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Radio frequency°RF±û��ÅNëËÅ(��¬4pn÷¤î�UªU 10KHz

) 100GHz���hfñÐ"¶à�31��¤µ=�Çtt�¨

"o=W�´¤à1�31�RFhf�7��S¤�>�

♣ Radiated emissions°RE±(¼� RF hf1=�ñ�7þ�ÿ�A�RF hf

"+s�Þ7<t°free space± ��>�¥Ö�!Ô�Ê1ÈñÀÉHhÇ3�

♣ Conducted emissions°CE±(¼� RF hfp=�ñ�7�ïþ�Ö�>�+
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B1 RFhf�
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=�[� �Ó ��

�ú �$ 3Ê

UÛ �ÿ� ï"

=t0´ h$ l"

�ú�ÿC =r¤í� �À¢

�z =â¤í� ��

�v �{í� �>w¯t

#z?t �{í� péw¯t

�À¢ �� <�w¯t

�� =-�	 ({¯�²

�> ~Æ�	 `�s+t

pé w�±� ËUt

<� ��t�

({¯�² 3�â¨t

`�{Â �t

�`ìwt EED
L��Îet Dynamic caps
RF��ãwt à)²{Â

�`É Linew¯t
��t� =-�¨t

CAT�4t ���ï²

=ít� .�ËUt

n�

=Ò8

Ï�Àý²

Þ�


=Wà)²

Linew¯t
=-�¨t

���ï²

.�ËUt

ç 2/3 FNDWêÞï¶

Þ¶e«����?!�H��¶]��à�~1!mp+�	²¶e«1�21�

z�1`�	"cÞ¬sL+!"ÈrÐ�È1�+sÖâ�{à PCBÐ�� RF

hfp-p°suppression±"È�Î¶¯1±��#2V#?��1	V containment

¶Â1�y 1.2Þ)¼?ô�pÂ�Ð�hà�Âp�´Ê��+!�´��Þ{

à$}�±ÿpÞ£�+"��)àp RFhf°emission±�+"��^5ÞØ�
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�áî  [eÏF�Ô� �

�
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È1 EMC Þ£Ð��H¶�´�upÞ£���å�1�=��¾pr`�z�

=�èB¶Ï=��Ï=L�ñh�4C�3r`�È¼p���fp=L��3

w��S�=�èB�4pr�ÜB��ÏÈ¨"����¶§¦¾Àpñh�=
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Ðíb  �Ôê®�ÄÎÄG

]{à+!=�è´��cÞÕ�1"ÁÞ��	µ�°routing layer±�=-�ÿ

°�ñw91«!ÝÑ�±��Gp¬s�ÍähuÑ�'�
}:�~Æ�Ê�

Á	µp net�traceG>�t|ps+�VLSI�Y/ë�ªL�p	µ�ÛÛ��

]�4 microstrip� stripline±¤Ð� PCB�ÿ�+tn?t�� PCB�ÿ�+t

n?t�ÏÍ�²x¨nFÁØp¿ÄxB@`���4V5Í PCB�p�ÿ

°Ground ̈ Vcc±"�+ PCB� Common-mode RFpùÞ±�p+�û7"��

ÿ�þ�Ïn=-�	t|°power distribution impedance±�y 2.1éBà�!ÌÞ

�Ê microstrip� stripline p���4ê�@�

♣ Microstrip�

à� PCBp�� trace��+�="�#w+�Â�ÿ°solid plane±�Microstrip

±¤<�PCBBpRF�+�u´Hñrzº stripline�vp clock�ä@�Æ�

¼�vp clock �ä@�Æ"�a�[pÀ}=r���p<	�A�H�

Microstrip1R�"¼ PCB��~Æ��?t RFhf^5é|�Èz�¼�p

B@ã5nFàÈ�

ç 2.1 microstrip� stripline Þ��

�=�ír

Surface Microstrip°dÿ± Embedded Microstrip°V5±

Single stripline +!~Æ�
Dual stripline �!~Æ�

W
W

H1

H2

W

T

H

D B
T

B
T

H

Ground PlaneGround Plane

Ground Plane

Reference Plane

Reference Plane

~Æµ

~Æµ

W

� stripline�H1=H2
l� stripline�H1�H2

W�Trace�ë�H�TraceO�ÿpÏë�T�Tracep¦ë

B�d��=�¦ë�D��! stripline traceptO

H
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♣ Stripline�

~Æ��Í�! solid planes°Voltage¨ Ground±pt�Striplineñ�)��p

RF ?tû+��ýh4���p�A�ë��~Æ��Í�! solid planesp

t���ÿt�¶=r¤À}��Àþ�Ï�~Æp°´�÷°edge rate±�Stripline

p=rÀ}¯¨�°´�÷vÍ 1nsp~Æ�aé���4 Stripline1ÌÞ¯

¨"��� tracep RFhfpY�àÈ��Ö�tn?t¶��p�+h:�

Þùà1"?t}¥�U!Ô�Y�3��¥��p traceñl×!�3?t�!

�p���µ°bondwµ��Y¬�:�����µÐ�!ÔÊÿC±}��3�

2�_�Ó-��Y�tracept|����t|l�»°impedance mismatch±p

�2�¼l�»pt|�� RFhf7�� traceÀ}ß!Ô=�¨"Þ7<t°free

space±���Ypw¬=âÈ[°minimizing lead impedance±ñþ�?tü=�

�Ýî  Layer+j,Ïs�è�

@hp�»±¤"�G� PCBp�¤±�p�§����»±¤�z+«lâ1�

ñ	ähÞ£�¬Áåµ�GpÁÞ¶¬�]%��Á�=pù�Âv"¢+!å

µ�°routing layer±�sÞ�#+!Y��ÿ°solid plane±�d 2.1¼O1���

¤±¤�

Layer # 1 2 3 4 5 6 7 8 9 10 Comments

2 Layers S1

G

S2

P

��{à

4 Layers

(2 routing)

S1 G P S2 lÐ�
Ï~Æt|��=-t|

6 Layers

(4 routing)

S1 G S2 S3 P S4 ��{à��1=-�Ï~Æt|

6 Layers

(4 routing)

S1 S2 G P S3 S4 Critical~ÆË� S2

6 Layers

(3 routing)

S1 G S2 P G S3 ��~ÆË� S2-S3

8 Layers

(6 routing)

S1 S2 G S3 S4 P S5 S6 Ï�~ÆË� S2-S3���p=-

t|

8 Layers

(4 routing)

S1 G S2 G P S3 G S4 È�p EMC

10 Layers

(6 routing)

S1 G S2 S3 G P S4 S5 G S6È�p EMC�S4�=-'�rt

ëÏ

S=Signal routing layer ~Æ	µ�    P=Power   G=Ground

Ò 2.1 Vy��÷)Þ}Å
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�Í��è�¶�� Layout±¤�+"�Ôp~l�4Í��p�Y�+så6 DIP

åØp�Y«�¨«"Ä#�h�ü~bð�41�#2�"ü~"Àp¨4±¤�

#+�±¤°y 2.2±

♣ 2 Power� GroundÐÑ# Layout��n«p¢+Ñp�é�ÿè[Í 1.5y�

±�

♣ Power� Groundp TraceÐ 90Há�	�Power�+�Ö Ground�ü�+��

♣ Ground Trace�Í·��¿4è{�Power Trace�Í���½�è{�

♣ �¢+ Ground� TraceLw`�¢+! IC�Ë� decoupling=r�

#2�±¤°y 2.3±

¼�ud±¤D4Í�Í 10KHzp�nÊº{à�

♣ 2Power Trace�u+	µ�Ð?t#®µ�7=-`ß¢+�Y���¬¶Trace

p�oë�

♣ 2¬¶ Power� Ground Trace�#�é	µ�¼ñ�S7�ÞÏn�D'�

°switching noise��Y��±pé�=LÈ[��Öl�â°!Ô=��s+

~Æ��� Trace��r1�+c	"]Þ�w) decoupling=L´�~ÆL

{¨V Ground���é�

♣ i
lupÈ«äÉu�LQ�Ð
�« Ground Loop�

	.y 2.3��n,3=â�=r�Dl��3�2��¼c	@�ì�ñ�4â

�w�±¤�Dâp���n¨4B�ö layout�«Ïnpdü°performance±�

gN>®���

♣ �Ïn¨4�s+¬¶~Æ���!�g=L��pdÿt|°surface

impedance�Z±�

♣ ��n¨4B�Ðs+ layoutn#°Toplogy±Özt|�

♣ y 2.4 Þ)���è�YÞÐ¼±¤Ë�pû7�¼±¤�«7Ïn��Y

°CPU±ß���Y°I/O±p?t#�ï°radial migration±�¼?t#�ïà

��]=�7Ïn�ôß�n�ô�� �� TraceB�¶�A�H°Propagation

delay±Kà·¬pü=��¼) I/O connectoŕ ¶��p EMIdü�¼~Æ�

AKà·¬pü=pÇ3"�a¢+�Y�¶��=r��A�Hp��¢+

�Y�~Æp edge rate tr¬+��]~Æ7 CPUß I/O� �¼ delay+45

è��uÀ�tp�4+s�
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ç 2.2 �yV PCBz¢?�«�w#

Ground Ground PowerPower 1. èWB�da¿4èµ

2. èW@�da½�èµ

3. � �a½��¿4L�

4. ¢+ IC��Lp power�

   groundt¶À}=r

5. ~Æµ_�½��¿4ynè

1 2 3 5

4
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ç 2.3 �yV PCBz¢­â�«��ì4�#

ç 2.4 ­â�Þ�� Radial Migration

�Þç  cjG�Four-layer boards�

��èp�¤ý¶+�±¤���4 Power� Ground�ÿ�� EMIpý¤¶ðU

p�ó�¥Ö���è��3Þ=�� Tracep RF=L�fãÈp¯à�l��

y 2.5Þ)¼��¤±¤�

♣ #+��Component side�~Æ� Clocks

♣ #2��Ground Plane

♣ #?��Power Plane

♣ #���Solder side�~Æ� Clocks

1 Signal 1 Best layer for flux cancellation(slow speed signals)

2 Ground            Ð

3 Power Use smallest distance for lower power impedance

4 Signal 2            Ï

May exhibit poor flux cancellation

ç 2.5 ryVÞ��

Power Connector

I/O Connector

Power Trace°�µ±Ground Trace° µ±

Decoupling=r

Power�GroundpTrace
Á�#»µÐ���=
-Ó-pé�=L

ÈÏ�ë/n÷ È��ë/n÷

BUSCPU RAM
BUS

DRIVERS
BUS I/O

Power connector
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Å�Ð@p�¤ûõ�ñS5]¶�Í?!Y��ÿ<�1é°�+! power�!

ground±�2ÈÏ� clock	µÍ�# ground planeÊl�#Í power plane�ñSÈ

�p EMI¯à�¼a� PCBB EMI�+p�Õ ��¨Â�p�

��èñ<� �Ü EMCý¤p~Æ´I��a�7 microstrip� striplineñ¶�

�p~Æt|s+�Power� Ground Planep�	t|°distribution impedance±¨

cñhþ�����ÿ6¶�ÞÍÈLogic crossoverÉp�ÍI1¡�=L��~

ÆVªL�p=rä	�Microstrip� Stripline¨4pÌÞà "�Í��fpu

�Âã°flux cancellation±�S�Aµp=âþ���G1ä@��! pull-up/pull-

down=Lºñh�l�A�¼�S flux cancellationp¯à�~Æ� Ground plane

ptº~Æ� power planeptÞ���p��4 Power planeÚ flux cancellations

+lh�)È�¯à�èà��À~Æ�f�ïã��úU=â��1t|s+�

'�plys��¨�4 Ground Plane���

áÍ1ùê PCB flux cancellationpùÞ����z¬¶�Y1 pull-up/pull-down=

Lº�"+L�0����¶1�Y" l5mA Pull-up/65mA Pull-down�¶1�Y"

65mA Pull-up/65mA Pull-down�¼lAp#	�«Ground� Power Planepl���

Board-levelp EMI�+p�!��"Å�Í�� board trace��Y�=���Í�

ÿtp RF=Lp��u�Âã�7Í�¶���ïã�p�� Power planedü

l� Ground plane���¼�2P5�&ép trace	µ�9# Ground plane�º

#hÍ Power plane���

�ßç  ãjG

���èp¨4B¶Ð@?�D4p4ª�

Configuration I.

� clock~Æ�Ïn�Y��D4p±¤�°��	µ�±�

♣ #+��component side�microstrip~Æ	µ�

♣ #2��Ground plane

♣ #?��Stripline	µ�

♣ #���Stripline	µ�

♣ #v��Power plane

♣ #���solder side�microstrip~Æ	µ�
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1 Signal 1 �+�dp	µ�

2 Ground

3 Signal 2 �1=-�ÿt|

4 Signal 3

5 Power �1��Â-°�~Æ 3�~Æ 4±

6 Signal 4

�~Æ 2�3�4B¶�1 noise margins��a=-
�fÞ�7 Signal 2ß Ground�ï

ç 2.6 òyVÞ PCB���Configuration I

Configuration II.

¼±¤¶��pý¤��a� Ground� Power�ÿt¶��p�t decoupling°�

�	µ�±�

♣ #+��component side�microstrip~Æ	µ�

♣ #2��V5p microstrip	µ�

♣ #?��Ground plane

♣ #���Power plane

♣ #v��V5p microstrip	µ�

♣ #���solder side�microstrip~Æ	µ�

1 Signal 1 �1��Â-

2 Signal 2 �1��Â-

3 Ground

4 Power Power� Groundt�1=-t|

5 Signal 3 �1��Â-

6 Signal 4 �1��Â-

ç 2.7 òyVÞ PCB���Configuration II

Configuration III.

¼±¤¶È�pý¤��¬¶	µ�¶��p flux cancellation�Ð�¶��1=-

�ÿt|°?�	µ�±�

♣ #+��component side�microstrip~Æ	µ�

♣ #2��Ground plane

♣ #?��StripIine	µ��@ÿ�ÄÚ"�°fill material±
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♣ #���Power plane

♣ #v��Ground plane

♣ #���solder side�microstrip~Æ	µ�

1 Signal 1 ��1	µ�°X ±{±

2 Signal 2 �1��Â-�X-Y Paired Trace

3 Ground ��1	µ�°Y ±{±
ÄÚ"�°fill material±

4 Power

5 Signal 3 �1=-t|

6 Signal 4 �1��Â-

ç 2.8 òyVÞ PCB���Configuration III

�àç  �jG

¶���»±¤�#+�4ª<���p�fÂã�#2�4ª�¶��pY��

ÿ�<�ÈUp�fÂã�¬s�4#+¨#2�±¤"�Í¬�	µp netsGf�

�Y/ë°w¬G±�ªL�èÌpU[�Êº�Gï=���ñ4pÿè�

Configuration I.

��=-�w��ÿ¶��p�fÂã�¼±¤a��p�¤±¤�!¶��	µ

���y 2.9�

♣ #+��Component side�microstrip~Æ	µ�

♣ #2��V5p microstrip~Æ	µ�

♣ #?��Ground plane

♣ #���Stripline	µ�

♣ #v��Stripline	µ�

♣ #���Power plane

♣ #.��V5p microstrip~Æ µ�

♣ #6��Solder side�microstrip~Æ	µ�
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1 Signal 1

2 Signal 2 ��1	µ�°X ±{±

3 Ground X-Y Paired Trace

4 Signal 3 ��1	µ�°Y ±{±

5 Signal 4 �1��Â-

6 Power

7 Signal 5 #v�#��¶�1 noise margin��a=-�f

8 Signal 6 Þ�7#?���ïÖ�) Ground

ç 2.9 ¤yVÞ PCB���Configuration I

Configuration II.

� RF=L¶�9/p��fÂã�¼±¤a��p�¤±¤�!¶��	µ��

���ÿ���y 2.10�

♣ #+��Component side�microstrip~Æ	µ�

♣ #2��Ground plane

♣ #?��Stripline	µ�

♣ #���Ground plane

♣ #v��Power plane

♣ #���Stripline	µ�

♣ #.��Ground plane

♣ #6��Solder side�microstrip~Æ	µ�

1 Signal 1 ��1	µ�°X ±{±

2 Ground X-Y Paired Trace

3 Signal 2 ��1	µ�°Y ±{±
ÄÚ"�°fill material±

4 Ground

5 Power =-�w�ÿt��1��Â-

ÄÚ"�°fill material±

6 Signal 3 ��1	µ�°X ±{±

7 Ground X-Y Paired Trace

8 Signal 6 ��1	µ�°Y ±{±

ç 2.10 ¤yVÞ PCB���Configuration II
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�áç  �jG

�4��	µ�����ÿ���y 2.11�

♣ #+��Component side�microstrip~Æ	µ�

♣ #2��Ground plane

♣ #?��Stripline	µ�

♣ #���Stripline	µ�

♣ #v��Ground plane

♣ #���Power plane

♣ #.��Stripline	µ�

♣ #6��Stripline	µ�

♣ #0��Ground plane

♣ #<��Solder side�microstrip~Æ	µ�

1 Signal 1 ��1	µ�°X ±{±

2 Ground X-Y Paired Trace

3 Signal 2 ��1	µ�°Y ±{±
ÄÚ"�°fill material±

4 Signal 3 ��1	µ�°X/Y ±{±

5 Ground

6 Power =-�w�ÿt��1��Â-

7 Signal 4 �1��Â-p	µ�

ÄÚ"�°fill material±

8 Signal 5 ��1	µ�°X ±{±

9 Ground X-Y Paired Trace

10 Signal 6 ��1	µ�°Y ±{±

ç 2.11 ªyVÞ PCB��

�Þî  20-H Rule

7Í��p�è�RF=L��Í Power planep°´�¼��tÀ}�4 pa

ÌfringingÍ��D�àÍÏ� PCB�]�4Ï�ä@� clock´�=-�ÿt�u

�À} RF=LÊ?tß<tm�Þ��¼¯¨�¬¶=-�ÿ¨��#p��ÿ

[°	C 20-H Rule±�y 2.12�àU PCB°´§¦p RF fringing�
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�4 20-H Rule�<Ï PCBp!�Þ+¡n÷°self-resonant frequency±�=-�	

/z¯¨Ç3� l0-H�ó�20-HÖdª 708p�f°z°flux boundary±�Þ�)

988p�f°z� 100-H�

ç 2.12 Ã PCB�"��Þ RF fringing

Þ�5 20-H Rule�Þc5� power planeV!È#hp ground planep�ïO&�

¼O&å� corep¦ë�prepreg fillerp¦ë�� PCBØ»p6&O&�×{¼�

ÿtpO&a 0.006y��S) 20-Ha 20x0.006y=0.120y�Power�ÿ¨[Í

ground�ÿ 0.120y�É¶�Yp powerw¬�¼+°¤­+ÿ±ô���power

�ÿñÐ¡à+�Ð�wßà�Y��y 2.13�

]�4 20-H Rule´���#p~Æ�pZö�¼¤­+ÿô�Bp	µ¨ù�	

µ��!ñ�#+Y��ÿ�°Power¨ ground±�²¶�����p�4¼�"

�aùÞ1��Ì20-HÍ�Ì	µ�Y��ÿpBÍ�

Power plane
Trace

Trace
Ground plane

Power plane

Ground plane

Trace

Trace

Power� Ground�ÿ�°´�3

fringingü=�Ç3 RF Emission

RF=Ll�7èW°´

fringing�l�Ç3 RF Emission

Power plane

Ground plane
10-H
20-H
30-H

�f°z°flux boundary±

� 10-H´�¼�ÿpt|â�rhÇ3�

� 20-H´��) 70%p�f°z�

� 100-H´��) 98%p�f°z

RF
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ç 2.13 z¢ 20-H Rule

�à PCB¶udô�+�WÓ-�Ê��M¨2 20-H Rule¨4�Ïnô�°CPU

�]�Ethernet�SCSIÛ±�]�Gï�Êº�]¨46&¨À�´�20-Hp4�

�y 2.14¬B�

ç 2.14 20-H RuleÞ�¢�«��mÞ¤�

�ßî  Öå��

ð��w�±¤Xo<à�õ�å� digital�analog�safety�signal�noisy�quiet�

earth�single-point�multi-pointÛÛ�GroundÓ-��Ò2{à�sáuÑ�Öz

>�Û�o����Ü�pw�"È�Î¶¯1±¤�� PCBp{àB�ñ�4

��w�±¤�â����w��w�±¤pG�"	�´¨4Ös��¨4��

w�p�´���×4â����w��Èz¶�46&°isolation±¨"	äh

ô�pWÓ-�y 2.15�Ô?�w�±¤�

�Ýç  AùÖå

]�Y=��~Æ�µp�ë� lMHz Ð@´�â�w�"È�p±¤���Ïp

n÷��µ Tracep=â�úã PCBpt|���Ïpn÷�power�ÿ� tracep

t|âSlñ����à tracepoëÛÍ¨wh~Æ1��p+�op[»
�

¼t|�"zD1Ï�ùà)�ýÞ trace¨" ground�ï Ït|��	�]"

�µs?t RFhf�� lMHz ÐBn÷�+sl�4â�w��

0.120”

¡àp Power pin Ground plane

Power plane

Top view

Signal plane

Power plane

Ground plane

Signal plane

0.120”
0.120”

0.006”

Side view

¤­+�pô�

Power planeº Ground plane�
�ïB[ 20�0.006”=0.120”

20-H

Moat
Digital Ground

Digital Power
20-H

Analog Power

Analog Ground
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¨4â�w��D"~ÆÐ?t#� ��´��nµ��ÊºÚt�60Hz� DC

powerÓ-��Ø{�¿Äx�pÓ-��¥â�w��D4��n�´B��Ï

n=�¨Ó-BÝÖH�Çü�

� CPUÌ²è¨ adapter°daughter card±�4â�w���À ground plane� metal

chassisptpé�=L°1oop current±Ç3�é�=L�3�ñ��ñ�3=ñ�

Ö�« RF=L��!3=°�Êÿt�B"�Ïlñh�4â�w���alu

1WÓ-�L°�lupï�4ww)nF²x��«z� loopèÌ�� chassis

� PCBpt�3z��	p�Dt|���w�±¤���é��K��Uô�

m��!�l��«�2°�ñÐs+�§�Öl�×hf_à��±�

ç 2.15 ­�ÚãÞåô��

�Þç  ìùÖå

Ïn�´{à�D"�4��²xw����w��2 RF=L��7 Ground plane

ß²xp��ñ��7 PCB=-�ÿ�à�p�t|�Y��ÿp�=âý¤�

«�1�ÿt|��ðÏnp=�B�?Ypw¬¨cf�Í�Trace1oë�=

�Bp=âúã�ª¢y 15-20nH�. trace�ë�Ïë°O�ÿ±�¼=â�°�

�ÿ�²xtp±'K=r�SÇ3+¡#	�¼=r C�#?µ�f�õ�=â

L��#�µ�f�õ�

¼`

F = +¡n÷°Hz±

1 2 3 1 2 3

L1 I1 I2 I3L3L2

I2+I3I=I1+I2+I3

°a±series connection °b±parallel connection

I3 L3I2L2I1L1

1 2 3

°c±multipoint grounding connection

L1 L2 L3

(2.1)                       
2

1

LC
f

π
=
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L = =�p=â
C = =�p=r

±Ó¤°2.1±<à1n�BpÕ����¥�¤ðáâ���Þ5��öà) L�

C�#?�µ�fá5�õ�Ðy 2.16�q�±Ó¤°2.1±�ymÌBà� PCBÐ

� mounting planept1=r�=â��"�¶=r�=â���V power planep

+¡n÷¶Â���3é�=L�ÊÀ}ß#hp!Ô=�è�̈ "chassis housing�

�� cable�L°�Y�I/O=���wt�¨ß<tm�

ç 2.16 ÷�«_}�Þ��

È1�ÿmp=âÐ��o1 traceu´H]"�µ+s�ý�"� clock~Æ�!

�LZ¤g�Öâ�2 trace=âþ���� trace�«p RF=L�ñÐ�«Ü�

p~Æ´�� RF�+�

Gï=���.a"Ïn1Êº=��6¶z�ä@=�p PCB�Þ¶+!�1

�âfpw��PCB�p Ground�ÿ°z Power�ÿ±�D<�ï=-�~Æ=

L+!�=âp�îg�����S���~Æ�wBñÐ4Pst|p�Aµ�

Eddy current

Z ZIcm

q'=�
� power�ÿp=â

Power�ÿ��=r

��L��
3 Vcm �P
s�V PCB
ptpt|

�Ps�tp LC+¡Psè¨²x�w~ÆV=-�
ÿß²xpPs�

��w�p¨4SÀ

ZB

Vcm1

ZtVcm2 Icm Vcm2Zt

Chassis

ÐByw��±¤þ� Vcm2
þ� Vcm2Öþ�èWV²xtp EMI
Zt"�	t|

��w�p=�SÀ
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]2 ground planeV chassis planew�+¦´��<� RF=LpÏn decoupling�

�� RF=L"7�ÿV~Æt�«p+÷�31��4Ï´�p²�°bypass±

=r��Da 0.1uFV 0.001uF�$�¢+!=-�ÿV��ÿp�w`�Chassis

groundÞ4ww) PCBp ground plane�Ð����Í board� chassispt1 RF

=�I=L��¼��ñé��[°[ÍÈÏ RF�3n÷p 20�p 1�o±��

)È�p RF�+�

�àî  ÖåöÝ%�`

� RFhf1� B�é�°Loop±"ÌÞ1¥øC�RF=L�ây�7Zö��

1��¨þ�Ð�)!-p���Y��µ���ÿ��#1 traceÛÛ�Source

Vä	tpîg��B���3 RF=L��"7Í�!�tp=�7ïlu¬À�

Vä	tp=â¤Â�¥Ö�=â��S sourceV victimpt�3 RF=Lp�ñ

�}�

� PCBBp EMI�+�ÈùÞpÕ���Í�¨~Æîg��ps+�¨�ë¢

+Ps�ï°PCBV chassis groundpP�²Ì��­*±V noisy=�p RF=L

p�|�)��Ï�=��¡ït�Í&­*KhK��

�=°�»wì�4â�w�¬n«pé�p¤��y 2.17�ñ�)��¶+ðU

1~Æîgé�ô��¢+!é���«+ô�=�ñ�RF=L��,+Ñýn

÷ìE=�ñ�¼´��4+�î�°containment±p±���� RF�=LlÀ

couplingß!Ô=�¨?tß��é|�« EMI�2��¨i
�3��p RF±

�=L�

ç 2.17 åôWoá�

0����64MHz¡ïtpó/20a 23cm��àZ�!w�Eí­*tpO&UÍ

23cm��	¶ RFé����¼é��" RFhf�>p�-��S EMIÇ3�2�

Èzü�4
��Ü�Þs+�ÞÍlÜé�p RF=L"lñh1��¼ñh	

Þ4î�pD�°�nF+Â±�nF+Â"+�ÓF1�E�H�l"ê�¶¯�

Motherboard

1 2 3

Ì²èp~ÆöÕw��
�aw�é�s+

Ground tracep��w� â�w�

U1~Æ±gé�ÿè
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+! aspect ratiop¤��y 2.18.

ç 2.18 PCBÞ Aspect ratio

� Power planep RF=LH�¶�7 crosstalkÀ}ß!Ô~Æµp�{��§¦�

ï�¨~Æ´��µ��ö�4��w��±�1Õ�"+!ÌÞ1ð2�

�áî  �¼r^j Image Plane

 ]�ÿ�"+ PCB���#Í=�¨~Æp­+�°� voltage plane�ground

plane)��4 ]�ñ<� RF=L+�t|��Ðîg)!-p°flux return±��

) RF=Lpîg����� EMI�

RF=L��7Z+��Ðîg!-p��!��ñh"! trace�µp´t°mirror

image±�¨"!#hp��°crosstalk±�=-�ÿ�w��ÿ�¨²x�ÿ�RF

=L�=r¤À}°¨"uâ±ß��¤þ�°M���­+�p�t|��±�

�àl" l00%À}�� traceVO!Èh�ÿ2��3 common-mode RF=L��

PCB��p ]�ÿ�þ��'�=���Ö�z RF=LÐ�9/pÀ}±¤°w

h l00%±�)!-p�9/pÀ�ñ<� flux cancellation��H"�4Y��ÿp

ü+û7�

ÂÍ ]�ÿpûõ��¼�õ1"+¶ûU[p�ÿ�� PCB�I/O CableBlh

4 ]�ÿ�þ�=L��¶ÿU[p���ÿl+s���]¶ I/O Cab1é �

Õ�1"4ª1U[� sourcept|�

Common-mode� differential-mode=Lpy��y 2.19�¬fS17 differential-mode

current�3p E-field" I1V I2p����¶ 180ë�ï��¼��"ä��7

Common-mode current�3p E-Field" I1V I2pI�

�à=�è�¶?�~Æ��#��mtp~Æ�°²¶�# ]�ÿ±�À} RF

EíPs�ßnF²x

ó/20

ó/20

ó/20

ó/20
ó/20

ó/20
ó/20

ó/20

ó/20

EíPs�tpO&lL�
=�èBÈÏn÷pó/20
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=Lßü��~Æ���¼�« RFhf�7uâ�=r��ßü��~Æ��¼

À}��«äùp Crosstalk�ñh�Àähl%D�]~Æ��#Í ground plane

Öl�#Í power plané �Flux cancellation�È��

ç 2.19 ÓÁ�ïÁ«º

¼ ]�ÿÞ¶¯�lñ¶~ÆµË�¼Y��ÿ°solid plane±�]�4�.

°moat±�6&°isolation±´����à+~Æµ�w¨"=-µ°�+12V trace

�+5V�ÿ±�	µ� solid planepm��¼�ÿ�v'«[Ç�¼´��#�p

~Æµ�¶+å�¼'Pp�°¨~Æ±îgé��3�¼´~Æµp RF=L�

¤�Ð4µO&�)!-p�

y 2.20Þ)¼����¼´¼+�ÿ	lfhðÈ common-mode=L1��ÖK

�¼Â°pþ���3 RF=ñ� ]�ÿBp� �°vias±�l�þm¼�ÿp

 ]h:�Èz"w���°Ground slot±��@�õ�

ç 2.20 ryVÞ��

+!Â�p�"��4� ��Y��«��ÿpl�[¤��ë� ground� power

�ÿB�4� ���«ÌSwiss cheese syndromeÍ��z�Ppù¤°U¡Zp�

 �±�¼�ÿp­+ô��þ���«Uÿèpl�[¤��y 2.21�~Æµñ

�ü+�°~Æ�±4w	µ��¼+l�[ô��Ö� ]�ÿ°ground plane±

pîg=L��Þå�¼ slot¨ hole�èà"�±g=L��Þ� ]�ÿL��

Z Z�

E

I1

I2
�

E

I1

I2

Itotal = I1 + I2 Itotal = I1 - I2

Common-Mode=L Differential-Mode=L

Signal plane

Ground plane

Power plane

Signal plane

�w��=-�
ÿp��	µ

�·�p~Æ��	µ�
©K'wpw��ÿ

RF±g���«1ðU1��
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o1 traceO&�¼�opoë�~Æîg��p=âúU�¼îg��pU=â�

�S~Æ=L� RF=Lîg�ÿtp common-mode couplingþ��H	"��1

flux cancellation��Í�¬ït¶t¼°zU¡Zp �±p ��Y�7Í¶Y

��ÿ1����îg��ñ¶��1~Æ�îg=L�

�à trace	µå�� �pl�[ô°�y 2.2lp�°±�Þ��~Æ���
+

Y�p ]�ÿ�Ö�y 2.21pó°�¤��ÿpl�[��¼ traceoëÈÍ�

�y 2.21�°po trace�«�U1 trace=â�¼oë��«�tü=�|~Æ´

��äh�]~Æ	µ � ��¼pmt�Ê�¼U¡Zp �ôl��Y��

ÿ´��2	�31�]2 trace	µ��Ppt´�� trace� �ôÞE� 3-W

Rule�

+s����U�]	µ� ��Y¬ïptp~Æµ�Q� ��Y�«p slot

lÀ�« RF�2��Ï��Ïr`~Æ����4!�p±¤�	µ�

ç 2.21 Ëz¢ñ��ïÇ"Þåô��

È1ñÐþ��'�=�� ]�ÿHñû·�±��3�� RF=L�9/pÀ

})!-pÖl�ð��ü+º�n1��ñ�)±�ps+Ê�[î��flux

cancellationÈ��¼a� PCBB�) EMI�+pÈùÞ)�p+��]pË� 

]�ÿ�!�#¢+~Æ trace�ñðÈ common-mode RF=L� ]�ÿE¶U1

RF=L���Þw)�=ï�a1Þ�È¼ RF=L�¬¶1 ground� chassis�

ÿ��Þ�7�t|p±¤°­*±�w)²xp��y 2.22Þ)¼��4 ]�

ÿp���

I.C. I.C.

±g=L

~Æ=L

� ��r<t�U°É�4� ��Y
´��p±¤±

� ��«+4µ��«+!w�+��
�S±g=L��å�Ön

w��ÿ

~Æ��

���ÿp±g=L��
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ç 2.22�Ë�m�IMAGE PLANE �Þ��

�Í ]�ÿk¶+�Þùà�ÂÍÌ�Åáë°skin depth±Íp����Åáë

à�=L�ý�"�1d��ÅáëLï�=Ll�Hlh¬½�� trace¨ wire

1m¨Lï�!êU�G«]���ï1d�Lï�lu1"�¶lu1�Åáë�

­� 30MHz´1�Åáë"zDÍ1�� 100MHz´Uª� 0.00026y°0.0066mm±

�ó�RF=L¤� � 0.0014y°0.036mm±¦1­���ÿ�èà"�

differential-modeÐ� common-mode=Lý��ÿpd�Lï�!l�� ]�ÿ

p��¨��Lï��¼�¼��ÿ@fã+� ]�ÿ�l�ú^ EMI¯à�¥

Ö�àúãp�ÿ" power���ñ¶ decoupling=rp¯à�� flux cancellation

¶�z¯à�

�âî  è) Partitioning

� PCBp LayoutB�]1 placement"ðùÞ1�U�]1{à��å�z��Ê

ç 2.23 $�ûgåô�Þ÷8 partition

ähp=��2�uähp=�ª�«+¢¢��«+�WÓ-¨ô�Ð��~Æ

��oë��tü=��rÐ	µ�~Æ´����cf�4� ��¢!� �

Gï~Æ

��ÿ

~Æ±g"~Æ
Trace ���ÿ
pü=

I/O Logic
User Interface Logic

DMA Controller

Support
Logic

Gate
Array/
Control
Logic

Power
for
Periph
erals

Peripheral
I/O

Memory

buffer

Memory array

Perip
heral
I/O

Power
for
Periph
erals

Power
for
Periph
erals

CPU�Cache�

Oscillator

Support
Logic

I/O InterConnect

Ground�wß²x�
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��=�Búãª 1-3nHp=âf�y 2.23a+Ì²èähô�WÓ-pBày�

y 2.23u´ñ �)!�41zD�1²xnFw���Ïn{àpñ}¨ùà2

ground planewßchassis ground��4��w�p~l¶¯��&common-mode eddy

current��!l�À}ß!Ôô��Clock� 50MHzÐBp{à	ÁÞ��1­*

w�Ð���=L��±�p¯¨�¢+!Wô�ß�Þ¶��w�îå��¼a

È�#	p¨4��y�ùà)�<��wL°=-p dc power�wtp�õz¶

+!w��°Eí¨Êÿp±¤±�l%� PCB¨L°p=-¬3p'��¨ÞÐ

Bypass=r ac�$ß²xp����=rñþ� power supplyEàp RF=L

couplingß~Æ� dataµB�2 power�wtp`p RF=L�Èñ�óÌ²èV

L°p~Æ�Ap~Æ´��u´Hþ� EMI�

U�]p PCB�6¶ähBpWÓ-¨ô��"ÀpÌ²è¶Ð@pô��CPU�

memory� ASICs�I/O�bus interface�system controller�EISA/ISA bus�SCSI bus�

L°�ÿ°FDD�HDD±Û�¢+WÓ-¬å6p RFhfnE�l��u�lu

pä@�¬�3p RFhfpn�ô��lu�~Æ1n÷KÏ�!¬E1 RFm

¨hfpnEHKÏ�RFhf�ÞÍÏn�Y�Gï¨Êº~Æ7ïâïpót�

RFhfpÈU�-"Clock~Æ��"�a clock~ÆaLZ¤°50%p duty cycle±�

�¼ðrÐan��ëÚ¨w¯²¬fS�d 2.2hà�luä@�pm¨hfn

��

Þû·lun�ô�tu�À}�Þ�4ähBp�Ê partitioning�Partitioningà

�"2ähBpô���ï1�Ê��Ê±¤Þ	�´luÖ�s ��Dñ4�

rp=�è�6&�Layoutpô6Û±¤�

�]1 partitioningñÐysäh�á�	µ��ó~Æ´��{à`Ó�¨c	�

?Yy�ø<�puÑ�2¬¶�Y¼Ê�2�Y��]pË��Öõf^é®µ�

�ãî  C�û Logic Families

]G�Gï�Y´�{à`Ó�+sý�àäh����ë��Yp�ëÅ��ø

<�p��ä@4p�A�HÖ5�

]�YK�Kv´°v�1�r�A±�RF=LúU�í��î�ü=Ç3�¼a

�Í�ëV EMIp�EÂ���YpG�+sÞÕ�7A5ßAàp�A��Yp

ys°setup±́ t��Ï¬¶1�Y��ä@4p�ë�Ðº¬ÁpuÑ�vp edge

rate�����¼¨G4�¬�pä@��y 2.24Þ)1+�{tp���D�ë

V�A�HtpÂ��

lupä@�¶lup{àý����ý�_ CMOS�TTL�ECLÖâ���ý�
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å�A5=:�åØÀ¤��ë/=:Â��=��­÷�°´�÷�ü�¶+��

Y ¶ clockã�=�Ðs+��ä@4p edge rate�u´}ñ�ý2�p�A�

H�

Logic Family
Rise/Fall Time
(Approx.)Tr

Principal
Harmonic
Content

Fr=(1/øTr)

Possible
Significant
Spectrun

Fmax=10xF2

Maximun Non-
transmission Line

Trace length
(Microstrip)
Lmax=9xTr

Maximun Non-
transmission Line

Trace length
(Stripline)

Lmax=7xTr

74Lxxx 31-35ns 10MHz 100MHz 279cm(110”) 217cm(85.4”)
74Cxxx 25-60ns 13MHz 130MHz 225cm(88.5”) 175cm(69”)

CD4xxx(CMOS) 25ns 13MHz 130MHz 225cm(88.5”) 175cm(69”)
74HCxxx 13-15ns 24MHz 240MHz 117cm(46”0 91cm(36”0

74xxx(flip-flop) 10-12ns 32MHz 320MHz 90cm(35.5”) 70cm(27.5”)
15-22ns 21MHz 210MHz 135cm(53”) 105cm(41”)

74LSxxx 9.5ns 34MHz 340MHz 85.5cm(34”) 66.5cm(26”)
(flip-flop) 13-15ns 24MHz 240MHz 117cm(46”) 91cm(36”)
74Hxxx 4-6ns 80MHz 800MHz 36cm(14.2”) 28cm(11”)
74Sxxx 3-4ns 106MHz 1.1GHz 27cm(10.5”) 21cm(4.3”)

74HCTxxx 5-15ns 64MHz 640MHz 45cm(18”) 35cm(14”)
74ALSxxx 2-10ns 160MHz 1.60GHz 18cm(7”) 10cm(4”)
74ACTxxx 2-5ns 160MHz 1.60GHz 18cm(7”) 10cm(4”)

74Fxxx 1.5-1.6ns 212MHz 2.1GHz 10.5cm(4”) 10.5cm(4”)
ECL 10K 1.5ns 212MHz 2.1GHz 10.5cm(4”) 10.5cm(4”)
ECL 100K 0.75ns 424MHz 4.2GHz 6cm(3”) 5.25cm(2”)

Tr_ä	=L��¨=��ICpä'ëÖs�öÕy��øuÑ�TrM_y��lu�yÓluÖâ�
�� FR-4p�A�Ha 1.7ns/ft(0.14ns/inch or 0.36ns/cm)�Er=4.6 °microstrip±
�� FR-4p�A�Ha 2.2ns/ft(0.18ns/inch or 0.47ns/cm)�Er=4.6 °stripline±

Ò 2.2 R®
k�

+!�y��puÑm²¶�ñ"� EMImðùÞ1öG"Ìpower peak inrush

surges into the device power pinsÍ°Ì£«��Þë�P�ðO«º±�¼}�=L

"�aä@LQ=L��Yp=rä[�traceVä	�Yw�t=rÛ�¼+â°

=Lñha�¾~Æ=LpG
�

G�ñh1È¬�ä@�Öu´Þ���]1 timing marginÐ�� EMIÊãN~

Æ´��ñh1é�� timingÁ£zñ#	@��4 tr>5nsp�Y��à�41"

Q7¨�ä÷�ý� TTLä@1é°ü~bð��41±�¨"���ä@1é�

ñÐl�Õ�!¼1 EMI~l�¥Ö��~²1+�Ï�Ï�~�3�4z�� 1.5

ß 5ns edge ratepä@�� 74ACT� 74FÓhp�Y��+�¨4B¨ñÐ4 74HCT

�ÖY 74ACT�Í�ó EMIý¤��+spÕ�B�lÞ�4º=��¾Á£¨

timingÁ£�vp�Y�

�à timingÁ£Þv��Y��`Ó�¨ý��à clock tracep decoupling�routing�

Ð� handling�
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v�p�D´t�SÐ@�2«%ºúã�îg=Lp�2�í��î���t�

���2V�A�H¤Â��"�aä@�Yp edge rate���vÍ�Y��1�

A�H�Edge rateps a¢âï´tp=�¨=Lâ�f°volt/ns¨ amp/ns±�

ç 2.24 ̄ Nø²"âú�;�¯ý¶

ä@�Yy��� data bookm�Dý�	! clock� I/O¬ï edge ratepÌÈU�Í

trmax��D¼uÑªa 2-5nsmax���"h5È[�p edge rate�trmin�+!uÑ

a 2nsp edge ratep�Y! edge rateª� 0.5ß 1ns�ó�RFhfpÈU�-"�

Y1 edge rateÖz!��n÷�+! 5MHz1¡ït�ï+ 74F04°1ns edge±¬

�31 RFn�hf�UÍ+! 10MHz1¡ït�ï+ 74ALS04°4ns edge±�¼

+�YpuÑ"� PCB{àBÈDo���q�pöG�¥Ö��¥"{à+$

} EMIu¤p�´pÈùÞpÕ��G�z���D«)¼�êÌ�4ñh1È¬

�ä@�Í�"�a��Y1 data bookm�l+5¨sà edge ratepÈ[�p��

� PCB��31¬¶ RFhf�-�Ïd"�ÞGï�Yp edge rate�

dÿ���Y°SMT±º �Ps�Y¶��p RF?tý¤��"�a SMT�Y

!R�°die±ß PCBµ� tracepoë�Í°=â��±p��u´��åØU[

p��! loop area[�Traceoë�úã=â�Ö=â��ÀlÁÞ1 RFhf�RF

=L��3?t�u´�«~Æ´��2�¶´� ��Y�Ø� socketB�socket

�úã§µ=â��Öúã RF?t�

Ì�4ñh1È¬�ä@�Ípû7"Å-Í´�°Time Domain±Vn�°Frequency

Domain±pÂ��2´�@1~Æ edgeÐÁEº�ë°Fourier Analysis±ñS5�

]~Æp�÷°edge rate±KU´�! RFn�hfKU�

�ñh1é�G� power� ground pin�mtpä@�YÖlÞ��á°�Power pin

�mtñ�¶�Í decoupling=rpË��¼4ªÈ1���Y� decoupling=r

tp�µ��kñ���Y��ß diep§µ=â�

d 2.2u´<�1á21Gïä²�p+�nï�ñöÕ¼dG�È�pä@��

Tprop

Tfall timeTrise time

��¼ gatep�¾�A´t

Gatep���D´t

Tpropa�Yp�A�H propagation dalay

10% 10%
90%

90%
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�� EMI?tu´�«�]pähÁ£�

�äî  ù ñJ VELOCITY OF PROPAGATION

¼µ�"a1<�+�¹S÷±ï!¼põ[�õ�4��A�ë Vp�" data�

PCB�ïBp� p�ë��<tm�¼�ëÛÍ`����=Im�¼�ë��

ÖÐ@¤dB

¼`

C = 3x102¡/��¨ª 12y/ns�30cm/ns
ír = �¯�=DG°effective dielectric constant±

"ÀB�PCBpírªa 3¨ 4���èW�±p�Â1�=DGwh 5��"�a

�]phfLï�<Ûm��]���m�"À1�=�GS)p�A�ëª 6ß

7y/ns�

�åî  �ÙÍV

CRITICAL FREQUENCIES �R/20�

à)~Æn÷��p�o�ñ�4@hpà)¤�

�¼ design guidem�Þùà criticaln÷¨ high-threat clock̈ LZ~Æµ�É!o

ëUÍó/20´��d 2.3ma�Å�Bÿpà)¤�n÷V!���op´U�

Frequency of interest (MHz) ó/20 Wavelength Distance

10 1.5m ( 5 ft )

27 56cm ( 1.8 ft )

35 43cm ( 1.4 ft )

50 30cm ( 12 in )

80 19cm ( 7.52 in )

(2.2)                
ε

= C
Vp

)(

300
)(

MHzf
m =λ

)(

984

)(

300
)(

ftm
MHzf

λ
=

λ
=

(2.3)             
)(

984
)(

MHzf
ft =λ
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Frequency of interest (MHz) ó/20 Wavelength Distance

100 15cm ( 6 in )

160 9.4cm ( 3.7 in )

200 7.5cm ( 3 in )

400 3.6cm ( 1.5 in )

600 2.5cm ( 1.0 in )

1000 1.5cm ( 0.6 in )
Ò 2.3 ÚãÜeÞa/20pÝ
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Ðîb  _®D�m*
Bypassing and Decoupling

Bypassing� decoupling"+û· RFhf7+=���ßü+=�p~��ÌÞÂ

�1a?�=�ô�power� ground planes�?Y���=-�w�

Decoupling=r"a1� clock¨ data�D´�<�é�p dc=��=Lï�Yp

%D���]�ÈU=rä	#	@�Yp~Æ¬u´�D´�ö7� power trace

� ground tracept��¶+�t|p=:�-Ö�«ðÀ}°decoupling±��=

rpt|�_n÷púã�[�4)!e¡n÷a·��Öñ2Ïn«]7~Æµ

mÈð�Ö�n RFhf��l9�|���p¨4"u´�4 Bulk�Bypass��

Decoupling=r�¬¶p=r�¨	!ýØ¨4ÖâÑà)p�M�z���]1

G4=rp�=��Ölh	�ð�í�_��4�Ð@s ?� EMIBD4p=

r�]¥�=rMñ4�!Ô±ÿ� timing�Y��n%��è��À��ÛÛ�

♣ Decoupling�G�Ô� ðÀ}=r2Ïn�Y�3�=-�ÿBp RF hf�

È�!u´ñ<��Y+!!��1 dc=-�ý�¶4Í�=�èBþ�Î�

=L�áp�>�

♣ Bypassing�	X� ²�=rh�ÈlÁÞ1 RF'��i
!À}�Y¨ cable

p common-mode EMÎ 5�âô��Ê<�À�äh°n�û+±�

♣ Bulk�¬�� UÀ=r"]�ÈUä	@�¬¶~Æ¬u´�D´���Y�


! dc=L�=�ys��u´ñû·��Yp=L�á°dI/dt±�«p=-

�¯�

�Ýî  ���Ä��Resonance

�¾B�=r6¶+ LCR=��¼` L=w¬oëp=â�R=w¬p=t�C==r�

y 3.1dB+!=rt1Sµ=�y�])�,+n÷´�L� Cpí$4}â«

+¡�<�+zD�pt|Ö¶¯1�� RF~Æ�]n÷)+¡�ÐB´�=r

tpt|â«=â¤��S bypassing̈ decoupliingâS�¤¯à��¼�bypassing

� decouplingpäh�9=rw¬oë�Ìï�YV=rtp traceoë�� �

ì~°Pad±�ÛÛ¬�|�

��õ PCBp²��ðÀ}=���c�+@+¡pü=�

e¡"Ç3�]=â{f�=r{fp�ï�a?´�H	"�¼´=�� AC=
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�"J=t¤�¶?�Dàp+¡�

♣ í$+¡

♣ �$+¡

♣ �$ C�í$ L+¡

ç 3.1 «àÞ�ik�

+¡=��n÷aG�¤1��a!h�+ýsn÷����°¨��±p RF=

L�+í$p LCR=���G�pn÷���É RaÏ=tÖ sourcea�=t�

É Ra�=tÖ sourceaÏ=t�¼=�2�´êG�1n÷�+�$+¡=�É

Vä	í$2�´êG�1n÷�

[���

�y 3.2pí$ RLC=�p�}t|a R+j(XL-XC)��à¼=�dü�=â¤�

�!�ñ�y 3.2mà)�¼`�"a+¡n÷�

]+í$ RLC=��+¡�´�

♣ t|È�

♣ t|ÛÍ=t

♣ �ï�°Phase angle difference±a?

♣ =LÈU

♣ ä÷°Power±ÈU

ç 3.2 [���«o

n���

+�$ LCR=�dü�y 3.3�!+¡n÷Ví$ RLC=��u�

]+�$ RLC=��+¡�´�

♣ t|ÈU

♣ t|ÛÍ=t
ç 3.3 n���«o

=r¤
d

R

RL

L C

A

n÷

t|

=â¤

e¡�

XL=XC

C

1
L

ω
=ω

LC
1=ω

L R

C

LC

1=ω
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♣ �ï�°Phase angle difference±a?

♣ =LÈ[

♣ ä÷°power±È[

n� D�[� SM��

�¾1+¡=�+s�å�+=âV+=r�$��=â� ¶+�=t�Û¯=

��y 3.4�¼�À¤p+¡��+¡�´=LÈ��

ç 3.4 n� C[� RL ��«o

�Þî  �ÑÓÏ�Z\� CAPACITOR

PHYSICAL CHARACTERISTICS

ûãB�]ä@�Y�ª´�ðÀ}=r¨Þh�¨¬ÁÞ1=L�¼4ê�±Ó

¤°3.1±����èBÞ�4ðÀ}=rÐþ�=-�¨î�����èBÊ4�

�n¨4´+slÁÞðÀ}=r��� power� ground�ÿtp=rñ<�¬Á

p=rf�

¼`

ÔÊ ¾ Iª=L current transient
Ô× ¾ ñ�zp=-�¨=�âïî� ripple
Ôõ ¾ �D´t switching time

]G�²��ðÀ}=r´�Å��41 clock�ë�ä@��à)¬Â�1n÷�

	�=rt�=�èBdüp=|ÖG��]1=r��+=rt4ß!+¡n÷

�a=r¤�)+¡n÷ÐB�=râ«=â¤��_n÷úãÖúU!=â¤�

�p RFðÀ}¯àþ��d 3.1hàW{¨?t{¬o 0.25yp¯�=rtp+

¡n÷�SMT=rtp+¡n÷+s���Ï<
°¼��`ñh�w�=âÖÂ

-±��!åØ[�W{¬oëÍ�=â��

��d 3.1mhà1" 0.25y¬o1+¡n÷�Þ<L1+�"=rp+¡n÷u

´H"¬oë=â1$G�]z���+µmù�Ë�=rpðÀ}¯à´�Þ�

à�+¡n÷ÐB!dü�u=â+L�z���õðÀ}´sÞùà¼��

C

RL

2

-
LC

1





=ω

L

R

pFF

ns
mV

mA

t
V

I
C 1000001.0

5
100

20 =µ==
∆

∆
∆=
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=â�l��âý¤ÖdüS�=r+s�Ö"!t|pU[�_n÷p�âÖ

â�¥Ö�=âLî1,3=r��À�$+¡Ö�â|¨�=�pn÷KÏ!t

|KÏ�RF=LL�+!t|�« RF=��!Â�¤a[esó Vrf = Irf x Zrf�

�{à�4ðÀ}=r´+ÈùÞpÂ��"w¬§µp=â�SMT=rpÏnd

ü�+s=rÞ��d 3.2hà+ 15nH1=â!�lun÷pt|U[�¼=â

�"�ÞÍ=rpw¬oë�2=rË�� PCBBp±¤�

G� +¡n÷ (MHz)
1.0ôF 2.5
0.1Üf 5.0

0.01ôF 15
0.001ôF 50

500pF 70
100pF 150
50pF 230
10pF 500

Ò 3.1 �Ý 0.25çÞ«àÞ��Üe�×{ L=15nH/INCH�

G� Z (Ohms)
0.1 0.01
0.5 0.05
1.0 0.10
10.0 1.0
20.0 109
30.0 2.8
40.0 3.8
50.0 4.7
60.0 5.7
70.0 6.6
80.0 7.5
90.0 8.5
100.0 9.4

Ò 3.2 15nH«PÞâêÃÉ�ÜeÞ0ý

y 3.5éBlu=r�p+¡n÷Vlu1ä@��ñÐ�à=rt�)�+¡n

÷°null point±p��"=r¤1�põ	â«=â¤1��¼n÷pB!â«=

â¤�	lf¶ðÀ}päh1�¥Ö�!}ñ�a�YÈ�Ú=p�-���!

bâ«=â¤Mu��"�a=rt7��=�èß PCBBpì�pw¬oë�

¨Õ�^ð�=â¤"�S=rpðÀ}h:�L�+¡�õâ�1:��

¶�ä@���3Un�p RFhf�¼hfn÷¤î�=�èBðÀ}=rp+

¡n÷ÞÏ����� ACF¨ FÓhpä@���D"l4 0.1ôFpðÀ}=r�

+s"4 0.001ôFpðÀ}=r��a¼ÊÏ��Y¶�v1 edge rate°0.8-2ns
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min±�

ç 3.5 6«àÞ��Üe7ú�;6å�Ý 1/4”ÞR®
7

]=r�]1Ë�� PCBB´ñ�)¶¯1=rðÀ}�_²Ë�¨�ë�4"

áD�±�¶´��]1Ë���p=rñ�)È�¯à��,�¨4�ÁÞ�$

�!=rÐ�)��1 RF�+nE���!=r¨�� 100
 (� 0.1ôFV 0.001

ôF)�ih�)È�¯à�� 3.4���õ¼�$=r�

+!�4��è1�`"!=-�w��ÿ�¼�#�¼��ÿp�ïÂ��«+

U1ðÀ}=r�¼=r°?�±«!±�Dñ���{à<�+��pðÀ=r�

�à�Y~Æp edge�÷ý� 10nsp¤î��lÁÞ4)Ï¤hp+¡ðÀ}=

r�¥Ö}¥ÁÞUÀ=r�a�
=�7ï�0.1ôF"+�]p��

��4=-���ÿ]«+ÌÞðÀ}=rp#	@�ü+ÞÕ�1±ÿ"!e¡

°Þ+¡±n÷��àèW1+¡n÷VèWB¬¶��=rp+¡n÷�u1é�

��¼n÷�¶+ð�21+¡c	�ðÀ}	¤��+��pn÷¤î�4��

à+ clockp+�6�ïÍ¼+�2+�n÷��¼=�è�¼n÷�ÐBpn÷

¤ðÀ}p¯à�ñhÇ3äùp EMI�2��¶¼#	Ç3��Á�40�1l

Û¯B�´t°ns±

n÷°MHz±

t
|
²
[
e

³
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(3.2)               max
I

V
X

∆
∆=

u+¡�1ðÀ}=r�2=-�ÿp+¡n÷ã��

+!áâ�â=-�w��ÿ+¡n÷1±�"�â¼2�ÿptO�úã¨��

!ÏëtO¨�âz�p�¤»g�ñ�â4«p=r��±Ó¤°3.5±<�¼+

à)¤��4¼�±¤pR�"~Æ	µ�1t|H�â��+s�� PCBp+

¡n÷� 200MHzß 400MHzpt��4 20-H��ñúã+¡n÷ 2ß 3
�

��ð���ä@�p RF~Æ��Í PCBp=-w��ÿp+¡n÷��1Ï�

~1{àbwh¼+¡n÷�]=-�ÿpt|�ðÀ}=r�¶whp+¡n÷

´��3äùp�2�¼+Ïnt|pl�ý�«äùp EMI�2��+ PCBp

4}â«+z�à1Çtt�ðÀ}=rH¤�Þ¬¼+�2°7Í!!êp+

¡±��Á�4î�àÈp±��

�ßî  �ÑÓ¦uÏ¦ö

	��ðp�n�í�G�=rt�2¤��4Íü�Ï�~l{àp²��ðÀ

}=rpÁ£��G�=r¨=r4}´�ÞÕ�)+¡�PCBBp�YË��w

¬oë=â�=-�ÿ��!�Û�2�

�UÀ°Bulk±=rt�ì�Ð@hÓg^é�

1. c÷àèW¬Á£p�=L°ÔI±�×{¬¶1 gateu´t�D��ä@ crossover

p=-�áp¯¨Hà5�

2. à)�4pä@�Yñ�z1ÈU=-'��+��d margins�

3. ¬sñrt1ÈUeu��t|�	@¤�

4. �à¶Y��ÿ�XmaxÞ	� power� groundpt1�w�

5. à)7=-�¨tß²è1�wµ1=â°Lpsw±�2¼�V Xmax+¦4�à

)¼n÷°Fpsw±��·��n÷p@=-�µ°	µ±"�]1��à¬¶1

gateu´�D�=-'��[ÍÔV�

6. � Fpswn÷Ð@�¼=-	µ°power supply wiring±"ñÐ1�L� Fpsw�

�ÁÞ¶UÀ=rt�à)�n÷ Fpswt| Xmaxp=rt��

�} 4/2Ã.«àâÞN�

psw
psw

L

X
F

π
=

2

max

max2

1
XF

C
psw

bypass
π

=
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×{ PCBB¶ l00! CMOS gates°N±�¢+!� 10nsp´tLZ�D 10Pf°C±

pä	�=-�¨t=âa l00nH�à) bypass=r1�]��

PCBBDà1UÀ=r� l0-100ôF1¤î�

�7S5¬ÞðÀ}1ä@=�p+¡n÷�z�ñÐ¬sÁÞ1=rU[�¼=

r"4�2=-�ÿp RF=LðÀ}��47±Ó¤°3.2±ß°3.4±���â«

áâ1)l2��à)=r�´ÈÄ1�]"�öS5=rtw¬p=â�¼=â

�aÛ¯í$=â°equivalent series inductance ESL±�� 3.6�mk¶ÂÍ ESL1

�õ�Él5� ESL�ñÐ4t|à°impedance meter±¨";��ëÚ°network

analyzer±��¾f��

�àî  _��ÑÓ

�Ò�ùðÀ}=r�$p¯àS5�!�l+s�¶U1¯4��Ïn�È�ý

¶ 6dB1�ó��¥ 6dBý" EMI�+B1+[�ä¯�¥ÖHz	h�:¤�

���¾ EMIuÑÀ�p�´���â�	� Paulp®Y�

æ´Ñe�ÑÓÏ��ÍVù/¡�ÓÛ¾ÍVYB5YB��A��ó5ºÑe

�ÑÓÜÀ�Ñ�õæ�cÍV�MóºÑe�ÑÏÓÛ]dum´,´Ñe�Ñ

ÏÓÛYB5Ù,+ãåNóá�Pq��A��ÑÓ�Çq���`ÓÛugº

Ïuõ

]fã5uâ�w¬§µ=âp�|´��ñÔé1Ms¼+��°�!=rºâ

+=r�ó�ë¶û±�uâ1��Là¤î�!¼�lá5�õ�

¼ 6dBp�ó"�ÞÍ�$=rp�w¬=â��=r�$!�=ra�â+=r

pI�¥Ö¼´¶�4=rtw¬�$�¼�4w¬ñ<��
pwµ�ë��S

wµ=â���¼+þ�p=â"!h�)�$=rä¯pùÞû7�

F
XF

C

kHz
nHL

X
F

nHL
I

V
X

VV
ns

V
pF

t

V
NCI

psw
bulk

psw
psw

psw

µ=
π

=

=
π

Ω=
π

=

=

Ω=
∆
∆=

=∆

−==
∆
∆=∆

10
2

1

159
1002

1.0

2

100

1.0

budget) margin noise (from      100.0

surge)peak  case(worst        A0.1
5

5
)10(100

max

max

max
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y 3.6½à�!=rpyn���a 0.01ôF� 100pF���Ø{��$�

æ´�ÑÏ��ÍV g2öº�ÑÏ��ÍV g3ÏÓó´�ÑÏÓÛ��A��5

º�ÑÏÓÛÜÀ�Ñ�õæ�ÍV�Mâ÷æp�_��� MD�`óá�P¢

¹m���Z´ÓÛõæ���ùÔÇó_��Ü�ÓÛó�¡m´,A��Ñ�

ÓÛõ

Þ�È¬¶~Æ¬u´�D�31 RF=L��D"�4�!=r�$°0.lôF�

0.001ôF±9#�¢+=-¬²°�=r���Þ�� 100
���$=r�pI

"lùÞ1�ùÞ1"¼�$=rp�$+¡#	�°öÕd 3.1V 3.2±

ç 3.6n�«àÞ��

Þ�ó�$=rp¯àÐ�Þ�zý�4Èâ+=r�É���Þþ�=rtpw

¬=â��íB�"lñh1��a]Ø�=rt� PCBB´�ê����+¶

ûoëpwµ=â�ùà)¼Èw¬oëÉ��å6�w=rß�ÿp� �oë�

h�)KÍpw¬oë°lõ"â+¨�$=r±�¼ðÀ}=rpä¯K��

�áî  ��öÖår^�Ñ

�y 3.6m�"Õ�)=-�w��ÿtp=r¯¨��y 3.7myB¼?�=r

p¯¨�=-�w��ÿtpÛ¯w¬=âð[Ê�¤Û¯í$=t��4¼=-

�ÿ]�ðÀ}=r+sñ¶¯ß�Ïn÷¤îÐþ� RFhf�
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ç 3.7 Ä«��m¢�Þn�.ë��

�=-Vw��ÿt)��¶=r���	� corep�±¦ë�¼�±p�=�G�

=-�ÿ��¤pmË�#���ñh�3lu1=r���7;��ë�G�à

)�S¤�Û±��ñ1Þ¼=-�ÿp=r�ÿ�ñ1Þ¬¶=��ÿpt|�

�àp+¡n÷�=r�ñÐ4±Ó¤°3.5±�°3.6±�Ð)à�

¼`

ír = �=rt�ètp��p���G permittivity�Fm-1

A = =-�ÿpÿè�mm2

d = �èptO�mm
C = �=-�ÿtp=r�pF

Ö5���=�Gír�íop��z�ñÐS)�éè=rt°H	"�=-�w

��ÿ±1=r��

¼`

ír = èt��p���=�G�"À�a 4.5°_µ¤"�Öâ�
�D� l V l0pt)

ío = Þ7<tp�=�G�1/36øx109=8.84x10-12

L2

t
|
Z

n÷

SRF,C1( SRF,C2(

ù 1( ù 2( =�è��pt|°=-�w��ÿ±

ù 1��2p overshoot Z�7 C1
�p L1 V Cp�$Lu
�4Ö�3�ÊÿÍ C2
�p L2 V C1 pLu�
4°¤µUt|±�

ù 2��2p overshoot Z�7 C2
�p L2 V=-�ÿèÌ
p��t|p�$Lu�
4Ö�3°¤µUt|±�

R2

C2C1

L1

R1

=-

w�

C1�0.1uF
V 0.01uF
=rt�
$pÛ¯
=�

C2�100pFV
1000pF=rt
�$pÛ¯=
�

(3.5)              
d

A

d

A
C

ro ε=εε=

(3.6)               )(84.8 pF
d

A
C

rε=
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7±Ó¤°3.5±�°3.6±�×{+=-�w��ÿ�mta FR-4ê´��tO 0.01

y��!=r�a 100pF/in2�

�a4=-�w��ÿpðÀ}=r¯àlQ�]�4Q7 TTL¨��ä@�´�

ñl�fãðÀ}=r�¼��Ü¯à�]=-�w��ÿtO&[Í 0.01y°�

Ï�¨4 0.005yÈ�±´iñ���àuã1ðÀ}=r²¶�]1Gs�=-

�ÿ�àuãpðÀ}=rp+¡n÷�p��â«=â¤��a¼++¡n÷p

����3+À�°pole±��3+�lCZp¯à������� PCBBp RF�

+�Ü��ð¯4�¨ü�ãàÈ±���++�30�p�Ï«!�

�âî  �ÑÓÏÖ�ÎJ�A

¬¶1=rt��¶w¬oë=â�� �H�úã!=â�̈ cf��w¬=â�

]~Æ trace�w¬p=âã�õ��«�Ypw�Vw��ÿtpt|l�»�

]¶t|l�»pc	´���! sourcet���=�ªë��¼�« RFñN�

RFñN�� PCBB�3 RF?tü=��¼���Þ�ãðÀ�=rÐþ�w¬

oë�å�� ���µoë�

�=�H��|=rtp+¡n÷��="��5ëHð�â��Ö=rtp=r

�M�_!��p5ëÖâ��,�5ë=r�ñh�¶ãúpâ���S! bypass

¨" decoupling�4Yd�ð��=�pý¤Kys�=rti�¶��pä¯�

È1�=��5ëp�â¤Ð��k¶Û¯í$=â°ESL±�Û¯í$=t°ESR±

MÁcfþ��ESLa,3=â�ESRa,3=t��C�V=raí$��ü~

p[ SMT�Ym ESLlùÞ�?t#�W{w¬�Yi¶�U1 ESLp��5â

p�ESR� ESL�þ�=rtp²�¯à�]G�=rt´�Þ�4��øp data

bookm¶+5 ESL� ESRpG�1�Y�_à�4=rt��À� ESL� ESR

�Ïpäù�2��p�Ï��~p¨4B¨[¨�4=rt�

�a SMT�Y¶�[1 ESR� ESL��º?t#¨W{�YÞ��"ÀB�ESL

¨[Í 10nH�Ö ESR¨a 0.5è¨�[��ðÀ}=r���V5ëysë��=

�G�ESL�ESR��+¡n÷�º�=r�p��ë�l"+ùÞ�H�

�ãî  Placement�¸*û

�Ýç  ��r^

��è+så6+¨��p=-���ÿ�=-�ÿ	�u+�=âp=rtÖ�
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+�ÞÍ�Y� tracepRF=L���pnFw�þ���ÿV²xtp=ïªë�

��=ïªë	" common-mode RFñNpÌÞ�-��z��Wm�¤�Ú)�

�w��ý��Ízÿì°´{àB��¼+c	�����ëÐ�s÷*��3

RFé���ö���=-�ÿÈ���

=-�ÿñ<� flux cancellation�u´ñ2��Yp=-âï�7=-ù5¼�ÿ

p'�¬�«p RF=LðÀ}�+ ]�ÿ�a+!�=-¨�=ïpY�­+

���#Í+~Æ	µ���3�~Æ traceBp RF=L� ]!��Í¼�#p

Y�nF�ÿ�a1Þ�È PCBBp common-mode RF=L�¬¶p~Æ	µ�

��Þ�#Í+ ]�ÿ�

�Þç  �ÑÓ

�Õ��öË�=rtp��c��1Þ PCBp�ïÌ«�y 3.8dBà PCBp

Û¯=���¼ym� �)7 trace�IC�w�µ��Ypw¬�Socketp¬�

�ðÀ}=rÛp=-�w�$t¬n«1±���ðÀ}=r¶¯1Âv�Íc

f�[ R2�L2�R'2�L'2�R3�L3�R'3�L'3�R4�L4�R'4�L'4�2=-�w�¬

ïÍ�Ymtñ�� R4�L4�R'4�L'4�

ç 3.8 PCBÞI�«o

y 3.8mñ�Ô EMI"é��öÿè�n÷1$G��¼ÁÞÈ[1é�ÿè�ö

7Ë�+ðÀ}=r#hÍ ICp=-¬Úa=L�]ñ�«+[ô�é��¼ð

À}=�t|+sÞ[Í!Ô=-�»=�pt|�¼+�t|ñ��� trace�

=�m1Ïn«]�ÏñYd��¼Þ¨é�pm�èà�ñ�«�1 EMI?t�

�à¼é�pt|UÍ!Ô1é���+�Ïn RF«]���)7!Ô=-�»

R4

Die

Power
Supply

PC Board
Trace or
Plane

Decoupling
Capacitor

PC Board
Trace or
Plane

PC Board
Trace or
Plane

IC’s &
Loads

L4
I4

V2

RC1
L1R1

V1

+

-
Vs

I1

R’1 L’ 1

Cpcb

RC2 CC2

Cpcb

R’2 L’ 2

R2
L2

R’3 L’ 3

R3
L3

Cpcb
CL

RL

ILI3I2

R’4

L’ 4

V3 V4

IC Pins
Lead Frame
Wire Bonds

Socket

LC1
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Ó-¬n«p�Ué����L1#	@�	�31 RF=L�H	" EMI�¼c

	yBÍ 3.9�

ç 3.9 Woá�Þ«�÷�Á.

Ëz¢^.ë«à"gL��õ;å�ÞÝYn8ÑÔ¬ÖïÇ ��

ðÀ}=r¨�R1Ë��¢+�Y°�ý�" edgevÍ 5nsp�Y�ß�¨C�

ðÀ}=rpï�Ð�Í EMI�â´pÁ£���â�Ómf.c	�È+��I

1=r�

��4 ��Ypñ}�É"�4Øõ�fãB+�ðÀ}=r���Þ�4

retrofit�+�y��ñ<��4��1èÌp=r�H��YV PCBpt�¼��

�påØ��V�Y�up=-Vw���!a��èÌ�V¶w¬�Y�º�!

¶��1 Rc1� Lc1�>�a=rV IC�Y���u1=-�w�¬�!>�¶�

�1 R3�L3�R'3�L'3�È�É�41 Board level retrofit capacitor"a Micro-Q
°�ø|±�

"��C÷ðÀ}=rp�4�	�ÁÞ4) Micro-Q=rt�� SMT�Y²¶

Êÿp�±ñ�4�

�G�=rt´�ÞÕ�1lý"+¡n÷�k¶�=��±�ÈD41�±" Z5U

°barium titanate ceramnic±�¼"�p�=�GðÏ�ñ4ð[1U[�)ðU1

=r��+¡n÷� 1MHzß 20MHzpt�	{à�èÌplu��+¡n÷Ð

B�Z5U1ý¤_��pþ��Hâ��â«ÌÞpÕ���Öû+!�4ßª

50MHz�

ü+��Î�41��" NPO°strontium titanate±�¼"�pÏný¤����a

!�=�G���Ð¼��y«1=rtl�Í l0MHzÐ@pðÀ}4��NPO

¶��p5ëys¤�=r�°�+¡n÷±�l��é|5ëÖâï�É Z5UV

NPO=rt�$´�� Z5UpÏ�=���ã5t
� NPOp+¡n÷B��¼

��Í 50MHzp¨4�È��4â+!�1��=â1 Z5U=rt��"�a Z5U

u´ ¶��1�nðÀ}�þ�?tpäh�

��! PCBB�Ð 1yÑ#p�	Ë� lnF°100pF±p=r°+¡n÷ðÏ±�ñ

Zp
�U1=
-��é
�

ZL IC

ðÀ}é�
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0�û·�t�~Æ�=-�ÿ�31 RF=L�ý�"]�4Ï/ëp PCB�¤

´���!0�1ðÀ}=r�²¶+s1Ë�ï��Ð��=��ëñ�Ô¼=

rpðÀ}ä¯V!Ë�ï��¤ðU1Â��_ PCBp+¡èÌplu�¼Ñ

#�	p=rñh[) 30-40pF�

VLSI�Ï��Y°� F�ACT�BCT�CMOS�ECLä@�±	ÁÞ�$1ðÀ}

=r1�]�Yp edge rateâSÅx´���3�Ïp RF=L� ��$p=r

ñ��6ÏnRFhfp=-�ÿ<���p²�äh�Ë��!«�1=r�VLSI

�Y1=-�w�¬pt���!°B���ÏnðÀ}=r�Da 0.1ôF�$

0.001ôF�� 50MHz��Ïp clockn÷��4 0.01ôF�$ 100pF�

�¥�¼µp¢�"Ë���è�â��(�èuLÁÞðÀ}=r�y 3.10½à

1(�èË�ðÀ}=rp%��l%�p±���Ë�ðÀ}=r´�Á´´Õ

��±�ps+�]�4 =-�w��ÿp��è´�ðÀ}=rñÐË�#h

�Y=-¬`pZà�±�

y 3.10m�VgnddB� LdI/dtBp'��¼ Vgnd���!èW1�èÌB�3

common-mode=���¨cf�Í�èWp�èÌVðÀ}=rtp����

ç 3.10 �yVÞ^.ë«àÞ)


�ßç  ́ ��Ñ

UÀ=r<�]�ÈUä	@¬¶ data�addressÐ� control~Æu´�D´�¬

Áp dc=L�=��IC�Y��=-�ÿB�À=Lâï�7Í=�¡þp��

¼=Lâï��À�YpQ�ï��UÀ=r<�=�phf��ÐB
¬Áp=

L�=��� EMIs+BUÀ=r�lþðUp]f�

=-¬ïÍm�p�
Yp6yË�ï�

=-¬ïÍ��áp
�YpÈ�Ë�ï�

Power

Ground

Power

Ground

�Y@±pô�¨Äè
Ði
=âLîpÀ}

IC

Ground
Vgnd

Power

ðÀ}=r
U1é
�ÿè

ÈD4p=-éþ Layout
â�(�è=-�»vï
p±¤
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UÀ=r¨VÏ+¡n÷pðÀ}=r}��4�Ð<��Yp dc=-Ð�=-

�ÿp RFóâ��Í¢�! VLSI¨ LSI�Y�Ð�@hï��ÞË�+!UÀ

=r�

♣ =-�¨t^5 PCBp=-A5�wtpï��

♣ uFìL°»M=�p I/O�wt1=-$�

♣ =-ã[Up=�¨�Y²�

♣ O=-A5�wtÈ�1ï��

♣ V dcA5$�&pÏ/ë�Yô�

♣ Clock=�²°�

]�4UÀ=r´�G�=rtp0s=��
Íà=-~ÆÐi
�=�¡��

«=r'O����� 5Vp=-�40sÈ� l0V p=rt�d 3.3hà+�D

4pä@�¬ÁÞ1=rtG>�¼d"�ÍÈUñ�zp=�þ�M�ÛÍà=

�p'�
}ëp 25%�ùà)�ÍQ7 CMOSä@��¼d"���÷à��

�Yp trace�µ�¤�<�¬Á14��á=LÖl�§Ç=�þ1�

��ïÄhÁÞ0�1UÀ=r��Í refresh\Z´!ÁÞ0�p=LÐ%Dï

���Í�¬Gp VLSI�YMu�Ï/ë PGA°Pin grid array±S4MÁ0�1

UÀ=r�ý�"]¬¶~Æ�address�Ð�s+~Æ�ÈU=rä	@u´âD

´�

Peak Transient Current requirements (mA)

Logiv Family Gate Overcurrent
(mA)

1 Gate Drive (mA)
No. of Decoupling

Capacitors for fan-out of 5
Gates + 10cm Trace Length

CMOS 1 0.3 0.6
TTL 16 1.7 2.6

LS-TTL 8 2.5 2.0
HCMOS 15 5.5 1.2

STTL 30 5.0 1.8
FAST 15 5.5 1.8
ECL 1 1.2 0.9

Ò 3.3z¢ÞR®
�/Þ^.ë«àÞµÔ

�4±Ó¤°3.1±�à)��=r¬ã[1}��á=L�ùà)�4L�¬ÁG

fp=rl�º�����p=r�.§Ufp=L�¼�=-�¨tB�«�ë

ä��
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Ðïb  Clockê®

Clock Generator�!�Â�Y��	�µa PCB�3p?tpùÞ�-�Clock=

�ô"s aå�¡ït�! buffers�drivers���Â�Y°å6Ìï�oï�Y±

p�ïô��

RF?t4wVÌï�Yp rise°edge±� fall time¶Â�±Ó¤°4.1±ñ4�¬s

ÈÏ¬��3p RFn÷�¼±Ó¤�#Õ�^ðÌnp+��

¼`

fmax = ÈU¬�3p RFn÷
tr = pulse°edge±p rise time

���2nsp edge rate�+s1 clock driver��Y�ñh?t RFhfÏ� 160MHz�

�1àn÷�v�þ�ßñ���ñhp RFäùn��)� l0�fmax�¨"

1.6GHz�å6Ìnp+�«]�

ClockÞ trace���Ñ�Îw#��c�BÞì4×¢L]w#A�~w#�

�Ýî  Placement�¸hû

2 clock=�Ë�²èm�ï�¨" PCBpnF­*w���ÖlÞË�°´¨"

h I/O=�ô���à clockÞ&rèW)uFìB�¨"�µ�¨!ÔL°Û�

2 clock=��&���wµ�4w��wt`� clock trace� terminated�Clock trace

Þ«���1?t#���wt$� clock� terminationñ<�+��p6$�Ö

l�� clock trace�"�]6$Ö«r�â«+â��µ��ÖM<�~Æ´��

È1� clock trace¶�]p6$��u´HãN1 RFp�+�i
!À}ß!Ô

�âµ��2¡ït�Rï4w�Ø� PCBB�ÚLz¢ socket�

Socket�úãw¬oë=â���S?t�À}p���ú�°LdI/dt±��« RF

=L�+�?t¨À}ß��¨��é|pm�¼+©K�=âB1���=�ú

ã1 common-modep EMI7ï�

ý�V clock=�¶Âp traceË� clock generatorô��i
Ë�Zö!Ô trace�

Î¿�Ç��÷¢¼ clockô�p!Ô�#~Æ	µ��¼	µ�&ôý¾��

°top±component layerV#+ image layer°ground¨ power±ptp#2 microstrip

~Æ���(�¨��èÉ trace����¼ô��ý¨� solder side�lÞ�¡ï

(4.1)                
1

max
rt

f
×π

=
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tpAà¬²°¨"¡ït%@±	µ�

C��4�®#¨W°nFþW2"ï 100%å¦�±1<t�î��! clock=�

ôåî+�1w� trace°È1~Æ traceàðp`±�¼àÈ¨" RFn¤1�Êÿ

Í UHF¨"Þ�p¨4�È�1��"îå¼�YË+�1� �w���"<

�0�1w�ï¡ïtS41nF�x��¡ïtpw�¬�D�lhÚ�12!

���31 RF=Lw��!w�¬ý"<� dc=�pöÕ7ï��z{à«"+

!�t|1��Öh2 RF=Lw��nF�x�ñ2 RF=Lw��

]n÷L� 5MHz¨ clock edgesº 5nsv´��4 oscillator¡ïtÐ7ÖÑE�Y

Ð� crystal�]¥�ýØ=��¶���

�Þî  Sp��Öår^

2¡ït�Rï� clock­B=�� buffer�driverÛ�Ë��â+1ô���ÿp

B�¼+ô��1��ÿÁ�#+�°component layer±��Ê4w�7¡ït1w

�¬�È��!� ��w)²èp��ÿ�¼��ÿu´¨ïÍw�­*p²°

Êw)w�­*�@ÿãBûìÁ�°solder mask±�¼ô���ÿB�Solder mask

��â top layerVô���ÿtp�=�G��Ö�� sourceV groundpt¬Á

p RFÀ}�4�+ô���ÿp�W�y 4.1�

ç 4.1 b��åô�m

CLOCK
DRIVER

OSC

Clock-3
Clock-3Clock-2
Clock-1

í$=t6$�Ë�
>Íhw�Eí`

È1�Ypw�¬��
wß��ÿp� �

ô�¤pw��ÿ

w��ï�°Eí±

 Note 1�	µlÞ�� layer 1pô�¤��ÿ
 Note 2�É¶�! microstrip��lÞ� layer 2	µ��ô�

¤��ÿ°	µ�&ô�±
 Note 3�ô�¤��ÿ"+!Y�1­+��¤ solder mask�

� vias�wß��ÿ�Êwßw�­*
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Ð@a� clockô�p@ãô���ÿpû7�

♣ ¡ïtp��=��3 RF=L��à¡ït"Ø�nFxpm�! dc power pin

u´ñ]� dc=�öÕï7� RF=Lw���p4�_�¬G4p¡ïtp

lu°CMOS�TTL�ECL Û±�! RF =LñhðU�ÐÀÍw�¬¤�é�

12¼+ LdI/dt =L�§ßw�$�èà¼nFxâ«+ monotropic�µ�V

!Èh1w��ÿÉ"&r�?��1é�	¤�<�é�1?tÀ}��ï

RF=Lw��

♣ �à¡ït"dÿ���Y�Bÿ<�1c	��
�� SMT�Y+s�"¿

ÄåØ��àåØ���3 RF =L�?t^5<tmÐ�À}ß!Ô�Y�

��Í¡ïtpw�¬t|�PCB��pÏt|�tv RF ­Lpw��SMT

åØp�Y)��ºnF�x?t��1hf�

♣ �¡ït� clock=�p%@±Ë�+ô���ÿ�ñ<�+ ]�ÿÐ¢¦�

3Í¡ït����Âµ�B1 common-mode RF=L��Öñ�� RF?t�

¼+ô���ÿu´H" RFhf�Ïpô�°RF hot±�a12 differential-mode

p RF =LH�§ß¼ô���ÿ���Þ<��ù1�wßÓ-p��ÿ�

7ô���ÿ�layer l�ßèW�� ground planep� �ñ<��t|pw�

���a1N�¼ô���ÿp¯à�clock�3tµ�¨>h²xw�°­*±

p �̀Ð 360Hp� ��w~��w�Ð��!�wp�t|��àýÐ ground

trace���w1é�	'O1!�t|p��w�¶+���w~aë�#1�

"a1wK]pÕ����úãt|Öþ��wpä¯�

♣ ]�4ô���ÿ �́lÞ2 trace	µ�à�ÿm�¼�'O ]�ÿpäh�

�à trace��ô���ÿ���«w�±�=ï���ÿpl�[¤��+�

±����Ïn÷`�«�2�¬Ð�ayÖ�4ô���ÿõ>4 traceð'

O�K�

♣ �Âp­Bµ���Þ#hÍ¡ït�©v¼+ô���ÿÐ2­B=�å6

^��+sÖâ�+!¡ït�ï+! buffer�¼ buffer>"+LMv��fast-

edge-ratep�Y��a¼+�Ypý¤�RF=L	�"!Ìnp+���!Ð

+U�ëp=�âï�=Lù5~Æ trace��Su´���¶ common-mode

� differential-modep RF=L���=L	ñh�«ähBp�2� EMI p¤

�$}�

�ßî  ÓÛÒ�

� clock tracë àÞs+t|�Þà)�]p trace�ë�!VÈh�ÿpO&�4

±Ó¤°4.2±)°4.8±�à) microstrip¨" striplinep tracet|�èW1y�ø

� CADÓ¤ñÐð�Ð1a�à)�
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� microstrip ��DP�

d�p microstript|Uªa�

V5¤p microstript|Uªa�

¼` 60	K	65�¨"

¼`

�A�Ha�

¢Î"p=âa�

           L0=Z02C0                          (4.5)

¼`

Z0 = ý¤t|°ohms±
tpd = �A�H°ns/ft±
W = Tracep�ë°inches±
T = Tracep¦ë°inches±
H = ~Æ traceVöÕ�ÿpO&°inches±
B = �ep�=�¦ë
Er = �è"�p�=�G
C0 = ¢Î"p=rf
L0 = Tracep=â

B

W

H

T

TW

�=�írH (4.2)             
8.0
98.5

ln
414.1

87
0 







+







+Ε
=

TW

H

r
Z









+







+Ε
=

TW

H

r

K
Z

98.0

98.5
ln

2805.0
0

(4.3)             
8.0

98.5
ln

41.1'

87
0 







+







+Ε
=

TW

H

r
Z












 −Ε=Ε

H

B
e

55.1
-1r'

(4.4)              (ns/ft) 67.0475.0017.1 +Ε= rtpd
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� stripline ��DP�

â+ striplinept|phÿ�¤a�

Dual striplinept|phÿ�¤a�

¼`

Ð�

¨"

�A�Ha

¼`

Z0 = ý¤t|°ohms±
tpd = �A�H°ns/ft±
W = Tracep�ë°inches±
T = Tracep¦ë°inches±
H = ~Æ traceVöÕ�ÿpO&°inches±
B = �ep�=�¦ë

T

T

W A

A

D

B

W

T
H

(4.6)        
8.067.0

4
ln

60
0
























 +π








Ε
=

W

T
W

H

r
Z

ZY

YZ
Z

+
= 2

0







+π








Ε
=

)8.0(67.0
A8

ln
60

WTWr
Y







+π

+







Ε
=

)8.0(67.0

)(8
ln

60

WTW

DA

r
Z

(4.7)               
8.0

)2(9.1
ln

)(4
180

0 





+
+

Ε















++

−
=

TW

TA

r

TDA

A

Z

(4.8)                     017.1 rtpd Ε=
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A = TraceVw�¨=-�ÿtp�=�¦ë
Õr = �è"�p�=�G

d 4.1hà+ l0yà±U[p­+�� PCB��pt|�d 4.2�ë+Ï 35ôm

p"À tracept|�

Þ� clock trace��º��B��
+DGpt|�_�¨4plu�+s� 55)

75è�10%��à¶ð�1� �°¢! 1-3nH±�!��â�! tracept|��

Öñh�« EMI�ähBp�2�

Frequency (MHz) Skin Depth (cm) Impedance (è/sq)
1 6.6x10-3 0.00026
10 2.1x10-3 0.00082
100 6.6x10-4 0.00260
1000 2.1x10-4 0.00820

Ò 4.1 10çN���yÞâê

Ò 4.2 �.Þ PCB traceÞâê�

Impedancet|
W=1mm W=3mm

DC. 50Hz L=1cm L=3cm L=10cm L=30cm L=3cm L=10cm L=30cm
To 1kHz 6/8nè 28N� 68nè 281nè 6/8nè 2:nè 68nè

10 kHz 6/86nè 28/4nè 69nè 286nè 6/:nè 31nè 72nè

100 kHz 8/3nè 35nè :3nè 421nè 25nè 73nè 336nè

300 kHz 25/4nè 65nè 336nè 911nè 51nè 286nè 771nè

1 MHz 55nè 284nè 841è 3/7è 1/24è 1/6:è 3/3è

3 MHz 1/24nè 1/63è 3/28è 8/9è 1/4:è 2/86è 7/6è

10 MHz 1/55nè 2/8è 8/4è 37è 2/4è 6/:è 33è

30 MHz 2/4è 6/3è 32/8è 89è 4/:è 28/6è 76è

100 MHz 5/5è 28è 84è 371è 24è 6:è 331è

300 MHz 24è 63è 328è 4:è 286è

1 GHz 55è 281è 241è

�àî  ù î§ Propagation Delay

�A�H"�µ¢âïoëp=rfp$G�¼=rf>"�=�G��µ�ë�

traceV ]�ÿtpÏë1$G�Ð G-l0pr�ÜBè°Õr
5.0±Bp microstrip

�µa��!�A�Ha 1.77ns/ft�Ð FR-4��°Õr
4.6±BpV5¤ microstrip

W : Tracep�ë

L : Tracepoë

35ôm°Tracep¦ë±
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00CLtpd =

(4.9)               1'
0C

C
tt

d
pdpd +=

�µÖâ�!�A�Ha 1.72ns/ft°0.143ns/incḧ 0.36ns/cm±�È�c4°4.4±�

°4.8±à)�A�H�

�áî  �Ñ�Ch

=r¤A5ä	��| Tracept|�¼+A5ä	M�_ gatep loadingúãÖ

úã�+�Aµp<	�A�Hs a�

É+�µB�àpä	a Cd°å�¬¶1ä	p=rã¦�±��¼+�AµB¬

úãp�A�Ha@¤�

���×{+~Æ��¶ 5! CMOSä	�¢!¶ l0pF=rf°�e 50pF=Cd±�

+sp 50èý¤t|°tr=1.77ns/ft±r�ÜB=�èBp 50è stripline�� 25mil�

!=r�a C0=35��%%õp�A�Ha�

ñÐ�Ú"�~Æ�ºz�¬CZ1´�¡ 2.75ns/fti)�>1��

� gatep loading�â�¼�Aµpý¤t| Zbü�â«a�

¼`

Z0 = :cp��µt| ( ohms )
Zb = %%õp��µt|( ohms )
Cd = A5$p gate=rf
C0 = ��µpý¤=rf

��êp�Wà)

�¢+! ECLA5$p"À=r�Cda 5pF��CMOSa 10pF�� TTLa l0-l5pF�

"Àp C0�a 2-2.5pF/inch�:��� �H�úãà�	=rf°:�
2pF�

(4.10)              75.2
35
50

177.1' ftnsftnst pd =+=

(4.11)                    

1
0

0

C

C

Z
Z

d
b

+
=

Ω=
+

= 32

35

50
1

50
bZ
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� �
0.3-0.8pF)�S)

C0ñÐ4@¤à)

¼+ãä	p�A�Hp���Þ4�¬s¼+ trace"!�Ð�Aµ�Õ�p�

°Transmission line�2�t’ pd�traceoë¿tr¨ tf�tr�rise time�tf�fall time±�

�âî  O�Ü DeCoupling

Clockp=��Y¨ÞÐ=rt� RFðÀ}��"�a�3Þ���Yp�Dhf

�ù5=-�w��ÿ���hf���ß!Ô=�¨WÓ-�n« common-mode

¨ differential-modep RF noise�¼Ì2b�#?µ<à���¼�á�1�õp�

¾�lup¨4�ñhu´ÁÞ�p�°tantalum±¨ÏnâA¯� ( ceramic

monolithic)pUÀ=r��Ê�âA=rp+¡n÷¨ÏÍÁÞ�+p clock+��

"ÀB��Í=�p edge rate� 2nsÐ@pñ}G4+¡n÷� 10ß 30MHzp=

r�U�p PCBp+¡n÷� 200ß 400MHzp¤î��]1G�ðÀ}=r�

fãBÕ� PCBp+¡n÷�ñ<��ã1 EMI�+��#?µ1d 3.1� 3.2�

�W{Àw¬�?t#Àw¬=r"ð¶41�dÿ���Y���[pw¬=â�

�D¶ l00
ÐBp+¡n÷�1�=Þ=r�ÏnðÀ}p¯÷�����}4

�=-WÓ-�=-µÀ��

�¬¶p clockô�È1 bypass=r�kÞfã�]1ÏnðÀ}=r��¬¶ù

Þ1 clockp+��à)!¬Á�+ RFhfp=rtU[�¬G�p=rt!+

¡n÷ÞUÍ¬Á�+p clock+��+sÕ�) clockn÷p#v»+��	�±

Ó¤°4.13±�à)ðÀ}=rtp=r¤=|°capacitive reactance�self-reactance

frequency in ohms±�

¼`

Xc = =r¤=|°ohms )
f = +¡n÷

C = =r�

0

0
00           

C

L
ZCLt bpd == Ð�

(4.12)               1000
0

lengthpF
Z

t
C

pd
b 






=

(4.13)               
fC2

1
Xc

π
=
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�ãî  TraceÏÎJ

� Layoutp�Ó�]Þ­Ë�4 clock¨LZ~Æp�Yï�´�ó�ï��!ñ

�)ÈÍoë�4µ����È�� �G�� ��úã tracep=â°1-3nH/¢

!�±�� trace1=â��«~Æäh´�p}�� RF?t�] clock~Æp edge

rateKÏ´���{àBpÞ£	KéSùÞ�É+ clock¨+LZ~ÆÞU+	

µ�)ü+��¼ K�¨�4�Ypw¬�Ð��0�p� ��Öþ� trace

=â�

d 4.3hà1 32mm�1 tracept|��¼G�Vd 4.1lu�a tracep�ël

+L�

Impedance at Various LengthsFrequency MHz
1” 2” 10”

1 0.13 0.38 1.25
10 1.25 3.75 12.5
100 12.5 37.5 125.0

Ò 4.3 32mm�1/8”�v traceÞâê

� I/O�Y°¨�wt±uh 2y�pZöLZ~Æ¨ clock! edge ratë �Í 10ns�

�aU�]p I/O=�°serial�parallel�audioÛÛ±+s�a�¬p=��� I/O

�Y°¨�wt±uh 3y�pZöLZ~Æ¨ clockp edge ratë Í 5nsV 10ns

pt��É"¶�4�Ê6Ä�ñl9¼û��"�aÉ�4=-Iw��ÿ�Ê

�6&ñû·!Ôô��3p RF=L^5 I/Oô��{àp6�>Q�aû·L

Z~Æ�3p RF=L^5 I/O=��

ü+��:�Ìz &ORFN#ÑÔ;ÍM"¶¯1�traceKo��3 RF=L1ñh

¤	KÏ�H	�«1K�1 RFhf�	�Clock trace�ÁÞ terminateÐi
î

��RF=Lp�3��a"� terminatepµ�¶�tpü=�ÀEMI1Ç3�Clock

u´Hñh�î�pÇ3Ö�Àähl%D�

î�"�~Æp�t� tracet|l�»Ö�«1����t�þ�~Æ´�wß

�Àäh�D���ïp�Ip��!ñh�ãU¨�[�6Ö� clockâ«¤¯�

�¼ÞÐ�Aµûõ�Õ�pÐi
�tp�«�

�äî  ÓÛï�-÷Ó

]~Æp edgeâS�v´��ÁÞÕ�)¼��p�A��t�H��à7 source

ß loadp�A´tUÍ edgé t1é��Þ.¼a+È=¤B1o traceÉ�¼+È=

¤B1o traceÉ}ñh�«ähBp�2�å�íÏ�î���t��o1��´�
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EMI1Õ��D"­�ähÕ�põ1���¼+o trace���¶¡ïpü=�

}ñ4��¨àÈp±¤2�3p EMIhf�Èð�èà"¼Ó-ñh�� source

ß loadtt|pl�»Ö�äh�D�] edgé tþ�A´t1UÍ�º´��

31�t	��«~Æ´�� EMC1�21�Þ¬¼+�t�2�®o edgé t

¨"
Íä	�YtpO&�¨"4���1�#	µÊ¶�%�1 termination�

y 4.2Bàñh�3plun¤p~Æ�t#	�] trace¶��p6$ �́7 source

ß load�A1"+�61~Æg���y 4.2a�l�¶ overshoot�undershoot�¨

�t�3�ûõB���"¬h�31È�#	��¾B�¼+Í�pÍÓãp~

Æý�ûã#	m����¾1�Y�"�¶+�î�p�3��Aà�D=Rï

!ê	zûã�Yp��

�y 4.2bm�¬Ba�+=¤Bo1 tracepä	1A5$�¬�)pî�ü=

°overshoot� undershoot±��Íäùp undershoot��Sä	��aÈ0É7ïÖ

Q�1�Çp�¼Q�1�Ç�Ö�«=�p�ï���à~Æ1oë��Í�A

�H´ta�o1é��t��Ç3����t�����_� clock� driverp

n÷� edge rateplu�~Æp�ïñh"�ã¨���lõ�ã¨���èà�

ñh��3î���|)Ó-p%Däh�%�1 terminationñ.¯~��lÞ1

hfÖi
�3î��

ç 4.2 Trace°�\p�w

�y 4.2cm��"Ç3�" termination~Æµp source$pü=��{p�t

°backward reflection±�§¦ noise marginþ���m)¬ÁÞ1~Æ´��]�

{p�tÇ3 �́%D��¬Áp edge ratep�÷�oþ�ß�¬p´t�¼+ clock

p´�þ�ñh�U)�| PCBB!Ôpäh�¬Áp�ë�timingÛÛ��p�

«ähþ�ß¤�ï��

²¶ termination�
ä	$p�t�
Undershoot�þ�
noise margin�§
¦Q��Ç

(a) ûã� (b) ä	$ (c) source$

¶ terminationp
~Æµ
Z=Z0

� source$p�{
�t�þ� noise
margin�þ�ÈU
ñ�zp clock�
÷
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�ö¬s+ trace"!aÌ=¤Bpo traceÍ�@+�¶Î�14ê�

�åî  ?� traceÏÎJ

×{� tracep"À�A�ëa`�p 60%�	C±Ó¤°4.14±à)ÈUñ�zp

"6$�Aµoë�¼±Ó¤"	�×{��p�A�HÛÍ~Æp�¦´t�

¼`  t’pd = �A�H�tr = B�´t°ns±�Lmax = oë°cm±

y 4.3ÐyÞ±¤Þ)¼±Ó¤�

ç 4.3 6Ã�¤�Þ#ÝYú�;ì4Þ edge rate

Ð±Ó¤°4.4±�°4.8±�á�±Ó¤°4.14±�S)±Ó¤°4.15±�°4.16±h

à"6$pÈo=¤oë�

        Lmax = 9×tr   °for microstrip���±          °4.15±

        Lmax = 7×tr   °for stripline���)             °4.16±

����à~Æ edgea 2ns�Ð microstrip	µpÈU"6$oëa�

        Lmax = 9×tr=18cm

ÉÐ stripline	µpÈU"6$oëa�

        Lmax = 7×tr=14cm

É traceº LmaxÞo��¨�4 termination°�ä	$±Ðû·�tpÇ3��+

���wµp/zoë

0 0.25 0.5 1 5 10 15 20

100

200

300

È
U
o
ë
²
�
�
³

n�úã�MHz

B�´t°ns±

(4.14)               
'2

max
pd

r

t

t
L =
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t|l�»po�AµBÇ3pî�ñh��À=�l%D¨"�3 RF=L��

�¶Ü�1 termination�� traceB}¥��� RF=L��4+í$=t°� source

$±�· clockp edge rate�ñ�� traceBp RF=L�û·�t�î���t|

�»��� overshoot� undershootÐ�þ�¬�3p RFhf�

�à¨�Þ¶+º=¤B1o trace6¶ clockp edge ratevÍ 3ns�ÞÅ��Aµ

~l��¼ trace	µ��¼Ð��î���t�ñ�
 tracepPst|�ûãB�

tracept|¨�
��10%p���,��W��bÒ2Õ��¼��>pâ�f

� tracet|p�|��20ß 30%M"ñÐw91�tracep�ë�� ]�ÿBp

Ïë��=�G�microstrip¨ stripline±¤pöG����H¬s tracept|°±

Ó¤°4.2±ß°4.8±±��¬¶LZ~Æ� clock~Æ�)�Þ�
Pspt|�

ü�+�Ðý¤t|��A�H�Ð�=r¤ä	��¬s~Æµp6$pG�±

Ó¤�ê�@��« Microstrip� Stripline�±ÿ�

�Ýç  Microstrip

�2�5yo1dÿ microstrip trace�B¶ 5ns edge ratep~Æ��à��B�	

¶ 6!ä	°ä@�Y±�¢!�YpA5=ra 6pF��¼��BÁÞ

termination̄ �

trace�ë W=0.010y

��ÿBpÏë H=0.012y

tracep¦ë T=0.002y

�=�G Õr=4.7

A��4±Ó¤°4.2±�°4.4±à)ý¤t|��A�H�

B��ë=r¤ä	

à)�	=rf Cd°¼��oëp�=rf±

   Cd = 6�Cd/trace length = °6�6Pf±/5in = 7.2pF/in

Ð±Ó¤°4.12±à) tracep!�=r°intrinsic capacitance±C0

   C0 = tpd/Z0 = 1.73/69.4 = 2.08pF/in

Ð±Ó¤°4.9±à)âÓp�A�H

C�^é�Aµ�ë

Ω=






+×
×








+
=







+×
×








+Ε
= 4.69

2108.0

1298.5
ln

41.17.4

87

8.0

98.5
ln

41.1

87
0

TW

H
Z

r

)144.0(73.167.0475.0017.1 innsftnst rpd =+Ε=

)65.3(30.0
08.2

2.7
1144.01'

0
ftnsinns

C

C
tt

d
pdpd =+=+=
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] edge�A´î���tño�b~�É"

     2�t’ pd�trace length	tr¨ tf
�¼�m�

     2�t’ pd�trace length=2�0.30ns/in�5in=3.00ns

¬ïr1 edge rate"a tr = tf = 5ns�Ö�A�H°3.00	5±��¼lÁÞ termination�

¶´a�`¦à��{sa°3�t’ pd�trace length±Ð���Up margin��¼#

	@��A�Ha 4.5ns��¼�}¥lÁÞ termination�

�2�×{ü� trace"Ð stripline±¤	µ�ÁÞ termination¯�

7ÐBpà)�

    2�t’ pd �trace length=2�0.35ns/in�5in =3.50ns

�¼�¼ tracelÁÞ termination��a 3.50	5ns���A�Ho1 0.50ns��"

�a! tpd�UÍ microstripp��

�Þç  �ChÏ stripline

�2�10yo1 stripline trace�B¶ 2ns edge ratep~Æ��à��B�	¶ 5!

ä	°ä@�Y±�¢!�YpA5=ra 12pF��¼��BÁÞ termination

¯�

trace�ë W=0.010y

��ÿBpÏë B=0.012y

tracep¦ë T=0.0014y

�=�G Õr=4.6

A��4±Ó¤°4.6±�°4.8±à)ý¤t|��A�H�

B��ë=r¤ä	

à)�	=rf Cd°¼��oëp�=rf±

      Cd = 6�Cd/trace length =°6�12pF±/10in = 7.2pF/in

à) tracep!�=r°intrinsic capacitance±C0

)28.4(35.01'

)(7.2  

)35(75.24.6918.0

18.02.2017.1

0

00

ftnsinnsCCtt

inpFC

ftpFinpFZtC

ftnsftnst

dpdpd

d

pd

rpd

=+=

=
===

==Ε×=

uB

Ω=























 +×π

×





=
























 +×π

×







Ε
= 7.50

6
4.1

8.0667.0

204
ln

6.4

60

8.067.0

4
ln

60
0

W

T
W

B
Z

r

)182.0(18.2017.1 innsftnst rpd =Ε=
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      C0 = tpd/Z0 = 0.182/50.7 = 3.58pF/in°43.0pF/ft±

à)âÓp�A�H

C�^é�Aµ�ë

¬¶1ùÞ�>"�2�t’ pd�trace length	tr¨ tf
�¼�m�

     2�t’ pd�trace length=2�0.32ns/in�10in=6.32ns

¬ïr1 edge rate"a tr = tf = 2ns�Ö�A�H°6.32
2±��¼ÁÞ termination�

�.¯�Aµ¯¨�

�2�×{ü� trace"Ð microstrip±¤	µ�ÁÞ termination̄ �

7ÐBpà)�

    2�t’ pd�trace length=2�0.26ns/in�10in =5.20ns

�¼�¼ traceÁÞ termination��a 5.20ns
2ns�

�ÝÜî  h�j Routing Layers
{àCDÞÕ�1�2" clock¨\Z~Æp	µÞè�L+��¼Ê~Æ¨	µ

���â+�ÿ¨"�#Íâ+ ]�ÿp�!�ÿ��y 4.4��G�	µ�´

¶?�Þùà�n4L���	µ�o�¬Gsp�t�l�p�
Ps tracet|�

�Ð@�õp�

�Ýç  h�j Routing layers

1. �à�4í$6$=t�4w2=t�w)�Yp¬ïÖlÞ�!mtË��

 ��2=tË� top side4w��YAà¬1²°��=tpõw+� �

ß��p stripline���#p ]�ÿÐ��ÿ�Í=-�ÿ��a��ÿ�

RF=L¶��p flux cancellation̄ à�

2. ���¨���èÖâ�lÞ2 Clock trace	µ���°M����ÿ�=-

�ÿp@±�èW1@ê�°�m�p��ÿ�=-�ÿÐ@±�D"�ïU1

~ÆªL�� I/O=���¼+�iô�mp~Æ´�ñh����Ï�~Æ

°v� edge± Ë�!mÖ'Op�Ê]2 trace	µ)�@�´�tracep�	

=r��â��Ö�|)äh��«~Æp[þ�

)79.3(23.0
3.58

2.7
1144.01'

0
ftnsinns

C

C
tt

d
pdpd =+=+=

)19.3(26.01'

)(7.2  

)33(76.27.5014.0

72.114.067.0017.1

0

00

ftnsinnsCCtt

inpFC

ftpFinpFZtC

ftnsftnst

dpdpd

d

pd

rpd

=+=

=
===

==+Ε×=

uB
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3. Éz��)�
Pspt|���� �p�4G>�tracep?tl�ºuW

µ��Ö]Õ�=ñ E�� ]�ÿpÂ����fMhãÈ�

ç 4.4 Clockì4Þw#y

����ÿ�t°PCB±��3 EMI�2p?�ü=�ê�@�1Þ)����¶

�ÍÞ¬ PCBp EMI�+�2�

1. ��t�lp clock traceÐ�� ��«p ]�ÿpl�[¤�

2. 7Í�Yótu´�ª�«� ]�ÿBU1�Î�á=L�

Source=t

~Æ�°½�±
~Æ�°¿4±

~Æ�
 ]�ÿ�

 ]�ÿ�
~Æ�

Clock	µpÈ� stripline±¤°e 2!� �±

`$ termination=t

Source=t

~Æ�°½�±
~Æ�°¿4±

~Æ�
 ]�ÿ�

 ]�ÿ�
~Æ�

Clock	µxñp stripline±¤°e 4!� �±

`$ termination=t

Source=t

~Æ�°½�±
~Æ�°¿4±

~Æ�
 ]�ÿ�

 ]�ÿ�
 ]�ÿ�

~Æ�
 ]�ÿ�

~Æ�

~Æ�

�èWü+ÿp`$ termination=t

Clock	µpÈ�±¤°e 4!� �±�¼
±¤�«ÈU1� �G>��t�l��
�C¨�!���
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3. �� �pé#îiô�°annular keep-out region±p�fþ�°flux loss±�É

#EU 3-W Rule1é�°TraceV� �p�6O&��EU 3-Wu��¼ 3-

Wu��� 4.16�õp±

�4 Microstrip¨" Stripline�� clock	µp���R��y 4.5� 4.6��@�

õp�

♣ ���Microstrip�¼�	µ���z�v� edge~Æ�Èv1�A��a¼�

èÌ� traceV ]�ÿpt¶��1�	=r��Ö�)��p�A�H�=

r��S clock edge�·I¨"�¬�	µ���°Microstrip±päÿ�|"

Ç3� traceB1 RFhfñh�ÐÍ?tàð��Ö�«¤��� EMI u¤À

í��"7Í� traceV#+!�ÿt�RÎ RF=Lp flux cancellationp��

¼�ÌRÎ RF=Lp flux cancellation Í"7Ínéå� �p±g�fá�

Ð�oV�# tracetp9/À}�

ç 4.5 >Microstrip � Clockw#

♣ ���Stripline�¼	µ±¤� common-mode RF=Lp��Èa¶���"�

a!�# ]�ÿp¯¨�2 Clock 4 stripline 	µ��«�Up~Æ�A�

H��a¼±¤p�	=r�U���¼=rk"ð[��÷��¶�� nsp

edgep clock ~Æk"�o��=r¯¨�|Ö���¼�±¤p��"U�

G�3� tracetp RFhf�o�� ]�ÿ¬¢¦��Ö�Shfoû+�

èW��Öl�?tàð¨À}ß!Ô=��

¥ÖÞùà1+�"�=��Y1?t�l�oãÈ���Y}¥"ïÍ���ÿ

1�ÿ��U�Gp¨4m��YË�pô�Ì��ÌÞ RFhf1-p�ý�"

�Í ��Y�"�¼�!�Þ�Y!êp?tñÐ"ðU1�

ç��� >6WULSOLQH�&ORFNw#

ïÍ·�p~Æ trace

?t RFhf

Cd°�	=r±3-WtO
 ]�ÿ

ïÍ��ptp~Æ trace

¤?t RFhf
bo�� ]�ÿ¬¢¦

Cd °�	=r±
 ]�ÿ

Cd °�	=r±
 ]�ÿ
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�Þç  jÓaË--âÿýÏk�

]�� clock¨v�~Æ�	µ´��D�ÁÞ2 trace� ßü+	µ��ÿ°X

W{±¥õ>� ßü+	µ�ÿ�°Y W{±�¼+yB�y 4.4p��	µ±¤

m�+s����à¢º trace��#Í+ ]�ÿ����º��Bp common-mode

RF=LñÐ¶+9/1À}��¾B�¼×{¶�]"l%�1�

öC#2µ ]�ÿ�y 2.22�ùà)�]~Æ trace7+��)ü+��RF±g

=L¨àÞÿ_à tracep���]�� ]�ÿ´�RF=L���È[t|p�

�îg�� striplinep	µ±¤@�îg=L"�A�	��#Í	µ�p�! 

]�ÿB�

ËpÚ5¡õ¥�+��éyM�-¢�éy"��Õ«º�rãºpÚ��"�

a� trace� �`pl�[¤�îg=L¼´��Þü�+º�t|pYÖ��

ÐY«!³Ó�¼+YÖ��ñhl��#�� �puh��p��¼ traceB

p RF=L�À}ß!Ô=��Ö�« EMI¨" Crosstalkp�2��Ï��´�4

� ��"Þ�ãÕ��

Þ���ÞÍ�t�l�3p EMI�í��2�Ð@p{à~�"¶¯1�

♣ 2 clock�v�â�p~Æý�â+~Æ�	µ�à� X W� Y W��u+�

ÿ�°¼±¤�o CAD	µ3I¬´ê��!�Sêlñh�4 autorouting±

♣ �s�	µ�¶+�#pY�w��ÿ�Ê� traceB²¶�� ��«pl

�[¤���¼+w��ÿ"�a X W� Y W�ÿp ]�ÿ�Ê4w	�à

�ÿpB@�

♣ É�+Ï�¨ clock ~Æ�SÞ4� ��½�ÿ�¿4ÿpt�l�¨Þ�

¢+!� �²°Ë�+!w�� ��

Öåâÿýù��*û�Öë�,��Ý%âÿýÏâÿýõw�� �"� PCB

¶��w��´�4�¼� ��w)w��ÿ��a~Æ�l=Lp ]�ÿp

4�!�4a�~Æ tracep� �ï�2w��ÿw�+¦�É�¢+!~Æ�

 �ï��4�!w�� ��ñ�) ]�ÿpY�¤��S��º trace�ñ

À}!îg=L°M��� �ìE+! ]�ÿ±�

�ÝÝî  Ç@`è/_�`è Guard/Shunt

Traces

ñ4há��7Aà$°source±ßA5$°destination±�éå clock�LZ~Æ�
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«�~Æ�¨Ï�â�pÓ-~Æ��$��"+�~Æ trace%B°@±±�Ê

ô_à~Æ trace©K PCBp trace�há����$���C�auL1¨4�4

���R��	CähB��{àCpÞ£�ñ�4!mp+¨���há��4

Í��èBpåî~Æé�ô�ý�¶¯�� microstrip¨" striplinep¨4B�

EU 3-W���ñ�)�]p�f°z°flux boundary±�¯à�Íhá��p�

4�

 ¶Y�w��ÿp PCB�!ê���3 common-mode=L��"�a=L�Ç

3�w��ÿ"�°­±p¶û=â°t|±B�¼=â�«=ïªë�z� �

�È�'�=�°ground-noise voltage±É�¼=�°M a ground shift±Ð�!�

=��ÿB�3puÛï���a=�èB comnon-mode EMIpÈU�-�¼+=

ïªë��«+[�]p~Æ=L�7'K=rL)w��ÿð�yÞ�y 4.7m�

!mp

hà�@�

Ls = ~Æ��p partial self-inductance°Þâ±
Msg = �~Æ���w��ÿtp partial mutual-inductance°uâ±

Lg = w��ÿp partial self-inductance°Þâ±
Mgs = �w��ÿ�~Æ��tp partial mutual-inductance°uâ±

Cstray = w��ÿp distributed stray capacitance°�	L�=r±
Vgnd = w��ÿp'�=�

�4±Ó¤°4.18±�à)�'�=� Vgnd

ç 4.7 åô�mÞ«oI�ç

¿þ�d�p�'�=���úã traceV!Èhp ]�ÿpuâf��Lñ<

�0�p��ï~Æ±g=LÐ�)!-p�

+s���common-mode=LpU[�Í differential-mode=L��»±°several

orders of magnitude±�Þùà1" common-mode=L"� differential-mode switching

Ö�31�Êl�Âã�¥Ö�eS=L°I1� Icm±��3º�S=L°I1� Idm±

It

Vs
Ls

I1

Z�

Msg

Cstray

Lg Idm

Icm

MgsIt

Vgnd
w��ÿ

~Æ��

(4.18)                
12

dt

dI
M

dt

dI
LV gsggnd −=
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�Ï1?t��"�aeS RF=LñN��ã�Ö�S=Lñ�u�Âã�#2

µpy 2.19ñÞ)¼��

Þþ� It=L���Þþ��'�=�°Ground-Noise Voltage±�È�1D�ñ�

7þ�~Æ traceV��ÿtp�6O&Ö�«��"�U�Gpc	p@��"

l�ñh�)1��a~Æ�ÿVw��ÿpt6¶+s1uÑ�Ð��
=�è

Pspt|���±Ó¤°4.2±ß°4.8±¬B��¼��Í¼��ÿtpO&¶

!+spû+�ü+±¤�ñ�7<�+0�p��ï RF=L�Öþ��'�=

��¼+0�p��	7 Guard� Shunt Trace�<��

Guard� Shunt Traceñ4�<�+0�pîg��ïeS=L�É"�ÍÏâ�÷

trace¨"Ït| tracep²�ý¶ Guard traceñ<�0�pîg��Ö�Í ]�

ÿ�~Æ traceV Guard tracetpO&�¨�)3�¬h�)1ÈhO&��+s

p¨4 Guard trace� Shunt Trace"Å�u4�<�0�pîg���¼+ Guard

� Shunt Tracep��h0�@�

1. Nð�� 3-W rule�ñ0��û·�Ïr`~ÆV!#h�Y¨ tracet�3í

�pü=

2. û·eS RFÀ}ü=Ç3�Ïr`~Æ°[�ëp trace±V!Ô=� tracep

t�

3. <�+0�p�t|ÈYÖîg��ÉÐ�����Í ]�ÿp RFeS=

L�¼+¯à� Shunt TraceB�Í Guard trace

4. ñ�«+Ü�t|s+�ÐuWµp�Aµ¯à��y 4.8�!u´�

4 Guard trace� Shunt Trace�

ç 4.8 Shunt traces

Guard trace4�â�¨(�è°²¶=-�w��ÿ±B¯àÈ��RFÀ}�ö

7=r�=â°6uâ±±¤Ç3�~Æ traceÐ�+Y��ÿt��Ö�ÈeS

=L�ñ]û~Æ'(±gpé�ô�� ]�ÿ�ñ���îg=L<�9/p

À}��â�¨(�è²¶��Y��ÿ��ÖÞÐ!�±�<�¼+öÕ trace°RF

=Lpîg��±�

���è°��¨ÐB±B Shunt tracep¯àÈ��Shunt traceÐ?Ô�H¨±¤

~Æµ

0.018”

0.018”

0.006”~Æµ

Shunt Trace

Shunt Trace

·.yá.y

Shunt Trace

Guard Trace



                         �Ë (0&��Ôê®�(�+�
Printed Circuit Board Design Techniques for EMC Compliance

3DJH ��

2Ïr`~ÆH��!w�öÕ-pt°+! Shunt trace�+! ]�ÿ±��4 Shunt

trace p��"�ÞÍ�=LýL�­+d�pÜÅ¯¨B��¶�fp=LL�

tracepm¨�]�#2µ¶�á2p�õ�y 4.8 mñ�)Ë� Shunt trace�~Æ

tracepB@h�<�0�1À}¯à�

y 4.8m��¼�4}�«"U+!%Wm��ð�+º~Æµ!B@�åî��

=ï1 Shunt tracë "�ÿ�]V Guard trace�4��«+ÊÿÍuW�Aµp4

}�uW�Aµ�!�!��B�ñ�
Pst|�¼���û·eS=LÐ� EMI

�31u´�~Æ´�HãN1�

É"¾�Íû·í�1Þ£B�Guard trace"+��1G��Guard trace��S 3-

W��+s�oE��� clock�LZ~ÆV!�#p~Æ trace¨"�7ïpÊº

�Ypt��Ö	]ûð?tpÀ}1�

]�+��èB�4 Shunt tracé �2!Ë��4w¿4�#ÍÏr`~Æ���

Ê� Shunt tracep�$2!�wß��ÿ��� Shunt tracemlñ¶<P�!m�

ý�"7� �¬n«1����4�]�� stripline	µ��#´�Þùà��

¼ Shunt trace1�ëß�Þ�
Í Shunt traceV~Æ tracetp�6O&�ãB+

�0�1� ��w)��ÿ¶�Í�È���¼ Shunt traceB1K�=L���

��¾��B¶:Ä�¶��WB�Ï"lñh��¼��<à��õ�

]� Shunt tracew�´�¶+!¶
1ü=��¶+ LC+¡�3°L�ÞÍ trace

Ö C�ÞÍ traceV�ÿtp�	=r±�_!w��wpO&lu�ñh�3+�

2p+¡t|��à¶Z+ clockp+�~Æµ�¼+¡n÷p��¼+ RF=L

p�+�âSzD:Ä��Ç=�è	â«]"Çtt+L�É"�ü=Ç3�ñ

� Shunt traceúã+�w��w�wß ground plane��â�6pO&Ðã�¼+

¡n÷��!lÞ%� clockp+��

]�4 Guard tracé �cfÐñhy�1�ûÓë��� Guard traceV~Æ trace

t1O&�¼+�6Oa����º traceB�
Ps�¼�6p�	=rf"È

�1�Ö!ñ�+�¶ðUp��¯à��"�a~Æ trace�!�w��ÿBp

Ïëpº��[Í7Ïr`~Æ traceÀ}ß Guard tracep RF=Lp��º��2

Guard tracep�$w�°-p�ä	$±��y 4.9�2w��cñh1>h�ï�

YÐ�#$���à	µpoëðo���4��p� ��� Guard tracep°´�

�wß��ÿ�

lÞ2��w��w�Ð� ¨ÛO&�	� Guard traceB��LÚ�¶¾@��

a¼+oë�<�+YÖp�t|��ïeS=L�) ]�ÿ�É�" clock+

��op
G�¼ LdI/dt=Lñh��Àe¡ü=pÇ3°_n÷� edge rateÖs±�

�Ö� traceâ« intermodulateÖ�«ähBp�2Ð��3 RF?t�U�]p#
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	�É traceoëÍÍÌnpó/20��l�9) traceV ground planetpeS RF

=Lp�|�

] Guard trace�� �¨ ��Yw¬t��	µ��B�ÐßÍÞº�&r~Æ

��1é�K�½v"õÞE��)%u��B�ê�lÞË�Zößë�~Æ trace

V! Guard tracept

]�ºÐBp~Æ trace�é´�!ñÐ��+eup Guard trace��È�ý"+

[D����y 4.9¬B��}¨cfi
¼#	pÇ3���#	"�Í differential

¨"«�°paired±p~Æ�

�*��ÞNó1+�"�Guard traceÌÞ"¾�Íâ��(�èÖ41����

èp microstrip¨ striplineèÌ@�3-W��¬�«p flux boundarybéÐ<��

Í Guard tracep¯à1�

ç 4.9 Guard Traces

�ÝÞî  Lb Crosstalk

� PCBp tracet�¶í�pü=Ç3���lCZü=z�Ç3� clock�LZ

wß��ÿ��tw
�p� �

Guard trace

Clock trace

�,+�ÿp clock trace
�7� �ßü+�ÿ
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~ÆB�H�Ç3�G��ï?µ�s+µ��Aà5µpB�

í�ü=+s"ÐähB1Õ�°~Æ´�±aÌ�!�3 tracetpe«ü=�

Ï�~Æ�Êº=���!ÔÏr`~Æ�ñh�â¨Þ!Ô=�pí�ü=Öo

'O�����Ï�p~Æ traceñh�À}ß��� trace¨!Ô�â=��§¦

EMI�ähB1�2����ñh�3 EMIp=�H�z�à1À}! RFhfß

I/O=����À}��À���?t EMI�]àß�z¨!ÔWÓ-�«ähB

p�|�y 4.10mÞ)í�p�3�!�#=��

ç 4.10 [qj« Crosstalk

�fí�1âï" dBx��"�aöÕï7�l"+ê�ä÷7ï�öÕï7"7

e«-=�ß9m=� 90dBpÀ}� �èà�¼+�fâïéB1"UÍ 90dB

1í�À}f¶���¼+Â�¤�±Ó¤°4.19±¬B�

          dBx = 90-°í�À}fp dBU[±       °4.19±

���=� BÀ})=� A�=� A ¶� 58dBp��ä÷7ï��7=� Bß A

pí�a 32dBx�

]4�-p�9m=�´�í�u´ñ4±Ó¤°4.20±dB�

-p=�

9m=�

9m=�

-p=�

C

C

L

Vs

�

Zs
(-p)

Zs

(9mC)

-p=�

9m=� Csv

=â¤À}

ZL

(9mC)

Cvg

Csg
ZL

(-p)

Csv=-p trace�9mC tracetp=r

Cvg=9mC traceV�ptp=r
Csg=-p traceV�ptp=r

)()(

)()(

vLvs

vLvs
v

ZZ

ZZ
Z

+
×=
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í�Ç3��ép tracetpuâ�=r�+º trace°-p±â¨! RF=�p+s

º�ßü+º trace°9mC±�] trace>SKh´�¬�3pí�7ïKÏ�í�

u´H%ºÍn÷°¨"~Æpv� edge rate±��9m=�pt|�

�4 3-W7�ñ�) PCB{àpÞ£Q7��ÖñlÁ�4 guard tracep±¤�

�à�â�¨(�è�¤��4 guard tracé ,�3-W7�	ðùÞ1�a1Þ��

traceV~ÆtpÀ}ü=�3-W7��ÌtraceâÞ÷¤½��ø 3{; traceÞv

Y�¥ú� traceÞÛ�#ÔMÛ�#Í�3-W7��!µõÿ�á2�õ�

�LZ~Æ¨ clock~Æ�¨cf$} 3-W7��ý�" differential pair traces°�

�µ��ECL�ÛÛ±�=-�ÿp'��À}ß«�p trace��í�Ö�À�A

~Æp���� I/Oô��]�¢+��RÎ­+�´°��Ê¨6&±�Þ��é

trace�	µ´�¶ü+YÖ±¤�!�) 3-W��#vµ��õp�

ü+��í�p±�"�	µ´cf��!�époë�ý�"�Ío1 clock~

ÆÐ�Ï��éªL�èÌ�2�º�ép trace�r�¢�é+y�Þ¶ 2milsp

�6O&°�é2ya 4mils±�

� microstripp trace#	��4d 4.4�¬s��6pO&ÐãÈí����4d

4.4´�ùà)¼+dÑ"Ð Rv(total)
100è�oëa+��p traceÖâ��lu

p Rv�%%a 20log[(Rv�1cm)/100]��Í²¶w��ÿp#	!ÈUa 4dB�Ö

�ÍW/h=lp#	!ÈU*+�-10dB�� stripline�����ãB 4dB��Í!Ô

1 Rv(total)��4d 4.4 <�1±Ó¤�

Ò 4.4 «à�[q.ëÞ÷¤½�°Ð Tracep Rv(total)
100è�oëa+��±

W/h=3
(C1,C2
1.2pF/cm)

Z0=50è

W/h=1
(C1,C2
0.5pF/cm)

Z0=90è

W/h=0.3
(C1,C2
0.1pF/cm)

Z0=120è

S/W

(C1-2,

pF/cm) 10
(0.003)

3
(0.02)

1
(0.06)

0.3
(0.17)

10
(0.003)

3
(0.02)

1
(0.06)

0.3
(0.17)

10
(0.003)

3
(0.02)

1
(0.06)

0.3
(0.17)

F=1KHz -174 -158 -148 -140 -158 -148 -142 -136 -146 -134 -130 -122

3 KHz -164 -148 -138 -130 -148 -138 -132 -126 -136 -124 -120 -112

10 KHz -154 -138 -128 -120 -138 -128 -122 -116 -126 -114 -110 -102

30 KHz -144 -128 -118 -110 -128 -118 -112 -106 -116 -104 -100 -92

100 KHz -134 -118 -108 -100 -118 -108 -102 -96 -106 -94 -90 -82

C1-2

W

C1 C2 h

S

(4.20)               log20)(
-p

9mC

V

V
X dBxtalk =
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W/h=3
(C1,C2
1.2pF/cm)

Z0=50è

W/h=1
(C1,C2
0.5pF/cm)

Z0=90è

W/h=0.3
(C1,C2
0.1pF/cm)

Z0=120è

S/W

(C1-2,

pF/cm) 10
(0.003)

3
(0.02)

1
(0.06)

0.3
(0.17)

10
(0.003)

3
(0.02)

1
(0.06)

0.3
(0.17)

10
(0.003)

3
(0.02)

1
(0.06)

0.3
(0.17)

300 KHz -124 -108 -98 -90 -108 -98 -92 -86 -96 -84 -80 -72

1 MHz -114 -98 -88 -80 -98 -88 -82 -76 -86 -74 -70 -62

3 MHz -104 -88 -78 -70 -88 -78 -72 -66 -76 -64 -60 -52

10 MHz -94 -78 -68 -60 -78 -68 -62 -56 -66 -54 -50 -42

30 MHz -84 -68 -58 -50 -68 -58 -52 -46 -56 -44 -40 -32

100MHz -74 -58 -48 -40 -58 -48 -42 -36 -47 -34 -30 -22

300MHz -64 -48 -38 -30 -48 -38 -32 -26 -36 -24 -20 -12

1 GHz -56 -40 -30 -22 -38 -30 -22 -18 -28 -18 -14 -8

3 GHz -52 -36 -26 -20 -32 -24 -18 -14 -24 -14 -10 -4

10 GHz -52 -36 -26 -20 -30 -22 -16 10 -24 -14 -10 -4

�Ýßî  Trace Termination

� RFhfpþ�B temination�Ý+!ðùÞ1áå�È1ñ��È�p~Æ´

��äh��kñÐãN�+p¯à�a1û·�ý¤t|l�»�«p~Æ'O

Ð�«=�tpÏ´�~Æ�A��Þ¨4 teminationp6�

¶´z��2\Z~ÆÐ� clock ~ÆÐ)�¸°daisy-chain±±¤èµ�Èz�

ä	tpO&ðÍ°��ÍB�´tp�Aoë±�)�¸p±¤�¶�t�3�

)�¸p±¤�â°~Æ´�� EMIhfpÇK�ðñh�«=�l`�� EMI

p¤�����¼��Ív� edgep~Æ� clock~Æ�?t#°radial±	µ±¤

�Í)�¸p±¤�Ê¢+�Y trace�¨Ð!Þa1ý¤t|�6$°termination±�

�y 4.11�É�ï�Y°driver±ñÐä�ãB6$pä	¬�Þ.7p�=L1é�

�ä	$�4�$6$°Parrel termination±"+Ü�p±¤�

¶v��D4p6$±¤�!	C	]�öpä'ë��YGf�=:ã[�Ð�

@h¬ê��ÖG��Þùà)ÉuÑáQ¨4Q±¤��+�ï�YL�ä[�

M2ñhþm)~Æ´��

¼v�D4p±��@h�y 4.12 ( 2 )�d 4.5m2��6$±¤´Þ�û�

1. í$6$=t°Series termination resistor±

2. �$6$=t ( Parallel termination resistor)

[ ] 1)(
log20

2
12

21

+

−=
−CWR

WCCR

v

victim
í�
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3. ®B�;�°Thevenin Network±

4. RC;�°RC network±

5. 2�ï;�°Diode network±

ç 4.11 Clock traceÞ¤���

¶´"�ÍÈ=¤B1oÉtraceñÐu´�4 1� 214}�¨" 1� 314}�

¼´í$=t� 15-75èÖ`$p termination�à)Ð£SÈ���

[�¤�«â

í$6$"4�]¬¶1ä	�� trace1`$p#	�]�ï�YpAàt| Zd�

[Í trace¶ä	pý¤t| Z0�¨"�àG°fan-out±��´��4í$=t�

Oscillator

¡ït

Buffer

·ât

ASIC

I/O Controller

Cache

l�p clock~Æ	µ±¤°)�¸±¤±

Oscillator

¡ït

Buffer

·ât

ASIC

I/O Controller

Cache

��p clock~Æ	µ±¤���Í1 traceÖâ

R

R

R

R

R

Oscillator

¡ït

Buffer

·ât

ASIC

I/O Controller

Cache

* 0�1=rt��í$6$�DlÁÞ(4��n%��
úãB�´t)

R

R

C*

R1

R2

w�

��p clock~Æ	µ±¤�
��o1 traceÖâ

ÉL�Í traceBp IR drop��S��ªßÏ7ï´pót voltage
dropßñw9ÓëÐ@1é��¨ãB R1�

+V
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2¼=tË��ï�Y+Aà1�±�Ê�YV=ttlñÐ¶� ��]í$=

tÛÍý¤t| Z0´�=��no�A�r�ý¶+êp=��)w9$��à

w9$pA5t|ðÏ��E�h�)Y��n�ÖAà$� 2�tpd´tõ�¯)

à�n��a�Y¶�lupAà5t|�l"âJ4�h5�1��4í$=t

�l"+È�p±¤�

n�¤�«â

��$6$Öâ�!�4+!=tt�¼=tpt���ÛÍ tracepý¤t|�

ÊUªÛÍ sourcept|�¼=tpü+$w)öÕ- reference source��Daw

��!ÌÞpR��a�úã dc=:pã[��a¼+=t��D"� 50) 150

èp¤î�

ç 4.12 ¤��Termination�ÞÜ�

�°ÿ©o

¼±¤�w+!=t)=-�ü+!=tw��!ñ��ä@ 0V 1tp�ª�%

��� TTLä@��®B�6$aÈ�p±¤�]�4 CMOS�Y´�Þùà)

�ªp=�7ïÂ�)�YpA5=��=t�GSlþ]ñh��«/z�1â

ï��«Ó-pñ>¤þ��

RC©o

¼±¤� TTLÐ� CMOS=��h`�Sð��¼=tÞ»} tracept|�=r

tñ�
�Yp dc=�7ï�èà�ý��ª´¶ ac=LL) ground��¥�~

ÆB�¶�z1�H�V+s�$6$±¤º��!�¶��1=:ã[�¼=t

A

[�

B A

�°ÿ

B

+5V

GND

A

n�

B

GND

A

RC©o

B

GND

A B

GND

+5V

 �]
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¨ÛÍ tracep Z0�Ö=rt+s�ð[°20-60pF±�!Ì«p RC´tDG¨U

Í¶	p�A�H´tp�
�RC6$±¤�Í¶�Êÿ layoutpªL�~Æ"

È�1±¤�

 �]©o

¼+6$±¤�D4�� differential¨"«�p~ÆB�2�ïÌÞ"4�û+ trace

B1 overshootü=�u´>��¶ð[1=:ã[�!ÌÞpR�a2�ï�Ï

�~Æpn÷|¨�¬�Ê�¥ñÐû·�w9$p overshoot�traceB}ñ��

3�tpü=��2�ï�¤��â tracept|�a17S�Cp���2�ï

±¤ñV!Ô±¤�4Ð���tü=�

TerminationÈ1ñ�St|�»ÐðÈî���Mñh�öGGslþ]�S clock

~Æp edge rate·¬@��l�]p termination��«~Æ�ë�Y�¤pþ��

�Sähly�þ� dI/dt°ótp=Lâ�f±¨" dV/dt°ótp=�â�f±

�ñþ��U=��=L¬�3p RF?t�24��n%�p=t=rË�Èw

h clock�ïtpAà1�±�2 terminationË�È>h trace`$pä	°�

ü+Þ) dI/dt� dV/dt��p±¤"�4[esó�V=IR�Ð@�ê�Ô�ö2

[esóÞ)«áâp=� ��

�à tracept| Z°=t�=â�w¬±úã´���´â~ÆÖâ! dV°RF=

�±� dI°RF=L±��þ��� RF=��=L��1�¬�3p?t��� RF

hfH��1��Ö�) EMIp�ó�È1 RF=L��Ð��~Æp edge rate�

®o1��Ö RFpn�hfþ�1�l��É Z�U1é�~Æ�Íþ��Sñ

h�«ähp�2�Þ���¶yspäh�Z��Þ[¨1à)�

í$=t R¨UÍ¨ÛÍ�ï�YpAàt|�Ê�Í¨ÛÍ�Aµpt| Z�!

"À�+s� 15ß 75è°�Da 33è±�É�Aµp`$üã termination� R�

kÞf[+��

�àzSÞ¶=¤Bo1 trace1é�¼ traceê�Þ terminate�o1 trace+s�Á

Þ4Ï=L1�ï�Y�Ð 50èp®B�Û¯t|¨" tracepý¤t|�à)6

$=tpU[�Tn�P°T-stubs±+s"lñÐ1��à+sÞ¶ T-stub1é�

ÈUp�PoëlñL� T=LdTr/10�Ê¢+ÌTÍ)¨"�u°oë±1��à�

	µpû+�S+sÞ4 T-stub1é�KÍK���4 CADpfëähð)à	

µoë�É�Þ´�2�Ípµ	«bé#°serpentine route±Ð�!oë�u�

T-stubsph�R�"�ÿõp !â�´�Épõ7ü�1{à3I�%�´�Ô

ñhl5� T-stub�4p±¤Ö�ï tracep	µ����« EMI¨äh�2�
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À¤
úã

�Y

úã

�H

ä÷

ã[ �Y� �Ô

í$ 1 ¶ � Rs=Zo-Rd �1 dc noise margin
�$ 1 [ Ï R=Zo =-ã["�2

®B� 2 [ Ï R=2×Zo CMOSÁÞÏä÷
RC 2 [ mÛ R=Zo,C=300p À7n�Vúãp=r
2�ï 2 [ � ggg û+ undershoot�� diode�¶ ringing

Ò 4.5 ¤�.�Ä�k�

�Ýàî  ?�O�Ü�Ñu

=rtu´ñ¨4�!�p traceB��È differential-modep RF=L���+s

ñ� I/OB��wt=�B�)�Ö��� clockp=�B�ðÀ}=r C���

â clockAà~Æp edge��S~Æ�ªp edgeâS�a½6��y 4.13¬B�

ç 4.13 clockì4Þ«à���

�y 4.13 m�ùà)¼+ clock~Æp edgep�â�!�ª��lâ�¥Ö�!

B�´t tr�â1��"�a�=r�Ú=�Ë=p�H�4�À~Æ edgep®

o��·��y 4.14mp±Ó¤¬4ê�ùà)�ymp®B�Û¯=��¤Õ�

ä	�Source=� Vb�í$t| R"ïÍ IC¨" clock�3tp���TraceB

p=r¯¨"�ÞÍ=�Bp=rt��4y 4.14mp±Ó¤�à)=rtâ�1

�ë�

5 ns/div

10%

90%

5 ns/div

10%

90%

"À1 clock~Æ
°²¶î�pÈ�#	±

¶=r¤ä	p
clock trace
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ç 4.14 «àâ�A�

]�¼~Æ�ÁEº�ë´ñ�)� RFhf�n��	B¶ðU1þ���Öñ

�ó EMI�

�ðÀ}=r�1à)¶��±¤�Þùà1+�"�¥ñà)à�,+ý�+¡

n÷pÈ�À�¯à���¾�ØBp�Ø±¤�w¬oë��!Ô,3öG}ñ

��â=rtp+¡n÷�

�à)ðÀ}=r�p��Þc�s¼;�p®B�Û¯t|�¼Û¯t|�a¼

�!=ttp�$��4®B�Û¯=��×{ RS=150èÐ� RL=2.0kè�

�r�

�4±Ó¤°4.22±Ð£S=r�� clock~Æñ�zp edge rate�

¼`

C = nF°nanofards±�à trÐ nanosecoandsà
C = pF°picofards±�à trÐ picosecoandsà

=r�G�¨�S trh$}~ÆähÞ£p�]B��@þ´t�!�ñh�3�

Õµpã��

����à edge ratea 5ns�=�pt|�a 140è�� Ca

RL
+
-

RS (4.21)          140
2150

2000150 Ω=×=
+

=
LS

LS

RR

RR
Rt

(4.22)              CR3.3  t    
3.0

maxtrmax ××== ¨"
t

r

R

t
C

(4.23)              10pFor  01.0
140

53.0
max nFC =×=

~Æä	

=rtÚ=

~Æä	

=rtË=

R R

CC

9��Energizing� *��Discharging�

RC

t
b

t

RC

t

bte

e
R

V
I

eVV

−

−






=













−=

)(

)( 1

RC

t

t

RC

t

tc

e
R

V
I

eVV
−

−






 −=

=

0
)(

0)(

Vb
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+ 60MHzp clock~Æ¶� 8.33ns onÐ� 8.33 ns off�R=33è°"6$p ALS�

Yp"À�±�!ñw9p tr� tfa 2ns°on� off p 25%±��¼

�r 

♣ ¬s¬ÞÀÈpÈÏn÷�fMAX

♣ � differentialp«�~Æ trace�¬s!¢+!=rtpÈUrz��Ð�~Æ

��È[�Ð±Ó¤°4.25±à)p�

¼` Ca nanofarads� f a MHz�

� RL=140è�ÉÞÀÈ 20MHzp~Æ�=r�¨a 0.035nF°¨" 35pF±�

��4ðÀ}=r´��à@h�

♣ É edge ratep®o"xñw91é�2=rtfãU+M�

♣ G�%�0s=���=�Gp=r�

♣ G��[���p=r��=-À�p¨4Bñw9�4+80/-0��p=rt�

��Ï�~ÆÀ�p4�	l�1�

♣ Ø{=r´�2w¬cf
Í�

♣ �sØ1=rõ=�}%D`���Up=r��À~Æâ��

�Ýáî  Componentsà¸

n÷�3t�Yý¾�Ó-p timing>1�4�6$"�4)1 drivers�buffers�

gatesÛ�2!A5$wßÈ1É¨È0É7ï°	 deviceluÖs±Ö�!Aà�

h°disable±�¨�?ª�ït°tri-state driver±2!Àh°enable pin±w¬ disable�

�4S4¤1n÷�3t� 5MHzÐBp clock~Æ¨" edge ratevÍ 5nsp~Æ�

]¡ït� 50MHzÐB´�ðùÞ1+�"��4E#�µ¨nFHÂÛ±¤�

<�+0�pw��7¡ïtp�xßw��ÿ�¡ït1w�¬�4��a dc

=� referencé "ðlQ1��"�2 RF=Lw�p4�B	lé1�ü�� clock

¡ïµ�¨ã5ô�¤pw��ÿ��!µ�ÿ¬ê�

(4.24)               
3.0

               20
33

)102(3.0 9

t

r

R

t
CpFC

×==×=

(4.25)                
100

3

2
2

1

max
tMAX

t

MAX

Rf
C

R
C

f

×
=

×≥
×π

(4.26)               035.0
14020

100
max nFC =

×
=
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2áp��°90°±��|	µ��pt|�ñh�« RF=L1�3��#6µ¬

ê��4 guard trace�â�¨(�èB�Ðû· tracetp�u�4�¼ guard trace

Þ��-�>1$�4� �w)��ÿB�ÊkÞ�� traceL°Ðlu�p±

¤ãB+�w���¼ guard tracepÌÞ�4"�

♣ i
7Ïr`~Æµí�ßuhp�Y¨ trace��ÖñBh~Æ´��

♣ <�+!��s+1îg��ï RF=LÐ�)! source�

♣ <�+È[1~Æg±gé�ÿè�

�Ýâî  TraceÏè�ö 3-Wcý

� PCBBp tracet��3í�pü=�¼+làÇ3p¯¨l��� clock�\

Z~ÆB�H�Ç3�!ÔÏr`pÓ-;�B�G��ï?��s+µ�Aà5

µÛ��ñhoí��À}¬�|�� PCBB�clock�LZ~Æ"+ÌÞp�2�

�4 3-W��ñ�z�$} PCBp{àÞ£ÖñÐlÁÞ�4 guard trace�ùà

) 3-W��Öd1ä@=Lª 7081�f°z°flux boundary±�ÉÞ£ 98%p�

f°z�Þ4È10-WÉ�

ç 4.15 3WÞéN¨�

�#p trace

Clock trace

�#p trace

W WW

3W

W WW

3W

m¨µ m¨µ


W

m¨µ

W WW W WW

m¨µ m¨µ


2W

� �

ù���èW1°´p	µ�O Ground planep°
´UÍ+!Wp�ë


2W


2W


12mil


12mil
6mil 
30mil

B.y

3Wp�6O&�� tracet²¶� �
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�4 3-W��p�!��"�Í��~Æ tracetpÀ}ü=�Ð<�+ÓÓãã

p��ï~Æ�f�îg�f��!h%��]1�è�Âã�Öl�9)� �

¨"!Ô tracep�f1e«�3-W����TraceâÞ÷¤½��­{; traceÞ

vY�¥Û#�Û#�ÔÞ�¨"�TraceâÞ÷¤½���{;P� traceÞv

Y����×{ clockµ�a 6mils��� 2×6mils=l2milsp¤î�lñÐ¶!Ôp

trace���7°´f)°´��y 4.15ñ�)�a1�)6&p>1�ð�1ñ

4<t�oþ4)�

3-W���zý4� clock traceB�Differential pairsH"+ÌÞp4��=-�ÿ

p'���=r¤¨=â¤À}ß¼+ paired traceÖ�«÷±Q��� I/Oô�m

É differential traces"	µ�²¶ ]�ÿp#	@°��#h�²¶­+���

6&p�±���4 3-W��Ma+YÖ±Â�

Differential pair traceÉl"�é	µ�u+�ÿ�1é°�R�ñ4pèÿè±�

��Þ��#p�ÿ��!m+º trace��Þ"ü+º�� tracep 3
�ë�Ê

��!	µ��B�u��y 4.16�¼±¤ñ�� tracetp RF fringing°Ã°±

pü=�

ç 4.16a Differential pairÞw#��� 3Wr��-¢Å�

ç 4.16b �W Differential pair Þw#��� 3Wr��+�Å�

Differential pair trace


2W

7�ÿ1°´ß	µp°´UÍ+!Wp�ë

W WW ��ÿ

!Ô trace!Ô trace


2W

W WW
�ÿ�

6mil trace°��±

B.y

�ÿ�

B� trace 3-W°	µ�±
@� trace 1-W°	µ�±

18mil trace°·�±

3ÿy
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Ððb  î�âD0J>$
interconnects and I/O

� PCBB�I/O��Âp�w=�"+!� RFI�ESD��!Ô���?trtë

�]�âp�]���å�1�ÿèp�BÉ�s+t�íh��h��;��w

t��w SCSI�wt�modem�video� audio cable�=-µ�ìR�L°�ït

pbW�A5�Y°ÔU�v���®�«
��t±��Dt�;�µ����

pL°�

� I/O=�pU�]p EMI�2"�ÞÍ@hp4}�

♣ I/Ozÿ�Y��p comnon-modeÀ}�

♣ =-�ÿ'�À}ß I/O=���µ�

♣ Clock~Æ�=r¤¨=â¤À}ß I/O cable�

♣ RFhfÀ})&rÞØp cableB�

♣ ��wt�~ÆµBR� data lineÀ�t°common-mode� differentia1-mode±�

♣ � chassis�~Æ�²xw��Gïw��Êºw�tpl�]p�w�

♣ ×4lup I/O�wt°nFw)¿Äp�shieldedw) unshield±�

I/O=�ñh�3V clock~Æ+L�1 EMI� EMS�2�ñhk�����1G

��Y�	]°Placement±ñ�����?t RFpÀ}�I/O��Þ�ïB1V PCB

B!ÔÏ RFn��Y�6&�Éñh1é�HÞVmë RFn�=��6&�+

�] I/O�4p�W"2 I/O�wt�7+�t|p�� RF�ûß²xB�Ð�

Í2�µp shieldingß²xB�¼+�t|p����"+ 360°pY��wànF

�wppLîß²xw��¼��M¨<�+2~Æw�Ð�àÈw����wp

p^5`E�wß²xp±¤�É=�"��� lMHz n÷ÐB1é�lñ�4ü

`£°Pigtail±p±¤�

I/O�ït¨cf>h I/O�wtÐ�Í tracepoë��Öñ��À})!Ô~Æ

pr`�G�~Æ�DÁÞ¶À�µ��¼À�tË�Í�ïtV�wtt�

�Ýî  è) Partitioning
I/O=�p�Êå6Ð@1?!�!±¤�!aähBpWÓ-��ipô��?

t'�pÀ}��@áâp�õ�põk¶�á�p�ê�
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�Ýç  CÇ¡Ï¶2� Functional SubSystems

¢+! I/O�ñ.a" PCBBlu1+!WÓ-�¢!�_¨4lu¶!Ñýpý

¤�Þû·WÓ-tp RFÀ}��Þ4)6&1~l°isolation±�+ähBpW

Ó-å61¶+¢�Y�!�Â=��2�Y�¼>^Ð
Í	µpoëÐ��ä

hÈ���Ïï`Ó�� CAD{à�¨{�2«¢p�Y�}�+¦�¥Ö��

lupû7�¶´"�¼�l�¾�l%�ö�� layout´}¨ý�1�ñ I/Op

WÓ-�+sÐ layout�Êp±¤�Ú��õ¬ê�

Layout�ÊñãN~Æ´��ähpys�ñû·Ïn� RF~Æ?t°���

backplane�w�video device�data�ÿ�Ethernets+t�SCSI device�CPUÛÛ±

ßíh���h��video�Ð�u¡zu¡����²s+t��ÿèéB�ô�

���;�s+t�ÛÛ�¢+!WÓ-�¨�ñ�{à�]"+�r1=�è+

L�

�Þç  ðÈS Quiet areas

�iô"+!VGï=��Êº=��=-�w��ÿ��ïB6&pô��¼�

6&ñû· PCBB!Ôp'�-e«)�â¤=��+�W"Gï=�p=-�

ÿ'�^5)Êº�Y�"n�Y�I/OÀ�t��wt�p=-¬��y 5.1

ç 5.1 ÿ×b

¢+! I/O��¨¶+!�Ê1°�i1±w��=-�ÿ�ñ�>h�wt`�

4Ïn=rt°�Da 470pF) 1000pF±Úa�n I/O�pÀ�p4�

PCBBp	µ}¨s+ðÐi
fë2 RF=LÀ}ß cable shield�Óã1w�ô

Êºô�

I/Oô�

Audioô�

Gïô�

ÞGïô�m6&à�pô
���¢+�ÿ��²¶­+
��°�uÄõphÄþ±
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°clean�quiet±¨Ë�� cable&r¼Ó-p`�=-�w��ÿ�¨uÛ�ñ�

����ÿ�"Úa RF=Lpîg����Þ!Ôz I/O�Ypîg=LÉ"L

� I/Oô����ÀÏn RF'�pù5 I/Oô���Y�

�iôp�4���é�Ê°partion±¨�.°moat±p±¤�¼�iô��Þ�

1. ^àp I/O~Æ��Þ 100%16&��46&â�t¨"`À}�Y�

2. G�~ÆpÀ�t�¨"

3. �7+Ït|p common-mode=ât�À�¨"Ð+ ferrite beadp�Y�h

p�

!Ôp�Ê±¤MñVÐBZ+�}4�+±¤"�éâ+p5Q��Â1=-�

ÿ°dirty power plane±VÓã¨�iô°clean or quite zone±pt�¼+â+p5

Q� paÈ¯É°bridge±��õê�°�à¼+È�iôÉ"+!ÈÄõÉoÈ�

.É¬îå��ñ4+!È¯ÉÐ��¼�.±

�ßç  âüÏ�Ó�ú�Ü

?t RFÀ}�Ç3�lupähWÓ-t�a1Þû·�� RFÀ}°����

���²=1~Æ'�ß I/O�wt�7 CPUp?t RF=Lß!Ô�Y�I/Os

+tß I/O cable±�ñh�Þ+!È�AÉ°fence±��A"+!nFp½v�Ð�

�pO&ô6°¬CZÈÏn÷�opó/20±Ps�w��ÿB�Ïë¨Þhé�

û·�Yt4tp RF?tÀ}��A	]"nF²£p+°Öh2+=�¨�Y

Þ¨¦��ýÈ1"Ø�=�èBpluÖb�¼+�AH]"+� PCBp·��

4�=-�w��	pQ71 bus bar��¢+!w�Ps���4��Apw�V

îåp=-�ÿtp²�=rt2¬.¯p RF=LðÀ}�

�c��°"!ä@µ�¨WÓ-ñha�� RF=L�3p-p�.�Y� PCB

Bp»�ï��V�â¤�Y� I/O=�p��Â��C�ñhp�� RFhfÀ

}c¨�Öõi�s»�ï�°Placement±�rh	µ°layout±�{àBcC�"

�ãB tracepñh�ñ��4B�a�¤��ÉPs4p� �¶C�1é2�

ñðrÐ1ãB��¾p�4V!ñ.õ[p�âèàÖs��L�ºõ�if%

� artwork�fù�3��SrÐÊ�R�

�Þî  ��öè)�ö��Isolation and partition

�moating�

6&�±Ê¬Q1"�2�Y=��!Ôäh�Yp=-�ÿ�ô���WÓ-�
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�ï�6r��É"� RF=LñÐ�7?t¨��p±¤�>)èW1!Ô�ï

1é�¬§¦1l�" EMI�2u´k¶ähysëp�2�

6&"Úà+!�èW¬¶�ÿ�²¶­+�pô����ô�ty�+�1�6

°"À�È�a 50mils±2¬¶­+�~�D�é��6&ô	"èWB1+!~�

]"Äõ�hÄþmt�ý¶÷��)¬�p trace����µñ^5à�6ô��

¼+�.	]"+~Æ� tracepÈ�ô�°keep-out zone±�¶��±¤2 trace�

=-��w��ÿ�wß~B��õ®¬ê�#+�±¤�46&â�t�¨"`

À}t�� comnon-mode÷±µÀ�t�Ð�K�.�#2�±¤�4+!È¯É

��.B�

�Ýç  �c�ù/ö��� Isolation in moating

#+�±�"�46&â�t¨"`6'�Y°optical isolator±�� I/Oô� l008

1V PCBp!Ô�]6&�È�"ý¶� I/O�wtpnFpÐ RF�ûp±¤�

wß²xw���¼ý¶�6&ô1�ÿ�7+�t|p��w��¶�zÿpu

Ññh��Þ�4+²�=r2 I/O cablepàÈw�w)²xpw��Ð7Ö4w

p�w�àÈw�°shield ground�or drain wire±¬�1"� cable���+âÑp

w¬¨=µ�2 I/O cable��p mylar foil shieldwß drain wire�¶�3�2 shield

groundÐü`£p±¤2!wß chassisp��ü`£p±¤ý�4��nµ�B�

lh4�Ïn~Æ¨�YB�ü`£p±¤u´H��« EMIpr`��np�

���«Ó-1Q��

� I/O=�B�41²�=rpG�¶Ð@�CÕ���

1. �]pÀ�n��Ð�

2. }�¡�=�p�hh:°�i=Ë=Öâ±

���,�;�p=��Þ�4+6&â�tÐ$} ISO/IEC8802.3pÞ£Ð�ï

B16&;�VÓ-�Ði
s+tÇ3l%D#	´lÀ�|;�p%D���

Comnon-modep data lineÀ�tñV6&â�t�4�!ñÐ4�Êº¨Gïµ�

B°�Da toroidalpèÌ±���À�t�È~~ÆµB¬Ep common-modep

RF=L�Ð
7 I/O cableEàð��à�6&ô�m�Þ¶w��=-°�� l2V

ïuãpzÿâ� AUI�Attachment unit interface±��4+! ferrite-beadï=-

trace�Ö4+âºp traceïw�µ��=-µB ferrite-beadpZ+$íã+!Í

��h�`í°�upÞ£±�¶�´"M�Þ� I/Op=-BãB=r¤pðÀ}

°capacitive decoupling±Ð�ÈGï'��2¼+uãpðÀ}=rt�+$w�

ferrite-beadpAà$°õ$±�ü+$w�Gïw��ÿ�2=-À��YË��

èW>�ÿ©��.B±pï��2=-�w� trace�¼�#p	µÐ�� RFw

�é�ÿè�¨i
2¼�CË��.p��ï�Ð
�«�Upéåÿè�¼�
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	�±¤�y 5.2¬B�

ç 5.2 �r��>��¤��°çÏ$¤��«��®çÏ $¤�� AUI �«�

D
L
F

�.

÷±µÀ�t

I/O�wt

lÞ¶=-�
w��ÿ

6&â�t¨
`À}6&t

ÉÁÞ1é�ãw�µ�3
µ�
=â¨ ferrite-bead2=-���.ô��
!Aà$Ð trace¨"�ÿwß�Y��
wtp=-w¬

ÉÁÞ1é�ñãðÀ}=r

D
L
F

�.

÷±µÀ�t I/O�wt

lÞ¶=-
�w��ÿ

6&â�t¨
`À}6&t

àÈp�x
wß²x

²¶6&p=-�ß
²xpàÈw�

ðÀ}=r

FerriteÀ�t
��`í

=-
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�Þç  �c�ùö�ö� Bridge in a moat--partitoning

#2�±��41+!È¯É�s+ô��Êô�pt�È¯É"+!��.B1

RQ�Ê�¶+`Öb��¼`~Æµ�=-��w��7¼`©K��.��y

5.3¬B�

ç 5.3 �r �z¢��°��H I/O ÷8

É¶ZöV I/O¤Âp trace�5�.Ð�ô�ñh�À�2�¼´��3 RFé�

=L�y 5.4¬B�RF=L��Þ�!��B t�ð�!�	��¼�!�rp

ô�t�3 comnon-moden noise�luÍ±�+��ô�tp=-�w�"4w�

�1��¼��±¤n«1+��Ê°z6&±�

¶´��Þ2=-�6&Öý¶w��ÿ7¯B��ð�¼±¤�¶��Þ¶+e

uw��p¨4B�¨"��Þ¶ÑEÀ��y�=-pñ}BðDà��¼Êc

	@��Þ4+ ferrite-bead̈ "=ât��=-�À��Ê2=-���.ô�2

¼ beadË��¯BÖlÞK��.��à�¼+6&ôml�Þ¶=-1é�2

àl�4p=-�ÿs «#2!w��ÿ�Ð� �2�w)Ìw��ÿB�

]�4#2�±� �́�à"��w�pÓ-�È�Þ2¯1�°�w)²xw��

�Ó-{à´	¨Õ�)�2¯p5Qw�¶Ð@�!�4�

�.

I/O�wt

�wß²xw�

ÉÁÞ´�ferrite-
bead��=-�ÿ
p6&�.° µ±

Vcc

Vcc

VccVcc

Vcc
Vcc

Vcc
�.B
1¯

�wß²
xw�

Ground
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1. w�ñû·��ÿB1Ïn common-mode RF«]°w�'�=�±À}ß�

Êô�pm�

2. w�¶�Í�Èñh��Í²x¨zÿìRp�=L°eddy current±�°�ów

�î�ps+±�ñ<�+��t|p��ï RF=L��wß²x1���²

¶¼����� RF=L���ü�p��¨"L) I/O cablepB��Öñh

�«�Upé��2�

�¯1�$�w�H¶�Í ESDp
}:��à¶+Ïhfpg�ù5 I/O�wt

B�¼hfñh�L)Ìs+ô��Ö�«)F¤pþO�¼hfg�¨�7+�

�t|p��.¯ß²xw��

ü+!Þ�$w�pû7"ñ�È��$p=�ªëÖ�«p RF�'�=���

à¼+ RF common-mode'�6¶Ïn RF«]����$pw��u´k¨ãB

=�pðÀ}=rt�

ç 5.4 ����÷8��ÞVN

y 5.5Þ)1]¶Êº�Gï�]´�ö��	µ��aGï�Yp=-�ÿ�D

'�°switching noise±ñh�ù5Êºô���Ö�=-�ÿý��Þ6&�À�

`û�¬¶7GïßÊºô�p trace�¨7¯B�ð��Êº=-Öâ��4+

!=â¨" ferrite-bead�©K¼�.ô��Hzk�Þ=�y�t°voltage

regulator±�Êº=-p�.ÞÍ�pÍ1åî¼�Êô��,�Êº�YpÊºw

���Þ reference)Gïw��ýh�7¯B�w�ð��y 5.3¬B�¶z� A-

to-D� D-to-A�Dtu´¶ÈAGNDSÉ�ÈDGNDSÉpw¬�¼´Þ2w��ÿ

��È¯É�w�+¦�!���Gï~Æ=L²�¶¯1L�!-p�Ö�« EMI

'��ý¶�à=��Y!ê�¶6& AGND� DGND´�i�Þ2 ACNDS�

DGNDS��.±¤�6r��

~Æ��

���� K�.ô

�� trace��BRÎ
 ]�ÿ��S�«
U1é�ÿè�À�
common-mode RFh
fKÇàð

~Æ±g
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ç 5.5 µ]�8(÷8

�ßî  �aöÖå Filtering and Grounding

�Ýç  �a Filtering

�!p RFÀ�t¶���=r¤�=â¤�	¨4lu�ñh�4!m+��¨

��u´4�U�Gp�n�°	lMHz±zÿ�ñ�À�tp�4Ö9����À

�tÞ������#Í!^5��!�¯àlU�+ypO&	��1�=r¤

p²�À�4�û·ÏnRF=L^5��p I/O cable�Ð�û·differential-mode RF

=L^5ä@�Y����wµ�

�ÍÞû+?t���e«pñ}�2¬¶p²�=rt����wtp^5�

²�2÷±µÀ�t°=â¨" common-mode chokeeS�L�±Ë��~Æµs

+t� I/O�wtpt��2²�=rtË�� I/O�wt²��y 5.6�~l+�

¼�À�=rtpË�±¤��Í÷�ñh²¶àÈ¨"ý¶�zàÈp�w cable

pñ}��� keyboard̈ " mouse�"ý�1¶¯�ùÞ�

�ÍÞu´û+?te«�i=Ë= ESDpñ}���Þ�4lup��±¤�

2²�=rtË��÷±µÀ�tpA5$Öz I/O�wt$��y 5.6�~l2�

Êºô�

�.

~Æ tracet�
�1�w

¯

Êº~Æ
��ô�

Êº~Æ=
-À�t

Gïw�

ù�¬¶1~Æ trace��7¯B��~Ælñ7�

.B�K��Êº~Æ�!=-�ÿ" 10081

Ð�.�Ê��à�w��4È¯É�Gï�Ê

ºpw��a�u=ï�
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ìÚ��Bypass=rã� I/O�wt`

y 5.6�°¬BaÀ�=rtã� I/O�wt`���=r�Í7�YÇKàðp

RF=L°?t���±"ð�1À�t�G�+! ¶ðÏ+¡n÷1=rtñ

�)��pä¯�u´����â edge rate�ähp�|���=r�p"À�

100pFß l,000pFpt��~Æn�luÖ��

� ESD#	�=��=L¡�ñhzD1U��¾�âQ7Þ£��h­9È�
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�=rpä	p���D�[Í ESD:h=�±�Ð��L5=rpótâ°=L�

]�c	Ç3´°�=ro'O±�I/OµBp=r¤À�	l���1���S¼

t�¤�$} EMI� EMSpÞ£Q7��¼�G4�Y´¨�ã[¨�

ç 5.6 I/O.p

ìÚ �Bypass=rã�÷±µÀ�tpA5$

�¾p EMCu¤Þ£=W�´lý"Þ$}?te«pû+Q7�u´kS��
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a1Þ�����dÿ��À�Yp�:Ê}¥h¶²�=rp¯��2=rË�

�÷±µÀ�tpA5$��y 5.6~l2ó°¬B�]+Ç3´�¼¡��c!

�)1"+!Ït|-g÷±µÀ�t�¼À�tñû·à¡�p�!¡�4w)

�s+µ�¨" PCBB1!ÔÌÞä@�Ym��]p ESDo¢¦�÷±µÀ�

t� I/O�wtB��à=��,+n÷ý��â�ñ7Í¼=rtp{àã5�

�«++¡�$ LCÀ�t�Ð��!�2�� layoutp¨4´��l�|µ��

�p�<@�¨�"C�¶²�=rtpã5<t��¾ã5V!��ñõ[p�

â�¬s�

Þà)¨4p=r��Ð±Ó¤°5.1±£Sp��à4+=ât7Ö÷±µÀ�t�

twS5 LpU[�Öà)à=r��

  ¼`
fr = +¡n÷
L = =�p=â°å�=rtw¬=â±
C = =r�

]�4÷±µÀ�t �́2=â� LÐ inductive reactance�7Ö��a LCp4«�

ñ¾�,+ý�n÷{àà+¡?�°�à¶1é±�]¼#	Ç3´�inductive

reactanceÛÍ capacive reactance�XL=XC�¼`

� I/Op�wµb�<à1� PCB layoutB1{à~l1�+!}ñøÕ1�2"

���=���)� common-mode=�=LV differential-mode=�=L¶yÖl

u�ayÖ�¶�¨4B�4=â¤�YÖ¶1�4=rt��w��ÿB1

differential-mode=L�â¨à°induced±common-mode=L)�w� PCB1 cab1e

B�Common-mode=L�D"�3Þ÷�Èdifferential-modeß common-mode�DÉ

p�-���íB�l��p=L¨"¤�Â-p differential-mode��f��	

à¼+�-p common-modeë�´���a!¤�Y­1��¨Â-�w��ÿ

B1�'���SèWB1�S=�=LÌ�à I/O cableB1eS=�=L�wß

�©K�!èÿ�

ðÀ}=rt°��4�B¶�zD[1é�±<�1+!=L�ïpèÌ�Ð�
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ï common-mode�µ��ÞÍUä÷�Yp�D=L��w�§µ¨�ÿB�3

+=�þ�¼+=�þñÐh�1�ïw�Ó-p�°ßü+°°��!ê��µ

s±��àz�â�ÞË�ðÀ}=r� I/O�wt°=-Vw�pt±¨ cableB

ÐãÈà=��ïèÌ1é�~ÆB1 common-mode=�p�t�� sourceV�

wtpt�ñh��Öúã��Ù�Ü16à"��¥z�ñÐ� cable����

�²è!êñh�?t���¨"�lu1n÷°7Í traceBp=âV²�=r

tp LC+¡p�±�Éz�� connector²°��& source�Yp`�ãBðÀ}

=rt1é�! differential-modeé�poë��Öúã1��«1é�=âpú

ã°7 sourceß=r±��¼��îg��°w��ÿ±Bp=�þâS�U�

=â¤1À��YV I/O~Æµ�í$�4�Ð�È~Æ traceBp common-mode RF

=L�¼�À�±¤"�4 ferrite-bead̈ "!ÔÀ¤p=â��þ�°1ow-loss±

p=ât"�1 EMIÀ��Y�Þ�4 RFhf.¯h:p=ât�

�#6µ¶á2�õ�öG��}p ferrite�±°bead-on-lead�chip bead�toroidal

shield bead�toroidal coreÛÛ±�Ð�a RF=Lp�+p4°common-mode±�

]�4÷±µÀ�t°common-mode�common-coil�toroids±Ð¯w�!ô�´�

common-mode RF=L7~ÆµBo�È~�G�%���p÷±µÀ�t"ðù

Þ1Âv��"�a ferrite"�� coreèÌ��"{à�,+uÑn÷¤î�i 

¶È�ý¤�,y��1÷±µÀ�t¨" ferrite�±ñ<�� 30MHz¶ 45dB�

�Ð�� 100MHz¶ 10dBp�� � ¥Öü+�¨øpuM�´°�À�u��

Ñ¶lupý¤� ����G±ñh"� 30MHz¶ 15dB��Ð�� 100MHz¶

40dBp���Å�¨4pn÷¤î�=L0s��cí�à ferrite�±pý¤��

�÷��4««]�ÛÛ�

�Þç  Öå�I/OðÖÓ�

�Í�n÷p�´�ñÐ�4â�w�p±¤��l�4!���Í�Ê�n÷�

´��ä@w�V²xw�tpZ+�t|�w����«l�" EMIp�2�u

´k��~Æ«'�ºp�µ��«ähBp�2�ý�"�Í²¶Gï`û~Æ

p"�Êº=���"�¼�É+=�Þ SB"+È�n÷É�Ê�4Èâ�w

�Ép±����Þ"�!�7��t|p��=L�V��~Æ7ï�¬Þp EMC

Þ£�º�"ð[1�

�Í�4��w�p�´��¼�p�õ"ð¶41�lõ I/Ozÿ4�ö`�U

�]p PCB S4å6¶ bracket�faceplate�bulkhead connector�ÛÛs+ä@=

�V���wpPs:¤���Ps±¤ñh"å6lu�Ê1 I/O�wt�¨"

<1 panel°� EISA/ISA adaptorpìR±��� bracket��"Ð+�t|pnF�
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� RF�ûß²xw���� bracketp�ñu´�w)ä@p��

ç 5.7 I/OmV� BracketÞûgåô

� PCBpw��ÿV I/O bracketpt<��ùpw��w���]p��<��

ùp��w�ñ� bracketpw���ß²xp�	���� PCBp���$pt

p RF�é�ù�§��w�K���§ß²xw�p RF=LK��y 5.7¬B�

a�ö%�12 mounting brackctw�ß²x�ä@p��¬¶1 I/Oô��Ð�.

±¤Vs+ä@µ��6&�

�àî  Sp�`Ï I/O Layout

ô�;�°LAN±���;�°WAN±� layout´�Þ�Ò21ùà�Ð��h$

}�¾�~0s°Protocol±� EMIpÞ£�LAN ¶lu1�µ±¤°·¦gén

D
L
F
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D
L
F

D
L
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�ùw�

B
A
C
K
P
L
A
N
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C
O
N
N
E
C
T
O
R

Motherboard Connector À�Eí

Faceplatë "
mounting bracket

À�Eí

BNC�wp°É
ÁÞ1é�VÓ
-p�Yd6&

D-sub�wt�
�xw�

RJ-45�wt
¿Ä—floating
shield—w�

AUI �wt�
�xw�

PsÎ. bracket�ûw�ß PCB��yp�ùï��
ÿè�7À�Eí¨!Ô±¤Ps)²xB�

èWB1w��¨Õ���º��w�é��

�wß²xw�DLF�÷±µÀ�t
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ring�#n star±�~l4ª°broadband�baseband�token passing�carrier sense multiple

access±�z��b�ø����å�ÈO�1Ð�;�°Ethernet±���;�uÑ

áê�@�

ISO/IEC 8802-3

     Carrier Sense Multiple Access with Collision Detection°CSMA/CD±

     Access Method and Physical Layer Specifications°Ethernet±

ISO/IEC 803-4

     Token Bus Access Method and Physicd Layer Specification

ISO/IEC 8802-5

     Token Ring Access Method and Physical Layer Specifications�Subsections

     describe STP°Shielded Twisted Pair±� UTP°Unshielded Twisted Pair±

     and Fiber Optic schemes�

ISO 9314-X

     Fibber Data Distributed Interface°FDDI±---Tokin Ring Physical Layer Medium

     Dependent°PMD±

ÈEthernetÉ�Í�ÿÑ¤¶�!lu1uÑs �¢!�¶lup�wt�ýØ

p{àÕ��ÈD4p EthernetÑ¤�~0s�@dh�

10Base-5 10MHz, AUI-Coax
10Base-2 10MHz, Thinnet-Coax
10Base-T 10MHz, RJ-45,-dual twisted pair,shield or unshield
10Base-F 10MHz, FOIRL-Fiber Optic
10Base-FL 10MHz, FL-Fiber Optic
100Base-TX 100MHz, 100Bast-T using 2 pairs of category 5 UTP cable
100Base-T4 100MHz, 100Bast-T using 4 pairs of category 3,4 or 5 UTP cable
100VG-AnyLAN 100MHz, use Category 3,4, or 5 UTP,STP cable and Fiber Optic

�Í+�O�p;�»�pì�±¤�y 5.8ß 5.11¬B����ÿþïlu�!

layout���4�k"¶+s1�ÿ¤1�á2puÑs �_�4puÑ��Y

p»�Á£�ÛÛÖâ���ï{à`Ó�Þé�¬s��Yp�h»g¨à"�

LAN Controller(6&â�t/�n�n=�(÷±µÀ�t(I/O Connector��Í

�ÿ$�1�]{à��l	"+!��h$} EMIÁ£pY�Þ¬±Â�¼¼m

¬¶<�pÞ£¤îH��ÞÚ)�ý�"�ÂÍ clock=��trace	µ�I/O6

&�À��

ÂÍ Ethernet� Tokin ringp�ÿ$p{àÞ£pùÞ��"�ÍÈA5�$=rÉ�

ISO/IEC 8802-Xs à��n�n/À�/6&â�tS4Ð� I/O Cableptr

zpÈA5�$=rÉ��4eS�L�°common-mode choke�÷±µÀ�t±�

úã=r�ñh�þ�~Æ´�äh�ÖÊ�ñh�� ISO/IECuÑ��à+sÞ

�4 common-mode choke��4�c�â+@�Ø{�È6Ø�ï�Ð�s$}�
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ÿuÑ�

ç 5.8 � AUI 10Base-T(RJ-45)� Token ringÞ layoutZ���

ç 5.9 � 10Base-2(Thinnet)Þ layoutZ���

÷
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ç 5.10 � 10Base-F� 10Base-FLÞ layoutZ���

ç 5.11 � FDDI ÎJ#Þ layoutZ���

�áî  Video�úS

¶ video�ÿp PCBÁÞ�t|s+�À��w�B��ãD¨��Êº�.tÖ

â�7 video generatorß monitorp~ÆâD÷Þcf�·�U�#	@� video

�ÿ~ÆñÐþSð��Ð�� differential-modeâ« common-mode EMIpÇ3�

w�µ
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w¯s+t
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Ç¬$

�¬$p=�-�w�=ât
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A

ï MIC s+t
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System Controller
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video cablepB��a monitor!ê�w¯~ÆõñÐÞé��°re-square±)é�

~Æ7ï��÷Ð�monitor��p.�=��4�� video generatorV I/O connector

tË�oï°passive±À�t�=rtÐÈÍ traceoëË�> connectorp²°� Video

connectorpy��+s�ì��${àpýØÞ£�å��E�YpG���Êº

monitorÖâ�Þ�
 RGB~Æµ�½���¿4u¡~Æµpt|s+�Ði


�Ó-V�wµpt|l�»�ÖÇ3�t¨K�pc	��D��½��¿4u

¡~ÆµBñÐãBðU1À�tÖlÀ�|äh����u¡~Æº video~Æ

Þ¬zD��ü��video�p=-Aàw¬H¨àÞ¶�]1À��

a1Þ�« video generatorV I/O connectorptpPst|�ÞÂ�1Ìï"��

� trace"�ö	µ1�� RGB~Æµ	µô�p@±lñÐ¶=-�ÿ�Ðû·

=-'�e«)���ï7p RGBÊº~Æ�Þ�
t|s+p+áâ±�"ö

7�â tracep�ë��«��à¼+ trace��düàluÍèWB!Ô tracept

|ý¤1é�¼��â�ëp±¤ý�¶ ]�ÿ´i¶4��¬¶	µ�B�Þ

�
 video trace��pPst|�

�!B��7�]p�Ê��.�6&�layoutñÌ�à+!È�i1ÉÊºw�

ô�2¬¶1Êºµ���YË�¼ô�m�Ði
0'1Gïä@�Y�=-'

�e«)Êº�Y�]�Êº�Gï�Ê{à�.´��=-�ÿ�4 20-H���

�y 5.12¬B�

ùà)+��¨øy�p video controller°RAMDACs�digital-analog converters with

random access memory±2Êºw�VGïw�Ë�u+ÊåØm��àz�G4

1 RAMDAC "�����+¦1��Þ4+!Y�p��ÿïÊºp�VGïp

��Ê2Êºô�ÞGïô�m�Êr°ö7�.�¯±���Êp RAMDAC l

Þ�4 ferrite bead�6&��w!w��¨àÞ4È¯É�2�°�w�ü�+�

�¨ø��4��p CCD°charge-coupled device±�Y2! RAMDACpÊºw

�VGïw�Yd6&�����]��4 ferrite baed�Ú6&��w�öÕ�¨

øpì�Ú��

ê�lñÐ��Y¨ trace�K�.ô�^56&pGï¨Êºô�m��4��

~l´HÞã5 20-H��pÕ��u´Mì�¼+îåp�ÿ"w��ÿÖz=

-�ÿÐ��LPÝ}°cross-coupling±��y 5.12p��èp�¤��(�èE

C�u17���Þ�[¨Í�YpË�� tracep	µÐû·Êº�Gï�]p

'�À}�VideopÀ�tp�&�Y¨�"�Í I/O�wtp²°��cñh�

Í	µoë�

¶�Êº�.tp~Æ�A"�4â[uWµU I/O�wt)�.t�àuWµp

³ã;°braid±�l"+! RFàÈp�4�Öý"Úa~Æ±gp4���àl

à�o�µpw�æ�1é�¼³ã;µñÐ�û�w)²xw�B�u´H��
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4w�w) video controllerB��àuWµp³ã;µ²¶w)²xp�1é��

Þ<�+! AC Shunt=r°Ï+¡n÷p²�=r±�uWµp³ã;VÓ-p

²xw�pt�ÐðÈ��ÍuWàÈµBp RFàÈ=L��ð�âyð6&u

WµpÈshieldÉV²x���« video�]pÊºw�È¦�É°taken-off�ÏÍè

WB!Ô�±pï7±���üß�º cableB��à²¶`�¤¨â�t¤p6&

1é�¼+�üpÈìï floatingÉ#	��SÊº�Y�Í ESD�!� cab1eB

pâ¨=LpÂ|:zD1d��

ç 5.12 Video«oÞ Layout��

��4Gï videozÿp PCBÖâ��4l�|ähp÷±µÀ�t�Ïr`p~
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Digital Trace
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Layer 2
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ÆB�u´H�4�!Ô�Â�p~ÆµB�Ð�
~Æt|ps+�2 video

generatorpAà$) I/O�wtpô�Ë��6&°�i±ô�2 I/O�wt� cab1e

pàÈ4w1 RF�û)²xp����!+^5pï��ý�"�Í÷�l�³

ã;]«~Æîgp#	�

�âî  AudiobúS

¶��=�p PCB+så6¶Ð@?�]�Gïô��Êºs+����zÿ�

�+�ù7ïpäh�Êñ4���¨���p�¤�Ö���èp¨4B"zD

1:Ä�U�Gp(�èlh�4È�.É�!Å!²¶�ÿñÐ��Ê�¥Ö�

�àñh1é��(�èBn«+!�.µpw�°zp�Ê�Ð2uähp=�

ôÇåîð�Úa+�È�ÊÉ�

�4+!4w� audio controller�¬¶ tracep@pÈ¯É��ÊÊºVGïô��

�y 5.13p¤��²¶Zö traceñÐ4w¨tw1©K�.�Þ�)ÐY��.

p°z�2äh�Êpt�)YdÈ6&É�ýñh��Í�4�`�¨â�t6

&�YÊp6&�Ypc	m��ýØp#	@�wßÍ�=-�ñhoÞ£ÞÐ

â�tÀ}p dc-dc converterÚ6&�

]�Êº�Gï=-�w�{à°�.±èÌ´�2ÊºVGïtp=-�w�	

µ�4w�#Í audio controllerp²°��¼ï�B�=-ãB�]pÀ�t��

àÊº�Gï�Y�4e�pw���ý¶=-�Ð�.6&��EU 20-H���

�y 5.13�Êºp=-Ð+ ferrite bead��w�põ	µ� Layer 4Ð trace¨�ÿ

±¤�«=-���

¬¶���wp trace��Þ7È¯ÉB��°¨"6&�Y±��¨4w�#Í 

]�ÿ��à¶Zö trace"�7È¯ÉB��¨"!Ôl�Âp trace©K�È�

.É1é���«Gïp�D'�ù5)Êºô�pm���"È;'�É°white

noise��Yp!�'�±H��äù��¼#	@�È;'�É"+�_²'��

�	�+sn÷¤îô�m�¢âïn�phfPs�!å�=-�¨�Ó-'��

�Dñ«à 50/60 HertzpA"°hum±H'�Gïót¡��

�Í�Gï�Êºô�p�Y�	�]pn�G4ðÀ}=r�²�=r��àÁ

Þ���Ly�pî���4+!�4�]²�p?$��t¨" dc-dc converter

p�r1Êº=-�¼+y�t°regulator±��Þ¶Ú�1ðÀ}=rÐû·=

-�¨¨"Gï�D'�^5Êºô��2¼Êº=- trace�È¯É	µ)Êº

ôp=-�ÿ°Layer 4±�!w�pÈ¯É� Layer 5�

Audiozÿ1`ûVGïä@VÊºs+ô��lu�a1Þû·²xp RFGï
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�D'�À}^5 audio I/O cable�ÁÞYd1VGïÓ-p=-Vw�6&�Audio

cable+så6+��µï~Æ�!îg°signal and return±�uWµp³ã;��

à"4� audio cablep����¾"~ÆpîgÖz RFàÈ��à"�4�L1

cable��¨�46&À¤p�wt�2 audio I/Ozÿ�wtV PCBÐ�.�6&

�YÛ�V²x�6&�6&±¤�¨h�]1­9�zp ESDü=�!��¨

üã ESD�h±�Ð�)¬Áp6&t|�

ç 5.13 Audio«oÞ Layout��

�4common-mode÷±µÀ�tÐ�È�audio traceBpGïcommon-mode=L�

�Ê<�+0�p÷±µÀ�t�Êºô�V audiozÿpt�lÞ�4 ground

choke¨"=â��wÈÊºp�É)Èaudiop�É�Ground chokë "=â��

w�µ�úã=â°t|±�¼=â���'�=�UèWp'�ô°noisy part±

(digital trace�Éa
digital gnd�ÿ´)

(És+tÁÞ�
{a digital gnd)

Analog Ground

VDD

Êº=-
À�t

¯

Apower�
AGND�ÿ

�.

ß audio controller�­B=�pGï~Æ trace

Gïä@�s+=�

yÞ���­Yªâ÷8�

Digital Trace to video controller

Digital Ground

Digital Trace

Digital Power

Digital Ground

Digital Trace

Analog Power

Analog ground

Analog Trace

Dead Zone

Layer 1

Layer 2

Layer 3

Layer 4

Layer 5

Layer 6

ù�
� Layer 3�dead
zonem²Zö
ßë��"4�
�Êº traceV
Gï�ÿ�r�
¬¶~Æ trace
����#Í=
-¨w��ÿ�

�.°D-A p�Ê)

Ferrite bead

�.
Gïw�

Gï=- Êº=-

Êºw�

20-H 20-H

Audio
Controller

Apower ä

@

÷
±
µ
À
�

ó"�

�"�

6&ô�

Êºä@�
s+ I/Oô�

"�zÿ�
ä@

Analog Trace

Analog Trace

�.
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^5�ip audioô��2À�=�°=â¨"=âíw=rt±4wË��~Æ

p^5��

2¬¶pÊº trace��YË�6&1Êº�ÿÐû·Gï�ÿVÊºô�pÀ}�

�y 5.13p Layer 3mpÈDead ZoneÉ�lÞ2Zö1�Y¨"Êº	µ©K�.

)Êºô�� audioô�p PCBH¨EC 20-H���îåp�ÿÈ�"w��ÿ

Öz=-�ÿÐi
LPÀ}�

�à�wp audio cable"+!�[1 differential pair°for signal high and low±Ê¶

+��àÈ°overshield±há�2¼àÈ4ww)²x1w��

�ãî  �aäÇ Energy Hazard Protection

�Fusing�

¶� PCB�<� AC¨ DC=-ï���wµ� keyboard��w SCSI{Â�Ethernet

MAU°AUI±�FDDI¨4p`�rÂ����YÛÛ����wp=�ÁÞ$}�

´p�uÞ£��u�`�a��=�"¶h�pr`¤��Ö¶�N+pÞ£�

�{à´�Õf����¨�zp=�¨$}Ð@u¤�
 EN 60 950 Section 5.4.9

°¼��uÍ UL 1950¨ CSA C22.2-#950±pus�

1. � 42.4V}�Ð@p=���p=��¨Þû+Aà=L°�Zöä	#	@�

å�Í�±�lhL� 8���

2. � 42.4V}�Ð@p=���p=��Ér�=�� 0-21.2V1é¨¶ 5.0��

0s=Lp�h�Y�Ér�=�� 21.2-42.4V1é¨¶ 3.2��0s=Lp

�h�Y�

Zö&r PCBß���wtp AC¨ DC=�¨Þ¶û+=Lp�Y�¨"$}�

up�`í��`íñÐ"+¶�1�`í�wÀ�Y�í$=t�%5ë�G°PTC±

p�Y�¨" picofuse�¶�p�`í�lÐ�D�È�"�4 PTC�Y°+�5

ë�`í�]Q�#	´�m°=�Aà�]Q��È´�ù��w±��a!a

ÈÞï�:É�Q�Ç3´�PTClÁÞ3a�D�PTCH��"�u��1���

Ð��È�p�=r`�!l�z�Zö#	@p�Y�D�

ÈUñrz=L�@¬h�

r�=� �`í ÈUñrzÍ�=L

0.0-21.2V 5.0A 8A°l �*põ±
21.3V-42.4V 3.2A 8A°l �*põ±
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�äî  CreePageö Clearance®�

�upÌÞÕ�"�=pr`��¥� creepageV clearanceV EMC¤Â�+!á

â1�õk"�]1�aö�õ creepageV clearance�ÌÞ"�a� PCBBp AC

¨"Ï=�	µñh�¶l%D°abnormal±1Q�c	Ç3�å6cM)»M�

cM)��cM)cMÛSª�Þû·Q�#	�3p�=r`�Ï=���V»

M��¨"Vw�p�6O&¨àÞu¤�¼Þ£�=-�¨t¨"�Â=�ý�

ùÞ�

]� AC=�	�´��4é�p trace�ë�<tÐ$} creepageV clearancep

O&Þ£��y 5.14¬B�

♣ Creepage�|m½��"��!�ïtpÈÍ���¨"+!�ïVt�p

bounding surfacetpO&���ê´ïpdÿf��

♣ Clearance�|ª½��"��!�ïtpÈÍO&�¨"+!�ïVt�p

bounding surfacetpO&���<tf��

♣ Bounding surface�1"=ÛÞØp�dÿ�]"nF+�Vê´"�pñx

�dÿw��

CreepageV clearanceë1" PCBB1 tracetp�6O&�V trace¨�YptÐ

�� traceV�YV bounding surfacept��Ï=�¨"Q�#	@�=�ñh�

�3©K� PCBpÁ��¨"� traceV bounding surfacept�èà��3U=�

�=L��«�=¨¦¾pr`��¾�uu¤¾�lup`�=�¤îs ¶È

�p CreepageV clearanceO&�ê´ÛM��Æ)Óë�°C¨	�¾¨4��

´�ÊÐ75u¤pU[û0�

ç 5.14 CreepageÄ clearance½�

d

1mm

Live Part

Live Part

Live Part

Insulation

Insulation

Insulation

Clearance

Clearance

Clearance
Creepage

Creepage

Creepage
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Ðñb  �êxê2� Electrostatic
Discharge Protection

�Ýî  v�vù Basics

q'=�è��ÞÚ) ESDp�hÐi
�|) I/O~Æ�=Û�w��!>1"

aû·���p?t¨��±¤E5p ESD¡��«�Y¨Ó-pþO�

ESD¡�"�3Þ3ï�¿��Ð�]PM�¿Ä�ÛÛáâp�±�¼�¡�ñ

�7���=��w�ÛÀ}���wßhÐótp=�ñ��>�ESD�«ð�

�þO#	� damage�upset�lockup�Ð�h�1���

ESD"Ç3Þ+!ð·¬ìE¦�1hf°�¨�*±�����=r¤1èÌm

°��3ï�¿��¨"�wp�µ±�¥õ¼=[	�!�av�1)Ë

°breakdown�ÐÞ�à±�Ð¼��Þ�¤î1¡��!Ë=phfñh�«�G

ÍMHz¨")GHzÓëp EMIü=�+!73ï�31ESD!B�´tñ7 200ps

ß 10nsÐBp�ë�u´¶�7G��) 30��p}�¡�=L�7Í!Ï��

Ïn÷pn��	� ESDhfñhþO=���w��ï�̈ �=�À}�« upset�

ßÍ�á21ÂÍ�n�3ï�¿��!!Ô"�p ESDÛ¯=��l�!¼�

õ¤îp��

�z��õ)�ö{à PCBÐi
 ESDþOp����cÞ1Þ ESDp:���

Lih�õÿ�õp{à~lrÐûÞ��5�

ESD�7+���¤1��±¤§5��"+!=LÖl"=��	�u½øm¬�

�«þm1"½L�Öl":cã�½øB��m¬1�:�=��"� ESDÇ

3�±��f1i=È�:É�ESDrh�7tw?tp±¤��u=ñ�Öõ�

7=��â°=Lp�ï�Èõ]" Y�¯¨p=�ñ�

È1=LpU[�ESDpB�´tHðùÞ� ESD"+!ðv1Iª¡��È9

Â�1"��öG�}�°peak level±�â�÷°rate of change�dI/dt±�� EMI

pÆ��ÐÁEº�D°Fourier transform±ñ5B�´tm4}1n÷«]�!2

´�°time domain±p~ÆÂ$)n�°freq. domain±«]pm��±Ó¤°6.1±�
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¼` tr=B�´t��¼�+"Àp 1nsB�´t��¶L� 300MHzpn��è

à"z�ÁÞ EMI
}:p{à~l�

� PCBB�¶��ÌÞ1 ESD��#ª�@�

1. ESD=L4wL��9m=��«pù�°reset±¨þO�=Lù5)�Yp

w¬�«)F¤pþO�	¼ÊS¤��7���p�Y°��v�±p4w

�µñhE5¶m1 ESD¡����ý"+![í$=t¨�$=r���=

�B	ñÐû+L� IC1 ESD=L��"!w91�Á. lCÖs�

2. ESD=LL�w�=��«pù�¨þO�U�]1{àC×{!=�pw�

a�t|��Ð 1nspB�´t����!w�t|ñhl���¼¼w��

�ï°bounce±��Dpèàaù�����H�� CMOS�s��sp#	�

ESD�¾B²¶�«þm��ý"��c{s��=-�¨�»$��¨"�

=�â«¤�¨4ß
@Ïïù��

3. �=�ñÀ}�«pù��¼#	�Dl��«þO°�¥�ðÏt|p�Y

X�¶þmpô+±��a�!Bý¶+[�]1 ESDhf�À})9m=��

!Q�pS¤	B�´t�=�é�ÿè�¶¤àÈÖs�¼¯¨�D at

wÀ}S¤°indirect coupling mode±�ñNp-pl�Þð>h�âµ��h

�«�|�

4. 7Ë=�pi=ñ�«pù��¼���S¤�lDà���C+L�!�3

���â�Ït|p=��

+Ë=�pi=ñ"¦�Í+"ïBpx{=�°E%=±�ü+��=�°Eä

=±���ïB�=[1ù4�Ï"ót1�¥Ö�ê´ïB�=[ñh"�r1�

�ê´ïB�ÁÞðo1´tihY«ÌÞ1=[ù4��¼�+!=�ìE1�

�à¼=��U�	��<Û¨"ê´ï�3ótp breaaakdown��« ESD=�

arc¨ spark�

�a ESD"+ótpIª�v�pGï=�91�|�wÍ¬�pÊº=���

�B�ESD�Ïl��|Êº=�päh�¥Ö�lõ"Gï¨Êº=���9 ESD

4wË=°direct discharge±1þm�B�´tvÍ 3ns1Gï=�ý��9 ESD

p�|��a!Ðo ESDg�¬tÑÖ�ï��H	"��Gï=�º!Ô�¬ edge

ratep=�Ð9�m�

+�4� PCBB¾� ESD�hD4p{à~l�@�

1. Spark gaps9«â*��"+�2á1?án�{�¼������OÈU 10mil

È[ 6mil�+$p?ánw��ü+$w)~Æµ�¼+?ánl"+��Y�

(6.1)                
1

rt
f

π
=
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Ö"7� PCB layoutBp­+��à�1���?ánýhË�·�°component

side±�lh¶ûìÁ±��+lh�4¼�Ë=t¼1~Æµ¨�w"�Þ�

°��â°Hi-pot��upÞ£±p~Æµ�Ë=t¼�y 6.1¬B�°/Þå

Ø1Ë=t¼H¶�YÀ¤p3�����+s�Q�!� ESD1�¨´t�

¬1±�

2. =«�«àâ���[[1¯�=r��°=�)ß� 1500V���=�p=

rñh�o#+! ESDg�°$���=r��Ë��cf>h I/O�wtp

`�

3. Tranzorbs��"+�ê�ï�Yý�{à4�ót¡�=�p�+�!��
"ys¤�v�p�¨Ö=m°avalanche±��=mõ¶ys1$ïï7

°clamping level±�

4. LC .pâ�+! LCÀ�t"+=âV+!w�=r14}�!Ì«1+!�

� LCÀ�t�û·Ïnp ESDhf^5Ó-�=â�¡��'üÏt|��

Ö��1^5Ó-1hf�=rtØ��=âpA5$°zAà¨ I/O$±�

2 ESDpÏnn�hf�$)��ü+±ÿ1¯¨"!u´H�ãN EMI'

�p�+ÁÑà~Æ edgep�·�ñh�|~ÆY�pÖÝ±�

ç 6.1 9«â*Þz¢

<Ûn¤°air-type±pË=t¼��à�4�DD¶ ESDÇ3pñ¬m���D

1 breakdown�Ö�3è���!?á�Bÿ��"�ï"��Èõñh�2¼t

¼Í��Èõa2~Æ)FÍ�°¨"+!là¶1=t±ß���a¼�è�p

ü=�<ÛÀ¤pË=t¼�lì��4�<tmÊCZD�Ç3 ESDp¨4B�

¥Ö�/ÞÀ¤pË=t¼�Y�D�´t"ðys1�

��ÿ

=-ÿ

Controller

I/O�wt

I/O�wt

Controller

?án4w�)~Æ
µ�²¶ûìÁ±

?ánptOa 0.01y

ßw��ÿp� �
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æºH`^GMinimizing loop areas

�é�=Lñh��pô��à��¼å61��Yt I/O�wtt�Í�Y/=

-�ÿtpO&�Ð@p~l�
[é�ÿè"ð¶41�

♣ �à²¶�4=-�ÿ1é°â�¨(�è±��¬¶1=-�w���>�+

¦�å6úã+�0�1 KµÐ���ï�2=-�w����è¦��Ö

�[é�ÿè�

♣ ~Æ��cfwhw�µ�w��ÿÐ�=���y 6.2�¼�4Íâ�è�(

�è�

♣ �=-�w�ptãBÏ+¡n÷1²�=r���²�=rpÛ¯í$=â

°ESL±�Û¯í$=t°ESR±ÞK�K��Uf�4²�=rñþ�=-

�w��ÿpé�ÿè���n�Ï7ï¡�Öâ��Ïnp ESD#	��=

rtp��'K=â�Ð�)�Y trace¨"w��wµp=â�Q7=rtp

ä¯âS���

♣ � traceoëcfÍ�TracepoëÉa,ýØn÷p�op
G1é�	]"

+!�µ+s°lõ"e«¨"rt¤±��¼�Ko1 traceK¤�­9 ESD

hf�uÊ�p�Ycñh>�+ôÐ�� traceoë�

ç 6.2 ì4o÷¬Öô�mw#

♣ �·�����²¶�Y¨=�4)1ô�cñhÐw��ÿÄè���ô�

¤pw�ÿñþ� ESD ¯¨��!Úa+ß²xw�¨Ó-w�p�t|�

�����t|���Ïhfpg���)�ÖlÀ^5~Æµ¨"�Ypm�

Device
+5V
GND

+5V

GND

~Æ��

Device
+5V
GND

+5V

GND

~Æ��w���

Device
+5V
GND

+5V

GND

~Æ��6y

w��ÿ

vy

6ï
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¼�±¤p+!R�" ESDg�ñÐË=^5Ó-pw�Ó-��Ö§¦�Y

þm��ï�Û�w�ÄÚô���ÞÐ/�pt6�w)w��ÿ�

♣ w��=-WÓ-tpÀ}��[¨1s+�±¤"2=-�w���9/1

>�+¦°¨=-�w��ÿ�#�+¦±�u´HÁÞ�=-�w���°�

ÿ±tãBÏ+¡n÷p²�=r��¼�ÞÏï7gâp=Lù5p�2H

ñÐþ��G���²�=r�$ñu´¶¯1Þ¬Ï¤îp ESD#	�

♣ 2ESD�â�YÐ�.¨"6&Í!Ôô���.¨"6&�#vµH�õ��

6&ñû· ESD�Y��¨À})!Ôpäh�ï�

♣ 2¬¶1w��wÐ�t|p±¤ap�2��ßw�ï�Ë��2 ESDE&

�âô�p`�ÖlñË��2 ESDE^àô�p`�+!�t|p²xw�

�2 ESD�§&r�âô��Öi
� tracet�3=�Ë=�¬<�p²x

w���Þ¶[Í 4�1po�º��SÞ� ground traceKÍK��

♣ � PCB ��pw��ÿ¨åî�¢+!=sp� �°plated through-hole±�

Ð��é�ÿèp�«�

♣ Ð� Zener2�ï¨" TranzorbsÛ�Y<�Iª�h����Y��v�)
h�¨ ESD�Y�h�+ótã[�Uphf�Þ�¯àÈ��2w¬�
È

Í���GÞÏpO&	ñhþ����h�Yp¯à�Ïn=rñÐÿ��

�Y�$Ðþ� ESDgâp�ë��Öïr��´t��h�YÇ3*ïpä

¯�

♣ 2Iª�h�Yw�ß²xw��Öz=�pw��ESD �Yå61ðUfp

=L�2¼+Uf=LË)w��ÿ��Àäùp����ñh�«�Yþm�

♣ Ferrite"�È1¶ EMI�+p�4��� ESD=LH¶��p��h:��¼�

4�+��YñÐ�)��p�+¯à�

♣ �Ítw ESD�«p=�ñpÂ|Öâ���èñ<� l0ß l00
ÏÍâ�è

p�ó�2#+�pw��ÿcf1>h~Æ	µ���S ESD�Y)� trace

´hÇ3 ESDÂã°cancellation±p�4�

Ç@¤Ïã� Guard band implementation

¼ guard bandV#�µ<)1 guard tracelu�]Ë�èW°´´��"Þ4��

� ESDprm�Þû·l"�ÞÍ I/O�wt1 ESD�Y¬�«p��¨?tÀ

}�Ë�+! 32mm(1/8”)pháE� PCBp�!°´��YÿV7Tÿ�ÞË�

háEîå�! PCB�¢ 1/2y	Ð� ��w)¬¶pw��ÿ�¼+�t|p

��w�§� ESDhf�7+�t|p��)²xw�¨U�w���à� PCB

°´¶�4�.p±¤���Ê�p`2 guard band°r�¼+� guard bandBp

°r�l��� ESD¨ EMIp¯h�¥Ö�É" guard band²¶��.`°r�
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��«h�1 RFUÀÄ�ÐháE�5)�.�������`$�H��V�

.��p�ÿpt�3'K=r��Ö§¦ EMI� ESDp�2��5háEp±

��y 6.3¬B�

ç 6.3 ESDÖO³Þ�¢

]�4háE´�¬¶� PCBB1~Æ trace¨àÞO&è°¶L�ÈtraceVw�

�ÿpÏëO&É�����à	µ�Vw��ÿpO&" 0.006y��~Æ trace

¨àV guard bandO&� 0.006yÐB�

_ layoutplu�U ESDáë����YË�ï�p�c�g�@�

1. I/O�wt�Ï=� ESDÀ�t=rt�ESD2�ï°Tranzorbs±�²�=r�
I/Os+t�

2. I/O�wt�÷±µÀ�t°¶� Kmtp�.±�²�=r�I/Os+t�

3. I/O�wt�Ë=t¼�÷±µÀ�t°¶� Kmtp�.±�²�=r�I/O

s+t�

CPU

ÞháEßw��ÿ�
²x�ÿpw�� �

�.

�.

�.°ßè°p)µ±háE°­�ô±
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Ðòb  BackplanesD Daughter
Cards

!µpÌ2�v� backplanesÐ� daughter cardsp PCB layout~l��{à

backplanesÐ� daughter cardś ¶�!ù�Þ�à�å6¶ tracept|�4«p

èÌ�tracep6$�~Æp	µ�í��Ð� tracepoë���ÿpµ�ÂÍ PCB

layoutp~lHuL¨4� backplanesÐ� daughter cardsÐ��4 adapter slot1

motherboard�

�Ýî  v� Basics
�{à backplanesp��cÞ�s¬ïp»�°pin assigment±�Ð��¡���s

¬ï»�ñÐ nû·í� oþ�?te« p<Ï~Æ´� q�
�]p�±�

s+�backplanes�!B"+�zÿ=�V daughter cardsptp~ÆL1Ï����

�¼�ý�¨���]pt|s+�~Æµp6$�

� high-technologyp�´B�� backplanesÐ� daughter cardstpt|�»"+Ì

ÞÞ£�+sÖâ��uLp~Æµ���� backplanesBÿ1 traceoëU�o

Í� daughter cardsBÿ1 traceoë��"�a~Æ�D"�3Þ adapter cardB�

Öõ�7�!�wt°�&:� plug and receptacle��Cñhalut|±¬à)

backplaneB�¥õé�+DO&õ�f�7ü+��wt�¬)>1=�èB�¼

+>1=�èw9¼�A~Æ¥õ��)�]pw¯C°ä	±B�¼ traceðñ

h"+º�o1�Aµ��]1t|�»ñÐ�~Æ´�È��u´�� RFhf�

í��Ð�=�°IR±þ�t|�»å��

♣ ��ï�´{à�]p tracet|�

♣ G�}�p�wt°connector±�4� backplaneV daughter cardpt�Ð�h

�[�
t|�»�

♣ ��wt{à�]p¬ï»��Ð�Ít|�»��<�Úépw�µG>�

Ð��©��wtpw�ï7ã�°ground shift±�

♣ G�� backplaneB�h connectorp�]t6�Ð��� Í~Æ edge timep

È���tÉ°internal reflection±�

♣ ó� daughter cardBp receivers/drivers/transceiverspï�Ð��È�­�tÉ

°stub reflections±�	�~Æp edge timeÖó��

� backplaneBp �Àp�wt��«� trace^5pï�B¶ð�1� ���

« tracet|1þ��"ÀB�tracepý¤t| Z0�� 50-70èpt�� backplane
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BUf1� ���t|~µ) 30-40è�t|K��� traceB�3p RF=LK

U�èà�«K�1 RFhfÀ})!Ô=��WÓ-�¨<tpm��«�tp

l�[¤�Ö�|�AA�°Propagation skew±�~Æ´��

t|s+p�wt��FÍ�-p�wt�ñþ�¨ãÈ�3� motherboardV

daughter card̈ " backplaneptpU�]pt|l�»#	����w¶�4Í

microstripÐ� stripline{à�����<��Uw¬GÐ�þ����ü=°ground

bounce±��}p¯àñ�zÿB¶��pdüÐ�ãN1~Æ´���SÓ-h

�ñ>1���

�Þî  ̀ èöè) Traces and Partitions

� backplane�Ì²èt�¨"Ì²èV daugther cardtp�ï�wpl�[¤`�

��SÓ-m1 differential-mode RF=L?tàð���1���wñh" cable

¨"�wt�+!ü3�¨1"�]�{à backplane�daughter cards�Ð����

w´�differential-mode RF=L-�"o���

Backplane�Då6¶z�p clock�~Æ trace�Öe4â+1w�îg�ÿ�]�

�!�wtm�¶�»w�¬´�ñ�î�ÿèÈ[��Öû·Ï7ïp RF=L

À})!Ô1�Y¨WÓ-m����èm�4�îg�ÿ�Ð��zÿ�wtm

p clock¨~ÆµtHãw�¬ï�ñÐ�S PCBBpé�s+SÐB
��y 7.1

p¤��� backplane-daughter card�wtx"s ¬ï»�p��có�ÈÏn�

Èv edge�ëp~Æ��!�ÈÍoëp¬ïï����È�n�È¬ edge�ë

p~Æ��Ô�Èooëp¬ïï��

ç 7.1 ñ�ÿåÞô�Õo÷ÞZ� Layout��

È�4}

= ~Æ¨=-¬

= w�¬

= Clock¬

= ~Æ¨=-¬

= w�¬

Stripline4}
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�+�¨4B�È1ä@w��ÿ��k�¶+!LL²xw��ÿ°ac chassis

ground plane±�¼+LL²xw��ÿVä@w��ÿ�¤Zö4w1�w�È1

� backplanepèÌBÿ��!�ÿtp=rfÐ�°interplane capacitance±°¼=

rñÐ�7îåL°ãB lnFp=rtÄhÖ<Ï±�¼+LL²xw��ÿ�Ðî

å�!L°pðÍpt6Oa�4w�w)Ì²xpw�����²xw��ä@

w�ptp�	=r��ã²�=rÄhp4}�2�3���ä@w��ÿp RF

=L�w°shunt±ß²xpw��ÖlÁ��Í4wpÈdcÉ�w��4LL²x

w�"Þ�� backplanempÈ�®#àÈ�ÊÉ°Farady shield partition±vüä¯

1�Õ�¼��Ê�z�ñÐ�6rÈEMI fieldsÉ�����ÈÏnpÓ-ªL�

pRï°	µ�È>hÓ-ìp	µ�pB±VÈ�npÓ-ªL�pRï°	µ

�È>h¹ÿì back cardsp	µ�pB±�6r��¼+LL²xw��¾B	

]�"+!�°zÿ±ìtpÈmt�ÿ°midplane±É�

]{à backplane� interconnect́ ��Í clock�LZ~Æ��ý��à�Clock

trace�õÿåâ�èm°��ø��$�ú�Þåô�Õ�]õ�rº���}t�

�Ýç  60ö 100�Ï`èÓÛÏ�n

Ð@p tracep�ë¤�"¾�Í G-10� FR-4p PCB��p��¨��è�¼¤

�Öd+]{à backplané ¬��Þ�pà)�d 7.1mÞ)1¼+����"Å

�Í#�µmp±Ó¤°4.2±ß°4.8±��Í���p�¤H"§4uLp���

Þ�) 60ß 100èp tracet|��4@ÿpà)�� stripline� microstrip���

�ép trace��Þ¶�
Í!�ëp�6O&�7°´ß°´�f�M� 3-W�

��

+Â¦ë°y± trace�ë°y± trace�6°y±PCB
�� 60è 100è 60è 100è 60è 100è

G-10 1.35 0.40 0.027 0.008 0.054 0.016
FR-4 1.20 0.36 0.024 0.005 0.048 0.015

Ò 7.1 #v�;6åÖ�m�ô�«��Þ(���yV

cjGÏ�n

�+! 60èt|p PCB¨ backplane�tracep�ë w�V+Â¦ë t�pº��"

À�a 1.35°w/t=1.35±�×{+Âp¦ëa 0.020y°��èpQ7+Â¦ë��

�¤¦ëa 0.062y±�¼ trace�ë¨a 0.027y°w=1.35�0.020±�Þ�) 60è

t|�tracep�6O&È�Þ 0.054y�°0.027�2=0.054±�
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ÓÛ¦ö

Backplanet|pÈ���.~Æ1 edge rate°l"n÷±V�wttp�A´t°¨

"ñ�z1<�wtp�6O&±�ºÖs��à¼+�A´twh)~Æp edge

timepÍ�p<1é��¨�4dä	°ìd�:è±p bust|���D�� 15

) 19! slotp backplaneÖâ�¼G�Uªa 30) 50è�

�ßî  BackplaneÏG+

�Ýç  v�Òÿ

� daughter cards�:5¤S4°Plug-in module±Öâ�¶�!�!p�>Þ�ð�

��"È1#2µ¬<)1÷�����fÕ�1��Ù×{��"]Ú	µ�ÿ

°microstrip±¨"Y� ]�ÿ°stripline±�4�+sÖâ�:5¤S4"VÈÌ

²èÉ̈ "ÈìR cardcage4}É« 90Hp4áï�°���!3=°puãì adapter

board±�

È1#2µ<�1p��¶Ð@v±ÿ¨àÞÕ�)�

1. �=-�ÿJã�i
���'��Ïn RF=Lpù5�|�

2. ªL�p~Æ´��

3. t|s+�=r¤ä	�

4. èWptp RF=LÀ}�

5. Daughter cardßìRtpÈñÉ1À}���

��r^Ï©B

=-�¨tp�D'���ÞÍÓ-!Ô�]p?t¨��À} RF=L�=�þ

°IR±�Ð����Û����|<�ï�Y�uãì�4p=-pJã�=-�

ÿ1Á)"ðñhÇ31����|)�â�Y1dü�ý�"�Êº� PLL°�

�é�±=��Æ)ñh�ÞÍ=-�¨tp�D'���z1 RFñN�ESD�

=°°EOS±�I/O cables���pw��w�Ð�¶�Í���¤�YpL°ù5

=â¤�D'�^5=-Ó-°���²±�ÉÆ))�=��â¤=�ñh�À

äh�2�

] backplane:Bð�!ì´�ñh�Ç3=�þ�ñh:�+°1ìã[p=ä

÷�UÍ:�ü+°1ìã[p=ä÷����èWtñh��3 IR�þ�Ö�
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|)äh�dü�

��� ground bounce°¨¶´ �ã� ground shift±"+!þO~Æähý¤pÌ

�p+����°Ð�=-��±�Ç3�]+U=:ã[p=�p�Y�ÈUä

	@u´��D�ðÀ}=rñÐ�È7�Yù5=-�ÿ1Ïn RF=L�UÀ

°Bulk±=rtñû·=�þÐB
�]p=�ï7öÕ��� backplaneB��

�Þ¾�¢�uãS4�<��]p�E=rtÐãÈ����� BackplaneBp

¢+ I/O�wt�¨àÞ<�Ú�1ðÀ}=r�UÀ=r���=rt�z�z

ÿìBp=rt�������B
Ó-~ÆpJã�ü��2=-�ÿE��#

Íw��ÿ�Ðþ��é=-�ÿpïªt|H"ð�Þ1�

rHX�Ï traceÏÝ%�e

� backplaneBp~Æ´�p}�"�ÞÍ� backplaneB�¶ð�1 tracc�éè

+DoO&�}�1�!�>"í�°7.8�±�w��P°ground slots�7.l0�±�

�à trace�=¤Ba�o1é���]1 terminationH"�Þ1�

� layout´�D���~í�pñh���º traceu+W{1 layout��#1�

� stripline	µ��Ö²¶	.)LPÀ}pñh¤�"lÜ1���Backplane�

D�" X-Wè{p	µ±{���!�# stripline~Æ�p�tÀ}��|~Æ´

���à¼�c	Ç3���Í¶ðUªL�Ó-pì���"2¢+~Æ�	µ

���Y� ]�ÿÀÈ�"w��Ápt��Ï�p�� backplaneè�È�l

Þ2�� stripline�º#��mn�pÓ-�¼`LPÀ}�äh�l"+ðäù

p�|��ép�#~Æ	µ�"ñÐw91�¨Ðw�g~Æg~Ægw�p�

¤±¤ép�Ê~Æ tracep�6O&¨UÍ�
p~Æ�Vw��tpO&�

ÓÛÒ�ö�Ñ�Ch

]���èË5 backplané �¼ backplanepý¤t|2��úãp=r¤ä	Ö

�â��z�c	@� backplanep~Æt|�¤�s+�z�ãÞ1���ÞÍ

daughter cardBpä	#	3s1t|#	�]~Æp edge time�ºÍ slotstp

ôt´t´�~Æ´���6$pt|s+ñhäù1o'O�]{à backplane

´��ä	pý¤t|¨ãÐv�Öõ�h�»àt|�� VME puÑ" l00è�

¥Ö�+dä	1ªL��¾Bª 20ß 30è�

�ö� backplaneBpªL��ñÐå6lut|pG�°40/50/60è±��7�ë

daughter cardpä	�G�+mtpG���4°� 50è±�G�mt�ñÐ��

�<	c	Vè	c	@pt|pã��] daughter card¬�ï�tp�A�H´
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t�ºÍ~Æ edgé t�þðUº�´���4è	pG��{à�

ç 7.2 V,­â.ë

GÓ RF�«Ï�Ü

¼+{àÕ��D�oÓ-x�p{à3I¬����!����è�ud´�ý

�¢+ÇèW]«+ÑE1!ï�Ö²¶ã)È6�"�4}�+¦��41�¨

"�¶ñh�#Í+6¶Ïr`~ÆpèW������y 7.2��+!Bÿ¶

100MHzp clock=�1èW°�Y� trace�·�±:) backplaneB���Çì

:)ìRm�#Íü+ I/Ozÿì����c	@��ÂìtpÈhO&ñh�¶

0.1y¨ 0.25y�¼´ñhÇ3� clock=�èp RF=L?t) I/OìB�« EMI

�2Ð�Æ) I/O=����à I/Oì:� clock=�èp��ï� slot1é�¼#

CPU Processor Board

CPUp'�À}) I/Oè¹
ÿp traceÐ�?t)<tm

Backplane Connector

I/O Controller Board�¹ÿ¶	µ

CPUÌ²è

7 CPUÌ²èß I/Oè
tracep RF=L?t

Ø� mounting platep=�è°��
#pèW¶àÈ�4

� backplane=�èptp?tÀ}�I/O connector�!�) RFpe
«�Ïr`¤p trace°clock� I/O±lñÐ	µ����
�à I/O boardË� CPU boardp�°��ñhÇ3�ÞÍ�# CPU
boardp�Y�~ÆÀ}�
Þ��è¾pÀ}�� I/O boardp��a+Y��ÿ¨"i
~Æ
	µ��à¤��4 mounting plate�ñÐ�4 metal plate�
�à I/O boardË� CPU boardpó°��l�¶?tÀ}p EMIp
�2Ç3�
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		l�Ç3��a� clock=�è��p=-�w��ÿñÐû· clock=�p RF

=L�7?tp±¤À}) I/O=�èpm�

ç 7.3 BackplaneÞñ�ÿåÞâêC�

Backplaneÿè

          PCB

BackplaneBp&:�
PCBBp�:�

nFp StandoffsÐ�w PCBV mounting plate
Mounting plate°ètpàÈ±

ÿèV PCBpPs

ÿè

Ps4pÀ�Eí

� PCBV mounting platetp
common-mode�=L°L2±

� PCBVÿ
ètp�=L
°L1±

�wtñ.a+
��ä	
lumped load

PCBñ.a+
�Aµ

Backplaneÿè

� PCBV backplanetp
common-mode�=L°L3±

Mounting plate��Þ RF�
û) backplanep�°Note 2±

Note 4

ÿèpPsa+�
common-modeä	

Notes�
1. Þs+ common-modeé� L1�ÿè��Þ RF�ûß mounting plate
Ð�=�è�

2. Þs+ common-modeé� L3�mounting plate��ÞÐ+�t|p
�wß backplane�É²¶¼+�w�� mounting plate�À}
common-mode�=Lß²x¨"�#p=�è�

3. nF¬� standoffs��¶¯1�a=�èV mounting platetpw
��w�

4. �7¼`pw��©K�wtp common-modepÈEÉñ lossñÐ
þ��¼±¤ñ¶¯1þ��¼ daughter cardp common-mode EMI�
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	�¼+����Sùà1+�"����èp backplane�Ïr`¤p~Æ°clock

¨ I/O±��ÞÐ striplinep±¤�	µ�� daughter card��H"+L1�ý�"

�Í�n÷p�wzÿÊ>�4zàÈµpzÿì��à adapter cardp{àC�

.1ètpÀ}ü=�EMIp�22�ð:Äð�à��%��+!	µ1xÛ	

"{à¬¶1 daughter card�Ð!���aw��ÿ��Êl�z¶Zön¤p trace

¨'+�Å�¼+7��føÐ! guidelinemp!Ô~l�EMIý¤p�ó"ñ�

«1�

�Í÷�¤��4w��ÿ1¨4�Ö>�Ç3�#ètp RF=LÀ}1c	�

�	ÁÞ�ã+nFàÈ��¼��D pa mounting plate°]4�ìRtp4}

´±�¼+nFàÈ���1ìRé|mpètÀ}��àYd�5¼+±¤1é�

�ìRt	ñ_à��zÿìÖl��!ètÀ}#	pÇ31��4¼�

mounting plate�!�Âp�2yÞÍy 7.3� 7.2�

Daughter card>K±�Card cage����P­Ïn|�Ü

¼c	"ÊÿÍètp RF=LÀ}�ý"7èW°�Y��±�����wµÛ±

¬�31 RFñ°field±À}) chassis�ìR°card cage±B�èà"�RF�=L

���Í chassis�éå�!m��«+!ñ1�	�¼+ñN�À})!Ô=��

WÓ-����µ�L°�ÛÛ�¼+ñN�	Èäù1�|"� backplane�ì

Rt�«1+! common-mode=ï�¼+=ï��Sn�hf^5 backplane�

daughter cardm�¼��¼+ñNñÐ�hñ?t°�ó/4±�f´fS�¨"�

¼O&p�n«=ñ°�,n÷±���1�4�PCBBp�+±��Ð�2backplane

VìRÐ+�Í�±¤�w¦�ÐðÈ��=ï�	�ñÐ��èW� backplane

�ìRtpñNp��À}�

¼+2 backplaneVìRÐÈ+�Í�±¤�w¦�Éà��!tìEà+��t

|p�w°reference±�¼+�w"ð�Þ1�4ÐÍ�~�3� daughter cardp�

=L°eddy current±�¼=L��7�	��t|°distributive transfer impedances±

À})ìRB�Ê�D�À}) backplaneBÐÞ¨¼+î�°close the loop�Y«

î�±��à� backplane�ìRtp common-mode�wt|¤��[Í¼�=L

p���ï-1é�� backplane�ìRt	��3 RF=�1�¼=���Sn�

hf^)lý" backplanepm�u´k�^5 daughter cardm�¼=���S�

w) backplanepZö�µ°ï±?tn�p�¢°profile±g��" dc�µH��

¼+�²ÌBpn�hfwß��Ð backplaneVìRÂ�]þ��À��3àè

t°interboard±pÀ}�

áâ1��� backplaneÐ�ìRtp common-moden�=ï��ÞÍ�~��à

:���Þ� backplane�ìR°chassis±ptLî¶ð�1�w��ü+±ÿ�
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� backplanemñh�4)Èac²x�ÿÉp4}�4w�#Íä@w��ÿ�Ð

ÀÍ+!�	��t|�ìE� ac²x�ÿVä@w��ÿpt�¼ ac²x�ÿ

ñh	�u backplane�pÈ�®#�ÊÉ+s�¼+ ac²x�ÿ� backplanem

pï�����êl�]�"~Æ tracep ]�ÿ--à:����Þoä@w��

ÿÿb°Capped±�+s���ÞS)¯à��ä@w��ÿV ac²x�ÿtp RF

��t|��ÛÍ¨[Í 1è��¼ihÍ�¼+�Èdaughter cargcard cageg

backplanegVgcard cagetÉp common-mode=ï�

�Þç  çj�¦�

Backplaneß�Þ4��èpèÌg��	µ���Y��ÿ°=-�w�±�lì

�4�Í��p{à����è1�¤���+s4Ú~Æ	µ���	gaw�

�=-��àÁÞ4s+t|p�¤´�Z���¤�tpO&ñh�l�u�

��Þ�ð1+�"�ý¶]~Æt|�Ü�s+´�iñ�)È�p EMI�Ó-

dü°performance±��Ê¨ reference)w��ÿÖz=-�ÿ°�a ]�ÿ±�

Ð�È�é�ÿp!�=-t|�	°instrinsic parallel-plane power impedance

distribution±É¨�}û¤î�cf1[��Í��ÐB	µ�p backplane�¶L

�v! daughter cardp slot��~Æ edge ratevÍ 5nsp#	��4��èblh

$}Þ£�¨�4���è�

]�4��ÐBp backplané �EC#2µp7��ý�"��y 2.10p±¤"

È�1��añÐ�=-��fV~Æ��f���6r��à� backplanepw

��ÿV²xw�t��44wp�w1é�Ð9/pt6ap��à"Ð²¶4

w dc�wp±¤1é��4Èac²xw�Ép�w±��

�ßç  ðÖÓ±N�Slots��¦�

cÞ5���w) backplanep clock¨LZ~ÆpÈv edge rate��4±Ó¤

°4.14±ß°4.17±à)��Èop=Ûoë��à¶ð��wt�f�!�OÈ

�pO&�Þ�ð�ü��4B backplaneBp¬¶p slotl�d�4B��S�

~ÆpLÓB¶��È<ìRpt¼ population gapsÉ�­ã�1�|) timing skew

Ð��tyn�¼O&�¨å�~Æ trace� daughter cardBpoë�^éÈ�#

	p timing�ë�Ð��]:Bð�ì´�¨"��wtO&oëð� °́7 source

ß loadpO&ð�±�"!�Ç3�n1��°degradation±�~Æµp6$

°termination±ñh"ÁÞ1�

]¶ð� slot´�� backplane�­9ðUpÈ���	=rÉ�] PCB�¾ã� slot

B´���0�p=rf��þ�~Æp´��¶´�äù)ï��Dp�¡��
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clockã�°skew±pÖ���Þ��ït$Õ�)�Ð1÷)]¶ð�ìã�ì

RBp�=rä	#	��#�µ±Ó¤°4.9±ß°4.12±pà)�

�àî  âüðÖ

� backplane� daughter cardB�41���wH¶+�}���ý�"]¶ð�

1�wt´�]��èÌm¶ð�1�wtìR´�Vä	t�31+!�I1!

��Y�H°instrinsic device delays±�¼�HÞV:Bpì1!����H+��

Õ��ãB���Hp¬�«p~Æ��¨àÞ1÷�Õ�) I/OG��Aph:�

I/OG��Aå� source�ït2~ÆË) backplanë daughter cardpB��2¼

~Æ¬)�ªL��±1ä	�

��ÞG��]1 I/O�wt�4� backplanepB��!¶h:ä�¼+ edge rate

ÖlÀ�«~Æ�#�Þ�
~Æ�ï¤���wt°zpt|l�»p#	��

ÞÈ[���Þ��wtB<�é�1w��=-w¬Ð�
+Pspt|�»�

�y 7.1�t|l�»��« common-mode RF=L�u´��â EMIn�� 

°spectral profile±�¼+�âp EMIn�� �À})�#p~Æ¬��~Æ�w

�¬tóâà differential-mode RF=L�¬¶1��¯¨6��À EMIu¤p¤�

���

4�Ï�ë¨4p backplane� daughter card�wt¨àÕ�)�~Æ�A´�p

â°��wt�	�u~Æ trace��Y+L�6¶=â�=r��=t�Clock+

�� common-mode RF=Lp,3H�àü�ý�"��2ÈU1n÷��

� I/O�wtp{à~lå�Ð@��ì��

1. �¬¶1l�[¤KÍK���S�A´t��Í edge rate�

2. ��4p¬ï<tm�4cñh�1w�¬ï�Õ�èW1��U[��4È

�1w��w�

3. ��wtìE+!e�pw��

4. �4�]p�=�Gp�è�±�

5. �w���cñh1>h~Æ���

�áî  �+

�ñh1é�<��+�1èÿèï4ÍÈ������wt� backplane=-É

pÀ�t�6$�Y��4��àÁÞ1é�� I/O cable����wØ�Ï+¡n

÷p=rt���ô����à¶ cablew) backplane�Ð� ]w��ÿw)
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backplanepä@w�1é�cable1��àÈ°³ã;¨1+±¨w)²x°ìR±

pw���¼��w cable�wtpï�¨>h backplanep°zÐ�Sñ�ü2à

Èp���w)²x�

¬¶�Ì²è1îg�àÈ�ÿ+s�¨ RF�û)¢+!w�­*°ground stitch±

pï��DC=-�!±g�wt¬ï¨auÛ¬ïÐ��w�é�ÿè�!ñh

�3ÞlÜ1 aspect ratio��º��w��ÿpl�[¤�lÜp��	µ��à

mt²¶w��ÿ�1é�2 trace	µ�lu���Ð 90Há�L°½��¿4

±{±�Ðû·�ÿtpí�À}��ÖñN�~ÆY�¤������ÚLõú

ãw#y> 90� V#�

Þ� backplane�daughter card�¨ motherboardp trace�6&¨�Ê�ñ�4 3-W

���¨"ãBhá��°guard trace±�r`~Æ tracep�²�¨"��#p	

µ�ã�é��°shunt trace±�

�âî  Ý%h�

�Í¬¶p trace�clock� signal�i
�ÿtp� ��¢+!� ��� trace

�3 1-3nHp��=âf�41��1� �H��S~Æ´�þ���| EMI

ý¤��ñh1é��r`°critical±p~Æ	µ�u+	µ��ý¶�ä	�Y

ðh�²¶�t� timing}�´�iñÐ)�¸p±¤	µ�È¼p��Ðã16

$p?t#	µép��#�µp clock	µ�� trace<��]p6$����ï

tÐÈ��àp±¤�4�

]�4 I/O�wt����w´���Í1�­�M�ÈT-stubsÉ��S¼�­1�

A�H´t�[Í edgé t����z clock¨LZ~ÆM¨�¼�� clock¨L

Z~Æ�"¨ài
4 Tn�­�Tn�­��poë��u SCSIp I/O�Y�

Q"ð�â1�

�à� layout¨"	µ�2+sÞ4 Tn�­1é�ÞKÍK��ù��hï�Ð

�� Tn�­�¶�#	Þ�4ÈTeeÉp~Æ	µiñ�äh%D�¼±¤"�

~Æù5+�°ÛopÈTeeÉn«)°}ÁaÍ1�A�H´t±�¼�°«)�

�"Í1��Ûoë��Á6$1é�ã�`$��4 CADpà)ähÐ1÷�

°poë���Þ´�Ðbn	µÐ��ÍpµhV�opµ6�Ûo�

�ãî  TraceÏÎJµÝ%Ï��

�Q7�ëp TTLä@���à~ÆoëV edgé t�ºaÍ1é�+slÁÞ

6$���Ï�ëp�Y�� backplanep6$�Y	�ÁÞ1�� daughter board
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BpªL��ït��Þh� K¬¶p�wt�Ð�ï!Ô daughter boardBp

¶6$pä	�� parallel terminatorË��!~Æ	µ��BpÈõ��à7lu

1 slot�4�!�ït��4Ï=L�ïtÖlÞ4Ï�ë�ït�Ð�»Í¶ä

	pªL�t|�ü��Å�¬w9p~Æ��Óë��äh%Dp�<@G�ñ

hpÈ¬�w¯t���]1���6$�

�äî  Lb

]ð� trace�é	µ�Ê�]>h´�� backplaneBpí�	"+Â�pÞ��

~Æ	µ��ñh"ðÍ)�o°=tB1���Í�A�H�~Æ edgé t±�

�o1	µ�ÁÞ6$ÐÈ~�Aµ¯¨��ÖãN~Æ´��

�àÁÞðU1 backplane��Ê��"=ÛB1ðo����¨4�Aµûõ��

ï~Æ�°differential-mode paired signals±ñÐ�7�¼È~Æ�É�î�4EC

3-W��p�é��±¤ÐãNí�p|´:�¼~l�y 7.4¬B�

È�ÊÈrÐpû·í�p±¤"2 trace�r�å�2u+�p~ÆµÐ 3-W±

¤	µ�¨��#�´Ð4á±¤	µ�ü+û·í�p±¤"a2u+	µ�p

tracep�6O&Þa 2mil/inch°0.002y/¢y±�

ç 7.4 Differential Pair Routing

�åî  å�`ÏÒ�

�à�4 1�2¨ 4�p backplané ���ùàÐ�[�=-�w� tracetpw

�é�ÿè��~Æµp	µtK	K�pw�µK��w�µ�7�ÿ�wt�

)ÌÓ-w���à²¶=-�w��ÿ��1é�2=-µ�w�µ�¼cf�

#��y 7.5¬B�

�y 7.5m�traceÐ stripline¨"�é±¤°��è±	µ+~Æµ�#Í+~Æ

îg°w�±���Ì=-�w���	µ�èW1m�ÐS)��p=-�»A

W

	W
W


 2W

!Ôp trace

~Æ High

~Æ Low

!Ôp trace


 2W



                         �Ë (0&��Ôê®�(�+�
Printed Circuit Board Design Techniques for EMC Compliance

3DJH ���

�ë�u´��Ì=-�w���	µ�¼�#ñ�� backplane=-ô�p�±

��� backplaneB�4ð�1~Æîg��ñ�� tracetpí��ñ�Ïr`~

ÆV!���â~Æ�&�

ç 7.5 õ BackplaneÞåôWoÞá�

�ÝÜî  æ BackplaneÏÖå��SÓ ( Slots )

�{à backplané +!e�1��"G4 �¤p�wtÀ¤��À1Ï¬ïG

p�wt¶dÿ���YÀ1�dÿ���YÀ¤p�wt2~Æ�� ��)�

��	C�wtÀ¤plu�ðñhà�1� backplaneB�«1+!w�'+ô

t�

+!w�'+ôt�1"�+���wtpoëpw�l�[¤ô���y 7.6¬

B�w�'+ôtpn«"�a�w¬p �½LÎÈ~��pw��Pô���

��P�uù¤�ÖÌ�à+oºnpl�[ô��	µ��¬ït¶é�p<t

ñÐ	µ�ð��!�#p�¤�"w��=-�ÿ��!lý"�aèW1=-

�w�u´�ùÞ1"�a RF=Lpîg��° ]�ÿ±��à�¢+���«

ðU1ù¤�È1é����ÿ�	���l�[¤�Öt· RF=LÐ4µ±¤

îgß!-p��¼#	@�7Í��Íe4~Æîg��p~Ætpuâ��Ö

Ç3í��u´�¼ traceúãp=âñh�3àlÞ1 common-mode RF=L�

�Ö���A���°p clock~Æp edge rate��aîg=L�#éå¼ slot��

«¼îg=Lp�ïã���¼�Aµp flux cancellationHoã�°skew±��|

)~Æ´�Ð� EMI�

�y 7.6�� backplanep slotpîg=L¤�4w1	�!��1~Æ��Lï�

7Ö1"�¼îg=L��Ðå�¼��U�Pu�«pl�[ô��ÞÞ¬¼�

2�Þ�s�¢+!�wtpw�ÎÈô�}¥�
w�p�[¤�����p=

~Æw���

~Æw��� Ì=-��Ìw���

ùà)Ì=-�w���°7=-�¨t±
ïÍèWpmt��Lñ�
�ï=-�
	p��A�¤�



                         �Ë (0&��Ôê®�(�+�
Printed Circuit Board Design Techniques for EMC Compliance

3DJH ���

LHúã1 tracep=â�úãp=â��·~Æ	µ�-p�ä	tpB�´t�

ç 7.6 õ Backplane slotsÞâÞñ��

�y 7.6mH�)�+º tracepîg=L�éÍ°�¾"ù¤±ü+�# tracep

îg=L�¼�îg=Lpù¤�S����u±g��p tracet��¶ðU1

uâ�

¼ tracepÛ¯=âñÐ@h±Ó¤à)�

¼`

L = =â�nH
W = trace�ë�y
d = �wtp slotoë�y

=âV¼w�'+ôp�ë¤Â�=âýV¼ slotp¿4oë¶Â�Zöp sloto

ë���=L�â��a=Lp�â"�Í slotpoë��>h�wt°´1 trace

­9p=L����ÍïÍmtp=L���

��wtptp� �

Backplane��!¶ä	p I/O Slots��$mtü¶�!<1�wt slot

Backplane�wt
éå�� �p�g=L��

(7.1)               ln5 




=

w

d
DL
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Ðób  Ý³Þ(�+� Additional
Design Techniques

�Ýî  nú@Ïh�

]{à� ns°Þ�±ÛMp�ª´t´�Áý�ùàÐi
�+s	µ´Ç3l�

[¤p#	�] trace�èWB�+2á��´�!¢âïoëp=r�úã�Ö

!¢âïoëp=â�����y 8.1¬B��Í 90HÐBp2á	��3¼ü=�

2áp��	]"2!=r¤ä	ã��AµpB�=r¤ä	��S~Æpâï

÷°edge±âS½6�Þû·=r¤ä	�	lÞ�44á���ý�"�Í~Æ

p edge ratevÍ 2nsp#	��ÏU�Gp CAD�ï�¶i
	µ 90H��pä

h�lÞÂ¨¼äh��a clock~Æ�ÁÞ«ï	µ�c�s�� trace�²¶4

á��pc	õ�f�!Ô~Æ	µ�

2��p�áÐPs�ë�[Í 90H¨ 45Hpáë����Ð 90Há�~Æ�)

+�ëúãp trace��Öúã10�p,3=r�[Í 90Hpáëñþ��t1

f���~Æþ[pÓë�]Ð�á±¤��°chamfer�45H±´�ñÐ�)=r

fp 57%pþ���á°45H±±¤��ñ¨4) 10GHz�� l0GHzÐB��4

½áp±¤����y 8.1�

ç 8.1 }OÞw#o÷

��á��a
E �úã��
=rúã�

ÚJ W W

vy

C=C(0.57W) W L

LVWpº�a 2:1

ðaâG
 cosð�1

I

dsB
sL ∫ •

→
C

L

I

B1

B2

B1

B2ð1

ð2

ds
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ayÖ 90Há"lÜp EMIp~l¤:�"�a�=â"-ÞÍ L(∫B&ds��y

8.1p@±¬B�

�àð=90H�� sinð=l��àð�90H�� sinð�l�Ê

¸0�ð�90´p B&ds¹�¸ð=90´p B&ds¹

¼`  B=��f/ë°magnetic field flux density±

ü+�Þ)¼{àû+p±¤ñÐ4áâ1�õ�¼�õ"§4��f�=Lpó

«s�°right-hand rule±�0����RF=LÛ���1�á�	]³ë+L��

à�Þ RF=L�¨"�1³ë��à+!4á���¼��f�¨"�1³ë�

ðÄw9�L1����Ö�«~Æ��pñh�� RFp�:µÖâ���Ð+

!lA�p±¤â�����f¼´Ð+¡¥p±¤�â�

]Þè� PCBp artworkp��í�ÞÀ7�s trace�b4 45H7Ö 90H���

¥õiày�

�Þî  ôU¦ö ferriteà¸

z��b1Þ ferrite�Y°bead�toroid�core�splt core�wound bead�ÛÛ±ñÐ

�� traceBp RFhf�Ferrite�Yp�4b�!¼máê��¥Ö!ÈU1�2

"�ö�¨lup4�G��}uÑp�±��D�EMI¨{à`Ó�"ÐkâQ

�°trial-and-error±p±¤ÐÞ¬?t¨���2��¾B�ferrite1G�"ðáâ

1�

G� ferriteÐ�+lãÞp~Æ¶Ð@?�4��

1. � ferrite]«"+!6&È�ï��Y�¨=�ÉpàÈ"�Ð6&K	p=

�ñ�

2. ] ferriteV=r}4´��«+��À�t°low-pass filter±LC�

3. �4 ferriteÐû·,3¡ï¨"�����Yw¬����wµ�trace�¨ cable

pÀ}#	�

ÞG� ferrite"	�!'ü�=�BpÈt|ÉÖs1�t|>"�ÕÍ�±p�

��GôÖs��¾ ferrite�±pt|"=â¤=|°inductive reactance�j�L±

V=t¤þ�°loss resistance�R±pí$��C°R�j�L±�"_n÷Öâ1�

�G�]Öd=|°reactance±p�]�Ö G�]Ödþ�°losses±�

���n÷´t|ÌÞ"=â¤=|°inductive reactance±��"�±���Gp$

G����pn÷�U�GlÞp~Æo�t�ð���Ïn÷�=â¤=| ��

�S�t|úÏ��ÖlÞ1~Æo.¯�
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��¾p�Y�lu"�pô�7 10) l5000�ÌÞ"7Í"�p ferromagnetic

resonancep�|�ò�ýµ¹=���Üe¹s�

]G� ferrite�±´���cÞ5�¬¿�+pn÷¤î�Ð���Þ��pn÷�

lup ferriten�¶lup���G�=â¤=|�Ð�=tþ��ÈD4p��

�!À�¤î�d 8.1¬B�

Permeability ¬�+1n÷

2500ô 30MHzÐ@
850ô 25) 250MHz
125ô 200MHzÐB

Ò 8.1 Ferrite�tÞÜe�\

+s������GKÏ��È���n÷K����1����GK���È�

��n÷KÏ��"�a�np��"�t¤1�ÖÏn��"9ûÍ�=�+¡�

È1G�¾�,+n÷¤îp����ü�kÞÕ�)¬Á1�����+���

ñÐ4±Ó¤°8.1±�à)�

¼`

Zs = Source impedance
Zsc = Supressor core impedance
ZL = Load impedance

±Ó¤°8.1±ñ�à���"9�3'�-pt|U[�w¯$t|U[p�|�

¼±Ó¤pG�+saäGÀªÊðÄÞà��

G� ferrite��lý"Å����GÖb�kÞ� corepU[�é|�ã���=

t¤�ÛÛ��¨Õ�^ð�

CorepU[¨n#¬s1 core�¼+åØppÈUt|�+s����uL4�

pU[�t|_ corepoëÖúã�Þ¶�Ut|��ñG��o1 core�d 8.2

´U1?�lup coreU[�!�=�B1t|�

Impedance èBeadpÀ¤�U[
L�OD�ID°mm± 1MHz 5MHz 10MHz 20MHz 30MHz 50MHz
ô=850, 3.25�3.5�1.6 2 8 13 20 28 32
ô=2500, 3.25�3.5�1.6 11 26 32 37 37 35

ô=850, 7.5�7.65�2.25 5 18 29 40 58 61
ô=2500, 7.5�7.65�2.25 25 47 58 61 61 60

ô=850, 11.1�5.1�1.5 14 41 66 95 110 115

(8.1)                log20 10 




 +++= L

s

L
scs Z

Z

Z
ZZ��
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Impedance èBeadpÀ¤�U[
L�OD�ID°mm± 1MHz 5MHz 10MHz 20MHz 30MHz 50MHz
ô=2500, 11.1�5.1�1.5 16 100 125 160 160 155

Ò 8.2 ý² Ferrite bead�tÞâê(v

5ë�ñNpé|�HH��|�¤öG�é|5ë1úã��S�ï1t|�

��É�4�5ë��Ï1é|m��¨G��5ë¶�¬t|þ��ëp ferrite

���

ã��1"L�¼ ferrite core1 dc=LU[�ã�1úã� corept|þ�1�

|Ï�Zö!Ô�Hp�|���nô��È�ñNëÉH�À� coret|äù1

þ��Þúã ferrite core�Yp dc=Lh:�G�¶�ì<¼°air-gap±pn#1

core�GapKU�ã��!t|1�|	K[�

¼+ ferrite��p=t¤°resistivity±�_L�p ac¨ dc=LfÖâ�]Ð ferrite

bead7Ö=t´�!=t¤ñh�À�È¬Þ1~ÆÉp�U���

Þúã ferrite bead̈ core1t|�ñÐúãåµ�G�t|�_�Gp�±Öúã�

¥Ö��úãp�µ=r¯¨p��ÈUt|pn÷��þ��!È6p¯à"2

ñ4¤îâ>1°�Sh�¶¯�+pn�â>±�

�ßî  ªÖ!ÏÖå Grounnded Heatsinks

2KwÂw��� PCBp EMI�+B"+!�1 ���+�ýs�Yp¨4"

¶¯1�]�4 VLSI�YÊ!��n÷UÍ 75MHz �́¶´	ÁÞ2KwÂw��

�� CPU¨ VLSIº PCBBp!Ô�]ÁÞ��1ÏnðÀ}�w��

�R½°wafer±yÓp�~l�S¢+RÂ°die±BñÐ¶L�+Í�p=Rï

G>�èà�z��Yã[ 151¨�Ïp=:�+� RISCp CPUã[ 18ß 25

1p=:��ÖÁÞ0�p�¥Ó-����KwÂ²ã��ÛÛ��a��Ï=

:�Ï�p`ût¨4�z�{àm��ÖÁÞ¶ýØp{à� EMIp�+�

Ðw:�pÆ��v�KwÂpäh�z�ùà)��Þ2`ût���31w�

Ëàð���3Ufpw1�Y+s�4¯�°ceramic±åØ��a¯�åØº¿

ÄåØh�ÇK��1w�¯�åØÝÑH�F��}¶��Y�! gatetwÿG

f¬�31wL�¯�åØ¬hK]pÓë��ÖÁÞ¶KwÂ��¥�

áâ1Ðw:�1�`��KwÂpähõ�z�Ð RFÆ���¼+nFKwÂ�

Þ%��4KwÂ���4)+�KwÄ thermal insulator°silicon compound̈ "

mica insulation±����}"+s"z�ï��"¶�ê�p�wý¤�2�Yp
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w�)KwÂpB�Ð RF�`��nFKwÂ�¶Ð@p+�ý¤��y 8.2�

y 8.3�

ç 8.2 ¹å0Þ«Å°Nç

ç 8.3 �åôÞ¹å0 !ç

HeatsinkKwÂ

DieRÂ

I/O�wt

E2 E2

C2

C1E1 E1

LL
C3C3

 L=åØw¬=â
C1=7R�)w��ÿp�	=r
C2=7KwÂ)R�p�	=r
C3=7KwÂ)w��ÿp�	=r
E1=�R�Vä@w��ÿtp=ï�	
E2=À})KwÂp=ï��« EMI�µ

"Àp VLSI`ût
+¡n÷�
Uª 400ß 800MHz

ÚXÛ

ÚYÛ

?t RFhf

¶UN1KwÂ

�="���wÄ

R�

�YpåØ

UåØ)Ì²
èp I/Ow¬

Metal
Slug

2KwÂË���YåØpB
±�<�+!ºR�Vw��
ÿtO&ÚYÛk�whR�
pnFÿÚXÛ�

�àKwÂ"nF1�
common-mode RF=L�À}
��)KwÂpB�¼+nF
KwÂ	â«"+!â��
µ��Ö?tà�Y��p
clock+�ß<t¨uh=�
è�

 ¶ SMTðÀ}=r Padsp�Yp·.y
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♣ � 75MHzÐBn÷��pRÂ�����3�Ufp common-mode RF=L�

♣ ðÀ}=rñ�È�=-�w��ÿ�~Æ¬tp differential-mode RF=L�

♣ ,�¯�åØ�a1!Uf1=:ã[���!åØ�xp·$Bå6+� pads

Ð<�0�1 differential-mode=-À����=rñÐ���ÈUä	@u´

�D¬�3p�����'�=��

♣ �åØ�pR�>hÍ�Yp·$Öz����¼�RÂ) PCBBp ]�ÿ

pO&"UÍRÂ)·�åØ�x1O&��RÂ���3p common-mode RF

=LlÐÀ}�ð°) ]�ÿB±��¼ RF hf	�?t^5<tm�

Differential-modeðÀ}=r�²¶D�ðÈ�Y���3p common-mode'

��

♣ 2+nFKwÂË�åØ·��<�1+!º PCBBp ]�ÿ�whRÂ1

 ]�ÿ��¼��RÂVKwÂt�¶�9/1 common-mode RFÀ}��

ÍRÂV PCBp ]�ÿt�

♣ )KwÂB1 common-modeÀ}ü=�Ö�SKwÂâ«+â��µ

°monotonic antenna±�"+!��12 RFhf?tàðp�µ�

ç 8.4 åôÞ¹å0ç

¶UN1KwÂ

Psï�

áÿy

Metal
Slug

�YpåØ

�A
mounting fence

w��Ap��

KwÂ�î

·.y

KwÂw��
PCBBpï�
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�4KwÂpÈ6èà	"Ë�1+!â��µ�t�p���Ö2�!n�p

clock+�?tàð�Þ��µhfÞÈ�KwÂ��Þw���"+!ðáâ1

 ��¥Ö� PCB{àp EMIÕfBDDo���

KwÂ¨��L4nF�w) PCBpw��ÿ��4+!7KwÂ�) PCBpÈ�

AÉñÐ2�YåÞ¦���L�«1+!îå`ût1�®#àÈ��Öû·�

3Þ��p common-mode'�?tàð<tm�e«)uhp�Y�L°�=µ�

¼��KwÂpw�p±¤��Þ¶Þ�´�pt|�w�ôt��y 8.4¬B�

RISC`ût� VLSI�Y+s¶�Ï1+¡n÷�¼+¡n÷"�ÞÍyÓ���

clockn÷Ð��ÈU=:ã[p=-�ÿt|�èà��à�Yy�ø²¶¨4

�� RF�+~l1é�VLSI�Y�Çàº!Ô¬¶�Yk�1?t�¼´È12

KwÂ]«"+! common-modeðÀ}=rÐ��²¶!ÔZöD�ñÐÞ¬�

¼KwÂ��»}��YåØBp differential-modeðÀ}ùr�Ð���Y@±

PCBBpðÀ}=r+u�4�

+!w�pKwÂ�"��=ï���p active�Y� RF=�=ï��wÄ"�

��ÿtp�="��n«+!�±Ó¤°3.5±¬4ê1=rt��¼�+!w�

pKwÂ	"+!U1Ècommon-modeðÀ}=rÉ��Êk¶&Kp=r�åØ

·$� PCBB�a differential-modeðÀ}=r�¼+U1 common-mode=r.

¯~`ût���Ìp RF=L�

ðÀ}=rý¶�!+¡n÷ÏÍ¬ãÞ�+pn÷¤î´i ¶ä¯�¼+

common-mode=r°È1�]«"+�®#àÈp¯à�±Èý�p+�"�¶h

:ñÐó�),+ýØpn÷�Þ2KwÂó+)+ýsn÷�c5�z�¬Þ1

n÷ Xc�¨4±Ó¤°8.2±

¼`

C = εA/d
Xc = =rp+¡n÷

f = �Y¬f¨1+¡n÷
ε = �wÄp�=�G

A = �é�ÿpÿè
d = åØp·�VKwÂ��pO&

Ïë d"�ÞÍ�wÄ1¦ë��wÄpy��ñ<��à"�p�=�G���

�öG�ñ5�7±Ó¤°8.3±�à)�wÄ1¦ë�

d=Xc(2øfεA)               (8.3)

�4w�1KwÂñ�)�

(8.2)               
22

1

Af

d

fC
Xc

επ
=

π
=
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1. 2åØ��3pwf�È�

2. �®#àÈÐû·���3p RFhf?t)<tm�

3. +!Ècommon-modeðÀ}=rÉ4w7åØ�pR�B�È�3p common-

mode RF=L�

�à�4w�pKwÂ�Þ�s¬¶�Apw�¬°�Â¨"!Ôp PCBPs±

�±Ðß� 1/4ypt6îå`ût�w) PCBpw��ÿ��¢+w��B�Ø

�$pðÀ}=rt�ÐÈ0.1ôF�$ 0.001ôF� 0.01ôF�$ 100pFÉpLQ±

¤�Ø�RISC`ût¨"Êÿ�Y�31 RFn��	+sL� lGHzpn��RISC

� VLSI`ût�DÁÞº!ÔÊ�Y��1w����	�`ût1�L�+s

"ÀpKwÂUª�!n��Hpó/4p²³U[���Ö��«a+!¶¯1?

tt�

�àî  ��"�`

�uB�6=Ã=�¶+�Þ£�ÐCû�Í�¨�{ã�Ûl%D#	pÇ3�

6=Ã=�å6¶=Ã4�iª��ï�´*à´=��=Ã��Þ¶�{=L�

h�¼�h=�å��!¹�¹�wp2�ï¨"2�ïV+!í$=t�+"À

p=��y 8.5¬B�

ç 8.5 ¤«1«oÞéN

�áî  BNCðÖÓ

BNC�wtÁÞ¶ý�1{àÕ��] I/O�wµpuWµp��àÈ"Úa RF

àÈp>1´�2¼ BNC�wtp�x�+º�t|p���w)²xw�B�

��¼w��w)²xpw�Öl"6i¨~Æpw��ê�lÞ4ü`£p±¤

2 BNC�wtpàÈw)²xw�B�

�à��a6&p��BNC�wtÁÞìï°floating±Í²xw�1é��4+

�6&¤ BNC�wt���6&¤ BNC�wt��!�x���~Æµ�V²x

6'�¼´a1 EMI� ESDp����ã+!Ï´�°high-performance±p=r

Clock�
3=��
CMOS¨
RAM6=Ã
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t� BNC�x�²xpt�+�y����¼+=rHå�� BNC6&�wtp

ZYm��0�1 ESDû+�Yñhk"ÁÞ1��y 8.6¬B�

ç 8.6 BNCÿåâ

I/O�ït¨cf>h BNC�wt�{à~Æ tracept|�p�»ÍuWµpt

|�+sa 50è�75è�¨ 92è�

�Zöc	@�lÞ4ü`£p±¤�2 BNCp�x�w)²xw�¨"Zö!

Ôpw�Ó-�f�G�éB�Ü� 360Hw�p±¤Vü`£p±¤¶ 45) 50dB

p���� 15) 200MHzpn÷´�È1h��ó EMI��ESDH�a¶��p

§µ=âÖSÐ�ó��¼��U�]p¨4ñ}�� CableàÈì�p±¤"�

42 BNC�xÐ 360H±¤�w) CablepàÈ�!�xpõ$¥õÐ+nF~Â

w�)²xB�

�âî  FilmvGì!j

�a PCB/ëpúã�4ØpLÓÁÞ{àCá21�n�Ð³7~Æ«t|Û

öG��s EMI~Æp�ï¤� EMIdü�Ð@pähñÐ¶�¥��

1. Test Coupons�Test coupon"+�w)�â�Ê®ß PCB��p trace����

âµñ�z�ðrÐ1�f�èW��pt|����âµñ�z��´�s

ESD�h�Y

I.C. I.C.

I.C.

Bulkhead Panel

Locknut and plastic washer

�Up�P<t
¨"ê´�

EMI²�=r

õ 3&%°Þ¤�� %1&ÿåâ
] BNCp�x"]�a~Æ±
�Öz RFàÈ´��� audio
p¨4�

ÇÒåôÞ %1&ÿåâ
²x�ä@w��w�+¦�

Bulkhead Panel
Metal locknut
and washer

Bulkhead Panel
Metal locknut
and washer

Pigtailü`£

>jÎ���ÇÒåô� %1&

ÿåâ
l%�p±¤�� RFn÷�¼
ü`£1=¤oëðo1�
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+B��=�è¶�z�¬f¨1t|ý¤����âµ¨ì~°pad±�Dý

��°èBÇüÖl�Ë�ÌÞ artwork¨È6p4}Bÿ��Í backplanë

"ðÏ�p PCB����âµ¨4w1Ë� artworkB�

2. Layer stackup windows�q%�¢+��èB�GpÆ���4 Layer stackup

windowsp���Í�z�ñÐ5�)�41��è�]z���í	���

 ]�ÿp»�´°� debug� EMI1÷´±��L1Ö windowð¶�Í�ë

lup�¤��4�G�

3. Test points��â�¶�Í{à`Ó��ë~ÆY�¤��r`p;��

�y��¾p�¤U[´°�tpO&±�î� PCB3��øÐS5È�1{àö

G�y���¶ðá21÷±ÂÍ�=�G�trace�ëU[°�t|s+±�¢+

�ß�ÿ1Ïë�ÛÛ�"À1 l0��¤�y 8.7��¤1�»�#2µmb¶�

õ�

ç 8.7 �.Þ 10y��ç

Core� Pre-Preg"öÕ)�4p�±� Core�±"xr�ÜBè°bare fiberglass±

p�±�å6¶­+���ÿ�Pre-Preg"���±°epoxy±�Ë�¢� coremt�

�yÓm Pre-Pregoãw��^sï�Pre-Pregp¦ë¬s1 core�pt1O&�

Pre-Preg��ÞV core�±¶�u1�=�GÐ�)t|s+����è core�

Pre-Preg"L:�41�

�(�è.a"��è1+!WèÌ��ÿ1��"­+�����­+�mt1

" core�±�y 8.7¬B1"+ 10�è�!­+��Core�Pre-Preg¦ë¶��

��ùà)+����#.�p S64w�#Í VDD �ÿ°# 6�±��Ö�'�

pù5�9�|�

5 MIL CORE

6 MIL PRE-PREG

5 MIL CORE

6 MIL PRE-PREG

5 MIL CORE

6 MIL PRE-PREG

5 MIL CORE

6 MIL PRE-PREG

5 MIL CORE

1/2 OZ. Cu

1 OZ. Cu

1/2 OZ. Cu

1/2 OZ. Cu

1 OZ. Cu

1 OZ. Cu

1/2 OZ. Cu

1/2 OZ. Cu

1 OZ. Cu

1/2 OZ. Cu

0.063�0.007

L3,L4,L7 & L8È[µ�
VµO 0.006°TYP.±

L1 & L10È[µ�Vµ
O 0.006°TYP.±

L1-Trace-S1
Component Side
L2-Plane-GND

L3-Trace-S2

L4-Trace-S5

L5-Plane-GND

L6-Plane-VDD

L7-Trace-S6
L8-Trace-S3

L9-Plane-GND
L10-Trace-S4
Solder Side
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ñ�)¬¶1~Æ��a 1/2�ùp­+��¥Ö=-�ÿ°å�=��w�±�

a 1�ùp­+���Í��pÁ£�1�ùp­+��¨"�
~Æ�p¦ë�

"a��1��"�a=-�ÿ��<�ÏG>p=L�îg=Lï�Y�4�a

1û·��ÿ��U1=�þ°IR±�«p�wü=�3�0�1 1/2oz°¨ 1oz±

"�Þ1�

���è�7s  corerh���+s"=-�w��ÿ��àèW�I1Ïë"

0.0063y���è1 core¦ë"UÍÏ�¤GpèW��"�a�4K�����

tpO&	ÞK[�ÐB
�I1Ïëlâ�Ö�tO&K[�tracep�ë��Þ

�âÐ�
�]1t|��#�µp�õ�+!�lu�¤�pÏëO&â��y

8.8¬B�

�y 8.8m�trace~Æ°²¶éB�ym±"�­+�pp+Â���+Â���

#Í Pre-Preg���a Pre-Preg"+��Ä�trace1Ïë�l�úã�tp�6O

&�� tracep¦ë�.¯� Pre-Preg�±]m��à�4lu1¦ë�´�ñ�

]1ó���O&���O&��t|s+pÞ£Ö�â�y 8.8"+!"À1�

è¤�»p¤��{àC¨<��¼puÑïy��ðy��

�Ï�p¨4B�2=-�w��ÿK>hK���ñS)+!��pðÀ}=r�

4Ð�È�Y� trace�3p RF=L�>hpO&Mñþ�=-�ÿB1=-�¨

'��

�à¶ãB0�1�ÿ��!�aw��ÿ��D"¶+!=-�ÿ��G!°�

��?��¨��±w��ÿ���=-�ÿ��S� ]�ÿmp±g=L�=

-�w��ÿt�l�����ÿt�3=�ªë�±g�fp�ïã�����

�Þi
�

�à�Ypw�¬��ïèWB1�	�l��1é�Ðw�� ��cf�pï

�°K�K�±2��pw��ÿ�w�+¦�

lÞÚûì`û°Solder Mask±ÍZö1w�­*�w`�¨"ô��p��ÿ�

��å�w��°²xw�Eí�gaskets±�I/O bulkhead connector�I/O adapter bracket

mounting holes�ESDháE�Clock=� Pads�lõ"��Yÿ¨ìTÿ�u�û

ì`û��â²èp�=�G�¼�=�G�,�¨4ñh"ðùÞ1{àÕ��

�¬ðy� Filmp��U artworkB�È¬¶"�wp� ��¬/#�wp� 

��1"�Zö~Æ��²¶�)~Æ tracep� �� PCBp{àC�È6 Layout

Óg´����¼��] clockp guard trace �� �� ��YÛptvÖå�

´�Þ�s¼� ��à�²¶�w trace°¨�ü�p	µ�i�w trace±�
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ç 8.8 O Þ��ç

a1$}�upÞ£����4¶+s°ÏÛMpr�ÜBÛ4}�±�V-1� V-

0a�uhw9pÈ�°ÏÛMpÞ£Q7�y��pQ�°logo±�date code�°

ÏÛM��Þq�xèB�lõ�B�¨���ñ�¼QØpÞ£�"¾�²èp

y��1��4}yÿ°assembly drawing±pùà�>m¨�à¼��

0.009
0.0014

Core
0.0014

0.0014

0.0014

0.0014

0.0014

0.008

0.009

0.008

0.009

0.008
0.0014

0.0014

0.0014

0.0014

0.009

0.008

0.009

Prepreg

Prepreg

Core

Prepreg

Core

Core

Core

Prepreg

0.093�0.007

0.008
0.0014

Core
0.0014

0.0014

0.0014

0.0014

0.006

0.008

0.006

0.008
0.0014

0.0014

0.0014

0.006

0.008

Prepreg

Prepreg

Prepreg

0.062
�0.007

Core

Core

Core

¤yV��
~Æ��ÿ�p¬
s	�¨4Ös

0.018

0.0014

Core

0.0014

0.021

0.0014

0.0014

0.018

Prepreg

0.062
�0.007

Prepreg

ryV��

ªyV��
~Æ��ÿ�p¬
s	�¨4Ös

/�ÐB×{ 1�ùp­+¦ë 0.0014y�2�ùp­+¦ë 0.0028y�

�àähÞ£ 1/2�ù�­+¦ëa 0.0007y

�à�4�31­+����t¦ë°Pre-preg±ÁúãÐ�
�¦ë

lâ�

�àÞ�t|s+�ÐB��¡Zñh	¨4�¬f¨pt|Ö�â�
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Ðôb  Design Techniguesa�—"
� A

!uU¾�lup{àÓg<�z�1ÀÁÎâ°checklist±���Öd�Âpµ��

�Ýî  Ð��`Gv�+

1. �4 microstrip¨ stripline±¤Ì«Ó-�

2. 	�¨4� netpGf�G�È�p�¤±¤�2¬¶~Æ	µ��#ÍY�

p ]�ÿ°image plane±�°2.1±

3. ���èpñ}�2 power� ground traceÐ?t#	µ�°2.1±

4. 7ÈÏ��YßÈ���YÐ?t#	»�hË��°2.1±

5. � power�ÿº ground�ÿ[ 20-H�°Ha power� groundptp¦ë±�°2.2±

6. 	�´ÖG��]pw�±¤�í$��$�â����w��°2.3±

7. Clock� lMHz Ð@p�n¨4��4â�w�°audio�Êº�=-�¨t�

ÛÛ±�1MHzÐBpÏn¨4�4��w��°2.3±

8. ���@htp RF�î��

Â 6¶Ï RFhfp=�VÓ-p�pt�

Â 	ähô�pWÓ-pt�

Â ��w�p`�

Â I/O�µ��Âp=�pt�

Â =-A5$�Ó-p�pt�

Â zÿì�wt�ÌÓ-p�pt�

Â =�èp°´�

Â Cablep6&µ�²xp�pt�

9. à)¬¶w��p4µO&Vó/20pº��w��tO&Þ[Íó/20�óa

Ó-¬�3pÈÏn÷p�o�°2.4±

10. )�2~Æ	µ��#Í+Y��ÿ°ground¨ power�ÿ±�°2.5±

11. ê�lÞ2~Æµèµ) ]�ÿpm���à��#p~Æ�²¶©K�Ê

ô��¼�Ê"ñÐw91�ü�MÞùà��ÿpl�[¤p�|�°2.5±

12. ê�lÞ2?�¨���p~Æµ�#	µ�¢+~Æ���Þ�#Í+Y�

 ]�ÿ�°2.5±
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13. 2=�è	ähô�«WÓ-�2Ïnô�mnô��nô�r�ÉñÐ1é

2zô�Ê°partition or moat±�°2.6±

14. ¢+�Êô�Þw�ß²xp��K�K�Ð���î��°2.6±

15. 	ähBpÞ£G��}pä@��]ñw9�¬�p edge raté �	lÞ�

4Ï��Y� Ï� edge rate�Y��3º�� edge ratep�Y�Uz�pÏ

nEhf��Ypy���Dýs !Èvp rise� fall timeÐ��äh%D�

¶
�´��¾�f edge rate�Ð����aG��YpöÕ�°2.7±

16. lÞ�4 socket�Ð���Y traceoëp=â¤�°2.7±

17. G� power� ground¬ïÍm�p�Y�Ð�[w¬oëâf�VðÀ}=r

tp�±��°2.7±

18. ùà�Yw¬pót�á=L°peak inrush current±�¼=L�2Ïn�D'�

ù5 Power�ÿ�°2.7±

�Þî  �`öO�Ü
1. 	�4ñ¬G�=r�ðÀ}�²��UÀ°bulk±�

2. Bypassing� decoupling��|=�+¡pý¤��s=�"!aí$��$�

¨�$ Cí$ RL�p;��Ðà)!+¡n÷�°3.1±

3. ]G�ðÀ}=r´�cÐähBpÁÞÕ�ä@�YpÚ=�-�u´ÞÕ

��Ïn RF=L�Èp¬Áp+¡n÷pÞ£�¼Ïn RF=L�ÞÍ�ÈU

=rä	@�Yp¬¶¬u´�D�°3.2±

4. ]a,+ý�e¡¤îG�=r´�Þ)5?tW{=rtp¬oë�°3.2±

5. =rtñ decouplingÏn=Lß!e¡n÷`�°�1e¡n÷¤¯à±��e

¡n÷pB�=rtâ«=â¤�Ö¤�ðÈ�Þ�Yp RF=L�¶�ä@

� ¶º+sD4pðÀ}=rpe¡n÷�Ïpn�hf�°3.2±

6. �=��6 RFhf� rise timevÍ 3nsp=�B��4ðÀ}=r�Å�È�

p¯à�¬�àpn÷¤îà)¬�p=r��lÞ4ò�¨"Å�Ð�p>

­4��4�°3.2±

7. f�¨"à)=�èp power� ground�ÿpe¡n÷�¼2�ÿ	"+ðÀ

}=r�Ð¼2�ÿÌððÀ}=rçÈU¯��°3.2±

8. �Ï��Y��6Ï RFE�hfpô���4��=r�$ÐðÈUn�p

RFhf�°3.4±

9. ]G��$=r´��ð]Ur�p=râS=â¤´�[r�p=r}�


=r¤��,+ýØn÷�Ì«+LC=���«¤ûUt|�ÖYd¤decoupling

�4�É¼#	Ç3��4â+=r�¶¯�°3.4±

10. �Gp decoupling=rñh��Íz�p decoupling=r�°3.4±
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11. �Q7 TTL�YÖâ�=-�ÿ+s�<�+�e¡n÷pðÀ}�°3.5±

12. �=rtpw¬KÍK�Ð��!w¬oëp=âf�°3.6±

13. �=�èp¬¶=-A5�wt°��� rise timevÍ 3nsp�Y°Ø��$

p=r�°3.7±

14. G� power� ground¬ïÍm�p�Y�°3.7±

15. �4é�GfpUÀ=rtÐ<�!��pÚ==-ÿ<�=��=L�]�

Y�ÈU=rä	#	@¬¶ pinu´�D´�«pUf=LÁ£´"�Þ1�

+s���ðÀ}=rÞu´�äUÀ°bulk±� RF=L�+páå�°3.7±

16. � powerA5$�èW1�á±{ãBUÀ°bulk±=r�u´��& power

A5�wtÈ�p`ã bulk=r��¶U14L=��=LÁ£p�Y°�¨

ãB bulk=r�Bulk=r��[=��=Lp�ï�<ÏÓ-pysë�°3.7±

17. �¬¶=rÞÕ��à)!�]p=�0s��°3.7±

18. �à41��1 decoupling=r��7=-�¨t.§�Up=L��¼¨�

power supplyË+¢ bulk=rÐ<�!=f�°3.7±

�ßî  Clock�ÆÝ%
1. 2 clock�¡ïtË�+�r1´g�3ô��4+!ô��1��ÿ�nF

àÈ°doghouse±î�¡ït��Â1Ï��Ï=L driver�2 clock�3=�

Ë�Í>hw�­*p`�°4.1±

2. �"2 clock=�°¡ït�Rï�driver±4wË��q'µ�èB�lÞË

� socketB�°4.1±

3. ]�4ô�¤p��ÿ´�ùàÐ@���°4.2±

Â 2 clock=��ô�¤p��ÿË��nFw��²°��w¼��ÿß²

xp��

Â �4ð�� �2¼+ô�¤p��ÿ�wß=�èp ground�ÿ�

Â lÞ�¼+ô�¤p��ÿBãûìÁ±°ûìÁ±��â�=�G±�

Â 2­B=��driver�buffer�=t�Ë�¼+ô�¤p��ÿpm�

4. �¬¶1 clock traceÞ�t|s+�à) miscrostrip� striplinep tracet|�

°4.3±

5. ùà~Æ tracep�A�H�°4.4±

6. à)¬¶�Yp=rä	��4í$=t¨`$ termination�°4.5±

7. �D�ëKÏ°~Æp edge rate±�KÞùàU clock driver$pí$6$=t

��ÛÍ tracepý¤t| Z0�] driverpý¤t| Zs�ãBí$p6$=t�

ÛÍ tracept|´�at|È�»p#	�°4.5±
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8. � clock�Yp decouple=r��4e¡n÷ÏÍ¬ÁÞ�+p clock+�n÷

p=r�ñÐ4+!¨�!=r�$�°4.6±

9. q'µ�è+s��e¡n÷� 200) 400MHzpt��4�6Í Power�ÿ

pðÀ}=r¯¨ÐçÀÈU«¯�°4.6±

10. cf��� clock traceBp� ��� �� tracept|úã°ª 1-3nH¢

!�±�� ���â tracet|�§¦ähl%D¨ EMI?t�°4.7±

11. TraceK��=�pt|K��°4.7±

12. lÞ2 clockË�>h I/Oô��É trace� I/Ouh 2y���Þcñh�4

È��pä@�Y�É trace� I/Ouh 3y���cñh�4m�p�Y�É

¶��Ê°partition±`û��l9¼û+�°4.7±

13. �
 tracept|��ÊoëÍ�Ð���tü=�°4.8±

14. 2 trace.aÁAµ{àÐ��¨û·�t�î�°ringing±���3 common-

mode RF=L�°4.8±

15. �f¬¶ clock trace�Ï�LZ~Æp�¾	µoë��s¼oë"!UÍà

)pÈ5zñoë�É"��ÞãÐ�]p termination�°4.9±

16. � trace��Þ�o�	��Aµûõ�	µ�°4.9±

17. 2¬¶ clock traceÐ!ý¤t|� terminate�°4.9±

18. 2 clock traceý	µ�â+�B�¼+	µ���Þ)��#Í+Y��ÿ�

Éñh�2 clockÐ stripline±¤	µ��èW��p trace}a microstripp±

¤�°4.10±

19. lÞ2 clock¨Ïn~Æ�lu�t�l��¼2'O� traceV ]�tpÀ

}�¼�'O��S RFîg=L¤�Y��[1Y«!7 sourceß loadp�

���à clock¨�Þ��t�l��¢+!�l�°Ë+!�1� �Ð�


 ]�ÿpY�¤�°4.10±

20. Microstrip�zÏ��Æ�A��u´H����p RF=L?tàð�°4.10±

21. StriplineS)��p RF=L�+��7Í� traceVîåp�ÿtp=rä	

p��u´�þ�~Æp edge rate°� pico-secondp¤î±�°4.10±

22. É"â�¨(�è°¤ ground�ÿ±�Ë�+ºhá°guard±traceîå�¢+

clock²°��!tOK[K�°	� 3-W��±��Lñ��í��<� RF

=Lpîg���°4.11�4.16±

23. �Ï°´�÷~Æ��4�º trace�$�	 dual stripline±¤	µ��<�0

�1�±g��ï common-mode=L��)��1 RF�+¯à�°4.11±

24. ]�4há��$ trace´���º traceBÐluópt6�wß��ÿ�u

ó1w���«ó+=����,++�¨�o�3e¡�°4.11±

25. u´�4há trace��$ trace�ñ�«+ÊÿuW=1p�Aµý¤�°4.11±
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26. lÞ�u+há tracetË�ºlup~Æ trace�ñh�3í���à~Æ"

«�1°paired differential±�±ñË�u+há tracept�°4.11±

27. há traceñÐþ�¨ãÈí�ü=�°4.12±

28. ü+!û·í�p±�a2�é~ÆÐ 2mils/inchptO�	µ�°É�é+y

�tO 2mi1s��é 2y�tO 4mi1s±�°4.12±

29. 2¬¶ clockµÐ?t#	µ�lÞí«+���¢+!?t traceïr+!í

$6$=t�Éñh1é�¢+! driver�ï+!�Y°fan-outa l±�°4.13±

30. à)í$=t��UÍ¨ÛÍ driver�YpAàt|�[Í¨ÛÍ tracet|�

°4.13±

31. Clockµ�lÞ4P#�ä¨ TÀ�ä�ÈzðÍ�°4.13±

32. Å�=�¨ tracept|�;�pe¡n÷��¢+ traceà)!ðÀ}=rp

���s~Æp edge ratelßÍþ�)lï�pÓë�°4.14±

33. �Í 5MHzÐBpn÷¨ clock�÷vÍ 5ns1~Æ��4¡ïtÖlÞ4�

Ep�Y¨Rï��3p�°4.1�4.15±

34. �¡ïtp�xÞC�uãpw�±¤�°4.1�4.15±

35. Ð 3-W���	µñãÈí��¼���ê)ÌtracetpO&�7mµßmµ�

�� 3
Í~Æ tracep�ë�� dual striplineÖâ�+ trace�a!�� trace

p 3
�ëÍ�°4.16±

�àî  âüðÖö � ?
1. �¢+���µÕ� EMI� ESD�h�å��ÿèéBÉ�s+rx�I/O�

µ�=-µ�<1ìR�L°�Ybè��ÿ�Y�ÛÛ�

2. 2 driver�s+ä@�YË�K>h I/O�wtK��Ð�� traceoë�

common-modeI differential-mode=Lp RFÀ}��s+ä@� I/O�wtt

Ø�À�t�

3. 2 I/O connectorpnF�xÐ 360Hp±¤�w) chassisp��

4. 2���µ� I/O=�VÏ� RFn�ô��Ê� !" CPU�]�v�s+

ä@�

5. <� quietô���72Gïä@=��Êº=��r�Ð�!��1 ground

� power�ÿ�°5.1±

6. <�¢+! I/O port+!6&��i1 ground¨/� power�ÿ�°5.1±

7. C��A°fence±pï��Ðû·luô�tp��?t RFÀ}��4 fence

�s+ EMI�ãNÓ-ys¤�2 fencepw�¬V ground�ÿtØ�

decoupling=r�°5.1±
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8. �4�Ê¨�.2 noisy� quietô��6&��.°moat±à��¬¶��²

¶­+���¼+�Êô�°p�w��7 common-mode choke�data line filter�

6&â�t�¨" bridge�ý2V¼ quietô��Âp~Æ� filter 	µ^5�

2�$��Ð�Eíp±¤w�ßchassispground�w���È�=-�ÿB�

�ÞÍ��Êôpt=ï��«p RF�'��p RF=L«]�°5.2±

9. �4 data line filter�ferrite�Y�¨6&â�t��a noisy� quietô�tp

�w�°5.2±

10. �~Æ�~Æ±g��BlÞ�!�3l�Þ1=â�~Æîg��ñÐ"+

��ÿ�¼å�=â� ferrite beadp�4�Groundîg���É4�ÖY ground

�ÿ�¨ 3
Í power tracep�ë�°5.2±

11. ê�lÞ2Zö trace��¨©K�moatpB�2¬¶^6&ôp traceÐ bridge

±¤^5�°5.2±

12. 2¢+ I/OWÓ-�Ê«+â+pähô�2 serial�parallel�Ethernet�SCSI�

video�audio�Ûô��r�°5.2±

13. �s+ä@�I/OWÓ-�I/O�wtt��4 quiet area�¼ quiet areaå� ground

� power�ÿ�°5.2±

14. lÞ2Ìï�Y�z I/O�YË� quiet aream�°5.2±

15. �4=r¤¨/�=â¤p~ÆµÀ�t°differential-mode4=r¤�

common-mode4=â¤±��¢+º I/OµB�2À��YK> I/O connector

K��ùà=ât1��åµ=r�~ÆÀ�t"!��À~Æ�ï�¨~Æ

´�þ�p�2�°5.3±

16. ùà bypass=r1Ë�ï���À�tp�¨põ��àË� filterI I/O

connectorpt�G�°� 1500Vp=rÐû� ESD�2�°5.3±

17. � artworkBC� bypass=rÍ I/O=���àähBÁÞ´iãB=r�°5.3±

18. 2 I/O Bracket4ww) chassispw��Èz"â�w�¨�6&1#	��Ê�

�w I/O Bracket)q'=�è ground�ÿ�� BracketV PCB groundt<�

��p�w��à� adapter boardB²¶�w1 I/O�µ�2~Æw�V chassis

Ps bracket6&�°5.3±

19. �àâ����w�pï��°5.3±

20. �Íô�;��2 data~ÆÐ common-mode chokeÀ���4�.VÌ PCB

t�Ydp6&�ùà¼ chokepµt=r�l�L�;�puÑ�°5.4±

21. � video~Æ�� video controller� I/O connectorpt<�+!øÀÀ�µ��

2¼øÀÀ�µ�cñ>h I/O connector�2Gïp�VÊºp�tÐ=â¨

ferrite6&�2¬h¶1Êºµ���YË��¼Êº6&�ÿôpB�°5.5±

22. 2 audioô�«?ô�Gï�Êº�� audio�2GïÊºt4w�7� audio

controllerp@1 bridge��w¨"KhK��2¬¶ÊºGïtpµ��7¼
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bridge�w�å�Êºp Power�Ðü+!�.¨ü�1 data line filter2Êº

�]7 audio�]m6&à��lÞ2 audiop��w)²x¨"Êºp��l

Þ2 unshieldedp audio cablep~Æ±gw)²x¨"Êºp��°5.6±

23. �¬¶�w)�1 dc¨ acp=-µBãB fuse��"�u1Þ£��4

cartridge�pico¨ PTC fuse�°5.7±

24. �E¶Ï dc¨ ac=�°�42.2V±p=�B�ãU creepage� clearancepO

&�Ði
�l%D���3p�=r`��M"�u1Þ£�°5.8±

�áî  ESDÈ�*�äÇ
1. �¬¶ I/O cable<� ESD�h°4wã� I/O connector±�� spark gaps�

Tranzorbs�Ï=�=rt�R/C¨ L/CÀ�t�� ESDp�+B�=â¤�Y

�=r¤À��Y����4��èñú^ ESDp
}:�

2. �4@h~l���é��

Â 2¬¶ ground� power tracecñh>h�

Â 2~Æµcñh>h ground�

Â ��!èWB�4 bypass=r�`ûÏ��1 ESDe¡n÷�

Â 2 traceoëcf�Í�

Â 2èWBl41ô�cñh1Äè ground�2��Ä¦�p groundô�Ð

cf�1� ��w) chassis ground�

Â 2 ESD�â�Y�Ê partition moat�

Â ��¬¶ß chassis groundp�wa�t|��49/p�û¨�9p±¤�

Â ��p ground�ÿ¨åî¢+!=sp� �Ð���±��

3. Ø�+! ESDháE°�B��@�±îåèW1L°Ðû· ESDÀ}ßä

@µ��l� I/O�wµB�3 discharge}ñh�Ó-�ð lockup�Ð¢ l/2

yt62háEw�ß chassis ground�¼h�<� ESD+!�t|phfK

]��háEBlÞãûìÁ��

4. �zê´p²xw�V trace�rß� 0.22cm°0.09”±pO&�

5. w) chassisp ground trace��Þ¶o�º 4�1¨�[º�°M�Þ��±�

�¬¶�wE°band strap±Þ£Mu�

6. 2¬¶À�tË��O I/O connectorKhK��

7. �à�èWB ground� powerÐÑ#�	�2�� tracecñh�`�wÐ�

�é�ÿè�

8. �=-^5èWp connectorË��&°´�� ESDÈl�âpô��Éñh

1é�2=- connectorË�èWm��Backplanep power connectorlÁÞ�
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¼Þ£�� backplane�D& I/O connector¶+DO&�

9. � ESD�âô��4 ]�ÿ�#Í¢+~Æ	µ��

10. � ESD�âô��4 ground trace�#Í¢+~Æ��

11. 2zê´=���Y�&�4Cñx�pô��rÂ���Chx)p¤w�

pnF"�ß� 2cm��

�âî  Backplane and Daughter Cards
1. G��]1¬ï�»°pin assignment±Ð�)�î�s+��»��Gfp ground

pinñ��í��þ�?t�úN~Æ´��°7.1±

2. ��! BackplaneBp¬¶ trace7-pßä	�
Pst|��4�]p

terminatorÐ�ó~Æ´��°7.1±

3. ñh1é��4¶t|s+p connector�°7.1±

4. �Í backplane�4cñh�1 ground plane� ground pin�2 backplane�74

w�w)²xp�¨"� backplanep@1²x�ÿw card cageB��4 Bypass

=r2=-�¨îg�ÿ� ac²x�ÿ decoupleßÓ-°²x±p��°7.2±

5. 4�ù1~Æ�� trace�{à backplane�lÞ2 connectorp��$p�º±

g�µ¤��+¦«����«U1 RF±g=Lé��u´��#p~Æ trace

B�3 crosstalkü=�°7.2±

6. �±�Ð� tracetl�1w��� backplane�3 differential-mode'��4

ground trace��#�åî¢+! clock trace�°7.2±

7. � backplaneBp¢+	µ�à)��
�]t|�°7.2±

8. �¢+~Æ�Þ¶+ ]��ÿ�#�Ðcñh�p� �2 ]��w�+

¦�°7.3±

9. Õ�èWÈB�aw��¨"~Æ��2ÈB�4�w��ñ���Í

backplaneI I/O connector� adapter cardptpt|l�»�°7.3±

10. �à�4ð�1 connector slots�ÞÚ worst-case�ë�Ð1Þ�����	=

r�«p�n��Óë�� backplane<��`pw�ï��å62 adapter card

:5 slotp#	�°7.3±

11. À7"!¶Ï�p clock~Æ� adapter cardp¹ÿ��!ñhÀ}ß�# adapter

cardd�p�Y¨ traceB�°7.3±

12. Å�¬�4~Æ�ëG��]p interface connector��) backplane� adapter

cardtpt|�»�°7.4±

13. �{à���w´�ðÐ@���

Â �¬¶l�[ôKÍK��
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Â �Ë�p<t�¬ïB�4cñh�1 ground�w�

Â � connectormìE+euw��

Â �4��=�G°dieletric-contant±p�è�±�

Â �
w���oëV~Æ��tKhK��

14. ©v backplanepU[��ª�UÍ mounting bracketp°´ 1yÐB�2 bypass

=r� cablep�wË�¼ô��Ðcf�1�w�2¼+ ac chassis planew�

ß chassis ground��¢+w�ï�Ø{ bypass=r�°7.5±

15. ��#�tp¬¶ traceÞÐ%L±¤	µ�°½���#¿4�±°7.5±

16. �¬¶ clock�~Æ tracei
� ��ñh1é�u~Æp traceÞ�u+�ÿ�

lÞ2 clock~Æ¨Ï� traceí«+é�°daisy-chain±��4?t#1 clock

�	�°7.6±

17. � backplaneB�tracelÞ�4 Tn�ä�°7.6±

18. �¬¶ traceKÍK��Ðû·î���t�°�o traceBÐ�3î���tü

=±�°7.7±

19. �¬¶ clock�~Æ traceÐ!ý¤t|�� termination��à"�4`$p

terminator=tÞ�s¼=t"à BuspÈõ1�Y��4ñh1È¬�ä@�

2¬¶ traceÐ�Aµ��ñ�°7.7±

20. Þ�� trace��ÿtpí���4 3-W���¨"2�ép trace�r 0.002

y/¢yoë�°7.8±

21. �â�¨(�è��¢+~Æµ�é+w�µÐ���é��í��°7.9±

22. ��é1 tracetã+º~Æîg�µ�2¼ trace�w)Ó-p��°7.9±

23. lÞ2~Æµ	µ��ù¤p� �ô�°ù¤p� �ô���« ]�ÿ

pl�[¤±��
Y�p ]�ÿ�ñ<�+�t|pîg��ï RFîg=

L�Éîg=L��Þå� I/O connector�îihY«!±�1é���3U

1 RF common-mode=L�°7.10±

�ãî  òì�Ú?ÝË

�Ýç  n@Ïh���

1. �Ív�°´�÷p�Y�	µ´lÞ�4 90H�á�°8.1±

�Þç  Ferriteö�Ï¦ö

1. ]G� ferrite�±��+ RFhf´�Õ�BÐ@���°8.2±

Â �Í!dü�µ�Bpt|�G� Ferrite�±�
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Â 1Þ Ferritep���G°Pemeability±�¬s!È�4pn÷¤î�

Â �â corepU[�n#�¨oë�Ð�â ferrite�Ypt|��

Â 5ë�Ï��t|þ��ý¤m��

Â �Upã�°=Lf±��t|þ���Ö�ð¯h�

Â 1Þ"! dc¨ ac=L���¼�Y�ñh�Ç3ÈÁÞ1É~Æp�ë�

��

Â ñÐúãåµ�GÐúãt|�

�ßç  ªÖ!Öå Grounded Heatsinks

1. �Ï�p VLSI`ûtB°75MHzÐB±�ñhÁÞ+w�1KwÂ�°8.3±

Â 2KwÂÐ+u�p fence¨ bracket�w)��ÿ�

Â �¼KwÂpw���� chip p�°ÐluG�p�$ðÀ}=rt

decouple�

Â G���wfp�="��¼�=�u´H¬s1¼KwÂ4«pe¡n

÷��!Ì«+ common-modeðÀ}=r�

�àç  ��"�` Lithium Battery Circuits

1. �¬¶�46=Ãp¨4=�<��{�h��"�¨�upÞ£���å�

�K1=Ã�z@Ç��ï�´*µ�ÛÛ�°8.4±

�áç  BNC connector

1. 2 BNCp�x�È>h PCBp`¨! Bulkhead̀ �wß chassisp��<�

+!�t|ß chassis groundp���ïuWµ��àÈ�p RF=L�°8.5±

2. �à�46&1 BNC�wt�lÞ2�x¨àÈ��wß chassisp��Ð+

ê´�±6&�wtp���Þ<� EMI bypass=r� ESD�h�°8.5±

3. �Zö#	@�lÞ�4 pigtails°ü`£¤±pw��� BNCp�x¨w� pin

�w) chassisp��°8.5±

�âç  Filmì!�vGö�j�

1. ��è�±Àí!t|ý¤�Ð�sh$}uÑ�

2. �E�¤±¤:�Ðv�¬s�4p�G��¬s÷��	µ�÷���a�

�ÿ�÷���a=-�ÿ�

3. ���â�Ð±��â� debug�

4. �s­+�p¦ëé�=-�»������ü=�
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5. lÞãBûìÁ±�w��w`�å�w���I/O bulkhead�wt�I/O adapter

bracketPs��ESDháE�� clock=�p� pad���ÈB��È@�ô

�¤p��ÿ�

6. �ðy�èW�2²¶4)p� �°vias±�È�

7. �4�]1°¾ÜB�±��¨�upÞ£��DÈ¦�a V-1�±�
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