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Abstract 
The PCI Bus debuted over a decade ago and has become the I/O backbone of 

nearly every computing platform, including the field of Motion control, due to its auto 
configuration-ability which can discover all of the add-in devices present and allocate 
system resources for communicating with those PCI devices. 

The article briefs the PCI system architecture and illustrates the implementation 
of PCI bus on the Motion control card. Moreover, some PCI derivatives and a third 
generation local I/O bus, the actually successor of PCI bus, are introduced in the end 
of this article. 
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PCI � � � �� � � �� � � �� � � � PCI � � 	 
� � 	 
� � 	 
� � 	 
  
PCI< Peripheral Component Interconnect�� � ·5�þ 	 ��0
� �PCI 

1.0 � ( Intel 
 � b 1992 � 
 ��Intel1� � PCI � �9� ;< PC . / �Ó
Ô l\ ] �� ��<X�øz { 6 o� � È � � ! �Y Z � � � �� � �ÛÜ�

´ X AMD�ATi�IBM�HP�Microsoft�TIÙ
 � � ;X PCI Special Interest Group 
(PCI SIG) [3]�� � � <E¬
 �� J 0�  �2! " ¨ B PCI . / � ��Ó e
# & [$ � % & @' K PCI ¢ B��(� T Á PCI Local Bus 3.0[3]�Ü� T ¿ )
Xd 5 volt z * %� �� � �é L�+ µ , � PCI���. / - . / �d 5 volt
z * � � �0 K 2.x � T ��? QY Z ` ã[4][5]1 



�Clockv�133 MHz (5 volt2 3.3 volt �̄ z * ) 
    66 MHz (3.3 volt �̄ z * ) 
����ñ�1322 64 bits 
�¢ � �� v�1132 MB per sec for 33 MHz, 32-bit PCI Bus 

   3   264 MB per sec for 66 MHz, 32-bit PCI Bus 
   3   264 MB per sec for 33 MHz, 64-bit PCI Bus 
   3   528 MB per sec for 66 MHz, 64-bit PCI Bus 
����� 4 C ' 1124 pins (for 32 bits) / 188 pins (for 64 bits) 
�¬3� � � ° 9 (Auto configuration) 
5E<6 7 � PCI z { ) * 8 9 \ ] �Ü5: û X PCI ����~ � 	 �

�� (Processor Bus)� ; < t ��� (Memory Bus)�[�=   ¡ . / ����
0� �@��� (BUS) 0° �̀ � > ? E@ �<���� PC ) * |A��·
5[%� Bz { |} ~ � 	  (CPU) H; < t  (RAM) �E� o C D �� E %�
�6 �[¥ F ÙoC G (H I oC ¼ > �J ��� �������� �6 ���

� & [ � ¼ . / �ÛÜÖ� Q K � 	  (Bridge) � w � � ���� L Ü6 �� M
0� � ~ � @' Kz { ) * �\ ] ? Q(N K HO K P � - . � AQ $ ��|�

� ~ � 	 �; < t [5RS T �A, �� AGP BusÙU� � ¬£ v6 ��� [
� ¿ 9: ����K � 	 ¼ V <O K  (North Bridge)�O K ã� W X Ý K � 	 <
Y V 0N K  (South Bridge)�N K Z[[ µ �� . / 0 I/O   ¡ ·5` s \ ] �
USB Ports�PCI���Ù%� � ^ @ 
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5E3 6 7 � PCI z { ) * \ ]  [13][12] 

 
PCI����� N K �¾A�� b PCI . /   ¡ _ ��� ` ·5Ö[�a �

Ñ �� E� ����b c d E0 PCI Bus A �[ CPU2; < t w �� ¼ @ÛÜ
'e �PCI���f g <Eµ § ã� (Multi-drop)�/ 2h ( (parallel) �� �Ñ
i ��� (shared bus)@ 



yj k PCI bus ��6 �w ��� l m ��n� �P Ý o [! �Master [
Slave�2V Initiator[ Target��Master< p q �� 0·5�¾ Target Á Master
<Xw ��� A& r 0·5@¾s é PCI Bus't + µ Ý ·5ub���Ñ ��
E PCI ����v�� b PCI . /   ¡ � _ �0j E ·5Ön'w �Ex PCI
��� �y��� �y�����P Ý ��� bus Master �  ������

z� b c E{ ���| } ] � � � ~ ����0� � �̂ 4 PCI ���0 �
y@ 
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5X3 PCI BUS Signal List [5] 

PCI Bus0oC � � ` 5XAT ��|? Qo C D 0° �V W ` ã[7]�� �
0���� ¯ [oC H�� (timing) & ÷ä'o � PCI Y Z � [5]@ 
1. ur [6 �oC  (Address & Data) 
�PCI Bus  �̂ �µ ��ur / 6 ���� AD[31:00]H PCI Bus � �� 4u
�¥ F C\BE[3:0]# (Bus Command or Byte Enable) � d PCI BusA¬��
Memory, I/O, Configuration RegisterÙU� � � � � (Configuration space)"
6 ��� @ 

�16 �� � �ur � x  (Address Phase)�AD[31:00] ¯ <ur ��� 
(Address Bus)��M p q ur �¾ C\BE[3:0]#� 4u�¥ F & ÷� � ¿ ��
� � �  (Memory, I/O, Configuration Register)@ 

�1l m �6 �� x (Data Phase)�AD[31:00]̄ <6 ���� (Data Bus)��
M � ¿ 06 ��¾ C\BE[3:0]# ¯ <u�� � 9� C  (Byte Enable)@ 



2. . / � � oC  (Interface Control) 
�FRAME# (Cycle Frame)1 
( PCI Master � � ��� ¥ T 6 ��� 0Ó q [� � @ 
�IRDY# (Initial Ready)1 
( PCI Master � � ��T PCI Master�� � (Ready)�'w �6 ��� @ 
�TRDY# (Target Ready)1 
( PCI Target � � ��T PCI Target�� � (Ready)�'w �6 ��� @ 
�DEVSEL# (Device Select)1 
( PCI Target � � �y PCI Target ¹ � ¿ �eÐ @ 
�STOP#1 
( PCI Target � � ��T � � PCI Master � � ' Kw �06 ��� l m @ 
�IDSEL# (Initialization Device Select)1 
b� ¿ PCI Configuration Register (PCI � � � � 	 ) �� (PCI Master � � @ 

 
3. ) * oC  (System) 
�CLK (PCI�� oC ) 

CLK � � PCI ����A��� l m ����» P5 RST#H|� o C
INTA#�INTB#�INTC#� INTD#½�PCI ·5�A�� å � Á1 CLK o
C ���� � ¹ ¿ � �1�����A�� ¯ n[ PCI CLKoC � x ��
ð�� � '1 0MHz- 33MHz0� � ¯ @ 
�RST# (P5oC ) 
yP5oC ¹ � � ;Ø � ��M� � A� PCI � � � � 	 �Master[ Target
� � ] 	 [� Ð � � 	 �-� q � � @P5oC '1��   b PCI CLK�
� oC � � �¡¢ ã¹ � � 2£ � � @ 

 
4. |� oC  (Interrupts) 
j Ý PCI device¬� INTA#�INTB#�INTC#� INTD#Ù¤¥ |� ¦ ¸� å D @
y PCI deviceÁd ° 9 (Single Function�( PCI Configuration Register|0
Header Type %& ) ·5��¤ 9§ +  � INTA#�y PCI device <µ ° 9 
(Multi-Function)·5�'§ +  � INTA# ~ INTD#@ 

 
PCI �� 	 
 ��� 	 
 ��� 	 
 ��� 	 
 �  (PCI Configuration Register) 
<Õ Ö �! � ¯ �= > ¼ �bÝ Þ z { ��. /   ¡ �µ ¬�
� 
�

(Plug & Play)9: �¾ � ¨ -ÜE9: �ä. /   ¡ �1%© �� "-ãh ª E
04 ´ [8][9]1 
�PC � ¬. /   ¡ �+ , H6 7̂ 4 0] �  

PC BIOS [¯ � ) * Ù) * r t � ¬�9 � + , -' Kz { �� « I . /  
¡ �� 1H3� ^ 4 ) * 6 7�9: @ 



�. /   ¡ ��� ¬�¬ ­ ® / � ¯ ·5° ± F C H6 7� ²̧ d  
<Xø) * r t 9� ³ ± � 1 PC�[ µ �  ¡ ��  ¡ �T ´ � � �3µ �
¬ ­ ® H·5 ° ± F C 6 o�� �¶ � � �� Ú PC Q¸0 Memory�I/O�
InterruptÙ6 7² d ��Öø PC ) * r t · ¿ 2̂ 4 6 7̧ �   ¡ �@ 
¹s t %© ¾���� . / R(�  ¡ �Áº ¬�8 � 
�° 9�� » 1b

. /   ¡ �T ´ Áº ¬� E� � � � � 	  (Configuration Register)��� ��W
[ PC � ¼ �È � 6 o�¬ ­ ® / � ¯ ·5° ± F C �6 7� ²̧ d �@�* � ISA
  ¡ �2ê & ÷� � � � 	 �ÛÜ© ª ø PC3� + , [̂ 4 zQ�6 7̧ �  

¡ ��PCI Busb�Y Z �& ÷XE� � � � � 	  (PCI Configuration Register)�
ÛÜ¼Q PC ½ �) * r t ³ ´ PCI r t Y Z �
'f ¾ PCI Bus 8 � 
�0°
9@ 

PCI Configuration Register ¿ T �<E 64 Dword (256-byte) �� � � �  
(Configuration Space)��| 64 Dword|�K 16 Dword0Z ([a �Á( PCI
Y Z � � À 0 & ÷�¹ V � � �Á � �  (configuration Header space)��Z (̂
< Header Type 0, Header Type 1, Header Type 2U� 1 
�Header Type 0 & ÷< ¸ » X PCI-to-PCI[ CardBus Bridge½�A�·5 �@ 
�Header Type 1 & ÷< ¸  PCI-to-PCI Bridge A �@ 
�Header Type 2 & ÷<ø CardBus Bridge  �@ 
�Â « E� Type0K 16 Dword��Á � � n¬È � �& ÷[ �Õ (�B 48 
DwordäÃ PCI·5¿ T ° 9¾��� �& ÷@ 
µ C � PCI�þ � Configuration RegisternÄ b Header Type 0��Z (̀ �

EAT ��| Device ID, Vender ID, Status, Command, Revision ID, Class Code, H
Header TypeÙ� � 	 Á� � # E PCI·5n � ¸ & 06 ���Å 9 ^ äÃ PCI
·5f g �%© "Æ Ç lY È @ 

 



 
�E3 PCI Configuration Registers for Header Type 0 

 
PCI Configuration Register Header Type 0 ? Q� � 	 �É÷jW ` ã�� � � 
�Õ (¦ o � PCI Y Z � [4][5]@ 
�Vender ID�¬ ­ ® ° ± Ê�1 
( PCI Special Interest Group (PCISIG)̂ 4 �� ° ± � PCI device ¬ ­ ® �Ë �
ì -E� , �� Vender ID � Ì å ;< PCISIG � Ì @ 
�Device ID�·5° ± Ê�1 
3 ( PCI device ¬ ­ ® 3�¥ Í ���° ± ·5�� ¯ Î V @ 
�Command�¥ F � � 	 �1 

PC[ PCI device � � ¼ 0%& �Ï ` Q¸ PCÁº dÜ PCI device" I/O2
Memroy 6 7� � 4 5Ù@ 
�Status�� � � � 	 �1 
3 ¥ T ' K6 �l m �� 0� � @ 
�Revision ID�� T ° ± Ê�1 
3 (%� ¬ ­ ® 3�¥ Í ���° ± ·5�� ¯ � T @ 
�Class Code�̀ ± Ê�1 
%& PCI device 0̀ ± ���Ð Ñ PCI·50 ¿ T ° 9�Ï ` 6 �Ò ¿ [oC
~ � � � 	  (Data acquisition and signal processing controllers)��� Ã PCI Y Z
%& @ 



�Header Type1 
%& PCI Configuration Register0 Header Type (Type0, 1, or 2)H� PCI device
Á Ä b d ° 9·5 (Single Function device) 2 µ ° 9·5 (Multi-Function 
device)@ 
�Base Address�¿ Ó ur �1 
3 1) * 3� � � r t ¶ ê Ô �K�Ü� � 	 Õ Ö n � PCI device � Ú PCQ¸
� Memory [ I/O 06 7� � �¾B3� � � r t MÃ �� ¸�̂ 4 A� �

Memory2 I/O 6 7̧ � PCI·5�2MÂ 4 6 7� base address�× å Ü�
� 	 @ 
�Interrupt Pin1 
%& PCI device �« E¥ |x¦ Ḑ ��8 Ø Ù 01~04da - PCI device|
� � C � INTA# ~ INTD#@ 
�Interrupt Line1 
y PCI deviceQ¸ PC"|� 4 5��Ü� � 	 (3� � � r t × å ) * A4
50|� D C Ê��| 00h ~ 0fh ^ ± �T  � PC |� � � 	 �� IRQ0 ~ 
IRQ15|� D @ 
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 � � � � � � � � �  
PC Based 
 � � � 	 Á�z { ¯ <) * � ¯ Ú Û �d
 � � � c � ¾��

PC . / Æ �Ä bÜ Ý q À �ÉÞ ò �ß à á t â 9�' Kã 8 �ä å ] æ AA
ä eÐ 0 EPCIO ) h PCI . / 
 � � � �[10]�a � PCI . / 0± § �» � £
[ IPC � 6 ��� 0v�½�[ IPC � � ¼ �� q ç ä(r t 3� � � %& �
è é  �! 0! ê HÛ�y� � � ¯ %& A­ ;0ë ì @ 
1s t Ó e����f = PCI . / 0Õ í ¼ î '̂ </ , �³ ´ PCI Y Z

0���. / - . �2b c FPGA Ù' ï (ð ñ �þ 3�%© PCI . / P � Õ
(@, �. / - . Õ / �= �� IC ¬ ­ ò ® AÓ e0 PCI Bus . / IC ? Q�
PLX Technology 
 � � PCI 905x ) h [ AMCC 
 � � S59xx ) h �ó EÕ / �
² �EI FPGA ¬ ­ ® � �³ ´ PCI Local Bus Y Z � PCI IP Code (Intelligent 
Property Code)�ø3�%© 'ï (ð ñ �þ �Õ (9�Ì vf = PCI . / 0�
x@Ǜ , �. / IC [ IP Code n¬�³ ´ PCI Local Bus � Configuration 
RegisterH� C timming@5UAT 
<ô �, � PCI . / IC23�%© 08 Ø
PCI IP�'ï (ð ñ � þ "< PCI·5b c PCI Bus[ PC � ¼ 0. / �̀ Ǖ

ª 'M� ¯ s t Ó e0�� � � 
õ [1][2]@ 



 

5U3 PCI Interface [1][2] 
EPCIO ) h PCI . / 
 � � � �/ �X PLX 
 � AÏ � � PCI 9052���

. / - . [6]�PCI 9052 ? Q�� PCI���[³ Å ��� (Local Bus) (5¤)�
��� � PCI[ Local Bus � �M 6 �0~ � �2[E Serial EEPROM�öh (
z ÷ 'ø » ï (� � ; < t �È � �Serial EEPROM�° �<� � PC Ó ] �w
� PCI·5+ , [) * 6 7̂ 4 A� 0� q ç � � 6 �@ 

PCI 9052 8 9 � PCI � � � � 	  (PCI Configuration Register) [³ Å � � �
� 	  (Local Configuration Register)��X�ù (ú å Serial EEPROM 8 0� � 6
��%& 'ø PC ½ + , - PCI·50 Vender IDÙ° ± 6 o[A� �; < t �
I/O � �  (Range) [¿ Ó ur  (Base Address)�IRQ numberÙ) * 6 7@b c PCI 
9052�'M PCI ur � �  (Address Space) da B Local ur � � �5û�� 
PC ½ [ PCI 
 � � � �ì �	 È � ¼ �w �� � · � 0� ¯ @ 

 
5¤3 PCI 9052 Block Diagram [6] 



 
�X3 Local Configuration Registers [6] 

 

 
5û3 ) * 6 7Mapping [1] 

 
 
3 3 ÛÜ�yEü 
 � � � �5b PCI � _ ��) * Ó ] BM+ , �� 12ý ¿
� �06 7� ¸�Z( PC ½ 6 7$ � r t 3� ^ 4 �[�= ·5	 È þ ��)
* 6 7̧ � ü 
 � � � ��� ;3� � � ° 9@�á Ý � q ç �c ï ` ã[2][8]1 



1. z { Ó ] B�) * r t � E� � PCI � _ � PCI�þ � Vender ID�ye= �
PCI � _ �·5� Vender ID�Á 0XFFFF�·5�� 1����T � � _ �
� PCI�þ � 1�ù ( Ð Ñ � ID�) * Mú å � ·5��Ð � � ï (@ 

2. y) * r t + , - PCI � þ B�M · ¿ � PCI � þ � Local Configuration 
Register�ý ¿ 6 7� 6̧ o (Memory range, I/O range, Interrupt number)@ 

3. ) * 3� � � r t ^ 4 � �þ ��6 7̧ � PCI�þ �2MÂ 4 0Memory, 
I/O, IRQÙ6 7o� × å PCI Configuration Register@ 

4. PCI�þ � Ã Local Configuration Register 8 �Memory2 I/O 6 7^ 4 6 o
"	 Ê�ø PCI�þ �� Local Memoryda B PC ½ ^ 4 -�) * 6 7@ 

5. PC ½ a �ï (� � � PCI �þ �z� 0 ý e � � � PCI �þ � Memory 2
I/O0 base addressH IRQ numberÙ6 7̂ 4 6 o�¾Bb c Memory2 I/O 
Port � � � PCI�þ �2~ � (� �þ AeÐ �|� Q¸@ 

�AW �EPCIO ) h PCI . / 
 � � � �'¬�
� 
�° 9�y� �

�5å PCI Bus � _ |2Ó ] B�Windows ¯ � ) * M3� + , -Ü
 � � � �
Ì å ) * |2� ° �7 C � �! ¤ � Ã ¥ T x � � ¯ 
'� ;� � ï (
 ·ï

�@
 ·� ;B� �! '(� � Û  \ ) *  \ ·5$ � Ì ã� ��6 7̂ 4 ¡

R�5���èH I 6 72�� [�� ·5	 È þ �@ 

 

 

5�3 EPCIO Series Motion Card ) * 6 7̂ 4 f Ï  
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 u v�£ ðñ�� ���Á= F z { [� � %� A� ¸0' � �ô u �|}

~ � 	 � Qô u �� Ð å ����y|} ~ � 	 l9�� � ������Aa �

0. / ��ðñÞ ¹ � � � �¾© ª ý ì � x � ��H É� n z { á t �l9�

M¹ � � � @ÛÜ�
 PCILÁ' Ka �¢ <Â Ã �. / � ��� q PCI 32-bit, 
33MHz j � 133MB��� v�� �� ��  ��ü ¾3 PCI � ��Î Ï Ð � �
�� ° 90���\ ] �� � , Ä b5RS T �� AGP ���[�b� � 	 )
* �0 PCI-X��� [12]@ 

AGP 
¢ � �PCI���. / � Á%© <'� � 2D5RS T ��a ��é ¾1PCI

� � �� B�3D5RS T �Ë Ì ðñ0� ¸
� u  ! c PCI Bus 32-bit, 33MHz
�� �ðñ@ÛÜ�Intel[EI 5RS T ) * ò ® ´ : � & Ð X AGP Y Z �2
M�& u<, <" 5� ¯ A ��£ v PCI ���@AGP ����Ð = # » X
PCI ) * ���15RS T ���� ! ê �2'� �ô µ �ðñb�� � I/O%
� A�@8 n �� O w �5R���� (� 0 � PCI-AGP�Zü AGP-AGP2X, 
AGP4X $ B> ¨ j � '� 2.1 gigabytes (GB/sec)�� v�w �� ¯ � AGP8X@ 

PCI-X 
1� � 	 ) * �a ���� q 32-bit, 33MHz � PCI Bus ¹   ¡ < 64-bit, 

66MHz, ðñ 532MB/sec �����Ü 64-bit ���0
 ¯ ð�Z ¹   ¡ <
100MHz� 133MHz
< PCI-X���@PCI-X���? Qa �b£ � � � 	 H
% ~ � 	 ��̄ & ) * ������ ` Gigabit Ethernet, Ultra320 SCSI, ' ( ¼ >
Ù� £ ðñ0 I/O·52� £ �l9@�UAh < PCI, PCI-X[ AGP���0
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Bus and Frequency Peak 32-Bit 
Transfer Rate 

Peak 64-Bit 
Transfer Rate 

33-MHz PCI 133 MB/sec 266 MB/sec 

66-MHz PCI 266 MB/sec 532 MB/sec 

100-MHz PCI-X Not applicable 800 MB/sec 

133-MHz PCI-X Not applicable 1 GB/sec 

AGP8X 2.1 GB/sec Not applicable 
�U3 PCI, PCI-X[ AGP0ðñë )  [12] 
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5f3 PCI Express �̂ e(\ ]  [11] 
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