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A Rigorous Study of Microstrip Crossovers

and their Possible Improvements
Tzyy-Sheng Horng, Member, IEEE

Abstract—A theoretical study of microstrip crossovers is pre-

sented. For an air-bridge interconnect in a crossover configu-
ration, the equivalent circnit examined exhibits low-pass filter

characteristics. To rednce the return loss in the passband, inser-

tion of discrete shunt capacitors is proposed and investigated.

These shunt capacitors are treated as linear lumped elements
and connected by via-holes of rectangular cross section. It is

emphasized that air-bridges, via-holes and lumped elements used

in this particular application are all rigorously included in a
full-wave spectral-domain analysis.

I. INTRODUCTION

I N the design of microstrip circuits, crossovers are com-

monly used to permit two lines to cross each other with high

isolation. Accurate characterization of this type of components

is especially important to power and ground routing in a

MMIC chip. However, up to date very few literature known

to the author were devoted to modeling such components.

This may be due to a complicated geometrical configuration

for a single crossover consisting of a four-port junction and

an air-bridge. In the recent past, the spectral-domain analysis

(SDA) [1 ]–[9] has been developed to successfully investigate

a variety of planar microstrip discontinuities up to four-

port configurations. In addition, Becks and Wolff [10] have

extended it to include air-bridges and via-holes of rectangular

cross section, which makes SDA more promising in analyzing

3-dimensional microstrip structures.

A rigorous dispersive characterization of microstrip

crossovers using SDA is performed in this paper. The

analysis begins with an extraction of the equivalent circuit

parameters covering a wide frequency range for a single air-

bridge interconnect. Upon close inspection, these parameters

construct a low-pass filter prototype in which a relatively

high return loss in the passband is observed. To improve the

passband response, discrete shunt capacitors are inserted in the

discontinuity regions, which requires a more thorough analysis

in the spectral domain including an adequate treatment of
linear lumped elements. In the author’s previous work [11], a

via-hole of rectangular cross section is used to connect a linear

lumped element. The voltage across the via-hole is regarded

as equivalent to the product of the lumped element impedance

and the current through the via-hole. This characteristic has

been skillfully put into the SDA matrix formulation such
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that the solution of the current distribution on microstrips

and via-holes can reasonably account for the existence of a

lumped element. Finally, the four-port scattering parameters

associated with original and improved microstrip crossovers

are calculated and compared to each other.

II. SPECTRAL-DOMAIN ANALYSIS

The spectral-domain analysis of the insertion of linear

lumped elements into microstrip discontinuities is based upon

the theoretical framework in [10] where the surface current

densities on microstrips and the volume current density in a

via hole are expanded by roof-top and uniform subdomain

functions respectively. Fig. 1 shows the current-discretization

procedure for a via-hole connecting a lumped element. The

mathematical expressions of these current densities are given

as

(1)

(2)

“ ‘P(Y)P(WP(”-8A’)”)‘z = AxAy

where

{

1– pul, Iul <1
‘(u) = o,

Iul >1,

and

(4)

(5)

Note that, for Az much smaller than the wavelength, the use

of uniform volume current distribution in a via-hole can be

treated as a good approximation. Therefore, when the via-hole

is used to connect a two-terminal linear lumped element, the

current entering one terminal is equal to the current leaving

the other terminal, This implies that KirchhofY’s current law

holds, The voltage across the via-hole can be calculated as

VZ=17Z (6)

where Z is the impedance of a linear lumped element. The

final step of the spectral-domain analysis results in a matrix

equation:

[

[Zkjszl [-%JSM] [ZM. 1 [L]
[2,s,,s=1 [Gals,

IL] [JN

1 [%,,=1 [L] =
[z,: ,s.1 [% ,s,] Z,z,z

(7)
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Fig. 1. Illustration of the current expansion mechanism for a via-hole
connecting a linear lumped element.

Fig. 2.

Each

Geometry of a microstrip crossover.

element in the left-hand side matrix of (7) is the

mutual impedance between the expansion function and the

testing function and is in the form of a double integration in

the spectral domain. Detailed formulation of the impedance

elements in the submatrices [Zj.= ~,=], [Zj,m ~.y], [Zj=v ~.=] and

[Zj,, ~,V] can be referred to [9]. The other impedance elements
containing ~ direct currents are evaluated efficiently using

the forms given in the Appendix. On the right-hand side

matrix of (7), the voltage submatrices [Vz] and [Vv] represent

excitation vectors in the horizontal direction and contain

zero-valued elements except those whose subdomain testing

functions straddle a delta-gap voltage source. To solve for the

coefficients of the current expansion functions, the last voltage

element, V. = 1, Z, needs to be moved into the left-hand side

matrix and leaves a zero value instead. Correspondingly, the

value of the impedance element Zjz ~= is modified as

Z;zj= = 23=3= – z. (8)

III. AIR-BRIDGE INTERCONNECTS

Fig. 2 shows the configuration of a microstrip crossover

on a dielectric substrate backed by a ground metallization. To

avoid unwanted metallic contact with port 3 and port 4, port

1 and port 2 are connected with an air-bridge. Empirically,

the air-bridge shows obvious discontinuity effects at high

frequencies, which may obstruct transmission of signals from
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Fig. 3. Schematic view on an air-bridge interconnect, Geometrical parame-

ters: ~, = 9.8, w = 635 &m, h = 635 flm, G = 1905 &m, la = 2540 flm,
ha = 200 pm, Wa = 211.67 pm, Wa = Vb = UC = Vd = 211.67 pm.

port 1 to port 2 and vice versa. Therefore, a full-wave study

of such interconnects for better understanding and possible

improvements is highiy demanded, As an example, Fig: 3

shows an air-bridge printed on a 635 pm ceramic substrate

with a conductor width of 635 pm at both port 1 and port 2.

The corresponding characteristic impedance of such lines is

approximately 50Q. The gap width is three times the substrate

thickness and the bridge height and length are 200 pm and

2540 ~m respectively. With a choice of reference planes right

at the centers of the vertically directed parts of the air-bridge,

the equivalent m network parameters are evaluated and plotted

in Fig. 4. It is noted that, in the frequency range of interest,

the losses launched from the discontinuity are negligible. Thus

only reactive elements are included in the equivalent circuit.

Intuitively, the equivalent circuit for an air-bridge interconnect

can be regarded as an air-bridge inductance Lair in conjunction

with two open-end capacitances CoPen, which constricts a

three-element low-pass filter in n form. From Fig. 4 one can

see that the values of Lair vary from 1.69 nH to 1.17 nH

and the values of COP~n vary from 0.104 pF to 0.119 pF as
the frequency increases from 2 GHz to 20 GHz. From filter

theory [12], two parameters are commonly used to estimate

a filter response. One is the cutoff frequency f. which is the

upper bound of the passband frequency range. The other is

the image impedance Za which is defined by the terminating

impedance for port 2 with an input match at port 1, or vice

versa. Mathematical expressions of both parameters are given

as

“ =A@ (9)

For ~ < ~~, equation (10) shows that Zi is pure real. This
implies that port 1 and port 2 can be matched in the pawband

if the characteristic impedance of the microstrip lines at both

ports is equal to the real Zi. As for f > .f~, the vallles of
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TABLE I

CUT-OFF FREQUENCIESAND IMAGE IMPEDANCES
OF THE STRUCTURESHOWN IN FIG. 3

~
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Equivalent circuit pameters of thestiucture shown in Fig. 3.

Z, become pure imaginary, which leads to an attenuation

rate for the transmitted power, Thus this frequency region

corresponds to the stopband of the filter section. Substituting

the element values provided in Fig. 4 into (9) and (10), both

filter parameters associated with the structure in Fig. 3 are

obtained and shown in Table I. It is found that all frequencies

of interest are below cutoffi however, the image impedances

listed are much larger than 50 Q, which results in a significant

mismatch in the passband.

From (10) an increase of capacitance can effectively lower

the image impedances. Practically, this can be implemented

in two different ways. One way is to insert a pair of shunt

capacitors with capacitance C+ each into the regions near

the open-ends (see Fig. 5). The other way is to enlarge each

open-end area, for example, as a S x S square (see Fig.

6). As a result, the magnitudes of the scattering parameters

for both structures are calculated with the SDA method and

plotted in Fig. 7 and Fig. 8 respectively. It can be seen

that, when compared to tk results of the cases without

any changes (C,h = O pF or S = W), the return loss

is dramatically reduced at low frequencies as c,h or S

is increased. Nevertheless, these improvements are at the

expense of a narrower passband. To remedy this drawback,

another structure corresponding to a higher-order low-pass

filter prototype is suggested in Fig. 9, where the geometry

shown is the same as that in Fig. 5 except for a shift of

individual via-hole containing a capacitor toward the center

of the gap. The corresponding SDA results are shown in Fig.

10. Comparing with the results in Fig. 7, one observes that

this new structure not only enhances the passband width but

also alleviates the return loss.

Ground
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C.h r c Copenlopen T C.h
o 0

Fig. 5. Schematic view on an air-bridge interconnect with shunt capacitors.

Geometrical parameters are provided in Fig. 3.

( Ground f’
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o f-d--m o

T C.q C.q T

o 0
Fig. 6. Schematic view on an air-bridge interconnect with enlarged open-end
areas. Geometrical parameters are provided in Fig, 3.

IV. MICROSTRIP CROSSOVERS

Fig. 11 shows the top views of two crossover structures

whose air-bridge interconnects are shown in Fig. 3 and Fig.

9 respectively. From the results demonstrated in section III,

the former crossover is clearly inferior to the latter if the

return loss measured at port 1 is the criterion. However, in

this section one more factor, the isolation of port 1 from

port 3/port 4, is included for more rigorous judgement. In

general, solution of the scattering parameters for a microstrip

junction needs knowledge of the surface current density on

the junction resulting from suitable excitation and impedance

matching. Therefore, in the analysis port 1 is assumed to be

excited by a voltage generator, whereas the rest of ports are

assumed to be terminated by matched loads with complex

impedances. Note that a full-wave technique is employed to

model such generators and loads by referring to [11]. Under

this scheme, the calculated current distributions along the

microstrip lines of four ports can be used to extract SP1 for

p = 1,...,4. As a result, Fig. 12 shows the magnitude of these

scattering parameters. It is found that the structure containing

the capacitors has a larger magnitude of S31 (or S41) when

frequency is below 8 GHz or above 16 GHz.

V. CONCLUSION

A rigorous full-wave study of microstrip crossovers and

their possible improvements has been presented. The method



HORNG A RIGOROUS STUDY OF MICROSTMP CROSSOVERS AND THEIR POSSIBLE IMPROVEMENTS

o

-5

-lo

~ -15

—.. -20
cm
—

-25

-30

“ C~h=0.20pF

o

-lo

. -20

~

. -30
—..
m
— -40

-50

‘..
“ C~h =0.20pF

-35 ~
2468 10 12 14 16 18 20

FREQUENCY (GHz)

Fig. 7. Computed return loss of the structure shown in Fig. 5.
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Fig. 9. Schematic view on an air-bridge interconnect corresponding to a
seven-element low-pass filter. Geometrical parameters are provided in Fig. 3
except l.l = 1270pm and 1.2 = 635pm

used is based on an advanced spectral-domain technique which

can accurately characterize vias and hybrid linear elements
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Fig. 10. Computed return loss of the structure shown in Fig. 9.
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Fig. 11. Top: Top view of a microstrip crossover. Bottom Top view

of a capacitor-loaded micro strip crossover. Geometrical parameters of the

air-bridges are provided in Figs. 3 and 9.

in a microstrip structure. Numerical results demonstrate that,

by properly inserting shunt capacitors or enlarging the open-

end areas, the mismatch for an air-bridge interconnect in a

crossover can be alleviated substantially.

APPENDIX

The impedance elements in [Zj,= ~z], [Zj8, ~z], [Zjz ~~=] and

[Zj=.j.y] are given as follows:

X ~(rkz)~(kz)82(lev) sinkz(zv – Zm)

x Coskv(y. – ym)dkzdkv, (A,l)

Zpjz = Zjzj:v =
lwm-

//
Gzz(~u, L)

7r2(&z)2A7J (j ()

x T(kv)2(kv)fJ2(/k. ) Cos JL(G – $Tl)

X sin kv (y. – yn)clkza!kg, (A.2)
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where
o

-5

,,’. . .. . .. . . . . . . -------lo

I
2&v2qoql .

+ smh qlzo (– 1 + cosh q2A.z)
q;

Cyl qo
+— 1cosh ql .zO sinh q2 Az . (A.9)

q;

Original crossover
I

!“
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,/-
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,.,’% ‘ .,, ,, ,’
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,. . . ,’
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Set ,zO = O and er.1 = ~,z in the above equations if the

ground plane is placed at z = ZO.
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dqi = l%; +k; – k:%, z = 0,1,2.

The impedance element Zjz ~= is expressed as

x F2(ky)dkzdky (A.8)


