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Summar~

The design and development of microstrip-based
attenuators suitable for broad-band applications

is described. Expressions are derived for the
propagation constant and characteristic impedance

of attenuating sections of microstrip. Some prac-
tical results are also given.

Introduction

An investigation of microstrip transmission li-

ne structures with very lossy substrates is des-

cribed. The work was in response to an industrial

requirement for a cheap and novel attenuator

suitable for mass production and capable of pro-
viding 30 dB of attenuation from d.c. to 12 GHz.

The possibility of replacing a section of the
microstrip substrate beneath the top conductor

with very lossy conductive material was investi-

gated. There appears to be no previously publi-

shed theory of this structure in the literature.

Attenuation Theory

First, expressions for the attenuation constant

O( , phase Constatp , and characteristic impe-
dance, ZO, appropriate to a length of microstrip

constructed on a very lossy substrate were obtai-

ned in order to evolve a suitable design in which

these parameters would be frequency-independent.

These quantities are given for a TEM mode by the
equations

~=Re(~), (1)

~= Im(ti), (2)

~.~(R+j@L)(G +j6JC), (3)

and
/

=R+.j@L
‘o G + jwC

(4)

where R, L, G, and C are the usual transmis~$ion

line parameters and @ is the angular frequency.
Above about 2 GHz hybrid modes were known to be-
come important Ill but as their effect amounts
at the most to only a 16% change over the band-

width from d.c. to 12 GHz [23 - [4] they were

regarded here as of secondary importance to be

included as a correction, if necessary, at s

later stage.

For low-loss transmission lines the conditions

G4Gt.oC, RtiwL apply leading to the familiar
expressions

roi=O,P.&dfiandZo= ~ (5)

These conditions are inappropriate for a very

10SSY line with G>>&C. Thus new expressions
ford, fi, and Z. were required. It was shown,

for example, that when G>WC, R&&L that

OL=p =JE”
2

(6)

while
‘o r

=@& ‘(7)
G

The frequency-dependence of these parameters de-
pends upon that of G and L. If the devices are

thin compared to a skin depth they will be fre-
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However, for the lossy subst-

::::c:ei~zzF~gyn~:81]

G =b6? ~ C (8)
~/

where t+~uis the effective conductivity due to the
polarisation losses of the conductin~- substrate
of complex dielectric permittivity G --6”,
is the real electrical conductivity of the

rate.

Thus , if u>>~kawe have

“p ‘m
and‘0=m

and ~

subst-

(9)

(10)

so that~,~ and Z. are each proportional to

&$-.

Similarly if tdiq~ it is easily shown that

&&tiwhile Z. will be frequency-independent.

Thus a broadband attenuator cannot be constructed
in lossy microstrip.

Equation (9) is of some importance.

authors C6] - [8] have stated that Whenp~~Z~Z~OS-
ses dominatedis independent of frequency. That

conclusion is not true in the case of 10SSy subs-

trates such as semiconductor materials with con-
ductivities greater than about 0.008 Sm (at 12GHz)

For these substrates (9) predicts that dand
P

~ ~+ and this result is expected to be of part-

icular significance for monolithic integrated ci-

rcuits operating at Gbit rates.

To produce a broadband attenuator the conditions
G>>AIC, R>>tiL must be satisfied. Then

Y=@ (11)

so that d== (12)

f-

= o, (13)

and
~

‘o ‘G
(14)

If the device is thinner than a skin depth R and
G will be frequency independent. We then have
for c>>~~”

‘ ‘r%-
(15)

(16)

both expressions being frequency-independent as

required.

However, if tdfitl>>UbothoC and ZO are frequency-

dependent. Thus for a broadband attenuator it is

required that G>>@C, R>>6JL and ~>XJ&V A
structure which may satisfy these conditions is
shown in Fig. 1. Note that the top conductor is
replaced at the lossy section by lossy material

to ensure R>>&JL. In the presence of the top

conductor R<<6JL. The line parameters R, G may

be obtained from a consideration of Fig. 1 as

R=l fi ~-l

UW(h + t)
(17)



.

G=iYVl
~t) Mho m-q (18)

where c is the conductivity of the 10SSY material.

Thus

d=JRG = -’1+7-2)
nepe-rs n (19)

(20)

Both expressions are independent of frequency

provided the height of the 10SSY material is less

than a skin depth and P>?$J~”.

Fig. 1 Broadband Attenuator Structure

Fabrication and Measurement Procedure

The attenuation of the 10SSY tnicrostrip and of

the attenuators was determined from the measured

scattering parameters Sll, S22 and S21. Double-

sided copper-clad printed circuit board was used
in this initial study. The top conductor was
defined by etching and then a short section rem-

oved at the intended location of the 10SSY insert.

A hole of the correct dimensions was cut into the

substrate material and was then filled with a
suitable conductive material. For the very-lossy
microstrip experiments a top conductor was then

soldered back into place. The lines designated as
attenuators were left ‘!topless.TJ The attenuation,
A(dH), was obtained from the equation

A(dB) = 10 10g10 152212
(1 - ]s,,12)(1 - ]s2212 ) (21)

Results and Discussion

Fig. 2 shows plots of attenuation versus fre-

quency, f, for microstrip with a section of very

10SSY substrate. Interpretation of these results

was facilitated by plotting log ~OA(dB) versus

logqof. These curves indicated that at low fre-
0.1

quenciesO@ , while at higher frequencies the

f
variation was between & 0.8

and~%l’”’” .
According to (9) ~ec$~ was expected, assuming

that G >>tiC and R<<tiL. The results were ex-

The results were explained on the assumption that

~was too small so that &g’’+C<&If?! This would

mean G .& a c. A detailed analysis showed that

& could then be frequency-independent while at

higher frequencies d-$ , thus explaining why

44$0-1 ando/&$ 0.8 was observed. The case

C?&@ .7 represents the well-known phenomenon

of dielectric heating [92 and Pucel et al [1]

confirmed that for a non-conducting substrate

&&$ . The result c-4 4$.1.7 was attributed to

the existence of eddy currents in the small con-

ducting particles of the 10SSY substrate since

$
eddy current losses are< 2 at low frequencies and

$’-5 at high frequencies [gJ. It was concluded

that the proposed theory of very 10SSY microstrip
was correct.
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Fig. 2 Attenuation versus Frequency

for Microstrip with Lossy Insert

The plots of~and Zoversus frequency fOr the

prototype attenuators were analysed in great de-
tail for frequencies up to 3 GHz only. It was

possible to show that the increase in 4 with

frequency, Fig. 3, occurred because the condition

R>>tiL was not satisfied. One reason for this

waa because it had heen assumed, after Luskow

[IO] , that the surface layer of the 10SSY insert
of thickness t would serue as the top conductor.
Actually R was found to be associated with the

full thickness of the 10SSY insert (t+h), and

this is reflected in the correct design equations
(17)-(20). A second reason was thatL was enha-

nced due to the presence of eddy currents in the
lossy insert. Thus the value of L was ded:;ed
as 17.0 @lm-’ compared with about. 314 nH

calculated from Wheeler’s equation (8), c1 3.

An attempt was made to increase R by reducing

0-. To keep Z. constant G was increased by using

a reduced height structure, Fig.4. An improved

attenuator characteristic resulted (Fig.3) but
the mismatch increased with frequency, possibly

because of the reduced height section.

A third attenuator was designed with &z7GJ&’

to ensure G >>@C. Also R and G were calculated

from (17) and (18). This attenuator exhibited
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Fig.3 Attenuation versus Frequency
for Diffedent Structures Investigated
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Fig.4 Reduced Height Attenuator

broadband attenuation behaviour, Fig.5. l!h e

increase in attenuation above 5 GHz was pc~sGibly
due to the skin effect since & was inadvertently

made too high thus reducing the skin depth $ .

since d@(h+t)-q and (h+t)
+1

should then become6 ,

*dthen increases as f . Efforts are being made to

improve upon this result.
Conclusion

This approach to broadband attenuator desiLgn has
been successful and further development is being
undertaken. The important result that th~? atten-

uation and phase constants of microstrip inter-
connections in monolithic integrated circuits
will be strongly frequency-dependent was ldis-

covered. This is additional to the norma:l dis-

persive behaviour of microstrip.
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Fig.5 Attenuation versus Frequency

for Third Attenuator
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