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Introduction

This document provides checklists for PCI Express Add-in Cards.

The requirements listed in this document are provided as an aid in designing and validating PCI Express devices.  While reasonably complete, the checklist is not necessarily comprehensive.  This document is only a summary of most of the requirements of the PCI Express Base Specification, Revision 1.1 (PCI Express 1.1)  In case of discrepancy between this document and PCI Express 1.1, PCI Express 1.1 governs.  PCI Express devices must meet all of the requirements of PCI Express 1.1 whether or not those requirements are repeated in this document.

This checklist is also used as one of the requirements to qualify a PCI product for the Integrator’s List by creating a paper trail of testing for PCI compliance. Add-in card vendors that want their products on the Integrator’s List must complete this checklist and submit it to the SIG or its agent.  Note that to be included on the Integrator’s List, add-in cards must use PCIe components that are also on or have been added to the Integrator’s List.  The section on the next page provides an area where add-in card vendors can indicate which PCIe components are used in their product.
There is PCI Express functionality that is optional to implement.  Assertions for these optional features may be included in this checklist.  If a product does not implement an optional feature, please write in an ‘NA’ response in either the ‘Y’ or ‘N’ area.

CHECKLIST STRUCTURE:


	ID
	Ref
	Assertion
	Y
	N

	TPL.03.01#02
	1.3.1
	A Root Complex must support generation of configuration requests as a requester.
	
	


Add-in Card Product Information

	Date
	

	Vendor Name
	

	Vendor Street Address
	

	Vendor City, State, Zip
	

	Vendor Phone Number
	

	Vendor Contact, Title
	

	Vendor Email address
	

	Product Name
	

	Product Model Number
	

	Product Revision Level
	

	Product Description (brief description of product function)


	

	Compliance Workshop Product was Tested at:     Workshop #_____     Date ____________


Preferred listing on Integrators List

If this product (or products) qualifies for inclusion on the PCI Express Integrators List, please indicate in the area below how you would like the product(s) listed.  If this product qualifies for inclusion on the PCIe Integrator’s List as a PCIe 1.0a product (but not as a PCIe 1.1 product), please list it as a PCIe 1.0a product.

	Company
	Product
	Identifier
	Lane Width of Card Edge Connector
	Function

	
	
	
	
	

	
	
	
	
	


(continued on next page…)

Note that as part of the requirement to be considered for inclusion on the Integrator’s List, in addition to submitting this Checklist, vendors must also submit a passing checklist for PCIe components used in their product (the product vendor is responsible to either submit the applicable component checklist or assure the applicable component checklist is provided to the PCI-SIG by the component vendor)

Please provide the information below for each PCIe component incorporated in your product (copy, complete, and attach additional sheets, if necessary)
	Add-in Card PCIe Component Information

	Date
	

	Vendor Name
	

	Vendor Street Address
	

	Vendor City, State, Zip
	

	Vendor Phone Number
	

	Vendor Contact, Title
	

	Vendor Email address
	

	Product Name
	

	Product Model Number
	

	Product Revision Level
	

	Product Description (brief description of product function)


	


Add-in Card Electrical Checklist

	ID
	Ref
	Assertion
	Y
	N

	PHY.02.10#01
	4.2.4.5.1
	Fundamental Reset only applies when Main power is present.  It is not valid if there is only Aux power present.
	
	

	PHY.02.13#05
	4.2.4.7.1
	Devices must meet the requirements of electromechanical and/or form factor specifications with regard to the implementation of: supporting links of width greater than 1 lane, but less than N lanes (where N is the maximum lane width and can be 32, 16, 12, 8, 4, 2); supporting the ability to split a port into two or more links; supporting Lane Reversal; supporting the formation of crosslinks.
	
	

	PHY.03.01#01
	4.3.1
	The bit rate clock source for transmitter and receiver must be +/- 300 ppm or better.
	
	

	PHY.03.01#04
	4.3.1.1
	If Spread Spectrum Clocking is used, both ports must use the same bit rate clock source.
	
	

	PHY.03.01#05
	4.3.1.2
	An AC coupling capacitor given by CTX = 75 nF to 200 nF (per Differential Transmitter (TX) Output Specifications Table 4-5) must be used on the Transmitter side of each lane of a link.
	
	

	PHY.03.01#06
	4.3.1.3
	The interconnect total capacitance to ground (independent of the AC coupling capacitance) seen by the Receiver Detection circuit, must not exceed 3 nF (including capacitance added by attached test instrumentation.
	
	

	PHY.03.01#07
	4.3.1.4
	The Transmitter must meet RLTX-DIFF = 10 dB min, RLTX-CM = 6 dB min, and ZTX-DIFF-DC = 80R to 120R, 100R nominal (per Differential Transmitter (TX) Output Specifications Table 4-5) any time functional differential signals are being transmitted.
	
	


Explanations:
____________________________________________________________

____________________________________________________________

____________________________________________________________

____________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

This section should be used to clarify any answers on checklist items above.  Please key explanation to item number.
Add-in Card Power Management Checklist

	ID
	Ref
	Assertion
	Y
	N

	PMG.02.00#02
	5.2
	All main power supplies, component reference clocks, and components' internal PLLs must be active at all times during L0s.
	
	

	PMG.02.00#06
	5.2
	All platform provided main power supplies and component reference clocks must remain active at all times during L1.
	
	

	PMG.02.00#21
	5.2
	If required by a particular form factor, ASPM L1 must be supported.  Otherwise ASPM L1 support is optional.
	
	

	PMG.02.00#28
	5.2
	Optional L2 state requires Vaux supply be provided while main power supply and reference clocks are off.
	
	

	PMG.02.00#29
	5.2
	If in L2 state, all wakeup logic (Beacon or WAKE#) and PME context logic must use Vaux supply.
	
	

	PMG.03.06#07
	5.3.1.4.1
	A function in D3-cold state returns to D0-uninitialized after return of main power and associated cold reset.
	
	

	PMG.03.07#01
	5.3.1.4.2
	A function that supports wakeup from D3-cold must maintain the full PME context (including the Power Management Status/Control register).
	
	

	PMG.03.07#02
	5.3.1.4.2
	A function must use only Vaux power source to support PME event detection, link reactivation, and preservation of PME context from D3-cold state.  It must only use Vaux power source when enabled to do so.
	
	

	PMG.03.07#03
	5.3.1.4.2
	A function asserting a wake up event through PME must send a PME message to the Root, once the link is up. Devices on the hierarchy path between the asserting function and the Root, must propagate the PME message towards the root, once their links are up.
	
	

	PMG.03.12#04
	5.3.3.2
	If required by the relevant form factor specifications, WAKE# must be implemented.  For these form factors, a device generating Beacon must be tolerated, though it is not required to observe the Beacon.
	
	

	PMG.03.12#06
	5.3.3.2
	Components that support wakeup functionality must support Beacon, unless they are designed exclusively for the following form factors: PCI Express Card Electromechanical Specification, or PCI Express Mini Card Electromechanical Specification.
	
	

	PMG.03.12#07
	5.3.3.2
	A component that asserts WAKE# must continue to assert it until main power has been restored as indicated by Fundamental Reset going inactive.
	
	

	PMG.03.12#10
	5.3.3.2
	An Endpoint must not use WAKE# as an input signal.
	
	


Explanations:
____________________________________________________________

____________________________________________________________

____________________________________________________________

____________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

This section should be used to clarify any answers on checklist items above.  Please key explanation to item number.
Add-in Card System Architecture Checklist

	ID
	Ref
	Assertion
	Y
	N

	SYS.06.00#05
	6.6
	A system must guarantee that all software visible components be ready to receive configuration request within 100 ms of the end of Fundamental reset.
	
	

	SYS.07.06#03
	6.7.1.5
	If implemented, the Attention Button is a momentary contact push button and must be located adjacent to each hot-plug slot, or on the adapter.  It must be accessible with the adapter installed or removed.
	
	


Explanations:
____________________________________________________________

____________________________________________________________

____________________________________________________________

____________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

This section should be used to clarify any answers on checklist items above.  Please key explanation to item number.
Add-in Card Electromechanical Checklist

	ID
	Ref
	Assertion
	Y
	N

	CEM.02#33
	2
	If optional SM Bus functionality is supported, than 3.3V open drain signals SMBCLK and SMBDAT must be present as a pair.
	
	

	CEM.02#34
	2
	If optional JTAG functionality is supported, than 3.3V signals TCLK, TDI, TDO, and TMS must be present as a group.  TRST# is optional.
	
	

	CEM.02#35
	2
	3.3V signals PRSNT1# and PRSNT2# must be present at each PCI Express connector.
	
	

	CEM.02#32
	2
	If an add-in card or system board supports wakeup functionality, than 3.3V open drain signal WAKE# must be present.
	
	

	CEM.02#36
	2.1
	REFCLK-/REFCLK+ pair must be routed point-to-point to each PCI Express connector.
	
	

	CEM.02#02
	2.1.1
	The routing of each signal in a REFCLK pair must be well matched in length (<0.005 inch).
	
	

	CEM.02#14
	2.1.1
	The add-in card is required to maintain the 600 ppm data rate matching specified in the PCI Express Base Specification.
	
	

	CEM.02#03
	2.1.3
	REFCLK must meet the electrical specifications listed in REFCLCK DC Specification and AC Timing Requirements Table 2-1 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.02#38
	2.1.4
	REFCLK must meet the jitter specifications listed in Maximum Allowed Phase Jitter When Applied to Fixed Filter Characteristic Table 2-2 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.02#04
	2.2
	PERST# must not be de-asserted for at least 100 ms (Tpvperl) following the power rails reaching specified operating limits.
	
	

	CEM.02#05
	2.2
	REFCLK must be stable for at least 100 us (Tperst-clk) prior to PERST# deassertion.
	
	

	CEM.02#06
	2.2
	When entering a power-managed state like S3, PERST# must be asserted in advance of power-off.
	
	

	CEM.02#39
	2.2.1
	All devices must remain in the reset state as long as PERST# is active.
	
	

	CEM.02#40
	2.2.1
	On initial power up, the Active State Power Management Control field in the Link Control Register must be set to 00b.
	
	

	CEM.02#41
	2.2.2
	On resume from D3cold, the Active State Power Management Control field in the Link Control Register must be set to 00b.
	
	

	CEM.02#08
	2.2.2
	When PERST# is asserted it must remain asserted for a minimum of 100 us (Tperst).
	
	

	CEM.02#09
	2.2.2
	PERST# must be asserted within 500 ns (Tfail) of any supplied power rail going out of specification
	
	

	CEM.02#17
	2.2.2
	Devices must enter the D3cold state when main power is removed
	
	

	CEM.02#19
	2.3
	PCI Express slots and components attached to the same WAKE# signal must use a common ground plane reference
	
	

	CEM.02#55
	2.3
	If an add-in card supports WAKE# from D3cold on some, but not all functions on the card, it must ensure that separate isolation control for each of the WAKE# generation power sources.
	
	

	CEM.02#27
	2.3
	The WAKE# rise and fall time to reach a valid input level of the PM controller must be no more than 100 ns (Twkrf).  Since WAKE# is an open-drain signal, the rise time is dependent on the total capacitance on the platform WAKE# line and the system board pull-up resistor.
	
	

	CEM.02#54
	2.3
	The WAKE# pin must be considered indeterminate for a number of cycles (at least 100ns) after it has been de-asserted.
	
	

	CEM.02#24
	2.3
	Add-in cards that support the wake function and are intended to work in any PCI Express system, must also implement the Beacon mechanism.
	
	

	CEM.02#23
	2.3
	If an add-in card supports both Beacon and WAKE#, it must continue to support the wake function properly if the Beacon is ignored by the system
	
	

	CEM.02#22
	2.3
	The +3.3 Vaux voltage supply may be present even if the device is not enabled for wakeup events
	
	

	CEM.02#20
	2.3
	Split voltage power planes (+3.3Vaux vs. +3.3V) are required if +3.3Vaux is supplied to the connector(s)
	
	

	CEM.02#18
	2.3
	Any component implementing WAKE# must be designed such that: - unpowered WAKE# output circuits are not damaged if a voltage is applied to them from other powered ""wire-ORed"" sources of WAKE# - when power is removed from its WAKE# generation logic, the unpowered output does not present a low impedance path to ground or any other voltage
	
	

	CEM.02#52
	2.3
	Devices must not un-intentionally pull WAKE# active in any power state, including D3cold.
	
	

	CEM.02#51
	2.3
	A within specification voltage applied to WAKE# must never cause damage to any connected component even when that component is not powered.
	
	

	CEM.02#11
	2.3
	WAKE# should not be attached to the PCI-PME# interrupt. WAKE# must cause power to be restored but must not directly cause an interrupt.
	
	

	CEM.02#49
	2.3
	When supporting Hot-Plug, WAKE# must be driven inactive during the Hot-Plug/Hot Removal event.
	
	

	CEM.02#47
	2.3
	If the wakeup process is used, the +3.3Vaux supply must be present and used by both asserting and receiving ends..
	
	

	CEM.02#13
	2.3
	Any add-in card or system board that supports wakeup functionality must implement the WAKE# signal in accordance with the PCI Express Base Specification 1.1 and the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.02#45
	2.3
	If supported WAKE# must be driven low by a PCI Express component when it wants to reactivate the PCI Express slot's main power rails and reference clocks.
	
	

	CEM.02#46
	2.3
	Add-in cards the don't support wake process must NOT connect to the WAKE# pin.
	
	

	CEM.02#25
	2.4
	If SMBus is supported it must adhere to the System Management (SMBus) Specification 2.0 and also meet any additional requirements found in Chapter 8 of the PCI Local Bus Specification, Rev. 3.0
	
	

	CEM.02#56
	2.4.2
	Devices in high-power segments must be able to sink at least 4mA while maintaining Vol=0.4V.
	
	

	CEM.02#12
	2.4.3
	Unpowered devices must provide protection against ""back powering"" the SMBus such that they meet leakage specifications in Section 3.1.2.1 of the SMBus Specification version 2.0
	
	

	CEM.02#57
	2.4.4
	SMBus devices must detect a power-on event in at least one of the following ways: by detecting power is applied; by detecting PERST# asserted; by detecting SMBus has gone active (clock and data have gone high after being low for more than 2.5s).
	
	

	CEM.02#58
	2.4.4
	Externally powered SMBus devices must detect a power-on event by bringing the device into an operational state within the time (tpor) defined in Table 1 of the System Management Bus (SMBus) Specification 2.0, after the device's power supply is within the normal operating range.
	
	

	CEM.02#59
	2.4.4
	Self-powered or always powered SMBus devices must be operational within 500ms after SMBus becomes active.
	
	

	CEM.02#60
	2.5
	If JTAG is supported, it must comply with IEEE Standard 1149.1, Test Access Port and Boundary Scan Architecture.
	
	

	CEM.02#30
	2.5
	Whether implemented or not, JTAG signals must comply to PCI Local Bus Specification 3.0.  If the add-in card does not support JTAG, then the card ties the TDO and TDI signals together and leaves the TMS, TCK and TRST# signals open (PCI Spec, Section 4.4.1).
	
	

	CEM.02#10
	2.6.1
	If supported, WAKE# must meet the DC specifications listed in section 2.6.1 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.02#10
	2.6.1
	If supported, SMBus must meet the DC specifications listed in section 2.6.1 of the PCI Express Card Electromechanical Specification 1.1 and in the System Management Bus (SMBus) Specification 2.0.
	
	

	CEM.02#07
	2.6.1
	PERST# must meet the DC specifications listed in section 2.6.1 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.03#01
	3.1
	If Hot-Plug is supported, it must comply to PCI Standard Hot-Plug Controller and Subsystem Specification 1.0.
	
	

	CEM.03#04
	3.2
	PRSNT1# and PRSNT2# fingers must be shorter than the rest of the fingers on the PCI Express edge connector.  Unused PRSNT2 fingers (representing unused lane widths) can be either standard length or can be removed from the edge connector.
	
	

	CEM.03#05
	3.2
	Add-in cards must connect the PRSNT1# finger and the furthest apart PRSNT2# finger with a single trace.  Other PRSNT2# fingers must not be connected.
	
	

	CEM.04#10
	4.1
	The maximum current slew rate for each add-in card shall be 0.1 A/us
	
	

	CEM.04#08
	4.1
	Each add-in card must limit its bulk capacitance on each power rail to less than the values shown in Power Supply Rail Requirements Table 4-1 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.04#24
	4.2
	A standard height x16 add-in card, intended for graphics applications must not consume more than 25W upon initial power-up (ie. before it receives a SET_SLOT_POWER message).
	
	

	CEM.04#29
	4.2
	A standard height x1 add-in card, intended for server I/O applications must not consume more than 10W upon initial power-up (ie. before it receives a SET_SLOT_POWER message).
	
	

	CEM.04#30
	4.2
	A low profile add-in card, cannot exceed half-length.
	
	

	CEM.04#27
	4.2
	A standard height x1 add-in card, intended for desktop applications cannot exceed half-length.
	
	

	CEM.04#23
	4.2
	Add-in cards must not exceed the power consumption (based on form factor) specified in Add-in Card Power Dissipation Table 4-2 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.04#31
	4.2
	A x16 add-in card, intended for graphics applications must not consume more power from each power rail than is provided in Power Supply Rail Requirements Table 4-1 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.04#28
	4.2
	A standard height x1 add-in card, intended for server I/O applications must be greater or equal to 177.8mm (7.0 in) but cannot exceed full-length.
	
	

	CEM.04#26
	4.3
	A PCI Express add-in card must tolerate any slot power supply sequencing.  It is the responsibility of the add-in card to provide appropriate circuitry to meet any internal card power supply rail sequencing requirements
	
	

	CEM.04#34
	4.6.1
	A PCI Express add-in card must incorporate AC coupling capacitors on the Transmitter differential pair.  The value must comply to the value in the PCI Express Base Specification 1.1.
	
	

	CEM.04#35
	4.6.1
	All PCI Express differential trace pairs must be referenced to the ground plane.
	
	

	CEM.04#15
	4.6.5
	Add-in cards must minimize the lane-to-lane skew to within 0.35 ns on all physical lanes as specified in Allowable Interconnect Lane-to-Lane Skew Table 4-6 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.04#17
	4.6.7
	Trace lengths of a differential pair are matched to within 5 mils
	
	

	CEM.04#19
	4.7.1
	Add-in cards must meet the Add-in Card Transmitter Path Compliance Eye Requirements specified in Add-in Card Transmitter Path Compliance Eye Requirements Table 4-7 of the PCI Express Card Electromechanical Specification 1.1, measured when all lanes are active.  Measurement details are provided in PHY Electrical Test Considerations for PCI Express Architecture.
	
	

	CEM.04#21
	4.7.2
	Add-in card receivers must meet the receiver sensitivity requirements as specified in the Add-in Card Minimum Receiver Path Sensitivity Requirements specified in Add-in Card Minimum Receiver Path Sensitivity Requirements Table 4-8 of the PCI Express Card Electromechanical Specification 1.1, measured when all lanes are active.  Measurement details are provided in PHY Electrical Test Considerations for PCI Express Architecture.
	
	

	CEM.05#03
	5.1
	Add-in cards must not draw more than 1.1A from any individual power pin finger.
	
	

	CEM.05#01
	5.1
	All PCI Express connectors must meet the pinout requirements defined in PCI Express Connectors Pinout Table 5-1 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.05#02
	5.2
	All PCI Express connectors must meet the dimensional requirements as defined in Sections 5.2 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.05#04
	5.2
	Graphics cards and I/O cards (only those I/O cards which suffer from poor retention stability), must be 'retention ready'.  This requires the add-in card manufacturer to have made provision for providing a card retention mechanism.  (Note:  a full-length card is always considered 'retention-ready'.
	
	

	CEM.05#05
	5.3
	All PCI Express connectors must meet the electrical requirements as defined in Sections  5.3 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.05#06
	5.3
	On the add-in card, the ground and power planes must be removed from underneath the connector fingers that carry the PCI Express high-speed signals.
	
	

	CEM.05#07
	5.4
	All PCI Express connectors must meet the environmental, mechanical, current rating and additional requirements as defined in Sections 5.4 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.06#01
	6.1
	All PCI Express Add-in cards must meet the form factor requirements as defined in Section 6.1 of the PCI Express Card Electromechanical Specification 1.1.
	
	

	CEM.06#04
	6.3
	A x8 add-in card must operate as a x4 card when plugged into a x8 connector that has only the first four lanes routed.
	
	

	CEM.06#03
	6.3
	All PCI Express cards and slots must meet the interoperability requirements as defined in Card Interoperability Table 6-2 of the PCI Express Electromechanical Specification 1.1.
	
	





Explanations:
____________________________________________________________

____________________________________________________________

____________________________________________________________

____________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

This section should be used to clarify any answers on checklist items above.  Please key explanation to item number.
Add-in Card PCB Design Recommendations
Note:  These assertions are derived from the Intel PCI Express External Design Guide.  Thus they are only recommendations since they are derived from simulations and topologies that aren’t directly derived from the Base or CEM Specifications.

	ID
	Ref
	Assertion
	Y
	N

	PCB.01#01
	
	Microstrip Trace Routing Guidelines (Table 1-2): Differential Impedance 4, 6 layer = 100 Ohms +/- 20%; Differential Impedance 8, 10 layer = 85 Ohms +/- 20%; Single ended Impedance 4, 6 layer = 60 Ohms +/- 15%; Single ended Impedance 8, 10 layer = 55 Ohms +/- 15% (targets do not apply to Mobile with 0.050 inch thick stackup which may be closer to 92 Ohms).
	
	

	PCB.01#02
	
	Stripline Trace Routing Guidelines (Table 1-3): Differential Impedance 6 layer = 100 Ohms +/- 15%; Differential Impedance 8, 10 layer = 85 Ohms +/- 15%; Single ended Impedance 6 layer = 60 Ohms +/- 15%; Single ended Impedance 8, 10 layer = 55 Ohms +/- 15% (targets do not apply to Mobile with 0.050 inch thick stackup which may be closer to 92 Ohms).
	
	

	PCB.01#03
	
	Microstrip/Stripline Trace Routing Guidelines (Table 1-2/1-3): Length Matching Intra-pair = 5 mils max delta; matching maintained segment to segment; match at point of discontinuity, avoiding tight bends; (match within a 5 mil delta in Breakout area).
	
	

	PCB.01#05
	
	Microstrip/Stripline Trace Routing Guidelines (Table 1-2/1-3): >= 20 mil trace edge to plane edge air gap.
	
	

	PCB.01#07
	
	Microstrip/Stripline Trace Routing Guidelines (Table 1-2/1-3): Use GND stitching vias by signal vias for layer changes.
	
	

	PCB.01#08
	
	Microstrip/Stripline Trace Routing Guidelines (Table 1-2/1-3): Do not route signals over plane splits or voids (no more than 1/2 trace width routed over via antipad in Breakout area).
	
	

	PCB.01#09
	
	Microstrip/Stripline Trace Routing Guidelines (Table 1-2/1-3): Via Usage: Limit to 4 vias per TX trace, Limit to 2 vias per RX trace, Limit to 6 vias total entire path (Limit of one via in each Breakout area).
	
	

	PCB.01#10
	
	Microstrip/Stripline Trace Routing Guidelines (Table 1-2/1-3): Via Size: pad <= 25 mils, finished hole <= 14 mils.
	
	

	PCB.01#11
	
	Microstrip/Stripline Trace Routing Guidelines (Table 1-2/1-3): Bends: Match left/right turn bends where possible.  No 90-degree bends or tight bend structures  (Avoid tight bends in the Breakout area).
	
	

	PCB.01#12
	
	The reference clock signal pair should maintain the same reference plane for the entire routed length and should not cross any plane splits (breaks in the reference plane)
	
	

	PCB.01#13
	
	A minimum separation from the reference clock traces and other traces should be maintained. Assuming a trace width of 'w' no other trace or signal should be allowed within '3w'
	
	

	PCB.01#14
	
	The reference clock signal pair routing length should be minimized.
	
	

	PCB.01#15
	
	The reference clock signal pair via count should be minimized. As a rule of thumb, via count should not exceed four.
	
	

	PCB.01#16
	
	Reference clock terminating components should be placed as close as possible to their respective device, ideally within 100 mils of the clock/receiver component pin.
	
	

	PCB.01#17
	
	Match all segment lengths between differential pairs along the entire length of the pair.
	
	

	PCB.01#18
	
	Maintain constant line impedance along the routing path by keeping the same line width and line separation.
	
	

	PCB.01#19
	
	Avoid routing differential pairs adjacent to noisy signal lines or high speed switching devices such as clock chips.
	
	

	PCB.01#20
	
	Keep clock lines adequately separated from I/O lines.
	
	

	PCB.01#21
	
	Recommended reference clock differential pair spacing (clock to clock#) < = 11.25 mils.
	
	

	PCB.01#22
	
	Recommended reference clock trace spacing to other traces is >= 20 mils.
	
	

	PCB.01#23
	
	Recommended reference clock line width >= 5 mils.
	
	

	PCB.01#24
	
	Recommended reference clock trace impedance:  Single ended: 50-60 Ohms +/- 15%   Differential: 100 Ohms +/- 20%
	
	

	PCB.01#25
	
	Recommended PCI Express reference clock to PCI express reference clock length matching to within 25 mils
	
	

	PCB.01#27
	
	When routing the 100 MHz differential clocks, do not divide the two halves of the clock pair between layers.
	
	

	PCB.01#28
	
	Decoupling Capacitors: Several PCB-mounted 0.1 to 1.0 uf capacitors should be placed near the PCI Express silicon on the sides of the package to which the PCI Express I/O buffers connect.
	
	

	PCB.01#29
	
	Differential signal AC coupling capacitors cannot be Capacitor-packs (C-packs).  Individual 0402 size capacitors are preferred, but individual 0603 capacitors are acceptable.
	
	

	PCB.01#30
	
	The same capacitor package size and value should be used for each signal in a differential pair.
	
	

	PCB.01#31
	
	Locate capacitors for coupled traces in a differential pair at the same location along the differential traces.  Place them as close to each other as possible as allowed by DFM rules.
	
	

	PCB.01#32
	
	The Breakout into and out of the AC coupling capacitors pads should be symmetrical for both signal lines in a differential pair.  The trace separation for the segments of the trace going to/from the capacitor pads should be minimized.
	
	

	PCB.01#33
	
	Test points and probing structures should not introduce stubs on the differential pairs.
	
	

	PCB.01#34
	
	The reference planes on the inner layers should be removed, along the entire length that contains differential pair signal traces, immediately under the edge connector finger areas that exist on the outer layers of the PCB.  The reference planes must not be removed in the area outside the edge connector finger area.
	
	

	PCB.01#37
	
	Microstrip Trace Routing Guidelines (Table 1-2): Trace Width = 5 mils (can be 7 mils in Breakout area if un-coupled length is >= 100 mils).
	
	

	PCB.01#38
	
	Stripline Trace Routing Guidelines (Table 1-3): Trace Width = 4-5 mils (can be 7 mils in Breakout area if un-coupled length is >= 100 mils).
	
	

	PCB.01#39
	
	Microstrip Trace Routing Guidelines (Table 1-2): Intra-pair Spacing (within pair) = 7 mils (can be 5 mils gap in Breakout area).
	
	

	PCB.01#40
	
	Stripline Trace Routing Guidelines (Table 1-3): Intra-pair Spacing (within pair) = 5-6 mils (can be 5 mils gap in Breakout area).
	
	

	PCB.01#41
	
	Microstrip Trace Routing Guidelines (Table 1-2): Inter-pair Spacing (between pairs) >= 20 mils, or 4x dielectric height, whichever is greater (can be >= 10 mils in Breakout area).
	
	

	PCB.01#42
	
	Stripline Trace Routing Guidelines (Table 1-3): Inter-pair Spacing (between pairs) >= 15 mils, or 3x dielectric height, whichever is greater (can be >= 10 mils in Breakout area).
	
	

	PCB.01#47
	
	Microstrip Trace Routing Guidelines (Table 1-2): Chip to Card Length mobile = 4 inches max; Chip to Card Length non-mobile = 4 inches max; (Breakout area etch less than 150 mils).
	
	

	PCB.01#48
	
	Stripline Trace Routing Guidelines (Table 1-3): Chip to Edge finger Length mobile = 4 inches max; Chip to Edge finger Length non-mobile = 4 inches max; (Breakout area etch less than 150 mils).
	
	

	PCB.01#49
	
	Microstrip/Stripline Trace Routing Guidelines (Table 1-2/1-3): Length Matching Inter-pair = 3 inches max.
	
	

	PCB.01#50
	
	Microstrip/Stripline Trace Routing Guidelines (Table 1-2/1-3): GND referenced signals required.
	
	

	PCB.01#51
	
	Where possible, long trace routes should be at an off-angle to the X-Y axis of the PCB layer.
	
	

	PCB.01#52
	
	Spacing between PCI Express signal traces and non-PCI Express signal traces should be >= 20 mils.  If the non-PCI Express signal has significantly higher voltage level or edge rates than the PCI Express signal, the spacing should be increased to >= 30 mils.
	
	

	PCB.01#53
	
	Where possible, differential pairs should maintain lateral routing symmetry between the traces of the pair.
	
	

	PCB.01#54
	
	Trace routing should be a short as possible while still complying with the requirements of this guideline.
	
	

	PCB.01#59
	
	If differential signals change layers and keep the same reference plane, than stitching vias should be placed within 100 mils of the signal vias.
	
	

	PCB.01#60
	
	If differential signals change layers and keep the same reference plane, than stitching vias can be shared by up to 4 differential pairs whose vias are within 100 mils of the stitching via.
	
	

	PCB.01#61
	
	A differential pair routed on the same layer should maintain a single reference plane along the entire routing path.
	
	

	PCB.01#62
	
	Both traces of a differential pair should remain over the same reference plane.  A differential pair, must not be routed so that they straddle a reference plane split.
	
	

	PCB.01#63
	
	A differential pair routed parallel to a reference plane split must be routed over a single plane and the trace edge to plane split edge must be at least 4 times the trace height above the plane or 20 mils, whichever is greater.
	
	

	PCB.01#64
	
	PCI Express signal pinouts are to be broken out, or grouped as differential pairs.
	
	

	PCB.01#65
	
	Length matching in a chipset breakout area, or connector pin field, should occur as close as possible to the signal pins without introducing any tight bends.
	
	

	PCB.01#66
	
	A Breakout area is allowed at device package pins, the connector pins, and at the add-in card edge fingers.  This area should be limited to <= 150 mils.
	
	

	PCB.01#67
	
	Any deviations longer than the 150 mils Breakout area should be simulated to ensure signal integrity margins are not negatively impacted.
	
	

	PCB.01#68
	
	All plating bars for the edge connector fingers (required during the PCB manufacturing process) must be removed.
	
	

	PCB.01#69
	
	Vias on differential pairs should have pads on unused internal layers removed.
	
	

	PCB.01#70
	
	Vias on differential pairs should be placed as a pair at the same relative and symmetrical location along the differential pair traces.
	
	

	PCB.01#71
	
	Plated thru-holes on connector pins are considered as vias in counting the total number of vias along the differential pair traces.
	
	

	PCB.01#72
	
	Any deviations in exceeding the total number of vias on a different pair trace should be simulated to ensure signal integrity margins are not negatively impacted.
	
	

	PCB.01#73
	
	All bends on differential traces should be <= 45 degrees.  There should be no 90 degree bends.
	
	

	PCB.01#74
	
	The inner air gap of a trace that bends back on itself should be >= 20 mils.  When routing to a pin or pad, the inner air gap should be 3x the trace width.
	
	

	PCB.01#75
	
	The segment length of a trace that bends should be >= 1.5 times the width of the trace.
	
	

	PCB.01#76
	
	Where possible the number of left bends and right bends should be matched on a differential pair.  If not possible, than half the length required to match the two traces of a differential pair, should be added to the shorter trace of the pair before the bends and half the length required to match the two traces of a differential pair, should be added to the shorter trace of the pair after the bends.
	
	

	PCB.01#77
	
	The uncoupled section of a differential pair trace routing into a pin or pad, should be <= 45 mils when using multiple bends.  The 45 mils is measured from the start of the uncoupled section (to the pin or pad), to the middle of the bend vertex.
	
	

	PCB.01#78
	
	The segment length of the last segment of trace (that has multiple bends) that terminates at a pin or pad should be as short a possible.
	
	

	PCB.01#79
	
	Test points and probing structures should make use of exiting vias, pads, or pins whenever possible.
	
	

	PCB.01#80
	
	Differential signal AC coupling capacitors must be within 75nF to 200nF range through out their full operating temperature range.
	
	

	PCB.01#81
	
	AC coupling capacitor pad sizes must be the minimum allowed by DFM rules.
	
	

	PCB.01#83
	
	AC coupling capacitors for chip-to-connector traces on add-in cards must be located on the add-in card itself for each TX trace pair connected to the add-in card device.  It is recommended that the capacitors be placed <= 250 mils from the add-in card edge connector finger.
	
	

	PCB.01#86
	
	The two traces of a differential signal pair should route into a connector pin field from the same PCB layer.
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