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Abstract

A gradient matrix method in conjunction with the transmission-reflection method to determine the
complex permittivity and permeability of a microwave material is presented. This method does not incur
the phase ambiguity due to an improper sample length, and is applicable to the measurement of low-loss

materials of a half wavelength. A gradient matrix for a coaxial cable sample is derived, and the results

are illustrated.

I.M4 2

(transmission-reflection method)o] ®o] Al&xx
t} A|7rd ool o] ykalRraje] Nicolsoni} Rosst'el)
ot Lo g Ao, 11 F Weirte] 2j3la]
Zahod ool th$h 7ol witx Rtk HA7EA S Nico-

loson-Ross-Weirgjo] g sto]al glom, o] W

%255} velolA §HEAL 2uFR fE, Hs
A, HAA BAT, Axbstel AT, A2 Ao
o 2 Sol $8HD Yod Y W 1 89 Hol
A otk olF fstels znF delolde gAY

M B ul§A 8y BA 588 AaAsel g

Fo% ARAEE MEARE BB BB B L e amn gadeiiey 2ages G897

=3}

4= (analytic) &8 AU e} o] wbge A A2
BEAAL B2Hr|Hogs = AlXeol wlwA 7hd

| o reEAT A B3e] el AR ek I
50 e Eulss = 5 z }
s W Fug Aol EHFol g3t urAMRIY E3] Alg oyl ¥l FH#H(guided wavelength) Bt}

7]o] 2| phase ambiguity”} ‘@43t group delay &

*IEEH, BiH LS EFER TS =4 3 ANl phased HAsfoIok gtk o] phase
{Dept. of Electronic and Electrical Eng., Pohang ambiguity & #3l7] 93l F2 T #hge} 1/4 Aol
Institute of Science and Technology) Ql A&7t *}%5101 gt
HEHFE 1992 6 A 5H o] ol BAHE shAsy] Azt v& ANE

(%] dA7e A= 11 9} =ufa}sted s o) S84 A 7]‘%101 Baker-Jarvis 5Po 23t #AlY

oitH] o = ERS.) At & o]=& Nicolson-Ross-Weir ol Fxd

(883)



FMZHE S

$Ne M2 2§Ele 2L FAES EIA 7]
Newton-Raphson $x|814 71H& HE&FoIN A&
Zold AFgle] BEARAAFE ALY £ ASS BACh
ag)a akA S B3t vy wtubte] AlE ZojeA
2He a7t HAYe Btk =§ AHEH B SHA
X AlE o)zt w wriate] A< wigl FulpollA
Nicolson-Ross-Weir ®#29] a7} @4H3tg wdch. 1
#J1} Baker-Jarvis WelAE B4 H{HER B
HEALS-S FAlol AT A AME del7} Ty vk
o] ALuE He FapdA gaelgo] Bebgsty of
o Foll v FERFgo] 191 viAg Aol disteiut A8
AR .

mab Qlejel Alg Zel, Ei’] Ty wtapapel Hojel
A, B2 A& vFEAES FA ALY F de
7|¥e] @7E Ut B ?3?01]*‘]—2—:— Nicolson-Ross-
Weire] $4)d 24 Fuljdd 2 (gradient matrix me-
thod) &7 2 &3le] E&AClE FE FHEIUOES
By 24 v{Ag0 B HEZARES FA Artske

WHE B

I. giAMETiH 2| o2

SRR B ARG S ik A+ Sy
2 ZqoRM A NRFAL 3} Bh VTAS 1S
AUSHE eld. A1 Lol do) B2 AR F

&

A ]% ve= 78 eags Jepde 79 1, 1,
moﬂA o] AA4L g go] FHE 5 Yok
E;=exp(—rox)+ Ciexplrox)
Ey=Coexp(—rx)+Coexp(ry)

Ey=Ciexp(—rox)+ Csexplrox) (1

7M1= ote (25
Tozjmz

e=g60=0(c" —je" )eo

o= o= (1" —ju" (2)

w—jumE AR B4 vsAen B4 uEREE U
E}““q' A} B AL Maxwell WA ZRE &

% glew, AAE At Bold AAZEE o843}
ki) ’E}T Ci~C:8 78 4 AUk &4 7|FE W (reference
plane)& A, B2 HEsa 4 1, 22826 AHAFE

TRyl o @ B

#HE 9 Fase 2% 15

port 2

28 1. A8s 33 F3A0lE B THERY
Fig. 1. Coaxial or rectangular waveguide sample
holder filled with material.

SEshd oldsh gol & & Aok

ra-r7)

Sn:Szz"—'W (3)
e _T(1=17)
SZI_SIZ" 1—-7-91—'2 (4)

Q7)H I'e d=cod we} WAA5E T A& 2ol d
of et WEASE U, k2 thed ol Aeld

o
To_ 1T
= Mo M
o T
F2
T=e" (5)

£35|, sample holder7} 5% FAolEY ZA$ L= olE
2 A5 of#fiel 4 63} o] vtEbd 4 Ut

=
N
T=e iw/nd (6)

Nicolson-Ross-Weir2] Al4b2le 4 345286 b3
o] FojH B

1+
ﬂr:_“*’—_——_‘z_
A(1 — F)‘/—‘—-XZ—
1]
1 .
(~—.—+ 5 )120
e,:—/‘z%— )

A7) A= (—dlnT) 2 Jolglm, BdUlHF AT 4



19924 11 A

= (Real[4]) "= Folxith. olo] 3t At go 2
a8 [2]0] 2 AFso] k.

. Gradient method 3 X& of

2132} 49] g 7] Asted, AA e mo] 2717
olefo} ol M Y,z xA o).

(o]

=

(8)

PR N

TR MM

o] YoollAl AbetA|Z=o] @3} error vector 4S5 thsat
o] Aojdirt.

— [ {(m) (cy
45=1S -
L 1tr
(m} (¢}
S =S
1 11i
(m) (c)
S -S
21r 21r
(m) (<)
S =S (9
L 21

714 ) HAF mak o AebAIFe] 2 gk AN,
obdl Mzt ri} i ArehA4e] 4ol &) 77}
ojmaith. o] 4 SulEjol oo} o] 4Y WEE &
Qj e},

A=
T

4S=[G]4Y (10)

1

A7NME [Gle BF 6—u F7HNA 712718 vehy
B g EA 4 119 o] Fojxm, 4Y M= ¢

el A WS UEE 4 1225 gelRh

_ —351“ 3Su, 38, 38,
[G]_ ael ae/r aﬂ, 8//
aSn; asllx aSIh asl]l
o’ oe” ou’ ou”
3Sa. 3Sa: 8Sa. 3Su.
o’ 2e” ou’ oy’
8Sa 3Sui 9Sai 9Sui (11)
| e’ 9" ou’ ou”
[ 4e”
< | de”
4Y = A’ (12)
au”

L8R GE

=+
&

(885)

£20%8 AR B 11 %

714 4V & 4 1002 7€) b o] T8 & Urh

4Y=[G] ‘43 (13)
[G]'e [G]9) S8 e Lehit). slxjatog 4130
ZHE 3 goll B3 M2 W Y, 2 oles} go] 7
& 4= ik

(1146,
v _ azAE,
Y]*Y(]‘*’ (ZgA/l’ ,05§a|§08 (14)
a4A,u’
AN ae e wEAE A7 AT 5ol

oldel #He 145 [2<10 o] H wrx wrEs),
I 4S || & 4S¥El2] Eucledian norm< oo dtch.

%% #lo|EZ sample holderol] g [G]E A4tsd
olef o} ).

aSs. _3Ss _ oS5

0z’ o7 Reall57]

8Ss _ 3Ss _ 9S4

9z” az” _I”“‘g[az,] (15)

A7 g=11 T 21z,=z' —Jz", z=¢ T2 polth.

ae)an HelRe o3 NS theut grh

ol’ oT
as,,_{“‘”a—f,‘z"a—s,}”“””
e, (1 =TT2F
+2TI*(1— TZ)<F£+ TQE)
OE, O, (16)
(1=TTF
_geyof OT) /g _ qope
aSH:{a 2 —2rrélla-rry
E (1—T°Ip
oT ..ol
+2T]—‘2(1—T2)(F£+Ta) an
(1—TT2F
oT or
&_{(I—FZ)Q—EY—ZTF&'}(I—TZI’Z)
% (1—TT°7
2T —m(rﬂ + Tir—)
O, o€,



FMI AR 4+ FHj s Aol ot B A FAE D £2pgo] AY 17
aT aI-' 7 MM RIRLINE SAMPLE: 14.817 MM(1)Real (2)Imaginary
(1 —r@)-——zrr—}(z—rzrz)
a5y _~{ Ot ol
e (I—T°T°F 2.9
8.0
verra-1 rik+r2h) e M\\
=TT sy 75
2 5.0
i § o
ar _ ‘\/Er— 20) & 3.9
o, (m +Je
1.8 (2)
ﬂ —]k()dw//_lr_ (21) e s e E.e ?"Ereqel'zteriiz 2.6 1.8 12.2
3 2Js '
_— (15Real (2)Imaginary
Je
or__ Jm (22)
ot (Y +Je F | O
>
aT _ ~;kodﬁ (23) " L.
Er 2/; <
a 2>
Q2.5
olgel AE olgsto] Mol ARY BAYSES y/“\\\
249 18 2h20) £ASAL. e m9) HF REE
%)

AR ol AR Hely Frtatel UehisiTh 8=
£47] HP8510B& AM&-3le AtaAls: S S s &
3tg e, HP BASIC/WS(Ver.5.1) 224 gradient
method ¢85S =g 1eslgch.
Sample holder 2% 7mm Air Line(Maury, 2653H) &
AHgEt o, Al89) Fole 14.017mmolth. &4 F
= ¥9= 4.0GHz-12.5GHzelw, @y sge 4
O0GHzolA 21.1mm, 12.5GHzA 9.7mmeo]c}. o] Az}
+ Nicolson-Ross-Weir W8 Al8-3le phase am-
biguity & BAe ditel AR St o] AlEE &4 g§Al
E7} 8GHzolAM 0.6224] #40) & B4 £33t}
A E AT FEAAE Feldly] Yt He
A BA(,,=10—j0.02, 4 =2~j0.01, d=25mm) ¥} n)
FAER WERAEY 277 Wi 2 EFH(e=100—
1100, £=100—)100, d=5mm) o} s}l AHIAFE 2]
33 44 93t AYMA o] uElES HEAZ A

4z
is

&7kl kel 10~20% oWz FolAW XZel 7}
A & 4 T2 YA A R3S GASAT =F
FEEL7E w9 wepx] 103] ol e wtB oz sHE F

L=

ZA3tnxt she 9o A FaeolA A® "ot 4
Bt} &8 Fgde WA 274 Bl Nicolson-Ross-
Weir Woz Ei4 v §d&3 HFALE ALty
gradient method2} Z7igte= & < gtk O g F

(836)

n . y L
a 9.0 18.2 11.8 12.0
(GHz)

7.a 8,
Freq.

2 L .
‘40 s.e 6.e

38 2. ol Alge] F4 FA(C, XC, X =
Fig. 2. Measurement results of a ferrite sample for
C, XC, and X bands.

ol A REE vt el A
ek

AHE g RVIA R o) &

v.gd £

E =M Nicolson-Ross-Weir F=2]ol] 213 Ll

PAHS ALt B4 vHEgd vREs Al
AR & e 7IEE AAEkh B mRe by e Al
B ZHolg} FH 7|FEHol dAHS W Fa v

A A 9 WY olUlelM A8e] Holg} AU

o A|Ft glol BEAYTE AEeHA AT 5 A st
o] WHHe A® o] 7} BT Bl 2 HS8ol= phase
ambiguity & ztA] o vZ group delayel 24 44y
2 34 et HE o] PHE Aed BH SN
= a7} AR edem, 4,/2 FA9 ARE Ao
2N 34 A8 Hag ¥ 5 U

2 £ XK



18 1992% 11 H

[1] A.M.Nicolson and G.F.Ross, “Measurement of
the intrinsic properties of materials by time-do-
main techniques,” IEEE Trans. Instrum. Me-
as., vol. IM-19, pp. 377-382, Nov. 1970.

[2] W.B.Weir, “Automatic measurement of complex
dielectric constant and permeability at micro-
wave frequencies,” IEEE Proc., vol. 62, pp. 33—
36, Jan. 1974.

[3] Hewlett-Packard. “Measuring dielectric constant
with the HP 8510 network analyzer.” Hewlett-
Packard Product Note 8510-3.

[4] S.S.Stuchly and M.Matuszewski, “A combined
total reflection-transmission method in appli-

cation to dielectric spectroscopy,” IEEE Trans.

B 2 BGEEA)

19614 30 384 19844 A&
gsta FHoe A4 9.
19914 ERFAUL ARA7]F
st} 2] (A1), 19914~
A zAEHs AAE7)Eo
Al FoAReks slolag
g a7 5ug 2 FHH @4, Aave] $§, o)z
23 Hz L e A 59

LT L8R L

EE BN

B2 AMR £ 11 W

Instrum. Meas., vol. IM-27, pp. 285-288, Sept.
1978.

[5] J.Baker-Jarvis, E.J.Vanzura, and W.A.Kissick,
“Improved technique for determining complex
permittivity with the transmission/reflection me-
thod,” IEEE Microwave Theory Tech., vol.
MTT-38, pp. 1096-1103, Aug. 1990.

[6] N.Belhadj-Tahar, A.Fourrier-Lamer, and H.Ch-
anterac, “Broad-band simultaneous measurement
of complex permittivity and permeability using a
coaxial discontinuity,” IEEE Microwave Theory
Tech., vol. MTT-38, pp. 1-7, Jan. 1990.

[7] E.Polak, Computational methods in optimiz-
ation, Academic Press, 1971.

W i BUOEEER)
19524 20 27 84%. 1974%F A&
Wtz Eaos AxEhd sl
19824 ©v1F Y27 istE et
2 W7 F8 AAL 1986% % oSt
u 91 A7) B8 kAL 19864 ~1988
A 4 2 e FPdista AL
. 1988% 5A~#A TeTHU Aapds)gst

9 s FRPRoRe AR, velaz

(887)



