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« Circulators in RF systems

Duplexer Isolator
: : Antenna
Single-band functions — < Power
[ ] @ [ ] RF Source amplifier
Emission Reception Matched load

Expansion to multi-band systems

3 f 3
——> Dual-band circulators 1 1_@
f1 2 f1 2

Main advantages ——> » Size miniaturization
» Multi-applications systems
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* Ferrite circulator structure

Stripline
line

épp Grounds
Two ferrite disks loaded by three access

Central lines and biased by magnets.

conductor

¥

Ferrite disks

 EM properties of Biased Ferrites : Anisotropic material
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* Eigenmodes on ferrite cavities
Cavity

Ground Hi Dielectric
Resonator

Numerical model
:> ::) Probes

with magnetic probes

Ferrite disk

Central conductor

Ground

|ldentification of counter-rotating eigenmodes: H field mapping

Fundamental modes : HE,,, and HE
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 Dual-band ferrite circulators in literature

2019 C——) First proof of concept on stripline structure

2020 ——> New methodology allowing the control of F2/F1 frequency ratio
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s, |
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5 and 10 GHz dual-band
ferrite circulator
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* New goal : Microstrip ferrite circulator
» Design and measure of a 5 and 10 GHz microstrip ferrite circulator
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* Design steps

Matching
_circuit
Ferrite %
Central

conductor

§
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32.00 mm
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CIRCULATOR DESIGN

* Eigenmodes on microstrip ferrite cavities

o
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S Parameters (dB)
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S-parameters of uncoupled structure
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» HE,,, modes around 5 GHz
» HE,,, modes around 10 GHz
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Triangular central conductor

Alumina
substrate

Central
conductor

Ferrite

200um Gap

Ferrite Y210

Ms=1000 G, ¢, ,=14,2;
Rte,=9,35mm; Hi=28kA/m;
E aup 9.0
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« Search for impedance to apply

Lo Following : V. Olivier et al., “General Coupling Method for
Stripline Ferrite Circulators” IEEE T-MTT., Jul. 2022 :

:> 0=(—-Zp—Zg11) 3+223R11(—Zg — Zr11) *+Zp21Zr31(—Zy — Zg11)
+Zpy1” tZgr31” — 2ZR11ZR21ZR31

Z0 ZO 150 . . — . . .

ReaI(ZO) —— Imag(ZO)
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« Search for impedance to apply

Zo Perfect circulation conditions reached if : —)> Imag(Z,) = 0
Two identified solutions:
 Zy, =830 atfy =5,10 GHz
¢ Z,,=37Qatfy, =9,95 GHz
Z0 ZO 150 :
: ReaI(ZO) —— Imag(ZO)
l/ ________
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* Coupling and matching

To match from Z, to 50Q: Two line sections ) L, oo L2
+ Zo, = 83Qat f,, = 5,10 GHz
© Zy,=37Qatf,, =9,95 GHz Zc, Zc,

Circulator with matching sections:

0
Alumina Matching &
substrate sections =0T
Central g -20 —1Is,,|
conductor % 20 — 18,
Ferrite & S
(D | | | | |
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* Magnetostatic study

Goal of the study: Find the appropriate magnet to provide a magnetic field with good homogeneity
and near 28kA/m inside ferrite

§60- ——Hi .
N
T 407 -
Rohacell =, T =S T - - --== - - =28 kKA/m
Magnet L | | | | |
0 2 4 6 8
Ferrite

Magnetic steel

Ferrite —

ic Steel Magnet

Magnet used :
-Composition : NdFeB
-Size : Radius 19,1mm, Thickness 1,45mm
-Field Br : 11600G
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* Microstrip and stripline comparison

Circulator Microstrip (this work) Stripline (previous work)

Central

4,9 GHz 10.1 GHz 5,0 GHz 10,5 GHz
frequency

Composite substrate of

|.L. max (dB) 0,65 1,3 0,78 0,45 the microstrip circulator
BW(%) -
(Iso >20dB) 5,5 2,8 4,0 2,9
Size (mm) 32*28%*2,55 35*30*15

» Comparable performance to stripline

» Size reduction Bottom part of the stripline
circulator (previous work)
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»Design and measurement of the first dual-band
microstrip ferrite circulator

»Two chosen and controlled frequencies : 5 and 10 GHz

»Very good simulation/measurements agreement

»Comparable performances to stripline
» Better integration and dimensions
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