRK, N, L, EX 15, 10 S4B WilEl 7-109 iR,
IP 20

DP #xd #yd 0

#z
DP
DP
LA
BL
LA
BL

o X

.T*#segl
#xd #yd #z
#xd #yd #h

Z = X B B =
=

** Mirror the whole geometry in the plane z=0

—

N N

¥

K] 7-108 52 X HAhZk B B 7-100 EX 1. 10 5B
T z=0 LT FR, &l 7-110 Fiose JUAT RS AL & 7-112 B

sy 1 0 0 1 1

10 ShRESC 11 %5, WiE 7-111 Pros.
cB 11 10

SY - Specify symmetry of the geometry
Select symmetry for the plane x=0

() Electrical
(O Geometrical (O Magnetic
Select symmetry for the plane y=0
(®) Mone () Electrical
(O Geometrical (O Magnetic
Select syrmrmetry for the plane z=0 CB - Change already assigned labels...
@) D @) Bl (3 Specify oldinew lahel here
(®) Geometrical (O Magnetic i
(C) Read list of aldinew labels from file
Label increment for the new structures 1
Mote: For electric symmetry the tangential electric field is zera, Old label 11
while for magnetic symmetry the tangential magnetic field is MNew label 10
zero.
K 7-110 & SOLFTRFR Bl 7-111 Sohess s

** Create the wires in the symmetry plane z=0

*x Reflector
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203

& TS, il 7-113 Fios.

Ip
BL
BL
BL
BL

U Q w >

-

H O QW

H

|T

20

7

B 7-112 SRR LA o5
& XABM 7, Kl 7-114 iR

**  Dipole mount

Ip
BL A

K

20

K 7-113 58 S s

** Mirror the whole geometry in the plane y=0

T y=0 B JLADRFR,  XFR T LA AR (PR 2858 g 12, Wil 7-115 FioR.

K 7-114 & AT

K 7-115 BT y=0 1 LATREFR
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sy 1 0 1 0 2
12 SHREHCN 10 SHhR%
CB 12 10

** Create the wire in the symmetry plane y=0

& X y=0 Kb LBL, i 7-116 fios.

Ip 20
BL M A
BL A F

** Shift the previous antenna section up and forwards by half

FREES M 0 B 10 [ LA B AR RN g, anpel 7-117 Fios o A8 (K LT A 4 1] 7-118
Fi7Ro

TG - Geometry transiation and rotation
Murnber of copies 0]

Include by label
™ Use label selection

Copy structures starting from label ]
ending at label 10
Lahel increment far the new structures 1]

Include by type
W Include everthing

hetallic triangles Cuboids
Metallic segments Folygonal plates
Dielectric tiangles UTD cylinders

Tetrahedral elements

Rotation around the x-axis

Rotation around the y-axis
Rotation around the z-axis

Tranelation along the x-axis Fravers2

Translation along the y-axis

Translation along the z-axis tzvers2

Scale factar {after franslation)

Bl 7-117 LTRSS R AR A g 3 SC

T

B
BK

[=11]

K] 7-118 A4 5 1) J LA A 7R
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TG 0 0 10 0 0 #xaver/2
#zver/2

** Create the section above, and increase label by 10

SISy — A UATRR, RGB FR%E S5 18 100 10, Wk 7-119 Fior.

TG 1 1 10 10 0
#zver

** Create another section above, an increase label by another 10

PRZE S N 1T TG R R IR, SRIBOR AR S = AT 10, Wk 7-120 B

#dx = (#xiver-#xaver) /2
TG 1 11 20 10 0 #dx
#zver

B A 1
B 7-119 SR B 7-120 55 2 R HIA

** Create another section above, an increase label by another 10

PREE SN 21 JHAG IR IR, BRI AR S =50 10, Wk 7-121 P, 2

SRR IIRRZE S5 1. 11, 21, 31, BERIARZS 4 10, 20, 30. 40.

TG 1 21 30 10 0

#zver

** Rotate the four sections that have been generated by 45 degrees

AR 7 Wi 45 B, W 7-122 FioR.
TG 0 0 40 0 0 45

** Mirror the geometry, to create the total geometry

R z=0 [ U RERR, b2ty 40, Wil 7-123 fios.
SY 1 0 0 1 40
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= =
==

1 o

Bl 7-121 55 3 IREHIRAL Kl 7-122  HREAIGE 2 Bl 45 B

RERIAY x=0 FIREXIFR, PR 80, Wik 7-124 FiR.
SY 1 3 0 0 80

Bl 7-123 B z=0 (K] JLATRSFR Bl 7-124  BIRLH x=0 HOTEXS PR

PR y=0 IIRERIRR, ARZEHE A 160, & 7-125 F11d 7-126 Fin.
SY 1 0 3 0 160
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SY - Specify symmetry of the geometry
Select symmetry for the plane x=0

() Electrical
() Geometrical () Magnetic
Select symmetry for the plane y=0
() None () Electrical
() Geometrical (=) Magnetic
Select symmetry for the plane z=0
(®) Mone (O Electrical
() Geometrical () Magnetic
Label increment for the new structures 160

Mate: For electric symmetry the tangential electric field is zera,
while for magnetic symmetry the tangential magnetic field is
zero

K] 7-125 52 U R Kl 7-126  FREUN y=0 KRG FR

** Scale the millimetres to metres
SF 0.001

** End of the geometry

EG 1 0 0 0 0

** Program control (save solution to a *.str file)

R W 7-127 B,

PS 0 1 1 0
** Frequency specification
FR 1 0 #freq

** Excitation of the 32 dipoles
** First plane (bottom)

SE S 2R, Wl 7-128 Fros.

PS - Control data structure
Save /read matrix elements
@END data files (normal execution) :

() Save matrix elements to *.mat file
() Read matrix elements frarm *.mat file
() Read *.matfile if it exists, else create it

Save fread LU decomposed matrix
(®) No data files {normal execution)

() Save LU-decomposition to *.lud file

(O Read LU-decomposition from *.lud file

() Read *.ludfile ifit exisis, else create it
Save Jread currents

() Mo data files {normal execution)

(=) Save currents to *.str file

Read currents from *.str file
@]

(O) Read *.striile if it exists, else create it

B 7-127 sk K] 7-128 5 EE— 2 MU
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Al 0 72 1 #pha

Al 1 152 1 #pha

Al 1 154 1 #pha

Al 1 314 1 #pha

Al 1 312 1 #pha

Al 1 232 1 #pha

Al 1 234 1 #pha

Al 1 74 1 #pha

Al 1 71 1 #pha+180
Al 1 151 1 #pha+180
Al 1 153 1 #pha+180
Al 1 313 1 #pha+180
Al 1 311 1 #pha+180
Al 1 231 1 #pha+180
Al 1 233 1 #pha+180
Al 1 73 1 #pha+180
** Second Plane

& S R .

Al 1 62 1 #phb

Al 1 142 1 #phb

Al 1 144 1 #phb

Al 1 304 1 #phb

Al 1 302 1 #phb

Al 1 222 1 #phb

Al 1 224 1 #phb

Al 1 64 1 #phb

Al 1 61 1 #phb+180
Al 1 141 1 #phb+180
Al 1 143 1 #phb+180
Al 1 303 1 #phb+180
Al 1 301 1 #phb+180
Al 1 221 1 #phb+180
Al 1 223 1 #phb+180
Al 1 63 1 #phb+180
** Third plane

& o = R .

Al 1 52 1 #phc

Al 1 132 1 #phc

Al 1 134 1 #phc

Al 1 294 1 #phc

Al 1 292 1 #phc

Al 1 212 1 #phc

Al 1 214 1 #phc

Al 1 54 1 #phc

Al 1 51 1 #phc+180
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Al 1 131
Al 1 133
Al 1 293
Al 1 291
Al 1 211
Al 1 213
Al 1 53

** Fourth plane
SE SCERE DU JZ (R Bl o
Al 1 42

Al 1 122
Al 1 124
Al 1 284
Al 1 282
Al 1 202
Al 1 204
Al 1 44

Al 1 41

Al 1 121
Al 1 123
Al 1 283
Al 1 281
Al 1 201
Al 1 203
Al 1 43

** Fifth plane
S8 SCE LR R Bl o
Al 1 1

Al 1 81

Al 1 83

Al 1 243
Al 1 241
Al 1 161
Al 1 163
Al 1 3

Al 1 2

Al 1 82

Al 1 84

Al 1 244
Al 1 242
Al 1 162
Al 1 164
Al 1 4

** Sixth plane
S8 SCEH N R Bl o
Al 1 11

e T e e S

R N e e e e e e e e e

I I = T R e R e e e T

#phc+180
#phc+180
#phc+180
#phc+180
#phc+180
#phc+180
#phc+180

#phd
#phd
#phd
#phd
#phd
#phd
#phd
#phd
#phd+180
#phd+180
#phd+180
#phd+180
#phd+180
#phd+180
#phd+180
#phd+180

#phe
#phe
#phe
#phe
#phe
#phe
#phe
#phe
#phe+180
#phe+180
#phe+180
#phe+180
#phe+180
#phe+180
#phe+180
#phe+180

#phf
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Al 1 91 1 #phf

Al 1 93 1 #phf

Al 1 253 1 #phf

Al 1 251 1 #phf

Al 1 171 1 #phf

Al 1 173 1 #phf

Al 1 13 1 #phf

Al 1 12 1 #phf+180
Al 1 92 1 #phf+180
Al 1 94 1 #phf+180
Al 1 254 1 #phf+180
Al 1 252 1 #phf+180
Al 1 172 1 #phf+180
Al 1 174 1 #phf+180
Al 1 14 1 #phf+180
** Seventh plane

& SR -BJZ B -

Al 1 21 1 #phg

Al 1 101 1 #phg

Al 1 103 1 #phg

Al 1 263 1 #phg

Al 1 261 1 #phg

Al 1 181 1 #phg

Al 1 183 1 #phg

Al 1 23 1 #phg

Al 1 22 1 #phg+180
Al 1 102 1 #phg+180
Al 1 104 1 #phg+180
Al 1 264 1 #phg+180
Al 1 262 1 #phg+180
Al 1 182 1 #phg+180
Al 1 184 1 #phg+180
Al 1 24 1 #phg+180
** FEighth plane (top)

S NZ BB, Wl 7-129 Fros.

Al 1 31 1 #phh

Al 1 111 1 #phh

Al 1 113 1 #phh

Al 1 273 1 #phh

Al 1 271 1 #phh

Al 1 191 1 #phh

Al 1 193 1 #phh

Al 1 33 1 #phh

Al 1 32 1 #phh+180
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Al 1 112 1 #phh+180

Al 1 114 1 #phh+180

Al 1 274 1 #phh+180

Al 1 272 1 #phh+180

Al 1 192 1 #phh+180

Al 1 194 1 #phh+180

Al 1 34 1 #phh+180

** Calculate Radiation Patterns

M izdy, W 7-130 FiR,

FF 1 1 361 0 90 0 1
FF 1 721 1 0 0 0 0.5
FF 1 721 1 0 0 45 0.5

** High resolution in the vertical plane
FF 1 201 1 0 90 0 0.1
FF 1 201 1 0 90 45 0.1

** Determine the power in the far field (1/8 sphere)

FF 3 180 18 O 0.5 1.25 1 2.5
** End
EN

)/,

p—
I
i

L

FF - Calculate the far fields
Selectfield position

i
() No calculation
| I ] @EFieIds calculated as specified bel0w§
’_, -|[_ ] () Fields calculated only in incident direction
. N i () Only integrate field aver area given below
I [] Calculate only the scattered part of the field

= (=) Directivity () Gain
T——-— Mumber of & points |1
Mumhber of @ points 361
e Initial & 90
| Initial @ | 0
] — & increment
. % increment | 1
— [] Compute spherical mode coefiicients
Kl 7-129 5 SCHUiD Kl 7-130 & L

(3) 5, MEgh g, 0=90° /K [ i s Wil 7-131 Fios, =07 M1 7 1711
g I E WK 7-132 Bior.
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Electric far field Electric far field

— IEtet] — IEtot]

3009-03-07 : zhuanzhu-6, zhuanzhu?-7 3009-03-07 : zhuanzhu-6, 2huanzhu?-7

K 7-131  6=90" /K V5 [ i s K 7-132 @=0" 1 By iz i

7.8 8 N b H K2Rk

AR R RS, ORI 3, Wl 7-133 PR.

e LRI04
H H 23 (A 0.25 mm
6\
&
@p

THFEN i, €, =16
B 7-133  HENF b R A AR TR

(1 MWASH.

** Wire antenna partly buried in the earth

* *

** See also: K.A. Michalski and D. Zheng, "Electromagnetic Scattering and
*x Radiation by Surfaces of Arbitrary Shape in Layered Media, Part II:
*x Implementation and Results for Contiguous Half-Spaces",

*x IEEE Trans. on Antennas and Propagation, vol. 38, pp. 345-352,
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* % Mar. 1990
** There is a comparison with NEC-4 data

** Some parameters

#alpha = 45 ** Tilt angle of the wire
#freq = 300.0e6 ** Frequency
#epsr = 16 ** Farth parameters

** Positions along the strip

#minus 1 = -0.0625 ** Length in earth
#plus 1 = 0.25 ** Length in air
#feed 1 = 0.1176 ** Position of the voltage source

** Segmentation parameters

#lambda = #c0 / #freqg / sgrt (#epsr)

#seglen = #lambda / 22

#segrad = 0.00025

IP #segrad #seglen
(2) FEIARL,

AL By Cv D UMY KL, s 7-134 Fros.

** Points for the wire antenna

#x = #minus 1 * sin(rad(#alpha))
#z = #minus_ 1 * cos(rad(#alpha))
DP A #x 0 #z
DP B 0 0 0
#x feed = #feed 1 * sin(rad(#alpha))
#z feed = #feed 1 * cos(rad(#alpha))
DP C #x feed O #z_ feed
#x = #plus 1 * sin(rad(#alpha))
#z = #plus_1 * cos(rad(#alpha))
DP D #x 0 #z
** Create the wire
X TANREE, WP 7-135 Bk
=0 ]
=1 i
=) rJI_I }{

EHA A
Bl 7-134 58 XPUASY AL Bl 7-135 58 L=AEREB
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BL A B
BL B C
BL C D

** End of geometry
EG 1 0 0 0 0

** Excitation

FR 1 0 #freq

PR C b SORRIE, sl 7-136 Al 7-137 i

A2 0 -1 1 0 #x_feed O #z_ feed
A2 - Add avoltage source to a node

@ New source | ) Add to sources

() Select segrment (®) Setsource position
Source at start of segment
Source at end of segment
Use default feed direction (like basis functions)

Positive feed direction like wite segment orlentation

Source label (see manual) -1
Magnitude of source {5 1
Phase of source {degrees) a
Coordinates of node
¥ fx_feed
v 0
z #z_feed

S-parametet impedance {Ohm)
Kl 7-136 & LU Bl 7-137 SR

** Earth (dielectric half space)

& X HUTH 20, &l 7-138 A& 7-139 Fios.
GF 11 1 0 1 1
#epsr 1

GF - Specify Green's functions

() Homaogeneous medium

(O Layered dielectric sphere

@ Planar muttiayer sussirate
Conducting ground planes

[] Tap

[] Bottom

humber of layers

Layer 0 Layer 1
Thickness  Infinite Infinite
5 1 #epsr
a (Sim)
tan
Loy 1 1
tan fiy,
R (ko3

Z-value atthe top of layer 1
Kl 7-138 2 SCHLTRISE R Kl 7-139  WoRHhm
** Print the currents along the wire
5E SCH LT o

os 1 1



B 7F  FEKO KARREL i &t s 215

** End
EN

(3) MEeh B, R4 B Rk Be L s FE A (D, Wil 7-140 F1E
7-141 7R
D EERPzEE & ££5H

K 7-140 T H%

Currents

— ICumert|

Lumert [mey

Segment number [¥]
2009-03-07 : zhuanzhu?-5

Bl 7-141  REB ERHRGE A (BHED

7.9 B9 BRI AR

AT S TG R EG RS o A RO/ S0mm X 80mm, 42 Ui F k) 31.1807mm
X 46.7480mm, PHAE 3GHz. 15 HEN BARERFO IR BN 8.9mm, WK 7-142 FioR.

>

W A2

K 7-142 4

(1) XS

** Pin-fed rectangular patch antenna on a finite dielectric substrate

** Scaling factor since all dimensions below in mm
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SF 1 0.001

** Dimensions of the patch
#len x = 31.1807
#len y = 46.7480

** Dimensions of the substrate
#gnd x = 50
#gnd y = 80

** Feed location and wire diameter
#feed x = 8.9
#diam = 1.3

** Substrate parameters
#h = 2.87 ** Height
fepsr = 2.2 ** Relative permittivity

** Frequency (for the discretisation)
#freq = 3.0e9
#lam = 1000 * #cO / #freg / sqrt(#epsr) ** Wavelength in mm

** Segmentation parameters
#tri len = #lam / 12

#fine tri = #lam / 16
#segl = #lam / 15

#segr = #diam/2

IP #segr #tri len #segl
(2) B,

** Generate one half of the structure

** Define the points

B AL By C M 3L 14 AR W] 7-143 PR,

#x1 = #len x - #feed x

#x2 = #len x/2 - #feed x - #gnd x/2

#x3 = #len x/2 - #feed x + #gnd x/2

DP A -#feed x O 0
DP B #x1 0 0
DP C #x1 #len y/2 0
DP D 0 0 0
DP E -#feed x #len y/2 0
DP F #x3 0 0
DP G #x3 #gnd _y/2 0
DP H #x2 #gnd y/2 0
DP I #x2 0 0
DP J #x3 0 -#h
DP K #x3 #gnd_y/2 -#h
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DP L #x2 #gnd_y/2 -#h
DP M #x2 0 -#h
DP N 0 0 -#h

** Dielectric substrate

T ME B0 I ST AR, 41FS 7-144 B

ME 1 0
i3 ME - Define a dielectric region
EK Type of triangles
O Metallic triangles in a homogeneous medium
Iore) (@) Triangles representing the surface of a dielectric region
() Metallic triangles representing the surface of a dielectric region
[aN] Medium A 1
BH Medium B 1]
Bl EE All segrments below this card will lig in mediurm A. The triangles
following this card represent the boundary between mediums A3
Mormal vectars ofthe triangles point from Ato B.
A 21 All tetrahedral and cuboidal volume elements following this card
have the properties of mediurm A.
&) rHote thatthe outer rediurm (extending to infinity) must akeays be
It rediurm 0.
N e S
K 7-143 8 AR K 7-144 € XA X
N/ A —
I BQ 5 X Jitifi, ik 7-145 B
BO B F G C #fine tri
BO C G H E #fine tri
BO E H I A #fine tri

Kl 7-145 € XA R
FH BP & UAY R, Qi 7-146 Fios.

BP F J K G
BP G K L H
BP H L M I

Kl 7-146 € XA R

** Metallic patch
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F ME R U0 T e R 24 @i, Wik 7-147 s

ME 1 0 1

ME - Define a dielectric region
Type oftriangles
() Metallic triangles in & homogeneous medium
() Triangles representing the surface of a dielectric region
(®) Metallic triangles representing the surface of a dielectric region
Medium for triangles/segments 1
Medium B 0

All segments below this card will lie in medium A. The triangles
following this card will be conducting, lving on the boundary betwe
mediums A and B. Mormal vectors ofthe triangles point from Ato E
All tetrahedral and cuboidal volume elements foallowing this card w
have the properties of medium A

Mote that the outer medium {extending to infinity) must always he
medium 0.

K] 7-147 2 X4 @i
€ X G JEm, WP 7-148 FTos .

BT D B C #fine tri #fine tri #fine tri
BO D c E A #fine tri #fine tri #fine tri #fine tri

K] 7-148 52 &)@

** Metallic ground plane

S8 S JE I, sl 7-149 s
BT N K J

BO N M L K

K] 7-149 52 X&)t

** Symmetry to create the full structure

& S y=0 P HERFR, il 7-150 Fros.



7%  FEKO SRAAEREL [ 41

219

sy 1 0 3 0

Bl 7-150  y=0 T fid 0 Bk

** Feed wire (will be a single segment) with label 1
E SUBHHZBL, Wil 7-151 P

LA 1

BL N D

** End of geometry input

EG 1 0 0 0 0

** Dielectric properties
SE XA SHL W 7-152 P

DI 1 #epsr 1

** Frequency
FR 1 0 #freq

DI - Set dielectric properties

Set properties for medium
Relative permittivity 5| #epsr
Relative permeability o1
Conductivity (S/m) T
Magnetic loss factar tan fiy
Dielectric loss factor tan &
Mass density (kaimt3) P

N pab S N w

Bl 7-151 s gk B Bl 7-152 & XA S

** Voltage source at the wire centre with impressed power
B 1 OB, i 7-153 Fs.

PW 1 1

Al O 1 1 0

** Far—-field pattern

€ SGEZH, W 7-154 PR

FF 1 73 1 1 0 0 5

FF 1 73 1 1 0 90

** Compute the radiated power in the far-field (only one half)
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FF 3 37 37 0 0 0 5 5
** End
EN

FF - Calculate the far fields
Selectfield position
() Mo calculation

() Fields ralculated as specified below!

() Fields calculated only in incident direction

() Only integrate field over area given below

[] Calculate anly the scattered part of the field

() Directivity (®) Gain
MNumber of & points 73
Number of ¢ points |1

Initial ¢ 0O
Initial % | 390
4 increment 5
@ increment
[] Compute spherical mode coefiicients
Bl 7-153 it gl K 7-154 2 BB K

(3) MEEER. 0=90° Mg E K 7-155 iR .

Electric far field

— IEtetl

K 7-155 ¢ =90° iz E
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7.10 5 10 XoF5E R 4

AL AR S A S S N R IR A& # L . ABIZR>I T 1! FOR-++ 1D NEXT ¥
SEJAHIPERE o e MBI T A S 1 . BB A 7-156 PR

Labels “-.~~_
Mo Hs Wi ~ P
O+ [Me @1 - 2 =
Cl2 @7 W S~ e
W Os S~ ——~
- —
H: W ~— o
~— \\\
\:\__. ~—
—~— T~
—
\\_\ \\
~ ~——
L S
S~

K] 7-156 X BRI HR LAy

** Analysis of a 1l2-element logarithmic periodic antenna
** (corresponds to the NEC example 5).
(D & XS

** Some definitions for the geometry

#sigma = 0.70 ** initial spacing

#tau = 0.93 ** scaling factor for elements

#len = 2 ** length of first element (the shortest element)
#rad = 0.00667 ** radius of first element

#Zline = 50 ** transmission line impedance

#z2load = 50 ** load impedance at the last element

** Frequency specification and segmentation

#freq = 46.29e6 ** frequency

#lambda = #c0 / #freq

#seglen = #lambda / 10

Ip #seglen

** We can either use a !!'FOR ... !!NEXT loop to construct the 12 elements,
** or we can use the TG-card. With the TG card one would create one

** element and duplicate it 11 times using the scaling factor 1/#tau.

** However, then the number of segments used for each dipole would be

** the same. Therefore use here rather a !'FOR ... !!NEXT loop construction.

(2) @B,

AT loop f¥AE XS4, ditit, BRI g5 Wk 7-157 PR, ZeBedi s Wik 7-158
IT

** Initial values for the loop
!'lfor #i = 1 to 12
VHif (#i 1) then



222

FEKO 5.4 FRE5 D MR 5 95| g

** This is the first element to be created, at origin

#x =0

Ilelse

**  Other elements with a certain distance from previous element
#x = #x - #sigma

!'lendif

**  Create the wire with the correct radius, use a unique

*x label #i for the centre segment

#y = 0.4*#seglen ** ensure that just one segment at the centre

DP Pl #x -#len/2 0
DP P2 #x -#y 0
DP P3 #x #y

DP P4 #x #len/2 0
LA 0

BL Pl P2 #rad

LA #i

BL P2 P3 #rad

LA 0

BL P3 P4 #rad

**  Apply scaling
#sigma = #sigma/#tau
#len = #len/#tau
#rad = #rad/#tau
!'lnext

** End of the geometry
EG 1 0 0 0 0

KB 7-157 W sdms
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g,
g, g La
‘u\_ﬂk -m‘vll, -0
a g 4
O -1
-EL,&__D‘ Ao,
0 ‘ELR_D\_E:Q“‘J-HQ“D\ Lo
O ”D‘Hi__g_h‘ Lo
O 4 -0
-&i%ﬂhl_ﬁmliL -0
J_DﬂﬂqL
Kl 7-158  Hothn s
** Create all the transmission lines (again a loop is very useful)
BUIE 11 AN, € 11 DR AR i
!''for #i = 1 to 11
**  Extra shunt admittance at the last element 12
'1if (#i=11) then
* AUy S N 2 E— AT b
#YS = 1 / #Zload
llelse
#YS = 0
!'lendif
* * Define the transmission line from label #i to label #i+1 (crossed)
& AL S A, Wl 7-159 FTE 7-160 Fios
L 1 #1 #i+1 1 -1 #Z1line #YS
!'lnext
** Excitation by a voltage source
s, il 7-161 Fros
FR 1 0 #freq
Al 0 1 1 0
TL - Non-radiating transmission line
() Rerove all existing transmission lines
(O) New transmission line
@éAdd to existing transmission lines:
W Cross input and output ports
Input port
(@) Selectlabel () Specify position e
-0,
Output port 'qu
(=) Selectlabel () Specify position *Q\Q\
" N L
 Calculate length from position \a\_hu\ 4'1\0\
Transmission line length () “‘U\-wk ‘D""{L__
L o A
0sses (dBim) ‘“\.g\ ‘n“{l\
Real part of Zo (Ohm) #Zline wn“”\u\ 'U\-Q‘
Imaginary part of Za {Ohm -0 A -
ginary p {Ohrry -y qﬂkl
Real part of shunt at port 1 ‘D\-Dk ‘L\D\\u\
Imaginary part of shunt Y at port 1 ‘Qa\q\\i \a\ﬂ\{k
Real part of shunt'r at port 2 VS \u\ﬂ“k “415&0\
Imaginary part of shunt % at port 2 ‘EL{Q\N \G‘IL‘
Input port Output port 0 2. L
A ‘QQ
Segment label #i Segment lahel #i+1 QJ:L

K 7-159 & ARGR I ALk

K] 7-160 BoRARFEST AL I
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B 7-161 it b

** Vertical radiation pattern
FF 1 73 01 0 90 0 -5

EN

(3) MELEER . 0 =90° [ HLIg I oA B K] 7-162 Fror.

Electric far field

— 1Etat]

2009-03-09 : zhuanzhu?-10

K 7-162 ¢ =90° [ HIzEis

7.11 B 11 FHEPTUCEC R R R LR &

ABNFER T R SP RBATEHPUINE . PIAMEAR 7R 2 FH BELPTICAC 9 2515t HE o A28 L ]
7-163 7.
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** Coupling between two half wavelength dipoles fed with matching networks
(1D BESH

** Set the frequency and wavelength

#f min = 400e6 ** Start frequency

#f o = 470e6 ** Centre frequency

#f max = 490e6 ** End frequency

#Nf = 10 ** Number of frequencies

#lam o=+#c0/#f o ** Wavelength at the centre frequency (defines the geometry)
#lam m = #cO0/#f max ** Wavelength at the highest frequency (defines the mesh

size)

** Segmentation parameters

#seg _len = #lam m / 20

0.001

IP #seg rad #seg_len

#seg_rad

** Geometry parameters

#h = #lam o/4 ** Half the dipole length

#d = 2*#lam o ** Separation between dipoles

#1 = 0.4*#seg_len ** Half the length of the feed segment
(2) AR,

B A, Wk 7-164 .

** Define the points

DP A 0 0 -#h
DP B 0 0 -#1
DP C 0 0 #1
C
2] =]
Port 2, label 2
Port 1, label 1
EA
Kl 7-163 T REM A Kl 7-164 58 X8

S SC MBI IR B T 7-165 Bs

** Define the lower half of the first dipole (without feed)
BL A B

** Mirror the lower half of the dipole upwards

Bilg ) — P I B

sy 1 0 0 2

** Create feed segment with the label 1

SE SRR 1 B, Wil 7-166 TR
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LA 1

BL B C

** Create the second dipole by copying the first
** Note that this does not destroy the symmetry

** Note also that label 0 is not incremented

[
HE
EA A
Bl 7-165 & AT 1 B Kl 7-166 & XiHE
H TG Fe X — 7, Wi 7-167 F1id 7-168 Frs.
TG 1 0 1 1 0 #d

TG - Geometry translation and rotation
Mumber of copies

Include by label
# Use label selection

Copy structures starting from label u]
ending at label 1
Lahel increment for the new structures 1
Include by type
¥ Include everything
Metallic triangles Cuboids
Metallic segments Folygonal plates
Dielectric trizngles UTD cylinders

Tetrahedral elerments G

Rotation around the x-axis TB
Rotation around the y-axis
Rotation around the z-axis

Translation along the x-axis #d
Translation along the y-axis I
Translation along the z-axis

Scale factor {after translation) JIA

K 7-167 TG k& X5 — T B 7-168 AEH R

** End of the geometric input -- write complete geometry to output file
EG 1 0 0 0 0

** Define the frequency
FR #Nf O #f min #f max
** Calculate the S-parameters in a 50 ohm system and write them to file

** Excite both dipoles as ports for S-parameter calculations

LR ELS
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DA O 0 0 0 0 1

5 PN o

Al 0 1

Al 1 2

TR S S5

SP 50

** Now we create a FOR loop frequency loop to allow loading the dipoles.
** We load the dipoles in order to cancel the imaginary part of the input
** impedance and then calculate the S-parameters in a system impedance
** that match the real part of the input impedance.

** Note that loading ports change the interaction matrix such that it is
** not a severe penalty to create a second frequency loop here.

** #Nf = -1 ** For the first run we need to skip this loop

T FOR {55R s SRt U5

!''for #n = 1 to #Nf

** Read the frequency and antenna input impedance from the prepared file
% SO NSRRI A AT

#freq = fileread("example 40.dat",#n+1,1) * 1.0E6

#Z2r = fileread("example 40.dat", #n+1,2)

#721 = fileread("example 40.dat", #n+1, 3)

** Set the frequency

FR 1 #freq

** Now determine the load to cancel the imaginary part of the impedance
** Note that we cannot use the LZ card as this impedance is overwritten
** by the SP card

1'1if #7i < 0 then

*x Negative impedance, add an inductive load

#L = —#Z1i/ (2*#pi*#freq)

S8 AT BRI 7-169 PR,

Ls 1 #L

Ls 2 #L

LS - Load segment with series circuit

Label of segments to load

Resistar value (Ohm)
Inductor value (H) *L
Capacitorvalue (F)

K] 7-169 52 Xk BL &

llelseif

*x Positive impedance, add a capacitive load
#C = 1/ (#Z1i*2*#pi*#freq)

58 LA BOLAY, W 7-170 iR

LS 1 #C
Ls 2 #C
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LS - Load segment with series circuit
Lahel of segments to load 1

Resistorvalue (Ohm)

Inductar value {H)
Capacitor wvalue (F) R

K 7-170 & LB

'lTendif

** Finally calculate the S-parameters (we won't write them to file)

** Now add the sources, specifying the system impedance

DA O 0 0 0 0 0

S8 SO, i 7-171 pros.

Al 0 1 1 0 #7r
Al 1 2 1 #Zr

(@]

** Note that we have specified the system impedance at the ports

** (This could allow using different system impedances for the various ports)

5ESCSP 2, W 7-172 Pis.
SP

** End of frequency loop
!'lnext

** End

EN

A1 - Add avoltage source to a segment
() Addto sources

(@) Selectsegment () Setsource position

Apply source to last segment with lahel 1
Magnitude of source (W) 1
Fhase of source (degrees) 1]

Segment centre

SP - Calculate S-parameters for active sources
W Ahvays add portimpedance to existing loads

[ Restare loads after calculation

S-parameter impedance {(Ohm) #Zr sz (rECERee {oli) |

Bl 7-171 58 SCEUh
At example_40.dat [ R X & 7-173 Fros.

K 7-172 & L SP 44

K 7-173

"Frequency [MHz]™ '"Re{Z_in matched load}" "Im{Z_in matched load}"
Lae 51.35807294752684 —-98.2444021797 8796
418 54 78298951857599 -78.496727 04243486
428 58 .55367334913904 -59.18669618038157
430 62.65276893582022 -48.118411916347 83
L48 67 8139975749256 -21.55B44496478654
458 71.562541891978687 -3.38173332666989
L68 76.22303428171883 14 4629088794097 42
478 88.95653423584226 32 .08598498817869
L8 85 .75948433192578 49 .62447813617278
490 98.78622025526948 67 19824349 843431

"example 40.dat"ZHA%
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(3) AR, SOQUIBLY S SHAE 7-174 Fi .

S-parameters

15111

— 1sz11

e =TT T SR S

e
Rl

[Apl simweed-5

R e e

-30

400

400

Frequency [MHz]

2009-03-09 : zhuanzhu?-10, huanzhu?-11

K 7-174  50QBHHLIET S BHL



