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Abstract
—----——-

To investigate the feasibility of millimeter-wave ICS using Fine Grained Alumina substrate,
the propagation loss and effective dielectric constant of the microstrip lines were measured at

50 GHz and millimeter–wave IC components were successfully developed.

Introduction
_—----------

At present, millimeter-wave circuit tech-
nique is successfully applied in communication
systems, motoronics and various sensers, in
which the waveguide circuits are mainly used.

Althouthr millimeter-wave Integrated Cir-
cuits ( ICS ) have been developed to minimize
system sizes among this decade years (1) (2)
(3), the ICS were not applied to the actual
systems, because quartz, which was mainly used
as substrates of the ICS for the patterning
accuracy depending on the good surface rough-
ness, has the fatal weak point, such as weaker
flexural strength.

We developed the several millimeter-wave
passive IC components, such as a branch type 3

dB hybrid, a backward–wave type 10 dB direc–
tional coupler, a coupled line for DC blocking
and a waveguide to microstrip line transition.
In the ICS, Fine Grained Alumina ( FGA ) Sub-

strates developed at Fujitsu were used. (4)
The propagation loss and the effective

dielectric constant, which were basic parame-
ters of a dielectric substrate, were measured
and these values were sufficient to be applied
in the millimeter-wave ICS.

Fine Grained Alumina Substrate
--------------—-—----——— ------

Fine Grained Alumina ( FGA ) is an alumina
of A1203- MgO-Cr203 system which is cast by
the doctor-blading method.

Table 1 sho WS the comparison between the
FGA substrate and others.

From this table, the cost and the flexural
strength are superior to those of the quartz
and the FGA has same surface roughness com–
pared with the quartz.

By these reason, we chose the FGA sub-
strate .

In order to investigate the electrical

Table 1. Substrate Properties

!3X#;:nt :hene~:ined Qwtz ScwtMre

&r 9.7 9.8 3.8 u 4.0 9.3-1 I.7

tanS(lOG+k) 2X 10-4 0.5XI0-4 I x IO-4 0.5 to
(atlMHz) lx 10-4

characteristics of the FGA in the millimeter–

wave ~egion, we measured the propagation 10sS

and the effective dielectric constant of mi–

crostrip line.

TO measure the loss, the sPecial waveguide

to microstrip transition shown at the top of

Fig. 1 was developed. The important items are

that the microstrip line length can be accu–

rately measured and the connection between a

waveguide and a microstrip line is easy and

that this transition has a good VSWR over the

wide band.
The confiqurationr the VSWR and

loss of the ;ransition are shown in
the dead

Fig. 1.
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We selected the 0.2 millimeters thick sub-
strate because of the higher cutoff frequency
of TE spurious mode and the stronger flexur-
al strength. The cutoff frequency of this
thickness is 127 GHz, which is sufficiently
higher than the operatjng frequency range
of 40 to 60 GHz.

The measured and calculated results of the
propagation loss of the FG A including the

Flex~J ~;:zg;h 3, I 00 6,500 700 7,000 transition loss are shown in Fig. 2. The loss
9 at line lenqth 0 is that of the transitions at

l-qennalmrldldxt’&().06 0.09 0.003 0.09. .

Surf;yA yr 04 0.05 0.03 0.03

Relative price I 2 0.I-Q5 20’- 100

the both line ends.
The propagation loss of the microstrip line

with fl.2 millimeters thick substrate was meas-
ured for various line length at three dif–
ferent frequencies. The loss per length can
be obtained from the gradient, because the
measured losses increase in proportion to the

line length. The calculated results computed
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by the equation in the reference (5) . The
measured and calculated results are shown in
F~~.2. The measured loss was 5.68 dB per 100
ml llmeters at 50 GHz.

To determine the exact circuit dimensions
in the design of millimeter-wave ICS, it is
necessary to know the accurate value of a
effective dielectric constant.

In order to measure the effective dielec-
tric constant, the ring type resonator shown
at the bottom of Fig. 2 was used and the fre-
quency response was measured . From these
results, the effective dielectric constant was
calculated by the following equation,

{ }

2

~eff(fn)= ~~2~{w)fn ~ ----------(1)

where n is the resonant number, Co the
velocity of light, fn the resonant frequency
of resonant number n, r the inner radius of
the resonator and w the width of the line.

Figure 2 shows these results and calculated
results mentioned following. The effective
dielectric constant gets higher and higher as
frequency increase by frequency dispersion.

The equation by which the effective dielec-
tric constant was calculated was reported bv
Chudobiak

where m
dimension

(6) ,

fxff(f)=tn(f-fd )+teffm~-- ------(.z)

is the coefficient determined by the

of the line, fd the lowest frequency
value below which the frequency dependence can
be ignored, and~eff(0) tie static- dielectric
constant.

In this figure, the measured result curve
agrees well with the calculated one. Equation
( 2 ) was the experimental one which was ob-

tained in microwave reqion. But, from these

resu
was
mill

ts, it is validated ‘that this equation
also sufficiently appl ied in

meter-wave.
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Passive millimeter-wave TC Components
_____________________________________

A branch type 3 dB hybrid was developed in
consideration of following problem. As the
line width and the diameter of the circle are
very small and same order dimension, it is
anticipated that the interaction between the
lines was occured and that the effective line
impedance was different from the calculated
one. So, the hybrid was designed using the
previously determined values. From the
characteristic results, the line width was
corrected by computer simulation. Figure 3
shows the characteristics of the 3dB hybrid.
The pattern is shown in Fig. 4. The diameter
and the line width of the hybrid are around 1
millimeter and around ~.4 millimeters,
respectively. The VSWR , the directivity
and the dead loss are less than 1.22, more
than 20 dB and 0.6 dB over the frequency range
from 45.5 to 52.5 GHz, respectively.

Backward-wave type 10 dB directional
coupler was developed. The important items of
this circuit design is that the 50 ohms line
width becomes 1/8 wave length at 50 GHz and
that the characteristics of even mode and odd
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Fig.3 Frequency Responses of 3dB Hybrid

Fig. 4, 3 dB Hybrid Circuit Pattern
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mode are different from those in microwave
reg ion . From these reasons, the effective cou-
~ping coefficient is larger than the calculat-

r and the correction becomes necessary.
Figure 5 shows the characteristics of the

10 dB directional coupler, Figure 6 shows
the characteristics of the coupled line for DC
blocking and the dummy load and Figure 7 shows
the pattern of the DC blocking. These com-
ponents have good performances which are suf-
ficiently applied in millimeter-wave ICS.
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Fig. 7, DC Blocking Circuit Pattern

Conclusion
————______

To validate the feasibility of millimeter–
wave ICS using Fine Grained Alumina substrate,
the propagation loss and the effective dielec-
tric constant of microstrip line were meas–
ured . As the result, the loss and the constant
were 5.68 dB per 100 millimeters and 7 at 50
GHz, respectively. These values are suffi–
ciently applied in the millimeter–wave ICS.

The millimeter–wave passive Tc components
using the FGA such as a branch type 3 dB hy–
brid, a backward-wave type 10 dB directional
coupler, a coupled line for DC blocking and a
dummy load were successfully developed.

Acknowledgment
_----—— __________

The authors gratefully acknowledge Youichi
Arai of Fujitsu for valuable discussion relat–
ing to this work and preparing the manuscript.

References
—-——_______

(1) M.V. Schneider, et al. : “ Microwave
and millimeter Wave Hybrid Integrated Circuits
for Radio Systems, “ Ibid, p. 1703(1969) .

(2) B.J. Clumer, et al. : “ MIC Mixers and
Receivers for Millimetric Wavelength, “ 1973

European Microwave Conf., Dig. A 15.2.
(3) B.S. Glance, et al. : “ Millimeter-Wave

Microstrip Oscillator, “ IEEE Trans., Vol.
MTT-22, p. 1281(1974) .

(4) K. Niwa, et al. : “ Mechanical Strength
of Fine Grained Alumina ( FGA) substrate, “
Fuj itsu Sci. Tech. J., vol. 13, No. 1; P.
87(1977) .

(5) M. Caultor, et al. : “ Measurements on
the Properties of Yicrostrip Transmission
Lines for Microwave Integrated Circuitsr “ RCA
Review, Vol. 27 (1966) .

(Ii) W.J. Chudobiak, etal. : “ Disper-
sion in Microstripr “ IEEE Trans. vol.
MTT-19, p. 783(1971) .

Fig.6Freqoency-ses of@@edLtwc@Lumrybxl

278


