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BASIC MICROSTRIP JUNCTION ANALYSIS
BY THE FINITE-DIFFERENCE TIME-DOMAIN METHOD

Penpe3enToBaHo pe3ybTaTH aHAJII3Y METOAOM CKiHYEHHX Pi3HHIDL Y 4acoBiii 00/acTi Takux 0a-
30BHX 3’ €1HAHb MiKPOCMY:KKOBHX JiHili, ik moBopoT JiHii Ha 90 rpaaycis, T-3’eqHaHHA Ta XpecTomno-
ni0He 3’eqHaHHdA. 1A po3paxyHKy XapaKTepUCTUK LHHUX 3’€IHAHb 3MOJeJIb0BAHO PO3CIOBAHHS HA Bij-
MOBITHUX MiKPOCMYKKOBHX HEOJHOPIHOCTSIX rayccoBa immyJbcy. PesyabTaTh, 10 ofep:kaHo y 4yaco-
Bili 00J1acTi, HA0YHO NeMOHCTPYIOTH IMpoleC PO3CIIOBaHHA Yy PO3BHTKY. 3a aomoMorow ¢yp’e-
NEePeTBOPEHHs JAaHHX i3 4acoBOl 00J1aCTi y 4ACTOTHY BU3HAYEHO €JIEMEHTH MaTpPULli po3CilOBaHHS.

Introduction . Microstrip junctions are most widely used building elemerits o
microwave integrated circuits. Serve to connect microstrificds, divide, or combine
power, those elements represent simple microstrip discongisiugharacterized by
appropriate scattering matrices. Based on the knowledge of figdependent
parameters of circuit elements and junctions connecting glesents, large microwave
devices can be easily analyzed by the circuit theory. Bhaty the accurate modeling
basic microstrip junctions in terms of matrix elements is a problem of great
importance for modern icrowave CAD.

Theory. Among various techniques used to solve electromagnetic probleens, t
finite-difference time-domain method (FDTD) can be distinguisdad to its great
flexibility in the analysis of a variety of microstrip dayurations. Moreover, the ability
of field simulation both in time and frequency domain allows ustagleep insight into
a time-dependent process of pulse scattering by circuit disodigs and to obtain the
frequency-dependent characteristics in terms ofStheatrices.

The finite-difference method in time domain has been firstioduced by K. S.
Yee [1] to solve three-dimensional electromagnetic scatt@roglems and later applied
to microstrip discontinuity analysis by many authors (for example [2], TBle method is
based on dividing a limited computational domain with an analyzect@teuinside into
unit cubic cells and calculating field values at certain goinit the space mesh at
successive instants of time. An approximate solution of ldetremagnetic problem can
be obtained solving Maxwell's equations with appropriate Inifaurce and boundary
conditions imposed on conductors, interface surfaces and the computakionain
walls. The discretization of Maxwell's equations using tleentral-difference
approximation leads to a set of algebraic equations providing aitiexpimputational
algorithm for the simulation of electromagnetic field scatte

Three basic microstrip junctions widely used in microwavegnaited circuits,
namely microstrip 90 degree bend, T-junction, and cross-junctiortoasidered inside
their computational domains as shown in Fig.1 for the cross-junctiom.démain of
interest is divided into unit sells whose dimensions Axe Ay, Az in X, y, and

zdirections, respectively.

The ground plane and the strips are assumed to be perfedcetecuctors of
zero thickness and involved in the analysis by setting the taaleletctric field compe
nents on the conductors to zero. Field components on dielectric-aifaceteare
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Fig. 1. Computational domain for microstrip cross-junction

calculated using the average permittiety + £,€, )/2. For tangential electric field

components on the computational domain walls (except the ground plans) fivii-
order approximate absorbing boundary conditions [4] are applied toasétmulitgoing
waves.

The initial conditions force all field components to be zerb=a throughout the
computational domain. At =1, a Gaussian pulse is excited on the front wall with the
vertical electric field component

O (t-t,)°0
E.(t) =expr——"
o T° 0

The remaining electric field components on the source wahefcomputational
domain are forced to be zero. To avoid undesired return wave reflectiba fyprt wall,
the electric source wall conditions should be switched on bs®rbing boundary
conditions when the Gaussian pulse reaches the discontinuity.

Numerical Results. All microstrip junctions considered are chosen with similar
structural parameterddx = Ay = Az =Ah =0.127mm, At = kAz/csec,a=c =100,
b=40, 1 =50, h=w, =w, =10, &, =8.875, where k is the stability criterion
constant k = 0.514) andc is the velocity of light in air.

The field distribution of E, component calculated for the microstrip 90 degree
bend, T-junction, and cross-junction on the plane just underneathithewstace at the
moments800Az is shown in Figs. 2-4, respectively. The time-domain resuftscily
illustrate Gaussian pulse scattering by the microstrip ijpmet The figures allow us to
observe Gaussian pulse splitting between ports of the miprdscontinuities. In Fig.3

one can see a surface wave travelling from the discontinaitthe far end of the
computational domain.
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The frequency-dependent scattering matrix elema}tsreferred to the reflection

and transition coefficients can be obtained from Fourier-transformeddomain electric
field values calculated at corresponding ports. The reflectidnti@nsition coefficients
are determined as

Gaussian pulse propagation at t=800 At
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Fig. 2. E_component distribution for 90 degree microstrip beml at 800 time step
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where E’? is the Fourier-transformed reflected electric field compooetuulated
underneath of the strip at the reference pladh of the input portE;”” is the Fourier-

transformed incident electric field component at the same moidtZ! is the Fourier-

transformed transited electric field component at the correspondiiegence planes. The
incident field is obtained as a result of the FDTD modeling of a regutaostrip line [5]
and the reflected field is obtained as a difference betweeintal scattered field in the
input port and the incident field.

196



Bectauk /lHenporeTpoBCKOro yHUBEpCHTeTa, cepus «Dusnuxa. Paguosnexkrponukay. 2008, Bem. 15, Ne2/1.

Gaussian pulse propagation at t=800 At

o T

057
100

Fig. 3. E_component distribution for microstrip T-junction at 800 time step

Figs.6, 7 represent scattering matrix element behavior forostrip T-junction
(symmetrical excitation) and microstrip cross-junction, regpely. For T-junction, port
3 corresponds to the port designed as forth port in Figs.1. Parafete,, for T-

junction, and §,;,S,; for cross-junction are referred to the same curve due to the
symmetry of the corresponding structures. From Fig. 7 it casees that at low

frequencies allS parameters tend to the value 0.5 indicating that the toldlefieergy is
equally divided between four ports of the microstrip cross-junction.

Gaussian pulse propagation at t=800 At
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Fig. 4 E_component distribution for microstrip cross-junction at 800 time step
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Fig. 5. Frequency-dependent scattering parameters for 90edjree microstrip
bend
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Fig. 6. Frequency-dependent scattering parameters for miastrip
T-iunction
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Fig. 7. Frequency-dependent scattering parameters for mi@strip
cross-junction

Conclusions. The finite-difference time-domain method has been applied to the
analysis of basic microstrip line junctions, such as rectandpgad, T-junction, and
cross-junction. Numerical results have been obtained in timeraqdeincy domains to
illustrate pulse signal propagation and scattering procesgpatithracterize microstrip
junctions in terms of scattering matrix elements.

IIpeacraBiaensl pe3yabTaThl AaHAJH3a METOAOM KOHEYHBIX Pa3sHOCTed BO BpeMeHHOH o0.acTn
TaKHX 0a30BbIX COCAMHEHHMII MHKPOIIOJI0CKOBBIX JIMHHUM, KaK IOBOpoT jquHuu Ha 90 rpagycos, T-
o0pa3Hoe M KpecTooO0pa3Hoe pa3BeTBjeHne. [l pacueTa XapaKTepHCTHK AAaHHBIX COeIHHEHHUI cMo/e-
JIHPOBAHO paccesiHMe HA MUKPOIMOJI0CKOBBLIX HEOJHOPOJHOCTSIX rayccoBa HMIyJibca. Pe3yjabTaTsl, mo-
JIy4eHHbIE¢ BO BPeMEHHOIi 00/1aCTH, HATJISIIHO NMOKA3bIBAIOT NpoLecc paccesHus B JuHamuke. Ilpu mo-
Mo (Qypbe-npeodpa3oBaHus JAHHBIX U3 BPEeMEHHOIN B YaCTOTHYIO 00J1acTh ONpeeaeHbl 31eMeHThI
MATPHUbI paccesHUs.

Basic junctions of microstrip lines, such as rectagular bend, T-junction, and cross-junction, are
analyzed using the finite-difference time-domain mhod. Gaussian pulse scattering is simulated to
achieve time- and frequency-dependent characterists of the microstrip junctions. Time-domain e
sults are obtained to explicitly demonstrate scatténg process evolution. Scattering matrix elementare
calculated in frequency-domain from the time-domaindata using the Fourier transform.
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