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Improved Macro Cell Method and Its Application in Extraction of
Dispersive Characteristics of 1D Artificial Periodic Transmission Lines
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Abstract: In view of the poor time-efficiency and generality of the traditional macro cell method, an improved macro cell
method(IMCM)is proposed, capable of extracting the dispersive properties of any 1D reciprocal artificial periodic transmission line
(APTL) with finite periodicity. Key to the IMCM lies in that the multiple-root problem of the initially extracted phase shift constant
is transferred to the problem of judging the starting frequency of the phase unwrapping, making it easy to determine the uniquely
correct phase shift constant. Since the electromagnetic coupling effects among unit cells of a periodic structure are rigorously consid-
ered in the IMCM, both the dispersion and Bloch impedance characteristics can be accurately and effectively extracted with simula-
tion or measurement only once, however strong the coupling intensity is. As examples, the proposed IMCM is applied to extract the
dispersive properties of the classical reciprocal asymmetric microstrip composite right-/left-handed transmission lines(CRLHTLS ) in
the unbalanced and balanced states, and the extraction results are compared to those from the traditional eigenmode method , unwrap-
ping method(UPM)and single cell method. Furthermore, S parameters of the microstrip CRLHTL are retrieved using the extraction
results of the IMCM and the UPM, and the former S parameters coincide perfectly with the full-wave results, confirming the accura-
cy of the IMCM.

Key words:  improved macro cell method; artificial periodic transmission line; dispersion and Bloch impedance characteristics

1 2= A BIURN Bloch BHHTRF P M S BT 1) S5 T o ff 8
) TP R B2 BT T 02 VR A Z0 1] APTL 43¢ 4 I 412 £ JH:

U TSR0 6 (Antificial Periodic Transmission {832 TR IO 11 15 . 1655 6L BOPERR I %
Line, APTL) 1 3187 U G038 5 9% A0 % S 0 #8440 02 0 4F FEAH =F :*%ZIK?ETﬁﬁij&‘(Eigenmode Method, EGM) ,
Rt RGP B FE RS N TR AT U B4 Jy 1) L3 i % 2 TC LN Floquet 11 5 74T

R H 3. 2013-07-15; & 18] H 3 : 2014-01-22;; FEAT i F0 5%
FLETH - R E R EEA BRI 55 %% (No. K5051202007) 5 5K H AARl 243416 B35 H (No.61271017)



1958 H +

2 2014 4§

AHERL 3BT, PRGBS gkt T B i) 190 45 g ) e B e
SRTTZIT R AR HAE I, I B & A AL RE A A7 R S 1
ST B A0 R, A R S 4 Al b T i B H
BB 3R b 23 7 A KR 2515 R il s SR ik
(Unwrapping Method , UPM) , 3 15 X FI% J&] A 45 #4) {5 L 5%
DR A5 1 Sy, W B8 FAR LR A T A 25 58 ) SR Ak s 30 fRL i)
R AR 58 10 A A BR JS 1 4544 52 BLAY Bloch
RELC -5 3 11 BEL 70 AF 25 IF A2 7 R R 10 19, T X — 2%
T AL BE 1A PRI Ak i 7 3 = 72 L0 ifd 75 (Single
Cell Method, SCM) , BJV AR 4 B G Jfd 7 1. sl 0 42t o 43 19 %
S %4E 4 Floquet-Bloch [ B R 1154 J& 1] 45 #4) Y (6, 1Y
PERE , 1% 7 125 AR AT 58 i &4, AEL A JE ki S e ) 1) .
AL, 4 70 1) PRI iR b, B e

2011 4F, Valerio 2 H{ T % JC M & ( Macro Cell
Method , MCM) ™. FIF i “ 22 JC J ™ 2 JET S0 4 g v 224> 4148
JUHLA A, 7T 56 # Ok BE 0 1] VR 1 37 1) AR R, %
TR TCHIit LA Bloch 4387 AT 57 B ff A5 3 98 4L o, (HAHFS
WH B HAFAERT A (L. I, Valerio 156315 T
JRH N A M B B R A SOC I H N, MR P
H R BRSO =A% T A AR 1) A i R, R A X
AL W SR AR L AR AR AR AR, S 5 K X 02 T 1] 38 2R
HIAAE(E 73 50HF N, M AP O, 54 G RS S
JrRs W 2B bR T TR E L, A RS E %
TR B R AR i R I A AR AR AR, B JE 6T I AR HE AT
SXRRCARAT: , BV AT SR A Hh ME— IE B 1 8. 5 EGM A L,
MCM 3% FIRIEFE X 52 A7 BR A W1 254, & i ve 1% ¢
SCM Jo it K ot il 8] RN i 6k L S8 T AE AL 3 B
ZARLIBN RS AT AAAE P T T AN AL« — 2 /D5 SR P AS
JUHEE A TR] (4 2 J0 MO AR 3647 fy L B 4, 5 300
IR 5 55 —J7 T, — M X 1 50 S e &4
FIFEAT 5540 Sl E 0 1] B8 F I 45 44, 208 22 v T o
I P A i R 5 SO ) S A S A Al A I SR AR A
TE HERCHIN T AR 1 B0 50 10 A% i L BEF 1) M — AR AR AR
B R AL

R AR VR S T — bl 1 2 e (Im-
proved Macro Cell Method, IMCM) , Bl B UPM 1Y B BAE N
—4E APTL 1 8 3 RUMA , X 7 Je Ml it A Bloch 43 #7 2K fif
B RIRE K5 Z W] UPM 9 B R4 T L X, k48
B B ME—KE 1 fif . IMCM. B9 AS B2 B 1Y) 22 fif [R] %
A A X6 [6] — J) 39 85 A ARG it 45 % B G A0 R 1 4 5 )
RIS AR A i A G e A0 B A L 2 7% R
REA% AR 48 J] 100 45 1 1) 40 B R 14 AR A, A0 X 1 BRI A
TAEML, Z ML S % AL T E WAL . IMCM JE 2 {5
sl 22> 2 U MR AR, I 0T JEL B 45 4 1 5 2 AR EE LA
O B 5 5 B AN SR, DR I R A B G ) e sk
FHE P SCH R e AR T IMCM 1 — i AR B A

FH IMCM F3 3 32 3801 =~ 7 285 0148 285 1) B B A X Bk
Wy 2 A A2 A F % i 48 (Composite Right-/ Left-Handed
Transmission Line, CRLHTL) f% £2, ¥ F1 Bloch BHT 4544 , ¥¢
Z 5 =M 58 Ty v SR IAE SRR AT 17X L d S KR
TR BE , FIF IMCM H1 UPM 19 1% 4% % S0 A Bloch
FEACARE TS AR 1Y S S50, 15 2 Ui 5 S
ZHIAT T
2 IMCM H—fg it 38

SEBR A —4E APTL, TGI8 & XK A s .2 1Y,
H A MR8 TC M ] A7 7 [ A 1) 3 20335 e S i 5 LA 2
BIHOT AT BN A b 2 R SO R A 0N, T K
XEEAHLR IO I ZH B A L 2 O ML . —4EH. b APTL 1
CRAERIGNIE 1 BT, 35 n A T M O 0 U — A AR X
JE A — A 2 g P o A AR P T DGR

In+1
-

—o— —o—

%.5 +%1=~
%

T T V| T
— P -
¥ z
E1 —4%HFAPTLHMER
( Vn) T ( Vn+1) (1
[n, - ]n+l )
T]l T12 N — N
s, 7= ) BeAbEE T R T R
21 2
TR MR SRt A A
“aj__%uj )
I/1+1 - ¢ In
Al UL e SRS T WEHIE(EZ — , 2 € = e PIFELT AR
1.0 _
‘ T- 51’ =0 (3)

REFFATY
T]szz—%( Ty + Tn) +é— T, T, =0 (4)
EXbrwi INRER 7 Y

Ty Ty-TeTy=1 (5)
B GRAK(4) 15
s+i€:T,1+T22 (6)

ﬁﬁwﬁﬁmzywﬂézw%ﬁ%T%Wfﬁﬁ
8, 43I B + 2 [ 3 AN — 2 9] B3 ) B9 Bloch A%
Wi X W 5 APTL ELAT 5 380l 1 8 G 56 g ok —
FERER B v NGB SR =0, « =0 0,

€] = ‘%‘ =1, APTL JC#E; 24 APTL f5 #EHT, o >
aﬁwwulﬁL§>Li%mwﬁ%mgﬁﬁﬁ




% 10

FREIR < Rk ) 75 T MR MO — 4 N R a2 (5 B E RESR BP9 1 1959

PRFNA D A5 FE K R sy 11 A BELA7C A D P T 75 | 7 1) S
I, LA o >0, bl FIWT S B & {H. T2, 40
M T ik —22 3R

[E 0]
T=C: 1 |-c! (7)
0 %
Hrp € R T ARV AE B . 2 2o & v A
PrCHIE , HRSAE AR Ty b
TIN TZN EN 0
T,=| "  =1=cC C7 (8
" [sz' Tm] U ®

Ty A3 ik i 7 5 S g 0 o A, e o 30 (8) B ] oK
i Ty B BLAGAE R €, W — 48 1. 5) APTL f €3 1R
PR

N
a=_ln}é| (9)

N
B=—a—rg]%—2ﬁ“,mez (10)

Forpr angO) /R BUIE A 108, m 4 B IEEEIR 3, AT L @
AP () BLHESRAR M0 B AAF 7 4 faf 155 4% P — fit 14 1]
1L 2 IEFITE UPM & MRS 4 gl 32 7s hy

e _ =" (Sn)
B pped _ Np( 2) ! (1)

PR (5 B 8 3 Pr R A5 1Y) S, A V38 5 FE = 180° B 3T iy
BR, — @ummred (S,)) IR ATTE = 180° Y [l N AR FL 11 S, AH
P TRRELE, USRS IE LRI B, 1 ¢ XF N A AV fff 45 5%
AR A AL A, 30 5 TIAR AR ] S0 45 R A B 1) ) B R 0L
ZAFE]. s (10)Fn (1) WAL 72 IMCM &Y B AR T
UPM H Sy, X m BEE I3 SR E S aod Sk e Ak Sy
Xt UPM BB % 4 ¢ Bz

m= Round[ - ]EVTBE ( [)"‘"mppe‘i + gg]%) ] (12)

A Round[ 7 2575 10 & AU NI ¥ 25,
H (7) 30— 515 3 0 S B 2 A5 9 B T A2 i
B T, 10637 2 (1) 01 (2) BV AT 4556 B P A A & %u%é@
SFAE Bloch FH3L 23510

Zy Ty
= - — 13
Z, = "E-T, (13)
A T
B — 12 (14)
Zy 1
E - Tll

CZg TR Zy 7 r N F R TE ) SR RS 1] SR Y Bloch
BHAT, Zo S B AT LS B 5 AR X AR 1K) APTL B
A ME— 19 55 SR A TG O A A 4 8 v, (HH Bloch BHL
FURAME— 11, & P TR0 A

3 IMCM it &L

87 CRLHTL JTHEZE # AN & 2 Fras, JoiE i sR R AY
AEHE LRI R 1 B S 1T IR S B, 244 R G S B R
W RIS S PR AR AN SE I, FR CRLHTL Ak -
B, R 2N AETAE AR 10 TTHUHGE CRLHTL 5 2% &
WA 3 s, SCh AT BT L& R Ansoft HFSS, 7E4)}
B AR, SR BE v YU Y A5 0T U v 11 P 5 T 5 E
Uity 11 A1 CRLHTL 22 [R] 4% B I — Bz 50Q MIFCHs 14k, P
K 1 S R Z0ZE S CRLHTL I HE4AL .

p

—

B

el

&2 ﬁ‘%CRLHTLfBé@%W

T # A S8 p = 7.655mm, w, = 2.575mm, w = 0.3mm, w, =
1.0mm, [, =7.5mm; P 825 p = 7.655mm, wy = 2.575mm, w =
0.3mm, w, = 1.0mm, [, = 5.4mm. 33 L2424 0.3mm, 4 5 3 5 A
AL EL e, =2.65, 21 h = 1.0mm, BFESMA IEY] tand = 0.002

% 12 %1

i
[}

B3 3K 910 C R CRUBTL AT SR B SOQMER,
98 BEw ~2.575 mm, SRS 1, Z6HURER AL AR
e Sy

B 478 T B A A0 CRUATL @ scke Y M-
CM $REUZE R K 4(a) o 10 JCHAR - #2530 CRLHTL
W) S SHOFEER, W T 2% ST AL Tl
W Z (B A REAT , BRIl 4(a) A58 B9 3.31GHz, 5 JCHETH
TS5 IR B 4(b) 2 T 5 JUHR 10 ST E-F i 25
CRLHTL /) — - Bloch #5 5% i Bloch £5 11 1% iy i B 2
E 2% UM A 22 A Tl s S LR g B B /N1 1077, 3%
BB Bloch B (5 2= S 3037, JT 10 BB AL B, BT S LAY
CHRETE RN A ER B, B 4()FE 4(d) BT
TR w8 y MERIRES AL, Hordh UPM 1 7 f#1FEF IMCM
1y y AR B IR 0 PR 5 B 80, (E R A T B H 1Y
4R V% P S0 B /N 5 7E 1. 38GHz ~ 3.01GHz I &2 T
LA K 3.63GHz ~ 5. 14GHz [ 45 T8 47, IMCM fY ¥y
ff% SAESEH EGM A1 SCM 1 fiftdl 8 23k, i Ui B iy
CRLHTL 7 ifd [] (1) B AR AL 3255 , B A RS & AN 2% & T
JHGL 1) EC R 500 1) SCM. L 5 49 A TG FR G i 4 36K 155 O 1)
EGM [P 11545 S 3B 5 %31 ; £ 3. 01GHz ~ 3.63GHz N,



1960 H +

2 2014 4§

a > 00 S0, AIEF#5 4 CRLHTL f4 BELAT 5 L A1, 7658
BELR LA PN 1 DX 3k DR DX, 22 A I8 A e PR X
FTE IS CRLHTL b 1 S SO T8 A U 0k 8 55 . (B A5 4
4% o0 M A B — A4S JT ML, IMCM R AR Ry

SCM. & 4(e) /R T IMCM ) m 43 SZff, Al WG & 5
JUHEIASE: 10 TCHEAETE , m 4 A BECAS [R] 4R, A2 IM-
CM 1Bfb R SCM B, FERE IR BL N m = 0. 8 4(f) K HIHE
XFK CRLHTLAE Z} = Z5 .

107 6.5
—IMCM
102, 55r——upM | P .
’ 45 T EGM
108 N | StHELE
_g m35_
N~ o 3
~.10* ‘B?{-
& = 250 556 ICRLHTL
T L
10°+ — 107G/ 15k
R ~-SILH : _
- REE] FER S 2200 10% ! ! ! ! ! 054 Nty
05 15 25 35 45 55 65 05 15 25 35 45 55 65 Yo w2 0 w2 o=
$#/GHz $H#IGHz /4
(a) ©®) ©
6 - 300
5 — 107G/l
STCHL 200
‘3‘ ] HITEIH 100
£ 2 <
0JG/fICRLHTL) 0
!
Ak ] -100
2 ! I ! ! | -200 ! T I L
05 15 25 35 45 55 65 05 15 25 35 45 55 65
$i#IGHz Hi#/GHz
(e) N

B4 FEPEAMHFCRLHTLABABlochFHITFIMCMIREX 45 R

P72 CRUHTL (U EUER M A9 TMCM 42 5SS S an & 5
firs. B 5Ca) 7wt T 10 JCHEF i 550 CRLHTL (1) S
SR ELE R V- # 2 CRLHTL 19 28 45 T8 4 7 W 5
P L] B BEA 32 BP0 LR AL S S T A
T BT S . 2 CRLHTL t N D IT UM s, 7647
AT oy (1) 22 384 PURF R B N - 14 Sy /b S,
S AT S P T T S T T A AR S T T A X — A
Bz BIRf Sy AR R F 0 8 A R R A 1 R AR S
% 5B B EE 5 (o) AR B9 3. 60GHz, 5 TG M1 K 5
2] B 5 (o) 1 o P 4% CRLHTL 45 & 4 &

S M B BB AL B R TR S (o) AT S(d) A9k 5 T
AT 10 JCHESEA 25 CRUATL A4 4% 7 50 7 4R ESs

BUH 22 A T3 A V-0 A P R T 3. 48GHz, 77 5 F- i
AH5E s AN 75 1.59GHz ~ 5. 15GHz, IMCM [f] = Ff%
SR v SRIBUE TR, JF H O UPM Yy f#AE N
IMCM 1 7 35 URATI SR AEAE P SR G I & B h &2
KA A CRLHTL B il K 4k, #58 J AL
FERE WL N, B AT A BCSE I 1) 2R 1) DA R A T
P17 TIFE A 4 T A B A0 1 T e R L B 5 (e) M S
JCHIFN 10 JCAE CRLHTL B m 43 52 2095 Bt BUAS [A] 6,

S 107 65
m -25F | g 551
2 s0f | —su(@B)
R N NG = 45
'g /’ """ Szz(dB) -2 Qo
-100 b ) -200 E X 35
Y A » —_ & oy
N Sod100 8 =
< I K25
L 100} — 107l 15
100% - S0 '
200 109 L 05
0. 5 05 15 25 35 45 55 65 :
$i#/GHz
(%)
6.5
— 105 300
55 107G/
5JGH 200
845 Tsem \ A .. Ll L G
49% a5 5 < 100
& 25} 0JEMCRLHTL ; Op—o" Lha
15 /NP Ak \—U—L 400}
. y §
05 | i -2¢ ! | ! ! ! 2200 I ! ! ! | !
: w2 m 05 15 25 35 45 55 65 05 15 25 35 45 55 65
$i#/GHz $#/GHz
(e) (@]

E5 A CRLETL A BMBlochFHHi FIMCMIREY &5 R



% 10

FREIR < Rk ) 75 T MR MO — 4 N R a2 (5 B E RESR BP9 1 1961

M EATTHIETEAE N IMCM 18 55 B 78 45 B B m = 0. F
5% CRLHTL ) Z§ #1 Zyg G0lE 50 Bz, B T 4548 1)
XS FRAEERS 75 2 Zy B 5K 4(H) I E, Re( Z35 ) A
Re( Zg ) 434 5N, AXUAUAE 26 A4 T30 45 1 42 A B
FIZE T N A IS AT R, 0 0k 0 A B B SF 5 25 4% 145 DA
2.

4 IMCM RENE Ryt —5iTie

DL 10 JCHEF- 5 255407 CRLHTL A 1) %+ IMCM #1442
WA RAEH— LT B el CRLHTL 2549 48 340h
BISE AR an & 6 BTN, s B AL i 4 K
9 Np %5 T 1E 1) F 2 1) 47 95 52 30 A R M BEL T 43 33 A
Zg M Zg KPR A FIE o] SR E G B SR 4
U — AL S By

ay 012]
a =
@ ap
Z};reyl\)z_l_de—%Ny) Zg Zg(epr_e—m‘p)
~ Z5 + Zy Zo(Z} + Z§)
Zy(e™ — =) Zge™ 4 Zte W
5 + 75 5 + 75
(15)
T2 S SHAFRRN
S, = aptap— ay — ay (16)
aptaptaytay
2
Sy = (17)
T ap+ ap+ay+ay
—apt+ap—ay+a
Sy = 11 2 21 2 (18)

aptaptay+ay
43 5% IMCM 1 7 f#F1 Bloch BHALAICAR (15) ~
(18) AT HE BT IMCM i S S50, i 7 R
HF UPMy f&) S S8l 8 Frw , BB >R H 9 Bloch
FHAT N

Zix TN
LB _ N 19
ZO S]\ - T]IN ( )
Zpy  Tin
21 (20)
gjv - TllN

I Np |
[ |

portl@ 7- Zy qu]portZ
B

6 NITHMH CRLHTLE S A e Rl

10 JC M1 2540000 CRLHTL Y ZinFl Zp & 5( ) Fir
NENG S B (3) M) HHE RS 25 1 Zg
SEAW) A . R AE A IMCM i FI UPM #4333 34 S
SRR AL v (RAFR . LEEE 7 s 8, %

T IMCM f#1 S SHCHE IR BE RAE A 1 55 4 4 L5 2R
SEA—FLHLZ T AT UPM R S 2854 &
5 WA BEREAG, SCUESE T i IMCM £ B H 1) €8 H0Fn
Bloch BHPLHEE A A B 1) L 11 UPM B2 H v AU
LU

/ — IMCM
/ ....... é&{ﬁﬁ
100 L L L L L
0.5 15 25 35 45 55 65
PHi#F/GHz
(a)
200
150 pu 322
’IOO?@
o 50
53 s
:El oF 21
E 50l B
A00f Su
150
2001 1McM
05 15 25 35 45 55 65
% /GHz
(®)
E7 EFIMCMEN 10T FERMFCRLETL S5
WA ESS IR B RAE AL L8
0
-25
=2 Sy
,g?l( -50 S, Si
=
751
100

| — UPM
0.5 1.I5 2i5 3I.5 4.I5
% /GHz
(@]
E8 HETFUPMMEKI10TGHFESMHCRLATL S2H5
P ATESS B B FAR AL LB

5 #Zig
TEALSE MCM JEfil |4 T —Fh IMCM, B B 1

1
55 6.5



1962 H +

2 2014 4F:

LR SRR A B AL e UPM X ZEAH 6 275 14
BRI ) AT, PR ORGP R RS B M 1T B gL 5 EGM A
Eb, IMCM 5 fE i ik 52 B APTL A9 43 FR A 1455 5 MeM
H1SCM AH EL , IMCM X APTL JC M 1] 3780 A B 58 55 72
AMEZR, HALT — R 0 B85 I o B AT S U A 3 —
4k APTL [ ELHURT Bloch F¢1 . /E A 5249, F A IMCM 43
BRI T S 2 R R S 2 B 5 AE X FR B CRLHTL
€6 BRI Bloch 451% , 35 UPM . EGM HI SCM it $2 Bt 2%
FHEAT T A, A B X DAy A PR B Yy AR
N ERAE BT, FE W] T 107 CRLHTL JC I [R] 1 55 B 5
PE KU CRULATL 28 %00 B 5 ¥ 5] W A& i 26 A A 4y
S IMCM F1 UPM ()4 B2t S B it 10 Jo M P 25
CRLHTL ) S %0, 5T IMCM fi# 1 S 405 il B
S ZHGERWA AT UMP f#19 S 805 20 E. S
SR A BEREAR, T IESE T IMCM %R #0725 I,
IMCM e EL i etk 3l 1 S e, o —4E 5 %) APTL
(4 0 A Z AL T A A B T

S 3k

[1] Y D Dong, T Itoh. Promising future of metamaterials[J] . IEEE
Microwave Magazine,2012,13(2):39 - 56.
[2] S Paulotto, P Baccarelli, F Frezza, D R Jackson. Full-wave

EEE
EERE 9 .19834F 2 A A TP
B BN P TR K2 E TR R BB,
P TN 1 A R K L A AT g
v - B S S T R TAE
% E-mail : jggong @ xidian. edu.. cn

modal dispersion analysis and broadside optimization for a
class of microstrip CRLH leaky-wave antennas [ J]. IEEE
Transactions on Microwave Theory and Techniques, 2008, 56
(12) :2826 — 2837.

[3] C Caloz, T Itoh. Electromagnetic Metamaterials: Transmission
Line Theory and Microwave Applications| M ]. Hoboken: Wi-
ley,2006.

[4] S-G Mao,M-Y Chen. Propagation characteristics of finite-width
conductor-backed coplanar waveguides with periodic electro-
magnetic bandgap cells[ J]. IEEE Transactions on Microwave
Theory and Techniques,2002,50(11) :2624 — 2628.

[5] G Valerio, S Paulotto, P Baccarelli, P Burghignoli, Alessandro
Galli. Accurate Bloch analysis of 1-D periodic lines through the
simulation of truncated structures| J | . IEEE Transactions on Mi-
crowave Theory and Techniques,2011,59(6) :2188 — 2195.

[6] D M Pozar. Microwave Engineering (3rd Ed) [ M]. Beijing:
Publishing House of Electronics Industry,2006.

[7] D R Smith, D C Vier, Th Koschny, C M Soukoulis. Electro-
magnetic parameter retrieval from inhomogeneous metamaterials
[J].Physical Review E,2005,71(3):036617.1 - 036617.11.

[8] L Liu, C Caloz, T Itoh. Dominant mode leaky-wave antenna
with backfire-to-endfire scanning capability [ J]. Electronics
Letters, 2002,38(23) : 1414 - 1416.

REH P B2 HARETRE. AL
AN R S T R S it 7N R B S N o i
W E T2 et (EEE Rl B BT T 14
TSI TSR I 9 45 e L vl R K
S5 300 IS L R HE A 4

E-mail: chhliang @ xidian . edu. cn





