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TABLE I

ELECTRICAL PERFORMANCE OF80-GHZ

STABILIZED IMPATT OSCILLATOR

meq.enc~ 80.000 (GM.)

POW,, output 55 (M
Pushimg f,~u,e 50 (kHz/uIA)

Freq.e.cy stabil>ty’ _2.5 , >0-6(OC-1)

Power Sta.bil.ty’ 71 (dB/~20°C)
External Q 10000

U. cumnt 460 (MA)

*) TemPam.ture range : 5 - 45°c

ina cavity-controlled mode where theoscillation frequency is almost

the same as the resonant frequency of the reaction cavity. The
“pushing figure” was minimum near 80 GHz. The electrical perfor-

mance at 80 GHz is listed in Table I. The frequency stability of
~5X10–6/T20 ‘C and 50 kHz/mA and power output of 55 mW
have been obtained.

Ina V-band lMpATToscil]ator, near] ythesame frequency stability
has been obtained.
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Channel Multiplexing Network for a 20-GHz

Radio-Relay Transmission System

ISAO OHTOMO, KUNIKATSU YAMADA,

AND TSURUO NUNOTANI

Abstract-The Nippon Telegraph and Telephone Public Corpo-
ration (NTT) plans to make a field test for the practical application

of the 20-GHz radio-relay transmission system. This short paper de-
scribes channel multiplexing-demultiplexing networks fabricated
for use in this test. Overall loss of the network constructed by three

stages, namely, a Vertical-horizontal ( V–H) polarizing filter, a trans-
mit-receive filter, and a channel-dropping filter, is 5 dB, even

though a 2-dB loss of a flexible waveguide is included.

A radio-relay pulse-code-modulation transmission system in the
20-GHz band has been studied as a large-capacity communication

system to prepare for a n increase in transmission medium demands

caused by new communication services, for instance, picture phone
and data transmission [1], [2].

The Nippon Telegraph and Telephone Public Corporation (NTT)
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is going to make a field test for the practical application of a 20-GHz
radio-relay communication system, called the 20G-400M system [2].

The trial link with two terminal stations will be installed over an

2.8-km route.

Fig. 1 shows the construction of the multiplexer–demultiplexer for

the field test, of which specifications are shown as follows:

frequency band 17.7–2 1.0 GHz (overall band—3.2 GHz) and
common use of both polarizations;

clock frequency 200 MBd (a bit rate of 400 Mb/s with 4-phase
phase-shift keyed);

channel spacing 300 MHz;
guard band 500 MHz.

The multiplexer consists of one vertical-horizontal (V-H)

polarizing filter, two transmit–receive filters, 20 channel-dropping
filters, and BRF and BPF filters suppressing frequency crosstalk to
received signals from transmitted signals [3], [4]. The common use

of both polarized waves, that is, a V wave and an H wave, is adopted
in order to use restricted frequency bands efficiently. However,

heavy rainfall degrades the polarization isolation. This may make it
necessary to stagger horizontally and vertically polarized channels.

Operation of the trial test link will provide additional data on degra-
dation of cross polarization by rainfall.

First, two orthogonal polarized waves are separated by a V–H

polarizing filter. Next, the 17. 7–2 1.O-GHZ band is divided into two

by the transmit–receive filter, resulting in four groups: Av, AH, Bv,

and BII, each having a bandwidth of 1.6 GHz. 1t is planned to achieve

two-way transmission by a single antenna with Av and AH groups of
lower frequencies in one direction and Bv and B~ groups of higher

frequencies in the opposite direction.

A concentrated coupled type like the V–H polarizing filter, a cir-

culator like the transmit–receive filter, and a ring-type filter like the
channel-dropping filter are adopted, as described later.

The multiplexer occupies only 1055 X860 X200 mm3 (box size)

except for the V–H polarizing filter, which is set on back of the
antenna mounted at the top of a pole [2]. The multiplexer is main-
tained at a low dry air pressure of 0.05 kg/cm2 above atmospheric
pressure.

The trial V–H polarizing filter is a concentrated coupled type, as

shown in Fig. 2. One polarized wave is reflected by a plate and

emerges to port 2 and the other is transduced from circular TEn to
rectangular TE1iI by a taper-type mode transducer and emerges to

port 3. The insertion loss is 0.16 dB for each oolarized wave from port
i to port 2 or 3.

The size of the inner circular waveguide, operated in a dominant

TE,, mode, is 10.8 mm and the rectangular waveguide is WRJ-180
(a=12.954”mm and b =6.477 mm). - -

The polarization isolation is over 45 dB and each input VSWR
is under 1.10 for the entire frequency range.

Since the frequency crosstalk is most strongly expected at the
boundary channels, filters such as BPF and BRF, as well as the

transmit–receive filter, must be provided to suppress this crosstalk.
The two dominant interference paths, namely, to Rs from T, in one

station and to Rs from T~ in the next station, must be considered.

Also, the crosstalk level must be suppressed to under 114 dB in

order to realize required D/U= — 33 dB when transmitted power,
fading margin, section loss, and antenna gain are taken into con-

sideration [2], [3].
There are two types of transmit–receive filters: one consists of two

hybrids and two high-pass cutoff filters and the other uses a circu-
lator. In the case of the cutoff-filter-type transmit–receive filter, the
former crosstalk, namely, to R6 from T,, is sufficiently suppressed by
the very sharp frequency response and high attenuation of the cutoff
area, but the latter one is not sufficiently suppressed. On the other
hand, for the circulator type, the two crosstalk must be suppressed

by inserting some filters. In this test, the circulator type is adopted
because it is smaller in size and lower in 10SS than the cutoff-filter

type. Moreover, it is confirmed [3] that the crosstalk can be suffi-
ciently suppressed by installing a receiving BPF with a five-cavity

Butterworth response and a BRF with a two-cavity Butterworth
response, as shown in Fig. 1. The former, with 400 MHz of 3-dB

bandwidth, is composed of 6 inductive metal posts. The construction
of the latter is the same as for the ring-type channel-dropping filter
using the response of ports 1 and 2 as BRF.

The forward loss of the trial circulator (Fig. 3) is under 0.15 dB

and the backward loss is over 35 dB for the entire band.
Fig. 4 shows the trial ring-type filter, which has been developed

as a channel-dropping filter for the proposed millimeter-wave multi-
plexing network in the NTT [5], [6].
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Fig. 1. (a) 20 G400M channel multiplexing network. (b) Overall view (a V–H polarizing filter and an antenna are set on the back side of this box).

Fig. 2. Trial V–H polarizing filter.

The specifications for the channel-dropping filter are as follows:

frequency response two-cavity Butterworth;
center frequency as shown in Fig. 1 ;

3-dB bandwidth 300 MHz.

Two ring-shaped traveling-wave cavities are coupled to each other

by a multihole coupler and to upper and lower waveguides by multi-

si_it couplers [6].

Gold is dated on the metal surfaces. A dielectric rod is inserted
in each cavity iu order to finely adjust the resonant frequency. The
channel-dropping loss in ports 1–3 at the resonant frequency of 18.5
GHz is 0.22 rfB. and the wtssband loss is under 0.1 dB.

Fig. 3. Trial circulator-type transmit–receive filter

Fig. 5 represents the frequency responses of the main channel from

T7 to R7 and the static frequency crosstalk from T6 to R7 and from
T, to R7, when transmit and receive multiplexer are interconnected

by a circular waveguide with 10.8-mm inside diameter. The theoreti-

cal curves in Fig. 5 (a), obtained under the assumption that the

channel-dropping filter is of an ideal two-cavity Butterworth type,
are well coincident with the experimental results in Fig. 5(b). The
overall loss for the center frequency of 19.9 GHz is 5.0 dB and @
broken down in Table I.
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Fig.4. Trial ring. type channel-dropping tilter.
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Fig. 5. Overall frequency response of the multiplexing networks where
fo =19.9 GHz. (a) Theoretical curves. (b) Experimental curves.

TABLE I

COMPONENTS OF MEASURED OVERALL LOSS

I MEASUREO VALUE alPREDICTED VALu E
I

dB dB

OvERALL L0s5 (d.s) 50 5.5

V-H

POLARIZING FILTER 0,16 X 2 0.20 x 2

TRANSMIT - RECIEVE

020x2 015x2
FILTER

IPRESSU= WINCOW I OIOX2 I 010X2
I

;&NU&L-DWPING

[FIVE CHANNELS IN 1.66 1,92

,CASCADE )
INTERCONNECTION

I

WAVEGUIDES

RECTANGULAR 0.40 0.60

FLEXIBLE 2.02 2.08

s When thecenter frequency is 19.9 GHz.

A large amount of flexibility y for adjusting antenna direction and

also for interconnecting to the repeater was included in the first time

test. Therefore, the total length of the flexible waveguide extends to

approximately O.5 m foreach transmit and receive side. In the future,
it is promising that the overall loss will be reduced to within4dB of

the first trial target because it will not be necessary for the flexible

waveguide to be so long.
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A Potential Theory Method for

Covered Microstrip

ANDREW FARRAR AND A. T. ADAMS

AfWract-Matrixme thods [l]areused toanalyze the properties

of covered microstrip. The Green’s function is calculated bya poten-

tial theory method assuming the TEM mode of propagation. Com-

puted impedance values of covered microstrip agree closely with
other experimental and theoretical data. The technique is a general
one and can be used to treat multiple-layer and covered microstrip.
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