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Abgract: Based on the theory of mode couwpling, this paper discusses the circular waveguide mode converson with
waveguide axis curved and radius tgpered in detall. It dso carries out the optimized andyd's about the geometry ructure of
Ty~ TEy nmode converter. Adopting different phase rematch techniques, the optima geometry parameter is obtained. The
node converter desgned in this way owns high converson dficiency exceeding 98 %.
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Mode converson has inportant gpplication va ue in the trangmisson o high power millimeter wave , tranamit , measure.
Gyrotron have the output mode TEy and mix up TEy, , which is very inconvenient for direct use, $ a node converson mug
be taken. Based on the virtua need of gyroklystron , high efficient wideband TRy~ TEy circular waveguide mode converter is
desgned in this pgper. In overnoded circular waveguide a seective trandormetion of one Pecific nmode into amother can be
achieved by means of periodic gructure of the inner waveguide wall under the condition that the geometric periodA , of the
wall perturbations and the unperturbed wave number B, and B, of the interacting nodes satify the renance relationship™ :
AB =|B1-B,] =1 xTT/Ag =1 xTUAy (1= %1, 2, ) , where , A is the beat wavelength of the two nodes.
This condition guarantees that the converson to the desred node is continuoudy increased , while converson to other urr
wanted nodes that are a9 coupled by the waveguide perturbetions sufers degructive interference. f the conpletely power
oonverson from one node to another mode can be redlized , the length of waveguide should satidy the relation: L = N, ,
where N isthe number of inner waveguide wall geometry wave period, and the bes value of N is decided by the three
needs: limiting the converson to urwanted nodes, enhancing converson dficiency of the dedred node and stidying the
bandwidth requirements.

1 Fundamental equation and theory o mode converters

The unevenness in a waveguide (the axis bent in a circular waveguide , gradua radius changes o the waveguide) will
cause the energy coupling armong diff erent propagation modes and thus create node converson. The coupling wave equations
for studying axis curved circular waveguide node converter are'”’

dA:dri . + . + + - -

dZ = Jy rdrfAmd - J Z[C(mﬁ)(mn)Amn + C(n‘lrf)(mn) Amn] (1)
dAmn . - . + - - +

dZ = Jy mHAmd +J Z[C(mﬁ)(mn)Amn + C(n‘lri)(mn) Amn] (2)

The equations of radius taper circular waveguide mode conversion are'”’

dA;m _ idg'lymﬁ)A

dZ - - 2 dZ md = y mr A:nri + ZA;n Cz—mr{) (mn) + ZA-mn Cimﬁ) (mn) (3)
dA- I 1 d I i + - + - - +
dfzﬂ = - E dZm Amﬁ +y mHAmri + ZAmnC(md)(mn) + ZAmnC(mH)(mn) (4)
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where A, and A, are the forward and backward wave conplex anplitudes of the(mn) node. Clain) (m and Clain) (m)
gand for the coupling coeficients between( mn) node and (mi ' ) node whose direction of propagation are the same and
opposdte repectively. Y m =0 m +jB m is the propagation congant of the (mn) node , with 3 ., the wave number , O ,,, the
attenuation congant for circular waveguides, the gudy results about coupling codfficients at Ref. [4] in detal . It is sup
posed that the length of node converter is L, and there exids an incident wave at itsinput termind and a zero-va ued back-
ward wave a its output termind. The boundary condition’™ together with equations (1) , (2) and (3) , (4) reved the
problem of boundary value of a coupling wave differential equation groups. The Dl ution olves the digtribution of A, and
A dongthe z axis, and z isthe arc length of waveguide axis.

The cowple principlesof curved axis and periodic radius perturbations circular waveguides aredA m= +1 andA m=0.
In order to redrain other unwanted node anplitude and to rise the desred node, the coupling sructure is often adopted
as[e 8]

(a) Waveguide node converter of axisymmetric , periodic radius perturbations

[1- Sensn(mkt)]
a(2) = a WZ (1< m<d (5

1- WZSm
and0 (z) mug be the function of k, = 2T/A .
(b) Waveguide node converter of axis curved in plane

iz . iz : iz
X) =€.008 -€,dny - &€zdny— 6
y( ) ' S)‘W[mp,m’q] ? )‘W[mp,mlnll ? )‘W[rn’q,mznzl ()
(c) Yightly changed perturbation period
)\W = (1 +6))\ B[ mp, mq] (7)

(d) St aproper placement of phase delay sections of sraight waveguide to adjugt the phase, © that coupling to unr
wanted nmode is minimized.
And adopting corregponding sructure , node conplete converson can be redized.

2 Result of numerical calculation

Adopting the periodic perturbation of radius, the Ths- TEy , TEr- TEy circular waveguide node converter isoptimized
with input node TE; and frequency of 28GHz , radius of 20mm. And its sructure is shownin Fig.1 (a) , (b) , and Table
1, Fg.2 (a) and (b) show the result of the optimization. For the dructure is symmetry , the trangoortable node is only
TEs , TEx and TEy with input frequency and origina radius, furthernore , the beat wavdength of Thks and T, , TR, and
TEy is very dort , thus high eficient converdon in fewer periods can be redized , even with arriving at a conplete conver
gon.
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Fig.1 Gometry gructure of TEg TEw , TEy- TEq Mode converter with radius taper in (@) , (b) |
and TEy-TEy with axis curved in (c)

Adopting the perturbation of axis curved , the TEy- TE;; circular waveguide mode converter is optimized with frequency
o 35GHz, radiusof 13.6mm. Because of the beat wavelength of TRy and TEy is longer , and its beat wavelength is very
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close to the beat wavdength of TEy and TEs , thus the high dficiency converson can hardly be redlized in a fewer period
number. But the converson dficiency can be increased from added period number of wave and changed the waveguide inner
radius, which the unwanted node arplitude became minimized. At the same time, the length of nmode converter became
longer. For the length of mode converter is usually decided by four factors: waveength of beat wave , coupling codficient ,
trangoort congant and coupling to other mode , o the converter length is longer , Fig. 1 (c) , conpared to the former , Fg.
1 (a, b). Theoptima resultsin Table 1 and Fg.2 (c, d) , show that because of adopting phase rematch techrology , the
undesired nmode became srdler and svdler in output end. 9x coupled nodes were included in the theoreticd andyds:
TEn , TEu, TEz , TEx , TMyand TMy; . Ohmic attenuation is included in the coupling metrices. The irfluence of My,
and TM,, turned out to be negigible because there i's a continuous and coherent converson (with no change in phasng) be-
tween TEy and the degenerate TMy, node for the TMx node is only weakly coupled. There exig strong coupling between
TEx and TR, , TE; and TEy , D if adopting fold perturbation items to remetch the phase of TE, and TE, , the converson

dficiency can exceed 98 %.
Tablel Geometry parameter and conversion eficiency o TEp,- TE;; mode converter

cae TEos TE TEo TEx TEo~ TEn
beat wavelength A g /mm 35.33 74.60 143.90
geometric period A w/mm 41.14 90.81 146.94
number of periods 3 4 6
converter length /mm 123.4 363.2 881.6
perturbation anplitudese ; 0.065 67 0.078 30 0.084 01
€7 - 0.012 86 0.008 64 0.005 41
geometric period factor O 0.164 47 0.217 25 0.021 09
outer power leve : 0.000 27(TEg) 0.009 25(TEg) 0.000 17(TEy)
0.984 93(TEp) 0.000 42(TEp) 0.980 38(TEy)
0.013 42(TEq) 0.989 08(TEy) 0.002 22(TE)
0.011 69(TEx)
0.000 18(T™y3)
power trangmisson 0.000 03(T™My)
dficiency: Pgm 0.998 62 0.998 75 0.994 68
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Fg.2 Factiond power di gributions dong mode converter
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3 Conclusion

This paper optimizes the TEs-TEy , TEx-TEx and TEy- TEy with frequency 28GHz and 35GHz. Adopting corre-
goonding sructure , the reliable optimal geometry parameter can be obtained. This results contribute to desgning 8mm gy
roklysron TEy- TEy; circular waveguide node converter with tighten , high eficiency and broad bandwidth.
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