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1 Midplane Overview
1.1 Introduction

The midplane (Figure 1‑1) is a central feature of a blade system. It provides the interconnect topology between the compute blades, switches, management, power subsystems, and other key building blocks of the system.   

The term “mid” implies there are elements on both sides of the midplane; however, this is only one possible implementation. There may be implementations where elements plug in to one side. (Such an implementation is commonly referred to as a backplane.) Throughout this document the term midplane will be used, but the concepts may equally apply to a backplane implementation.

The requirements specified in this document were used to develop techniques and guidelines documented in the SSI Ethernet Midplane Design Guide (available on the SSI Forum web site – www.ssiforum.org). 
Figure 1‑1: Midplane Connectivity Diagram
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1.2 Purpose

This document is intended to give the electrical requirements for the printed circuit board (PCB) design of a midplane that supports SSI blades and switches, with emphasis on the electrical design of the high-speed fabrics. These fabrics include the following, specified in the Backplane Ethernet IEEE Std 803.3ap™-2007:

· 1000 BASE KX PMD. 

· 10GBASE-KX4 PMD. 

· 10GBASE-KR PMD (Gigabit, 4-lane 10 Gigabit, and one-lane serial 10 Gigabit). 
The requirements that follow apply to all midplane or backplane implementations for SSI server platforms.
1.3 Reference Documents

· SSI Compute Blade Specification. 
· SSI Small Form Factor High-speed Switch Specification.
· SSI Switch Base Specification. 
· IEEE Std. 802.3ap™- 2007
“Standard for Information technology—Telecommunications and information exchange between systems—Local and metropolitan area networks—Specific requirements Part 3: Carrier Sense Multiple Access with Collision Detection (CSMA/CD) Access Method and Physical Layer Specifications Amendment 4: Ethernet Operation over Electrical Backplanes”. Copyright © 2007 by the Institute of Electrical and Electronics Engineers, Inc. All rights reserved. Published 22 May 2007. Printed in the United States of America. IEEE and 802 are registered trademarks in the U.S. Patent & Trademark Office, owned by the Institute of Electrical and Electronics Engineers, Incorporated.

1.4 Terms and Abbreviations

Table 1‑1 lists terms and acronyms used in specific ways throughout this specification.
Table 1‑1:  Terms and Abbreviations

	Term
	Definition

	ASHRAE
	American Society of Heating, Refrigerating, and Air Conditioning Engineers.

	Base Management Interface (BMI)
	This is the IPMB-based management interface used by the Chassis Manager to communicate with the blade management controllers.

	blade
	This is a resource module that plugs into the blade chassis. A blade can provide many different types of resources to the chassis, including compute functions, storage capabilities, additional I/O interfaces and switching capabilities, and special purpose capabilities. A blade can be a single-wide module (assumed) or a double-wide module, occupying two adjacent slots in the chassis. 

	blade server
	A system comprising a chassis, chassis resources (power, cooling, Chassis Manager), compute blades, and communication (switch) blades. The chassis may contain additional modules, such as storage.

	bottom
	When used in reference to a board, the end that would be on the bottom in a vertically oriented chassis.

	CFM
	Cubic Feet per Minute. A measure of volumetric airflow. One CFM is equivalent to 472 cubic centimeters per second.

	chassis
	The mechanical enclosure that consists of the mid-plane, front boards, cooling devices, power supplies, etc. The chassis provides the interface to boards, and it consists of the guide rails, alignment, handle interface, face plate mounting hardware, and mid-plane interface. 

	chassis ground
	A safety ground and earth return that is connected to the chassis metal and available to all PBAs.

	Chassis Management Module (CMM)
	Dedicated intelligent chassis module that hosts the Chassis Manager functionality.

	Chassis Manager (CM)
	Set of logical functions for hardware management of the chassis. This may be implemented by one or more dedicated Chassis Management Modules or by one or more blade management controllers and/or payload processors.

	cold start
	Cold start is the time when blades receive the payload power for the first time.

	component side 1
	When used in reference to a PBA, the side on which the tallest electronic components would be mounted. 

	component side 2
	When used in reference to a PBA, the side normally reserved for making solder connections with through-hole components on Component Side 1, but on which low-height electronic components may also be mounted.

	creepage
	Surface distance required between two electrical components.

	face plate
	The front-most element of a PBA, perpendicular to the PBA, that serves to mount connectors, indicators, controls, and mezzanines.

	guide rail
	Provides for the front board guidance feature in a slot.

	handle
	An item or part used to insert or extract blades into and out of chassis.

	Intelligent Platform Management Bus (IPMB)
	IPMB is an I2C-based bus that provides a standardized interconnection between managed modules within a chassis. ftp://download.intel.com/design/servers/ipmi/ipmb1010ltd.pdf

	Intelligent Platform Management Interface (IPMI)
	IPMI v2.0 R1.0 specification defines a standardized, abstracted interface to the platform management subsystem of a computer system. ftp://download.intel.com/design/servers/ipmi/IPMIv2_0rev1_0.pdf  

	interconnect channel 
	An interconnect channel comprises two pairs of differential signals. One pair of differential signals for transmit and another pair of differential signals for receive.

	LFM
	Linear Feet per Minute. A measure of air velocity. One LFM is equivalent to 0.508 centimeters per second.

	logic ground
	Chassis-wide electrical net used on blades and mid-planes as a reference and return path for logic-level signals that are carried between boards.

	managed module
	Any component of the system that is addressable for management purposes via the specified management interconnect and protocol. A managed module is interfaced directly to the chassis BMI.

	Management Controller
	This is an intelligent, embedded microcontroller that provides management functionality for a blade or other chassis module.

	may
	Indicates flexibility of choice with no implied preference.

	MBSTC
	Generic term Midplane Blade-Switch test card for measurement of electrical parameters. MBSTC is super set of MBTC and MSTC.

	MBTC-xx
	Blade test card replacing a switch for measurement of electrical parameters with accompanying index xx

	mezzanine 
	The mezzanine is a PBA that installs on a blade PBA horizontally. It provides additional functionality on the blade PBA and provides electrical interface between the blade PBA and the mid-plane PBA. Both the blade PBA and mezzanine PBA are contained inside the blade module.

	mid-plane
	Equivalent to a system backplane. This is a PBA that provides the common electrical interface for each blade in the chassis and on both the front and back of the PBA. 

	module
	A physically separate chassis component which may be independently replaceable (e.g., a blade or cooling module) or attached to some other component (e.g., a mezzanine board).

	MSTC-xx
	Midplane Switch test card replacing a blade for measurement of electrical parameters with accompanying index xx

	open blade
	A blade that conforms to the requirements defined by the Open Blade standard set of specifications.

	out-of-band (OOB)
	Communication between blades that does not need the host or payload to be powered on.

	payload
	The hardware on a blade that implements the main mission function of the blade. On a compute blade, this includes the main processors, memory, and I/O interfaces. The payload is powered separately from the blade management subsystem. Payload power is controlled by the blade management controller. 

	PBA
	Printed board assembly. A printed circuit board that has all electronic components attached to it.

	PCB
	Printed circuit board without components attached. 

	peak power
	The maximum power a blade can draw for a very short period of time during a hot insertion, hot removal, or a cold start.

	pitch line
	Horizontal pitch line between slots.

	shall
	Indicates a mandatory requirement. Designers must implement such mandatory requirements to ensure interchangeability and to claim conformance with this specification. The use of shall not (in bold) indicates an action or implementation that is prohibited.

	should
	Indicates flexibility of choice with a strongly preferred implementation. The use of should not (in bold) indicates flexibility of choice with a strong preference that the choice or implementation be avoided.

	slot
	A slot defines the position of one blade in a chassis.

	top
	When used in reference to a blade, the end which would be on top in a vertically oriented chassis.

	U
	Unit of vertical height defined in IEC 60297-1 rack, shelf, and chassis height increments. 1U=44.45 mm.

	WDT
	Watchdog timer.


2 Midplane Electrical Interconnect Specifications

2.1 Introduction
The system interconnect (Figure 2‑1) for the SERDES fabric has three basic classifications of boards: compute blade, midplane, and switch. Each board shall meet specified frequency parameters. Each board shall meet certain specified eye diagram test requirements defined in the Compliance and Interoperability Specification. 

Figure 2‑1: SERDES Fabric System Interconnect
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2.2 Ethernet Device (SERDES) Characteristics

Refer to IEEE STD 803.3ap™ -2007, 1000BASE-KX (KX), 10GBASE-KX4 (KX4) and 10GBASE-KR (KR) transmitter and receiver device specifications. XAUI devices shall comply to IEEE STD 803.3ap™ -200710GBASE-KX4.

2.3 Channel Definition

A “complete” system channel includes all the interconnect between the device die pins of the transmitter and receiver (see Figure 2‑2). The pins of a chip are the exterior electrical connection test points. 
While the IEEE STD 803.2ap™ -2007 defines the channel between the transmitter pin (TP1) and the connection at the AC coupling capacitors connector (TP4), in this specification, a “channel” pertains to aspects midplane developers have design control over, specifically that portion of the channel between TP2 and TP3. See Figure 2‑2. 
Figure 2‑2: Channel Definition
 SHAPE  \* MERGEFORMAT 



To facilitate the test of modules and midplanes, test cards are required for frequency domain testing and for time domain testing. 

2.4 Test Cards

The generic name of the cards required to test a midplane is “Midplane Blades-Switch Test Card” (MBSTC). Specific variations of the MBTSC are denoted with MBTC‑xx or MSTC‑xx. MBTC is the blades test card that replaces the switch. The MSTC is the switch test card that replaces the blade. 
The electrical characteristics of both are the same; they will be specified as MBSTC electrical specifications. Physical juxtaposition and limited routing length require a collection of MBTC or MSTC cards in order to measure all thru-and crosstalk parameters. The “xx” notation denotes an index for these cards. 
2.4.1 MBTSC electrical specification

The MBTSC board material shall be Nelco 4000-13SI or Nelco 4000-12SI or the equivalent. The electrical impact of via and launch structures shall be minimized as shown in the time domain reflectometry (TDR). Rosenberger SMCC 32K243-40M edge-mount microstrip SMA connectors or the equivalent shall be used. The traces on the test card shall be three inches long +/- 2 mils. Microstrip losses shall be controlled using a solder mask with a loss tangent of less than 0.01 or gold plated traces. TDR impedance variation maximum to minimum shall not exceed +2.5/-10 ohms. The slope of the average fitted impedance shall be greater than 0. The target differential impedance of the test line is 100 ohms ±5% as verified with TDR. The test card TDR specification is illustrated in Figure 2‑3.

Figure 2‑3: Test Card Differential TDR Requirements from the SMA Connector
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2.5 Test Configurations

Figure 2‑4 illustrates the test setup for frequency domain midplane testing.

Figure 2‑4: Midplane Testing for VNA


[image: image5]
2.6 Frequency Domain Specifications

Only the midplane parameters are specified here. See Section 2.3 Channel Definition on page 7 for the blade and switch parameters.

2.6.1 Interconnect Insertion Loss

A series of parameters are defined for use in interconnect channel design. These parameters address the channel impairments, such as insertion loss and crosstalk. They are derived from differential channel S-parameters. The range for these parameters is given in Table 2‑1.

Table 2‑1 also lists the baseline maximum insertion loss parameters and frequency ranges for respective interconnect components and ranges for the evaluation of parameters. 

The 1000BASEKX specification supports 1 Gb/s serial operation; 10GBASE-KX4 supports 10Gb/s 4-lane operation; and 10GBASE-KR supports 10Gb/s serial operation. 

Table 2‑1: Midplane Maximum Attenuation and Frequency Range Parameters

	Parameter
	1000BASE-KX
	10GBASE-KR
	10GBASE-KR
	Units
	Notes

	fmin
	0.05
	GHz
	S-parameter measurement low frequency

	fmax
	15
	GHz
	S-parameter measurement high frequency

	b1
	2.00E-05
	 dB/Hz½
	Baseline maximum insertion loss parameter

	b2
	1.10E-10
	 dB/Hz
	Baseline maximum insertion loss parameter

	b3
	3.20E-20
	 dB/Hz2
	Baseline maximum insertion loss parameter

	b4
	-1.20E-30
	dB/Hz3 
	Baseline maximum insertion loss parameter

	f1
	0.125
	.312
	1
	GHz
	Low frequency for evaluating IL

	f2
	1.25
	3.125
	6
	GHz
	High frequency for evaluating IL

	fa
	0.1
	0.1
	0.1
	GHz
	Low frequency for evaluating ICR

	fb
	1.25
	3.125
	5.15626
	GHz
	High frequency for evaluating ICR


Additional parameters designated in Table 2‑2 are used to adjust the evaluation limits for attenuation, insertion lost deviation (ILD), and insertion loss-to-crosstalk ratio (ICR) on a midplane. These parameters preserve the form of specification for blade, midplane, and switch. The terms Ak and Df allocate a proportioned midplane budget adjustment to the total system attenuation and ILD. The terms ICRminB and ICRminK allocate the midplane crosstalk budget, but in a different way.
Table 2‑2: Midplane Interconnect Channel Adjustment Parameters

	Parameter
	Midplane
	Notes

	AKic
	0.58
	Max. attenuation adjustment

	DKic
	1/A(F2)
	Deviation adjustment

	ICRminB
	23.6
	ICR log-log slope limit

	ICRminK
	17.5
	ICR log-log intercept limit


Note: The compute blade and switch parameters are supplied in their respective specifications.
2.6.2 Fitted Attenuation

A matched uniform transmission line exhibits a smooth attenuation with frequency. The fitted attenuation, A(f), represents the equivalent average matched transmission line for a given channel. It is determined with a least-mean-squares fit to the insertion loss over the frequency range f1 to f2. A(f) is stated in Appendix A.1.

The maximum attenuation (Amax) in dB is based on trace and stackup material properties for one meter of advanced FR2 with two connectors. Amax for the midplane is defined in Equation 2‑1. 

Equation 2‑1
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2.6.3 Insertion Loss

The transmission line insertion loss IL(f) in dB is measured at N uniformly spaced frequencies (fn) spanning the frequency range f1 to f2. It is defined in Equation 2‑2.

Equation 2‑2
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Insertion loss is defined as the magnitude of the differential thru-channel response measured at respective locations for the midplane in accordance to Table 2‑3.

Table 2‑3: Insertion Loss Measurement Locations

	Interconnect Component
	Measurement Location (port 1)
	Measurement Location (port 2)
	Notes

	Midplane
	TP2
	TP3
	See Figure A-3


IL(f) shall be within the region above the lines defined in Equation 2‑3 and Equation 2‑4, called the maximum insertion loss (ILmax). The insertion loss fit (A(f)) shall be in the region above Amax(f) in the frequency range between f1 and f2. Amax(f) and ILmax limits are adjusted per interconnect.  

ILmax is the maximum insertion loss for KX, KX4, and KR fabric types (Figure 2‑5) on the midplane. However if a channel is to be widely used, it must be compliant to the KR limits.  
The diagram in Figure 2‑6 is an example illustrating A(f)  and IL(f) in relation to the limits defined by Amax(f) and ILmax.
Equation 2‑3
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for fmin ≤ f ≤ f2 
Equation 2‑4
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for f2 ≤ f ≤ fmax 
Figure 2‑5: Midplane Insertion Loss and Attenuation Limit Example
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Figure 2‑6: KR Insertion Loss Example
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2.6.4 Insertion Loss Deviation

The insertion loss deviation, as defined by Equation 2‑5 is the difference between the insertion loss, IL(f), and the least mean squares fit, A(F), defined in Appendix A.1.

Equation 2‑5
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ILD shall be within region defined in Equation 2‑6 and Equation 2‑7.

Equation 2‑6
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Equation 2‑7
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for f1<f<f2

The values of f1 and f2 are dependent on interconnect technology and the data rate; they are given in Table 2‑1. 

ILD interconnect adjustment factor, DKic, for respective interconnect component is specified in Table 2‑1 and is illustrated in Figure 2‑7.

Figure 2‑7: Insertion Loss Deviation Limits Example
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2.6.5 Insertion Loss-to-Crosstalk Ratio (ICR)

See Appendix A.2 for a description of NEXT, FEXT, PSXT, ICR, xavg, ICRavg, Micr, Bicr. These are used to define the insertion loss to crosstalk fit, ICRfit(f). The ICR fit shall be greater than or equal to the ICRmin(f), within the frequency range fa to fb. ICR is defined in Equation 2‑8.
Equation 2‑8
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The limits that control values for ICRminB and ICRminK, are specified in Table 2‑2.

2.6.6 Return Loss Parameters

The interconnect return loss, RL(f), measured in dB at locations specified in Table 2‑4, is recommended to be greater than or equal to RLmin, as defined in Equation 2‑9 through Equation 2‑11. An example of return loss is shown in Figure 2‑8.
Table 2‑4: Return Loss Measurement Locations

	Interconnect Component
	Measurement Location (port 1)
	Notes

	Midplane
	TP2/TP3
	See Figure A-2.


Equation 2‑9
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Equation 2‑10
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for FRL2 < f < FRL3

RL1, RL2, FRL1, FRL2, and FRL3 are specified for each interconnect component in Table 2‑5.

Equation 2‑11
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Table 2‑5: Return Loss Parameters

	
	Midplane
	Units

	FRL1
	50
	MHz

	FRL2
	2500
	MHz

	FRL3
	7500
	MHz

	RL1
	12
	dB

	RL2
	5
	dB


Note: The mid plane and switch parameters are supplied in their respective specifications. 
Figure 2‑8: Return Loss Example
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A Computations Supporting the Electrical Channel Specifications

Equations A-1 through A-17 define the electrical channel parameters.

A.1 Average Insertion Loss Slope ma and Intercept ba
For “N” points of frequency range f1 to f2, the average insertion loss slope and intercept are defined in Equation A-1 to Equation A-5.

Equation A-1
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Equation A-2
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Equation A-3
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Equation A-4
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A.1.1 Insertion Loss Fit A(f)

Equation A-5
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A.2 Insertion Loss-to-Crosstalk Ratio

A.2.2 Power Sum Differential Near-end Crosstalk PSNEXT(f) from n of N Aggressors NEXT(f) in dB

Equation A-6
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Equation A-7
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A.2.3 Power Sum Differential Far-end Crosstalk PSFEXT(f) from n of N Aggressors FEXT(f) in dB

Equation A-8
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Equation A-9
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A.2.4 Power Sum Differential Crosstalk PSXT(f)

Equation A-10
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A.2.5 Insertion Loss to Crosstalk Ratio ICR(f)

Equation A-11
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A.2.6 Average Insertion Loss to Crosstalk Ratio Log-log Slope micr and Intercept bicr
Equation A-12
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Equation A-13
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Equation A-14
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Equation A-15
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A.2.7 Insertion Loss to Crosstalk Ration Fit ICRfit(f)

Equation A-16
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A.2.8 Minimum Insertion Loss to Crosstalk Ratio

Equation A-17
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� Refer to STD IEEE802.3ap 2007 Annex 69B for further explanation. 
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