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Bricolage also WORKS

L -
N type Connector Circular Waveguide
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Parallel Plate Strip
: Pure TEM mode
P A A
L IR Ll RS Rl A\,A: /’W no dispersion
RN I G R . — - 8 \\'L_ —15 /I
__‘;>__"___;'___>_-\ r _:r-w-;r—m

Wstrip closed Ustrip
.j',r:_: ; Propagate E/W
AT e TEM o o AT
quasi-TEM

Important dispersion

No radiation Losses
Radiation Losses

Waveguide modes could appear

suspended Ustrip suspended Strip with Vias

54 55 50) //ﬁ = Y\
Small Losses .
In the dielectric No dielectric Losses

No dispersion
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dielectric Er

Rext=b
Rint=a

Zo = 60.(r/€r)%-°.Ln(b/a)

vp=c/(UW.EnN%S == A =2Ao.(vp/c)

TEM mode general: Ag = Ao/ (Er)0>

Attenuation in dB/m: O = Olc + Od

Ss . (Er)°5. [1 + b/a] (€r)°5. tand | 'N_do/m
- Os : Skin effect
[0 T - S — (07 [y P — B
- tand : dielectric
Ao . b . Ln(b/a) Ao

Both values increase with Frequency
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If we Increase the transmission un:> SUPERIOR modes

——————————————————————————————————————————————————————————————————————————————

frequency !
| @& : , ‘
Wy |
TEM mode i _TEMmode  TElimode \
0 Fc TE11

Nearest superior mode : TE11

C
(for b/a < 7) approximate Ac = T.(a+b) > FC = ---mmmmmmommmmmmeeeeeeee

T (a+b) (Ur.Er)0>

= Freq (GHz)
| >

| »

|
Example : SMA connector 2b=4.1mm 2a=1.26mm Er=2.0 001 01 1 10

- Zc=500hm (_l
Fc (TE11) = 25 GHz Safely: Fmax=0.9Fc
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J a R Standard Rectangular Waveguides
WR BW TE10 Fc TE10 Power Attn Dimensions BAND
b /, (GHz) (GHz) (MW) dB/33m axb (mm)
229 3.3-4.9 257 2 1 58.17x29.08 S
137 5.85-8.2 4.3 0.6 27 34.8x15.8 c
112 7.05-10.0 5.25 0.4 3 28.5x12.6 Xl
Multiple Modes 90 8.2-12.4 _ 6.55 0.25 4.8 22.86x10.16 X .
62 12.4-18 9.48 0.12 5.4 15.8x7.9 KU
TEmn yTan , 42 18-26.5 14.05 0.045 15 10.7x4.3 K .
Depending on the working 28 26.5-40 __ 21.08 0.025 711x3.56 KA
frequency 22 33-50 26.34 0.016 5.7x2.8 Q
10 75-110 59.01 0.003 2 54x1.27
Usually a=2b

Fc = c/2. [(m/a)?+(n/b)?]°- Cutoff Frequency TEmn
for TEmn on air

< »
»

Ak/ A E
i T/I/P “1 BW TE10: 1.2FcTE10y 1.9FCTE10 TE10

TE10 mode

g
o
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@ample: WR90 (X banm TE20
5 a__, g a=22.86mm A -
\ b=10.16mm ® 0, ® D o0 D
5 b/ |® lolo| ® @ [ofe| @
Mode Fc(GHz) / ﬁ ole h ole Fi
TE10 6.557 A y
TE20 13.114 « a g
TEO1 14.753
TE11 16.145
Fc = ¢/2. [(m/a)?+(n/b)?]0-5
‘or TEmm TM11 16.145%
TE30 19.671
Cutoff Frequency TEmn \ T™M11
BW TE10: 1.2Fc10 y 1.9Fc10 TE21 19.739 XA
TM21 19.739 b IAN L VAN
TE31 24.589 L3N
TM31 24.589 « . >
BW=33% l

QE4O 26.22y
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AR TE10 mode
Dispersive world: A =c/Fc=2a Cutoff wavelength

il properties vary with
;|1 - 1| frequency
A ! i |
L i i Guided wavelength
T T ! Empty Wavequide < [1 — (Ao/Ac)?]0s
I \ ) !
| R S l
M e B:Zn/?xgl Prop. Constant

® @ @ ® o |

FyTTT TS m S
SN X Zc = 1207.(b/a).(Ag/Ao) | £c Power-Voltage
D | i AQ/2
by
| ! ? Wavequide Losses in dB/m:
| \ 1
\ I S y
Moo e 27.3 tand 27.3 0s.[1+2b/a.(Fc/F)?]
e © © ®@ o | ¥ [0,/ [ [0,/ o
) Ao [1 — (Fc/F)3es Ao.b [1 — (Fc/F)2]05
® o o @
b
© e ° © Empty Waveguide: only conductor losses, and they are
! @ ° ? $ Considerably lower with respect to a coaxial
< 3 >
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— Hectangular Waveguide

Rectangular waveguide works like a
High-Pass FILTER . Cutoff frequency
is the mode cutoff.

<

»
»

| I

TE10 mode

I
»

N\

. Conductor Attenuation (dB/m)

&

0.4
TE10 mode
0.3 a=20 b=10mm
0.2F
0.1} Fc TE10 =7.5
| | | | >
8.0 10.0 12.0 14.0

16.0
Freq (GHz)

Fc TE20 =15.0
V

/

Highly Dispersive Transmission Line

Ve

' Zc (Ohm)

800 - TE10 mode
600 a=20 b=10mm
400 |

TE10 =7.5 _
S c | Fe TE20 =15.0

] ] ] ] ] >
8.0 10.0 12.0 14.0 16.0

\ Freq (GHz)

N
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Fe = ¢/2. [(M/a)*+(/D)T°° | 6 ot frequency TEmn
para TEmn
S a
N a=b - FCTEmn=FcTEnm

FcTMmn=FcTMnm

b
,/ﬁ(ample: a=b= 14.6mh

v Mode Fc(GHz)

TE10 10.266

TEO1 10.266

TE11 14.519

- TM11 14.519

TE10 and TEO1 are TE20 20.533

_TEO1 »{| Orthogonal modes TEOQ2 20.533
TE10

TE21 22.957

TE12 22.957

BW 10.26 y 14.5GHz BW=17% l S| TM2f 22,957

N TM12 22.957/
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\ 4

TE10

TE10 and TEO1 are
orthogonal modes

UC —-W__m_

Conductor attenuation in SQUARE waveguide
is lower than in RECTANGULAR waveguide

TE10 mode
/ 4 Conductor Attenuation (dB/m) \
0.4 a=20mm b=10mm
03} o
a=20mm b=20mm
0.2} /
Fc TE20 =15.0
0.1F é
/Fc TE10 =7.5
| | I | ] »
8.0 10.0 12.0 14.0 16.0

Freq (GHz) /
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- Cutoff Frequencies: BESSEL functions
- Lower mode TE11: Ac = 3.412 R

- immediate superior mode TMO1 : Ac =2.612 R

- Can support DUAL polarization: Two orthogonal TE11 modes

gxamgle: R=11mm : 097\

Mode Fc(GHz)
Multiple Modes TE11 /.98 |
TEmny TMmn TMO1 10.43 .
depending on the working TE21 13.25
frequency.

TEO1 16.62

TM11 16.62

BW=13% l TE31 18.22

& /
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Losses are really lower than RECTANGULAR waveguides
=
TE11 mode
/ 4 Conductor Attenuation(dB/m) \

0.16 \ R=15mm
Very interesting for o /
Antenna feed systems '

0.08

. | Fc TMO1 =7.62

/e TE11 =584
|

| | | | >

»

6.0 6.5 7.0 7.5 8.0
\ Freq (GHz) J
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Double Ridge

a

»
»

When using a ridge (single or double), the fundamental mode TE10
cutoff decreases much more than the cutoff frequency of the

next propagating mode TEZ20.

— —5 > Very broadband MONOMODE operation
Example: Rectangular Example: Single Ridge
Single Ridge a=22.86mm b=10.16mm (WR90) | a=22.86mm b=10.16mm (WR90)
s=9.1Tmm g=2mm
A a_ FCTE10 = 6.56GHz FCTE10 = 3.125GHz
____________ v FCTE20 = 13.11GHz FCTE20 = 10.95GHz

7z :

=3%l =6%l
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Radial Wires :

- Total reflection for the fundamental TE11 and all of TM
- Does not affect the circular modes TEO1, TEQO2, ... TEOn

- A given mode PASS if its E field is normal to the wires.
Circular Waveguide - If we want avoid reflection: Resistive elements

Circular wires supported by “foam’:
- Total reflection for all the TEmn modes

- Does not affect the immediate superior TMO1 mode

Transversal wires :

- Total reflection for the fundamental TE10
- Total reflection for TE11 and all the TM modes
- Does not affect the possible TEO1 mode.

Rectangular Waveguide
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ELECTRICAL Probe to the TE10 mode Coaxial TEM
Z ‘ [
TE10 ﬁ |
® o o TE10 mo
® |o o P b E b — ﬂ
\
b | @ ° @ @ I\v | || waveguide short
< a | < > I o Z
2 Ag/4
Electrical Probes to the TE20 mode
Signals in the two coaxial probes must be =1, — Coaxial TEM
in phase.

TE20

eleo, ® P oo
o] ® &P |@

®
O]
@ ®e ﬁ ﬁ% @
v TE20 mode
< a -
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Different Improvements

v v
short short
" TE10 mode " TE10 mode
v
Dielectric ﬁ /'

short

e

— ‘ Broader Bandwidth l
TE10 mode
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WR137: a=34.8 b=15.8mm
TE10: 5.5a 8.1 GHz

55 56 57 58 59

6 61 62 63 64 65 66 67 68 69

fin GHz

T

55 56 57 58 59 6 61 62 63 64 65 66 67 63 69 7

fin GHz

BRNO- march 2011 Dpto. Ingenieria de Comunicaciones Universidad de CANTABRIA



UC [ Rectangular-to-Coaxial Transducer. ...l

UNIVERSIDAD
DE CANTABRIA

MAGNETIC Probe to the TE10

VN

Coax - ]

b TE10 mode

y

Narrow Bandwidth l

VN

— (1
Coax —|‘ TE10 mode
_| >

Broadband l
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T T2 T4 T6 T8 8 82 &84 86 83 9 92 94 96 938 10]
fin GHz

WR112: a=28.5 b=12.6mm
TE10: 6.5a 10 GHz

fin GHz

¥ 72 T4 TE T8 ] 82 B84 86 3838 9 92 94 96 93 1[1
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Taper Transition TE11 Stepped Transition

TE10

Perpendicular Transition

TE10

TE10
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WR112: a=28.5 b=12.6mm
TE10: 6.5 a 10 GHz
BW@30dB : 18%

W =11(h11c)h11c) —
W =21(h10)h11c) —
W =22(h 1 0)h 10}

TE10

Stepped Transition

--------------------------------------------------------------------------------

Ir

L gl | T T T T T T T T T T T T T T T T T I —
T 71 7273 TA TS5 TETF 78 79 8 81 32 83 84 85 86 37 88 89 9
fin GHz
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WR229: a=42.8 b=21.4mm
TE10: 3.6 a7.2 GHz
BW@30dB : 66%

s mh1o)  —]
¥ s21th1 1 cih1 o) —|
[~ =215 11 5)h 1 0)

¥ s22(h11c)h11e) —|
[~ 5220511 s)h116) —|
[ =22 11s)e115) —|

3508

Stepped Transition

Using Intermediate Octagons

[EGEG]

32 34 38 38 4 42 44 46 48 s

52 54 £E 55 g B2 B4 B8 X} 7 T2 74
1in GHr
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BW@30dB : 25% l

f 71 7273 74 757677 78 79 8 81 382 83 84 85 86 87 88 389 9

fin GHz
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Step in Height

High Order modes TEnm

TE10 d/ééA<i\\ TE10

TE10

Zc1

Reactive
Network

TE10

Zc2
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TE10

— H Reactive
Zc10 N Network._

Zcmn
p B )
Zcmn

I?eactive
Network

TE10

Zc10
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W

E-Plane Step Steps are Useful H-Plane Step '\aZA
for waveguide
circuits
b1 Ibg
\‘ k
) )=
— )Iﬂ - -0
Zo1 jBC Zo2 TE10 TE10 Zot -jBL Zo2
a )L) )>- d ] )
1 (BC.Z01).00gb1)
5 |
T C decreases with b2 l
3 |
2 |
1k
| | | b2/b1
0 02 04 06 08 10 0 02 04 06 08 1.0
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. d diameter “d” LR
t o ae o . S e — 1 ... .
T_ﬁ ......... T_K. .......... \.‘\ ................. > [ S AP
Iris-H symmetrical Iris-circular Fin-H plane
o) ) )-
20 -iBL 20 For small values of t = (t << a)
Useful for creating — ) )
Waveguide Circuits
4 Bc  jBc )
— — < )= . _
_ Additional Capacitors for
20 -jBL 20 higher values of “t”
@ )- -0 )-
\ )
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- i

Iris-E symmetrical Fin-E plane

~N S

) )Ie) )-

Z0 jBC Z0

-a ) )-

. ~ iBc  jBc )
Useful f_or crgatlr_rg i, ) | | q -
Waveguide Circuits

Z0 jBC Z0
-Q )- -Q )-
N J
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Resonant Iris

-

)@

——

T

N

1) ”
Post of variable height
(square or circular)

—AF—1——-Q

3

BRNO- march 2011 Dpto. Ingenieria de Comunicaciones Universidad de CANTABRIA



Absorbing
material

BW: Full band
Rloss 30-40dB
Termination for “low VSWR” Termination for “High Power”
Absorbing Contact through
\ a Berillium strip Contact
here 4
—>
- ¥ | (High Frequency -
problems) « M4
| b ' b
k \ 4 \ 4
SIiding —> (Contact point: where the Sliding =)
current is almost zero) —

“Non-contacting” variable Short

“Contacting” variable Short
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DPS by narrowing “a”

/ TE10 mode \

AM=c/Fc=2.a

- En un tramo de quia vacio “L” la diferencia de fase

®02 - @01 es A¢pv = —Bv.L y varia con la frecuencia.

- Ahora queremos construir un circuito de forma que

su A®d (variable con la frecuencia) sea tal que al com-

pararlo con la guia vacia resulte en un diferencial:
AdDd — ADV = cte = A® deseada (tip. 452, 90°, 180°)

\ Una forma evidente es ensanchar ¢ estrechar la guia

(1Pt

puesto que la constante de propagacion B varia con “a

Detalles:

- Al reducir la guia cambiamos su Fc < el ancho de banda

de trabajo se restringe.

- El salto entre guias afectara a la adaptacion del desfasador
- El cambio de fase deseado se verificara en un BW estrecho
ya que A® varia con la frecuencia.

BRNO- march 2011
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Una forma alternativa consiste en introducir reactancias

en la guia vacia. Si el diseno es correcto, las reflexiones
debidas a estos elementos se cancelan mientras que
sus efectos de fase son aditivos

Si llamamos BLn al valor normalizado de BL: BLn=BL.Zo
entonces la matriz ABCD normalizada de la red es:

Desfasador con doble discont. An Bn| _ | 1 0] | cos(BL) jsin(BL) 10

e ~ Cn Dn -iBLn 1] | jsin(BL) cos(BL)| | -jBLn 1
L
14 ;—’ . /Si la impedancia de entrada norm. Zin_n=(An+Bn)/(Cn+Dn)
debe ser unidad para que exista adaptacion, y ya que An=Dn
Z0 -jBL 20 -jBL 20 entonces necesitamos Cnh=Bn por lo que:

1 ) ) } B.L = w2 + arctan(BLn/2)

\_ /

Por otro lado, el cambio de fase diferencial es:

A® = B.L — [n/2 — arctan(BLn/2)]

- Al contrario ocurre si introducimos \_

reactancias capacitivas.
- Circuito de banda estrechay sensitivo —

con la frecuencia
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Low-Pass type \

1] in dB

Phase of S in [deg]

Capacitive Ridqy )
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@\U/@

Port 3 Splits the input signal in 1802

E-plane T junction
(Magnetic Symmetry)

® \
/ : - The THREE ports cannot be matched

simultaneously.

- Port 3 splits power in phase opposition 1802, but

’_rm\_‘ power splitting is not 3db due to mismatching.
{

- If port 3 is matched, power splitting is 3dB but S11
® zo 20 @ and S22 will have 6dB return loss.

\D X /

Equivalent Circuit: Series connection
BRNO- march 2011 Dpto. Ingenieria de Comunicaciones Universidad de CANTABRIA
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© H-Plane T junction
(Electrical Symmetry) @
Port 3 Splits the input signal in 02
®
= = )

- The THREE ports cannot be matched _ @
simultaneously. @ 2 [x] 2
- Port 3 splits power in phase 02, but power splitting

is not 3db due to mismatching. ° °

zo ®

- If port 3 is matched, power splitting is 3dB but S11

and S22 will have 6dB return loss. \ /

Equivalent Circuit: Parallel connection
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3 -Ports 1 and 2 decoupled
-Ports 3 and 4 decoupled
-Power splitting in 0% and 180°

©,
2 Magic-T.- Completely matched Hybrid T.

It is necessary to introduce some discontinuities
In the junction.

- In this case, power splitting is always 3dB.

Iris
@ Hybrid T
Useful as Power Divider
Example: or Power Combiner 0° 0 180°

(Sum) @F (Difference)
' Ts

o
BW: 10-20%
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-u...;;-

Nypauul

Optimized Magqic-T

BW : 12%

g

\li\r

Useful as Power Divider
or Power Combiner 02 0 1802

____________

...........

.........................

.........................

—————————————————————————————————————————————————————————

.........................................................

.........................................................

T T T T
a8 G G2 G4

T T T T T T T T
GG ;5] 7 T2 T4 TE Ta g
fin GHz
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Useful as Power Divider
or Power Combiner 02 60 180°

BW: 10%

-Ports 1 and 2 decoupled

-Ports 3 and 4 decoupled

-(1) splits toward (3) and (4) in phase opposition (3dB).
-(4) splits toward (1) and (2) in phase (3dB).

> Path differences

-
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DE CANTABRIA @ e | £ |
1 OO 57 S O S -
Atz Ay I 39’ = isolation+ |
AN AN A b atehing
AWV AN AT BW: 10% | aaet S R R Y A S et
AR ALY ==
A AT I S N NN SN . SO SIS -« SEP SR SO A
"'" 1 1 H 1 1 H 1 1 1 1 1
—— P NS TN T S U U o U S NS S
v@i—.-.-ﬁgg_\y H-plane branch coupler I
ZERN u Ve B IS S S N S O T OO N O S
“‘""v (D T T T S R B R
0
IR w7~ ot O s S M SR S S, S

J:: ——ms- s e, e e e =
5 82 B84 86 B85 9 92 94 95 95 10 102 104106 108 11 112 114 116 115 13
finGHz
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Al4
®

@

Homonym in
microstrip

3dB Ribblet coupler

Phase shift : 90°

BW: 20%

<t
-

T
2

T
28

T
29

T
30

T T T T T T T T
| 32 33 34 35 36 37 38 39
fin GHz
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C3 ¢ L3 C1 ¢ L1
° °

Discrete Pass-Band circuit

Some examples for Inverters

. : \‘.

- kil =+ K2 -

C3 /L3 C1 ¢ L1 el 7L
L4 : : °
Using Inverters
(] H Hl H )
K1 K2

o) H H H H )

Inverters + waveguide sections

< > ]
o—— }—o
Zc, Yc —— K,J ZL
o—— }—o I—_» |
K=2c Zin , Yin
J=Yc Zin = Zc2/ZL @ Fo
Yin = Yc2/YL @ Fo
(a)
K Inverters
X=K/[1-(K/Zc)] I
e L Zc  g_12|ATN(2X/2Zc)| Z¢ IC Az
X=LW X=-1/CW
— (P00 Jlnverters o [} ("}
L
B=J/[1-(J/Yc)?] c
L Y  9-12|ATN(2B/Yc)| ‘¢ LG
o }+——{ 1 o }+——{ 1
B=-1/LW (b) B=CW
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‘&\\\ B Low-pass
‘\\\V topology
Element
/’[ T s \
L 3
;

\Symmetrical E-plane Iris

o

=] IndE

Destroys 2nd Harmonic in
Microwave transmitters

Selection of plots of [main)

________________________________________________________________________________________

2nd harmomc area
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Short circuit

Transmission \
Zero

Conventional
section

E-plane Tee +
Series Stub

“t

T T T T T T T T T T T T T T
142 144 148 148 15 152 154 1586 158 16 162 164 166 168
finGHz
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Transmission
zero

Important
slope

Short circuit 0 O L 1 0 0

4‘1: : T T T T T T T T T T T T T T T T T T
7 ¥1 72 ¥3 Y4 TS5 YE V¥ 78 TS g g1 82 83 84 &85 86 87 8§ 89
fin GHz

-
9
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Common Port
Towards the antenna

/\

94 9.5 95 10 10.2 10.4 106 108 11
fin GHz
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matching
network

Multi-step
for matching

H-plane duplexer
(matched T) ‘septum)

H-plane duplexer
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BW: 10-15%

Common output
“CIRCULAR”
(towards the antenna)

Common output
“SQUARE”
(towards the antenna)
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transmission .

_________________________________

Common output | | | | | | , |
“SQUARE” o N N
(towards the antenna) 5 5 5 | | = ’ ’

———————————————————————————————————————————————————————————————————————————
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-To convert a LINEAR polarization to a
CIRCULAR polarization:

19.- Split the input signal TE10 into two

- TEO1 orthogonal modes TE10 and TEO1 through
the use of a square waveguide rotated 45°

2°.- Delay one mode with respect to the other

Seccion by 90°.

TET0 TransformadorCIrCUIar

adaptacién

S21 for TE10 or TEO1
 (@dB)
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- Same idea but using octagonal sections

TE11s
Circular t
output SO S e s g i
(linear) Transformador - ----- -

adaptacion S\ | (3dB)

|5l in dB

e T y y T T y y T T y T y y T y y y T u T
3 32 34 36 38 4 42 4.4 45 45 El 52 54 SE 58 [ 62 6.4 BB B& T 72 T4
fin GHZ
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fin GHz

w

Phaze of 3 in [deqg]

-t
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Using Ridge waveguide

0070 . iy 0= +/-4°
> “l 9GHz 17.5 GHz
i ™\ 78 .
VNNV NN N
' o\ VARV AR VAVA I : A
: \ Vo N « * >
\ Al :
! ! :
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The same for RX
but LHCP

3dB with phase-shift of +90°
(RHCP)

______

|
_______

________

_______

B

________________________________________________________________

3dB diviséiori

________________________

|||||||||||
"""""""""""""""""""""""""""""""""""""""""""""""""
' '

______________________________________________

---------------------------------------------------------------

s

BW 20%

_________________________

--------------------------

- T T T T T T T T T T T T T T T T T T T
roF1 T2 Y3 Y4 ¥S TR YY TE Y8 8 81 82 B3 84 85 86 8Y 88 34

fin GHz
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Navarrini et al.

“A Turnstile Waveguide Junction
Orthomode Transducer’

IEEE Trans. on MTT, jan. 2006

Turnstile Junction

Fig. 3. Internal view of the full OMT. Opposite ports of the turnstile junction
are brought together with £-plane bends and power combiners.
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Isolation > 50dB

Typ. 60dB

i

5] in dB

We can do
better

BRNO- march 2011

|5 in dB
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UC _

Turnstile Based

(evolution)

(60% Bandwidth)
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Transition from “a traditional circular TE11” to a “special circular TM01”
- TMO01 mode: null for the electric field along the waveguide axis
to conduct electron beams or circuitry

A B Septum C D

—

-
-
T
-

Null for the
Electric field

F 3
v

TMO1 TEM TE10 TE11
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Radiation Diagram for the TM01 mode

BRNO- march 2011

BW: 50%

|5 indB
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IN: RX:3.6—4.8 GHz (30% BW) ouT
TX: 5.8 —7.0 GHz (20% BW)
TX
Common
Duplexer TX/RX circular

output
TE11

CPR229 - & § OMT TX/RX

CPR159

Saifg"’t;ol'lmk OUT: Horizontal TX and RX
Vertical TX and RX
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Satellite Link
control
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Low-Pass filter

Towards OMT / RX
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Measure the degree of Circular Polarization existing in the Cosmic microwave

radiation.
2 FEEDHORN = FEEDHORN
= SEPTUM g OMT
% POLARISER o' [
U i — 90 DEGREE
o A COUPLER
= =

LNA Kf ?7% S i \7' l—l\/u»m

|
Alternative Broadband
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System using 2 turnstile at 45° and
1802 phase shifters Alternative using Coaxial Probes

Orthogonal outputs
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Radiation diagram

| TE11 5

TX (Ku)

(Towards the antenna)

TE11 mode: Useful signal
TMO1mode : Tracking

X Tracking Port
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Limit 1s our Imagination
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