DIELECTRIC FILMS IN NEC2

“The use of dielectrics in NEC2 is not allowed”. This is a general topic.

However, this presentation shows how to overcome this limitation in case of
dielectric thin films. A film is considered thin if their thickness is < Ad/10.
Where Ad is the wavelength in the dielectric media.

PHYSICAL MODEL (Left) and ANEC2 MODEL (right)
of an helix plus dielectric sheet
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PHYSICAL MODEL AND 4NEC2 MODEL OF HELIX
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HELIX GEOMETRY

HELIX N=2.5turns

Da = Diameter at base
Db = Diameter at top
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MODELING OF DIELECTRIC FILM

The dielectric plate (80 x 80mm ) is modeled by a grid of 17 wires in
X-direction and 17 wires in Y-direction. Each wire has 16 segments
Each segment is capacitive loaded by CD (LD CARD option 1)

 m—

This CARD loads the 16 segments of
wire (Tag=1)

I|LDI 1116 0 0 CAPD

T Thickness of dielectric film
A, Grid segment length (x)

A, Grid segment length (y)

g, 8.85e-12 (F/m)

€¢” Relative dielectric constant

Capacitance loading in x-direction.
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If A, =A,=A then, CDx =CDy =CD (isotropic material)

{ CD=¢,*x(e"—1)*T  (F/o) }

T Thickness of dielectric film in meters (< A/10)
g = 8.85e-12 (F/m)
g is the relative dielectric constant

CD (in Farads) is independent of grid density (T < A/10 and A < A/10)
Figures of pages 9 and 10 shows effectively that the results at 1600 MHz
are the same modeling the same dielectric plate with 4 = 5mm or with 4 =
3.2mm and using the same value of CD.

Figures in pages 17 and 18 shows that the results are the same for
different thickness of dielectric plate if the product (g -1)«T is constant.

Non isotropic dielectric materials can also be analyzed. A, = 4,
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By experimental adjust of Cd to 2e-13 F/o, with a thickness plate of T=7 mm,
the relative dielectric constant is estimated. Measured foam effects are
negligible.

HH is distance of dielectric (at middle) to helix ground plane.

HH= 94 T-7

(F/I:I)} A=A, =5mm

2e-13 = (0.885 e-11) *(& —1) x7e-3
&£=4.2 (Estimated)
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HELIX ALONE : S11 MEASURED (left) & COMPUTED NEC (right)

Refl coef [dB] [50 akimm] #inec-hlat_out
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HELIX PLUS DIELECTRIC PLATE (T=7mm) VERSUS HH
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S11 VERSUS DIFERENT GRID MESHING (4NEC2)
nec-HLATAG6.out

34 £

Freq: 1825 MF AN
511:0.251 @@

T+A T thickness of dielectric film

4 * .
Cd = 80(8 — 1) " * (F/no) 2x grid segment length (x)
, 8rid segment length (y)
g, 8.85e-12 (F/m)
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PATTERN CUT VERSUS DIFERENT MESHING (4NEC2)

® parern. 00 S (® peten e | el

Show Farfield [Mearfield Compare Transfer FFtab Plot || Show Farfield [Mearfield Compare Transfer FFtab Plot

Tot-gain [dBic] i 0oz i Tot-gain [dBic] 0oz Yertical plane
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-16 ¢ dBic < 10.2
-43 < dBic < -10
-29 < dBic < 101

DIELECTRIC FILMS in NEC2 10




HELIX ALONE : RETURN LOSSES (4NEC2 versus CST)

| B | #NEC-HLAT.nec 811
7 CST® "l $11 -polar- HELICE :HLAT

Computed CST:Z20=50-Ohm
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1450.  1500. 1550 1600. 1650. 1700. 1750, 1800 L L L L L R R R R B L R
14 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9

GHz

11



HELIX PLUS DIELECTRIC PLATE: RETURN LOSSES (4NEC2 versus CST)

-dB- #NEC-HLATAGsw.nec 1511 _l:l 811 HELICE :HLAT
B 0 Computed CST: Z0=50-OChm
- CST® FLAT PANEL ep=4.2
o | | T=7mm ; HC = 94mm [TIM]
_ FLAT PANEL ep=4.2
4 T=7mm ; HC = 94mm [FREQ]
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HELIX WITHOUT DIELECTRIC: PATTERN (Phi=00° & 1600MHz)

DB #NEC-HLATC.NEC [1600MHZ [HELICE : H_LAT (CST)] PHI =0°; 1600 MHz
T T T RHACP
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HELIX WITH DIELECTRIC: PATTERN (Phi=00° & 1600MHz)
T=7mm; & =4.2

[[CST)H_LAT & PLACA Ep=4.2; T=1.0]

DB ‘ #NEC-HLATABC.NEC ‘1EI]I]MHZ

PHI=0°; 1600 MHz
4—<¢—& CST-FREQ RHCP
————— CST-FREQ LHCP

*—CST® FREQ

Directivity (dBic)
|
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HELIX WITHOUT DIELECTRIC: PATTERN (Phi=90° & 1600MHz)

DB | #NEC-HLATC.NEC |1auunnHz |[HELICE : H_LAT (CST)| Phi=90° ; 1600 MHz

®—@—@ RHCP

S CSTOTIM - /7 N (e
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Theta
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HELIX WITH DIELECTRIC: PATTERN (Phi=90° & 1600MHz)

T=7mm; & =4.2

2 el i |1suosz [(CST)H_LAT & PLACA Ep=4.2; T=70)

PHI=90° ;1600 MHz
: ; 4—4¢—¢ CST-FREQ RHCP
M R T e CST-FREQ LHCP

Directivity (dBic)
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00° & 1600MHz)

PATTERN (Ph

EQUIVALENT

HELIX PLUS DIELECTRIC PLATE
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90° & 1600MHz)

PATTERN (Ph

HELIX PLUS DIELECTRIC PLATE
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