B — % 5]

HtimCE S

WEL AT v NEREREENTEE B B
EHH BRI

AR R PR B TR SR
BA VAT LB LR IR

EFANY R Uy A T B TR AU A
MOHAMAD Shaiful Bin Abdul Karim

TEM B OB R ER L INEIIC DT o THE TE DMERHMIEEZ S Lo, Z OFHf
EITIER OB E L L B, BEREHERICADY, AT Uy REBFEITEICES
WTERY, BE R 2 B W R AR A T D BN, D72, HRIERE O
REI %, MEOFEERLHRICEDE CTHE T, SHEAMEIOFMEL FTRETH L. £
7o, WEtOEEMAIE B E RN OB A OMRY ZRFHIAT 2222k, Z)E
MR BT 5 2 b e KIBOBRFERE M, REPET 52 L BTHETHS.
COWEEOEBED A T ) v FERFEITEE, EFREEET, WHARLOT, BikRR
BE A B W N OFE &« OFLE, FIZEEmR L7oEEIZOWT, mREEICEREZRRE L
RDBHZENTED., i, ARERIEITHS, TP OEEREE (—Ho0—)
LAE)—FE (ETH0—) TABTES. - 0BT L 0 EH SN EHER
ZEERWT, ZEMEOSEOEEFEREZED HMEEHI T VY X AZB% LT
Z OMBFHIE T, [F— O#RERE 28R ENO OO R HEICEM L, EhE
NOBEFEFIBZRIAZNET S, WIOIZ, — oD EICEF SN @iz Ho\wT, —/E
DBERFHERDOHZEASE, FHEICL VG LN D EBZBREZ FZH OB R Z BRI
T4 T 4T TH. RIS, MOBERMEIZOWT, &9 —HFOEOEZFELRL IS
W, WEBBERE 74 v T4 v 7T D, O o0lEEY, JeREilEoERAER
DNHIEDBF LD ETHY KT, Fx OMEHZOWT, HlkRAREREY I 2 L—F%
HWERGBREEER L. ZOfEZARREM E LT, AMEEHMET V= U X AT
FVEEFEBREZHH L. ZUCkY, ZOMERHMET VI U X A0, WIHEE SN}
LENT-m N MEEZF L, FIHHEEED-50%2°5+110% 40 TV T & IERE 2R ELEE 23
ARETHLZ L2 Lz, 61T, PIMHEEOTNARERGE TS, HEIOMD K
L CHUORT 2 bDTh 5. £, BAEMMIORR, #HEREOERALER IO
SHEEBIC L AN SN L BHER L X MR R SY MRy KT — S TS
AP EBE DR FEHIERE 2% L, TROBEE AW 2170, Xy E R e
RIZH720, FEEPBELISHMITE A Z L 2R L. 51T, Z OMEBHEHEEAE,
BT, FEREATIRF DR FMRIL D 2% HV, RO ELZ LI L LWz,
HE T, MEZELSTWVRY NT—I T FIATFORENAETHY, Z OFHmENFE
f#, ZhaRHy, ERNTHDZ L2 REORITIZI VR L.



[k — 2% 5]
Abstract of Doctoral Thesis

Title : Determination of Complex Permittivities of Two-layer
Materials Based on Hybrid Electromagnetic Methods

Doctoral Program in Advanced Electrical, Electronic and Computer Systems
Graduate School of Science and Engineering

Ritsumeikan University

EFEANYR YA T EBVY TR AU LA
MOHAMAD Shaiful Bin Abdul Karim

An accurate and efficient frequency-dependent measurement method is proposed to de-
termine the individual complex permittivities of two-layer materials based on a hybrid electromag-
netic method. The sample under test fills only a part of the waveguide cross-section, thus the size of
sample is adjusted according to sample loss and precise machining of the sample is not required. In
this method, the inhomogeneous field distribution of the waveguide mode is utilized advantageously
and the unknown complex permittivity of each layer can be determined simultaneously by measur-
ing the complex transmission parameters of two different locations and/or orientations of the
two-layer sample. The formulation of the hybrid electromagnetic method does not include any ap-
proximation for simplification. Hence, the numerical method is highly-versatile and is able to com-
pute the complex transmission parameters accurately for sample loaded in various locations and
orientations. The method affords about 10000 times faster computation time and 7000 times lower
CPU memory compared to finite element method. An effective iterative algorithm is developed
based on this accurate electromagnetic analysis to determine the complex permittivities of layers
from measurement of complex transmission parameters. Virtual measured complex transmission
parameters are created by using a commercial simulator and the complex permittivities of various
tested materials are evaluated by using the iterative algorithm. These virtual experiments demon-
strate the accuracy, versatility, efficiency and robustness of the present method. Also, virtual ex-
periments show that the errors due to the uncertainties during material evaluation such as deviation
in sample location, length and thickness are less influenced. A real experiment is performed to
evaluate the complex permittivities of two-layer sample including a high-loss layer over the X-band
frequencies. The actual measurement shows the accuracy of the present method and also demon-

strates that the present method is calibration-independent.



