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�«�Ÿ�Õ�µ�±�Ü�å�¢�Ã�Û�Ó�î�± S11, S21, S12, S22

�c�ö
²�_�Ü�½�”�º>0�Ï�î�º�¹�Â�–�«�†��*O�K�Z�C�€�r�M !
=> �©�Ñ�×�Þ�î�©�Ù�å�_�}�<

2�Ï�î�º�¹�Â�–�«

�Ï�î�º 1   �Ï�î�º 2   
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 3ë�‰�¥3ë�‰�¥3ë�‰�¥3ë�‰�¥�_0¿�� !
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�/�G�_�|�•1��j/õ�G
1��j�b�N�I

VNWA �c�
1��j�†$Î#Õ�I�O�r�M��

 ���)�2°�c�
�f�^�•1��j�†$Î#Õ�I�O�r�M��

DUT

�G�G�[�/�G�†/œ�8�r�M ! �G�G�[ ����†/œ�8�r�M��

�¸�«�º�Î�î�»�v1��j�†$Î#Õ�I�O�r�M��
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SOLT�/�G�_�|�~ VNWA�\�¸�«�º�£�î�È�Ý�?
�}�b1��j�†�v�~7V�A�r�M …

�/�G8�

http://www.hamcom.dk/VNWA/
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�[>8 �œ�î�É�å�ö =�þ

�™�•�c�
>0�G3û4#�K�r�M���X�r�~8p�‰�¥�\3ë�‰�¥�_
�[�M :

2 (53,2 ps 2,34 ps) = 111.08 pst = - ´ + -
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�Ï�î�º�š�¡�«�¸�å�©�Ù�å�[�b4���/õ�G

S11
S22

�ì�� :
�¸�«�º�Î�î�»�V�b�Û�–�å�c 50 � �\�ì���K�r�M
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1��W�S�/�G�Ã�Û�Ó�î�±�c�
�Ï�î�º�Y�Z�œ�†�v
�S�}�K�r�M��
�[ : �œ�î�É�å 50�  – �Û�–�å (1)

�œ�î�É�åVNWA       TX Z0=50 �

1800 pst =

�X�r�~ |S11| = 1 �º�î�±�Ý�o�U7Á�Š
�)%&(S11)=-� �1800 ps

�G�€�†�©�Ñ�×�Þ�î�º�[�A�r�M��
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�[ : �œ�î�É�å 50� – �Û�–�å (2) 
Amphenol �Ó�« �Ã�Û�Ó�î�±�[�©�Ñ�×�Þ�î�º

1800 ps

|S11| = 1 |S11| = 0dB

�£�•)��Ý�£�•)��Ý�£�•)��Ý�£�•)��Ý

Delay

VNWA �¯�Ç�º�[�b
�©�Ñ�×�Þ�î�©�Ù�å
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�[ : �œ�î�É�å 50�  – �Û�–�å (3) 
�¯�Ç�º�@�ö =�þ�@#.�•�[�6�•�\�î�83¸�r�O�r�M :

Delay

S11

0,4 dB 
�b1��j�b1��j�b1��j�b1��j !!!

�¦�S�_�©�Ñ�×�Þ�î�º�K�S ����¹�î�±�†�

#.�•�/�G�Ã�Û�Ó�î�±�†#Ý�8�Z
Ì�g/õ�G��
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HF�•��9‚#Ý�¸�«�º�Î�î�»

�/�G�ö =�þ�/�G�ö =�þ�/�G�ö =�þ�/�G�ö =�þ : Short:

Load = 47� :

Thru:Open = �K)F!“�K
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Zx = 47 � �[�c�
 � 3,4 dB
�b��
°�†�»�@�6�~�r�M��

�•+��[�M�
�X�r�~
VNWA�b TX�\ RX
�Ï�î�º�c�
�G&��_
50� �\�^�W�Z�8�•
�?�}�[�M ��

� Thru�/�G�c�

�²0[�[�M !
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“Load”�¬� �†�
3û4#�Ô�î�»>& =S21 ���>'
�[ ���

Thru�/�G�b�s�²0[  ��� ��� ��� ��� : 
TX�\ RX6ë�_�¬� �†��
°
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(F�Æ�/�G�ö =�Ô�¹�Ý :
“Load”�¬� �b�s�b ���
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S11 ���#Ý SOL�/�G

Short Open  Load

TX
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1nF�¥�å�¹�å�§�b�o�U ��� (S11)

(ò�Ê�Ü�î�»
)z�_�|�•

¹�ú

ESR = �†�»

�¥�å�¹�å�§�@�o�p
²�Z�b7Á�Š�†�o�U |S11| �  0 dB

C

|S11| 

��5��ö
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�•�«�±�Ò�º�Þ�î�«�†#Ý�8�S VNWA ���)��Ý�b
�Ô�¹�Ü�å�¢

0,984 nF 9,3 nH 0,22 �

�o�U�€�X�_�P�M�•�–�å�Æ�î�²�å�«

'¼�o�Ô�¹�Ý
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�G�b�Ô�¹�Ý�c8��–�_�G&��[�M !

1�
�_

�ö
!
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11kHz �Â�å�»�Ã�«�Ç�•�Ý�±�î>& BPF)�b
2�Ï�î�º ���

• S�Ã�Û�Ó�î�±�c�
�*�Ø�<�_�v�Â#Ý�[
�A�r�M��

• �v�U�•�‡ VNWA �[�v ����[�A�r�M !
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�*�Ø�<#Ý VNWA"I�90¿���[

�q�*�§�å�É�Ý�í�Þ�î�º�q�*�§�å�É�Ý�í�Þ�î�º�q�*�§�å�É�Ý�í�Þ�î�º�q�*�§�å�É�Ý�í�Þ�î�º 300 Hz
�  �¼�–�Ÿ�«�º7H#ú�¼�–�Ÿ�«�º7H#ú�¼�–�Ÿ�«�º7H#ú�¼�–�Ÿ�«�º7H#ú 150 Hz
�  � 150 Hz �r�[�b�r�[�b�r�[�b�r�[�b  ����@�•+� ����@�•+� ����@�•+� ����@�•+�

IF �c�
�¥�î�¹�µ�¡�Ø�<�X�c�
�¥�î�¹�µ�¡�Ø�<�X�c�
�¥�î�¹�µ�¡�Ø�<�X�c�
�¥�î�¹�µ�¡�Ø�<�X
�Þ�å�ª�p�_�^�E�€�d�^�~�Þ�å�ª�p�_�^�E�€�d�^�~�Þ�å�ª�p�_�^�E�€�d�^�~�Þ�å�ª�p�_�^�E�€�d�^�~
�r�O�‡���r�O�‡���r�O�‡���r�O�‡��
(20 Hz…16kHz)
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2�Ï�î�º ���#Ý SOLT�/�G

Short Open  Load Thru

TX
TX RX
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�H�@�–: "ƒ�æ�«�•�î�º�Ç�•�Ý�±�î�c�
�š�·�š
�ú�_�P�K�Z�ó���M�•�r�[�_�ì6ë�@�?�?�~�r�M !

0,3 s �«�–�î�É�ì6ë�«�–�î�É�ì6ë�«�–�î�É�ì6ë�«�–�î�É�ì6ë

5 s �«�–�î�É�ì6ë�«�–�î�É�ì6ë�«�–�î�É�ì6ë�«�–�î�É�ì6ë
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11kHz �Â�å�»�Ã�«�Ç�•�Ý�±�î>& BPF)�b
2�Ï�î�º ���

S�Ã�Û�Ó�î�±>2�X (S11, S21, S12, S22)
²�Z�†
 ����K�^�E�€�d�^�~�r�O�‡ …
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11kHz �Â�å�»�Ã�«�Ç�•�Ý�±�î>& BPF)�b
2�Ï�î�º  ���>8 �Ç�›�á�î�»>&8p/œ>' ���

TX

RX

1

2

S11, S21 �@ ����I�€�r�M
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11kHz �Â�å�»�Ã�«�Ç�•�Ý�±�î>& BPF)�b
2�Ï�î�º ��� : �Ü�Â�î�«>&3ë/œ>' ���

TX

RX

1

2

S12, S22 �@ ����I�€�r�M��
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2�Ï�î�º ����I�€�S S�Ã�Û�Ó�î�±�c�1�_�w� 
�?>=

�q4:�Ð�µ�³�å�¢�q4:�Ð�µ�³�å�¢�q4:�Ð�µ�³�å�¢�q4:�Ð�µ�³�å�¢ ?



HAM RADIO 2013 69

�Ð�µ�³�å�¢�(�Ò : VNWA �Ð�µ�³�å�¢�¶�î�Ý
�q4:�Í :  Zin = Zout = 610 �
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�¬� �†#Ý�8�S�I�D�–�å�Æ�î�²�å�«�Ð�µ�³�å�¢

50 � + 560 � = 610 �
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�G�b�Ð�µ�³�å�¢�_�|�~�
�†�»�Q�•�è�¥�c�e8Ÿ
�w�~�r�O�‡��

�¬� �ö�Ð�µ�³�å�¢�¬� �ö�Ð�µ�³�å�¢�¬� �ö�Ð�µ�³�å�¢�¬� �ö�Ð�µ�³�å�¢
�_�|�• ����_�|�• ����_�|�• ����_�|�• ���

�Ð�µ�³�å�¢�¶�î�Ð�µ�³�å�¢�¶�î�Ð�µ�³�å�¢�¶�î�Ð�µ�³�å�¢�¶�î
�Ý�_�|�•�©�Ñ�×�Ý�_�|�•�©�Ñ�×�Ý�_�|�•�©�Ñ�×�Ý�_�|�•�©�Ñ�×
�Þ�î�©�Ù�å�Þ�î�©�Ù�å�Þ�î�©�Ù�å�Þ�î�©�Ù�å

�  21.8 dB
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�™�•)�2°�V�b>0�X�b 560� �¬� �_�|�•�s8j : 
VNWA 0
(ò0£'ì�µ+�

21,7 dB �b�Ü�•$×�ö/¶�b�Ü�•$×�ö/¶�b�Ü�•$×�ö/¶�b�Ü�•$×�ö/¶ ����
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�G�b�¯�Ç�º�[�v “4:�) ”�©�Ñ�×�Þ�î�©�Ù�å�•+�
�[�M !
Simulation Tool QUCS

• http://qucs.sourceforge.net/
• �S+��º�G2°�©�Ñ�×�Þ�î�±�S+��º�G2°�©�Ñ�×�Þ�î�±�S+��º�G2°�©�Ñ�×�Þ�î�±�S+��º�G2°�©�Ñ�×�Þ�î�±
• !“
~!“
~!“
~!“
~
• !“�D7H!“�D7H!“�D7H!“�D7H
• (F�"�^�Q#Ý�‰�2(F�"�^�Q#Ý�‰�2(F�"�^�Q#Ý�‰�2(F�"�^�Q#Ý�‰�2
• �¢�Û�Ç�•�µ�¡�\�¹�î�±�š�¡�«�Ï�î�º�_�¢�Û�Ç�•�µ�¡�\�¹�î�±�š�¡�«�Ï�î�º�_�¢�Û�Ç�•�µ�¡�\�¹�î�±�š�¡�«�Ï�î�º�_�¢�Û�Ç�•�µ�¡�\�¹�î�±�š�¡�«�Ï�î�º�_

�c!Í)Ž�@�²0[�c!Í)Ž�@�²0[�c!Í)Ž�@�²0[�c!Í)Ž�@�²0[
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QUCS�[�b S�Ã�Û�Ó�î�±�•�� ���

s2p�Ç�“�–�Ý�?�Ç�“�–�Ý�?�Ç�“�–�Ý�?�Ç�“�–�Ý�?
�} ����K�S�} ����K�S�} ����K�S�} ����K�S S�Ã�Ã�Ã�Ã
�Û�Ó�î�±�Û�Ó�î�±�Û�Ó�î�±�Û�Ó�î�±
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QUCS�[�b�Ð�µ�³�å�¢ �©�Ñ�×�Þ�î�©�Ù�å

�† =�²�–�”�¢�Û�Ò���Š�c�† =�²�–�”�¢�Û�Ò���Š�c�† =�²�–�”�¢�Û�Ò���Š�c�† =�²�–�”�¢�Û�Ò���Š�c
�a�K�š�_0b�<�•�a�K�š�_0b�<�•�a�K�š�_0b�<�•�a�K�š�_0b�<�•

�  �©�Ñ�×�Þ�î�©�Ù�å)��Ý�†�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†
VNWA�l�š�¡�«�Ï�î�º�l�š�¡�«�Ï�î�º�l�š�¡�«�Ï�î�º�l�š�¡�«�Ï�î�º
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QUCS�©�Ñ�×�Þ�î�©�Ù�å�\
��7•�b ���)��Ý�b�š3Q

�ö#•>��ö#•>��ö#•>��ö#•>�

VNWA�_�|�•�_�|�•�_�|�•�_�|�•
 ��� ��� ��� ���

QUCS�[�b�[�b�[�b�[�b
�©�Ñ�×�Þ�î�©�Ñ�×�Þ�î�©�Ñ�×�Þ�î�©�Ñ�×�Þ�î
�©�Ù�å�©�Ù�å�©�Ù�å�©�Ù�å
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!“
~�Ç�•�Ý�±�î�¹�¨�–�å�¯�Ç�º (1): 
Elsie – LC�Ç�•�Ý�±�î#Ý

• http://tonnesoftware.com/elsiedownload.html
• LC�Ç�•�Ý�±�î�b�¹�¨�–�å�
�(�Ò#Ý�Ç�•�Ý�±�î�b�¹�¨�–�å�
�(�Ò#Ý�Ç�•�Ý�±�î�b�¹�¨�–�å�
�(�Ò#Ý�Ç�•�Ý�±�î�b�¹�¨�–�å�
�(�Ò#Ý
• �Û#Õ�Â�î�ª�Ù�å�c�
�Û#Õ�Â�î�ª�Ù�å�c�
�Û#Õ�Â�î�ª�Ù�å�c�
�Û#Õ�Â�î�ª�Ù�å�c�
 7(ò�Ê�r�[�_7H��(ò�Ê�r�[�_7H��(ò�Ê�r�[�_7H��(ò�Ê�r�[�_7H��
• �X�Í�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
(F�"�_�X�Í�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
(F�"�_�X�Í�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
(F�"�_�X�Í�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
(F�"�_ s2p �Ç�“�–�Ç�“�–�Ç�“�–�Ç�“�–

�Ý�_�š�¡�«�Ï�î�º�•+��Ý�_�š�¡�«�Ï�î�º�•+��Ý�_�š�¡�«�Ï�î�º�•+��Ý�_�š�¡�«�Ï�î�º�•+� !
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!“
~�Ç�•�Ý�±�î�¹�¨�–�å�¯�Ç�º (2): 
Dishal – �¡�Ü�«�±�Ý�Ç�•�Ý�±�î#Ý

• http://www.bartelsos.de/dk7jb.php/quarzfilter-
horst-dj6ev 

• �¡�Ü�«�±�Ý�Ç�•�Ý�±�î�b�¹�¨�–�å�
�(�Ò#Ý�¡�Ü�«�±�Ý�Ç�•�Ý�±�î�b�¹�¨�–�å�
�(�Ò#Ý�¡�Ü�«�±�Ý�Ç�•�Ý�±�î�b�¹�¨�–�å�
�(�Ò#Ý�¡�Ü�«�±�Ý�Ç�•�Ý�±�î�b�¹�¨�–�å�
�(�Ò#Ý
• �¡�Ü�«�±�Ý�†�»!“�K�[�b�©�Ñ�×�Þ�î�©�Ù�å�¡�Ü�«�±�Ý�†�»!“�K�[�b�©�Ñ�×�Þ�î�©�Ù�å�¡�Ü�«�±�Ý�†�»!“�K�[�b�©�Ñ�×�Þ�î�©�Ù�å�¡�Ü�«�±�Ý�†�»!“�K�[�b�©�Ñ�×�Þ�î�©�Ù�å
• S21�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�š�¡�«�Ï�î�º�•+��©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�š�¡�«�Ï�î�º�•+��©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�š�¡�«�Ï�î�º�•+��©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�š�¡�«�Ï�î�º�•+�
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!“
~�Ç�•�Ý�±�î�¹�¨�–�å�¯�Ç�º (3):
AADE Filter Design – 
²�Z�b�Ç�•�Ý�±�î#Ý

• http://aade.com/filter32/download.htm 
• 
²�Ç�•�Ý�±�î�¥�E�b�
�¹�¨�–�å�>�|�g�(�Ò#Ý
²�Ç�•�Ý�±�î�¥�E�b�
�¹�¨�–�å�>�|�g�(�Ò#Ý
²�Ç�•�Ý�±�î�¥�E�b�
�¹�¨�–�å�>�|�g�(�Ò#Ý
²�Ç�•�Ý�±�î�¥�E�b�
�¹�¨�–�å�>�|�g�(�Ò#Ý
• !“
~�
�K�?�K�w
~2N2�&�1��b#ì8��@���•!“
~�
�K�?�K�w
~2N2�&�1��b#ì8��@���•!“
~�
�K�?�K�w
~2N2�&�1��b#ì8��@���•!“
~�
�K�?�K�w
~2N2�&�1��b#ì8��@���•
• (F�"�^�Q#Ý�‰�2(F�"�^�Q#Ý�‰�2(F�"�^�Q#Ý�‰�2(F�"�^�Q#Ý�‰�2
• �X�Í�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
�š�¡�«�Ï�î�X�Í�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
�š�¡�«�Ï�î�X�Í�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
�š�¡�«�Ï�î�X�Í�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
�š�¡�«�Ï�î

�º�•+��º�•+��º�•+��º�•+�
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50� �
�Â�å�»�œ 3MHz, 5MHz#Ý3(ò�Ê
�Â�±�î�á�î�« �Ã�–�º BPF�b0¿0£

Elsie �_�|�•�Ç�•�Ý�±�î0¿0£�_�|�•�Ç�•�Ý�±�î0¿0£�_�|�•�Ç�•�Ý�±�î0¿0£�_�|�•�Ç�•�Ý�±�î0¿0£
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Elsie �©�Ñ�×�Þ�î�©�Ù�å)��Ý
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(ò�Ê�†�† =�Í�\�w� �^ Q�_�š�f …

�w� �^�w� �^�w� �^�w� �^ Q�_�|�•�©�Ñ�×�Þ�î�©�Ù�å�_�|�•�©�Ñ�×�Þ�î�©�Ù�å�_�|�•�©�Ñ�×�Þ�î�©�Ù�å�_�|�•�©�Ñ�×�Þ�î�©�Ù�å
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… ����š3Q�b!m�
�©�Ñ�×�Þ�î�©�Ù�å�†
s2p�Ç�“�–�Ý�_�š�¡�«�Ï�î�º��

�š�¡�«�Ï�î�º�š�¡�«�Ï�î�º�š�¡�«�Ï�î�º�š�¡�«�Ï�î�º
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�Ç�•�Ý�±�î�Á�î�»�˜�š�”
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�š3Q
 ����Í �P Elsie�©�Ñ�×�Þ�î�©�Ù�å

%
$�

4�
¥�

–�
Ý

�_
�|�

•�
j�4


¹
�ú

S21, S11  ����Í - Plot1, Plot2 Elsie�©�Ñ�×�Þ�î�©�Ù�å
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�¡�Ü�«�±�Ý�b ��� /4E�¥:
VNWA Crystal Analyzer

�[�[�[�[ : 3û4#3û4#3û4#3û4#
(S21 ��� ��� ��� ��� )

Thru �ö =�þ�ö =�þ�ö =�þ�ö =�þ
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VNWA Crystal Analyzer Tool:
>1�X�b"I�ö�@3Æ�8�¡�Ü�«�±�Ý�b"I�� …
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�G�€�}�b�¡�Ü�«�±�Ý�[�Ç�•�Ý�±�î�†�8�•�G�\
�_�K�r�M��
�  AADE�_�¡�Ü�«�±�Ý�b�Ã�Û�Ó�î�±�†
°�Š

V
N

W
A

 C
ry

st
al

 
A

na
ly

ze
r 

�?
�}

�¹
�î�

±
�†

&
ã�

·
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AADE �q�`�ß�« (Cohn) �¹�¨�–�å

186 �

186 �66 pF 66 pF

66 pF 66 pF
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�† =(ò�Ê�Í�†#Ý�8�S�
 50� �ì�b QUCS�©�Ñ�×
�Þ�î�©�Ù�å

VNWA ����[�“�}�€�S ����[�“�}�€�S ����[�“�}�€�S ����[�“�}�€�S s1p
�Ç�“�–�Ý�_�|�•�¡�Ü�«�±�Ý�Ç�“�–�Ý�_�|�•�¡�Ü�«�±�Ý�Ç�“�–�Ý�_�|�•�¡�Ü�«�±�Ý�Ç�“�–�Ý�_�|�•�¡�Ü�«�±�Ý
�b�©�Ñ�×�Þ�î�©�Ù�å�b�©�Ñ�×�Þ�î�©�Ù�å�b�©�Ñ�×�Þ�î�©�Ù�å�b�©�Ñ�×�Þ�î�©�Ù�å !
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�¡�Ü�«�±�Ý�Ç�•�Ý�±�î�Á�î�»�˜�š�”
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�¡�Ü�«�±�Ý�Ç�•�Ý�±�î : 
 ����Í �P �©�Ñ�×�Þ�î�©�Ù�å�
 50� �ì

S21, S11  ����Í - Plot1, Plot2 QUCS �©�Ñ�×�Þ�î�©�Ù�å
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�¡�Ü�«�±�Ý�Ç�•�Ý�±�î : 
 ����Í �P �©�Ñ�×�Þ�î�©�Ù�å�
 186� �ì

S21, S11 measurement - Plot1, Plot2 QUCS simulation
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�G�€�_�|�~�
�è�W�b�G�\�@�•+��[�M …

• 7Á�Ê4Š���b ���7Á�Ê4Š���b ���7Á�Ê4Š���b ���7Á�Ê4Š���b ���
• �Ç�•�Ý�±�î�b�¹�¨�–�å�Ç�•�Ý�±�î�b�¹�¨�–�å�Ç�•�Ý�±�î�b�¹�¨�–�å�Ç�•�Ý�±�î�b�¹�¨�–�å
• �Ç�•�Ý�±�î�b�Ç�•�Ý�±�î�b�Ç�•�Ý�±�î�b�Ç�•�Ý�±�î�b

�©�Ñ�×�Þ�î�©�Ù�å�©�Ñ�×�Þ�î�©�Ù�å�©�Ñ�×�Þ�î�©�Ù�å�©�Ñ�×�Þ�î�©�Ù�å
• �Ç�•�Ý�±�î�b ����Ç�•�Ý�±�î�b ����Ç�•�Ý�±�î�b ����Ç�•�Ý�±�î�b ���
�á�î�¡�©�Ù�µ�É�[�>�&�K�s�C�T�I�8 !



�H�ë*È�w7´�:�H�J�8�r�K�S !
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