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Propagation Properties of a Left— Handed Material Five—Layer

Slab Waveguide Containing Dispersion
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(1. School of Physics and Mathematics, Changzhou University, Changzhou 213164, China; 2. Depart-

ment of Foundation, Changzhou Communication Technician College, Changzhou 213024, China)

Abstract: Propagation properties of the TE mode for asymmetrical five—layer slab waveguide with left—
handed materials containing dispersion as core layer was studied. The influences on core layer's dispersion,
thickness and cover refractive index for waveguide were concentrated. And the results were compared with
five—layer slab waveguide with left —handed dispersionless material. The results prove that guided and
surface waves can both propagate in the waveguide; TE, mode only has surface waves, TE, (order m>
1) are guided waves, TE, modes not only have guided modes, but also the surface modes, and there exist
two— mode phenomena. In all TE,, (order m=1) modes exist two— mode phenomena.
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Fig. 1 Structure of five layer slab
MM m L il 150518, 4Gl ik
fF, e TE B @R
2kd=mmn—+

g Ak

arctan[( o1pk tanh(artanh(mp +P+1d+])}+

arctan ':Co %

tanh(artanh( ap er d 1):|
1

(D
:/11//12 s Coy :,Uo//l—l , Coyp =
— =1 BRI

Coi = o //11 » Cop
po s = =p

185 1) BE U R = m, r=—2, 2, —3,
3,@E%%&§ﬁk=

«/slm s ABREHE B =k N, N NE T4
B, HEWH R = fy m WEEH O, 1, 2, -, X

I AN (5 B R 4 i S SRR RIS AN A

X AP T BRSSO S R 7 2 DAY
B, WHE N> e » 2P L BUBEAB L. M
ME (D K r=ik. ch%/ —eim s BHAY

A (D X, w52 RS FRT m=0, 1
i /O FE

2ikd=mmn—

iarctanh |:C01 b » tanh (artanh(/u ol +p+] dy ) ]

K

b

K

iarctanh|:Cofl . tanh(artanthsz—Q—pﬂdﬂ)]
1

(2
ARSCH ST TE 8L, Xb g 0 58 07 12 W)
T TM L,

2 S ST

2.1 H RS TR R T A £ 1 £k

CHUZE TR EEA R L, BT e 0y 5
WALTEIR o AR, IR T e (0) =1

< Fo' S LR

SO @) =1

=10GHz, W54 RBHE (SRRS) ewmm%?—f

4GHz, R F=0.56"", e (o) Ml p (o) B
G R A5 2 HL A T BORIE - S 22 (R ) Sy 671 0 0 2%
YL A 25.13—32. 67GHZ™ ,
2.1.1 BHEEBEEHEE

B on,=1.15, n_, =1.10, n;, =1.05, n_, =
1.08s d,=0.0lm, d_; =0.009m .t 2 72 T # ¥}
JERE 4y 5k d = 0. 005, 0.010, 0.020m, W 5 2
FARE R TE, B E st L’ 2 fian, N2
AT IR, o ZWE, BN GHz, HEZXS N
L, XN RTAL, B aA&k AL B EAREZE
RIRELR 43 L4, TRk A B B2 0 S 09 R i
BEIX, a2k BT M2 o 5 FR SR I, )
SFRIX, R A WS =0, % B RBYH
AT ] 15 HEHZ%,

SEGEN RSN, TE, # 1 K
B, HLBfE AR 1S R T S5 R B N . TE,
PEREA SR AT RIEFL, m=1 WA I SR
57 IR, BIXS TR R A, e A
TEAE WIS R A% 46 o B A J =X

XF L 3 AR E B ot 2, aTLLR . @
d BN, F TE SRR —&: ME Jd W



+ 54 - FMRKFFR (BRAFR

2011 4

B, K E W AT BT B IR B AR AE Y 45
WL 25GHz; QWA 4 3K, BN BT
RNFRL M TE, #58Ook B 2 r JHk A, R X
TE, 5 TE, UL I 145 208 3% N Bk i
/N5 IR]— B 3R 14 B R % A6 IS v T LA R AN [
ML HE w8, BV A WAL, d<70.010m Hf,
TE, BB & M AE S AE R AL X ; d=0.010m
BF, TE, U 2k 0B A A5 76 2R A 5 5 4 4 S
by d>0.010m Bf, TE, XU K 09 B (4 507
TR, BEE LT RZEENE R, TE W
PR 2K P BB (L st %o 7 P AT R 8 A, L ph 8 T A X )
XL, AR A T R N A D .

i d=0.005m

>
gl
6 4
m=3 .
o
2R
B
U
L d=001m
14
124
o |
A
8
m=4 4
4 m=3
T
B
ok

d=0.02m

L L L 1 L
28 29 30 31 32 33

B2 26BFAREE S ETEIRESHERMNE
Fig. 2 The dispersion curve of five slabs LHM Waveguide containing

dispersion with different thickness
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Fig. 3 Frequencyand effective refractionindex N vs thickness d
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Fig. 4 The curve of TE mode with different cover’s index of refraction
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Fig. 5 The curve of TE mode with cover’s index of refraction greater

than core layer’s
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Fig. 6 The dispersion curve of LHM waveguide
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