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Fig. 1. Schematic diagram of  the Wilkinson power divider: based on dis-
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II.  Design of  miniature Wilkinson power dividers
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Fig. 2. Multilayer LTCC structure of  the miniature Wilkinson power di-
vider (a) and  characteristics of  the Wilkinson power divider based on qua-
si-lumped elements (solid lines) and on distributed TL sections (dashed 
lines) (b).
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Fig. 3. Schematic diagram of  the out-of-phase Wilkinson power divider: 
�����	��	�����������	
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plemented as two cascaded -cells (b).
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Fig. 4. Out-of-phase Wilkinson power divider: multilayer LTCC structure 
(a) and  characteristics obtained by EM simulation (b).
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IV. Conclusion
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show a high potential of  the concept proposed and the devices designed.

Acknowledgment
��	
 �����>�	
 ������>�����
 �! 
 ����
 *��%	�]
 *�	!��
 K�">��]
 =	��

����	�]
 ���
 ��������
 �j
 K	��]
 ���
 %�����	�
 "���!��������
 ���

�	�����
 �! 
 	�%	��"	����
 ��"%�	�]
 ��
 ����	!���+
 �������	��	�j

����������
�^�

 \j[j
�	����]
�j#j
�	����]
�j�j
~������+��]
}j�j
*	�	>�+�����]
���




�j�j
 ~�%�������]
 W�������
 %���	
 ���!�	��
 >��	�
 ��
 ������
 ���
 �	!��
����	�
 �����"������
 ���	�Z]
 Proc. of  European Microwave Association]

���j
?]
$�j
?]
%%j
�@��_]
?@@�j

�?�

 �j
 ~������+��]
 �j
 ~�%�������]
 *j
 K�">��]
 �j
 �	����	]
 =j
 ��	��	�]

�j�j
 K	��]
 ���
 \j
 �	����
 �?@@��]
 W^�@�
 %��	�
 �����	��
 �����

"	��"��	����
�����"������
���	�Z]
��
Proc. of  14-th Conf. on Microwave 
Techniques (COMITE-2008)]
�����	]

Q	��
�	%�>���]
%%j^�q
^_?j

���

 �j�j
��������	�
���
#j�j
}�	!��	����	�]
W�
>����>���
���������

>����
 �����
 "��������%
 "	��"��	����
 ���	�Z]
 IEEE Antennas and 
Wireless Propagation Lett.]
���j
{]
%%j
?@q�?^?]
?@@�j

�{�

 �j
~������+��]
�j
~�%�������]
\j
�	����]
*j
K�">��]
�j
�	����	]
=j

����	�]
���
�j�j
K	��]
W$��	�
�����������+%	
%��	�
�����	��
>��	�

��
"	��"��	����
�����"������
���	�Z]
��
Proc. of  38th European Microwave 
Conference]
�"��	���"]
��	
$	��	������]
?@@�]
%%j
�{^��{{j

���

 �j
#��]
�j
��]
���
=j
=�]
W�
���	�
>����>���
�����%��	�
��">��	�Z]

in �������� �	
��
���������������������������]
*�Q���]

����]
?@@�]
���j

�]
{
%%j



 8

���
 \j
������]
�j
~�%�������]
���
�j
~������+��]
Z���������Q	�
>�����
>���
��


���	�������
���%�	�
�����
�������	!������	�
�����"������

���	�Z]
ACTA Universitatis Ouluensis, Series C Technica]
���j
�?�]
%%j
?q�
��]
?@@qj



 9Proceedings of the 17th International Student Seminar

��"	���"���
����+���
�! 
<���

��	��"	��
��
*�����

�����"������
*�������	�
K���	�
��	%!	�]
���"��
����	%%

Department of  advanced Electromagnetics, Ilmenau University of  Technology,
P.O. Box 10 05 65, D-98684, Ilmenau, Germany

Telephone: +49 3677 69 2629, Fax: +49 3677 69 1152, 
E-mail: hannes.toepfer@tu-ilmenau.de

Abstract

��
>���
�%	������
�%		�
���
�	�	�
�! 
"��������Q�����
�! 
"����	�	�������

�+��	"�
����	��	]
�
���	!��
�	����
�! 
������������"������
��������	�
����
��]

	j�j]
�����"������
���	�
�! 
���
�����������]
>	��"	�
"��	
���
"��	
�	�	��
���+j
 }�%	�����+]
 ��	
 	!!	��
 �! 
 �������������	�
 "�+
 >	��"	
 �! 
 ����������

����	��	j
$�"	�����
 ��"	��"���
�%%�����	�
%�����	
!��
�
%����>����+
��

����+
��	
	!!	��
�! 
���	�
�	���%�
��
�
%��%�������
�����
��	
��������	j
��	

�! 
��	
%��"��	��
����+���
"	�����
��
���	�
>+
��	
<����	���!!	�	��	
��"	�
��"���
�	������	
�����
��
>��	�
��
��	
�����	��������
�! 
����	���
	����
�����j
 ��	
 ������>�����
 �	����>	�
 %����>�����	�
 �! 
 �����%�������
 "��	����

%	���������	�
����
����
"	����
����
�%	����
�	�%	��
��
��	
"��	����
�+��	"
�! 

superconductors. The application in selected studies of  signal propagation 
��
 �	����>	�
 ���
 ���������	�
����
 �%	����
 	"%�����
 ��
 !���
 ������	��
 ���	�j

��	
�%%��������
%��	�����
�! 
����
����+���
�%%�����
��
�������	�j

I. Introduction

<��
"��+
%��%��	�
��
"�������	
	����		����]
��	
��	
�! 
��%	�����������

��"%��	���
���
>	
�! 
��������	j
��	
�	�	��%"	��
�! 
����
�%%���������
��

	��	������+
�	%	��	��
��
��	
������>����+
�! 
�
������>�	
"��	�
�����
��
�����
�>�	
��
>	
��	�
��
�	����
���
����+���
��!����	j
\�
��	
�	����
�! 
"�������	

��������]
 ��"	�����
 "	�����
 ���
 ���	��%�	��
 �%%��������j
 �"���
 ��	"]




 10

��"	���"���
 "	�����
 %�����	
 !��
 �������
 	�%	�����+
 ����
 �������������+

processes such as the propagation of  signals. The usual assumption of  
��������
"��	����
%���"	�	��
��	�
���
����
��	�
��	
>��������
�������
	�	�
��
��!���	���+
����	j
<��
����
���	�]
�	
�	�	��%	�
�
"��	�
��
>	
��	�

������
 ��	
 <����	���!!	�	��	
 ��"	���"���
 �<����
 �	������	j
 \�
 ����

������>�����]
�	
�	������
��	
������	������
��
��	
�����
�! 
��%	�����������

"��	�����
��
��	�	
�����
��	
�	���Q�����
�! 
������!���
	�	�������
�+��	"�j
��	

"��	����
��
>��	�
��
�	� �
�	����%����
�! 
�
��%	����������
��
�
��	�	�����

"��	����
����
�	�����	
%	�"�������+
�^�j
��	�����
�����
��
�?]
��
��	
>��	�

��
 ��	
 ��!!	�	��	
 �%%����"�����
 �! 
 ��	
 ����
 ������ �
 	�������j
 \�
 ���

�%%�����]
��"����
��
��	
��	��"	��
�! 
���%	����	
"��	�����
��
��"	���"���

��"%�������
��
�{�
�
�	������	
�%���	
!��"�������
���
>		�
�	�	��%	�
!��

the superconductor.

II. Description of  superconductors for FDTD

�
%�	��"	���������
�	����%����
�! 
��	
	�	�����+��"���
�! 
��%	��������
����
��
���	�
>+
��%%�	"	�����
����	�� �
	��������
����
��	
������
	����
�����'

����
=s'
��	
��%	�����������
����	��
�	����+j
��	
�������	������
�	����
�
�! 

"���	���
�	��
%	�	�������
 ����
 ��	
 ��%	�����������
 ��
 �	���	�
 ��
"�����
���%��
��������	�
>+
�2
�
"��@nse

2 where m and e are the electron mass and 
�����	]
�	�%	����	�+j
������
����
"��	�]
!��
����	
�	"%	�����	�
>	���
��	

critical temperature Tc
��	�	
��
�
��	����	��	
�! 
���"��
���
��%	������	��'

�����	�
 >+
 ���"��
 ���
 ��%	�����������
 �����	
 �����	��
 ����
 �	�����	�
 nn 
and ns]
 �	�%	����	�+j
�����
�^�
���
���]
�
 �	������
>	��		�
����	��
�	����+

���
	�	�����
�	��
���
>	
	���>����	�
��

∂

∂t

(
μ0λ

2
Js

)
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Js) = −H

(1)

(2)

J = σ ·E = (σ1 − j̇σ2) ·E. (4)

J = Js + Jn (3)
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σ1 =
nne2τ

m
, σ2 =

nse
2

ωm
=

1

ωμ0λ2
.

εr(ω) = 1 −
ω2

s

ω2
−

ω2
nτ2

ω2τ2 + 1
− j

ω2
nτ

ω(ω2τ2 + 1)

ω2
s =

e2ns

mε0
, ω2

n =
e2nn

mε0

D = ε(ω)E .

ε(ω) = ε0εr(ω) = ε0 (1 + χ(ω)) .

�^@�

(8)

(9)

(7)

σ1 =
nne2τ

m(1 + ω2τ2)
,

σ2 =
nse

2

ωm
+

nne2ω2τ2

ωm(1 + ω2τ2)

(5)

(6)

(11)

,
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III. Time-Domain Implementation
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 	��������
 !��
 ��	
 �	��
 ��"%��	���j
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	�%������+
En and 
En+1 at the grid positions i, j, k
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For the Ex���"%��	��
����
��
���	�
>+'

D(t) ≈ D(nΔt) = Dn

= ε0E(nΔt) + ε0

∫ nΔt

0
χ(t′)E(nΔt − t′)dt′ .

Dn = ε0E
n + ε0

n−1∑
m=0

En−m

∫ (m+1)Δt

(m)Δt

χ(t′)dt′ .

χm =

∫ (m+1)Δt

mΔt

χ(t)dt and Δχm = χm − χm+1

(12)

(13)

(14).
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��	
��!��"�����
�>���

the particular time dependence of  #
��
�������	�
��
¢@�¢m|"�@
���
¡¢m. For 
the loss term �1E]
�
�	"���"%�����
��	������
�! 
��	
	�	�������
�	��
���	����
��

��	�
��
���	�
��
"����
��	
��"	
��	%�j
}�������
�^��
�	%�	�	���
��
	�%�	��
����
�����
������	�
��	
!�	��	��+��	%	��	��
�����	
�! 
��	
%���	��	�
���
��

�	�������	�
!��
�"%�	"	�������
����
��	
<���
"	����j
��
��	
�	����%����

��
>��	�
��
��	
��������
"��	�]
��	
������>������
�! 
��	
���"��
����	��

���
��%	�
����	��
��
¢
���
����
��
¢@
���
¡¢m
���
>	
�����������	�j
<��"

�q�]
���
�^^�]
��	
%������
����	%��>�����	�
����	�
>+
��	
���"��
����������

�����	
�����	��]
¢n]
���
��	
��%	�
����	��
�����	��]
¢s]
!�����
��

��	
���"��
�����������+
��
���	�
>+

��
�����
>	
	�%	��	�]
��	
	�%�	�����
!��
¢n
��
	�����+
�
�	����%����
�! 
��	

"	������
>	�������
��	�	
�����	����
��
���
�	��	��	�
���j
<��
����
���	]
��	

�	��������
�! 
�
 �	������	
 !��"�������
���
���	��+
>		�
�����
 ��
 ���
���

��
���
�	%	��	�
�	�	j
\�
�
��"����
��+]
�	
�>����	�
��	
	�%�	������
!��
��	

��%	����������	
 ������>�����j
 �����!��"���
 ¢s�£�
 ����
 ��	
 ��"	���"���

leads to

�����
�^{�]
��
��
��������!������
��
�>����
��	
������>������
!��"
��	
��%	��
����������
!�������
¢@

s
���
¡¢m
s which are needed in (15)

Ex|
n+1
i,j,k = ξ

(
ηEx|

n
i,j,k + ε0

n−1∑
m=0

Ex|
n−m
i,j,k Δχm

i,j,k

)
+

+ ξΔt

⎛
⎜⎝Hz|

n+ 1

2

i,j+ 1

2
,k
− Hz|

n+ 1

2

i,j− 1

2
,k

Δy
−

Hy|
n+ 1

2

i,j,k+ 1

2

− Hy|
n+ 1

2

i,j,k− 1

2

Δz

⎞
⎟⎠

χn(ω) = −
(ωnτ)2

1 + jωτ
, χs(ω) = −

ω2
s

ω2
.

σ1 = ω2
nτε0 .

χs(t) =
ω2

s

2
t .

(15)

(16)

(17)

(18)
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IV. Example – Pulse Propagation along a Superconducting 
Microstrip Line

��	
 "��	�
 ���
 >		�
 ��	�
 !��
 �����	�
 �! 
 ��	
 %���	
 %��%�������
 �����
 �

��%	�����������
 "��������%
 ���	
 �����
 ��	
 <���
 "	����j
 \�
 <��j
 ^]


χ0
s =

ω2
s

4
(Δt)2 , Δχm

s = −
ω2

s(Δt)2

2
.

χ0 =
ω2

s

4
(Δt)2 − (ωnτ)2

[
1 − e−

Δt

τ

]
Δχm = −

ω2
s(Δt)2

2
− (ωnτ)2

[
1 − e−

Δt

τ

]2
e−

mΔt

τ .

Ψn = Ψn
s + Ψn

n =

n−1∑
m=0

En−mΔχm

Ψn
s = Ψn−1

s + Δχm
s En .

Ψn = Ψn−1
s + e−

Δt

τ Ψn−1
n + Δχ0En

(19)

�?@�

(22)

(21)

(23)

(24)

,
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the effect of  the superconducting material properties on the propa�
������
 �	�����+
 ��
 �����
 >+
 ��"%�����
 ��	
 �	��+
 �! 
 �
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 #�����
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 ������	
 %���	
 %��%�������
 �
 �������	
 �! 
 �j��"
 ��
 �
 %	�!	��
 	�	�����

(PEC) line and in a superconducting line for three different penetration 
�	%���
 �j
 ��	
 �	��
 %	�	�������
 ����
 ��	
 ���	����
 �! 
 ��	
 "��	����
 �����
	�
 ����	�
 %��%�������
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V. Conclusion
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��!	����������	����	���6	���������	��!�����	����	�����������	����6�	X�	/��	
comparison, the case of  a perfect electric conductor (PEC) microstrip 
line is shown, too.
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Fig. 2: Circuit diagram of  a Josephson compara-
tor including trigger and readout circuitry. For 
simplicity no parasitic elements are displayed. 

Fig. 1: Circuit diagram 
of  one loop of  a JTL.

Fig. 3: Phases of  the Josephson comparator before (A) and after (B or C) 
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The function W(x1,x2,t)
��
��	
��"	
�	%	��	��
%��>�>����+
������>�����
!��

���
%����>�	
����	�
(x1]x2). The parameters �x1]
�x2 are the diffusion constants. 
��	+
�	����
!��"
��	
�������	�
�n1]
�n2.
��	
<���	��������
	�������
���
>	
����	�
��"	������+j
\��
��������
�	%�	�
�	���
��	
%��>�>����+
!��
���
%����>�	
����	�j
*�
��	
��	��
[=|}1 > x0�Q�]"�
x2 < x0�Q�]� and C=|}1 < x0�Q�]"�}2 > x0�Q�]�

���
>	
����+�	�j
\�
��	�

A=|}1 < x0�Q�]"�}2 < x0�Q�]��there is the initial state.  The decision process 
depends on the input current Ix.
����
>	�������
��
�	"�������	�
��
<��j
�j
��
 	��"%�	
 ��
 �����
 ��
<��j�j
 \�
 ����
 ���	
 ��	
 ���������
%��>�>����+
 �! 

¦�������
=^
��
_@�
���
��	
%��>�>����+
�! 
¦�������
=?
��
�@�j
��	
����������

>	��		�
����	
W�Z
���
W[Z
�	�%	����	�+
W
Z
��
����������j
��	
���������
%��>�>����+
!��
��	
¦�������
�=?�
��
���	�
�! 
��!!	�	��
�	"�
%	�����	�
��
�	"�������	�
��
<��j�j
��	
���
�	������	]
����
��	
����	�
!��

���	�
�	"%	�����	�
���	
�
��		%	�
���	j
����
"	���
����
��	
��	+
Q��	
�����

��	�
��	
�	"%	�����	
��
�������j
��	
�	%	��	��+
���
>	
���	�
>+
��	
����

!�������
}�j�{�
�/�x
���	+
Q��	]
T��	"%	�����	�'
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The mean values of  W are �1 and �2j
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Fig. 9: Dependency of  switching time and grey zone, including the uncer-
tainty in switching time (jitter).
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Fig. 3 Simulation of  fabrication yield for our best conventional TFF in 
����������	 ��	 �	 �����������	 ���������!	 �	 ���6����6������	 ���	 �������	 ��-
rameter are normal distributed around their design values with the given 
��������	��9������	��
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Fig. 4 The schematic and the layout of  a superconducting loop compris-
ing YBCO and Nb material. A spontaneous current arises by connecting 
the YBCO area with Nb from perpendicular directions.
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IV. SFS-SIS hybrid technology
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crophotograph of  the TFF fabricated using SFS-SIS hybrid technology. 
The SFS-technology of  FZ Jülich [15] in combination with standard Nb-
technology of  FLUXONICS Foundry [9] was used.

         

Fig. 7 Cross-section of  the SFS-SIS hybrid technology. (left) The active 
parts of  the circuit are fabricated by FLUXONICS Foundry using their 
standard Nb-technology. (right) A planar contact area is prepared in which 
the SFS junction can be nested using the SFS-technology of  FZ Jülich.
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Fig. 2.  (a) Single X-slot in the broad side of  a waveguide broadside. 
 (b) Extension to a three-element array.
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Fig. 4. Photograph (left-hand part) and technical drawing (right-hand 
part, with millimetre dimensioning) of  the waveguide structure.
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length step.
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IV. Simulation results
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co cross left rxpd ight [dB]  [dBi]  [dBi]  [dBi]  [dBi]G G G GG = − −= , 

e=e1=e2 ey d lS1 lS2 lS3 lS4 w 
Crossed slots 0.252�a − 0.88��g� 0.339��0 0.351��0 0.358��0 0.378��0 0.013��0

Inclined slots 0.178�a 0.152��g 1.10��g 0.380��0 0.365��0 0.354��0 0.347��0 0.033��0

Table 1. Most convenient geometrical dimensions for both antennas (in 
millimetres).

1 2 3 40.4 0.4a a a a= ⋅ = ⋅ = . (8)
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S11 [dB] S21 [dB] η G [dBi] Gxpd [dB]
Crossed slots −25.9 −10 0.83 9.3 −21.6 
Inclined slots −8.9 �13.7 0.79 10.3 −10.7 
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the waveguide excited at port 1.
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slots in main direction (zero degree elevation and azimuth angle) for a fre�
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V. Conclusions and Outlook
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Fig. 6. (a) Inclined-slots antenna, gain vs. elevation (azimuth angle of  
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II. The wireless transfer system

�����	�	�
 ���	�	��
 %��	�
 �����"������
 �+��	"
 �<��j
 ?�
 ��
 >��	�
 ��
 ��	

�+��	"
�	����>	�
��
��	
������	
�?�j
\�
��������
�! 
���
"	���
���%�
����
����
�	���j
��	
�������	
>	��		�
��	"
��
	����
��
�
���
��	
�����
�! 
>���
���%�

��	
�j
��	
	�	��+
�����!	�
��
%�����	�
>+
��	
�����������
"���	���
���%����


 

Fig. 1. Intel wireless power trans-
mission system.

Fig. 2. The wireless transfer sys-
���	���6	�	�	������	�� 	�6�	����8	�	�	
diameter cross-section of  the loop 
and s - distance between loops.
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Fig. 3. The loop in spherical coordinate system.
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Fig. 4. Equivalent diagram of  the system.
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III. Magnetic Wall
The magnetic wall is the surface where the tangent component of  the mag�
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Fig. 5. Metal and ferrite surfaces.

Fig. 6. The surface of  the Magnetic Wall.
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IV. Electromagnetic simulation
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Fig. 7. The single loop.
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Fig. 12. Ferrite cylindrical concentrator.
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Fig. 13. Two loops with layers of  9 small resonant loops.
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high potential of  the resonators proposed.

II. Investigation of  LTCC capacitively loaded cavity
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  (b)  

Fig. 1. Capacitively loaded LTCC cavity: (a) structure and (b) measured 
characteristics of  four experimental samples (solid lines) and those pre-
dicted by 3D electromagnetic simulation (dashed lines). Middle part of  
the top ground plane is not shown to demonstrate the internal structure.
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The post has the size of  2 mm × 2 mm with the capacitive plate of  4.4 mm 
× 4.4 mm.
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III. Dual-mode „matreshka“-type LTCC resonators on nest-
ed capacitively loaded cavities
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Fig. 2. Dual-mode „matreshka“-type LTCC resonators: schematic repre-
sentation (a) and equivalent diagram (b) of  two nested capacitively load-
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Fig. 3. 3D view of  the generalized LTCC structure of  the dual-mode 
„matreshka“-type resonator. A part of  the stacked via holes used as the 
side walls and a part of  the top ground plane are not shown to demon-
strate the inner structure.
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Fig. 4. Characteristics of  the „matreshka“-type LTCC resonators obtained 
by 3D electromagnetic simulation (dashed lines) and by measurements 
of  four experimental samples (solid lines): the dual-band resonator with-
out an additional transmission zero (a) and the dualband resonator with 
an additional transmission zero (b).
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Fig. 5. Two coupled dual-mode „matreshka“-type LTCC resonators: sche-
matic representation (a) and equivalent diagram (b).
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I. Introduction

There are different technologies for microwave integrated circuits (MIC) 
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II. Design of  6-bit digital phase shifter
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Fig. 2. Equivalent circuit of  the smaller bits (5.625º, 11.25º, and 22.5º)
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Fig. 3. The optimized order of  bits of  the 6-bit phase shifter.
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Fig. 4. The layout of  6-bit digital phase shifter with biasing networks.
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Fig. 5. Experimentally obtained characteristics of  the 6-bit digital phase 
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IV. Conclusion
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