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Abstract

Multi-conductor transmission line and interconneatry signals with wide rage of frequencies fromdieg end to
receiving end. The signal in one transmission limey be interupted by the unwanted contributions ftbenneighboring line
conductors. If data speed increases, high frequesfégcts occur and the signals suffer from diffiesl such as ringing,
crosstalk, reflections, and ground bounce thataesly hamper the quality of the received signaloider to estimate the signal
quality, signal integrity analysis is needed. Ifisthaper, an attempt has been made to investipateensitivity of the near and
far end crosstalk on the parameters such as phlygeametry of the conductors, electrical propertyhe substrate and the rise
and fall time of excitation signal. The method adnments (MOM) is used to calculate the line paransefer different
geometries. The simulation studies are carriediodtNT. The time domain and frequency domain ansalgse performed using
transmission line model of PSPICE. Moreover, a rhiméeveloped and tested in the laboratory. hliserved that the coupling
inductance and capacitance vary with the variatibiploysical geometry and the substrate parameter.
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1. Introduction

In a multi-conductor transmission line (MTL) systernthe coupling capacitance, inductance among line
conductors cause crosstalk. For example in a tlmeesystem, the voltage on line 1 will contaire thnwanted
contributions from line 2 and 3 adjacent to it. Mudtage on line 1 in a three conductor systemlmexpressed as
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wherel,; is the self inductance of line L;> andL,; are the coupling inductances on line 1 due to #nend 3
respectively. A similar equation for the currenndae obtained using self and mutual capacitancessstalk
contaminates desired signal and imposes a limaitpf for high speed communication. The crosslalirades the
signal speed and integrity significantly [1]-[1d]ne transmission line which carries the crosstsi&alled a victim
line. The aggressor line is terminated to prevefiections. The victim line is terminated at botide with no other
loads. The cross talk will propagate in both fordvand backward directions. The voltage responseuned on the
victim line near the original source is called nead crosstalk. The voltage response measurec aitiier end is
called far end crosstalk. Each type has very diffecharacteristics [1], [2]. Multi-conductor siditiaes are using
in many high speed analog and digital electroniated circuit boards (PCBs), and multi-conductdepbone
cables. In addition, twisted pair cables have ithisted self and mutual series inductance and phedipacitances.
The transmission line which has the source sigrmabagated is called the aggressor line [13-2f]this paper, a
parameter dependence of the near and far end altogsNEXT and FEXT) among the PCB lands has been
investigated both in time and frequency domaing. BEi depicts the necessary steps which are fotlomethis
analysis. In order to validate the calculated itssekperimental investigations are underway usitigna domain
reflectometer (TDR).
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Figure 1. Block diagram for NEXT and FEXT invesiiign process
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2. MTL Equations

The multiconductor transmission line equation canderived from the distributed parameters model [3]
[5]. The distributed parameter model of an MTL systis shown in Fig. 2. The coupled differentiali&ipns can
easily be written using Kirchhoff's voltage and mant laws as (2) and (3).
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where the entries in the voltage and current vest@r,t)andli(z,t) are given as
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where |;,1; andC;,C, are per unit length self inductance and self ciégace of aggressor and victim lines

respectively andlm,Cm are mutual inductance and mutual capacitance betwesm that mainly responsible for

crosstalk hence signal integrity [18]. Analyticaldanumerical methods are generally used to soksetlequations
for predicting the crosstalk. Determination of tiie parameters as shown in (6) and (7) is thestep for solving
the coupled differential equations both in time &mdjuency domains. Time domain numerical techrécgieeh as
finite difference time domain (FDTD) method is arfethe widely used method though it has stabilityljbern and
huge computational time. The circuit model of thansmission can be designed in the SPICE/PSPICH] usi
calculated parameters. This model can also be wsé@termine the time and frequency domain respoifiske
NEXT and FEXT in the victim line [3], [5]. In thipaper, the line parameters are calculated usingra n
commercially available numerical MTL program TNT].[9The results are used to draw the SPICE/PSPIG&en

or OrCAD 10 model. PSPICE is used to simulate itne tand frequency domain response for differenbipaters
variation.
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Figure 2. The per unit length distributed parametedel of a three conductors transmission line [1]

3. Determination of Per Unit Length Parameters

The basic structure of a three conductor PCB systedepicted in Fig. 3. The geometry of the streetis
drawn in the graphical window of TNT program, ahd size and parameter of the substrate is specifieg value
of the per unit length parameters are calculatednfthe designed structure using TNT program. Alovith
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parameters it can calculate the near and far evabtaik in dB. Trapezoidal pulse is used as théatian signal in
aggressor line for matched resistive terminatid@j.[1

The leftmost line of Fig. 3. is designated as #ference conductors. The typical values of dimersised
in this calculation arev =15 mils,s = 47 mils, anch = 47 mils. The dielectric constant §f- 4.7 (glass epoxy) is
utilized and each land are divided into 30 subseestiThe computed per unit length inductance apdatance are
shown in Table 1(a) and Tabe 1(b). The per unigtlercapacitance vary with but the per unit length inductance
remain invariant.

W

5 )

Figure 3. The layout of three lines on a PCB usedélculating per unit length capacitances

Table 1. MTL line parameters for different valuds,
(a) Capacitance per unit length

. Cu C1dCo1 Ca
' (pF/m) (pF/m) (pF/m)
2.94 39.694150 - 8.8280570 39.707182
3.02 40.507230 - 8.9294670 40.520639
3.90 49.432774 -10.450446 49.450553
4.26 53.076817 - 10.454460 53.096310
4.70 57.526567 -11.806769 57.547498
4.80 8.537439 -11.881779 58.559116
6.15 72.167994 -14.270159 72.195527

(b) Inductance per unit length

c L1 Lio/Llos L2z
(nH/m) (nH/m) (nH/m)
2.94 0.61066953 0.1705723 0.61066913
3.02 0.61066953 0.1705723 0.61066913
3.0 0.61066953 0.1705723 0.61066913
4.26 0.61066953 0.1705723 0.61066913
4.70 0.61066953 0.1705723 0.61066913
4.80 0.61066953 0.1705723 0.61066913
6.15 0.61066953 0.1705723 0.61066913

4, Calculation of NEXT and FEXT by TNT in dB

The relative magnitudes of the NEXT and FEXT arewated for the aforementioned configuration (Fig.
3.) and the results are shown in Fig. 4(a), Fig),4fig. 4(c) and Fig. 4(d). It is observed frone tlesults that the
magnitude of NEXT and FEXT dependentsgn An increase of, [Jincreases the value of the coupling capacitance
that is consequently boost crosstalk.

5. Time Domain and Frequency Domain Analysis of NEXT anf FEXT

The equations (2) and (3) are coupled equationsy Tdould be uncoupled to modal equations using
similarity transformation. This technique has bemveloped in [2]. The complete SPICE model for BEB
structure is shown in Fig. 5 (a) and correspondiode numbering for the SPICE subcircuit model $® ahown in
Fig. 5 (b). The time domain analysis of NEXT andXHEare made considering CW sine and periodic psiigeal.
Signal is applied to the near end of the multiphed and signal integrity is monitored by mixingsignals due to
crosstalk. Fig. 6 (a) and Fig.(b) depict the NEXIH &EXT, respectively, for a 10 V (p-p) and 0.5 Gsitze signal
applied in conductor 1 of PCB. The line parametershown in table 1 and 2, aRg= R = Zc;= 195.6Q, Ryg1=
RFEl: Zczz 1475Q, RNE2: RFEZ = chz 9441Q, RNE3: RFE3 = Zc4 = 204.332 are used in the SPICE model.

In order to investigate the signal contaminatiaw tines are excited by two signals, one 10 V (p&%
GHz sine signal applied in land 1 and other 1A ns time period pulse signal applied in landri2gl the near and
far end signals in the lines are monitored. Theltesre shown in Fig. 7(a) for far end. It canilgase visualized
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from the figures that the original signal on bdties are contaminated by the crosstalk contribuiom others. In
order to monitor the signal integrity experimentalh sinusoidal signal is applied between the gdoand first
conductor and a square wave is applied betweeseabend conductor and ground. It has been obsehatdtte
second conductor signal is contaminated by theasigrthe first conductor due to crosstalk. Theiltmgram of the
experiment is shown in Fig. 7 (b) and that agre#t the simulated result presented in Fig. 7 (a)
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Figure 4. (a) NEXT versus coupling capacitance HBXT versus coupling capacitance, (c) NEXT verswnd (d)
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Figure 5. (a) Three conductor line model (b) Tomplete SPICE model [2], [8]
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Figure. 6 (a) NEXT and (b) FEXT for sinusoidal sagjm the first conductor for, = 3.9,w = 15 mils,d = 45
mils, h = 47 mils.
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Figure 7. Signal contamination due to contributifnasn signals from neighboring lines. (a) Far emgphals and (b)
Measured signal at the far erfd= 62 mils,e, = 3.9,w = 15 mils,d = 45 mils).
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Figure 8. (a) NEXT and (b) FEXT in frequency domdihe signal is applied in the first line.
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The sine signal in the first line is coupled witte tpulse train in the second line and the sigrtebiity is
lost eventually. As the far end terminations on times are not perfectly matched, the far end dfgyreae
contaminated greatly due to the reflection. Thgdency domain analysis is performed using sinusciolarce 1V
(p-p). The source frequency is sweeped from HzNb 10 GHz. The results are shown in Fig. 8 (@), It can be
seen from the figure that magnitude of NEXT and FEKcreases with frequency and at high frequengyore
some undulation appears and this will limit theexpef signal transmission over the MTL structure.

6. Conclusion

This paper demonstrates and measures near endragidf crosstalk and signal integrity in MTL struet
etched on PCB. It has been observed that the maggniaf NEXT and FEXT are very sensitive with theesof
conductors and substrate parameters. The risealntinfe of excitation signal also affect the NEXhd FEXT.
For a fixed set of parameters the magnitude ofcttesstalk increases with increasing frequency. Thie of
analysis is particularly important to design PCfolat and interconnects that handle high speed data.
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