
IllPROVl?MRNT OF PERFORMANCES OF MICROSTRIP STRUCTURES
BY EQUAT.IZATION o~ Pww VELOCITIES.

by A.E. ROS and D. POMPEI
Laboratoire d’Electronique

Facult6 des Sciences et des Techniques

P:rc Valrose

06034 NICE CEDEX - France

ABSTRACT,

It is well known that, in the TEM approximation, the electrical characteristics of microstrips couplers
are easily obtained, if we assume the equality between the odd and even modes phase velocities. In the other hand

the directivity of such couplers is considerably decreased when the gap between these velocities increased. So,

it can be very useful to equalize them. This result can be achieve by using a dielectric overlay or an upper
ground plaine symmetrical of the lower one with regard to the conductors. This last result can be generalized to a
n- parallel microstrip device. Advantages and disadvantages of these two technics are discussed and experimental
results are given.

Introduction

For the analysis or synthesis of microstrip cou–

piers in the case of the TEM approximation, it is ge-

nerally considered that the phase velocities of the

two modes are equal such as the formulas giving the
matching impedance and the coupling coefficient are

simple. These values can be expressed in terms of the

characteristics impedance Z and Z and the wave

numbers 6 and B of the ?~omode~~
The ~fassicaf’”approach for the description of a

microstrip coupler leads to the definition of the scat-

tering matrix S. This matrix connect the reflected vol-

tages and currents to the incident ones and for the
reflected to incident voltages, if s.. is the ratio
of the reflected voltage at the portl~ to the incident
one at the port j ,we have :

The matching condition is obtain for SI1 = o and

the matching impedance Z. is then given by :

The coupling coefficient in dB to port 3 is :

K = 20 loglo [S3,1

and the directivity in dB between port 3 and 4 is

D = 20 log
II

W

’41
These expressions are really complicated so, it is

generally considered that the coupler is ideal that is

to say that the wave number (or phase velocity :6= $-)
is the same for the even and odd modes. The length o~

the coupling region at the central frequency is equal

age ~ go
to—=

4 7’
so Boel = 6001 =;

The matching condition becomes :

Pe = Po “r ~ =_ p-—

I+pez
~+p2 e 0

0

and we obtain the classical matching condition :

Z02 = Zoe zoo

The coupling coefficient has also a si~ple expression :

II

2Pe
K = 20 loglo — =

l+pz
e

20 log,o\;;::l

The directivity then infinite, because :

j.

[

~:.-l Pg-1

’41 = 2
1

---—--——---=0 if Pe=–Po
Pg+)

p~+l

Phase velocities in parallel microstrips devices.

Indeed, thelyelocities of the two modes are gene-
rally different J and the above expressions becomes

inapplicable, In particular, the directivity rapidly

decreased when the gap between the velocities increases.
In the case of the co~pler, this gap can reach 9 % for

the small values of ~ (strong coupling) and high die-
lectric permittivity of the substrate (Table I).

I
W/n Sfn

0.5 0.25

1 0,25
1 0.5
2 0.5

0.5 0.25

1 0.25
1 0.5
2 0.5

TABLE I

-7,hasevelwci.%$esfnm/s (x1O
~dd mode

2.2101

2.1948
2.1849

2.1668

1.2873
1.2702
1.2602
1.2420

even mode —-
2.1276

2.0896
2.0866
2.0674

1.2048
1.1682
1.1655

1.1480 ~

Av

Y

4Z

:; Er=2.65
.

5X

7Z

9% Er=9.7
8%

8%

For multiconductors micro strip devices, the gap

between the higher and the lower phase velocities is
also no negligeable for strong couling and high dielec-

tric constant (Table 11 and III).

TABLE 11
3

43

8
hasevelocitiesinm s (xIO- ) ‘1 - ‘3

W/H S/H p v,
V2 v

0.5 0.1 2.1904 2.1831 2.1252

I
3% C =2.65

0.2 2.1847 2.1504 2.0306 7Z r

2 0.4 2.1609 2.0954 1.9611 9%

0.5 0.1 1.3027 I .2953 ! .2380 5Z, E =9.7
1 0.2 1.2969 I .2626 1.1505
2

II z r

0.4 1.2730 1.2106 1.0916 15 x
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TABLE III

I Phase velocities in m/s (X10-8)

I

LIJ/H

SJH

. 1

= 0.4

I and gap in X.

E = 2.65
I

E
r

= 9.7
r

v 1-“5Vi ——- ‘1-”5Vi —

‘3 ‘3
2.1872 1.2993

2.1784 I .2905

2.1530 9% 1.2652 14 %

2.0920 I .2072
1.9938 1.1190

For these case, the separation between two succes-

sive lines are the same and the lines have the same
widths.

In order to simulate an ideal microstrip coupler or

~a;~~~jlfi 3~4~ll?m0gene0us

medium and to obtain a broad-

‘ it should be very interesting to
equalize the phase velocities of the modes.

The gap between these velocities is caused by

the dissymmetry of the structure. There is a concentra-

tion of the electric lines in the substrate so that the
propagation is slowed down by comparison with the case
without dielectric but with different rate according
to we are considering the odd or even mode.

The problem is to obtain a configuration as close
as possible to an homogeneous configuration. So one so-

lution is to use a dielectric overlay of high permitti-
vity such as the effective dielectric constant of the

uPPer space tends to the permittivity of the substrate
under the lines. Another solution will be to’symmetrize ‘
the configuration such as the gap between the line.& and

the upper ground plane has the same height than the
dielectric substrate.

Dielectric overlays.

In this case, we use a thin layer of high permit-

tivity above the conductors, We have to equalize the

effective dielectric constant of the upper and the
lower space on each side of the microstrip lines. The
heigthH and the permittivity e of the substrate in the
lower space are fixed, so we h~ve to vary the height

. .
of the dielectric overlay in

~~d~~ ~Sr~~~~Z~lya~~ homogeneous medium and to equalize

the phase velocities of the two modes.

Symmetrical configurations.

In 1975, Arain and Spencer
6

reported that it is

possible to improve the performances of a microstrip

coupler if the upper and lower~round plane are symetri–

cal w“th respect to the lines. In fact, in the same
t

time we have been able to verify that in this case the
phase velocities of the two modes are equal (Fig. 2,3).
If HI is the height of the air gay above the conductors,

when H, = H the effective dielectric constant is equal

E r+ 1
tOE– —————

eff – ~
and then the phase velocities should

be equal to v =Vo=-c
e vKE=ck

so if Sr = 15 =8
E eff

and v =V = 1.0599
e

mls.
0

The crossing point on the figure 4 gives for the
courmon value of v and v : 1.o6

This very goo~ agree&ent has beenm~;;ained for
any configuration we have tested.

In fact, this result can be achieve by considering
the expression of the phase velocity in terms of the
capacities of the line in the homogeneous case (without)
dielectric) : ~ and in the inhomogeneous case : C.

rc
vp.c+-

‘f ‘A’is the capacitance of the line in front of
is the mutual capacitancethe groun plane ?nd ‘l~he even and odd modes capaci-

between the two lines.
tances can be written :

When HI = H, r

II’

can be split into three capaci-

tances : r’], for t e capacitance between the strip

and the upper ground plane, l’” between the strip and

the lower ground plane and C ~~king into account the
edge effect. We have yet sho~ that r

consequently C are linear function 01* e(an;#r\2;; ~d

can beinclude$inr’ll andr” suchasr
r = r’ + r“

11
II 11 11

In the presence of the dielectric substrate,r’l,

stays incynged, r“ ,1 becomes E r“l, and I’lz
r-L ,

becomes & rlz by a reason of symetry.

So we have Ve =

,7 =

when H
1

=H

andv=c
e

V=c
o

0
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Generalization to n-parallel microstrip lines.

We have shown
9

that the electromagnetic proper-
ties of n-parallel microstrip lines structures, in the
quasi TEM application, can be obtained from the capa-
citance matrix [C] . This matrix all wa-to calculate

Y
the inductance matrix [’1] by [K] = ~ ~C~-l where
[Cl is the matrix [C] for the vacu~. Frog the diagona-
Ii;ation of the product [c][M] = ~ [C][CO]-I we

can reach the n-phase velocities.
The studies, developed in our laboratory have

shown that the elements C. . of the matrix [C]are linear

functions of thedielectr$~ constant of the substrate
E. This result has been obtained whatever the choosen

configurations and for E as large as 70 and up to
r

n=8.

S0 we can write :

C =(Er_,) h]+ [co]
where [A] is a nxn matrix depending only on the geome-

trical configuration. Thestudy of the elements A.. of

[Al has been performed and we have study their v~~ia-

tion in terms of the ratio Hi/H. After abOut hundred
tests, we haveestablished that for HI = H, A.. = 1/2

c . . whatever i and j are. (Fig. 4). ‘J

‘lJ This result is very important because it allowa

to show that for H
A

= H, all the phase velocities of

the propagation mo es are equal :

But, we have shown
9 that the phase velocities V1 are :

2
v. = (gi)-z,

1
where gi are the eigen valu~of [G>.
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Finally, for H = H, we have

i “---2---

!
v=c —

Cr+l

Experimental results.

The first experiments have been performed with

the Dr F.C. De RONDE at the Laboratoire d’Electronique
et de Physique Appliqu6e at Limeil-Br&annes, France.
The above theory have been confirmed if the thickness

of the microstrip lines is negligeable. In fact, if it

is not the case, for small ratio sfi, that is to say
for strong coupling (i, e. large gap between the phase

velocities) , it is necessary to take into account an

edge-to-edge capacitance even for the even mode. The

corresponding electric field lines are completly in the
air, so there is no more symetry in the distribution
of these electric lines between the two regions, under
and above the air-dielectric interface. This dissymm-
etry is generally small and its effect can generally be

neglected. The equalization of the phase velocities
for H, = H is then obtained in first approximation.

Another difficulty is that some parasitic resonance
modes can be observed when the upper ground plane is

too close to the micro strip lines.

Conclusion.

It is now possible to equalize the phase veloci–

ties by two methods. One of them use thin layers of
high permit tivity dielectric which are deposited on

the conductors. This method seems to be simple but the
thickness of this overlay depends on the characteris-

tics of the lines, so this is not applicable for the
non uniform couplers ( w and s vary along the propa-
gation direction). In the other hand there is no more

direct access to the lines for the ifitegration of ac-

tive components for example.
The second technics use an upper ground plane

such as HI = H. By a convenient realization of the de-
vice containing the substrate and the lines, this

result can easily be obtained ; and this, whatever the
printed lines on the substrate are. The direct access

to the lines is also maintained.
Furthermore, it seems that the characteristics im-

pedance Z has a very fast variation around the confi-
guration ~here HI = H. This effect has not been tested
in the case of dielectric overlays.

Nethertheless this second method is probably the

best one to equalize the phase velocities because it
is easier to realize and more general.

The directivity and the bandwidth of a coupler

are so increased and the performances of the device
are improved.
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