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Abstract 
 
Microstrip lines and tracks of Printed Circuit Boards (PCBs) have definitive effects on the electromagnetic wave 
induction and interference on boards. In this paper the effect of changes in the physical characteristics of conductive 
lines and PCBs was simulated three dimensionally using Finite Difference Time Domain (FDTD) method. The length 
and width of a microstrip line and thickness of PCB are among parameters that variation effects of which are presented 
using simulation. High power Electromagnetic radiation effect on a transistor amplifier is also investigated by 
introducing corresponding electromagnetic equations into the simulation software using BJT GP model. 
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1-�Total Field/ Scattered Field 
2-�Generalized Perfectly Matched Layers 
3-�High Power Microwave 
4-�Ultra Wide Band 
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������YÂ¿�Ë������Á�µÂ���iY�� �
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�¶°�����YÂ¿�Ë��ÉÁ���]�Ã|��Z¬·Y��Zf·Á��{�É�Y~³�Z]��ÌÌ¤e��iY��
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��ÄÌ^///�����kYÂ///»Y��///iY�Ê///���]�Á�É�Z///�

É�Âf�Ë�¿Y�e�cY�Y|»��]�Ê�Ì�ZÀ¤»Á�f°·Y� �
�ÄÌ^��lËZf¿��Y�Ã{Z¨f�Y�Z]��É�Z/��������z�/»�Á�Ã|/��Ä/WY�Y�ÉZ/Å

ÌiP//e�½|//�Ê//³�ËÁ��Y�®//Ë��//Å���{�//]�ÉZ//Å��Á�Ê//°Ì¿Á�f°·Y�ÉZ//Å
���¹�¿��Y�½ÂÀ¯Y�ZÅ�YÂ¿�Ë����ÄÌ^���Y�§Y����Z�FDTD���/iY�Á�Ã{�¯�Ã{Z¨f�Y�

�����������Ä/WY�Y�Ê/°Ì¿Á�f°·Y�{�]�®Ë�ÉÁ���]�Ê�Ì�ZÀ¤»Á�f°·Y�kÂ»�µZ¼�Y
Ê»��{{�³����������¶°/��Z/]�ª]Z�»�Ê�Ì�ZÀ¤»Á�f°·Y��·Za��Â�À»�¾ËY�Ä]
����¦·Y�������½Y|Ì»�c|��Z]kv/m������dÆm��{�z��]�Á����ÄËÁY��Z����ö�
Á�����è���Ê�y�½ÂÌ�Y�Ë�Ôa�Á�,��dËÂ¬e�Ä]������¶°��Ã|ÀÀ¯�����Ã|Ì]Ze

|����Ê «YÁ�ÉY�]�������������¿Z/¯�§�Ê/¸¼��cY�Y|»�Ä]�d^�¿��Y|»�½{Â]��e
������������������cZ/ �«��Y�Á�Ã|/��Ê/uY���{Z/ ]Y�¶«Y|/u�Z/]�{�/]�,ÓZ]SMD��Á�

�����ÉÓZ/]��¿Z¯�§��Âf�Ë�¿Y�eBFR92A����Z/]�GHz�tf��Z¨f/�Y��Ã{

|Ë{�³������d»Zz��Ê�y�,ÊaZq��Y|»�{�]�½M��mm�d=���Á��� r�
�d�Y�Ã{Â]������YÂ¿�Ë�����mm�/�W=��������ÉY�/]�|/uYÁ�µÂ¸��{Z ]Y�Á�

ÄÌ^���É�Z��mm� yx���Á�mm���z�����Ä/f§�³���¿��{�
|��������ÉY�]�d·Zu��Å��{ÄÌ^�����É�Z�����Z¯�|ËZ]�����¹Z/n¿Y�Ä/¸u�»�Á{��{�

{�Ë~a���������µZ�eY�Á�½�Zy�¥~u�Z]�µÁY�Ä¸u�»��{�������³Z/¬·Y�½{�¯�ÃZeÂ¯
Á����ÉY�mY�Z]���������Ê¿Z»��Ä¸a�ps���t=ǻ������ZËZ]��Ë{Z¬»�,DC�
Ä]��½YÂÀ��������������Ê/»��z�/»�Y�~/³�d/·Zu�Ä^�Zv»�ÉY�]�ÄÌ·ÁY��ËY���

{{�³�������������³Z/¬·Y�Á�½�Z/y�½{Y{��Y�/«�Z/]�ÃZ/´¿M�Á���������{|/n»�ÉY�/mY�Z/]
ÄÌ^���{Y| e��{�É�Z�Ä¸a��ÉZÅ�¹�Ó�ps���t=ǻ� ����Y|/»�{�/°¸¼�

�µZ¼�Y��Y��a¶Ì¸ve��·ZaÊ»��{Â����
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�����ÄÌ^��lËZf¿�,�Âf�Ë�¿Y�e�ÉÁ���]�Ê�Ì�ZÀ¤»Á�f°·Y������Á{�ÉY�/]�É�Z�
�������Ê»�ÄW�Y��Y|»�Á�ZÅ�YÂ¿�Ë���Y�¦¸fz»�d·Zu��{{�/³�����µÁY��/ËY�M��{

�����������µÂ/��Ä/]��YÂ/¿�Ë��®/Ë��Y��¬§mm�L=���������¶°/��{�/]�Z/]�Ä]Z�/»�� �
����¦·Y�������d»ÁZ¬»�µZ�eY�ÉY�]kΩ����������Ã{�/¯�Ã{Z¨f/�Y��Ì]�Ä]�
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�Ê»�½Z�¿�����������������]Z/e��Y�ÊaZ/q��Y|/»�{�/]�Á�kÂ/»��À¯�ºÅ��]�Ä¯�|Å{
���Ä �«�¶Ë|^e�����Âf�/Ë�¿Y�e�ZnÀËY��{���º/Æ»�������d/�Y��e�iR/»�Á��/e����Y

Ê//ÀvÀ»��ÉZ//Å���[����Á���k���Ê//»�d//�{�Ä//]��Ä//q��//³Y�|//ËM
����Â/f°¸¯�½ZË�m�Ê�]Ze�kÂ»��iY��{�¾°Ì·�Ã{Â]��Â»Zy��Âf�Ë�¿Y�e

������Ì]�ÉÁ���]�Á�Äf�³��Y�«�]����/�����d/§Y�ÊÆmÂ/e�¶/]Z«��Zf·Á��Ì¿��fÌ»Y
�d�Y�Ã{Â¼¿����ÊÀvÀ»���{��½Z�¿������������ÉÁ���/]�Ã|/��Z/¬·Y�½YÂe�Ã|ÀÅ{

�����Ê/¸Ì»�|Àq�|u��{��Âf�Ë�¿Y�e����d/�Y�cYÁ�������Ã|/��Ä/WY�Y�\/·Z�»��Y�
Ê»�������������¾/�Á��d·Zu�ÉY�]�Ê§��»�½YÂe��ÌÌ¤e�Ä¯�d§�³�ÄnÌf¿�½YÂe

�������{Â]�|ÅYÂy�|u�¾Ì¼Å��{��Ì¿��Âf�Ë�¿Y�e�½{Â]������d/�Y��/¯}�¶/]Z«
��Ä¯���������������½YÂ/e��Y|/¬»�¾/ËY�d/�Y�¾°¼»��Zy��ËY���Á��Z¯��Z¬¿��{

\mÂ»����{Â���Âf�Ë�¿Y�e�Ä]�\Ì�M�����ÄÌ^/��lËZf¿�������d/·Zu��{�É�Z/�
���Ä¯��Âf�Ë�¿Y�e�½{Â]�¾�Á���ÊÀvÀ»��{������¶°��ÉZÅ������d�Y�Ã|»M

�������Ê/»�½Z�/¿�Y���Â�Â»�¾ËY��Ì¿����������Ê�/Ì�ZÀ¤»Á�f°·Y�kÂ/»�Ä/¯�|/Å{
Ê»��|À¯��Â��Y���Y|»�dÌ �Á�|¿YÂe�����/iY��{�,ZÅ�Y{Â¼¿�¾ËY�ª]Z�»

�����������¶°/��Z/]�ª]Z/�»��Âf°¸¯�½ZË�m�,kÂ»�ÉZ¬·Y�����¦/·Y������ÅZ/¯
����̈��Ä]�3ZfËZÆ¿�Á�Äf§ZË��������Ì]��Zf·Á�Ä¯�Ê·Zu��{�Ã{�¯�¶Ì»������//���/fÌ»Y

���]���¶°���Z�Y����[�����®Ë{�¿�����d�Y�Ã|��d·Á�����d·Zu��ÌÌ¤e
�����������������{��/ÌÌ¤e��´¿Z/Ì]��° ·Z/]�Á�¾/�Á��Ä/]��Â»Z/y��Y��Âf�Ë�¿Y�e

dÌ]������������������¾f/§��d/�{��Y�,Ä/nÌf¿��{�Á�Ã|/��Ã�Ìy}�®Ë�Á��¨��ÉZÅ
�Ê»�cZ�Ô�Y��|�Z]�������\Ì�M��Y�Ê°Ë�\Ìe�e�¾ËY�Ä]������kYÂ/»Y�É|m�ÉZÅ

d�Y�Ã|��|ÌËPe�Á�Ã{Y{�½Z�¿�Ê�Ì�ZÀ¤»Á�f°·Y�c�|«�a���
��

����¼m�É|À]��
�����¹�¿�ÊuY���Z]�Ä·Z¬»�¾ËY��{���ÄÌ^���Y�§Y����É|/ ]�Ä���Z�FDTD�

�������ÄÌ^��½Z°»Y�Ä¯�Êe�Â��Ä]�½M�Ä �Âe�Á������/]�Ê�]Ze�kYÂ»Y��iY�É�Z�
������������cZ�/z�»��ÌiP/e�Y|/f]Y�,{{�³�ºÅY�§�É�Âf�Ë�¿Y�e�cY�Y|»�ÉÁ�

���{�]�Á�ZÅ�YÂ¿�Ë��Ê°Ë�Ì§�������������ÉÁ���/]�kÂ/»�ÉZ/¬·Y��{�ÊaZq��Y|»�ÉZÅ
½M����{�³�ÄWY�Y�ZÅ|Ë��½M����ÄÌ^��Z]�ÃZ³����ÉÁ���/]�kÂ/»�ÉZ¬·Y�ÃÂv¿�É�Z�

�����������kYÂ/»Y��iY�,{�]�É{ZÅ��Â�y�dÌ �Á��ÌÌ¤e�Z]�É�Âf�Ë�¿Y�e��Y|»
������������Y|/»��{��Âf�/Ë�¿Y�e�d·Zu��ÌÌ¤e��{�c�|«��a�Ê�Ì�ZÀ¤»Á�f°·Y

�|Ë{�³�¾�Á�������������Ä/q�Ä/]�Ê�/Ì�ZÀ¤»Á�f°·Y�kYÂ»Y�Ä¯�|���z�»� �

 

��
 

��

 
�������������¦·Y���

��

��
� �
 

� ��[���
��
��

��
 

��

� ��k���
��
��

��
��
��
��
��

 �{���
��

�¶°����®Ë�¶»Z��É�Âf�Ë�¿Y�e��Y|»�ÉY�mY�ÉÁ���]�Z¬·Y��{�Ê�]Ze�kÂ»��iY�
��Â»Zy��Âf�Ë�¿Y�e�d·Zu��{�Á��YÂ¿�Ë��¦·Y����Ì]�d»ÁZ¬»��Zf·ÁKRV 120�

�[���Ì]��Zf·Á����fÌ»Y��k����Âf°¸¯�½ZË�m�{��Ã|��Z¬·Y�½YÂe��

����
���
� �
����
� �

����
� �

�����
� �

����
� �

�����

��Z
f·Á

(v
)

 
K���VR 

�� ���� ���� ���� ���� �� 

�½Z»�(ns) 

 
����
����
����
����
���
����
����
����
���
�����

��Z
f·Á

(v
)

 

VBE 

�� ���� ���� ���� ���� ����
��½Z»(ns) 

 
����
� �

���
� �

����
� �

���
� �
�����
� �

����

�½Z
Ë�m

(m
A

)
 

IC 

�� ���� ���� ���� ���� �� 

�½Z»�(ns) 

 
���
� �
���
� �
���
� �
���
��
����

�½Y
Âe

(m
W

)
 

PD 

�� ���� ���� ���� ���� ����
�½Z»�(ns)��



��� ��Ä¸n»�Ê¼¸�±�Ê�ÅÁ�a��É�ÁZÀ§�Á�¹Â¸���|À§Y|a�ÉZÅ¶»Z��Ì£�� ��Ã�Z¼��,µÁY�µZ���,��ÌËZa������

 

��

��
� �
� �

    �¦·Y���
��

��
� �

 �[���
� �

�¶°�����{�]��Y�Ã{Z¨f�Y�Z]�É�Âf�Ë�¿Y�e��Y|»�ÉÁ���]�Z¬·Y��{�Ê�]Ze�kÂ»��iY
�¶°���Y|»�Ê «YÁ���¿Y�e�d·Zu��{�Á��¾�Á���Âf�Ë��¦·Y���Âf°¸¯�½ZË�m� �

�[���Ì]��Zf·Á���fÌ»Y���
��

���������Ã{�¯�Z¬·Y�Ê°Ë�f°·Y�½YÂe�É�Âf�Ë�¿Y�e�cY�Y|»�ÉÁ���]�Ê¸°�
�Ê»�Á����¿Y�e�|À¿YÂe����������° ·Z/]�Á�¾/�Á��Ä]��Â»Zy�d·Zu��Y�Y���Âf�Ë

���|/ÀÅ{�dÌ �Á��ÌÌ¤e�����Ä/]�Ä/mÂe�Z/]��Á�½{Â/]�Ä/ÀË�Å�a���cÔ°�/»�
��É{ZË��������ËZ»�M��Â¿�¾ËY�Ê¸¼��¹Zn¿Y�ÉY�]�Ä¯���/Å���{�Y{�{Â/mÁ�Z,���Ä/]�
�Ê»���¿�����Á���Y�Ã{Z¨f�Y�Ä]�|ËZ]�|���ÄÌ^���^f »�ÉZÅ��ÉY�]�É�Z�

�ªÌ«{�Ê]ZË��Y���������Á���{�Ê�Ì�ZÀ¤»Á�f°·Y�cY|Ë|Æe��e���Z/Å���¾ËÂ/¿�É
{�¯�ÄmÂe��f�Ì]�É|À§Y|a����

��

����mY�»��
[1] Granastein, V. L. �Annual Performance Report on 

Effect of High Power Microwaves and Chaos in 
21st Century Analog and Digital Electronics� ; 
Biose State University, Reporting Period: 1, 2003 to 
August 2004. 

[2] Voldman S. H. �The State of the Art of Electrostatic 
Discharge Protection: Physics, Technology, 
Circuits, Design, Simulation, and Scaling�; IEEE 
Journal of Solid-State Circuits, 1999, 34(9), 
September. 

[3] Sennemann, F.; Bohl, J. �Susceptibility and 

Vulnerability of Semiconductor Components and 
Circuits Against HPM�; Diehl Foundation & Co., 
Fischbachstr. 16, D-90552 Rothenbach. 

[4] Wang, Y.; Gope, D.; Gandhyala, V.; Schi, C. J. R. 
�Generalized Kirchiff�s Current and Voltage Law 
Formulation for Coupled Circuit-Electromagnetic 
Simulation with Surface Iintegral Equations�; IEEE 
Trans. Microwave Theory Tech, 52(7): 1673-
1682,July 2004. 

[5] Golestani-Rad L.; Hamidifar S.; Rashed-Mohassel J. 
�Rigorous Investigation of Induced Fields on 
Different Parts of a Typical PCB Exposed to 
External Radiation�; The 23rd Annual Review of 
Progress in Applied Computational 
Electromagnetic (ACES 2007) March 19-23, 2007, 
Verona ITALY, pp. 1469-1474. 

[6] Bayram Y. �Hybrid Methods for Mixed Signal 
Circuits Subject to ON&OFF Board 
Electromagnetic Interference�; PhD. Thesis, The 
Ohio State University, 2006. 

[7] Kung F.; Chuah H. T. "A Finite-Difference Time-
Domain (FDTD) Software for Simulation of Printed 
Circuit Board (PCB) Assembly"; Progress in 
Electromagnetic Research, 2005, 50, 299-335. 

[8] Umashankar, K. R.; Taflov A. �A Novel Method to 
Analyze Electromagnetic Scattering of Complex�; 
IEEE Trans. Electromagn.Comp. 1982, 24, 397-
405. 

[9] Taflov A.; Haghness S. C. "Computational Electro-
Dynamics: The Finite Difference Time-Domain 
Method"; Norwood, 2005. 

[10] Berenger A. P. �A Perfectly Matched Layer for the 
Absorption of Electromagnetic Waves�; Journal of 
Computational Physics 1994, 114, 185-200. 

[11] Fang J.; Wu Z. �Generalized Perfectly Matched 
Layer for the AbsorPtion of Propagating and 
Evanescent Waves in Lossless and Lossy Media�; 
IEEE Trans. on Microwave Theory And Technique, 
1996, 44(12), December. 

[12] PSPICE, Reference Guide, 1985-2000 CADANCE 
Design System. 

[13] Kung F.; Chuah H. T. "Modeling of Bipolar 
Junction Transistor in FDTD Simulation of Printed 
Circuit Board"; Progress in Electromagnetic 
research, 2002, 36, 179-192,. 

[14] Sonnemann F.� Experimental and Analysis on PCB 
Coupling in Non Uniform field�; Advances in 
Radio Science, 2004, 83-86. 

 

���
� �

���
� �

���
� �

���
� �
����

�½Z
Ë�m

(m
A

)
 

�� �� 

�½Z»�(ns) 

 
���
� �
���
� �
����
��
����

��Zf
·Á

(v
)

 
�� �� 

�½Z»�(ns) 

VBE 

IC 


