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Abstract

In this paper, we analyzed the signal distortion incorporating meander-shaped transmission line
on PCB in broadband frequency range, up to 50GHz. This broadband characteristic provides
reasonable analysis of digital pulse having very short rising time. Simulation results reveal
suppression characteristic at multiband which is dependent on only the width of meander arm.
This width of arm also can be adjusted using different permittivity because it provides different
effective wave-length. It is found that the suppression characteristic shows sharpness with as a
function of the number of arms. However, these characteristics shown limitation for microstrip line
structure rather than for stripline structure, so we can avoid these unwanted phenomena using

stripline structure.

Key words : Meander, Broadband, Suppression

1. &

PCB(Printed Circuit Board)A oA T3 =9
F A¥E 9237 9 Ee dE A2t AL
Hol, MEZ & $& d437] dsMe viavh
AL ET. o] W viag T HAEHE A& A
F AZE B3 AgsHE A3 Alolde £ 7
o7} 2A37] WEo HAE FIstAIFI7 A8
Ae HE d=2e Holg zdslodof gt} ojz
A Bl Aol H2E AHgE =719 PCB 9
of AAE ZA¢ A FHue ALY £ 9
on gk meFo] aFEnh dA s 9 A
£ dei7t [291]s 22 vl o (meander)
Ad2oltt. a2y o9 2 Fee 24T H=2

E Alole] AEHol WS e dAZ o)
o] &% UdEYst AHEET Ae BF
FAZ # ok A20AM B se A
(Signal Integrity) &Al2] €@glo] H7|
g D224 ojdd FHE o837 9
ojgig AEHo] AZ dF = Ax

FE VA & AeAE WA Yoprojop )
1-3]. £ =8oMe AEH AT U5 4% 5
4& 50 GHz9 Ftg A FFsho
gotR g o HolAM ojgt 22 FuUFoxg
A7t Bag o€ AL, o8 Jix 7
Z9 vjde H2E AlgHolA 3o 1 AHE
3 AE dF 548 £4%A

K

—

W

—-197 -



20054 BIR ARSI ZSSsUHES] =2& Vol.15, No.1 2005.11.5

/ Number of Arms
i ¥
WWISpacing = 0.6mm
i T TWidth of line = 0.15mm
!ﬂﬂﬂggaaﬁﬁmé

@ VA
f——i
Width of Arm

[Z¥1] vl A4 d=

(1)

fr=60GHz
Tr Tp/2

0 0.5 1 1.5 2
Time (nsec)

t 1]
(a) \ fr=20GHz
o !

-

0 0.5 1 1, 2
Time (nsec)

1
fr=10GHz
i Hin tmr——— \
f
T o !

-5 [s) 5 10 (o] Q.5 1 1. 2
Frequency (GHz) Time (nsec)

(b} (c)
[2¥2] 9A" g2 A5 HE A
(@) dAY Bzo 28 MNE (Te=37], T,=rising time)
(b) Fo FoA F Jl9 sinc 4o FOE FHEHE Y A3
© F

o) Faa HAd we AlY FeAM RdsEe TFHo) 293

o
o

o

Nommalized Magnitude
(o]
N

6
LN
O

0. FodolA Fu4 B 25 F 09 sinc 49 o2 FEHAY olE 42
dY AES Ede Wasl fT gRE o of] LPE}LH‘IIE% oriﬂjﬁ Tpst T2 242 %—iie_] T
7], rising time& E3}0] A1, Aye F ALY ©
h22) A A dzol o B NgE) D
4 A3HS-paramete)E AL F, o]& Wx Az T
o %7 circuit ABHOIHE Sob ATk o] o
= _t_ _t
ST dze) EM AEHeA Aaot Fae 5 AO={Aied| T,,/z)}*{Aﬁ T>} - A

drel F4dclnz A daE <47 HaMe

YAE 204 & 452 ABNAN FAE F .‘ZAlsin( T2,/2 w) ?Azsin( :;w)
G5 Zold G Agdold B F, de AHE Fo= - ~
oAl Al Foz W@stolor @ Rolnh a4

gAY 2N AlSEle FY Aze [1¥
2@)1st Zo) €Y A7)9 rising time& 7FAE  Riging timeo] 0.3 nsecd] WAF ER4 2oz
"BzolH, ol (1) FAAF 2ol F A wmang Ans [Z2(b)]ol YERH AT o )
YAy P29 convolution2 2R H AAAT  Azpe) ginc Brr 2na 2o Tee W
o8 FHA BEE FH FAF FO2 AT px ygug 2y WA ABdcNE 49

—198 —



2005HS BRMES Zatslasm

5

=2& Vol. 15, No.1 2005.11.5

=
T

Hele A wze Hepg 9sf {3
o4 HAE Aol sluzg, o] HYE ok AR
2 strel wet AP EFolA HaE BHEE
FE2 A gatxe A zEsch 10, 20,
60 GHz®} Futs= e A5 & A £o8 W
B2 2HE [2H2A0] HERRRAT ST B3 )
A NZE BAY gols £3) rising edgeoli A9

W7 F8% aleg #Hgsty] el rising
timeo] ZHoj7} Fold4E ¢ We FiF 39

A Azel EAol s

o vjdic) A2 Fx

Alggolde] AHE-g iy Hd2e) FeE [
Hllol A el ittt Al dze) WaFst yegs)
A ¥ FEE amo|TH THEHYE o, arm
vulel A4S 29 8ty AlEEHold stk ¢
@ arm A}o]9] AL 0.6 mmoln Hzo FL
0.15 mm, AA] Zo]x 130 mm=zZ B % F U3t}
71He 4 449 FHE(€)E 7HAE FREE At
£33t vlol222EY U HHZ AJEH oA
3Qer, °o]& Duroid(€~10) 7&L ALE&F &
EQeR) Y o vimdgo.

V. 84 35
mjde] dze] ¥4 AAE [1y3ld YErY
k. Arme] uBls 3, 6, 9ImmE WA Z o
N 3, SR AR E e Aol

4-1. Arme] Hul &} Jgo] & Wg

[283]9 (@)~ 94X 7} a8=zE vdE arm
o yuig JieE UEA dozx de& Aol
O JUZEES FHEE A8 FHF G4
suppression #Xro] dojuty &S ¢ F Yok
o] suppression @42 27} o= £A FH$9
oA d&ydezr WA Sled, 2 53X
Fol4es armé] uvnjo] 34 43 wond armo
A7t F7tgel @2}l suppression S4do] HA
ZaAzn et

=
=

Arme] Wu)7b 3 mmo]Ad 6 mm, 9 mmZ
uj, A ¥ AAo| =} suppressiono] FA e
sh4e) hAE oF 1/2u, 1/3uwi2 AT ATH
olZHE arm® YH|E ZFAFoENH
suppressiono] FAsE FHF JHE vE F

2ee S

h ==
-
P
T

sl

42. A&7 71T Yy & W3l

o]¥dl= FR47} obd Duroid 7]3-& AlE3lo
Alg#ol X stQth Duroide €] 100]71 #j&o)
ngel §& Zolsh FR4e] ASrch of 154 &
. &, YT 4ol HZ7} Duroid Zj#HoA=
154 o Ao Hele Aotk kA arme] wH] 4
o2 WA FFI}RR) A4
suppression F34 tAo] oAtk o]F A EH
oJdg T ;LW I F arme] Jwiv}
9mm, 47 34 wie) oz E [1¥3(g)lel
el gl [2983(e)]et w3 B A suppre- ssion
Fu 2tZo] FHolH S HA¥ 5 Ut

tgez vlola22EY gglo] ohd 2EYe
QA HejolAMel vldy ME g ¥4} GND7L
g Zot glolr Frlel @ £4do] BAIE
vlolZAZAEY e e, 2EYIYAL &
Zo GNDE 717l wj&oj S21 g Zefjra e o
3 @Yol Ao 2 ggten £F Fd
A1¢] suppression AFE ¢SS AEHOIHE F
8 st Arme] Wulrzt 9 mm, A7} 370
d =9 ZAAE [Z™H3b) Ueer [2¥
3(e)let vImYS o S21e Y= E3] Abelz)
e RE ¢ F Atk

armo}

V. a8
50GHz7} 2] ¢] FrjHolr] vjalic]) HZe] EXNEG
Aadg. 4 23, vdy da2s 53 75
AL M1 d4 HeZ suppression @4
BEgen o] £ o HHL arme bl
A %S TeEUE RE& ¢ F UAAD Armo]
Ao} Ao wte} suppression FH 21742 vkl E
& Fotpes arms) AFEF FANLFE

=)
i

e
-

2
=

—-199 -



20054 S AR F&EStsUHs ==F& Vol. 15, No.1 2005.11.5

il

) )
< — — =
-10} S21 T / ~ -10} S21 / \ I \ k
= 7 Ny = { SN /\ \
5 |4 /,/ \‘ i =A Pay ‘II \ ” “l T
S ik I g fha D / u
= 30{‘4'\/ ‘. st I g-aolf‘ g Wy Yo |J
g \! l g f I“, Vs
(] ' f
-50 0 =0 30 30 50 50 10 30 30 %0 B0
Frequency [GHZ] Frequency [GHZz]
(@) W=3mm, N=3 (b) W=3mm, N=5
)
| = X G
.10 s21 I/ \ / \ !
& /N v/ \ =
- ¥ ' v Y I
=R \ ] g ) V
-"é’-30'ly\, ll s173 ’5‘30"‘\]" ' l ‘ '
& 1 = ol
= v ‘ g |y N
! } S11
-50 10 50 30 40 B0 S0g——ip 20 30 40 50
Frequency [GHZ] Frequency [GHZz]
() W=6mm, N=3 ) (dy W=6mm, N=5
0,
-0p S21 /’_ \ I/ N\ \\‘ VA
=) Z YRR TEE A L B
=A LA AR ¥ Y ! =
o (W \ i ‘ o
PR i | 3
= -30)l v/ ' , U =.
on o
g11> Ny g
Si1
-505 10 30 35 r.ro) 50 9% o 20 30 40 50
Frequency [GHZz] Frequency [GHZ]
() W=9mm, N=3 . () W=9mm, N=5
o
.10} sS21
@ \\ S
S S~ ~ / ~
E-so N\ / N\ ’/ Vo ,/ \ ™
=3 B A R Y B R VAN i
= ooy oy i
o) s ‘ll |y [
-50 50 5 -50 L —3 2 5
° Freqfxoency [GHz] “° ° ° 10 Freq&gncy [Gﬁz] 0 0
(g) W=9mm, N=3 (h) W=9mm, N=3

(23] Al EdHlH A e (W=arme] HH], N=arme] <)
(@-(f) mlelZ222EY A 7=, €~44 (FRY)
(8) 2EYHY F=, £~44 (FRY)
(h) slejzz2E9g A FZ, €£~10 (Duroid)

—-200-



2005HS BIRMAHIEE Z&tstewtms =22 Vol.15, No.1 2005.11.5

suppression S4j¢] FAHAT. = Arme Z VI. &3 &3

0]‘:- 7]:1}'“] 'n‘;ﬁ%% o]-g-‘é}-o:, _\'1}.%}_9] ‘TOT.§- 72‘ [1] o]ﬂ:g:’ ﬂﬁ§7} iaﬂ':’*} ‘ﬂE-‘l] %‘7]'§I§

<

’

=

olF WAz tEA 23 = At 2 o]£% ulo]lmaZAEY nidy A9 34,
TR =Y PldE URE AESHEM TH gyzage gaa A4 89 w8

Z o A o] suppression 4L WA 37 A

T [2] Heeseok Lee, Namhoon Kim, and Joungho
A AE [e] k=] A

€ rteja22EY el FEpzt ohd 2B Kim, "Unit Cell Modeling of Meander Delay
& E

gelel 7 Abgsior @ el Line based on Finite-Difference Time-Domain

Method and Floquet's Theorem," in Proc 10th
Topical Meeting Electrical Performance Electronic
Packaging, 2001, pp. 193-196.

[3] Barry J. Rubin and Bhupindra Singh, “SM &
of Meander Delay in Circuit Boards," IEEE
Trans. Microwave Theory and Tech., vol.48, noJ9,
pp-1452-1460, Sep.2000.

—201-



X]

[

Vol. 15, No. 1

2005.11.5

—202—




