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Abstract

Very Large Scale Integration (VLSI) technology slkd to Deep Sub Micron (DSM) geometries,
interconnect is becoming a limiting factor in detering circuit performance. High speed interconnect
suffers from signal integrity effects like cros&tabnd propagation delay thereby degrading thereenti
system operation. In order to reduce the adverg®kintegrity effects, if is necessary for thesntbnnect

to have accurate physical dimensions. The intereciion and packaging related issues are main factor
that determine the number of circuits that camibegrated in a chip as well as the chip performalncthis
paper, it is proposed to simulate high speed ioterect structures using Alternate Direction Implici
Finite-Difference Time-Domain Method (ADI-FDTD) nietd. The electrical parameters such as mutual
inductance and mutual capacitance were calculated £ and H fields for Coplanar waveguide (CPW)
and Stacked Grounded Coplanar waveguide (SGCPW).

Keywords: Interconnects, ADI-FDTD M ethod, Coplanar Waveguide, Crosstalk and Signal I ntegrity
|.Introduction

Coplanar waveguides and slot lines are importaahgl transmission line in microwave and millimeter
wave integrated circuits. In 1966, Yee proposeédchrique to solve Maxwell's curl equations using th
finite-difference time-domain (FDTD) technique. ¥emethod has been used to solve numerous scgtterin
problems on microwave circuits, dielectrics, anécgbmagnetic absorption in biological tissue at
microwave frequencies. Since FDTD requires thatdhiire computational domain be gridded, and these
grids must be small compared to the smallest waggthe Models with long, thin features, (like wirese
difficult to model in FDTD because of the excesbivarge computational domain required. FDTD finds
the E/H fields directly everywhere in the compwiatl domain. However, as the traditional FDTD mdtho
is based on an explicit finite-difference algoriththe Courant—Friedrich—Levy (CFL) condition must b
satisfied when this method is used. Therefore, @man time-step size is limited by minimum cell esiin

a computational domain, which means that if an dlpé analysis has fine scale dimensions compaitd w
wavelength, a small.

In this work, a new algorithm is proposed in ortieeliminate the restraint of the CFL conditionisThew
algorithm is based on the alternating-directionlioip(ADI) method and is applied to the Yee’s sjaged
cell to solve Maxwell's equation. The ADI method known as the implicit-type finite-difference
algorithm, which has the advantage of ensuring eerafficient formulation and calculation than other
implicit methods in the case of multidimensionadigems.

2.ADI-FDTD Method

2.1 Introduction

Finite Difference Time-Domain Method (FDTDM) is apular electromagnetic modeling technique. It is
easy to understand, easy to implement in softward,since it is a time-domain technique it can cave
wide frequency range with a single simulation run.1966, Yee proposed a technique to solve Maysvell
curl equations using the finite-difference time-agom(FDTD) technique. Yee's method has been used to
solve numerous scattering problems on microwaweuitsr, dielectrics, and electromagnetic absorpiion
biological tissue at microwave frequencies. SInBaB requires that the entire computational doman b
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gridded, and these grids must be small compard¢detemallest wavelength and smaller than the setalle
feature in the model, very large computational dios\aan be developed, which result in very long
solution times. However, as the traditional FDTDthoel is based on an explicit finite-difference
algorithm, the Courant—Friedrich-Levy (CFL) conaiitimust be satisfied when this method is used.
Therefore, a maximum time-step size is limited bpimum cell size in a computational domain, which
means that if an object of analysis has fine sdatensions compared with wavelength, a small titeg-s
size creates a significant increase in calculdiime. In this work, a new algorithm is proposedrder to
eliminate the restraint of the CFL condition. Thiew algorithm is based on the alternating-direction
implicit (ADI) method and is applied to the Yeetggered cell to solve Maxwell’'s equation. The ADI
method is known as the implicit-type finite-diffeiee algorithm, which has the advantage of ensuaing
more efficient formulation and calculation than extimplicit methods in the case of multidimensional
problems.

2.2 Numerical Formulation

The numerical formulation of the ADI FDTD method psesented in Equation (2.1)—(2.13). In order to
simplify the problem, it is assumed that the medinmwhich the wave propagates is a vacuum. In addit
all cells in a computational domain have the saire Jhe electromagnetic-field components are geen
on the cells in the same way as that using theaional FDTD method. The calculation for one diser
time step is performed using two procedures. Tist firocedure is based on Equation (2.1)—(2.6)thed
second procedure is based on Equation (2.7)—(2.12).

2.2.1First Procedure
Ex(i+ 1/2,j,k) = Ca(i+ 1/2,j,k).Ex(i+ 1/2,j,k) + Cb(i+1/2 ,j,k) .[{Hz(i+1/1,j+ 1/2,k) —
Hz(i+1/2,j—1,k) }/y() — {Hy(i+1/2,j,k+1/2) —Hy(i+ 1/2,j,k—1/2) }/z(k) (2.1)

Ey(i,j + 1/2,k) = Ca(i,j + 1/2,k).Ey(i,j + 1/2,k) + Cb(i ,j + 1/2,k) .[{Hx(i,j + 1/2,k + 1/2) —
Hx(ij+ 1/2,k — 1/2) }/z(k) — {Hz(i+1/2,j+ 1/2,k) — Hz(i — 1/2,j + 1/2,K)}/x(i) 2.2)

Ez(i,j,k + 1/2) = Ca (i,j,k + 1/2.Ez(i,j, k + 1/2) + Cb(i,j,k + 1/2). [{Hy(i + 1/2,j,k + 1/2) —
Hy(i—1/2,j,k+1/2) }/x(0) —  {Hx(i,j+ 1/2,k+1/2) — Hx(i,j + 1.k — 1/2)}/y(0) (2.3)

Hx(i,j + 1,k + 1/2) = Hx(i,j + 1/2,k + 1/2)Cb(i,j + 1/2,k + 1/2). [{Ey(i,j + 1/2,k + 1) — Ey((i,j +
1/2,K) }/z(K) — {Ez(i,j + 1,k + 1/2) — Ez(i,j, k + 1/2) }y(i) (2.4)

Hy(i+ 1/2,j,k+1/2) = Hy(i+ 1/2,j,k + 1/2) + Db (i + 1/2,j,k + 1/2). [{Ez (i + 1,j,k + 1/2) —
Ez (i,j, k + 1/2)}/x(0) — {Ex (i + 1/2,j,k + 1) — Ex(i + 1/2,j,K)}/z(K) (2.5)

Hz(i+1/2,j + 1/2,kK) = Hz(i+ 1/2,j + 1/2,K) + Db(i+ 1/2,j + 1/2, k)" [{Ex(i + 1/2,j + 1,k) —
Ex(i+ 1/2,j,K)/y() — (Ey(i+ 1,j+ 1/2,k) — Ey(i,j + 1/2, k) /x(i) 2.§)

2.2.2 Second Procedure

Ex(i + 1/2,j,k) = Ca(i + 1/2,j,k).Ex(i + 1/2,j,k) + Cb(i + 1/2,j, k). [{Hz(i + 1/2,j + 1/2,k) —
Hz(i+ 1/2,j — 1/2,K)/y(i) — {Hy(i + 1/2,j,K) — Hy(i + 1/2,j,k — 1/2) }z(K) 2.7)

Ey(i,j + 1/2,k) = Ca(i,j + 1/2,k).Ey(i,j + 1/2,kK) + Cb(i,j + 1/2,k). [{Hx(i,j + 1/2,k + 1/2) —
Hx(ij + 1/2,k — 1/2) }/z(k) — {Hz(i + 1/2,j + 1/2,k) — Hz(i — 1/2,j + 1/2,K)}/x() (2.8)
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Ez(i,j k + 1/2) Ca(ijk+ 1/2).Ez(i,j,k + 1/2) .[{Hy(i = 1/2,j,k + 1/2) — Hy(i—1/2,j,k +
1/2) }1/x() — Hx(i,j + 1/2,k + 1/2) — Hx(i,j — 1/2,k — 1/2)}/y(0) (2.9)

Hx(i,j + 1/2,k + 1/2) = Hx(i,j + 1/2,k + 1/2) + Db(i,j + 1/2,k + 1/2). [{Ey(i,j + 1/2,k + 1) —
Ey(i,j + 1/2,K) }/z(k) — {Ez(i,j + 1,k + 1/2) — Ez(i,j, k + 1/2)}/y(i) (2.10)

Hy(i+ 1/2,j,k + 1/2) = Hy(i + 1/2,j,k + 1/2) + Db(i + 1/2,j,k + 1/2). [{Ez(i + 1,j,k + 1/2) —
Ez(i,j, k + 1/2) }/x() — {Ex(i + 1/2,j,k + 1) — Ex(i + 1/2,j,K)}/z(K) (2.11)

Hz(i+1/2,j + 1/2,kK) = Hz(i + 1/2,j + 1/2,K) + Db(i+ 1/2,j + 1/2,k). [{Ex(i + 1/2,j + 1,k) —

Ex(i+1/2,j+ 1,k) }/y() —{Ey(i+1,j+1/2,k) — Ey(i,j + 1/2,k)}/x(i) (2.12)
where

Ca(i,j, k) = 2¢(i,j, k) — o(i,j, K)At/2¢(i,j, k) + o(i,j, K)At (2.13)
Cb(i,j, k) = 2At/2¢(i,j, k) + o(i,j k)At (2.14)
Db(i, j, k) = At/u(,j, k) (2.15)

3. Proposed Structure

There are two loss mechanisms in the CPW struc@me. is the signal line resistive loss and the roihe
the silicon substrate loss. In the low frequenaygeunder 10GHz, the signal line resistive lossesidate.
The electric (E) field for the CPW structure istdisuted evenly on the top and the bottom of tiymai line
while that for the SGCPW structure there is a higtencentration on the bottom of the signal linkisT
increases the current crowding in the SGCPW stracto the bottom half of the signal line and hence
increasing its effective resistance and the aswmtiasses. On the other hand, substrate lossésef@PW
structure increase with frequency such that atueegies greater than 10GHz its loss is greater fibratine
GCPW structure. Coplanar waveguide (CPW), Stackedi@&led Coplanar Waveguide (SGCPW)

The S-GCPW structure was created by taking a CPSgdeand then filling in the other levels of metal
an elliptical arc. It is interesting to note thabyiding the additional metal layers does not sattsally
lower the characteristic impedance of the line sTikibecause the electric field for the GCPW stmects
already spread between the coplanar ground lingghenbottom ground line. Dielectric substrate hjok

is below the central conductor, is of Droid witleldictric constant 2.2 and dielectric substrate l#chwis
below the dielectric substrate 1, is of silicontwitielectric constant 4. So adding the additianatal
layers does not perturb this field substantiallyisTassumption was validated via ADI FDTD simulatio
where the per unit capacitance for the GCPW strad 4 pF while the per unit capacitance for the S
GCPW structure is 6 pF. Figure 1 and Figure 2 stimyvproposed structures. Table 1 gives the dimessio
of SGCPW.

4. Resultsand Discussion
Numerical simulations are done using ADI-FDTD meth®he parameters for simulations are shown in
Table 2. Simulations are run in Pentium IV (3 Glgedcessor. The signal applied has a frequency of 50

GHz. Time step for FDTD method is calculated usheyequation
AX

A trprp= >
X
WhereAt rpmo denotecs time step in ordinary FDTD method.
At eprp = 0.0833% 10™ sec.
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For ADI FDTD method time step is taken as twicéhag of normal FDTD method.
AtADl-FDTD =2 X At EDTD — 0.1666X% 10-14 SecC.

Both ADI-FDTD and FDTD algorithms are used for slating the CPW structure, simulation are run for
1500 iterations and CPU run time is compared.

Table 3 shows that CPU run time saved in amalg§iCPW interconnect using ADI FDTD method is
77.4465 sec. So it is nearly 1.765 times fastan tha traditional FDTD method.

The following are the ADI-FDTD simulation resultsr CPW and SGCPW. The result shows that for
SGCPW electric and magnetic fields are more codfineder the signal line as compared to the other
structure (CPW). Simulations are run for 1500 tiers and results are given in Figure3 and Figure 4

There is no much variation in inductance value leetwCPW and SGCPW. Since electric field is more
confined for SGCPW, the value capacitance is diighigher than CPW. As compared with CPW, SGCPW
has low mutual inductance and mutual capacitanbeev&o crosstalk with the adjacent will be ledser
SGCPW. By comparing induced voltage and inducedeatirfor CPW and SGCPW it is found that
SGCPW has lower value. So at higher frequenciesB&€an be used for better performance.

5.Conclusion

This work introduces a new structure based on fberAethod. As this method is free from CFL conditio
restraint, it requires fewer computer resourceghsas CPU time, if the minimum cell size in the
computational domain is much smaller than the wength. Numerical simulation shows that the new
method is very efficient, and the results agreg wall with that of the conventional FDTD method.this
work the ADI- FDTD method this work provides lowsktransmission line structure that is crucialsioach
designs. As compared to all other structures SGCGR¥/Iow mutual inductance and mutual capacitance
value. So cross talk with adjacent interconnectishailesser for SGCPW.

References

Sharma. R, Chakravarthy. T, Bhattacharyya. A.B.,ndKtical Model for optimum signal Integrity in PCB
Interconnects Using Ground Tracks”, IEEE Transagtion Electromagnetic Compatibility, Vol.51, Nodp.67-77,
February 2009.

Shahid Ahmed, “ Finite — Difference Time Domain lgsé of Electromagnetic Modes Inside Printed Cedplines
and Quantification of Crosstalk” , IEEE Transactiam Electromagnetic Compatibility, Vol.51, No.4.1p026-1032,
December 2009

Dennis M. Sullivan (2000),"Electromagnetic Simuwatusing the FDTD Method", IEEE Press, Newyork.

E.Duraz , L.Duvillaret-Attenuation and dispersiondeling of coplanar wave guides on si- Free carrg@ntribution
JIEE Trans , 2004.

Guo-Chun Liang, Yao-Wu Liu, Kenneth K.Mei, "Full-W&Analysis of Coplanar Wave-guide and Slot-linendghe
Time-Domain Finite-Difference Method, " IEEE Transans on Microwave Theory and Techniques, volf§¥,1949 -
1957, December 1989

Karl S. Kunz and Raymond Luebbers, “The Fibiference Time Domain Method for Electromagneti@RC Press,
1993.

Ramachandra Achar and Michel S.Nakhla, “Simulatéidigh Speed Interconnects,” Proceedings of tHeHEVoI.
89, No.5, pp. 693-727, May 2001.

Allen Taflove, Susan C. Hagness, “Computationatf&telynamics — The Finite - Difference Time - Dom#ethod,”
Artech House, 2000.

Takefumi Namiki ,”A New FDTD Algorithm Based on Altnating-Direction Implicit Method,” IEEE transamtis on
Microwave Theory and Techniques, vol. 47, no. ¥0,3003-2007, October 1999.

32|Page

www.iiste.org



Control Theory and Informatics
ISSN 2224-5774 (print) ISSN 2225-0492 (online)
Vol 1, No.2, 2011

www.iiste.org

J.B.Knorr and K. D). Kuchller, "Analysis of Couwul slots and coplanar strips on dielectric sulestr#EEE Trans. on
MTT., 1975, vol. 23(7)pp. 541'-548

Authors

P.Rajeswari , Assistant Professor of ECE Department of Velamn@ollege of Engineering & Technology,
Madurai, obtained her B.E., degree from Maduramideaj University, Madurai and M.E. degree from
Anna University, Chennai. She has 10 year$esiching, and Research experience. Pursuing Pi.D. i
Anna University, Tirunelveli in EMI/EMC. She pubtisd and presented many research papers in journals
and international conferences. Her area of reséactides EMI/EMC and Wireless communication. She i
Life member of various professional societies.

Dr.(Mrs) SRaju , Head of ECE Department, Thiagarajar College ndifeering, Madurai, TamilNadu,

India. She is

guiding many research

papers in national and international conferenoels jpurnals.

33|Page
www.iiste.org

Table 1 Dimension of SGCPW

schatarshe EMI/EMC. She published and presemieaahy

Layer Dimension
M8,M7 1.2 um
M6,M5 0.6 um
M4-M1 0.3 um
Dielectric thickness 7.8 um
Dielectric constant 4
Substrate resistivity 15 ohm-cm

Table 2 CPU time comparison for FDTD and ADI FDTD

FDTD

ADI-FDTD

178.5790 se

101.1325 se

Table 3 Comparison of CPW and SGCPW

Parameters CPW SGCPW
Inductance 1.59 uH 1.58 uH
Capacitance 5 pF 7 pF
Mutual Inductance 0.1 nH 1pH
Mutual Capacitance 0.3x1OF 0.2x10°F
Induced Voltage 2mVv 0.6x1T0V
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BOTTOM GHD

Figure 1. Grounded Coplanar Waveguide

Figure 2. Stacked Grounded Coplanar Waveguide

Figure 3. ADI FDTD simulation for CPW

Figure 4 . ADI FDTD simulation for SG CPW
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