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�3���M���'�-
�����-�&����-����H� !�J��&�MN

zastosowania asyme���-��	� �'�-K���-� ,�
���,�&�	� &� -�3&��&�J���	� &-!�c-
niaczach mocy mikrofalowej or�-�&��,H����	�-���!�&���
!�!��,�����I��'����&��K

!�J��&� ��� '�-�,����� ��o���
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����A�� ����IJ
���� &
� &�����	� &
AM���&�	

��&AM���&�	*��H3&�I� -��
�I� -�'��'��o&���	� ��-&�I-�L� A
���!�J��&�MN� A
����-
�
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A� �
���-��A�� ���,�A�� '��-��H��!��� �� ��'���&����� �!'
����A�
���&� A
��!��,H��

�-�
* Przeanalizowane zostaH�-��3w����,H��� A
����
,�A��	� A�,� ��&�
���
,�A��	

��!
���-��	��'�-K���-�,�
���,o&�	���&'��&��-��
�-����Hy�-��
J��M����'���AI�

�
�!�J��&����'�-�,�����&���	��,Hadach stosunek impedancji.
Kolejnym przedstawionym w pracy zagadnieniem jest projektowanie szerokopa-

smowych macierzy Butlera. Opisana� -����H�� !
����� '��A
,��&����� ��,��	� �,H��3&

-�&,��-y�����
!� &�
���
,�A��	� �'�-K���-� ,�
���,�&�	� �� ������	� �'�-KJ���	.
Zaprezentowana -����H����,J
$�opracowana przez Autora, metoda realizacji szerokopa-
smowych przesuwni,3&���-������H!��3J����&!�'�-
����K������-�&,��-��&��

��	�&��,H����	�!���
�-�=���
��. ��-
'��&��-��
������-�&,�-�H$�J
�'��A
,��&��

��
��-
��,�'��!�wych macie�-�=���
���&,��-���AI��	�&�
���
,�A�
��'�-K���-


��������	��'�-KJ���	�&!����-���osowania sekcji ‘C’ przesuwników fazy Schiffmana
w celu minimalizacji rozrównowaJ
���� �	���,�
���,� ��-� �3J����&
A*� (����,�&�$

&�'����-�'��'���&��
�-����H��nowe roz&�I-���
��,H���&
�'�-&���AI�
�����
���-��AK

&�'
H���'������
A$�-���
��owanej macierzy Butlera 8 × 8.
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Ostatnim zagadnieniem przestawionym w monografii jest metoda projektowania
sze��,�'��!�&�	� -!�������-�&���	� �'�-K���-� ,�
���,�&�	$� zaproponowana
przez Autora, w której znaczne zmniejszenie rozmiaru �
���-�&���	��,H��3&�'�-�

�,�A
� ��K� '�'�-
-� -������&���
� �
�	��,�� 
�
!
��3&� D����� �,�'����	*� Opracowana
!
����� '�-&���� ��� �
���-��AK� !��������&�	� �'�-K���-� ,�
���,�&�	� �
�	�AI��	

��K�'���!
���!��po�3&�&���!��-
��'�-K���-�!��-�
���-�&��!��&��
�	���
��'�-K�

J���	������������!isyjnych. Ponadto, metoda ta �!�J��&�� pozyskanie szerokiego pa-
sma pracy, -
�&-��K��������,�$�J
�'�-&�������'��A
,��&���
�wielosekcyjnych,�-!�����

���-�&���	� �'�-K���-� ,�erunkowych.
Przedstawione w pracy �����-��
��
��-�
�-����H�'��&�
��-��
�'�'�-
-�'�!���

&,�����	�modeli zaprojektowanych i wykonanych �,H��3&�!�,�����owych.
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The monograph focuses on the design of complex microwave networks with the
use of broadband coupled-line directional couplers. Three different areas of the design
and application of such couplers have been addressed, which are:

7* (
�����������'�
�����
��!'
����
���������!�������
�����������'�
��*

6* (
������������������=���
��!�����
�������-�������'�
�����
����
�����������'�
��*

.* (
��������!��������-
�����
�����������'�
���&��	��	
���
����D�������!'
��
�
!
��

�
�	��D�
*

All aspects have been comprehensively researched by the Author over the recent
years. In particular, the application of asymmetric coupled-line directional couplers
in balanced and n-way power amplifiers has been described, and the design of such
circuits has been shown with the emphasis on their impedance transforming capability.
The major advantage of the proposed approach is that it allows to realize both power
dividing and impedance matching within a single component. Single-section and multi-
section impedance transforming directional couplers are analyzed and the achievable
impedance transformation ratio for such couplers is derived.

The second issue presented in the monograph concerns the design of broad-
band Butler matrices. A method for the design of broadband Butler matrices utilizing
coupled-line directional couplers is presented, in which multisection symmetrical
coupled-line directional couplers are used. The method proposed by the Author
of broadband differential phase shifters’ realization for applications in such networks,
is outlined. It is shown, that the design of broadband Butler matrices with the use
of multisection directional couplers requires applying of Schiffman ‘C’-sections in
order to minimize the phase imbalance of the resulting network. Moreover, a novel
arrangement of an 8 × 8 Butler matrix is proposed, that allows for planar fully integra-
ted realization.

Finally, the design method of miniaturized broadband directional couplers, deve-
loped by the Author, is described, in which a quasi-lumped-element technique is used.
The proposed approach allows for achieving the frequency response of miniaturized



7/

couplers comparable to the response of their distributed counterparts. Moreover, the
method allows for achieving broad bandwidths, due to its suitability for the design of
multisection miniaturized directional couplers.

The presented theoretical analyses have been confirmed by the measurements of
a number of manufactured coupled-line networks.
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β – phase constant

Γ – reflection coefficient

ε0 – permittivity of free space

μ0 – permeability of free space

λ0 – free space wavelength

λg – guided wavelength

θ0 – electrical length

νpe, νpo – even, odd mode phase velocity

εr – dielectric constant (relative permittivity)

εree, εreo – effective dielectric constant (relative permittivity) for even, odd mode

BW – operational bandwidth

C – capacitance matrix

c – free space light velocity

C – coupling

C1,2 – per unit length capacitance of line 1, 2

Ce, Co – per unit length even, odd mode capacitance of coupled lines

Cm – per unit length mutual capacitance of coupled lines

D – directivity

I – isolation

IL – insertion losses

k – coupling coefficient

kL, kC – inductive, capacitive coupling coefficient

L – inductance matrix
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l – length of a coupled-line section

L1,2 – per unit length self inductance of line 1, 2

Lm – per unit length mutual inductance of coupled lines

R – impedance ratio of the transformer

RL – return losses

S – scattering matrix

Se,o – scattering matrix for even and mode excitation

T – transmission

Z0 – characteristic impedance

Z0e, Z0o – even, odd mode characteristic impedance

ZT1,2 – 1st, 2nd line terminating impedance

VSWR – voltage standing wave ratio
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