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ABSTRACT

The radiation of high frequency gives rise to the energy loss and electromagnetic
interference (EMI) within the circuit. Above all, the EMI between two parallel lines can
become more obvious, especially for it to be used in the long lines. The interfered signal lines
of induced electromagnetic wave losed the signal integrity because of energy loss. They will
result in confusion of the signal. Consequently, it places great important on improving the
interference phenomenon between the parallel lines in the times of high frequency used in
high speed circuit. The interference of two parallel lines is arisen from capacitive and
inductive coupling. In this paper, the interference phenomenon of capacitive and inductive
coupling of two parallel lines will be discussed for getting up to improving crosstalk
phenomenon by increasing coupling capacitance. The improvement effects of the
intereference achieved in utilizing different quantities of coupling capacitance will also be
considered.

Key Words : EMI, crosstalk, high frequency.

m— 26 =4 LA R



LHMAE PR AR U F R RPN A Lk ?@‘J%ﬁqﬂﬂio d o h
MAFR B ? TEF RO 2 L TR EOR G AT R R X T E
Ao iTE KA T RAOPEIREF T R Wk a2 8 B 4 TR E(EMD)
Rl T ﬁiﬁﬁ&é‘ TREIEI I AASEIA TR Y BN T E R AP
Bt AT EBEA MR k2 A T FRAED PP F R ALK DA
ER P RELTERIZEFIRE o

B EATRIPTFRZ T 3 aF T @R RO THERE LR T TR
HELEEA 4 4 B oo iEd “T#J” ‘Hﬁ T iE IQ%]mﬁpﬁ [1], [2], [3] > T {742 F e § IR %
e ;ﬁd 3] i (modeled)® mia‘.,ﬁ’i />+fr[4] bR R A r NS AR D
&k [5],[6]c XM TRT la‘ém' ¥ 4 5 i7:8 8 5 (Near-End crosstalk ) 'frj%
g %, (Far-End crosstalk ) [7] » ¢ & ﬁ?;&,; _.f!j TRMZ TR 48 2 (coupling) B 4 o A
TP kal“*%%}fér*m%a vl EApteans HArg 4 o F g gt @b s e
WA R AT R g ET BRI A AR R d TR A L R B
Mehig & s o ¥ LL%?IQ@,]E%FE 4 ,T}uﬂ,\l TR NE }f;\_}{ , ﬁl%m@g—& o B 1Y
BHE R AT FRZFTRIPERSF R R

i o B P G ORALY SARE D R [8]13] 0 A TE g A - iR
B3Ry 2 E[14] 2 2 2 A B AU R AT AR F s T F AR e 2
TR WS MBEE R oA BT RE - 2 A pREMET R el P MR IT
Ve R P AR e O K S E G G e

é

3
+

RFeoTsmage FR%

ZETER(AoBl- vt )2 B AR LI R H2Z 5 P F R % (Cross talk) ©
TG R N TR BT Eh (Bl 91w ) 2 TR (A-Bl= 917 ) “rid
vt B8 ST € H R R (Victim)ihiT sy (Near-End) 2 i@ =% (Far-End)id = + #
RR T AR FROTE o E TG M s BFER 2 A215] 0 e T Rz 2
vt A RRfeXERT TRTINZ BT S AR

_h =(R+sL)], +sL, 1,
_o% =(R+sL)I, +sL, 1,
1

o (1)
——=s5(C+C, V,-sC,V,

0z
—% =s(C+C )V,-sC V,

0z

RN AR N A ACHERACH VS EER E LS T Bl DS Shars S

S+ TEHH RS 427 ——



AR e o md R

V,-Vi(z=0) _
I(z=0)

—V,(z=0)
L(z=0) °

)

FRETR LGB IALERTIETRES I EHRILEA ol Sk (4

Ble 477 ) MR FR2THE B FFTRD

i e
4 L

.m\?

iy

2-T, 1 L
EE § LRV, =V, — L~
TE g SRR TR

TRV, V[IC}

e al

{
4

4 C

2-T
SETE LR R I =y .. 1C
r |4 C

BERCEE TEELEL  d B)HE)T #(DF 0 d @)HO)T F(®)N ¢

1(C L
LPMRITHE TR n=n{—f¢+4ﬂ}

S ECETERL A

ﬂ'%;ukﬁ%'gb?\’ ﬁ'%ﬁa&

H
L:

C:
V:iﬁ@iiﬁﬁ
L .
C,

T

t - PJEEF’“‘

e 28 =¥ IEHFASTMET

2T l.(&__
tr 4\ C

3)

4

()

(6)

(7

(8)



BT 00§ 3 Co/ Cfe L/ L Ap e s 7% % Loaf g b o 5 2e e T 2ot

BEDTFTRAUhe BOF 7 G/ CfoLy/L Upiten < Lk bt
TR BT A T T R Ao d 0 C,/Cfe L, /L 5B F S
BoApie (s R BB S T B TRILE - bR LA T RES
Co/C-Ly/LET > @ 2 L,/L~3% Cp/Co "t ent T REL L E o

SPRTHNFFETRT € EF T FRPE BB e H 4o R EEFLTFRER
EEEERERS T RRE FELTEAE AL SR C R S
élf:r‘:ﬁlig EpF o 2B A if?%ﬂiﬁﬂféﬁﬁlﬁﬁﬁ* Tpdﬁ‘agi\afﬁ ) BT T RD A

?-1 7RISR hpFE R%’%‘ﬁj"‘i’m—l%gf&g&f H€H3 g/pﬁ;h& L_)‘j’%zgﬂ\ [
ﬁ"”lm"%% ERABLEZZNEE o T AT FREE S T R (1 f]) PERT o X
MBHNFRERFLFEIF LRS-

KR)FF g L ERE e R e C,/C-L,/ LA @ L,/ L
C,/Crdckiisak 2 C,/Ci#{8C,/C-L,/L A7 % » | j%ml#%%@#‘gi
WF o iEs AR FRFBBEFF 0 N EMRENFIETIR -EH T
el TR Yeledp 0 BT E TR AT - LR  FTRE C/
CHL,/ L2 g REERBF TR RETREINFRS > L F LT3
TP TRY A fod FRAE R AT ol F T FRE P B SR £
SRR S EIE NEE TR TS T8 L EE R AL K E
TR EHE g Lk

,\~

ﬁy

$ 8RR Y HHR

d 2 L,/L>>C,/CZX ke 3 TREVI T/t Ty T FRNE Rt T
FREE T~ RIBHP 5 TR ﬁ ° fh{;miﬂ%v? T RBL LRI FRDE
&’%%iﬁﬁﬁé’M§W3% fﬁ%@&&io%%ﬁﬁCfﬁaWQC/c
AT L, /Lo 7Nk R R T f E€ABITI 00 5 C,/CABT¥ L,/L> M T LA
TR PEEDBETF R ITI

Case 1, r’&fﬁ{iﬁ%ﬁw TERTE
Case2, @ ifL (72 ¢ FELI4&- T F
Case3, figsfh ~iTxH2 P BRBEE F8- T % -
Cased, i ~iTHETHR- RF2 P PELJERTHIBTF -

o

T st R fE R R IE e L e % o A2 % speed2000 X HHELiEE AR
TR A R R REAT G PRI DFHI RO RE T FHREHENFFE TR
Pr L Ao H P BRI F eniE E K Ao

# &5 & 1.5mm

W R AR 43

R E :0.035 mm

TiFME R 60 mm

ﬁ%l)‘?@ PR ARG R R OV Bk RAR 2V B 2T REERE 100ps 0 47 % 5 200MHz

S TEHAEAKMLT 4120 =————————



BT RN~ f PR MR S AR I (50 Bt ) R BT e R
PR PR hF R S 'i'i'fkﬂ- P T S BRI B R G E kS
oo Ve RETHTR OV, N A RETR

Casel. @ ET (78 T BT %

BBt & 3 1T

£ Ao Rl- 1A 0 HIRB R L AN A AFT - S
# ~ 7 A& ( Far-End maximum

+ & & (Near-End maximum voltage ) 5 0.027V> i& =8 5
voltage ) % 0.126V -

Case2. @ gL {7az ¥ BWELT - B 0.05p 7 %

PR BACE] S ()T 0 B R 2 AT Bl (b) o MBS S A T iTHY

BATRL 0.045V igbE X T& L 0.108V ¢

Case3. ifzh ~iT=h % P FPELL ¥ 8- B 0.05p 03 %
E T RACR < ()77 0 B RS S 2 KT B (D) o SRS S KT AT
B TRL 0045V EEE A TR L 0.0707 -

Cased. i@~ T3 v - BL 7> 2 p? REALEHRTZ I B 0.05p 0T % ©

T BACE ()T 0 B EF 2 AT AR (D) RS T TH
?,iﬁ OO45V’£E«#&" ﬂ.@ﬁ 0.033V -

BT

e
B =

A—

ﬁHJ%%?ﬁwgiﬁﬁﬁﬁﬁﬁiiﬁﬁiﬁvh%&*iﬁg“iﬁﬁ

Case 1 ¥ 2 X420 % > Higshd ~ TR 0126/ & Case 2 7 ¥4&7 - 1 0.05p
Eil 3 j$&'*}§10108V° Case3"7‘«ffrl3'[%005pmq,5’ﬁf<*’§x
B4 007V tCased ® ¥4 5 @Q%pmmﬁ’ﬂﬁ%ﬂﬂm@ﬁQMW’miﬁ
FEFVNUER TROBETFTHKE L S ’**%ﬁ*?@ﬁ’4f‘*°€1{f'?%‘ FHmERF
P¥ > Near-End *73{4e e+ R B 5 Vnd > 4ot Case 2 ¢ T - BMET F > TxhE =
TRR AT 0018V PRE VT 5 0.018V 0 iZxhd + TR Vi(max)E V, 0k ide™ o

I/fe(max): Vncjé(max) - Vnd *N (7)

BY Vpmax) i §i2F THABETFRHOEFEA TR N 2R T 7 ik
CHTFREGIP BT g ek 105 2T LRI P A
hodrd Case 47 0 IR E T F s 0.01p 0 HiBpE A TRS 0.018V (4 F]
77 0 4t 152 Case 2 MR R AP o @ H T TR S 0.037 0 1+ Case 2 ¥ ¢
T B A TR Ak ST 0015V P RERAT F T AMRARY SI ) FROMET R
PR E RN - L G R iR s TG ok

& el

~

/{ds‘%&m _‘%%?—r’ﬁ”}:_l f14£7 F"*—]—‘;I}ev'—‘&'—“ [VEEe %’_ «:UJ—;}E»}R‘?\’[EJ, gj:%-‘t

e 30 =+ TEHFESE



TEROT IR o F LRI hgE T E R A B - Brame
FRE  FR O P EOREIRBET R 2T R BT e By BN
G048 F ﬁé’bﬁ‘;%f\l%ﬁ}ihiﬂéc’zamfi'iljg%ggﬁ :‘%Iﬁ_,@\mrl_go

AT

4

[1] L. B. Gravelle and P. F. Wilson, “EMI/EMC in Printed circuit boards-A literature review,”
IEEE Trans. Electromag. Compat. Vol. 34, pp.109-116, 1992.

[2] S. Castillo, R. Mittra, “A Study of Crosstalk and Distortion of High-Speed Pulse in Digital
Cirsuits,” Research Report R-1033, March 1985, University of Illinois-Urbana, Illinois.

[3] David A. Hill, Fellow, IEEE, Kenneth H. Cavcey, and Robert T. Johnk, Member, IEEE,
“Crosstalk Between Microstrip Transmission Lines,” IEEE Trans. Electromag. Compat.
Vol. 36, no. 4, pp.314-321, 1994,

[4] S. Rosenstark, Transmission Lines in Computer Engineering. New York: McGraw-Hill,
1994.

[5] W. Shi and J. Fang, “Evaluation of closed-form crosstalk models of coupled transmission
lines,” IEEE Trans. Adv. Packag., vol. 22, pp.174-181, May 1999.

[6] Novak, “Modeling, Simulation, and Measurement Considerations of High-Speed Digital
Buses,” Proceedings of the Instrumentation and Measurement Technology Conference,
May 13-16, 1992, New Jersey.

[7]J. C. Isaacs and N. A. Strkhov, “Crosstalk in uniformly coupled lossy transmission lines,”
Bell Syst. Tech. J., vol. 52, pp. 101-115, 1973.

[8] J. B. Marshall, “Flat cable aids transfer of data,” Electron., no. 4, pp.89-94, 1973.

[9] J. P. Gilb and C. A. Balanis, “Pulse distortion on multilayer coupled microstrip lines,”
IEEE Trans. Microwave Theory Tech. Vol. MTT-37, pp. 1620-1627, Oct. 1989.

[10] M. Homo and R. Marques, “Coupled microstrips on double anisotropic layers,” IEEE

Trans. Microwave Theory Tech. Vol. MTT-32, pp. 467-470, Apr. 1984.

[11] Talgat R. Gazizov, Member, IEEE, “Far-End Crosstalk Reduction in Double-Layered
Dielectric Interconnects,” IEEE Trans. Electromag. Compat. Vol. 43, no 4, pp.566-571,
2001.

[12] Bertalan Eged, Ferenc Mernyei, Istvak, and Péter Bajor, “Reduction of Far-End
Crosstalk on Coupled Microstrip PCB Interconnects” IMTC °94 May 10-12,
Hamamatsu.

[13] Emp g ~pe? ~Bag 2 g “R* A TEFRLLBFRE R2EFHS
L ES o4 LT EST o

[14] M. H. Wu, W. J. Chen, J. W. Liang, X. B. Fang, "An Improvement Method of the
Increase Mutual Capacitance for Reducing Far-End Crosstalk in Transmission Line,"
IEEE AP-S, 2006.

[15] Kanak Agarwal, Dennis Sylvester, David Blaauw, “ A Simplified Transmission-Line
Based Crosstalk Noise Model for On-Chip RLC Wring”, IEEE/ACM Asia-South Pacific
Design Automation Conference, pp. 859—865, 2004.

S TEHEESMLTH 3] e——————



1
|
R2 Z R3
Vg N

RBl- = BT8R FOEREE DT RF

000000000000
@ '

=

o4

“f*iﬁﬂ#?*f
7 <0000,

AW

' QQD;—iQQ,QQ;—LQQQQJ—'\QQQ@—_L
=
1

e 32 =+ H TEHFAERE

=]



WA —

| }—%’V‘u’v’b—

W —

-

=3

=

.
i

b

—
v

1My

e

S+ —¥ ITEAFARMET 133 —————



200 400 g00 200
Time {ps)

Bl Casel 2 %%

W
i

k2 R3
Vs

Bl= (a) Case2 2. & »x % I B

e 34 =+ TEHF ERE



200 400 600 200
Time {ps)
Wie —_—— = Tie

Bl (b) Case2 2 fifts %

R2 R3
Vs

Bl- (a) Case3 2 %7 i

S+ ITEHHESET 435 ——



0.04

0.0z

-0.02

-0.04

-0.06

200 400 G600 200
Time {ps)
R )

Bl (b) Case3 z fi#i%

m— 36 =+ 4 LA R



Vs

i

Hh

Hh
I

R
R2 R3
Bl ~(a) Cased 2. £22q B
200 400 600 800
Time (ps)
Ve PR

B~ (b) Cased 2 it %

S+ TEHH RS 437 ———



200 400 GO0 200
Time (ps)
R —— Tt

B4 #Cased Fiims 3 7:¢s 00lp P » Higsd + 2 /RS 0018V

m— 38 =T TEAT S





