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Type of material

Graphene

Tissue/ Food

Phantom

Radome Absorber
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Type of material

OGIES

for 75 Years

Capacitors, substrates, PCB ant_ennas, ferrites,
absorbers, SAR phantom materials
Stealth, RAM (radiation absorbing
Defense materials),radomes
Ceramics & composites: A/D and automotive
components, coatings
Polymers & plastics: Fibers, films, Insulation

Industrial/ materials

Materials Hydrogel: Disposable diaper, soft contact lens
Liquid crystal: Displays

Other products containing these materials: Tires,
paint, adhesives, etc.

Food preservation (spoilage) research, food
development for microwave, packaging, moisture
measurements

Moisture measurements in wood or paper, oil
content analysis

Food &
Agriculture

Drug research and manufacturing, bio-implants,
human tissue characterization, biomass,
fermentation

Pharmaceutical
& Medical
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interaction of a material in the presence
of an external electric field.
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Permitivity and Permeability KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years
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(Dielectric Constant)
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interaction of a material in the presence interaction of a material in the presence
of an external electric field. of an external magnetic field.
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Electromagnetic field interaction KEYSIGHT
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STORAGE
Electic - > S—— Magnetic

Fields Fields
Permittivity MUT Permeability
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Electromagnetic field interaction KEYSIGHT
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STORAGE
Electic - > S—— Magnetic
Fields == Fields

Permittivity MUT Permeability
gr:fr_lfr ﬂr::ﬁ‘r_J,Ur
STORAGE
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Loss tangent KEYSIGHT
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NS = D — 1  Energy Lost per Cycle
Q Energy Stored per Cycle
D| Dissipation Factor QJ Quality Factor

or|
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Relaxation constant KEYSIGHT
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Water at 20° C

t = Time required for 1/e of O AN B AR
an aligned system to return Er IZ
to equilibrium or random I .
state, in seconds. : »
/C
most ene
f,
10 100 GHz
: E.—&
Debye equation: s(w) =6 +—=—=
1+ Jor
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Material evaluation KEYSIGHT

TECHNOLOGIES

measurement system

Composed by 3 main pieces:
* Precise measurement instruments
 Test fixtures that hold the MUT

« Software that can calculate & display basic material
parameters

The measurement instrument and the test fixtures are
determined by the measurement technique chosen.
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It Depends... on

v" Frequency of interest

v" Expected value of £ and yu,

v" Required measurement accuracy
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Which method is best? KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

It Depends... on

v" Frequency of interest

v" Expected value of £ and yu,

v" Required measurement accuracy

v" Material properties (i.e., homogeneous, isotropic)
v" Form of material (i.e., liquid, powder, solid, sheet)

v Sample size restrictions
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Which method is best? KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

It Depends... on

v" Frequency of interest

v" Expected value of £ and yu,

v" Required measurement accuracy

v" Material properties (i.e., homogeneous, isotropic)
v" Form of material (i.e., liquid, powder, solid, sheet)
v Sample size restrictions

v" Destructive or non-destructive

v" Contacting or non-contacting

v’ Temperature
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Measurement methods

vs. frequency and material loss
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Loss 1}
High
Coaxial Probe
r Transmission line ﬁ
Medium
g B Free Space
Parallel
Plate
\_ J
E Resonant Cavity ]
Low
Frequency
| | A I | | —
50 MHz 5 GHz 20 GHz 40 GHz 60 GHz 500+ GHz
Low frequency RF Microwave Millimeter-wave
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Coaxial Probe

Medium
Low
Frequency
| | S | | —
50 MHz 5 GHz 20 GHz 40 GHz 60 GHz 500+ GHz
Low frequency RF Microwave Millimeter-wave
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Coaxial Probe

Low
Frequency
| | S | | —
50 MHz 5 GHz 20 GHz 40 GHz 60 GHz 500+ GHz
Low frequency RF Microwave Millimeter-wave
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Loss /|
High

Coaxial Probe

Transmission line ﬁ

Free Space
Low
Frequency
| | S | | —
50 MHz 5 GHz 20 GHz 40 GHz 60 GHz 500+ GHz
Low frequency RF Microwave Millimeter-wave
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Measurement methods KEYSIGHT
vs. frequency and material loss TECHNOLOGIES
Loss
High

Coaxial Probe

Transmission line ﬁ

Free Space
Low
Frequency
| | S | | —
50 MHz 5 GHz 20 GHz 40 GHz 60 GHz 500+ GHz
Low frequency RF Microwave Millimeter-wave
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Measurement methods KEYSIGHT

vs. frequency and material loss TECHNOLOGIES
Unlocking Measurement Insights for 75 Years
Loss A
High
Coaxial Probe
Transmission line ﬁ
Medium
g B Free Space
Parallel
Plate
!l.:;.
'lm.::: = J
Inu\
"n
0. ‘\:
.6 .'.
Frequency
! | S f— | | —
50 MHz 5 GHz 20 GHz 40 GHz 60 GHz 500+ GHz
Low frequency RF Microwave Millimeter-wave
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Measurement methods KEYSIGHT
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Loss A
High
Coaxial Probe
Transmission line ﬁ
Medium
s R Free Space
Parallel
Plate
Y,
E Resonant Cavity ]
Frequency
| ! v | | | —
_ 50 MHz 5 GHz 20 GHz 40 GHz 60 GHz 500+ GHz
Low frequency RF Microwave Millimeter-wave
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Parallel plate capacitor system

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

l
\
1

C
_é tand = D
t

Er =

3 ‘\%,}«
WM E == =
AN 8 = S
\ ) | | misis) s E
= —— EuEe el
[lead Vit e =y
A\ \{ 8 = 1
\ 8 = 1= Jif==0 |
e — b i
e ) . 1
0 T o
) a
5

€0

Dielectric Test Fixture

‘ (magnetic
fixture also
available)
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Parallel capacitor technique KEYSIGHT
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i ™

Electrodes (Area = A)
Equivalent Y=0G+jwlCp

circuit - (Cp B G )
~ Jobo Co IUJE{:-

‘ Cp G Co : Air capacitance

. _[Cp .G )

g == -
r Co 'wCo
. t* Cp

fr =\a- Eﬂ)

~ Solid Liquid " = t
thickness =t r wm*Rp*A*€g
L. i
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Effect of guard electrode

Unlocking Measure

KEYSIGHT
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Edge capacitance (stray)

Guard electrodes

NP4

q

é{\\

Electrical field

@/—»C

J JEN

Electrical field
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Contacting electrode method KEYSIGHT
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s 3
Guarded electrode
Guard electrode
d g
l | l
dan J
tm —MUT
I | il
Unguarded electrode
L r
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KEYSIGHT
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Measured error
due to airgap

Co=Eo E Capacitance of airgap
Cx = ExEq % Capacitance of dielectric material
=T 1 7 = erfo ﬁ
[ ™
€arr €,-1
£x E,+ %1

=,
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Non-contacting electrode method KEYSIGHT
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o T

Guarded electrode

Guard electrode

) ‘a.d {in MUT
_Jv—(ﬁ —Y (s \i j/l
v | | tm
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Unguarded electrode
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Parallel plate measurement KEYSIGHT

methods comparison
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Unlocking Measurement Insights for 75 Years

Contacting
electrode

Non-Contacting MEDIUM
electrode

Thin film HIGH
electrode

Solid material with a flat 1 measurement
and smooth surface

Solid material with a flat 2 measurements
and smooth surface

Thin film electrode must 1 measurement
be applied onto surfaces
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e February 2014



 Introduction

* Permittivity and permeability
 Measurement technigues and systems
« Parallel plate

 Coaxial probe

e Transmission line

* Free space

* Resonant cavity

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Agilent Technologies

Agilent Technologies

February 2014



L o -

| probe system KEYSIGHT
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sitassrANLE

Dielectric measurement setup for liquid using the coaxial probe method
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Coaxial‘ probe

/ |‘[
il
i Solids
Semisolids (powder)
A
Liquids
N

Technique features:

Broadband

Simple and convenient

(non destructive)

Limited €, accuracy

Limited tan & low loss resolution
Best for liquids of semi-solids

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Reflection TT—
(S11)

S B 5 &
/

Assumptions:

* Semi-infinite thickness

* Non-magnetic material

* Isotropic and homogeneous
» Flat surface

* No air gaps or bubbles

.:::. Agilent Technologies Agilent Technologies
PR February 2014



Three probe designs KEYSIGHT
1. H|gh temperature probe TECHNOLOGIES

15.9—-1
17.0
q

|3.5mm L16.8
CONNECLor

471

Unlocking Measurement Insights for 75 Years

=—19.0

All Dimensions in mm

High Temperature Probe

*0.200 — 20GHz (low end 0.01GHz with impedance analyzer)
*Withstands -40 to 200 degrees C

*Survives corrosive chemicals

*Flanged design allows measuring flat surfaced solids.

.:::. Agilent Technologies Agilent Technologies
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Three probe designs KEYSIGHT
. TECHNOLOGIES
2. Slim form probe

Unlocking Measurement Insights for 75 Years

l, 229 mm Finish, Nickel 100 pinches

; .
200 mm >|

Slim Form Probe

*0.500 — 50GHz

*Low cost consumable design

*Fits in tight spaces, smaller sample sizes
For liquids and soft semi-solids only

.:::. Agilent Technologies Agilent Technologies
PR February 2014



Ll | .

Three probe designs KEYSIGHT
TECHNOLOGIES
3. Performance probe

Unlocking Measurement Insights for 75 Years

Borasilicate
Glass Zaal

| 150 !

t15 Tg5

L —
% ickel Ylated
Herm atically saaled on bath ands Stainless Steel | *Tungsten Center
24mm Male all dimensicns in mm T316L Body ||I Conductor

Cannactor II
L'Stainless Steel

Performance Probe e
Combines rugged high temperature performance with high
frequency performance, all in one slim design.

*0.500 — 50GHz

*Withstands -40 to 200 degrees C

*Hermetically sealed on both ends, OK for autoclave
*Food grade stainless steel

.:::. Agilent Technologies Agilent Technologies
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Coaxial probe system KEYSIGHT
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Unlocking Measurement Insights for 75 Years

Calibration is required!!!

(a) (c)

Short

Flange

Aperture ©_, )

erformance Probe

‘P/

High temperature probe Slim probes
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Coaxial probe system calibration KEYSIGHT
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W =w [hree standards:
Calbratenype UsaDefn Sancac| Air, Short, Water

Eo [T ||Eo [ioooooooooc | | Eo  [so4 .
e o e || AN, Short, Load
mpha 0 lApha 0
User Defined Debye Cole
| Air | Short
ICoIe—CoIe LI ICole—CoIe LI

Cole Cole-Davidson

Permittivity Data

.:::. Agilent Technologies Agilent Technologies
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Refresh callbratlon KEYSIGHT
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If the perturbation is small, the change can be
characterized by the measuring of a single
calibration standard.

Ac
e 10 10
Fm = Measured Si1
[, =Actuals
< = €yo = Directivity error
601 Ac €1 = Source match error

€10 €,;= Reflection tracking error

Ac;, A€y, = Perturbation term

.’::. Agilent Technologies Agilent Technologies
e February 2014



Coaxlal probe example data KEYSIGHT
The perfect martini

Unlocking Measurement Insights for 75 Years
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Coaxial probe example data

* perfectMartini.tst - 85070
File Bait View Caliocstion Messre Orat Table Ciply Prefeences Hep

M N e A N I o S Mt e e 0. 3
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=151 %

The Perfect Martini

1940

Fee Help, preas F

QShﬂﬂs HOO =

» _JC:\Docume... l-;‘ Microsoft P... |Flpufedﬂa...

T‘h.efe‘rfect Martini

Frequency

00000000 MH ¢
TAT 500000 MH
995000000 M x
1242500000 GHy

T1LES7S00000 GH 2
11685000000 GHz
12172500000 Gz

11370000000 GH 2
11617500000 GH =
11865000000 GH2
102500000 GH ¢
1360000000 GH 2
TLEDTS00000 GH 2
TLESS000000 GH e
15102500000 GHz2
15550000000 GH ¢
15.55750000% GH 2

.

19555

1545

Sras
10,4301
17887
1290
AR E]
15350
168902
160080
190058
200844
209968
nans
227916
255540
PR
2946

.
S
555559
MND
S0
51934
ELETE ]
49.1195
4 sm
15306

28378
22.83%
2N
205038
22.5425%
ey
227666
225058
22A%3
22793
22081
18661
215637
2412
21.15%5
20852

200
N85

AREIE RSO L Y 1o

v
S
559384
A3 ma
53
52.9520
sS04t
19,9089
62
458119
449
12 Bs3
4137%
98763

70783
1122

12600
.
H 0519
W52
290234
W28
2.9503
26313
K450
28299
240089
233587
21
2
216155
21.042%
W55
200524
W52
198815

183062
175488
17550
17.21%
160505

162612
159697
1576584
15an
157848
1,18
Wwinn
145559
wam
1HEn
139130
157681
1368
13
133056
130853
1Zann
128041

»

.
S0%y SKINS  S2m
T.4781 532196 75567

10,065 57.39%5 w2

1538 565305 11505

135674 55484 135304

A2 541249 150058

167180 528337 166668

1Wor s1.3me  vmee

193771 281 0202
205590 %E01 210G
FIIST1 453582 1908
21319 0Am 22508
AN QA 230582
25T N6 DO

D27 AN 0574
ZASTS IADES 2N
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Coaxial probe example data

* perfectMartini.lst - 85070
(File Bt View Calbation Messe Crart Teble Disply Rreferences Hep
CEFHE LSS m AW e B .w R

The Perfect Martini

wo*

e 4 Pt Gin, 1 Pt Veemeath

S0, GMy

T 200 pans Gie, 1 pan Vermouth

8172500000 G x

TLEI7S00000 GH 2
11585000000 GH:
212500000 GH e
12380000000 GH ¢

11379000000 GH 2
13697500000 GHe
13865000000 GH2

21210000000 GN 2
23517500000 GH ¢
23765000000 GHz
24002500000 GH ¢
24250000003 GH ¢

Q56M 29546

auen
LR
.193
nIm
38607
Jrnes
IN67S
HAT
.05
35.1768
ams
33508
ERREN)
RIS
nam
JL496
ELE Y
N A5
250
Rl
250
2510
23eu
20 A
210U
26,7046
.53
%0036
254512
25.3586
UN%
M9
.20
2). 0%
15600
212007
e
6760
224
nne
215609
nean
213305
21151
nun
2060
N
21654
200
1.7765
nAmE
MABY
w197
LBl
0.7%
wins
A
1.1056
w095
17.5007
7enn
174545
A0S
"5
1717

296250
1209
/.87
2095
297482
WEIE
296955
296007
2u10
294673
29 W9
29305
290424
2650
290464
200
BT
285042
25258
N
WM
w0372
27553
PREE
20449
3240
21360
269213
2 53Ky
266144
26407
26.30%
%074
254
257293
WEHTE
was
252667
12080
W2
250076
A5
244058
.m0
.09
.m0
15803
237087
IS
23,4005
nae
250
2913
2910
225450
26T
2an
2251
PrATr7]
219535
nmn
NIMT
21584
FAR L]
21.33%

KEYSIGHT
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205%0 NS NE1% AR 24391 22546 3
ZADETS 2N 21046 0602 20720 224008
M55 NAESE 205251 10163 231688 222514
201300 135055 200528 193070 226196 19737
105715 WA 19502 WAEn 2282 (SN
192322 194025 198815 193993 215926 21.4666
107651 1S A 1901 218Y T 12
103857 WAOE  1B62  1ENW 2655 00N
180221 %6512 175488 185499 MN.1948 207060
15882 WASTY 1PSI0 WA W2 05
17480 HI07E  17.27% 181563  19ANS 202572
169299 175840 IEDGS 11491 SRS 200090
16,7004 177548 166262 177H0 SHESN 197912
163712 175084 162612 1T M%7 195227
160502 13057 150687 1T M9) 1 105540
158308 171236 15768 1715 178576 190468
194680 %R 154100 1681 2962 1BE
15367 %6900 152844 1647 TRIM3 18682
150008 %4258 149318 154002 %7555 1845
TLISH MOTOL TTME 160335 %S08 18.2%0
145767 %0356 145650 160588 %2756 179
96T HATES 121 1A BaEES T
%A 150306 WMt 157000 15T7S8R 174553
135153 54541 129130 154000 155112 17809
1AL BIEY 1sTeE 1500 Bams  van
137182 951962 136M8 151571 151705 17.0857
13428 WS99 1D N0 WENS 1685
133506 MESEL 133056 WA WITIE 167U
1,220 MEIT6 130853 145590 M50 164763
12961 MSEIT 12900 AN WIAZ 160958
128567 MI33E 128040 W77 WI003  16.13%
126200 1900 126200 14711 0% 160000
126050 MATSE 125006 WMGE 135027 158602 i
124181 1.4 123016 133485 136831 156439
12205 000 1225 1300 1S 155
121578 10584 124577 1355M 134382 153276
12013 DATHR 1S DA D248 15249
109637 133458 1MAME 13302 167 150113
%2 AT NIETE 13.1%) ST 1488
WA AN NN 1N RS LR
1IR3 125423 16113 123067 WQIM66 B9
15252 125290 1189069 12385) 26562 1460
10AS3) 7307 NANS 120058 0SS W3NE
P22 NN NHBG 28 228N 28
12107 12506 1LEE 12aMa 0275 14 MG
101550 23461 111296 123205 02281 139515
"o 122922 109959 1229 M 121BM
100N 1.1480 105835 12,1293 120415 130605
10362) 126236 1084007 113979  11E610 136032
107976 119006 107951 19900 NEME 155699
107190 118308 107065 113045 11723 133939
109%5 116919 10500 1I56T 113672 1
10582 116507 10600 115069 115848 13031
105083 915575 108850 195392 114532 130882
104000 115504 0 1L 119572 15000
103740 113354 103428 11334 112954 128046
102406 110088 102251 112968 112 12819
10263 12251 1025649 19,1960 111605 12639
10,1380 110639 100027  10LME2 10341 125483
10,0205 110209 100792 10988 WI6IE 128628
100384  90.E8ES 100278 103681 W29 123408
99619 WAGN0 SN2 0N WAEEZ 122971
9957 MM 99618 107503 WEMS 12218
93875 WESY 9BT42 105603 WIS 12119
AN WASIE  WTIIZ WX WA 120541
A7684  N.5353 97672 105075 W50 119378
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CPAC Carbon nanotube rese»
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Unlocking Measurement Insights for 75 Years
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Transmission line system KEYSIGHT
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N etWOrk An alyzer Unlocking Measurement Insights for 75 Years

(

00 ood ggo
00 ood gogo
B 00 000 OOd

111

Sample holder
connected between coax cables

Calibration is required
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Transmission line KEYSIGHT

TECHNOLOGIES

Waveguide Unlocking Measurement Insights for 75 Years

Reflection

Technique features: Assumptions:

« Broadband (low freq. limited by « Sample fill fixture across section
practical sample length) * No air gaps at fixture walls

« Limited low loss resolution « Smooth, flat faces, perpendicular
(depends on sample length) to long axis

+ Measures magnetic materials « Homogeneous

» Anisotropic materials can be
measured in waveguide

.:::. Agilent Technologies Agilent Technologies
PR February 2014
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Transmission algorithms KEYSIGHT
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Unlocking Measurement Insights for 75 Years

Algorithm Measured S-parameters Output

Nicolson-Ross S11,521,512,522 e and py
Precision (NIST) S11,521,512,522 €
Fast S21,512 o

(85071E also has three reflection algorithms)
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Free space system KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Dielectric measurement setup for free space measurement
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To Port 1

of network analyzer
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Transmission

Technique features:

Non-contacting, non-destructive
High frequency (low freq. Limited by
practical sample size)

Useful for high temperature
Antenna polarization may be varied
for anisotropic materials

Measures magnetic materials

.
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Assumptions:

* Flat parallel faced samples

« Sample in non-reactive region

« Beam spot is contained in
sample

* Known thickness > 20/360 A
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Before a measurement can be made, a calibration must be performed
to remove systematic errors.
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Thru

Move the antenna away to
compensate for the
thickness of the short.
Move it back for the next
step.

Reflect

Move the antenna away
on a quarter-wavelength
and then back in the
original position.

Line
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ct, line (GRL) calibration KEYSIGHT
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Two Tiered Calibration

1 Two port calibration at waveguide or coax input into antennas
" removes errors associated with network analyzer and cables.
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ECal, SOLT or TRL
Cal done here
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Two Tiered Calibration

2 Two additional free space calibration standards remove errors
" from antennas and fixture.

Line
(empty fixture)

Reflect
(metal plate of
known thickness)
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Quasi-optical VNA measurements KEYSIGHT
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VDI WR-2.2 Quasi-optical
Extenders Dielectric
Measurement

Setup

RF, LO & IF
Signal
Cables

325-500
GHz

WE

« Quasi-optical dielectric measurements performed at Agilent

35 Agilent Technologies il TRl
5 February 2014



Brn il

THz graphene characterization
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Frequency extenders allow
measurements to 1.1 THz

10.1 1L 12

Frequency (GHz)

(d)

Measurement details

Frequency domain measurements of the absolute value of

multilayer graphene (MLG) and single-layer graphene

(SLG) sheet conductivity and transparency from DC to 1 THz
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Figure 7 Picture of X-band imaging and quasi-optic transmission
apparatus

Paper details

Terahertz Graphene Optics
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* Permittivity and permeability
 Measurement technigues and systems
« Parallel plate

« Coaxial probe

e Transmission line

* Free space
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Resonant cavity system

ASTM 2520 Waveguide
esonars ,

Agilent Split Cylinder Resonator
IPC TM-650-2.5.5.5.13

G

ASSOCIATION COMMNECTING
ELECT ROMNIGS INOUSTRIES

Split Post Dielectric
Resonators from QWED
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Resonant cavity technique KEYSIGHT
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empty cavity

fc = Resonant Frequency of Empty Cavity
fs = Resonant Frequency of Filled Cavity

Qc = Q of Empty Cavity
s21

Qs = Q of Filled Cavity

Vs = Volume of Empty Cavity

V¢ = Volume of Sample

ASTM 2520
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Resonant cavity technique KEYSIGHT
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empty cavity
fc = Resonant Frequency of Empty Cavity | ;
sample inserted &
fs = Resonant Frequency of Filled Cavity Qs i —’ — Qc
Qc = Q of Empty Cavity | |
s21 fi | f
Qs = Q of Filled Cavity s fc
Vs = Volume of Empty Cavity o =1+ Vc ( fc _ fs ) |
r
V¢ = Volume of Sample 2VS fs
ooV (1 1
=
4-VS QS QC
ASTM 2520
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Resonant cavity technique KEYSIGHT
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empty cavity
fc = Resonant Frequency of Empty Cavity | ;
sample inserted &
fs = Resonant Frequency of Filled Cavity Qs | —’ — Qc
Qc = Q of Empty Cavity | |
s21 fi | f
Qs = Q of Filled Cavity s fc
Vs = Volume of Empty Cavity o =1+ Vc ( fc A fs ) |
r
V¢ = Volume of Sample 2VS fs
sV (1 1
=
4-VS QS QC
ASTM 2520
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Resonant cavity technique KEYSIGHT

TECHNOLOGIES

empty cavity
fc = Resonant Frequency of Empty Cavity | ;
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Resonant cavity example data KEYSIGHT
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Bl 85071E option 300 ] : g I |i
. Measurement Method R I
3 Split Cylinde ~|
.1é Cavity Fs = 10.0362596 GHz

— Measurement Instrument Cavity 0 - 218883 Measure |

[PNa Series ~|

Sample thickness  [1-92 mm
— Instrument Interface

Set Range I
[DCOM |

GFIB Addess | & SampleFs = 966124915 GHz
Nwd Add I vl Measure
B Sample@ = 129627
Save Setup Recall Setup
Calculated er' = 2.05318
Calculated er” = 0.00046 Recalculate I
Save Data Copy Data
Losstangent = 0.00022
About E it Measurement Wizardl

Cont. CH1: 521 No Cor LCL
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Resonant vs. broadband transmission M’KEYSIGHT
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Resonant Broadband
Yes No
Low Loss materials . .

e, resolution <10 e, resolution 210-2-10-°

Yes No

Thin Films and Sheets 10GHz sample thickness | 10GHz optimum thickness ~
<1mm 9-10mm

Calibration Required No Yes

Measur((a:ment Frequency Discrete Frequencies Broadband or Banded
overage
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Summary technique and strengths KEYSIGHT
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Coaxial Probe
E

Broadbhand, convenient, non-destructive
Best for lossy MUTs; liquids and semi-solids

I
Parallel Plate
Accurate
gr Best for low frequencies; thin, flat sheets
Transmission Line Broadband

Best for lossy to low loss MUTs;
machineable solids

e and g,

Free Space 1 n. _
< Ny L] [fzp :: Broadband; Non-contacting
¢ d nd H, /TN Best for flats sheets, powders, high temperatures

e
L

Resonant Cavity

L5

Single frequency; Accurate
Best for low loss MUTs; small samples

r
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