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• Dielectric characterization

• Radome & multilayer characterization

• Non-solid material characterization

• Liquid characterization

• Effect of rain on a radome

• Conclusion & prospects
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Dielectric characterization (1/7)

3

Slab

Multi layers

Non-solid (powder)

Non-Solid (Liquid)

Rain

75-110 GHz

1998

26-40 GHz

o Slab model

 Parallel faces

 Plane wave

 Normal incidence

o Test bench

 Free space [S]: gaussian beam (mono-mode)

 TRL calibration: control of reference planes and phases 

 Measured data: no filtering & no averaging
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220-330 GHz
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 �� � extraction → S21.th(h,��) = S21.meas

o h measured

o Err(S21.meas , f, h, ��) = 0        �  �� �

o 4 S-parameter  model/measurement 

comparison
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Dielectric characterization (2/7)
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Initial guess
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Thickness (h) validation (3/7)

5

S
im

u
la

ti
o

n
 M

e
a

su
re

m
e

n
t

dB(S21)

phase(S21)

S
im

u
la

ti
o

n
s 

   
 M

e
a

su
re

m
e

n
ts

   
  

M
e

a
su

re
m

e
n

ts S11, S22

± 0.0125
(± 0.3%)

εr’ εr’ 

± 0.0125
(± 0.3%)

 h = 6.950 mm

 Mean(εr) = 2.9843 – j 0.028125
std deviation (0.00264)     (0.00296)

∆εr’< 1%∆h <1% 

εr mean value εr mean value

(no filtering, no averaging)

 h = 7,0 mm

 Mean(εr) = 2.9665 – j 0.02796
std deviation (0.00321)       (0.00370)
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 Values @ freq. points

 Mean value

 Linear regression
-==================================================

 Debye model
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J band test bench – G  la (4/7)
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Diagonal horn @ 280 GHz
measured gain ≈ 24 dBi

Full bandwith
73 % < η < 76 %
Seq ≈ 23 mm²  (31,22 mm²)

!"#$ %&'���:  �)*+ � 34 �* � 28 '0

Efficiency

Dist1

Freq (GHz)

Directivity (S=31,22 mm²)
Measurements
Model (S=23 mm²)

Gain (dBi)

1��.234 5 �26 '0

≈ 24 dBi @ 280 GHz
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o Antenna characterization: diagonal horn
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J band test bench – G  la (5/7)
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!"#$ %&'���:  �)*+ � 15 �* � 13 '0

optimization 
dopt ≈ 8.5 cm

Directivity (Lens diameter) 
Horn (23 mm²) +15,83 or + 14 dB
Measurements

Efficiency

Gain (dBi)

Freq (GHz)

Dist2

frequency ↑
lens useful surface ↓

efficiency ↓

φlens =   5 cm     flens = 100 mm       G ≈ 39 dBi.

= 10 cm            = 200 mm           ≈ 45-50 dBi

1��.234 5 �23 '0

≈ 39 dBi @ 280 GHz
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Rain

o Antenna characterization: diagonal horn with lens
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Usefulness of linear regression (7/7)
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Rexolite (biblio) : n = 1.59 (εr=2,5281) @ 589 nm

εr = 2.53 +/- .03 from 1 kHz to 500 GHz

no filtering, no averaging

�� results
---------------------------------------

 Values @ freq. points

 Mean value

 Linear regression
-==================================================

 Debye model

J band εr mean value
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o On incidence : S21, S12 only

 15°, 30°, 45°, …

Radomes, multilayer (1/2)
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TE, TM

S21, S12

dB

S21, S12

phaseha’

εra

hb

εrb

ha

εra

21

dB

S11, S22

phase

S11, S22

 Structure
o Glue included (a few  µm)
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Radomes, multilayer (2/2)
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dB(S21) dB(S11)

dB(S22)

0

0
,1

8

0,09

 Radar modeling

(no filtering no averaging)
 Coat of paints (ha =70-150 µm ≈ disturbance)

o (primer, base, clear)

phasehb

εrb

ha

εra

21
S11

dB

S22 S11, S22

phase

freq (GHz)
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Non-solid materials (1/4)
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 Pre-characterized cell ([A], [B])

o Powders (sugar, fine sand,…)

o Liquids (tap water) ⇔ seals

o Mixtures

[ TAMB]= [A].[M].[B]  hm fixed  εrM(f )

 Ka & W-band Cells

hM ≈ 1.305     

5.350 mm

[ SAMB] 

A M B

Electromagnetic beam

A BM

Slab
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Non-solid materials (2/4)

Electronics,…, physics 13

Slab

Multi layers

Non-solid (powder)

Non-Solid (Liquid)

Rain

εr av = 1.0049 (σ=0.0099) – j 0.0021 (σ=0.0104) (�� 9�: ;<�  � 1.00059.. – j. ?????)

(no filtering no averaging)

HM ≈ 1,305 mm

 Empty tank

Tank Simulations

Measurements

MeasurementsAMBS

1                  2
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Non-solid materials (3/4)
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±0.013 ±0.014

±0.018

±0.026

εr = 2.898 (0.006) – j 0.0474 (0.008)

εr = 2.160 (0.004) – j 0.007 (0.006)

±0.013

±0.014

±0.018

±0.026

Re(εr) Im(εr)

Re(εr) Im(εr)
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Rain

 Powdered 

sugar

 Fine sand
(no gravels)

hM ≈ 5.350 mm

�� results
---------------------------------------

 Values @ freq. points

 Mean value
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Non-solid materials (4/4)
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Slab

Multi layers

Non-solid (powder)

Non-Solid (Liquid)

Rain

Tank Simulations

Measurements

MeasurementsAMBS

 Powdered

sugar

 Fine sand
(no gravels)

1         2εr = 2.898 (0.006) – j 0.0474 (0.008)

εr = 2.160 (0.004) – j 0.007 (0.006)

dB(S11) dB(S22) Phase

W band εr mean value

(no filtering no averaging)

hM ≈ 5.350 mm
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Liquid (1/2)
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Slab

Multi layers

Non-solid (powder)

Non-Solid (Liquid)

Rain

Re(εr)

Im(εr)

tap water

1 GHz 10 GHz              100 GHz             1 THz

εr’

W

tap water

Ka ?
J ?

1       2

A M B

seals

 From εr(f)

o Debye model estimation
 εst, ε∞ & τ
 One single band : several sets of values

=� � =� >
?@A�?�

��<.B.C

HM ≈ 1.305 mm

Tap water S21 ≈ -37 dB/mm @ 90 GHz

Tank Simulations

Measurements

MeasurementsAMBS

(no filtering no averaging)
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Liquid (2/2)
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Debye model parameters from W band extraction

Ka & W band extractions
(but not the same water sample…)

Re(εr)

Im(εr)

Freq (GHz)
0

tap water

K
a

(2
6

-4
0

 G
H

z)

W
 (7

5
-1

1
0

 G
H

z)

 From εr(f)

o Debye model estimation
 εst, ε∞ & τ
 One single band : several sets of values

 Depending on the "quality" of the water  
(demineralized, salinity, impurities, ..., ° C)

=� � =� >
?@A�?�

��<.B.C

 On going characterization

o Ka, W & J bands using identical 

water sample at the same °C

o Various water samples…
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Effect of rain on a radome (1/2)
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Dry slab (a) Drop modeling (b)
Dry side     Water flow side
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PVC PVC

 Water “shape”
 Fine drops (spray)

 Large drops (syringe)

 Flow 
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H
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Effect of rain on a radome (2/2)
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Slab
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Non-Solid (Liquid)
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 Drops (constant volume of water)

o Modelling

 Mixing rule model       

 Empirical model

S11 S21 S22 Wet sideDry side
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for material 

development 

including 

physicochemical 

properties

Free space setup capabilities up to 330 GHz
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Transmission

fully validated

Reflection 

It must be valid

Calibration tbd ?

Conclusions

&

prospects

(no filtering no averaging) [S] measurements 

o Normal or incident angle (TE & TM)

(Absorber, Radom, FSS, metamaterials, ...)

 Dielectric characterization (εr)

o Slabs 

o Non solid material
 Powders

 Liquids

 Mixture

o Multilayer slabs
 Glue included

 Coat of paints

 Effect of rain up to 330 GHz

 Oblique incidence (reflection, …)

 Display the precision of results

 Air measurement (��.;<� � 1.00059.. – j. …)
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Thank you

21

Ka

W J

Thank you for your attention

Questions ?


