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DESIGN AND PERFORMANCE OF THE MILLIMETER WAVE

DBR GUNN OSCILLATORS

Li Zong-Wen, Zhang Wen-Xun

Nanjing Institute of Technology
Xanjing, Jiangsu, P.R. of China

The operation principle and the design
metho~ of Distributed Bragg deflector Gunn
oscillators in the millimeter waveband are
desc~ibed based on the theory of coupled-
modes in a dielectric grating region, the
oscillator is constructed by an inverted-
strip dielectric waveguide and a,~ inserted
Gunn diode. A oractical oscillator with an
output of 60 -@O mW and 10-s-10-6 frequency
stability at 36 G~lz has been performed,the
test results are in agreement with theore-
tical predictions.

The Distribl.lted Bragg Reflector (bB2)
Gunn oscillator whicl was constructed by a

grating of dielectric image guide had been
reported by T.Itoh in 1979’’”=, it operated
at 9-17 G?z band and was designed based
on a prototype of DBR laseti~>. This oscil-
lator possesses some attractive features:
(1) Its planar structure is ezsy producted
and benefits the heat diffusing,that suits
the millimeter waves especially; (2) A
higher Q of the D13R cavity may reobtained
even the dielectric with relatively lower
permittivity are used; (3) It is tunable
electronically by use of the distributed

Pb-ase-sPifterS; (4) The multi-diode ~om-
bining may be performed without trouble of
the multi-modes excitation.

In this paper, the dispersion c~urves
k-d diagram for the space harmonic modes
of the inverted strip dielectric waveguide
(ISDG) are given as shown in Fig.l(4J using
the transverse resonant technique and the
effective dielectric constant methodcr). The
coupling coefficient between two coupled-
waves with opposite directions and design
parameters such as the stopband width, the
reflection and transmission coefficients
is derived from the theory of coupled-modes.

In the design procedures, the positive
feedback are put on the Gunn diode by means
of the reflection with frequency- and mode-
selectivities, the oscillation conditions
are satisfied carefully. Then an oscillator
with an output of 60-90 mW at 36 GHz has
been fabricated, and 10-SR10-4 frequency

stability is performed by means c~f that the
grating are constructed in the decaying la-
yer rather than the guiding layer of ISDG.

oPERATION PP.INCIFLE

In the grating region of ISDR as shown
in ‘~ig.2, the propagation characteristics
are pertubed periodically along the axis by
the grooves, so that the magnetic field for
all of the TN modes can be written as (1)
if the strip ‘~idth W is large enough (Olay
=0) and the waveguide is consicle~ed as a
lossless medium,

{

Hy(x,z) =m~m Im(x)exp(-j/lmz)

(1)

fim =/30 +2m~/,A , m=0,*l,*2, . . .

where the phase constant of the clominant-
mode (m=o) O is very close to that of the
surface wave” @ in an unperturbed ISDG,
and A is the p~yiod of grating.

In Fig.1 the k-fi curves of forward-wave
modes along +-z direction (m~o) are crossed
that of backward-wave modes of the -z di-
rection (m~o), each cross point <iescribes
the coupling condition between two modes.
The point A describes the coupling from the
dominant made of forwarfi-wave (w==o) to the

backward-wave (m=-l), which corl~esponds to
the stopband of surface wave, and keep the
total energy vithin a bound as like as an
end-wall of cavity, so it is a reasonable
operating point for an oscillator.

‘The ~:ave equation for TF1 modes includes
a ?ertubation inhomogeneous term which make
the mode coupling happen in the mathemati-
cal sense,

fiy(7, t)-x&(;) [$Hy(=,t)/3’t]
=&&oAria(5) [8zHy(F,t)/a’t] (2)

The periodic perturbation factor Aria(;) can
be expressed as a Fourier series in respect
to z,

~nz(~,z)=q~e aq(x)exp(j2qZld ) (3)

and the time-harmonic field of ‘“rno can be
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expressed in terms of the eigenfunctions wave to the backward-wove continully,so its

{~~(.)}at the operating point A,

If the field amplitude varies with z slowly,
then a pair of coupled differential equa-
tions far mode amplitudes of the Sth compo-

nents A@{z) are derived for the structure
of longitudinally symmetrical grating vi%h
p~riodA=p7rf@~ (P=I ,2,...) based 011 the

orthogonality of eigenfunctions,

dA@](z)/dz =
s

-J<sA~(z)exp(*j2(Af!)z) (5)

where @=&-Pv7’A =@s-#1: is the difference
.>

of phase constants, the ~trong coupling oc-
curs when A@=o xikich corresponds to Bragg

condition

A=pz/& =Pxgs/2 (6)

and ~ is the guide wavelength far s
gs th

mode; the coupling coefficient

The solutions of eq.(5) with the homoge-
neous ~eflection condition at terminal z=L
that A&(L)=o are obtained,

•[A&~~)+W cM=)]

(8)
Eowever it can be reduced under the Bragg
conditionC6),

&(z)=J&o)[ ah(L~L),/ch(KL)]

A~(z)=&3)[ch(I&~)./ch(KL) ]
(9)

Then t.YYe reelection and transmission coef-
ficients can be deduced respectively as

RoA!:(c))/A:(O.)= th(KL)

TL=J$(L)/~~(o)=l/ch(KL)
(Id

As shown in (9), the forward-wave A%(z)

XS attenuated with respect to z by the
transference of ener~ from the fcmwar@-

phase co~stant must be a complex as-

fl’=z&* jet
s(Pfi/4)i j[K’-(nefF/vc)’(ti-@o)7h(ll)

.

where ‘e ff=&wiko ~~Iko is the effective
index of refraction; Vc is the velocity of

light; No is the Bragg frequency at middle

of the stopb=znd, and corresponds to the un-
perturbed value of @~%p~/A. So a short

.“

section of grating of 16DG likes .as a mirror
lJit~ }iigh reflectivity a% i~~ut terminal ?=0
for the Bragg freque~cy CA)=&o .

The width. of stopband in which the mode-
coupling from m=O to m=-1 a~e effectively
occureti can be determined also as following

(Llcd)stop= 2VCK lneff~ 2~oKj@o (12),

DESIGN METHOD

The structure of a DBR Gunn oscillator

as shown in Fig.3a includes the input- and
output- sections of grating of ISDG and a
segment of uniform ISDG inse~ting a (Hnln
diode.

After the geometric parameters and the
permittivities of dielectric layers of ISDG
are selected by means of general criterions,
the following calculation will be carried
out :

1. To draw tLe ?c-fi curve? of m=O an~
m=-1 based on the computation discussed de-
tail in the referencec+~ and to deternine
the cross point A PS accurate as possible.

2. To find the @ from k-~ curves ac-
cording to given ope~ating frequency f or
wave number k , then the grating pe-rio$A=
T/p is ohta!ned for the case of p=l .

0
3. ‘!’0 calculate the coupling coeffici-

ent IL from formula (7) fo? p=l 2nd s=1 ,

which means the operating mode of E=
Then the design parameters (Ad) ItR”

Stop ‘ o ‘
and TL are calculated from (12),(10) in se-
quench.

4. To determine the lengths of grating
section, let KI+<I.O for the power output
side, and let ICL2Z2.5 for the other side

of equivalent mirror.
5. TO estimate the maximal output power

P out from the oscillking power Pose Dy the

relation oil

6. To draw the equivalent circuit as
shown in Fig.3b , where Y is the diode
admittance with typ%cal d~ta as Fig.3c ;
Y.

ml and Y are the input admittances
in2

looking into the unif’dxm section #1 and $2
from diode, which depend the ~nput admittan
-ces at The reference planes Tf and T2 ,
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and lengths of 11 and 12 in Fig.3a , and
the transmission peumme-ters Yo, 60 of an

uniform ISDG. l?ig.3d shows the typical da-
ta of Yy=Yin1+Yin2 fm 11=12=% /4 and

the ~eometric sizes and materials that are~. -
used in a practical ascillatar.

7.. The design crtteria far the equiva-
lent circuit %s that the oscillation con-
ditions must be satisfied,

f c =-G

yd+Yr=o ,

\

‘d ‘r

‘d=-Br
(14)

EXPERIMENTAL FUiEHJL’fS

A practical oscillator had. been fabri-
cated and tested. Fig.4 describes both the
tested and computed k-fi curves. In Fig.5,
the characteristics of oscillation frequen
-cy and output power vary with the diode

biasing. The oscillation frequency 5s in-
sensitive relatively to the bias voltage ,
but the power and the spectral purity are
sensitive to the bias.

The comparison with the experimental
data discovered that the increasing In the
grating length results in the increase of
sensitivity of power and decrease that of
frequency, these fact are due to the in-

crease of Q .
A oscillator sample has been assembled

‘F’Yg.l Dis

the

persion curve

grating of

with other components and devices of ISDG
in a millimeter wave mini-system, which

is operating well and st.abIe.
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(b) Equivalent circ’oits

(c) Typical data Gf diode
adnittar.ce
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