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Analysis of circular-to-circular groove waveguide junction
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Abstract:  Mode matching method is used to analyze the scattering characteristics of the circular-to-circular groove
waveguide junction. Matching the electric fields and magnetic fields at the boundary of the junction, and multiplying the
mode functions of the circular waveguide and circular groove waveguide on both sides of the boundary equation, the
scattering matrix equation is obtained, the scattering coefficients can be obtained from the equation. Then the scattering
characteristics of the iris with circular window in circular groove waveguide are analyzed. At last the convergent problem is
discussed; when choosing a suitable mode group, convergent numerical results are obtained, and the frequency response of
the iris’ scattering coefficients is also given.
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As a new type of transmission medium, circular groove waveguide has some attractive advantages, such as low
loss, low dispersion, large dimension, and high power handling capacity, especially its large dimension. Circular
groove waveguide can be used in millimeter and sub-millimeter waves'" .

As we know, the central region of the circular groove waveguide is a circular region, so it is easy for a circular
groove waveguide to connect with a circular waveguide. In this case, the problem of circular-to-circular groove
waveguide junction should be solved firstly. In this paper, a mode-matching method is used to deal with this
problem.

Firstly modal functions of circular waveguide and circular groove waveguide are used to describe the electric
and magnetic fields, then we match the transverse electric and magnetic field at the junction boundary. That leads
to the scattering matrix equation. At last, the convergent problem of the numerical results is discussed; when a

suitable mode group is chosen, convergent numerical results can be obtained.

1 Electric Field and Magnetic Field Mode Matching at the Junction

Fig.1 shows the structure of a circular-to-circular groove waveguide Ax Az
junction; the circular waveguide (waveguide 1) has a smaller dimension.

In circular waveguide, the tangential electric field at z = 0 can be o
given as a superposition of transverse electric (TE) and transverse magnetic Bla

(TM) modal fields A 1 2
e (p,a) = Z 2( W@ e (pya) + (alr +

M’)el 2 (p,a) (1)
where e!" (p a) and el (p @) are TE and TM modal fields,

1,¢s 1, gs
respectively; af]:’” , af]f)’ , a(“)* , a<€> are amplitude coefficients of Fig.1 Circular-to-circular groove waveguide
Jjunction

y |

“7) (p a) and e, q‘(‘o a), respectively; the superscripts + and — denote
1n01dent and scattering mode, respectively.
Assuming the incident wave is TE; mode, then the modal fields in the circular waveguide can be expressed

(2
as’ .

ey (p,a) = Ni.i”[ﬁfq(zf;mcosqaé ~ B, 1, (B, p)singaa] (2)
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e (psa) = N[BT, (8 P>c0@qap—if (83p)singa | (3)

where ¢ = 1,3,5-+-, r = 1,2,3-; prh and Nf,x are normahzatlon constants; (3, , 3% are the s-th roots of J, (x),
J,(x).

In circular groove waveguide, the tangential electric field at z = 07 can also be given as a superposition of TE
and TM modal fields as

ez(‘x’y> = 2 Z} Z} (b;)[;i)+ ;li)l'> )e;h[?lr(x y) + (b§7;)+ plr )e2 plr(x y) (4)

7 and b4, b4 and ()" ar

where 82 p,,(x y) and 82 pl,(x y) are TE and TM modal fields, respectively; b
amplitude coefficients of ez,pz,(x ,y) and ez,plr(x ,¥), respectively; superscripts + and — denote the incident and
scattering modes, respectively.

Modal fields in circular groove waveguide have been discussed in detail in Ref. [1]. Here for clarity, we

summarize the modal functions in a compact form as follows.

Region A
e (p,a) = ””[p J)—J,,(kih)p)sin(pa) -k J, (k" p)COS(pa)] (5)
e (o, a) = ZHL") [pk” T (kL 0)sin(pa) - a %Jp(k(f> ,O)COS(pa)] (6)
Region B '
e (xn,y) = DBMEDY sin(k y)expl - kU (x = x0) ] + yBY kL cos(B y)expl — B (w = %) ]
(7)
es) (x,y) = > =B kY sin(hY y)expl - kY (x = x9) ] = yBLV K cos(k' y)expl - kY (v - x,)]
(8)

where p = 1,3,5, r = 1,3,5:*+; H;i) and B (i = h,e) are the modal normalization factors of the circular
groove waveguide; k(ci) (i = h,e) is the cutoff wave number; _]k(,(;) and kij) (i = h,e) are the wave numbers in x
and y directions, respectively.

At the junction boundary, the electric field should be continuous in the circular aperture 0 < p < r, and

vanish everywhere else in the region of the circular groove waveguide cross section, so the boundary condition can
be given as

€ ((O’a> 0 < ‘0 <7T
’ = 9
ez(p @) {0 elsewhere ©)
Substituting Eqs. (1) and (4) into Eq.(9), we get
Z Z Z (bj)li:')+ [()llll'> )eéhplr ({0 a) + (b;[r>+ ;li) )eZ plr ({O a)
p l r
2 2( Eph“ + b(h) )eihq)é(‘o a) + (a<p)+ («) )el (p(p a) O<p<r
7 s (10)
0 elsewhere

Scalar multiplying eé,h;l,(,o,a) on both sides of Eq. (10) and integrating over the complete cross section of

circular groove waveguide, we obtain

b;l};>+ pll;>7 Z Z plr, qv fl)+ h> ) + Klr q(( ((e>+ + af];)i) (11>

where
21
B = [ ] eh(pro) - it (o )pdpda (1
21
Koy = Jo [ eéh;h(,o a) - e (,5(,0 a)pdpda (13)

Substituting the field functions into Eqs.(12) and (13), we obtain
| N T K ol ol (Bl 0) = 207 1KY 0) 1, (B ) +
H

Hre = pl, (k" 0) 1, (B o) + k" pol,u (k" 0) 1, (B 0) 1/ pdp q=r
0 q#p

(14)
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jo - BN prl= 20, (kY 0) 1, (B 0) + T, (kY ) 1 (B 0Bl p +
K

plrygs = ]p+1(k(ph)P)]p(,B;:s[O)kih)P]/Pd{O qg=p

0 q#p
Also scalar multiplying eéf’}),,, (o, @) on both sides of Eq. (10) and integrating over the complete cross section of

(15)

circular groove waveguide, we obtain

bfj;r)+ + bi}lﬁr)_ = 2 Zoplr,q‘s<aiph)+ + aE].sh)_) + Eplr,q.s<ai/j)+ + af].:)_> (16)
q s
where
2T ~r
e = Jo Joeéf;,,(p,a) c el (p,a)pdoda (17)
21
By = | | k(o) - el (pra)pdpda (18)

Substituting the field functions into Eqs.(17) and (18), we obtain

| = N R 20,8 00, K )+ (B ), (B o) K +

Ql)lr,qs = Jp(k(oe) P)J1;+1 (ﬂ/psp)ﬁ/mp]/‘odp qg=7p
0 q#p
(19)
[ B Nl (K 01,0 (820087 = o (K 01,870 +
E rgs — e e ” ” e ” (2’0)
o L (kS o)k 00, (Blups 0)Bl0 + 29" Sy (K 0) 1, (Bl 0) ) /pdp g = p
0 q#p
Egs.(11) and (16) can be rewritten into matrix form
b = Ma (21)
where
b(h)+ b(h)f (h)+ (h)- H K
b:{ <>+<>- }’“Z{a<>+<a>- }’M= ]
b e)+ b e a e)+ a e Q E
For the magnetic field matching at the junction, the boundary condition is
h,(p,a) = h,(p,a) O<p<r (22)
Using the same procedure as that of electric field matching, we can get™
M'Y,(b-—b*) = Y, (a = a") (23)
where
Y(-h) 0
Yiz[ (L) Y(”] i=1,2

For the circular waveguide, the diagonal elements are

(h) v B/qsz - kg (e) jwe
Yl,qs = : ’ Yl.r]x = (24)
jor VR
For the circular groove waveguide, the diagonal elements are
V kih)z - k(z) Y(e) _ jwe (25)
j(!)/l 2, plr /7165“')2 ~ kﬁ

Solving Eqgs. (21) and (23), we can get

G-l sl o

(h)
YZ,lplr =

’

where S, = (Y, + Y,;)"' (Y, - Y,;)
S, = M(S, -1)
Sp =2(Y, + Y,)"'M"Y,
Szz = MSIZ -1



20 Cui Licheng, and Yang Hongsheng

Y, = M'Y,M

where I is the identity matrix.

2 The Iris with a Circular Window in the Circular Groove Waveguide

For the problem of the iris with a circular window in the circular groove waveguide, as shown in Fig.2,we can
regard it as a cascading system, by using the results obtained in section 1, a generalized scattering matrix

7]

technique™™" can be applied to get the iris’ scattering matrix.

3 Numerical Results

In the practical numerical calculation, the convergent problem should be considered carefully. It has been

shown that the numerical results show a strong relationship to the chosen mode number >*°

. Considering this, we
choose four different mode groups, see Tab.1, and give their corresponding numerical results, see Fig.3. From the
plot, we can see, when chosen 8 TE modes, 4 TM modes in circular waveguide, and 40 TE modes, 20 TM modes in
the circular groove waveguide, the results have converged well. If there is no other explanation, this mode group
will be chosen later.

Numerical results are also given for the iris with a circular window in a circular groove waveguide. The radius

r of the iris is chosen as < a. Tab.2 gives the reflection coefficient I" and transmission coefficient 7 of the iris. It

2
is easy to see that ‘ I’ ‘ 74 ‘ T ‘ 2 almost equal 1. This fact also verifies the validity of the numerical results. Fig.4

gives the plot of reflection coefficient I" and transmission coefficient = with the variance of frequency.

Tab.1 Mode groups Tab.2 Some numerical results
Mode TE in 01rF:u|ar T™ in (‘,1r.(~,u|ar TE in cn‘cu]e}r T™ in cn‘cul‘.ilr Frequency/ GHz TIE L
group waveguide waveguide  groove waveguide groove waveguide
) | 0 5 3 85 0.999 235 439 899 06
2 2 1 10 5 86 0.999 577 843 023 29
3 4 2 20 10 87 0.999 238 532 761 93
4 8 4 40 20 88 0.999 227 779 859 86
x -15.360
-15.365
=)
§ T -15.370
19
# z O -15.375
1 - 1 1 1l -25 1 1 L L L Il
Ra/nl 15'3801 2 3 4 85 86 87 88
Mode groups Frequency/GHz
Fig.2 The iris with circular win- Fig.3 Variance of transmission coeffi-  Fig.4 I' and z of the iris with the
dow in circular groove waveguide cient T of circular-to-circular groove variance of frequency (@ =2.85 mm;
waveguide junction with the change of c¢=1.85 mm; r=1.43 mm)
mode group

4 Conclusion

In this paper, mode-matching method is applied to analyze the scattering characteristics of a
circular-to-circular groove waveguide junction. The convergent problem of the numerical results is discussed, along
with the variance of scattering coefficients with the change of frequency. This job is a basic study, which can be

widely used in designing filters, multiplexers, and oscillators.

References

[1] Yang HS, Ma J L, Lu Z Z. Circular groove guide for short millimeter and submillimeter waves [J]. IEEE Trans Microwave Theory
Tech, 1995,43(2): 324 - 330.

[2] Collin R E. Foundations for microwave engineering [M]. New York: McGraw-Hill, 1966.

[3] Wade J D, MacPhie R H. Scattering at circular-to-rectangular waveguide junctions [J]. IEEE Trans Microwave Theory Tech, 1986, 34



Analysis of circular-to-circular groove waveguide junction 21

(11):1085 - 1091.

[4] Macphie R H, Wu K L. Scattering at the junction of a rectangular waveguide and a larger circular waveguide [J]. IEEE Trans Microwave
Theory Tech, 1995, 43(11): 2041 — 2045.

[5] Wu K L, Macphie R H. A rigorous analysis of a cross waveguide to large circular waveguide junction and its applications in waveguide
filter design [J]. IEEE Trans Microwave Theory Tech, 1997, 45(1): 153 - 157.

[6] Naini R’ S, Macphie R H. Scattering at rectangular-to-rectangular waveguide junctions [J]. IEEE Trans Microwave Theory and Tech ,
1982, 30(11): 2060 - 2063.

[7] Amdt F, Beyer R, Reiter ] M, et al. Automated design of waveguide components using hybrid mode-matching/numerical EM building-
blocks in optimization-oriented CAD frameworks-state of the art and recent advances [J]. IEEE Trans Microwave Theory Tech, 1997, 45
(5): 747 - 760.

E-BEEKSENHR
FES T

(FAKFLTIAREZ,&HT 210096)
(AAXFEREABERELLEE, T 210096)

 E AR, ST B-B BRSSO E. ER-B K T4 LI s g fe
FEG W A S R G BN T AR AR K 5 B AR TR X AR, 53] T BRAEE
2L LN AT ORI AR RESWT ABEEFFHERYE R QORHHFE. RETE
TH AL ARG S, BFR B X A, 138 TR EAALE R, R a4 7R %4t
F A IR Fvry 2k

KR BBARET; B-BABHEL T, BT

FESES TNSI4



