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Preface
7KH�RULJLQDO�0RELOH�'HVLJQ�*XLGH�ZDV�SXEOLVKHG�RQ�2FWREHU����������DQG�DGGUHVVHV�WKH�LVVXH�RI
PDQDJLQJ�SRZHU�LQ�WKH�SODWIRUP���$W�WKH�WLPH�0RELOH�SODWIRUPV�ZHUH�WKH�SULPDU\�IRFXV�RI�WKH
HIIRUW���6LQFH�WKDW�WLPH�WKH�FRQFHSWV�RI�PDQDJLQJ�WKH�SRZHU�FRQVXPHG�E\�GHYLFHV�WKDW�UHVLGH�RQ
3&,�KDV�HYROYHG�WR�LQFOXGH�SODWIRUPV�IURP�0RELOH�SODWIRUPV�WR�'HVNWRS�V\VWHPV�DQG�LV�PRYLQJ
WRZDUG�VHUYHUV���$V�WKLV�HYROXWLRQ�KDV�WDNHQ�SODFH��WZR�IRUPDO�VSHFLILFDWLRQV�KDYH�EHHQ
GHYHORSHG�WR�PHHW�WKHVH�QHHGV���WKH�$GYDQFHG�&RQILJXUDWLRQ�DQG�3RZHU�,QWHUIDFH��$&3,�
�KWWS���ZZZ�WHOHSRUW�FRP�aDFSL���DQG�WKH�3&,�3RZHU�0DQDJHPHQW�,QWHUIDFH�6SHFLILFDWLRQ��3&,�
30���KWWS���ZZZ�SFLVLJ�FRP����$&3,�LV�IRFXVHG�DW�WKH�SODWIRUP�GHYLFHV�ZKLOH�3&,�30�LV�IRFXVHG
DW�WKH�3&,�DGG�LQ�FDUG�PDUNHW���$&3,�UHTXLUHV�WKH�%,26�WR�NQRZ�DQG�FRQWURO�WKH�GHYLFHV�ZKLOH
WKH�3&,�30�VSHFLILFDWLRQ�GHILQHV�D�FRPPRQ�SURJUDPPLQJ�LQWHUIDFH�GHILQH�LQ�3&,�FRQILJXUDWLRQ
VSDFH�

7KLV�YHUVLRQ�RI�WKH�0RELOH�'HVLJQ�*XLGH�KDV�EHHQ�XSGDWHG�WR�UHIOHFW�WKHVH�FKDQJHV�LQ�WKH�PDUNHW�
6RPH�RI�WKH�LQIRUPDWLRQ�WKDW�ZDV�LQFOXGHG�LQ�WKH�RULJLQDO�YHUVLRQ�KDV�EHHQ�XSGDWHG�DQG
LQFRUSRUDWHG�LQWR�RWKHU�VSHFLILFDWLRQV�DQG��WKHUHIRUH��KDV�EHHQ�UHPRYHG�IURP�WKLV�YHUVLRQ���:KHQ
WKLV�LV�GRQH��D�UHIHUHQFH�WR�WKH�XSGDWHG�PDWHULDO�KDV�EHHQ�DGGHG���7KH�UHPDLQLQJ�LQIRUPDWLRQ�LV�RI
D�WXWRULDO�QDWXUH�DERXW�WKH�FRQFHSWV�RI�SRZHU�PDQDJHPHQW�IRU�D�GHYLFH���7KH�H[FHSWLRQ�WR�WKLV�LV
WKH�GHILQLWLRQ�RI�CLKRUN#���,W�KDV�EHHQ�LQFOXGHG�LQ�WKLV�'HVLJQ�*XLGH�VLQFH�WKH�CLKRUN#
VLJQDO�LV�LQFOXGHG�LQ�WKH�3&,�/RFDO�%XV�6SHFLILFDWLRQ�WR�KHOS�IDFLOLWDWH�WKH�GHYHORSPHQW�RI
FRPPRQ�VLOLFRQ�IRU�ERWK�3&,�DQG�&DUG%XV�GHVLJQV����1RWH�WKDW�CLKRUN#�LV�QRW�VXSSRUWHG�LQ
WKH�3&,�FRQQHFWRU�DQG�LV�YLHZHG�DV�D�VLGHEDQG�VLJQDO��
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Terminology
7KH�IROORZLQJ�OLVW�FRQWDLQV�GHILQLWLRQV�RI�WHUPV�XVHG�WKURXJKRXW�WKLV�GRFXPHQW�

agent A logical entity that operates on a computer bus.  The term applies
collectively to functions of a bus master or a bus slave, or to a
combination of both.

CardBus The 32-bit PC Card (PCMCIA) interface.  Loosely used, the term CardBus
may refer to either the expansion slot in the system, or to the interface
specification itself.

CardBus controller The chip (or chips) that isolates the CardBus PC Cards from the rest of the
system.  Depending on the definition of the system bus, this might be a set
of electrical buffers or a complete bus bridge.  Same as host CardBus
adapter or host CardBus bridge.

clock status As a variation on the clock run protocol, the clock may be slowed to a
non-operational frequency instead of being fully stopped.  This is a system
dependent option.  PCI Mobile agents / devices must support a full clock
stop.

host An agent or a group of agents which control system setup and
configuration, and system resource management, same as system master
from the CardBus point of view.

host CardBus
bridge

The chip (or chips) that isolates the CardBus PC Cards from the rest of the
system.  Depending on the definition of the system bus, this might be a set
of electrical buffers or a complete bus bridge.  See CardBus controller.

insertion/removal Cold:  the socket is powered down (Vcc), signals are tristated.
Warm:  the socket is powered up (Vcc), signals are tristated.
Hot:  the socket is powered up (Vcc and signals).

master An agent that has an ability to obtain control of the interface and perform
memory or I/O reads and writes to system resources.

non-operational
frequency

This is a frequency of CLK where normal operations and data transfers do
not occur across a PCI interface.  This is indicated by CLKRUN# in a
high state.  The CLK will either be stopped or running very slowly.

operational
frequency

This is a frequency of CLK where normal operations and data transfers
occur across a PCI interface.  This is indicated by CLKRUN# in the low
state.  The operational frequency may be a range of frequencies and is not
guaranteed to be the maximum frequency available in the system.

PCI agent $Q�HOHFWULFDO�FRPSRQHQW�FRQIRUPLQJ�WR�WKH�3&,�/RFDO�%XV�6SHFLILFDWLRQ
IRU�RSHUDWLRQ�LQ�D�3&,�ORFDO�EXV�HQYLURQPHQW�

PCMCIA 3HUVRQDO�&RPSXWHU�0HPRU\�&DUG�,QWHUQDWLRQDO�$VVRFLDWLRQ�

power management A system level methodology which utilizes both hardware and software
techniques to prolong the battery life of a system.
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Reset An agent’s default state after a power-up or a "warm" reset.  PC Card
agents must enter Reset state upon insertion of the Card into a socket.
Power-up reset:  configuration of a agent programmable by the system is
not required to be preserved after a Power-up reset.
Warm reset (without switching Vcc off and on):  agent configuration is
preserved after a warm reset.

system master An agent or a group of agents that control system setup and configuration,
and system resource management, same as host from the CardBus point of
view.

target An agent that sends or receives data under control of a bus master.  There
are two types of targets:
I/O target -- selected by its address in the I/O address space
Memory target -- selected by its address in the memory address space
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1.  Introduction

1.1.  Purpose

3&,�GHILQHV�D�ORZ�ODWHQF\��KLJK�SHUIRUPDQFH�LQWHUFRQQHFW�EXV�ZLWK�D�ORZ�SLQ�FRXQW�DQG
�JOXH�OHVV��LQWHUIDFH�LGHDO�IRU�PRELOH�V\VWHPV���7KLV�'HVLJQ�*XLGH�LV�D�KDQGERRN�IRU
GHVLJQHUV�RI�PRELOH�V\VWHPV�DQG�FRPSRQHQWV�LQFRUSRUDWLQJ�WKH�3&,�EXV���7KH�'HVLJQ
*XLGH�DLGV�WKH�3&,�GHVLJQHU�LQ�LPSOHPHQWLQJ�D�3&,�EDVHG�FRPSRQHQW�RU�V\VWHP�

)LJXUH���VKRZV�WKH�IXQFWLRQDO�HOHPHQWV�RI�D�W\SLFDO�PRELOH�3&,�EDVHG�V\VWHP���7KLV
DUFKLWHFWXUH�GHPRQVWUDWHV�WKH�XVH�RI�3&,�PRELOH�DJHQWV�RQ�WKH�V\VWHP��ORFDO��EXV��WKH�XVH
RI�D�3&,�FRPSOLDQW�VODYH�DJHQW�RQ�WKH�PRWKHUERDUG��DQG�WKH�XVH�RI�&DUG%XV�$JHQWV�YLD�D
&DUG%XV�FRQWUROOHU���EULGJH���$OVR���VKDUHG�VLOLFRQ��DJHQWV�IRU�XVH�LQ�ERWK�3&,�PRELOH
DQG�&DUG%XV�HQYLURQPHQWV�DUH�VKRZQ�

3URFHVVRU

%ULGJH�
0HPRU\
&RQWUROOHU

&DFKH

'5$0

3&,����
'HYLFH

3&,
0RELOH
'HYLFH

3&,
0RELOH�
&DUGEXV
'HYLFH

6WG
([SDQVLRQ
%ULGJH

&DUG%XV
&RQWUROOHU

3&,�0RELOH�
&DUG%XV
'HYLFH

&DUG%XV
'HYLFH

'RFNLQJ
,QWHUIDFH

&ORFN

5HVRXUFH

6WG

'HYLFH

6WG

'HYLFH

3&,�6\VWHP�%XV

Figure 1:  Functional Elements of a Typical Mobile PCI System

&RPSXWHU�V\VWHPV�RI�WRGD\�DQG�WRPRUURZ�DUH�JHDUHG�WRZDUGV�HDVH�RI�XVHU�LQWHUDFWLRQ
DQG�SRZHU�VDYLQJV�LQ�WKH�V\VWHP���7R�DGGUHVV�XVHU�QHHGV��V\VWHP�PDQXIDFWXUHUV�KDYH
YDULRXV�PHWKRGV�LQ�ZKLFK�WR�PDNH�WKH�FRPSXWHU�PRUH�DSSHDOLQJ���3RZHU�FRQWURO�PHWKRGV
DUH�YHU\�VSHFLILF�WR�WKH�GLIIHUHQW�V\VWHP�PDQXIDFWXUHUV�DQG�LV�PRVW�OLNHO\�D�SURSULHWDU\
VROXWLRQ���+RZHYHU��WKHUH�DUH�VRPH�JHQHUDO�SRZHU�PDQDJHPHQW�WHFKQLTXHV�WKDW�FDQ�EH
GLVFXVVHG���7KHVH�LQFOXGH�

• &ORFN�&RQWURO

• 3RZHU�3DUWLWLRQLQJ�DQG�&RQWURO

• 'HYLFH�&RQWURO
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1.1.1.  Clock Control

)XQGDPHQWDO�WR�FRPSXWHUV�LV�WKH�DELOLW\�WR�PDLQWDLQ�DQG�FKDQJH�WKH�VWDWH�RI
VHPLFRQGXFWRU�GHYLFHV���0RVW�ORJLF�GHYLFHV�WRGD\�XVH�FORFNHG�RU�V\QFKURQRXV�GHVLJQV�
6LQFH�DQ\�FKDQJH�RI�VWDWH�RI�D�VHPLFRQGXFWRU�GHYLFH�FRQVXPHV�HQHUJ\��SRZHU
PDQDJHPHQW�WHFKQLTXHV�DUH�VRPHWLPHV�XVHG�WR�PLQLPL]H�WKH�QXPEHU�RI�XQQHFHVVDU\�VWDWH
WUDQVLWLRQV���2QH�ZD\�WR�GR�WKLV�LV�WR�FRQWURO�WKH�LQSXW�FORFN�WR�D�ORJLF�GHYLFH�

&ORFN�FRQWURO�FDQ�LQYROYH�HLWKHU�VORZLQJ�WKH�FORFN�RU�VWRSSLQJ�WKH�FORFN�WR�D�JLYHQ
GHYLFH��DVVXPLQJ�WKDW�WKH�GHYLFH�FRQWLQXHV�WR�IXQFWLRQ�LQ�WKLV�FDVH���7KH�CLKRUN#
H[DPSOHV�LQ�6HFWLRQV�����GHWDLO�D�PHWKRG�IRU�VWRSSLQJ�DQG�VWDUWLQJ�FORFNV�LQ�D�3&,
HQYLURQPHQW���7KHVH�WHFKQLTXHV�PD\��LQ�VRPH�FDVHV��EH�H[WHQGHG�WR�QRQ�3&,�V\VWHP
HOHPHQWV�

1.1.2.  System Power Partitioning and Control

6LQFH�SRZHU�LV�FRQVXPHG�E\�DOO�DFWLYH�HOHFWURQLF�GHYLFHV��LW�VKRXOG�EH�DSSDUHQW�WKDW
UHPRYLQJ�SRZHU�WR�WKHVH�GHYLFHV�LV�DQ�HIIHFWLYH�PHWKRG�RI�SRZHU�PDQDJHPHQW�
+RZHYHU��LW�VKRXOG�DOVR�EH�DSSDUHQW�WKDW�WKLV�WHFKQLTXH�LQWURGXFHV�D�QXPEHU�RI�SUREOHPV�
WKDW�LV��KRZ�LV�WKH�SRZHU�FRQWUROOHG��KRZ�GRHV�RQH�LGHQWLI\�ZKHQ�WKDW�GHYLFH�LV�QHHGHG�RU
QRW�QHHGHG��DQG�KRZ�GRHV�RQH�VDYH�DQG�UHVWRUH�WKH�VWDWH�RI�WKDW�GHYLFH�LI�SRZHU�LV
UHPRYHG���,Q�JHQHUDO��VHFWLRQV�RI�D�PRELOH�SURGXFW�PD\�EH�SDUWLWLRQHG�LQWR�RQH�RU�PRUH
SRZHU�SDUWLWLRQV��LQ�ZKLFK�FHUWDLQ�GHYLFHV�DUH�SURYLGHG�SRZHU�LQGHSHQGHQW�RI�RWKHU
VHFWLRQV�

7KHVH�VHFWLRQV�PD\�KDYH�SRZHU�DSSOLHG�RU�UHPRYHG�LQGHSHQGHQWO\�XQGHU�FHUWDLQ
FLUFXPVWDQFHV���7KH�SURFHVV�RI�UHPRYLQJ�DQG�UHVWRULQJ�SRZHU�WR�D�SDUWLFXODU�VHFWLRQ�RI�D
PRELOH�FRPSXWHU�V\VWHP��RU�WR�D�SDUWLFXODU�GHYLFH��LV�JHQHUDOO\�UHIHUUHG�WR�DV�WKH
6863(1'�5(680(�SURFHVV�ZLWK�LQWHUPHGLDWH�,'/(�DQG�67$1'%<�VWDWHV���,W�LPSOLHV
WKDW�SRZHU�LV�SDUWLWLRQHG�DFURVV�FHUWDLQ�ERXQGDULHV��DOWKRXJK�WKHVH�ERXQGDULHV�PD\�EH�DW
WKH�V\VWHP��VXEV\VWHP��RU�GHYLFH�OHYHOV�

,W�LV�EH\RQG�WKH�VFRSH�RI�WKLV�GRFXPHQW�WR�GHWDLO�DOO�SRVVLEOH�LPSOLFDWLRQV�RI�SRZHU
VZLWFKLQJ�RI�PL[HG�FRPSRQHQWV���+RZHYHU��VRPH�RI�WKH�SUREOHPV�WKDW�DULVH�LQ�D�SRZHU
SDUWLWLRQHG�HQYLURQPHQW�DUH�GLVFXVVHG���7KHVH�LQFOXGH�OHDNDJH�FRQWURO�DQG
6863(1'�5(680(�RI�3&,�DJHQWV���/HDNDJH�FRQWURO�GHDOV�ZLWK�WKH�LQWHUDFWLRQ�EHWZHHQ
GLIIHUHQW�ORJLF�GHYLFHV�ZKHQ�WKH\�UHVLGH�LQ�VHSDUDWH�SRZHU�SDUWLWLRQV�
6863(1'�5(680(�GHDOV�ZLWK�VRPH�RI�WKH�GHYLFH�VWDWH�VDYH�DQG�UHVWRUH�LVVXHV�

1.1.3.  Device Control

'HYLFH�FRQWURO�LV�D�GHYLFH�PDQDJHPHQW�WHFKQLTXH�WKDW�OLPLWV�WKH�SRZHU�FRQVXPSWLRQ�RI�D
SDUWLFXODU�GHYLFH�RU�VXE�V\VWHP��W\SLFDOO\�D�SHULSKHUDO�GHYLFH���$Q�H[DPSOH�RI�WKLV�LV�WKH
FRQWURO�RI�D�GLVNHWWH�GULYH�PRWRU���$�PRWRU�FRQVXPHV�VXEVWDQWLDO�SRZHU��WKHUHIRUH�VLPSO\
WXUQLQJ�WKH�PRWRU�RII�RQ�D�GLVNHWWH�GULYH�VDYHV�VLJQLILFDQW�SRZHU���,Q�'26�PDFKLQHV��WKH
GLVNHWWH�PRWRU�LV�PDQDJHG�E\�%,26��WKHUHIRUH�WKH�FRQWURO�LQ�WKLV�FDVH�LV�SDUW�RI�WKH�EDVH
V\VWHP���7KH�VDPH�JHQHUDO�WHFKQLTXH��KRZHYHU��FDQ�EH�DSSOLHG�WR�D�QXPEHU�RI�GHYLFHV�
LQFOXGLQJ�KDUG�GLVN�PRWRUV��FKDUJH�SXPSV��DQG�VLPLODU�GHYLFHV���6LQFH�WKH�QXPEHU�RI
SHULSKHUDO�GHYLFHV�DQG�WKH�VSHFLILF�FRQWURO�PHWKRGV�DUH�FOHDUO\�EH\RQG�WKH�VFRSH�RI�WKLV
GRFXPHQW��WKH\�DUH�QRW�IXUWKHU�GLVFXVVHG�
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'HYLFH�FRQWURO�WHFKQLTXHV�PXVW�UHO\�RQ�D�SULRUL�LQIRUPDWLRQ�VSHFLILF�WR�D�JLYHQ�GHYLFH�RU
FODVV�RI�GHYLFHV���7KH�VHFWLRQ�RQ�SRZHU�FRQWURO�FRQVLGHUDWLRQV�GLVFXVVHV�WKH�W\SH�RI
LQIRUPDWLRQ�UHTXLUHG�WR�SURSHUO\�PDQDJH�D�GHYLFH�

2.  Clock Run

2.1.  Clock Run Clarification / Motivation

,Q�WKH�3&,�/RFDO�%XV�6SHFLILFDWLRQ��LW�LV�VWDWHG�WKDW�DOO�FRPSRQHQWV��ZLWK�D�IHZ
H[FHSWLRQV��PXVW�ZRUN�ZLWK�IUHTXHQFLHV�XS�WR����0+]���7KH�FORFN�IUHTXHQF\�PD\�EH
FKDQJHG�DW�DQ\�WLPH�GXULQJ�WKH�RSHUDWLRQ�RI�WKH�V\VWHP�VR�ORQJ�DV�WKH�FORFN�HGJHV�UHPDLQ
�FOHDQ���PRQRWRQLF���WKH�PLQLPXP�F\FOH�DQG�KLJK�DQG�ORZ�WLPHV�DUH�QRW�YLRODWHG��WKH
3&,�EXV�LV�LGOH��DQG�LI�QR�EXV�UHTXHVW�RU�ORFN�LV�DVVHUWHG���:KHQ�WKH�V\VWHP�VWRSV�WKH
FORFN�LW�PXVW�EH�VWRSSHG�LQ�WKH�ORZ�VWDWH�DQG�WKH�FORFN�OLQH�PXVW�UHPDLQ�ORZ�XQWLO�WKH
FORFN�LV�UHVWDUWHG���,W�GRHV�QRW�VSHFLI\�D�PHWKRG�IRU�GHWHUPLQLQJ�ZKHQ�WR�VWRS�RU�VWDUW�WKH
FORFN���6LQFH�WKH�PLQLPXP�FORFN�IUHTXHQF\�FDQ�EH�DV�ORZ�DV���0+]�LW�LV�GLIILFXOW�IRU�D
3&,�DJHQW�WR�GHWHUPLQH�LI�WKH�FORFN�LV�VWRSSHG�RU�MXVW�UXQQLQJ�H[WUHPHO\�VORZ�

7KH�SURYLVLRQV�IRU�YDULDEOH�FORFN�IUHTXHQF\�DQG�IRU�VWRSSLQJ�WKH�FORFN�LPSO\�WKDW�WKH
GHYLFHV�LQWHUIDFH�ORJLF�PXVW�KDYH�D�VWDWLF�GHVLJQ�WR�PDLQWDLQ�LWV�VWDWH��DQG�WKH�GHYLFH
FDQQRW�UHO\�RQ�DQ\�SDUWLFXODU�IUHTXHQF\�RI�WKH�FORFN���'HYLFHV�ZKLFK�DUH�FDSDEOH�RI�EXV
PDVWHUVKLS�FDQQRW�DVVHUW�D�EXV�UHTXHVW�ZKLOH�WKH�FORFN�LV�VWRSSHG�VLQFH�REQ#�LV�D
V\QFKURQRXV�VLJQDO�WR�WKH�FORFN�

+RZHYHU��WKH�IROORZLQJ�LV�QRW�VSHFLILHG�LQ�WKH�3&,�/RFDO�%XV�6SHFLILFDWLRQ�

• 0HWKRG�IRU�GHWHUPLQLQJ�ZKHQ�WR�VWRS�FORFN�

• 0HWKRG�IRU�GHWHUPLQLQJ�ZKHQ�WR�VWDUW�FORFN�

7KH�CLKRUN#�VLJQDO�DQG�LWV�SURWRFRO�DQVZHU�WKHVH�LVVXHV�IRU�WKH�PRELOH�HQYLURQPHQW�
)RU�RWKHU�SODWIRUPV�UHIHU�WR�WKH�3&,�3RZHU�0DQDJHPHQW�,QWHUIDFH�6SHFLILFDWLRQ�IRU
DGGLWLRQ�LQIRUPDWLRQ�

2.1.1.  Clocking Architecture and Roles

)LJXUH���DQG�7DEOH���VKRZ�WKH�UHODWLRQVKLS�EHWZHHQ�DJHQW�UROHV�LQ�WKH�FORFNLQJ
DUFKLWHFWXUH�

&HQWUDO
5HVRXUFH

0DVWHU 7DUJHW

&/.

&/.581�

Figure 2:  Clocking Agent Roles
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7DEOH�����3&,�$JHQW�5ROH�'HILQLWLRQV

Clocking Agent Role Definition

Central Resource This is the "clock controller" which controls modulation
of the PCI clock and monitors and drives the
CLKRUN# line to implement the clocking protocol.

Master This is any PCI mastering agent which comprehends
the clock control protocol and uses the CLKRUN# line
to request a clock running state in order to assert
REQ# and receive ownership of the bus.

Target This is any PCI agent which may require PCI clocks
beyond the four clocks guaranteed at the end of a
transfer cycle.  It uses the CLKRUN# line to request
that the clock remain running for a period of time.

2.1.2.  Signal Definition

CLKRUN# o/d,
s/t/s

&ORFN�5XQ�LV�DQ�RSWLRQDO�VLJQDO�ZKLFK�LV�XVHG�E\�GHYLFHV�WR
UHTXHVW�VWDUWLQJ��RU�VSHHGLQJ�XS��WKH�FORFN��CLK���CLKRUN#
DOVR�LQGLFDWHV�WKH�FORFN�VWDWXV���)RU�GHYLFHV��CLKRUN#�LV�DQ
RSHQ�GUDLQ�RXWSXW�DQG�DOVR�DQ�LQSXW���)RU�WKH�FHQWUDO�UHVRXUFH
�SURYLGHU�RI�WKH�FORFN��LW�LV�D�VXVWDLQHG�WUL�VWDWH�,�2�VLJQDO���$
GHYLFH�UHTXHVWV�WKH�FHQWUDO�UHVRXUFH�WR�VWDUW��VSHHG�XS��RU
PDLQWDLQ�WKH�LQWHUIDFH�FORFN�E\�WKH�DVVHUWLRQ�RI�CLKRUN#�
7KH�FHQWUDO�UHVRXUFH�LV�UHVSRQVLEOH�IRU�PDLQWDLQLQJ
CLKRUN#�DVVHUWHG��DQG�IRU�GULYLQJ�LW�KLJK�WR�WKH�GHDVVHUWHG
VWDWH��CLKRUN#�LV�ORZ�XSRQ�GHDVVHUWLRQ�RI�UHVHW��VLQFH�CLK
LV�UXQQLQJ�XSRQ�GHDVVHUWLRQ�RI�UHVHW��

CLKRUN#�LV�DQ�LQSXW�IRU�DOO�FORFNLQJ�UROHV��DOORZLQJ�WKH
PRQLWRULQJ�RI�FORFNLQJ�VWDWH�WUDQVLWLRQV�

2XWSXW�GULYH�FKDUDFWHULVWLFV�DUH�GHILQHG�E\�FORFNLQJ�UROH�DV
IROORZV�

0DVWHU���7DUJHW� �RSHQ�GUDLQ���WKDW�LV��ORZ�GULYH
FDSDELOLW\�RQO\���DV\QFKURQRXV�

&HQWUDO�UHVRXUFH� KLJK�DQG�ORZ�GULYH�FDSDELOLW\��FORFN
V\QFKURQRXV�ZKHQ�GULYHQ�WR�D�KLJK
VWDWH��DORQJ�ZLWK�ZHDN�FRQWUROODEOH
NHHSHU�WR�PDLQWDLQ�D�KLJK�OHYHO�GXULQJ
FORFN�VWRS�
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2.1.3.  Clocking States

7KHUH�DUH�WKUHH�PDLQ�VWDWHV�LQ�WKH�FORFNLQJ�SURWRFRO�

• &ORFN�5XQQLQJ���WKH�FORFN�LV�UXQQLQJ�DQG�WKH�EXV�LV�RSHUDWLRQDO

• $ERXW�WR�6WRS�6ORZ�'RZQ���WKH�FHQWUDO�UHVRXUFH�KDV�LQGLFDWHG�RQ�WKH�CLKRUN#
OLQH�WKDW�WKH�FORFN�LV�DERXW�WR�VWRS�VORZ�GRZQ

• &ORFN�6WRSSHG�6ORZHG���WKH�FORFN�LV�VWRSSHG�VORZHG��ZLWK�CLKRUN#�EHLQJ
PRQLWRUHG�IRU�D�UHVWDUW

2.1.4.  Operation

)LJXUH���VKRZV�DOO�RI�WKH�3&,�EXV�VWDWHV�DQG�WKH�OHYHO�RI�WKH�CLKRUN#�VLJQDO�IRU�HDFK
RI�WKH�FRUUHVSRQGLQJ�7DUJHW�0DVWHU�5HVRXUFH�CLKRUN#�GULYHQ�VWDWH�

&/2&.
5811,1*

&/2&.
6723�6/2:
5(48(67

&/2&.
67233('�
6/2:('

%86�%86<
�&/.581��/2:�

%86�,'/(
�&/.581��+,*+�

��3&,�&/2&.6
0,1,080

�&/.581��+,*+�

0$67(5�&/2&.�5(67$57
�&/.581��/2:�

7$5*(7�&/2&.�&217,18(
�&/.581��/2:�

Figure 3:  CLKRUN# and Bus States
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2.1.4.1.  Clock Stop or Slow Down

Figure 4:  Clock Stop or Slow Down

7KH�FHQWUDO�UHVRXUFH�GULYHV�CLKRUN#�ORZ�ZKLOH�CLK�LV�UXQQLQJ�DW�D�QRUPDO�RSHUDWLQJ
IUHTXHQF\���%HIRUH�VWRSSLQJ�WKH�FORFN�RU�VORZLQJ�WKH�FORFN�GRZQ�WR�D�QRQ�RSHUDWLRQDO
IUHTXHQF\��WKH�FHQWUDO�UHVRXUFH�V\QFKURQRXVO\�GULYHV�CLKRUN#�KLJK�IRU�RQH�FORFN
SHULRG��DQG�WKHQ�WUL�VWDWHV�LWV�GULYHU���$�ORZ�FXUUHQW�SXOO�XS��D�NHHSHU��PXVW�EH�SURYLGHG
E\�WKH�FHQWUDO�UHVRXUFH�WR�SUHYHQW�WKH�OLQH�IURP�IORDWLQJ���,PSOHPHQWDWLRQV�PD\�GLVDEOH
WKH�SXOO�XS�ZKHQ�WKH�FHQWUDO�UHVRXUFH�VDPSOHV�CLKRUN#�ORZ�

CLK�FRQWLQXHV�WR�UXQ�XQFKDQJHG�IRU�D�PLQLPXP�RI�IRXU�FORFN�SHULRGV�DIWHU�CLKRUN#
LV�GHDVVHUWHG���,Q�DGGLWLRQ��CLK�PXVW�QRW�EH�VWRSSHG�EHIRUH�WKH�DJHQW�FDQ�UHTXHVW�LW�WR
FRQWLQXH�E\�DVVHUWLQJ�CLKRUN#���)RU�H[DPSOH��DIWHU�FORFN����WKH�FHQWUDO�UHVRXUFH�PD\
VWRS�RU�VORZ�GRZQ�WKH�FORFN�LI�DOO�RI�WKH�FRQGLWLRQV�VSHFLILHG�DERYH�DUH�PHW�

CLK�LV�JXDUDQWHHG�WR�UXQ�XQFKDQJHG�IRU�D�PLQLPXP�RI�IRXU�FORFN�SHULRGV�DIWHU
CLKRUN#�LV�GHDVVHUWHG���7KH�FHQWUDO�UHVRXUFH�PD\�NHHS�CLK�UXQQLQJ�XQFKDQJHG�IRU
DQ\�QXPEHU�RI�FORFNV��JUHDWHU�WKDQ�RU�HTXDO�WR�IRXU��

3&,�GHYLFHV�DUH�UHTXLUHG�WR�PDLQWDLQ�WKHLU�VWDWHV�ZKLOH�WKH�LQWHUIDFH�FORFN�LV�VWRSSHG�RU
WKH�FORFN�IUHTXHQF\�LV�FKDQJHG�

2.1.4.2.  Clock Start or Speed up

)LJXUH���VKRZV�WKDW�D�GHYLFH�DVVHUWV�WKH�CLKRUN#�VLJQDO�DV\QFKURQRXVO\��VLQFH�CLK�LV
VWRSSHG��WR�UHTXHVW�WKH�FHQWUDO�UHVRXUFH�WR�UHVWRUH�CLK���7KH�GHYLFH�KROGV�CLKRUN#
DVVHUWHG�XQWLO�LW�GHWHFWV�WZR�ULVLQJ�HGJHV�RI�CLK���$IWHU�WKH�VHFRQG�FORFN�HGJH��WKH
GHYLFH�PXVW�GLVDEOH�LWV�RSHQ�GUDLQ�GULYHU�

$IWHU�GHWHFWLQJ�WKH�DVVHUWLRQ�RI�CLKRUN#��WKH�FHQWUDO�UHVRXUFH�VWDUWV�WKH�FORFN�LI�WKH
FORFN�ZDV�VWRSSHG��RU�EULQJV�LW�WR�DQ�RSHUDWLRQDO�IUHTXHQF\�LI�WKH�FORFN�ZDV�VORZHG�GRZQ�

7KH�FHQWUDO�UHVRXUFH�GULYHV�CLKRUN#�ORZ�DW�DQ\�WLPH�DIWHU�LW�GHWHFWV�WKDW�WKH�OLQH�LV
DVVHUWHG�E\�WKH�GHYLFH��EXW�QRW�ODWHU�WKDQ�RQ�FORFN�����7KH�FHQWUDO�UHVRXUFH�PD\�GLVDEOH
WKH�SXOO�XS�RQ�WKH�CLKRUN#�OLQH�DW�WKLV�WLPH�

7KH�FHQWUDO�UHVRXUFH�PXVW�QRW�GULYH�CLKRUN#�KLJK�HDUOLHU�WKDQ�RQ�FORFN���
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7KH�GHYLFH�PD\�QRW�DVVHUW��VWDUW�GULYLQJ��CLKRUN#�LI�LW�LV�DOUHDG\�GULYHQ�ORZ�E\�WKH
FHQWUDO�UHVRXUFH���7KH�GHYLFH�PXVW�QRW�DVVHUW�CLKRUN#�XQOHVV�WKH�OLQH�KDV�EHHQ
GHDVVHUWHG�IRU�WZR�VXFFHVVLYH�FORFNV��WKDW�LV��EHIRUH�WKH�FORFN�ZDV�VWRSSHG�

,W�LV�H[SHFWHG�WKDW�D�GHYLFH�ZKLFK�KDV�DVVHUWHG�CLKRUN#�IRU�JDLQLQJ�EXV�PDVWHUVKLS�
ZRXOG�DVVHUW�REQ#�QR�ODWHU�WKDQ�IRXU�FORFNV�DIWHU�WKH�FORFN�LV�UHVWDUWHG���2WKHUZLVH��WKH
FORFN�FDQ�EH�VWRSSHG�DJDLQ�E\�WKH�FHQWUDO�UHVRXUFH�

Figure 5:  Clock Start or Speed up

7KH�FHQWUDO�UHVRXUFH�VKRXOG�SURYLGH�ORZ�ODWHQF\�FORFN�UHVWRUDWLRQ�XSRQ�DVVHUWLRQ�RI
CLKRUN#��W\SLFDOO\��QRW�PRUH�WKDQ�D�IHZ�F\FOHV�RI�LWV�LQWHUQDO�FORFN��VLQFH�WKLV�ODWHQF\
ZRXOG�QHJDWLYHO\�LPSDFW�WKH�V\VWHP�SHUIRUPDQFH���7KH�LQWHQW�RI�WKLV�SURWRFRO�LV�WR
SURYLGH�D�ORZ�ODWHQF\�FORFN�FRQWURO�ZKLFK�LV�WUDQVSDUHQW�WR�WKH�V\VWHP��DQG�ZKLFK�ZRXOG
KDYH�QR�DSSDUHQW�LPSDFW�RQ�WKH�V\VWHP�SHUIRUPDQFH�

2.1.4.3.  Maintaining the Clock

Figure 6:  Maintaining the Clock
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Table 2:  Mininum and Maximum Values for Tcrdel

0LQLPXP 0D[LPXP

7FUGHO ���7F\F����FORFN� ���7F\F����FORFNV�

• &HUWDLQ�GHYLFHV�PD\�UHTXLUH�WKH�3&,�FORFN�WR�EH�DFWLYH�IRU�FRPSOHWLQJ�VRPH�LQWHUQDO
SURFHVVHV�DIWHU�D�WUDQVDFWLRQ�LV�DOUHDG\�FRPSOHWHG���7KLV�LV�DFFRPSOLVKHG�E\�WKH
GHYLFH�DVVHUWLQJ�CLKRUN#�DIWHU�LW�KDV�EHHQ�GHDVVHUWHG�IRU�WZR�VXFFHVVLYH�FORFNV�
7KH�GHYLFH�PXVW�DVVHUW�CLKRUN#�ZLWKLQ�D�FHUWDLQ�WLPH�ZLQGRZ��7FUGHO���VHH�7DEOH
��WR�DYRLG�LQWHUUXSWLQJ�WKH�FORFN�VWUHDP���,Q�)LJXUH���WKH�GHYLFH�VDPSOHV�CLKRUN#
KLJK�RQ�FORFN����DQG�PXVW�GULYH�CLKRUN#�ORZ�QR�ODWHU�WKDQ�FORFN���EXW�QRW�HDUOLHU
WKDQ�DIWHU�WKH�WXUQ�DURXQG�F\FOH�ZKLFK�RFFXUV�DIWHU�FORFN���WR�DYRLG�LQWHUUXSWLRQ�RI
&/.���7KH�GHYLFH�NHHSV�CLKRUN#�DVVHUWHG�IRU�WZR�FORFNV��FORFNV���DQG���RU
FORFNV���DQG�����DQG�PXVW�GLVDEOH�LWV�RSHQ�GUDLQ�GULYHU�DIWHU�WKH�VHFRQG�FORFN�

• 7KH�FHQWUDO�UHVRXUFH�PXVW�SURYLGH�D�QRQ�LQWHUUXSWHG�FORFN�ZKHQ�WKH�GHYLFH�DVVHUWV
CLKRUN#�LQ�WKH�WLPH�VSHFLILHG�DERYH���7KH�V\VWHP�GHVLJQHU�VKRXOG�WDNH�LQWR
DFFRXQW�

• $OO�GHOD\V�LQ�WKH�SDWK�WR�WKH�FORFN�FRQWUROOHU�DQG�WKH�FORFN�VRXUFH�

• 7KH�WLPH�UHTXLUHG�WR�V\QFKURQL]H�CLKRUN#���7KH�FHQWUDO�UHVRXUFH�PXVW�QRW
VWRS�WKH�FORFN�EHIRUH�D�V\QFKURQL]HG�YHUVLRQ�RI�WKH�CLKRUN#�VLJQDO�IURP�WKH
GHYLFH�FDQ�EH�JHQHUDWHG�

• 7KH�FHQWUDO�UHVRXUFH�PXVW�GULYH�CLKRUN#�ORZ�QR�ODWHU�WKDQ�FORFN�����7KH
FHQWUDO�UHVRXUFH�PD\�GULYH�WKH�OLQH�ORZ�DW�DQ\�WLPH�DIWHU�LW�GHWHFWV�WKDW
CLKRUN#�LV�DVVHUWHG�E\�WKH�GHYLFH�

7KH�FHQWUDO�UHVRXUFH�PXVW�QRW�GULYH�CLKRUN#�KLJK�HDUOLHU�WKDQ�RQ�WKH�IRXUWK�FORFN
HGJH�DIWHU�WKH�CLKRUN#�OLQH�ZDV�ILUVW�VDPSOHG�DVVHUWHG�

7KH�GHYLFH�PD\�QRW�GULYH�CLKRUN#�LI�LW�LV�DOUHDG\�GULYHQ�ORZ�E\�WKH�FHQWUDO�UHVRXUFH�
7KH�GHYLFH�PXVW�QRW�DVVHUW�CLKRUN#�XQOHVV�LW�KDV�VDPSOHG�WKH�OLQH�KLJK�RQ�D�CLK
ULVLQJ�HGJH��DQG�PXVW�QRW�GULYH�CLKRUN#�RQ�WKH�VDPH�FORFN�HGJH�RQ�ZKLFK�WKH�OLQH�LV
ILUVW�VDPSOHG�KLJK�

2.1.4.4.  Clock Continuation - Minimum Repetition

Figure 7:  Multiple Clock Continues
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7DEOH���VKRZV�WKH�PLQLPXP�UHSHWLWLRQ�UDWH�IRU�PXOWLSOH�FORFN�FRQWLQXHV���7KH�FDVH
RFFXUV�ZKHQ�D�WDUJHW�GRHV�D�FORFN�FRQWLQXH��DQG�WKH�FHQWUDO�UHVRXUFH�LPPHGLDWHO\
DWWHPSWV�WR�VWRS�WKH�FORFN�DJDLQ���)LJXUH����DQG�WKH�FRUUHVSRQGLQJ�7FUUHS��VSHFLI\�WKH
PLQLPXP�SHULRG�RI�UHSHWLWLRQ�E\�WKH�FHQWUDO�UHVRXUFH�DQG�WDUJHW�KDQGVKDNH�

Table 3:  Minimum Tcrrep Value

0LQLPXP

7FUUHS ���7F\F����FORFNV�

2.1.5.  Implementation Notes

2.1.5.1.  Central Resource Rules

7KH�FHQWUDO�UHVRXUFH�GULYHV�CLKRUN#�ORZ�ZKLOH�WKH�3&,�FORFN�LV�UXQQLQJ���7KH�FHQWUDO
UHVRXUFH�GULYHV�CLKRUN#�KLJK��V\QFKURQRXV�WR�WKH�3&,�FORFN��EHIRUH�VWRSSLQJ�WKH�3&,
FORFN���7KH�3&,�FORFN�ZLOO�FRQWLQXH�WR�UXQ�IRU�DW�OHDVW�IRXU�FORFNV�DIWHU�CLKRUN#�LV
GULYHQ�KLJK���CLKRUN#�FDQQRW�EH�GHDVVHUWHG�XQOHVV�WKH�EXV�LV�LGOH���7KH�FHQWUDO
UHVRXUFH�PRQLWRUV�CLKRUN#�ZKLOH�CLKRUN#�LV�LQDFWLYH��ZDWFKLQJ�IRU�DV\QFKURQRXV
DVVHUWLRQ�RI�WKH�VLJQDO���8SRQ�VHHLQJ�CLKRUN#�DVVHUWHG��WKH�3&,�FORFN�ZLOO�UHVWDUW���7KH
FHQWUDO�UHVRXUFH�ZLOO�VWDUW�GULYLQJ�CLKRUN#�DFWLYH�WR�WDNH�RYHU�GULYH�RI�WKH�OLQH���7KH
FHQWUDO�UHVRXUFH�DOVR�FRQWUROV�WKH�KLJK�NHHSHU�RQ�WKH�SLQ���,W�LV�VXJJHVWHG�WKDW�WKH�NHHSHU
LV�GLVDEOHG�E\�WKH�FHQWUDO�UHVRXUFH�ZKHQ�CLKRUN#�LV�EHLQJ�GULYHQ�ORZ�E\�WKH�FHQWUDO
UHVRXUFH��DOO�EXW�RQH�FORFN�RI�WKH�CLKRUN#�ORZ�WLPH����7KLV�UHPRYHV�DFWLYH�SRZHU
GLVVLSDWHG�E\�WKH�NHHSHU���7KH�RQO\�FXUUHQW�SDVVLQJ�WKURXJK�WKH�NHHSHU�ZKHQ�WKH�FORFN�LV
VWRSSHG�LV�WKH�GHYLFH�OHDNDJH�FXUUHQW�

2.1.5.2.  Master CLKRUN# Rules

$�3&,�PDVWHU�GULYHV�CLKRUN#�ORZ�LQ�RUGHU�WR�UHVWDUW�WKH�FORFN�VR�WKDW�LW�FDQ�DVVHUW�LWV
EXV�UHTXHVW�V\QFKURQRXVO\���0XOWLSOH�PDVWHUV�UHTXHVWLQJ�FORFN�UHVWDUW�LV�DOORZHG��EXW
RQO\�RQH�ZLOO�UHFHLYH�D�JUDQW���$IWHU�PDVWHU�UHOHDVHV�GULYH�RI�CLKRUN#�WKH�FHQWUDO
UHVRXUFH�WDNHV�RYHU�GULYLQJ�RI�WKH�CLKRUN#�VLJQDO�

$�PDVWHU�PD\�QRW�DVVHUW�CLKRUN#�XQOHVV�LW�LV�VDPSOHG�KLJK�ZLWK�CLK��EHIRUH�WKH
FORFN�LV�VWRSSHG��

2.1.5.3.  Target CLKRUN# Rules

,I�D�WDUJHW�RI�DQ�DFFHVV�VDPSOH�CLKRUN#�KLJK��LW�GULYHV�CLKRUN#�ORZ�LQ�RUGHU�WR
PDLQWDLQ�WKH�FORFN�VR�WKDW�LW�FDQ�DVVXUH�LQWHUQDO�3&,�FORFN�UHODWHG�IXQFWLRQV�FRPSOHWH�
$IWHU�WKH�WDUJHW�VDPSOHV�CLKRUN#�ORZ�IRU�WZR�F\FOHV�LW�UHOHDVHV�GULYH�RI�CLKRUN#�
7KH�FHQWUDO�UHVRXUFH�WDNHV�RYHU�ORZ�GULYH���,Q�WKLV�ZD\��WKH�WDUJHW�RQO\�GULYHV�CLKRUN#
IRU�WZR�CLK�ULVLQJ�HGJHV�

7KH�WDUJHW�PD\�QRW�DVVHUW�CLKRUN#�XQOHVV�LW�LV�VDPSOHG�KLJK�ZLWK�CLK��EHIRUH�WKH
FORFN�LV�VWRSSHG��
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2.1.5.4.  Clock Latency Issues

:KHQ�UHVWDUWLQJ�WKH�FORFN�DIWHU�D�UHTXHVW�IRU�FORFN�UXQ�EHFRPHV�DFWLYH��LW�LV�GHVLUDEOH�WR
UHWXUQ�WKH�FORFN�WR�RSHUDWLRQDO�IUHTXHQF\�DV�VRRQ�DV�SRVVLEOH�

$Q�H[DFW�WLPH�GXUDWLRQ�FDQQRW�EH�JXDUDQWHHG�GXH�WR�GLIIHUHQFHV�LQ�V\VWHP�GHVLJQ���)RU
H[DPSOH��RQH�V\VWHP�PD\�VLPSO\�JDWH�WKH�FORFN�EHWZHHQ�DFWLYH�F\FOHV��ZKLOH�DQRWKHU
PD\�VKXW�GRZQ�WKH�FORFN�DQG�LWV�RVFLOODWRU�GXULQJ�ORQJ�SHULRGV�RI�LQDFWLYLW\���,Q�WKH
IRUPHU�FDVH��WKH�FORFN�UHWXUQ�FDQ�EH�LQVWDQWDQHRXV��ZKLOH�WKH�ODWWHU�FDVH�PD\�UHTXLUH
VHYHUDO�PLOOLVHFRQGV�LQ�RUGHU�WR�VWDELOL]H�WKH�RVFLOODWRU�

:KHQ�GHWHUPLQLQJ�EXIIHU�VL]HV�IRU�VLOLFRQ�WDUJHWHG�DW�SRUWDEOHV��D�SRUWLRQ�RI�WKLV�FORFN
ODWHQF\�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW���+RZHYHU��LW�LV�XQUHDVRQDEOH�WR�H[SHFW�EXIIHU�VL]HV
WR�DFFRXQW�IRU�UH�SRZHULQJ�RI�PDQ\�SHULSKHUDOV���6\VWHP�GHVLJQHUV�WKDW�QHHG�WR�SRZHU�XS
ODUJH�SRUWLRQV�RI�FLUFXLWU\�GXH�WR�D�VOHHS�FRQGLWLRQ�ZLOO�KDYH�WR�GHYLVH�DQRWKHU�PHWKRG�WR
SUHYHQW�GDWD�ORVV�

3.  Minimum PCI Clock Frequency
,Q�WKH�3&,�VSHFLILFDWLRQ�LW�LV�VWDWHG�WKDW�WKH�3&,�FORFN�FDQ�UXQ�DW�DQ\�IUHTXHQF\�XS�WR
���0+]���,W�LV�DOVR�VWDWHG�WKDW�WKH�FORFN�PXVW�EH�VWRSSHG�LQ�WKH�ORZ�VWDWH���$�SUREOHP
DULVHV�ZKHQ�WKH�FORFN�LV�UXQ�YHU\�VORZ���6LQFH�FORFN�&\FOH�WLPH��7F\F��PD[LPXP�LV
LQILQLWH��WKH�FORFN�PD\�EH�LQ�D�ORZ�RU�D�KLJK�VWDWH�IRU�XS�WR�DQ�LQILQLWH�DPRXQW�RI�WLPH�
)RU�H[DPSOH��LI�WKH�FORFN�LV�UXQ�DW������+]��CLK�ZLOO�EH�ORZ�IRU�����PLQXWH�DQG�KLJK�IRU
����PLQXWH���$OWKRXJK�WKLV�H[DPSOH�LV�H[WUHPH��LW�LV�DOORZHG�XQGHU�WKH�FXUUHQW�ZRUGLQJ�RI
WKH�VSHFLILFDWLRQ�

7KH�PLQLPXP�3&,�EXV�FORFN�IUHTXHQF\�ZKLFK�LV�UHFRPPHQGHG�LQ�D�0RELOH�3&,
HQYLURQPHQW�LV����N+]���,Q�WKLV�ZD\��WKH�3&,�FORFN�ZLOO�RQO\�UXQ�IURP����0+]�WR����N+]
DQG�VWRS�DW�'&���7KLV�FKDQJHV�PD[LPXP�7F\F�WR����µV�LI�UXQQLQJ��DQG�LQILQLWH�LI�VWRSSHG�
7KH�FORFN�IUHTXHQF\�VKRXOG�PHHW�WKH�WLPLQJ�UHTXLUHPHQWV�DV�VSHFLILHG�LQ�7DEOH���

Table 4:  PCI Mobile Clock Timing Requirements

Symbol Parameter Minimum Maximum Notes
Tcyc CLK cycle time 30 ns 32 µs 1
Tlow CLK low time 12 ns infinite 2
Notes:
1. Maximum cycle time is enforced while CLK is running.  If CLK is not running

(that is, CLKRUN#* is not asserted), Tcyc maximum may be infinite.
2. When CLK is stopped, Tlow will be infinite.
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)LJXUH���LOOXVWUDWHV�WKH�3&,�FORFN�WLPLQJ�UHTXLUHPHQWV�

7F\F

7ORZ

&ORFN�6WRSSHG�/RZ

Figure 8:  PCI Clock Timing Diagram

5HIHU�WR�WKH�3&,�/RFDO�%XV�6SHFLILFDWLRQ�IRU�WKUHVKROG�PD[LPXPV�DQG�PLQLPXPV�

4.  PCI - CardBus/PCI Common Silicon Requirements
5HIHU�WR�WKH�&DUG%XV�3&,�&RPPRQ�6LOLFRQ�5HTXLUHPHQWV�VHFWLRQ�RI�WKH�3&0&,$�3&
&DUG�6WDQGDUG�*XLGHOLQHV�GRFXPHQW�WR�XQGHUVWDQG�KRZ�RQH�LPSOHPHQWDWLRQ�FDQ�DGGUHVV
ERWK�WKH�&DUG%XV�DQG�3&,�0DUNHWV�

5.  PCI Agent Power Capabilities
$�3&,�DJHQW�WDUJHWHG�IRU�WKH�PRELOH�PDUNHW�PXVW�KDYH�VSHFLILF�SRZHU�FDSDELOLWLHV�WR
DOORZ�D�FRPSUHKHQVLYH�SRZHU�VDYLQJV�VFKHPH���)LJXUH���GHILQHV�WKH�GLIIHUHQW�VHJPHQWV
RI�DQ�DJHQW��VKRZLQJ�WKUHH�GLIIHUHQW�SRVVLEOH�VHJPHQWV�IRU�3&,�,QWHUIDFH�SRZHU�FRQWURO�
7KH�DJHQW�VSHFLILF�SRZHU�SRUWLRQV�DUH�VKRZQ�IRU�FRPSOHWHQHVV�RQO\�DQG�DUH�QRW
GLVFXVVHG�KHUH�

BUFFERS
PCI AGENT

PCI I/F AGENT 
POWERPOWER

CONTROL

POSSIBLE POWER ZONES

A B C

PCI BUS AGENT I/O
INTERFACE

CONTROL

CONFIG
SPACELOGIC

D

CIRCUITRY

E

BUFFERS
PCI AGENTPCI 

Figure 9:  PCI Agent Power Segments

$V�VKRZQ�DERYH��DQ�DJHQW�FDQ�EH�VHJPHQWHG�LQWR�GLIIHUHQW�SRZHU�FDSDELOLW\�]RQHV���(DFK
SRZHU�]RQH�FDQ�EH�FRQWUROOHG�VHSDUDWHO\�WR�DFKLHYH�PD[LPXP�SRZHU�VDYLQJV�

7KH�3&,�LQWHUIDFH�FDQ�EH�WKRXJKW�WR�KDYH�PDQ\�SRZHU�FDSDELOLW\�OHYHOV���7KH�EXIIHUV�FDQ
EH�SRZHUHG�GRZQ�ZKLOH�WKH�UHVW�RI�WKH�FKLS�LV�SRZHUHG��VDYLQJ�DJHQW�SDUDPHWHUV���7KH
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3&,�FORFN�FDQ�EH�VORZHG�RU�VWRSSHG��VDYLQJ�SRZHU�XVHG�DFURVV�WKH�3&,�EXV�DQG�E\�WKH
LQWHUIDFH�ORJLF�

7KHVH�OHYHOV�UDQJH�IURP�KLJKHVW�SRZHU�FRQVXPSWLRQ�WR�ORZHVW���$V�OHVV�SRZHU�LV
FRQVXPHG��PRUH�DJHQW�SDUDPHWHUV�PD\�EH�ORVW�DQG�ODWHQF\�WR�UHFRYHU�PD\�EH�KLJKHU���$
VLPSOH�UXOH�RI�WKXPE�LV�VKRZQ�LQ�)LJXUH�����ODWHQF\�DQG�SRZHU�FRQVXPSWLRQ�GLUHFWO\
FRUUHVSRQG�WR�VWDWH�ORVV�DQG�SRZHU�VZLWFKLQJ�

No

Latency

No

Parameter Loss

No Power

Switching= =

Highest Power

Consumption =

Figure 10:  Latency Diagram

5.1.  Clock Control

$FFRUGLQJ�WR�WKH�3&,�/RFDO�%XV�6SHFLILFDWLRQ��WKH�3&,�FORFN�RSHUDWHV�XS�WR����0+]���$
YDULDQFH�LV�LQFOXGHG�IRU�PRWKHUERDUG�RQO\�FRPSRQHQWV��ZKLFK�VWDWHV�WKDW�WKH�FRPSRQHQW
FDQ�HQIRUFH�D�SROLF\�RI�QR�IUHTXHQF\�FKDQJHV���)RU�DGGLWLRQDO�SRZHU�VDYLQJV��D�GHVLJQHU
RI�D�PRELOH�V\VWHP�FDQ�WDNH�DGYDQWDJH�RI�WKH�DOORZHG�IUHTXHQF\�UDQJH�E\�VORZLQJ�WKH
FORFN�GXULQJ�SHULRGV�RI�ORZ�DFWLYLW\�DQG�SHUKDSV�HYHQ�VWRSSLQJ�WKH�FORFN�GXULQJ�SHULRGV
RI�LQDFWLYLW\��UHIHU�WR�&KDSWHU���IRU�GLVFXVVLRQV�RI�DJHQW�FORFNLQJ�FRQWURO�DQG�6HFWLRQ��
IRU�UHFRPPHQGHG�IUHTXHQFLHV����,Q�WKLV�FDVH��DQ\�FRPSRQHQW�ZKLFK�HQIRUFHV�WKH�SROLF\�RI
QR�IUHTXHQF\�FKDQJH�VKRXOG�QRW�EH�XVHG�

7R�HQVXUH�PD[LPXP�SRZHU�VDYLQJV��DQ�DJHQW�PXVW�KDQGOH�WKLV�YDULDEOH�FORFN�IUHTXHQF\
WR�EH�XVHIXO�LQ�D�3&,�0RELOH�HQYLURQPHQW���7KHUH�DUH�VHYHUDO�WKLQJV�WKH�DJHQW�PXVW�EH
FDSDEOH�RI�WR�GR�WKLV���)LUVW��WKH�DJHQW�VKRXOG�QRW�GHSHQG�RQ�D�VSHFLILF�IUHTXHQF\�DFURVV
WKH�LQWHUIDFH�IRU�SURSHU�RSHUDWLRQ���,I�WKH�DJHQW�QHHGV�D�VSHFLILF�IUHTXHQF\�IRU�SURSHU
RSHUDWLRQ��LW�VKRXOG�UHO\�RQ�D�VHSDUDWH�VRXUFH�IRU�LW�DQG�RQO\�XVH�WKH�3&,�FORFN�IRU
LQWHUIDFH�FORFNLQJ���6HFRQG��WKH�DJHQW�VKRXOG�XVH�VWDWLF�GHVLJQ�SUDFWLFHV�WR�HQVXUH�WKDW
3&,�VWDWH�DQG�FRQILJXUDWLRQ�GDWD�LV�QRW�ORVW�ZKHQ�WKH�FORFN�LV�VWRSSHG�

&ORFNLQJ�FRQWURO�DW�D�V\VWHP�OHYHO�PD\�EH��EXW�PRVW�IUHTXHQWO\�LV�QRW��XQGHU�VRIWZDUH
FRQWURO���7KH�PRVW�RSWLPXP�FORFNLQJ�FRQWURO�ZLOO�EH�WUDQVSDUHQW�WR�VRIWZDUH��WKDW�LV�
WKHUH�LV�QR�DJHQW�SDUDPHWHU�ORVV�DQG�QR�ODWHQF\�WR�UHWXUQ�WR�D�QRUPDO�RSHUDWLRQDO
IUHTXHQF\�

5.2.  PCI Configuration and Interface Logic Capabilities

7R�DFKLHYH�HYHQ�JUHDWHU�SRZHU�VDYLQJV��WKH�V\VWHP�GHVLJQHU�UHPRYHV�SRZHU�IURP�LGOH
DJHQWV�ZKLOH�QRUPDO�V\VWHP�DFWLYLW\�FRQWLQXHV���7R�DFFRPSOLVK�WKLV�LQ�D�EXVHG
HQYLURQPHQW��VRPH�3&,�DJHQWV�UHPDLQ�FRPSOHWHO\�DFWLYH�DQG�SRZHUHG��ZKLOH�RWKHUV�OHDYH
RQO\�WKH�EXIIHUV�SRZHUHG���$V�DQ�H[DPSOH��PDQ\�V\VWHPV�GLVDEOH�WKH�KDUG�GLVN�GULYH�DIWHU
SHULRGV�RI�LQDFWLYLW\�ZKLOH�WKH�V\VWHP�FRQWLQXHV�WR�RSHUDWH�

,Q�WKLV�ZD\��WKH�3&,�EXV�KDV�DFWLYH�WUDIILF�WR�PRVW�IUHTXHQWO\�XVHG�DJHQWV���$�IRUP�RI�,�2
7UDSSLQJ�FDQ�EH�XVHG�WR��FDWFK��DQ\�EXV�WUDQVDFWLRQV�WR�WKH�GLVDEOHG�DJHQWV��VR�WKDW�WKHVH
WUDQVDFWLRQV�FDQ�EH�UHLVVXHG�DIWHU�WKH�DJHQW�KDV�EHHQ�UHVWRUHG�WR�IXOO�RSHUDWLRQDO
FDSDELOLW\�
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,Q�WKLV�VFHQDULR��FRQILJXUDWLRQ�SDUDPHWHUV�FDQ�EH�ORVW���:KHQ�WKH�V\VWHP�QHHGV�WKLV
UHVRXUFH�LW�ZLOO�QHHG�WR�UHVWRUH�LW�WR�IXOO�RSHUDWLRQDO�FDSDELOLW\��W\SLFDOO\�E\�UHFRQILJXULQJ
LW���7KH�V\VWHP�PD\�FRPSOHWHO\�UHVHW�WKH�DJHQW�RU�LW�PD\�UHVWRUH�LW�WR�LWV�RULJLQDO
FRQILJXUDWLRQ�EHIRUH�SRZHU�RII���)RU�UHFRQILJXUDWLRQ��WKH�DJHQW�QHHGV�WR�PDNH�DOO�UHJLVWHU
GDWD�DYDLODEOH���7KLV�VKRXOG�EH�GRQH�E\�SURYLGLQJ�UHDG�ZULWH�DEOH�UHJLVWHUV��DQG�RU
VKDGRZLQJ�ZULWH�RQO\�UHJLVWHUV���,Q�WKLV�ZD\��WKH�V\VWHP�FDQ�UHDG�D�GHYLFH¶V�SUH�GLVDEOHG
GDWD�DQG�UHVWRUH�LW�XSRQ�UHWXUQLQJ�WKH�GHYLFH�WR�QRUPDO�DFWLYLW\�

5.3.  Buffer Capabilities

$W�WKH�KLJKHVW�3&,�,QWHUIDFH�SRZHU�VDYLQJV��WKH�EXV�FDQ�EH�FRPSOHWHO\�SRZHUHG�RII���7KLV
FDQ�EH�GRQH�LQ�FRQMXQFWLRQ�ZLWK�WKH�FRQILJXUDWLRQ�DQG�LQWHUIDFH�ORJLF�LI�GHVLUHG���/HDNDJH
FRQWURO�PXVW�EH�FDUHIXOO\�SODQQHG�WR�SUHVHUYH�SRZHU�VDYLQJV�ZKHQ�RQH�RU�PRUH�DJHQWV
DUH�SRZHUHG��UHIHU�WR�6HFWLRQ���IRU�GLVFXVVLRQV�RI�DJHQW�OHDNDJH�FRQWURO�RQ�WKH�3&,�EXV��
7KH�LQWHUIDFH�FDQ�UHWXUQ�WR�IXOO�IXQFWLRQ�ZLWK�VRPH�ODWHQF\��YDU\LQJ�GHSHQGLQJ�RQ�SRZHU
FRQGLWLRQV���7KH�3&,�,QWHUIDFH�PD\�EH�HQWLUHO\�SRZHUHG�RII�ZKLOH�WKH�UHVW�RI�WKH�DJHQW�LV
SRZHUHG�RQ���,Q�WKLV�VFHQDULR��WKHUH�LV�QR�DVVRFLDWHG�VWDWH�ORVV�

,W�LV�UHFRJQL]HG�WKDW�DFKLHYLQJ�SRZHU�VDYLQJV�LQ�WKLV�VWDWH�LV�DJHQW�VSHFLILF���)RU�H[DPSOH�
SRZHU�VDYLQJV�PHDQV�FRXOG�EH�WLJKWO\�FRXSOHG�ZLWK�WKH�DJHQW�IXQFWLRQV�DQG�WKH�DJHQW
GHVLJQ��DQG�FRXOG�EH�GHWHUPLQHG�E\�WKH�DJHQW�LWVHOI�RU�WKH�DJHQW
V�GULYHU�

6.  CLKRUN# Across a Bridge Example
:KHQ�XVLQJ�WKH�FORFN�UXQ�SURWRFRO�LQ�DQ�DUFKLWHFWXUH�ZLWK�PXOWLSOH�EXVHV�DQG�EULGJHV��WKH
URXWLQJ�RI�WKH�FORFN�DQG�WKH�UHODWLRQVKLS�RI�WKH�IUHTXHQFLHV�EHWZHHQ�WKH�PXOWLSOH�EXVHV
PXVW�EH�FRQVLGHUHG���7KH�3&,�WR�3&,�%ULGJH�$UFKLWHFWXUH�6SHFLILFDWLRQ�VWDWHV����7KH
UHODWLRQVKLS�EHWZHHQ�WKH�SULPDU\�LQWHUIDFH�DQG�VHFRQGDU\�LQWHUIDFH�FORFNV�RI�D�3&,�WR
3&,�EULGJH�LV�LPSOHPHQWDWLRQ�VSHFLILF����+HUH�ZH�VKRZ�VHYHUDO�SRVVLEOH�LPSOHPHQWDWLRQV�
ZLWK�CLKRUN#�GHVLJQ�H[DPSOHV�

Primary Bus Secondary Bus

Device B

Bridge

Device A Device DDevice C

Figure 11:  Bridge Architecture

5HIHUULQJ�WR�)LJXUH�����WKH�UHODWLRQVKLS�RI�WKH�RSHUDWLRQDO�IUHTXHQF\�RI�WKH�SULPDU\�EXV
DQG�VHFRQGDU\�EXV�PXVW�EH�FRQVLGHUHG���+HUH��ZH�ZLOO�GLVFXVV�WKH�IROORZLQJ
UHODWLRQVKLSV��

• &DVH�$���7KH�SULPDU\�EXV�VSHHG�LV�HTXDO�WR�WKH�VHFRQGDU\�EXV�VSHHG���7KH�EULGJH�KDV
FORFN�EXIIHUV��LQWURGXFLQJ�D�VOLJKW�VNHZ��EXW�WKH�IUHTXHQFLHV�UHPDLQ�VLPLODU�

• &DVH�%���7KH�SULPDU\�EXV�VSHHG�LV�VRPH�PXOWLSOH�RI�WKH�VHFRQGDU\�EXV�VSHHG���7KH
EULGJH�KDV�FORFN�GLYLGHUV���&DUG%XV�EULGJHV�ZLOO�PRVW�OLNHO\�LPSOHPHQW�WKLV�PHWKRG�

                                                     
1 Refer to Section 6.4.  Secondary Bus Clock Not Controlled By Bridge for a description of CLKRUN#
handling when clocking for the secondary bus is not handled by the bridge.
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• &DVH�&���7KH�SULPDU\�EXV�VSHHG�KDV�QR�UHODWLRQVKLS�WR�WKH�VHFRQGDU\�EXV�VSHHG���7KH
SULPDU\�DQG�VHFRQGDU\�EXVHV�DUH�DV\QFKURQRXV�WR�HDFK�RWKHU���7KH�EULGJH�KDV�DQ
H[WHUQDO�FORFN�VRXUFH�IRU�WKH�VHFRQGDU\�EXV���7KLV�PD\�RFFXU�ZKHQ�WKH�SULPDU\�EXV�LV
WKH�KRVW�EXV��UXQQLQJ�DW�WKH�SURFHVVRU�VSHHG�

7KH�DVVXPSWLRQ�LV�PDGH�IRU�VLPSOLILFDWLRQ�WKDW�WKH�SULPDU\�EXV�LV�WKH�KLJKHU�VSHHG�EXV�
DQG�WKDW�WKH�VHFRQGDU\�EXV�ZLOO�KDYH�LWV�FORFN�VORZHG�RU�VWRSSHG�EHIRUH��RU�DW�WKH�VDPH
WLPH��DV�WKH�SULPDU\�EXV�

7KH�DVVXPSWLRQ�LV�DOVR�PDGH�WKDW�WKH�EULGJH�FRQWDLQV�WKH�FORFNLQJ�UHVRXUFHV�IRU�WKH
VHFRQGDU\�EXV��EXW�QRW�WKH�SULPDU\�EXV���7KH�EULGJH�GRHV�QRW�GULYH�CLKRUN#�KLJK�RQ
WKH�SULPDU\�EXV��WKDW�LV��LW�GRHV�QRW�DFW�DV�FHQWUDO�UHVRXUFH�IRU�WKH�SULPDU\�EXV���7KH
EULGJH�GRHV�GULYH�CLKRUN#�KLJK�RQ�WKH�VHFRQGDU\�EXV�WR�LQGLFDWH�UHTXHVW�WR�VWRS�VORZ
WKH�FORFN���7KH�CLKRUN#�GULYHU��RQ�WKH�EULGJH��IRU�WKH�SULPDU\�EXV�LV�DQ�RSHQ�GUDLQ
EXIIHU��ZKLOH�WKH�GULYHU��RQ�WKH�EULGJH��IRU�WKH�VHFRQGDU\�EXV�LV�VXVWDLQHG�WUL�VWDWH�

6.1.  Case A:  Skewed Clocks

:KHQ�ERWK�WKH�SULPDU\�DQG�VHFRQGDU\�EXVHV�KDYH�WKH�VDPH�RSHUDWLRQDO�IUHTXHQF\�
CLKRUN#�VKRXOG�EH�EXIIHUHG�VLPLODU�WR�WKH�LPSOHPHQWDWLRQ�RI�CLK���7KH�VLJQDO
CLKRUN#�LV�DQ�DV\QFKURQRXV�VLJQDO�DQG�FDQ�EH�EXIIHUHG�RQFH�ZLWKRXW�VLJQLILFDQW
SHUIRUPDQFH�GHOD\�

:KHQ�CLK�LV�VLPSO\�EXIIHUHG�WKURXJK�WKH�EULGJH��CLKRUN#�FDQ�EH�URXWHG�DURXQG�WKH
EULGJH��KRZHYHU�WKLV�LV�QRW�UHFRPPHQGHG�GXH�WR�ORDGLQJ�DQG�GULYH�UHTXLUHPHQWV���7KH
V\VWHP�GHVLJQHU�PXVW�FDUHIXOO\�SODQ�KLV�GHVLJQ��FDOFXODWLQJ�EXIIHULQJ�DQG�WLPLQJ�QHHGV�
7KH�EULGJH�GHVLJQHU�PXVW�JLYH�VRPH�WKRXJKW�WR�KRZ�CLK�LV�WR�EH�GLVWULEXWHG�WR�WKH
VHFRQGDU\�EXV�VR�WKDW�FORFN�FRQWURO��E\�CLKRUN#��FDQ�EH�VXSSRUWHG�LQ�WKH�V\VWHP�

GND

PCR# SCR#

SEN

PEN

PCR# = Primary Bus CLKRUN#

SCR# = Secondary Bus CLKRUN#

PEN = Primary Bus Enable for CLKRUN# driver

SEN = Secondary Bus Enable for CLKRUN# driver

PULLUP

PB CLK SB CLK

Figure 12:  Bridge CLKRUN# Routing

7KLV�H[DPSOH�KLJKOLJKWV�WKH�GHWDLOV�RI�WKH�CLKRUN#�SURWRFRO�WKDW�QHHG�WR�EH�PHW�E\�WKH
EULGJH�GHVLJQ���7KLV�LV�QRW�WKH�RQO\�SRVVLEOH�LPSOHPHQWDWLRQ���2QH�YDULDWLRQ�QRW�VKRZQ
KHUH�LQYROYHV�DOORZLQJ�WKH�EULGJH�WR�VKXW�GRZQ�WKH�VHFRQGDU\�EXV�ZKLOH�WKH�SULPDU\�EXV
LV�DFWLYH�
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7KH�SULPDU\�EXV�VSHHG�LV�HTXDO�WR�WKH�VHFRQGDU\�EXV�VSHHG���7KH�FORFN�VLJQDO�LV�SDVVHG
WKURXJK�WKH�EULGJH�ZLWK�RQO\�D�VOLJKW�VNHZ���7KH�CLKRUN#�VLJQDO�LV�EDVLFDOO\�SDVVHG
WKURXJK�WKH�EULGJH�DOVR���+RZHYHU��VSHFLDO�FDUH�PXVW�EH�WDNHQ�IRU�WKH�EL�GLUHFWLRQDO
QDWXUH�RI�CLKRUN#���7KH�IROORZLQJ�GHVFULSWLRQ�H[SODLQV�WKH�EL�GLUHFWLRQDO�FRQWUROV�IRU
WKH�EXIIHUV���5HIHU�WR�7DEOH���DQG�)LJXUH����IRU�PRUH�LQIRUPDWLRQ�

Table 5:  CLKRUN# Terminology

Terms Definitions

PCR# Value of the CLKRUN# signal on the primary bus (that is, high or
low).

SCR# Value of the CLKRUN# signal on the secondary bus.

PEN Enable for the open drain CLKRUN# driver on the primary bus.  Note:
The bridge can only drive the primary bus CLKRUN# low.  Following
the CLKRUN# protocol, the bridge drives the signal low for only two
clock cycles, then releases it.  The primary bus central resource takes
over the low drive after that.

SEN Enable for the s/t/s CLKRUN# driver on the secondary bus.  Note:
The bridge acts as the central resource for CLKRUN# on the secondary
bus.  It will drive CLKRUN# high for one cycle, then a keeper will
hold it active.  It will drive CLKRUN# low as indicated in the
following description.

6WDWH�$�

8SRQ�SRZHU�XS��WKH�FORFN�LV�UXQQLQJ���7KHUHIRUH��WKH�SULPDU\�EXV�FHQWUDO�UHVRXUFH�GULYHV
CLKRUN#�ORZ��3&5�� �����DQG�WKH�EULGJH�LQ�WXUQ�GULYHV�CLKRUN#�ORZ�RQ�WKH
VHFRQGDU\�EXV�6&5�� ������3(1��WKH�SULPDU\�EXV�GULYHU��LV�GLVDEOHG���6(1��WKH�VHFRQGDU\
EXV�GULYHU��LV�HQDEOHG�

6WDWH�%�

7KH�QH[W�DFWLRQ�SRVVLEOH���7KH�SULPDU\�EXV�FHQWUDO�UHVRXUFH�DWWHPSWV�WR�VWRS�VORZ�WKH
FORFN�E\�ILUVW�GULYLQJ�CLKRUN#�KLJK��3&5�� ������6(1�UHPDLQV�HQDEOHG�XQWLO�WKH�QH[W
FORFN��$IWHU�WKDW�LW�GLVDEOHV�LWV�GULYHU��HQDEOLQJ�LWV�NHHSHU���3(1�UHPDLQV�GLVDEOHG�

7ZR�WKLQJV�FRXOG�KDSSHQ�QH[W���HLWKHU����D�GHYLFH�RQ�WKH�SULPDU\�EXV�SXOOV�CLKRUN#
ORZ��RU����D�GHYLFH�RQ�WKH�VHFRQGDU\�EXV�SXOOV�CLKRUN#�ORZ�

6WDWH�&�

6&5�� �����3(1�PXVW�EHFRPH�HQDEOHG�IRU�WZR�FORFNV��WKHQ�EHFRPH�GLVDEOHG���6(1�PXVW
DOVR�EHFRPH�HQDEOHG��GLVDEOLQJ�WKH�NHHSHU���6&5�� �3&5�� ���



Revision 1.1

26

PCR#=0
SCR#=0
PEN=0
SEN=1

Clock is running.

PCR#=1

Request by Primary Bus 
Central Resource to 
stop or slow clock.

PCR#=1
SCR#=1
PEN=0
SEN=0

SEN transitions to 0 on
next rising clock edge.
Keeper is enabled. 
No change for PEN.

Initial Condition.

Request By Primary Bus
Device to Start/Speed Up
the clock.

Request By Secondary Bus
Device to Start/Speed Up
the clock.

SCR#=0

PCR#=0

PCR#=0
SCR#=0
PEN=1 

SEN transitions to 1.
Keeper is disabled.

PEN is enabled for two clocks,

PCR#=1
Request by Primary Bus 
Central Resource to 
stop or slow clock.

then disabled.

PCR# = Primary Bus CLKRUN#
PEN = Primary Bus CLKRUN# driver enable
SCR# = Secondary Bus CLKRUN#
SEN = Secondary Bus CLKRUN# driver enable

State A.

State B.

State C.

1
2

34

5

Transition 1.

Transition 3.Transition 4.

Transition 2.

Transition 5.

A

B

C

Figure 13:  State Diagram for Case A:  Skewed Clocks

6.2.  Case B: Divided Clocks

:KHQ�WKH�FORFN�IRU�WKH�VHFRQGDU\�EXV�LV�GHULYHG�IURP�WKH�SULPDU\�EXV�FORFN��WKH�EULGJH
ZLOO�KDYH�WR�DFW�DV��FHQWUDO�UHVRXUFH��IRU�WKH�VHFRQGDU\�EXV��FRQWUROOLQJ�CLKRUN#�DV
ZHOO�DV�HQVXULQJ�FORFN�UXQ�SURWRFRO�WLPLQJ�LV�PHW�

6.2.1.  Description of Flow Diagram:  Divided Clocks

7KH�IORZ�VWDUWV�ZLWK�D�FRQGLWLRQ�RI�ERWK�WKH�SULPDU\�DQG�VHFRQGDU\�FORFNV�UXQQLQJ���6HH
WKH�IORZ�GLDJUDP�LQ�)LJXUH������+HUH��ERWK�3&5��DQG�6&5���SULPDU\�DQG�VHFRQGDU\
CLKRUN#�VLJQDOV��DUH�GULYHQ�ORZ�
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7KH�QH[W�FRQGLWLRQ�WR�RFFXU�LV�D�SULPDU\�EXV�UHTXHVW�WR�VWRS�WKH�FORFN���7KH�SULPDU\�EXV
FHQWUDO�UHVRXUFH�ZLOO�GULYH�3&5��KLJK���7KH�CLKRUN#�SURWRFRO�JXDUDQWHHV�WKDW�WKHUH
ZLOO�EH�DW�OHDVW�IRXU�DGGLWLRQDO�SULPDU\�FORFNV�DIWHU�3&5��LV�VDPSOHG�KLJK�

$W�WKLV�WLPH��WKH�EULGJH�PXVW�QRWLI\�WKH�VHFRQGDU\�EXV�GHYLFHV�RI�WKH�UHTXHVW�WR�VWRS�WKH
FORFN���,W�GRHV�VR�E\�GULYLQJ�6&5��KLJK�

$IWHU�6&5��LV�VDPSOHG�KLJK��WKH�6HFRQGDU\�&ORFN�&RXQWHU�VWDUWV�FRXQWLQJ�WKH�QXPEHU�RI
VHFRQGDU\�FORFNV���7KH�EULGJH�PXVW�HQVXUH�WKDW�DW�OHDVW�IRXU�VHFRQGDU\�FORFNV�DUH�JLYHQ
EHIRUH�WKH�FORFN�LV�DOORZHG�WR�EH�VORZHG�VWRSSHG�RQ�WKH�VHFRQGDU\�EXV�

$Q\�DFWLYH�F\FOHV�RQ�WKH�SULPDU\�RU�VHFRQGDU\�EXV��FRAME#�DFWLYH��FDXVHV�D�UHWXUQ�WR
DOO�FORFNV�UXQQLQJ�

:KHQ�WKH�6HFRQGDU\�&ORFN�&RXQWHU�UHDFKHV�IRXU��WKH�FORFN�LV�DOORZHG�WR�VORZ�VWRS�

3ULRU�WR�D�VHFRQGDU\�FORFN�FRXQW�RI�IRXU��WKH�EULGJH�PXVW�HQVXUH�WKDW�WKH�SULPDU\�FORFN
NHHSV�UXQQLQJ�E\�DVVHUWLQJ�3&5��ORZ�ZKHQHYHU�LW�LV�VDPSOHG�KLJK��WKLV�SURWRFRO�LV
GHVFULEHG�LQ�GHWDLO�LQ�6HFWLRQ�����������0DLQWDLQLQJ�WKH�&ORFN���$FFRUGLQJ�WR�WKLV
SURWRFRO��WKH�EULGJH�PXVW�DVVHUW�3&5��ORZ�ZLWKLQ�WZR�SULPDU\�FORFNV�RI�LW�EHLQJ�VDPSOHG
KLJK�WR�DFKLHYH�DQ�XQLQWHUUXSWHG�FORFN�

,I�WKHUH�LV�D�VHFRQGDU\�UHTXHVW�WR�QRW�VORZ�VWRS�WKH�FORFN��E\�6&5��EHLQJ�DVVHUWHG�ORZ�
WKH�IORZ�UHWXUQV�WR�DOO�FORFNV�UXQQLQJ�

'HYLFHV�VKRXOG�QRW�JDWH�CLKRUN#�ZLWK�FRAME#�WR�GHWHUPLQH�DQ�DFWLYH�F\FOH���,Q�WKLV
SURWRFRO��WKH�FORFN�UHVRXUFH�PD\�DVVHUW�D�VWRS�VORZ�FORFN�UHTXHVW�RQ�WKH�VDPH�F\FOH�D
PDVWHU�VWDUWV�D�F\FOH���7KLV�ZLOO�QRW�FDXVH�DQ�HUURU�FRQGLWLRQ�VLQFH�WKH�FORFN�LV�VWLOO
UXQQLQJ���7KH�FORFN�UHVRXUFH�PXVW�ZLWKGUDZ�LWV�UHTXHVW�WR�VWRS�VORZ�WKH�FORFN�E\�GULYLQJ
CLKRUN#�ORZ�

6HH�)LJXUH�����D�WLPLQJ�GLDJUDP�H[DPSOH�RI�WKLV�IORZ���+HUH��WKH�SULPDU\�FORFN�LV�GLYLGHG
E\�IRXU�WR�JHQHUDWH�WKH�VHFRQGDU\�FORFN���:KHQ�WKH�SULPDU\�FORFN�LV�GLYLGHG�E\�IRXU�DV
VKRZQ��DW�OHDVW����SULPDU\�FORFNV�DUH�QHHGHG�EHIRUH�WKH�VHFRQGDU\�FORFN�FDQ�EH
VORZHG�VWRSSHG�
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All Clocks Running

PCR# = 0

SCR# = 0

YES

NO

NO

NO

YES

YES

Primary

Request to Stop/

Slow Clock?

Start Secondary

Clock Counter

Drive SCR# = 1

Secondary
Req. to NOT Stop/

Slow Clock?

Drive SCR# = 0

Clear Secondary

Clock Counter

Secondary
Clock Counter

= 4 ?

Allow Stop/Slow

Clock

Drive PCR# = 0

YES

NO

Active Cyle

On Prim or Sec

Bus?

PCR# = Primary Bus CLKRUN#

SCR# = Secondary Bus CLKRUN#

NOTE 1: This flow is from

the BRIDGE’s perspective.

(for two clock 

edges only) 

Drive PCR# = 0

(for two clock 

edges only) 

Secondary
Req. to NOT Stop/

Slow Clock?

YES NO

NOTE 2: Secondary Clock Counter

is incremented on the rising edge

of the Secondary Clock.

NOTE 3: This is a FLOW Diagram.

No timing relationships are implied.

Figure 14:  Flow Diagram for Case B:  Divided Clocks
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Figure 15:  Timing Example for Case B:  Divided Clocks
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6.3.  Case C:  Asynchronous Clocks

:KHQ�WKH�EXVHV�DUH�DV\QFKURQRXV�WR�HDFK�RWKHU��WKH�EULGJH�GHVLJQHU�KDV�PDQ\�RSWLRQV�
(LWKHU�EXV�FDQ�EH�VWRSSHG�ZKLOH�WKH�RWKHU�LV�UXQQLQJ�IXOO�VSHHG��DV�ORQJ�DV�DFFHVVHV�GR
QRW�QHHG�WR�FURVV�WKH�EULGJH����7KH�EULGJH�PXVW�LQLWLDWH�WKH�FORFN�UXQ�SURWRFRO�WR�UHVWDUW�D
VWRSSHG�FORFN�GXH�WR�DQ�DFWLYH�UHTXHVW�RQ�HLWKHU�EXV���7KH�EXV�VWDWHV�IROORZ�)LJXUH����

6.4.  Secondary Bus Clock Not Controlled By Bridge

:KHQ�WKH�FORFN�FRQWURO�PHFKDQLVP�IRU�WKH�VHFRQGDU\�EXV�LV�QRW�KDQGOHG�E\�WKH�EULGJH�
WKH�FORFN�UXQ�SURWRFRO�FDQ�VWLOO�EH�XVHG���CLKRUN#�PXVW�EH�FRXSOHG��DV�DOZD\V��ZLWK
WKH�FORFN�VRXUFH�FRQWUROOHU�

2QH�LPSOHPHQWDWLRQ�LQYROYHV�DQ�LQGHSHQGHQW�SLHFH�RI�KDUGZDUH�WKDW�UHFHLYHV�WKH�FORFN
DQG�UHGULYHV�LW�WR�WKH�EULGJH�DQG�HDFK�RI�WKH�VHFRQGDU\�EXV�GHYLFHV���)RU�WKLV
LPSOHPHQWDWLRQ��WKH�EULGJH�GRHV�QRW�KDYH�FRQWURO�RI�WKH�FORFN��WKHUHIRUH�LW�FDQQRW�KDQGOH
WKH�CLKRUN#�SURWRFRO���7KH�LQGHSHQGHQW�SLHFH�RI�KDUGZDUH�PXVW�KDQGOH�CLKRUN#
DV�ZHOO�

$QRWKHU�LPSOHPHQWDWLRQ�FDQ�KDYH�WKH�FORFN�GLVWULEXWHG�WR�HDFK�GHYLFH�IURP�D�FHQWUDO
V\VWHP�UHVRXUFH���,Q�WKLV�FDVH��DJDLQ�WKH�EULGJH�GRHV�QRW�KDYH�FRQWURO�RI�WKH�FORFN�DQG
FDQQRW�KDQGOH�WKH�CLKRUN#�SURWRFRO���7KH�FHQWUDO�UHVRXUFH�PXVW�KDQGOH�CLKRUN#��
WKH�FHQWUDO�UHVRXUFH�GHVLJQHU�FDQ�PDNH�WKH�FKRLFH�ZKHWKHU�WR�VWRS�VORZ�WKH�EXVHV
VHSDUDWHO\�RU�WRJHWKHU���7KH�GHVLJQHU�FDQ�DOVR�GHWHUPLQH��URXJK�HVWLPDWH�E\�WKH�QXPEHU
RI�FORFNV�KH�GULYHV��WKH�ORDGLQJ�RQ�CLKRUN#���,I�WKH�ORDGLQJ�LV�WRR�ODUJH�IRU�RQH�SLQ��KH
FDQ�VXSSO\�WZR�SLQV�DQG�VLPSO\�25�WKHP�WRJHWKHU�LQ�WKH�FHQWUDO�UHVRXUFH���7KHUH�ZLOO�EH
QR�FRQWHQWLRQ�RI�WKH�VLJQDOV�VLQFH�RQO\�WKH�FHQWUDO�UHVRXUFH�FDQ�GULYH�WKH�VLJQDO�KLJK�

7.  Use of Mixed Clock Run Support Components
3RZHU�PDQDJHPHQW�WHFKQLTXHV�YDU\�IURP�V\VWHP�WR�V\VWHP��DV�GRHV�SRZHU�XVDJH���7KH
&ORFN�5XQ��CLKRUN#��VLJQDO�LV�GHVLJQHG�WR�LQWURGXFH�ILQH�JUDLQ�FORFN�FRQWURO��WKDW�LV�
PD[LPXP�SRZHU�VDYLQJV��LQWR�PRELOH�GHVLJQV���:LWK�WKLV�VLJQDO��V\VWHPV�FDQ�VWRS�RU
VORZ�WKH�LQWHUIDFH�FORFN�EHWZHHQ�HYHU\�DFWLYH�F\FOH��LI�WKH\�ZLVK�

:LWK�WKH�LQWURGXFWLRQ�RI�CLKRUN#��WKHUH�ZLOO�H[LVW�LQ�WKH�PDUNHWSODFH�ROGHU
FRPSRQHQWV�WKDW�GR�QRW�VXSSRUW�WKLV�VLJQDO���$�V\VWHP�GHVLJQHU�KDV�VHYHUDO�FKRLFHV�ZKHQ
FRQIURQWHG�ZLWK�D��SRZHU�PDQDJHG��GHVLJQ���+H�FDQ�SLFN�RQO\�FRPSRQHQWV�IRU�WKH
PRWKHUERDUG�WKDW�VXSSRUW�CLKRUN#�RU�KH�FRXOG�PL[�FRPSRQHQWV�EXW�QRW�XWLOL]H�WKH
CLKRUN#�SURWRFRO��KH�GRHV�WKH�ODWWHU�E\�W\LQJ�CLKRUN#�ORZ�RQ�DOO�FRPSRQHQWV��
%RWK�RI�WKHVH�FKRLFHV�DUH�H[WUHPHV��DQG�WHQG�WR�OHDG�WR�GLVDGYDQWDJHV���)RU�H[DPSOH�
ZKHQ�SLFNLQJ�RQO\�FRPSRQHQWV�ZLWK�CLKRUN#��V\VWHP�GHVLJQ�LV�UHVWULFWHG�WR�QHZ�SDUWV
RQO\���:KHQ�WKH�FDSDELOLW\�LV�DYDLODEOH��QRW�XVLQJ�WKH�CLKRUN#�SURWRFRO�ZDVWHV
IXQFWLRQDOLW\�

7KH�V\VWHP�GHVLJQHU�KDV�DQRWKHU�FKRLFH���+H�FDQ�DUFKLWHFW�KLV�V\VWHP�ERWK�WR�XWLOL]H
CLKRUN#�IRU�WKRVH�SDUWV�WKDW�VXSSRUW�WKLV�IHDWXUH�ZKLOH�VWLOO�DOORZLQJ�WKH�XVH�RI�ROGHU
FRPSRQHQWV��LQ�SDUWLFXODU��WKRVH�WKDW�DUH�FRPSDWLEOH�ZLWK�CLKRUN#����$V�ZDV
PHQWLRQHG�HDUOLHU��SRZHU�PDQDJHPHQW�WHFKQLTXHV�YDU\�IURP�V\VWHP�WR�V\VWHP��DQG�DQ
LQQRYDWLYH�V\VWHP�GHVLJQHU�ZLOO�WDLORU�WKHVH�WHFKQLTXHV�WR�XWLOL]H�WKH�YDU\LQJ�VXSSRUW�RI
CLKRUN#�LQ�KLV�FRPSRQHQWV�
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7.1.  Characteristics of Devices

&RQVLGHU�WKH�FRPSRQHQW�FKRLFHV�D�GHVLJQHU�KDV���(DFK�W\SH�RI�GHYLFH�KDV�IHDWXUHV�ZKLFK
DOORZ�RU�LQKLELW�PRELOH�GHVLJQ�DQG�CLKRUN#�IXQFWLRQDOLW\�DQG�FRPSDWLELOLW\���)RU
H[DPSOH��ZKHQ�DWWHPSWLQJ�WR�DUFKLWHFW�D�SRZHU�PDQDJHG�GHVLJQ��DFWLYH�DQG�VWDWLF�SRZHU
FRQVXPSWLRQ�ZLOO�HOLPLQDWH�VRPH�RI�WKH�DYDLODEOH�FRPSRQHQW�FKRLFHV���,W�LV�QRW
XQUHDVRQDEOH�WR�FRQVLGHU�WKDW�QRQ�VWDWLF�LPSOHPHQWDWLRQV�ZLOO�DOVR�EH�HOLPLQDWHG�E\�VRPH
GHVLJQHUV�

0RWKHUERDUG�&RPSRQHQWV���3&,�PRWKHUERDUG�FRPSRQHQWV��PD\�RSHUDWH�DW�DQ\
VLQJOH�IL[HG�IUHTXHQF\�XS�WR����0+]��DQG�PD\�HQIRUFH�D�SROLF\�RI�QR�IUHTXHQF\
FKDQJHV���5HIHUHQFH���3&,�/RFDO�%XV�6SHFLILFDWLRQ�����+RZHYHU��3&,�0RELOH
FRPSRQHQWV�DUH�UHFRPPHQGHG�WR�KDYH�D�VWDWLF�LQWHUIDFH�GHVLJQ��WKHUHE\
VXSSRUWLQJ�D�IUHTXHQF\�UDQJH�GRZQ�WR�'&���,W�LV�WKHVH�VWDWLF�GHYLFHV�WKDW�DUH
XVHIXO�WR�D�PRELOH�GHVLJQHU�DQG�PD\�EH�FRPSDWLEOH�ZLWK�CLKRUN#�

$GG�,Q�&DUGV���3&,�KDV�DGG�LQ�FDUGV�ZKLFK��PXVW�ZRUN�ZLWK�DQ\�FORFN
IUHTXHQF\�EHWZHHQ�'&�DQG����0+]����5HIHUHQFH���3&,�/RFDO�%XV
6SHFLILFDWLRQ�����%\�WKLV�GHILQLWLRQ��DGG�LQ�FDUGV�DUH�E\�QDWXUH�VWDWLF�GHVLJQV�DQG
PXVW�ZRUN�LQ�D�VORZ�VWRS�FORFN�HQYLURQPHQW����:RUN�LV�GHILQHG�KHUH�DV���QRW�ORVH
GHYLFH�GDWD�ZLWK�YDULDEOH�IUHTXHQF\�FORFNV���8QGHUVWDQGDEO\��EXIIHU�RYHU�XQGHU
UXQ�PD\�EH�D�SUREOHP��

&DUG%XV���&DUG%XV�DGG�,Q�FDUGV�VXSSRUW�CLKRUN#�LI�QHHGHG��DQG�DOVR
VXSSRUW�D�IUHTXHQF\�UDQJH�GRZQ�WR�'&�

0DVWHU���0DVWHU�GHYLFHV�DUH�VWURQJO\�UHFRPPHQGHG�WR�SDUWLFLSDWH�LQ�WKH�FORFN
UXQ�SURWRFRO���&DUHIXO�DWWHQWLRQ�PXVW�EH�XVHG�ZLWK�WKHVH�GHYLFHV�VLQFH�EXIIHU
RYHU�XQGHU�UXQ�PD\�RFFXU�LI�WKH�FORFN�LV�VWRSSHG�RU�VORZHG�

6ODYH���6ODYHV�GR�QRW�LQLWLDWH�DFFHVVHV�DQG�WKHUHIRUH�ZLOO�QRW�QHHG�WR�SDUWLFLSDWH
LQ�WKH�FORFN�UXQ�SURWRFRO���$�IHDWXUH�KDV�EHHQ�DGGHG�WR�WKH�FORFN�UXQ�SURWRFRO�WR
DOORZ�VODYHV�WR�SDUWLFLSDWH�LQ�WKH�SURWRFRO��KRZHYHU��WKLV�IXQFWLRQ�LV�PRUH�RI�DQ
HQKDQFHPHQW�WR�WKH�GHYLFH�DQG�LV�QRW�QHHGHG�IRU�SURSHU�IXQFWLRQDOLW\�

2QFH�QRQ�VWDWLF�LPSOHPHQWDWLRQV�DUH�HOLPLQDWHG��RI�DOO�WKH�GHYLFHV�OLVWHG�KHUH��PDVWHU
GHYLFHV�RQ�WKH�PRWKHUERDUG�WKDW�GR�QRW�VXSSRUW�CLKRUN#�DUH�WKH�GHYLFHV�ZKLFK�PD\
PDOIXQFWLRQ�LQ�D�CLKRUN#�HQYLURQPHQW���7KH�V\VWHP�GHVLJQHU�FDQ�GLVDEOH�WKH�FORFN
UXQ�SURWRFRO�ZKHQ�WKHVH�PDVWHU�GHYLFHV�DUH�HQDEOHG��LI�WKH�FHQWUDO�UHVRXUFH�GRHV�QRW�KDYH
DQ�HQDEOH�GLVDEOH�IHDWXUH�IRU�CLKRUN#��WKH�SLQ�FDQ�EH�WLHG�ORZ�RQ�WKH�PRWKHUERDUG���RU
KH�FDQ�GHVLJQ�KLV�V\VWHP�WR�HQVXUH�WKDW�WKH�PDVWHU�KDV�DFFHVV�WR�WKH�3&,�EXV�ZKHQ
QHHGHG�

7.1.1.  Bus Access Algorithm

:KHQ�CLKRUN#�LV�QRW�VXSSRUWHG�E\�RQH�RU�PRUH�PDVWHU�GHYLFHV�LQ�WKH�GHVLJQ��WKH
V\VWHP�GHVLJQHU�ZLOO�QHHG�WR�GHYLVH�DQ�DOJRULWKP�IRU�URXJKO\�GHWHUPLQLQJ�ZKHQ�WKH�3&,
0DVWHU�QHHGV�DFFHVV�WR�WKH�EXV���0DQ\�SLHFHV�RI�LQIRUPDWLRQ�DUH�DYDLODEOH�WR�GR�WKLV��VXFK
DV�EXIIHU�VL]HV��PRWKHUERDUG�FRPSRQHQWV���EXV�ODWHQF\�UXOHV��3&,�PDVWHUV�PXVW�DFFHSW
FHUWDLQ�DPRXQWV�RI�ODWHQF\�IRU�DFFHVV�WR�WKH�EXV���DQG�WKH�0D[LPXP�/DWHQF\�ILHOG
�GHVFULEHG�EHORZ��

%\�XVLQJ�WKH�3&,�0D[B/DW�ILHOG��WKH�V\VWHP�GHVLJQHU�FDQ�GHWHUPLQH�WKH�RSSRUWXQH�WLPHV
WR�VWRS�VORZ�DQG�UHVWDUW�WKH�3&,�FORFN���7KLV�ILHOG�LV�XVHG�ZLWK�RWKHU�3&,�ILHOGV�WR
GHWHUPLQH�UHTXLUHG�EXV�EDQGZLGWK�IRU�WKH�GHYLFH�DQG��WKHUHIRUH��LWV�ODWHQF\�WLPHU



Revision 1.1

32

SURJUDPPLQJ���,W�LV��XVHG�IRU�VSHFLI\LQJ�KRZ�RIWHQ�WKH�GHYLFH�QHHGV�WR�JDLQ�DFFHVV�WR�WKH
3&,�EXV���7KH�YDOXH�VSHFLILHV�D�SHULRG�RI�WLPH�LQ�XQLWV�RI�����PLFURVHFRQG���9DOXH�RI�]HUR
LQGLFDWHV�GHYLFH�KDV�QR�PDMRU�UHTXLUHPHQWV�IRU�WKH�VHWWLQJV�RI�WKH�ODWHQF\�WLPHUV��
�5HIHUHQFH���3&,�/RFDO�%XV�6SHFLILFDWLRQ�

7KLV�ILHOG�FDQ�DOVR�EH�XVHG�WR�URXJKO\�GHWHUPLQH�ZKHQ�D�PDVWHU�ZLOO�UHTXLUH�D�FORFN�HGJH
WR�JHQHUDWH�D�UHTXHVW���,I�WKH�V\VWHP�ZDQWV�WR�VWRS�WKH�FORFN��LW�ZRXOG�UHVWDUW�WKH�FORFN
SHULRGLFDOO\�WR�VHUYLFH�UHTXHVWV���,I�WKH�V\VWHP�ZDQWV�WR�VORZ�WKH�FORFN��LW�ZRXOG�QHHG�WR
JXDUDQWHH�WKDW�WKH�FORFN�IUHTXHQF\�JDYH�WKH�GHYLFH�D�ULVLQJ�HGJH�RIWHQ�HQRXJK�IRU�LW�WR
SURGXFH�D�UHTXHVW�WR�HPSW\�ILOO�LWV�EXIIHUV���7KH�GHYLFH�ZRXOG�QHHG�WR�VXSSO\�HGJHV�WZLFH
DV�RIWHQ�DV�LWV�0D[B/DW�YDOXH���)RU�H[DPSOH��LI�WKH�ILHOG�YDOXH�LV���PLFURVHFRQGV��D
VWRSSHG�FORFN�V\VWHP�ZRXOG�UHVWDUW�WKH�FORFN�HYHU\�PLFURVHFRQG�DQG�D�VORZHG�FORFN
V\VWHP�ZRXOG�VXSSO\�D�ULVLQJ�HGJH�HYHU\�PLFURVHFRQG�

,I�PRUH�WKDQ�RQH�PDVWHU�LQ�WKH�V\VWHP�GRHV�QRW�KDYH�CLKRUN#�VXSSRUW��WKH�VPDOOHVW
0D[B/DW�YDOXH�ZRXOG�EH�XVHG�IRU�WKH�V\VWHP�

)LJXUH����VKRZV�WKH�IORZ�GLDJUDP�D�V\VWHP�GHVLJQHU�ZRXOG�IROORZ�WR�GHWHUPLQH�V\VWHP
CLKRUN#�IXQFWLRQDOLW\���3OHDVH�QRWH�WKDW�GHWHUPLQLQJ�CLKRUN#�VXSSRUW�IRU�WKH
PRWKHUERDUG�FDQ�EH�GHWHUPLQHG�DW�GHVLJQ�WLPH�

Enable CLKRUN#

Stop / Slow

Control Circuitry

YES

NO

Are all devices 

Slave?

Do all Masters

have CLKRUN#

support?

Enable CLKRUN#

YES

NO

Enable CLKRUN#

Stop / Slow

Control Circuitry

Stop / Slow Control

Circuitry Utilizing

START

END

END

END

Bus Access Algorithm

Figure 16:  Determining Clock Run Support on the Motherboard
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7.2. Clock Slowing/Stopping and Add-in Cards

6LQFH�DGG�LQ�FDUGV�DUH�UHTXLUHG�WR�RSHUDWH�IURP�'&�WR����0+]��WKH\�DUH��WKHUHIRUH��VWDWLF
GHYLFHV�DQG�ZRUN�ZHOO�LQ�D�SRZHU�PDQDJHG�V\VWHP���,I�WKH�DGG�LQ�FDUG�LV�D�VODYH��LW�GRHV
QRW�QHHG�WR�SDUWLFLSDWH�LQ�WKH�SURWRFRO�DQG�ZLOO�IXQFWLRQ�SURSHUO\�LQ�D�CLKRUN#
HQYLURQPHQW�

,I�WKH�DGG�LQ�FDUG�LV�D�PDVWHU�FDUG��WKH�V\VWHP�FDQ�XVH�D�EXV�DFFHVV�DOJRULWKP�WR
SHULRGLFDOO\�UHVWDUW�WKH�FORFN�

6HH�)LJXUH����IRU�GHWHUPLQLQJ�DW�ERRW�WLPH�FORFN�VORZLQJ�VWRSSLQJ�FRPSDWLELOLW\�ZLWK
DGG�LQ�FDUGV�

Enable CLKRUN#

Stop / Slow

Control Circuitry

YES

NO

Is Add In a 

Slave?

Enable CLKRUN#

CLKRUN# system

Boots with 

Add In Card

Stop / Slow Control

Circuitry Utilizing

Note: This flow
is repeated for
each add in card.

START

END

END

A Bus Access Algorithm

Figure 17:  Determining Clock Slowing/Stopping Compatibility with an Add-in Card

8.  PCI Buffer Leakage Control
,Q�DQ\�SRZHU�PDQDJHG�V\VWHP�LW�LV�GHVLUDEOH�WR�WXUQ�RII�SRZHU�WR�XQXVHG�SRUWLRQV�RI
FLUFXLWU\���7KLV�UHGXFHV�SRZHU�WR�D�ORZHU�OHYHO�WKDQ�WKH�VLPSOHU�PHWKRG�RI�VWRSSLQJ
FORFNV���8QIRUWXQDWHO\��&026�GHYLFHV�KDYH�LQKHUHQW�WR�WKHLU�VWUXFWXUH�SDUDVLWLF�FODPS
GLRGHV�WR�ERWK�VXSSOLHV���$Q\�KLJK�OHYHO�VLJQDO�LQSXW�WR�D�&026�FLUFXLW�ZLOO�VXSSO\
SRZHU�WR�WKDW�FLUFXLW�DQG�SUHYHQW�DFKLHYLQJ�WKH�ORZ�SRZHU�FRQVXPSWLRQ�UHTXLUHG�

,Q�3&,�V\VWHP�GHVLJQV��D�W\SLFDO�VFHQDULR�FRXOG�LQFOXGH�VHYHUDO�3&,�SHULSKHUDOV�GHYLFHV�
8SRQ�GHWHFWLRQ�RI�D�VXVSHQG�VWDWH�UHTXHVW��WKH�V\VWHP�FRXOG�GHVLUH�WR�SRZHU�GRZQ�VRPH
EXW�QRW�DOO�RI�WKH�3&,�GHYLFHV���+RZHYHU��LW�LV�OLNHO\�WKDW�VRPH�3&,�GHYLFHV�PD\�QRW�EH



Revision 1.1

34

SRZHUHG�GRZQ��SHUKDSV�D�308�RU�&HQWUDO�UHVRXUFH�ZKLFK�PXVW�UHPDLQ�SRZHUHG�WR
PRQLWRU�ZDNH�XS�VRXUFHV���7KH�V\VWHP�SRZHU�PDQDJHPHQW�XQLW�ZLOO�W\SLFDOO\�SRZHU�RII
WKH�GHVLUHG�3&,�GHYLFHV�DQG�LQGLFDWH�WKH�HQWU\�LQWR�D�VXVSHQG�VWDWH�YLD�VRPH�VLGHEDQG
PHFKDQLVP�WR�WKH�UHPDLQLQJ�SRZHUHG�3&,�GHYLFHV���7KHVH�SRZHUHG�3&,�GHYLFHV�PXVW
WKHQ�HQWHU�D�OHDNDJH�FRQWURO�VWDWH���7KH�3&,�EXV�ZRXOG�EH�LQDFWLYH�DW�WKLV�WLPH�

,Q�WKLV�FDVH�ZKHUH�QRW�DOO�3&,�GHYLFHV�DUH�SRZHUHG�GRZQ��FDUH�PXVW�EH�WDNHQ�WR�FKRRVH
ZKLFK�SHULSKHUDO�GHYLFHV�RQ�WKH�3&,�LQWHUIDFH�PXVW�EH�VHSDUDWHO\�SRZHUHG�GRZQ���,I�D
GHYLFH�LV�QRW�LPSOHPHQWHG�IRU�UHVLGLQJ�RQ�DQ�LQDFWLYH�3&,�EXV�RQ�ZKLFK�VRPH�GHYLFHV�DUH
SRZHUHG�GRZQ��LW�ZLOO�DW�EHVW�ORVH�SRZHU�WR�OHDNDJH�DQG�LQ�WKH�ZRUVW�FDVH�SDUWLDOO\�SRZHU
XS�SRZHUHG�GRZQ�GHYLFHV�WKURXJK�WKHLU�LQSXW�VWUXFWXUHV���7KLV�ODWWHU�FDVH�FDQ�LQGXFH
&026�ODWFK�XS�RQ�SRZHU�XS�DQG�LPSDLU�V\VWHP�UHOLDELOLW\�

(DFK�W\SH�RI�VLJQDO�RQ�WKH�LQWHUIDFH�KDV�D�VSHFLILF�EXIIHU�FKDUDFWHULVWLF��LQSXW��RXWSXW��RU
RWKHU��ZKLFK�GLFWDWHV�GHYLFH�GHVLJQ�LPSOHPHQWDWLRQ�DOORZLQJ�IRU�SHULSKHUDO�SRZHU�GRZQ
ZLWKRXW�OHDNDJH�WKURXJK�3&,�LQSXW�DQG�RXWSXW�VWUXFWXUHV���7KH�3&,�OHDNDJH�FRQWURO
IHDWXUHV�VKRXOG�DOVR�SUHYHQW�SDUDVLWLF�SRZHU�XS�RI�SRZHUHG�GRZQ�SHULSKHUDOV�YLD�3&,
FRQWURO�VLJQDOV�

6\VWHP�LPSOHPHQWHUV�VKRXOG�SODFH�D�GHYLFH
V�LQWHUIDFH�LQ�D�OHDNDJH�FRQWURO�VWDWH�GLUHFWO\
XSRQ�HQWU\�RI�D�SRZHU�GRZQ�VXVSHQG�VWDWH���(DFK�W\SH�RI�LQWHUIDFH�FLUFXLW�PXVW�EH
FRQVLGHUHG�VHSDUDWHO\�ZKHQ�H[DPLQLQJ�OHDNDJH�FRQWURO���7KH�UHVSRQVLELOLWLHV�IRU�OHDNDJH
FRQWURO�FDQ�EH�VHSDUDWHG�LQWR�3&,�FHQWUDO�UHVRXUFH�DQG�3&,�DJHQW�IXQFWLRQV���7KH�3&,
FHQWUDO�UHVRXUFH�LV�UHVSRQVLEOH�IRU�SODFLQJ�WKH�EXV�LQWR�D�OHDNDJH�FRQWUROOHG�VWDWH���7KLV�LV
QRW�WR�VD\�WKDW�WKH�ORJLF�UHVSRQVLEOH�IRU�WKLV�IXQFWLRQ�PXVW�SK\VLFDOO\�UHVLGH�ZLWK�RWKHU
FHQWUDO�UHVRXUFH�ORJLF��EXW�UDWKHU�WKDW�LW�LV�D�IXQFWLRQ�WKDW�QHHGV�WR�EH�LPSOHPHQWHG�RQFH
IRU�D�JLYHQ�3&,�EXV���3&,�DJHQWV�PXVW�ORJLFDOO\�GLVFRQQHFW�IURP�WKH�EXV�

8.1.  Leakage Controlled System Example

7KH�IROORZLQJ�VHFWLRQV�VKRZ�D�SRWHQWLDO�LPSOHPHQWDWLRQ�IRU�D�OHDNDJH�FRQWUROOHG�V\VWHP�
7KLV�H[DPSOH�LV�VKRZQ�KHUH�WR�LOOXVWUDWH�WKH�SUREOHP���3OHDVH�QRWH�WKDW�RWKHU�PDUNHW
VROXWLRQV�DUH�DYDLODEOH���)LJXUH����LV�D�V\VWHP�GLDJUDP�VKRZLQJ�D�OHDNDJH�VFHQDULR�

DEVICE A

POWERED OFF

DEVICE B

POWERED ON

DEVICE C

POWERED OFF

PCI BUS

Note: Device B must be leakage controlled. 

Figure 18:  System Scenario for Leakage Problems
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7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�GHYLFH�VSHFLILF�PHFKDQLVPV�IRU�VROYLQJ�OHDNDJH
SUREOHPV���)LUVW��WKH�SK\VLFDO�LPSOLFDWLRQV�IRU�HDFK�W\SH�RI�,�2�FLUFXLW�DUH�GLVFXVVHG�
1H[W��OHDNDJH�VWDWHV�DUH�JLYHQ�IROORZHG�E\�D�GLVFXVVLRQ�RI�D�PHFKDQLVP�IRU�HQWHULQJ�DQG
H[LWLQJ�WKLV�OHDNDJH�FRQWUROOHG�VWDWH�

8.1.1.  Input Circuits

,Q�WKH�OHDNDJH�FRQWURO�VWDWH�DQ�LQSXW�FLUFXLW�VKRXOG�QRW�VXSSO\�DQ\�FXUUHQW�WR�WKH�H[WHUQDO
SLQ�QRU�VKRXOG�LW�SURYLGH�D�SDWK�IRU�FURVV�RYHU�FXUUHQWV��ZLWKRXW�UHJDUG�WR�WKH�H[WHUQDO
YROWDJH�DSSOLHG���)LJXUH����LV�D�GLDJUDP�RI�D�W\SLFDO�&026�LQSXW�EXIIHU�

,QSXW�3DG

9''

966

,QSXW�6WDJH

(6'�&ODPS�'LRGHV

Figure 19:  PCI Input Circuit

,I�ERWK�9GG�DQG�9VV�DSSURDFK�JURXQG�SRWHQWLDO�DQG�WKH�LQSXW�SDG�LV�RYHU�D�GLRGH�GURS
DERYH�JURXQG��WKH�(6'�FODPS�GLRGH�WR�9GG�ZLOO�EH�IRUZDUG�ELDVHG���7KLV�ZLOO�FDXVH�WKH
SRZHUHG�GRZQ�GHYLFH�WR�EH�SDUDVLWLFDOO\�SRZHUHG�YLD�WKH�LQSXW�SDG�

$GGLWLRQDOO\��LI�9GG�LV�DW�RSHUDWLRQDO�OHYHOV�DQG�WKH�LQSXW�SDG�LV�QRW�DW�D�UDLO�ERWK
WUDQVLVWRUV�LQ�WKH�LQSXW�VWDJH�ZLOO�EH�RQ�DQG�VKXQWLQJ�FXUUHQW���&DUH�PXVW�EH�WDNHQ�WR
SUHYHQW�WKLV�

7KH�RQH�ZD\�WR�VROYH�ERWK�LVVXHV�LV�IRU�DOO�LQSXWV�WR�EH�GULYHQ�RU�SXOOHG�ORZ��LQ�WKLV�FDVH
WKH�IXQFWLRQDOLW\�DVVRFLDWHG�ZLWK�WKH�LQSXW�PXVW�EH�GLVDEOHG�GXULQJ�WKH�OHDNDJH�FRQWURO
VWDWH�

,Q�VXPPDU\��IRU�WKLV�H[DPSOH��ZKHQ�LQ�WKH�OHDNDJH�FRQWURO�VWDWH�DOO�SRZHUHG�LQSXW
FLUFXLWV�FRXOG�GR�WKH�IROORZLQJ�

• GLVDEOH�DOO�SXOO�XS�RU�SXOO�GRZQ�GHYLFHV

• SUHYHQW�DQ\�VKXQWLQJ�FXUUHQWV�WKURXJK�WKH�LQSXW�WRWHP�SROH

• GLVDEOH�DOO�IXQFWLRQDOLW\�DVVRFLDWHG�ZLWK�WKH�LQSXW
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8.1.2.  Output Circuits

,Q�WKH�OHDNDJH�FRQWURO�VWDWH�DQ�RXWSXW�FLUFXLW�VKRXOG�QRW�VXSSO\�DQ\�FXUUHQW�WR�WKH�H[WHUQDO
SLQ�ZLWKRXW�UHJDUG�WR�WKH�H[WHUQDO�YROWDJH�DSSOLHG���)LJXUH����VKRZV�D�JHQHUDOL]HG�RXWSXW
FLUFXLW���1RWH�WKDW�WKH�(6'�FODPSV�DUH�PLVVLQJ�LQ�WKH�GLDJUDP���7KH�W\SLFDO�VWUXFWXUH�RI�D
VWDQGDUG�RXWSXW�VWDJH�FDQ�XVXDOO\�VXSSO\�WKH�QHHGHG�(6'�SURWHFWLRQ�ZLWKRXW�DGGLWLRQDO
FLUFXLWU\�

2XWSXW�3DG
9''

966

2XWSXW�6WDJH

Figure 20:  PCI Output Circuit

,Q�WKH�FDVH�RI�RXWSXWV��LW�LV�LPSRUWDQW�WR�SUHYHQW�WKH�RXWSXW�VWDJH�IURP�VRXUFLQJ�FXUUHQW
XQQHFHVVDULO\���$V�PHQWLRQHG�EHIRUH��WKLV�FRXOG�KDSSHQ�LI�WKH�RXWSXW�LV�GULYLQJ�D��KLJK�
OHYHO�LQWR�DQ�XQSRZHUHG�LQSXW�VWDJH�

$GGLWLRQDOO\��RXWSXW�VWDJHV�PD\�FRQWDLQ�SDVVLYH�SXOO�XSV�DQG�SXOO�GRZQV�ZKLFK�DUH�DOVR
SRWHQWLDO�VXSSOLHV�IRU�OHDNDJH�FXUUHQW���:KHQ�LQ�D�OHDNDJH�FRQWURO�VWDWH��WKHVH�OHYHO
KROGLQJ�FLUFXLWV�VKRXOG�EH�GLVDEOHG�RU�RWKHUZLVH�DFFRXQWHG�IRU�

)LQDOO\��WKH�WDVN�RI�HOLPLQDWLQJ�D�VRXUFH�IRU�XQ�SRZHUHG�LQSXW�VWDJH�OHDNDJH�IDOOV�RQ�WKH
SRZHUHG�RXWSXW�GULYHUV���,I�D�VLJQDO�LV�DOORZHG�WR�IORDW�RU�LV�RWKHUZLVH�WUL�VWDWHG�WKH
FRQQHFWHG�XQ�SRZHUHG�LQSXW�VWDJHV�ZLOO�KDYH�IRUZDUG�ELDVHG�(6'�FODPS�GLRGHV��7KLV
FDXVHV�WKH�IORDWLQJ�VLJQDO�WR�SDUDVLWLFDOO\�SRZHU�WKH�XQ�SRZHUHG�GHYLFHV���7KLV�OHDGV�WR
H[FHVVLYH�OHDNDJH�FXUUHQW�IURP�WKH�SRZHUHG�GHYLFH�WR�WKH�XQ�SRZHUHG�GHYLFH�DQG
LQFUHDVHV�WKH�SRVVLELOLW\�RI�ODWFK�XS�ZKHQ�SRZHU�LV�DJDLQ�DSSOLHG�WR�WKH�VKXW�GRZQ�GHYLFH�
7KHUHIRUH��D�SRZHUHG�RXWSXW�VWDJH�PXVW�GULYH�LWV�VLJQDO�OHYHO�ORZ�IRU�WKH�GXUDWLRQ�RI�WKH
OHDNDJH�FRQWURO�VWDWH�

$JDLQ�LQ�VXPPDU\��IRU�WKLV�H[DPSOH��ZKHQ�LQ�WKH�OHDNDJH�FRQWURO�VWDWH�DOO�SRZHUHG�RXWSXW
FLUFXLWV�FRXOG�GR�WKH�IROORZLQJ�

• GLVDEOH�DOO�SXOO�XS�GHYLFHV

• IRUFH�WKH�RXWSXW�WR�D�GULYHQ�ORZ�VWDWH

7KH�DSSOLFDWLRQ�RI�D�GULYHQ�ORZ�RU�³�´�VWDWH�LV�YDOLG�LQ�WKLV�FDVH�EHFDXVH�QR�H[WHUQDO
YROWDJH�VRXUFH�LV�DWWDFKHG�WR�WKH�FLUFXLW���1RWH��DOVR��WKDW�WKH�WUDQVLWLRQ�WR�WKH�³�´�VWDWH�LV
LQGHSHQGHQW�RI�WKH�DFWLYH�VWDWH�RI�WKH�VLJQDO�SLQ���3HULSKHUDO�FLUFXLWU\�PXVW�GLVDEOH�DQ\
FULWLFDO�IXQFWLRQDOLW\�EHIRUH�VZLWFKLQJ�SRZHU�
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8.1.3.  Input / Output Circuits

,Q�WKH�OHDNDJH�FRQWURO�VWDWH��DQ�LQSXW�RXWSXW�FLUFXLW�GRHV�QRW�VXSSO\�DQ\�FXUUHQW�WR�WKH
H[WHUQDO�SLQ�RU�SURYLGH�D�SDWK�IRU�FURVV�RYHU�FXUUHQWV���)LJXUH����LV�D�W\SLFDO�,�2�FLUFXLW�
1RWH�WKDW�LW�LV�VLPSO\�D�FRPELQDWLRQ�RI�DQ�LQSXW�DQG�DQ�RXWSXW�VWDJH�

,�2�3DG

(6'�&ODPS�'LRGHV

2XWSXW�6WDJH

9
''

9
66

,QSXW�6WDJH

Figure 21:  PCI I/O Circuit

6LQFH�,�2�FLUFXLWV�DUH�D�FRPELQDWLRQ�RI�LQSXW�DQG�RXWSXW�VWDJHV�WKH�OHDNDJH�FRQWURO�LVVXHV
DUH�VLPSO\�D�FRPELQDWLRQ�RI�LQSXW�DQG�RXWSXW�LVVXHV���7KH�VROXWLRQV�DUH�DOVR�VLPLODU�ZLWK
RQH�H[FHSWLRQ�

6LQFH�,�2�SDGV�DUH�IUHTXHQWO\�XVHG�LQ�EXVHG�VLJQDO�VLWXDWLRQV�WKH�RXWSXW�VWDJHV�RI�WKH
SRZHUHG�,�2�SDGV�VKRXOG�QRW�EH�VWURQJO\�GULYHQ�ORZ�DV�WKH\�FDQ�EH�LQ�D�SXUH�RXWSXW�FDVH�
7KH�SRVVLELOLW\�RI�D�PXOWLSO\�VRXUFHG�ORZ�OHYHO�PXVW��LQVWHDG��EH�GHDOW�ZLWK�E\
LPSOHPHQWLQJ�D�SDVVLYH�SXOO�GRZQ���7KH�XVH�RI�D�SDVVLYH�SXOO�GRZQ�SUHYHQWV�WKH
SRVVLELOLW\�RI�H[FHVVLYH�OHDNDJH�FXUUHQWV�LI�WZR�RU�PRUH�SRZHUHG�,�2�SDGV�DUH�FRQQHFWHG
DQG�WUDQVLWLRQ�WR�WKH�OHDNDJH�FRQWURO�VWDWH�DQG�DWWHPSW�WR�IRUFH�WKH�VLJQDO�ORZ�DW�VOLJKWO\
GLIIHUHQW�WLPHV�

:KHQ�LQ�WKH�OHDNDJH�FRQWURO�VWDWH�DOO�SRZHUHG�LQSXW�RXWSXW�FLUFXLWV�FRXOG�GR�WKH
IROORZLQJ�

• GLVDEOH�DOO�SXOO�XS�GHYLFHV

• IRUFH�DOO�RXWSXW�GULYHUV�WR�WKUHH�VWDWH

• IRUFH�WKH�RXWSXW�ORZ�ZLWK�D�ZHDN�SXOO�GRZQ

• SUHYHQW�DQ\�VKXQWLQJ�FXUUHQWV�WKURXJK�WKH�LQSXW�WRWHP�SROH

• GLVDEOH�DOO�IXQFWLRQDOLW\�DVVRFLDWHG�ZLWK�WKH�LQSXW

7KH�DSSOLFDWLRQ�RI�D�ZHDN�SXOO�GRZQ�RQO\�HQDEOHG�LQ�WKH�OHDNDJH�FRQWURO�VWDWH�LV�XVHG�LQ
WKLV�FDVH�EHFDXVH�LW�LV�SRVVLEOH�WKDW�DQ�H[WHUQDO�GHYLFH�FRXOG�EH�GULYLQJ�WKH�VLJQDO�
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8.1.4.  Clock Inputs

&ORFN�LQSXWV�DUH�DVVXPHG�WR�EH�DOZD\V�GULYHQ���:KHQ�D�FORFN�LV�VWRSSHG��LW�PXVW�EH
VWRSSHG�LQ�WKH�³�´�VWDWH�

8.1.5.  Clock Outputs

&ORFN�RXWSXWV�ZLOO�DOZD\V�EH�GULYHQ���,I�WKH�FORFN�LV�VWRSSHG��WKH�GULYHQ�VWDWH�PXVW�EH
³�´��'XULQJ�WUDQVLWLRQV�LQWR�DQG�RXW�RI�WKH�OHDNDJH�FRQWURO�VWDWH�FORFN�RXWSXWV�PXVW�QRW
JOLWFK�

8.1.6.  PCI Side Band Signals

7\SLFDOO\��WKHUH�DUH�3&,�EXV�VLGH�EDQG�VLJQDOV�ZKLFK�FRQWURO�SLQV�RQ�GHYLFH�LQWHUIDFHV�
$V�D�UHVXOW��WKH�3&,�EXV�PD\�EH�UHGXFHG�LQ�SRZHU�E\�VWRSSLQJ�WKH�FORFN�RU�EH�SRZHUHG
GRZQ�E\�VKXWWLQJ�RII�SRZHU�WR�DOO�DWWDFKHG�GHYLFHV�

7KH�LQWHUIDFH�LV�EURNHQ�LQWR�WZR�SDUWV�

• VLJQDOV�FRQQHFWHG�RQO\�WR�WKH�VLGH�EDQG�LQWHUIDFHV

• VLJQDOV�FRQQHFWHG�RQO\�WR�WKH�3&,�EXV

6LJQDOV�FRQQHFWHG�WR�VLGH�EDQG�LQWHUIDFHV�PD\�IROORZ�WKH�JXLGHOLQHV�HVWDEOLVKHG�KHUH�IRU
WKH�LQSXW��RXWSXW��LQSXW�RXWSXW�VLJQDO�W\SHV�EXW�DUH�QRW�DGGUHVVHG�KHUH�VSHFLILFDOO\�

7KH�IROORZLQJ�EXIIHU�VWDWH�GHVFULSWLRQV�DUH�GHILQHG�IRU�3&,�SHULSKHUDOV���1RWH�WKDW�D
GLVWLQFWLRQ�LV�PDGH�EHWZHHQ�D�GULYHQ�ORZ�DQG�UHVLVWLYH�ORZ�DVVHUWLRQ�GXULQJ�WKH�OHDNDJH
VWDWH���,I�D�GHYLFH�KDV�WKH�RQO\�GULYHU�RQ�D�VLJQDO��LW�LV�GULYHQ�ORZ���7KLV�LV�GHQRWHG�E\�D
����LQ�WKH�WDEOHV���,I�WKH�VLJQDO�LV�VKDUHG�LW�PXVW�HVVHQWLDOO\�EH�SODFHG�LQ�WKUHH�VWDWH�DQG
SXOOHG�GRZQ���7KLV�LV�GHQRWHG�E\�DQ��/��LQ�WKH�WDEOHV�

8.1.7.  Core PCI Interface

)RU�WKLV�H[DPSOH��VLJQDOV�FRQQHFWHG�RQO\�WR�WKH�3&,�EXV�FDQ�EH�GULYHQ�E\�WKH�FHQWUDO
UHVRXUFH�DV�VKRZQ�LQ�7DEOH���

Table 6:  PCI Bused Signals

Signal Direction Inactive State Leakage State
RST# Out 1 0
FRAME# I/O 1 L
IRDY# I/O 1 L
TRDY# I/O 1 L
STOP# I/O 1 L
LOCK# I/O 1 L
SERR# I/O 1 L
PERR# I/O 1 L
DEVSEL# I/O 1 L
C/BE#(3:0) I/O Prev. state L
PAR I/O Prev. state L
SBO# I/O 1 L
SDONE I/O 1 L
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PCICLK Out 0 0
AD(31:00) I/O Prev. state L

1RWH�WKDW�RST#�VKRXOG�EH�WUHDWHG�ZLWK�FDUH���RST#�FDQ�EH�WDNHQ�ORZ�E\�WKH�FHQWUDO
UHVRXUFH�WR�SUHYHQW�OHDNDJH�RI�WKH�LQDFWLYH�VLJQDO�WR�XQSRZHUHG�GHYLFHV���+RZHYHU��WKH
IXQFWLRQDO�UHVSRQVH�RI�DQ\�SRZHUHG�DJHQWV�WR�WKLV�DFWLYH�UHVHW�OHYHO�ZKLOH�LQ�WKH�OHDNDJH
FRQWURO�VWDWH�LV�OHIW�WR�WKH�LPSOHPHQWHU�

8.1.8.  Bus Master Interfaces

REQ/GNT�SDLUV�QRUPDOO\�FRQQHFW�WR�DQ�LQGLYLGXDO�SHULSKHUDO�DQG�DUH�SRZHUHG�RII
WRJHWKHU���7DEOH���OLVWV�WKH�VWDWHV�RI�REQ/GNT�SDLUV�

Table 7:  REQ/GNT Pairs

Signal Direction Inactive State Leakage State
REQn# out 1 0
GNTn# in 1 Three-State

8.1.9.  Interrupt Interface

7KH�LQWHUUXSW�LQWHUIDFH�FRQVLVWV�RI�IRXU�LQWHUUXSW�OLQHV�ZKLFK�FDQQRW�EH�KDUG�JURXSHG�ZLWK
RWKHU�SHULSKHUDO�LQWHUIDFHV���(DFK�RI�WKHVH�LQWHUUXSW�LQSXWV�PD\�EH�SRZHUHG�RII
LQGLYLGXDOO\���7DEOH���OLVWV�WKH�3&,�LQWHUUXSWV¶�VWDWHV�

Table 8:  PCI Interrupts

Signal Direction Inactive State Leakage State
INTA# out 1 L
INTB# out 1 L
INTC# out 1 L
INTD# out 1 L

8.1.10.  Mechanism for Entering / Exiting Leakage Controlled
State

7KXV�IDU��WKH�GLVFXVVLRQ�RI�D�VSHFLILHG�PHFKDQLVP�IRU�JHWWLQJ�LQWR�DQG�RXW�RI�WKH�OHDNDJH
FRQWURO�VWDWH�KDV�EHHQ�DYRLGHG���,QVWHDG��WKH�IRFXV�KDV�EHHQ�RQ�KRZ�WR�SUHYHQW�OHDNDJH
RQFH�VRPH�RI�WKH�GHYLFHV�DUH�SRZHUHG�GRZQ���,W�KDVQ
W�EHHQ�VWDWHG�WKDW�SRZHU�XS�LV�GRQH
ZLWK�UHVHW�DVVHUWHG�EXW�FOHDUO\�SRZHUHG�GRZQ�GHYLFHV�ZLOO�KDYH�WR�EH�UHVHW���$V�IRU
SRZHUHG�GHYLFHV��RQFH�WKH\�DUH�LQ�D�OHDNDJH�FRQWURO�VWDWH�WKH\�DUH�ORJLFDOO\�GLVFRQQHFWHG
IURP�WKH�3&,�EXV�DQG�WKHUHIRUH�VKRXOG�LJQRUH�DQ\�RGGEDOO�VLJQDOV�ZKLOH�WKH�RWKHU�GHYLFHV
DUH�SRZHULQJ�XS���,PSOLFLW�LQ�WKLV�LV�VRPH�VRUW�RI�VHTXHQFLQJ�ZKLFK�FRXOG�JR�VRPHWKLQJ
OLNH�WKLV�

��� 308�GHFLGHV�LW�LV�WLPH�WR�SRZHU�GRZQ�DQG�DVVHUWV�D�VKXWGRZQ�VLJQDO���7KLV�VKXWGRZQ
VLJQDO�SXWV�SRZHUHG�GHYLFHV�LQWR�OHDNDJH�FRQWURO�VWDWH�

��� 7KH�308�WKHQ�UHPRYHV�JURXQGV�SRZHU�WR�WKH�GHYLFHV�WR�EH�SRZHUHG�GRZQ�

��� 7KH�V\VWHP�LV�QRZ�LQ�D�VXVSHQG�VWDWH�ZLWK�D�PLQLPXP�QXPEHU�RI�SRZHUHG�GHYLFHV�

��� 308�GHFLGHV�LW
V�WLPH�WR�UHVXPH�DQG�DVVHUWV�3&,�UHVHW�DQG�SRZHUV�XS�WKH�V\VWHP�
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��� :KHQ�SRZHU�LV�JRRG�WKH�308�GHDVVHUWV�3&,�UHVHW�DQG�WKH�OHDNDJH�FRQWURO�VLJQDO�

7KHUH�DUH�SUREDEO\�DV�PDQ\�SHUPXWDWLRQV�RI�WKLV�VHTXHQFH�DQG�LPSOHPHQWDWLRQV�WKHUHRI
DV�WKHUH�DUH�GHVLJQHUV�RI�SRUWDEOH�V\VWHPV���7KH�HIILFLHQF\�RI�WKLV�PHFKDQLVP�LV�OLNHO\�WR
EH�D�GLIIHUHQWLDWLQJ�IHDWXUH���+HUH��RQO\�WKH�EDVLF�UHTXLUHPHQWV�WR�HQDEOH�SDUWLDO�3&,
SRZHU�GRZQ�DUH�JLYHQ�

$�SRVVLEOH�LPSOHPHQWDWLRQ�RI�WKH�PHFKDQLVP�IRU�HQWUDQFH�H[LW�IURP�WKH�OHDNDJH�FRQWURO
VWDWH�LV�D�VLGHEDQG�VLJQDO���8SRQ�DVVHUWLRQ�RI�WKLV�VLJQDO��GHYLFHV�ZRXOG�HQWHU�D�OHDNDJH
FRQWUROOHG�VWDWH���8SRQ�GHDVVHUWLRQ�RI�WKLV�VLJQDO��WKH�GHYLFHV�ZRXOG�OHDYH�WKLV�VWDWH���)RU
PRUH�LQIRUPDWLRQ��VHH�)LJXUH����

SUSPEND#

Device State Leakage State

Figure 22:  Example of a Leakage State Entrance / Exit Mechanism

1RWH�WKDW�WKLV�PHFKDQLVP�FDQQRW�EH�LPSOHPHQWHG�XQGHU�VRIWZDUH�FRQWURO���8SRQ�HQWUDQFH
LQWR�D�OHDNDJH�FRQWUROOHG�VWDWH��DOO�FRPPXQLFDWLRQ�DFURVV�WKH�3&,�EXV�LV�VKXW�GRZQ�
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