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ABSTRACT

The filter characteristic of NRD
waveguide grating is investigated rigo-
rously by combining network approach
with mode matching theory. Numerical
examples are shown and compared with
experiment resulis,

INTRUDUCTION

NRD waveguide has been widely applied
to various componcents in millimeter-wave
techniques because of its superior charac-
teristics such as low loss , suppressing
radiation, etc. The NRD waveguide with
periodic corrugation can also be widely
used in millimetcr-wave regions by emplo-
ying the Bragg rcflcction or the leaky-
wave phenomena. For cxample, it can be
used in DBR Gunn oscillator to stablize
the oscillation frequency. Some dielectric
grating with finite length have been
analysed by some auvhers (1), (2), (3),
(4). In (1) and (2), the method applied
is too complex to practice, whild in (3),
the method is too simple and results in
some errors. In 1his paper, we present
an effective approach to analyse a perio-
dic structure on WRD waveguide by combi-
ning network approach with mode matching
theory. Our approach is simpler than that
in (1) and (25, but can still ensure
higher precesions.

THEORITICAL ANALYSIS

The main proccdure of our approach to
analyse a periodic structure on NRD wave-
guide shown in Fig.1 is as follows:

(1) First, we congider that the
structure consists of N basic cells and
each cell compriscs three NRD waveguide
sections with two step discontinues, as
shown in Fig.2. Only the dominant mode of
HRD waveguide can be transmitted along

the ide.

%g) Secondly, we find out the network
representations of cach cell by combining
network approach with mode matching.

(3) Finally, we can give the network
representing the whole periodic structure
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by cascading the subnetwork representing
each cell,

The key of tae approach is to find out
the network of each cell.

Modes of NRD guide are hybrid in nature,
having both electric and magnetic compo-
nents in the longitudinal direction. They
are usually referred to as longitudinal-
section magnetic (LSM) and longitudinal-
section electric (ISE) modes. The opera-
ting mode of NRD guide is the lowest ISM
mode, ie. ISNM11 even mode. The transversec
fields of the desired modes may be written
as follows:

By (x,7,2) =3 W (2) % (x,5)
H, (x,5,2) =5 I (2) & (x,y) (1)

i
where V; , I;, & and h;satisfy the follo-
wing equations, respectively
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The mode function §; and h; posses
following orthogonality properties
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The relations between e; and h; are
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Where I =-i_ﬁ+§y‘

(2) and (%) are the transmission line
equations and the vector eiginvalue pro-—
blem, respectiviely.

For the LSE modes, where e); =0, so
that

e;,- =h{>'i (6)

For the ISM mode, where hy; =0, so that
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The following scalar othogonality con-
ditions may be written as a consequence of
(4), (6) and (7)

55 el ey’ dudy= g;.j

ffe% Eriy)dy axdy=dy
s, 57 axiv=s,

feso /8y axay=d;

From above relations we can find out
transverse componc.ts of total fields in
NRD guide.

When the dominant mode (LSM11 even
mode) of NRD guide injects into a step with
an arbitrary incident angle, it will arise
many higher order modes, as well as con-
tinuous spectrum modes, But because of the
symetry of NRD guide and no discontinuity
in x direction, the parasitic disperse
modes at the step are only ISF1n even modes
and ILSEin odd modes. The desired transe-
verse fields at both sides of step are
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llere the continuous spectrum modes have
been omitted.

Fatching the filelds at step T1 and
multiplying the equations with epny,
eny r(y), h'me/ £x(y) and himy, respecti-
vely, and making integral around cross-
secsion of the NRD puide, we can get
following equationc by employing the
orthogonality and normalized conditions

V4 RV = QT 48 ¥~ (8)
v =PV’ (9)
R'T/+ 17=8"T"+ Q'I” (10)

I'= P T’ (1)
where 17, I7, V and V_ are culumn vectors
of the modal currcnis and voltages of LSM
mode, while I, I7, V' and V’ represeny
L3E modal currents and voltage. R°, R,
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Q, Q*, 8, 8", P’ and P” are matrics
showing the coupling relations between
modes. The elements of the matrixes are
Qun=<{ep, J Epy >

RIn=¢e;, | />

S 7

S&n:(e;x]enx> Pﬁn:(e&,}ir(y)]é;;>

Rim=Chime |1/E2(3) | B>
Smn=(h, | 1/€x(y) | Bax >
Qmn=(tie | 1/E2(y) | x>
Pin={h'my| hny >

The step T2 can be analysed similarly
with the step T1,it is omitted here.

Using above relations, we can readily get
the network representation for a step of
NRD guide with generalized ABCD matrix.

In addition, we consider a NRD section
as multiple transmission lines and can
also get its network representation with
generalized ABCD matrix. Then the network
of a basic cell can be got by cascading
the networks for steps and networks for
NRD guide sections as shown in Pig.3 (a).
Finally, the equivalent network of the
periodiec structure shown in Fig.1 can be
work out by cascading the subnetworks

rﬁsenting the basic cells shown in Fig.3
b).

The network shown in Fig.4 is a nmul-
tiple ports network for the whole periodic
structure, we can easily reduce it to a
two ports network by terminating the ports
representing higher order modes with their
characteristic inpedences.

NUMERICAL AND EXPERIMENT RASULLS

A series of periodic structures have
been computed. The results of computing
are shown in Fig.5 (a). In order %o exa-
mine the theoritical analysis, one of the
examples has been made and measurcd. The
result is shown in Fig.5 (b). The results
show that the agreement between theori-~
tical analysis and experiment resulis is
good.

CONCLUS IORN

This paper presents the equivalen?®
network and the filter characteristics of
a periodic NRD guide structure. This
structure can be used in millimeter wave
dielectric waveguide integrated oscillator
(DBR oscillator) as a fregency stabiliza-
tor. The approach to analyze the periodic
NRD guide structure is given for the first
time and is a effective method. The numeri-
cal and experiment results agree well.
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Fig.1 NRD guide periodic
structure

Fig.2 A basic cell of
the periodic structure
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Fig.3 (a) The cascade of . ]
networks for steps and o——- asic o
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Fig.4 The network for the whole
periodic structure
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Fig.5 (a) the examples of computed attenuations

for periodic structures with a finite length
(b) the theoretical and measured attenuations

for a periodic structure with a finite length
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