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1 Scope

This document defines the technical specifications for the Intel motherboard used in Open
Compute Project servers.
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3 Overview

When data center design and hardware design move in concert, they can improve efficiency
and reduce power consumption. To this end, the Open Compute Project is a set of technologies
that reduces energy consumption and cost, increases reliability and choice in the marketplace,
and simplifies operations and maintenance. One key objective is openness—the project is
starting with the opening of the specifications and mechanical designs for the major
components of a data center, and the efficiency results achieved at facilities using Open
Compute technologies.

F—=E A= FTHAEN\-RIDT T - THAUMGRALTEHC &=, ZITIEIERASRZESN. £

o, BHEEEMEREIND. COBEMNZIERTD/ZHIC. Open Compute Project (52 0O>—0D
Ty hEUTHEET D ET. IRILF—EBES IV IOX MERY?., TG CH I DEFE M SBIRRDIL

K. BUT, ARL =232 EADTFOROE{EEERIRLU T, I T, SHDHTEE(CRDD
N AT THD. DFED. CcOTOZTIME T—FLEH—DFEIAR—FR> MNIETS

ARV IBRKUOARZHIL-THA =" A—=T>(CL. Open Compute 77/ O>—&FHNSTI7U

T A TERSNIZRZEA—-T (LT,

One component of this project is a custom motherboard. This document describes both Open
Compute Project Intel motherboards: the Intel entry board and the Intel efficient performance
board. The motherboard is power-optimized and barebones, designed to provide the lowest
capital and operating costs. Many features found in traditional motherboards have been
removed from the design.
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3.1 License

As of June 23, 2011, the following persons or entities have made this Specification available
under the Open Web Foundation Final Specification Agreement (OWFa 1.0), which is available
at http://www.openwebfoundation.org/legal/the-owf-1-0-agreements/owfa-1-0:

Facebook, Inc.

You can review the signed copies of the Open Web Foundation Agreement Version 1.0 for this
Specification at http://opencompute.org/licensing/, which may also include additional parties to
those listed above.

Your use of this Specification may be subject to other third party rights. THIS SPECIFICATION
IS PROVIDED "AS IS." The contributors expressly disclaim any warranties (express, implied, or
otherwise), including implied warranties of merchantability, noninfringemen, fithess for a
particular purpose, or title, related to the Specification. The entire risk as to implementing or
otherwise using the Specification is assumed by the Specification implementer and user.

IN NO EVENT WILL ANY PARTY BE LIABLE TO ANY OTHER PARTY FOR LOST PROFITS OR ANY
FORM OF INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES OF ANY
CHARACTER FROM ANY CAUSES OF ACTION OF ANY KIND WITH RESPECT TO THIS
SPECIFICATION OR ITS GOVERNING AGREEMENT, WHETHER BASED ON BREACH OF

CONTRACT, TORT (INCLUDING NEGLIGENCE), OR OTHERWISE, AND WHETHER OR NOT THE
OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

3.2 CAD Models

The following CAD files are incorporated by reference as if fully set forth in this specification:
COMARRETHAT DN, BUTFD CAD J7MILASRBALELTEEFND .
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4 Entry Motherboard Features

4.1 Block Diagram

Figure 1 illustrates the functional block diagram of the entry motherboard.

Figure 1 BRI DIF. CHOIYYT—R— REFEOMET OV I -FA1T7ITSLATH D,
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Figure 1 Entry Motherboard Functional Block Diagram
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4.2 Placement and Form Factor

The motherboard's form factor is 6.5x20 inches. Figure 2 illustrates board placement. The
placement shows the relative positions of key components, while exact dimension and position
information is available in the mechanical DXF file. The ODM should strictly follow the form
factor, PCle slot position, front IO port positions, PCIe mezzanine card connector position,
power connector, and mounting holes, while other components can be shifted based on layout
routing as long as relative position is maintained. As shown in Figure 25, one Open Compute
chassis accommodates two motherboards. In order to remove and install one board without
affecting the other board, the following internal connectors are placed as close as possible to
front of the board in order to have easy frontal access:

CDORYY—R—RDYX(E. 6.5 x 20 inchi T, Figure 2 (&, COR— ROEEBERTHD. D
BB, EFBI/R—FD MOBEENIIRS S 322 RIH. IEELQHA X ERSS 3> (CRET BI1EHR
[&. mechanical DXF file TE&BTZ%, DO ODM (&, TA—L-T70F—%2 L —XUTULVRLY,



BAMICE. PCI XOw M>JO> M IO R—b, ZE PCI H—R - RIS —, BRIOARKISF—. <
>4 20 IR=IVIREDNENER THD. TD—AT. EBIAR—RD MNIHIFDEERML
BRMENHHFEINBRD. TOMDIOR—F> ROAIE(SBENRIEEE 72D, Figure 25 [CRENd K
S(C. 1D®dD Open Compute S+ > —(Cld. 2HRDONYYT —R— RENSTED. N5 2MODR—R
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e One vertical SATA signal connector and one SATA power connector.
e Debug card header.
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Figure 2 Entry Board Board Placement




4.3 CPU and Memory

The motherboard uses Intel next generation Intel® Xeon® processors. The motherboard
supports these features:

ZOIH—R— R, REARD Intel® Xeon®I OtV HEAND, =5(C. ZOYY—Hh— R,
LIFogexHR— 93 :

¢ 2 Intel® processors
o 1 full-width Intel QuickPath interconnect (QPI) link

¢ Single Processor Mode
e DDR3 direct attached memory support on cpu0 and cpul

4.4 Platform Controller Hub

The Freedom entry board uses the next generation Intel® platform controller hub (PCH),
which supports the following features:

Z®D Freedom T2 hU—-7R— R(&. UTOHEEZHY/R— 93D Intel® PCH (platform controller
hub) Z{ERATS :

e USB ports
¢ Serial attached SCSI ports

e SPI interface
e SMBUS interface (master and slave)

4.5 PCB Stackup
The entry board's PCB stackup and impedance control are defined in the following tables.

CODI>RJ—-R—R®DPCB XRAVIEE—SF>ZX-O> bO—ILIF. UTORTEE=ND,



Layer | Plane Description Copper (0z) | Thickness (mil) | Dielectric {er)

Solder Mask 0.5 3.8
L1 TOP Signal 0.5+1.0 19

PrePreg 2.7 3.5
L2 GND1 Ground 20 2.6

Core 4.0 37
L3 INa1 Signal 1.0 13

PrePreg 25.0 44
L4 vVCCa Power 20 2.6

Core 4.0 4.1
Lg VCC2 Power 2.0 2.6

PrePreg 25.0 bdi
L6 IN2 Signal 1.0 13

Core 4.0 37
L7 GND2 Ground 20 2.6

PrePreg 2.7 35
L8 BOT Signal 0.5+1.0 19

Solder Mask 0.5 3.8

Total Bs.2 Tolerance: +/-8mil

Figure 3 Entry Board PCB Stackup

Trace Width | Air Gap Impedance Layer Impedance Tolerance (+/-
(mil) Spacing [mil) Type Target (ohm) %)
4.0 single 1,8 50 15.0
6.5 Single 18 40 15.0
5.0 single 1,8 43 15.0
3.9 4.1 Differential 18 B3 17.5
3.8 82 Differential 1,8 g5 17.5
5.0 7.0 Differential 1,8 Bg 17.5
4.0 single 3,6 53 10.0
4.5 single 3,6 50 10.0
5.0 Single 36 48 10.0
B.o single 3,6 38 10.0
3.9 4.1 Differential 36 85 12.0
b4 9.1 Differential 3,6 g5 12.0
5.0 65 Differential 3,6 85 12.0

Figure 4 Entry Board PCB Impedance Control




5 Efficient Performance Motherboard Features

5.1 Block Diagram

Figure 5 illustrates the functional block diagram of the efficient performance motherboard.

Figure 5 BRI D(E. CHOIHT—R— REEDMEET Oy 51 T7 IS L THD.
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Figure 5 Efficient Performance Motherboard Functional Block Diagram
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5.2 Placement and Form Factor

The motherboard's form factor is 6.5x20 inches. Figure 6 illustrates board placement. The
placement shows the relative positions of key components, while exact dimension and position
information is available in the mechanical DXF file. Form factor, PCle slot position, front IO port



positions, PCIe mezzanine card connector position, power connector, and mounting holes
should be followed strictly, while other components can be shifted based on layout routing as
long as relative position is maintained. As shown in Figure 25, one Open Compute chassis
accommodates two motherboards. In order to remove and install one board without affecting
the other board, the following internal connectors are placed as close as possible to front of the
board in order to have easy frontal access:

CDOYYT—R—RDITA—I-T7059—(&. 6.5x20inch TdHD. Figure 6(F. ZDR— RADEL
BERY. COREF. FEIR—FR> NOWEMINRIRTS 3> 2RI EERYAXERDS 3
> (CB89 21E#H(E. mechanical DXF file TSR TE%., 2D ODM (&, TA—IL-T7IO5F—Z L —
ALTLaL,. BEHCE. PCI XOv M2JO> M IO /R—b. ZE PCl h—R - ORO5—, ER
OARDE—. II>T+4 20 R—=IVIREDRBNEKRTHD. TD—AT. EBIIR—FR NIH
(T DHEMBRMIBRAGNHIFEINDIRD. TDMD I MR- MOALE (FFEEITIAE S 72D,  Figure
25 [CRENDELDIC. 1 DD Open Compute S —I(C(d, 2HMDYT —R— RZINETED. <
NS 2MOR—RERIZIC. HEICHEESZDCER<HRET IEHIC. UTOREIRTST—%Z0]
BE/RRD/R— ROFIBBCAE L. BBV IR ERDLDIICTSD

e One vertical SATA signal connector and one SATA power connector.
¢ Debug card header.
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Figure 6 Efficient Performance Board Placement



5.3 CPU and Memory

The board uses next generation Intel® Xeon® processors. It supports these features:

COIH—R— Ri&, REARD Intel® Xeon®I OV HZRAWND, =5IC. ZOYY—HR— K&,
UTFogerR— 93 :

e 2 Intel® processors
¢ Single Processor Mode
e DDR3 direct attached memory support on cpu0 and cpul

5.4 Platform Controller Hub

The Freedom efficient performance board uses the next generation Intel® platform controller
hub (PCH), which supports the following features:

Z®D Freedom T2 hU—-7R— R(E. UTOHEEZY/R— 9D Intel® PCH (platform controller
hub) Z{ERATS :

e USB ports

¢ Serial attached SCSI ports

¢ SPI interface

e SMBUS interface (master and slave)

5.5 PCB Stackup

The efficient performance board's PCB stackup and impedance control are defined in the
following tables.

ZDI> MU= R—=RDPCB XAy O EE-SF>X-O> bO-ILE. UMTFOXRTERZND,



Layer | Plane Description Copper (0z) Thickness (mil) | Dielectric (er)

Solder Mask 0.5 3.8
L1 TOP signal 0.5+1.0 19

PrePreg 2.7 35
L2 GND1 Ground 1.0 13

Core 4.0 36
L3 IN1 signal 1.0 13

PrePreg 77 4.0
[ GNDz Ground 1.0 13

Core 4.0 36
Ls IN2 Signal 1.0 13

PrePreg 12.0 43
L6 VCC1 Power 2.0 26

Core 4.0 3.6
L7 VCC2 Power 20 2.6

PrePreg 12.0 43
L8 IN3 signal 1.0 13

Core 4.0 36
Lg GND3 Ground 1.0 13

PrePreg 77 4.0
Lio INg signal 1.0 13

Core 4.0 36
L11 GND4 Ground 1.0 13

PrePreg 2.7 3.5

Solder Mask 0.5 3.8

Total 85.2 Tolerance: +/-8mil

Figure 7 Efficent Performance PCB Stackup




Trace Width | Air Gap Impedance Layar Impedance Tolerance (+/-
{mil) Spacing (mil) | Type Target (ohm) %)
4.0 single 1,12 50 15.0
6.5 single 1,12 40 15.0
5.0 Single 1,12 43 15.0
3.9 4.1 Differential | 1,12 83 17.5
3.8 8.2 Differential | 1,12 95 17.5
5.0 7.0 Differential | 1,12 85 17.5
4.1 13 Differential | 1,12 100 10
4.0 Single 3,5,8,10 53 10.0
4.5 Single 3,5810 |50 10.0
5.0 Single 3,5.8,10 |48 10.0
8.0 Single 3,5810 |38 10.0
3.9 4.1 Differential | 3,5.810 | 85 12.0
b4 9.1 Differential | 3,5.8,10 | a5 12.0
5.0 65 Differential | 3,5.810 | 85 12.0
4.1 13 Differential | 3,5,8,10 | 100 10.0

Figure 8 Efficient Performance PCB Impedance Control

6 BIOS

The ODM is responsible for supplying and customizing a BIOS for the motherboard. The specific
BIOS requirements are outlined in this section.

ZD ODM (&, MHREMRDB WYY —R—R(C BIOS Z#HaL. Ffo. DRAINA AT B LNDEEIZEDS,
BB, FED BIOS BHIDWTE, COtzo>a>TlHRL T,

6.1 BIOS Interface and Size

The BIOS chip uses the platform controller hub's SPI interface. The ODM is responsible for
selecting a specific BIOS chip that meets the required functionality. 16MB of space should be
allocated for both the BIOS and the PCH management engine.

ZDBIOS FvSlF. ISV RIA—A-O>bO—5—/)\TDSPI A>T —A&EFATD,
@ ODM (&, ER9 Difeximi=d BIOS Fwv %, BRI DENDEEI#IES, BIOS & PCH Y+
—SARKNTIODUCHUT, 16 MB OXEUZEBMNEIDHTENINETTH D,



6.2 BIOS Socket

A socket on the motherboard must be used to mount the BIOS chip to ensure that the BIOS
chip can be replaced manually. The BIOS socket is easily accessible; other components on the
motherboard do not interfere with the insertion or removal of the BIOS chip. A DIP-type BIOS
chip and compatible socket are used for easy insertion and removal.

YT —R—REDVYT WY MMIKD BIOS FvIE#T I MU, FIEECLD BIOS FyYITDELEZ =
REE T DENDD. BIOS VIV hAD., BBRT7VICAZAEICTD, DFEDH. YH—R—KRLED
DI R—F> MME. BIOS FyvTDEA /HWEICTFH LR, DIP-type BIOS Fv F & HifthH
DVTY N, BRMEAN/BEZRIGECTDEHICAND,

6.3 BIOS Source Code

The BIOS source code comes from AMI EFI. The ODM is responsible for maintaining the BIOS
source code to make sure it has the latest version from AMI and Intel.

ZO BIOS V—XO— R(&. AMI EFI i'SiHESNDIEDZANSD, 2D ODM (& BIOS V—XO—
RZERTFU. AMI & Intel WSD&EH/\—= 3 > OMHGZEE(CITD W DEEIZIBS,

6.4 BIOS Configuration and Features

The BIOS is tuned to minimize system power consumption. It has the following features:
ZD BIOS (&, SRFLDEHEEZR/NCITDEHICHAEEIND. ZUT. UTOFEZERD .

¢ Unused devices disabled, including PCIe lanes, PCI lanes, USB ports, SATA/SAS ports
e Tuning CPU/chipset settings to reach minimized power consumption and best
performance

e SPECpower is used as guidance for ODM to validate BIOS tuning results

6.5 BIOS Setup Menu

The ODM must provide a BIOS specification, which includes the complete BIOS, setup menu,
and default settings. The setup menu allows its options to be configured before the operating
system loads. The configuration options available through the boot menu include the following:

Z®D ODM (&, T2 BIOS LU Ty hvT-AZa—. FTIAIMEKEESED. BIOS (Hik%zEE
UL TEIRSRN, SOty by T - AZa1—(CKD, ARL—F 4 2T -2 XAF LN 0O—Ren
BRIC, A>T« 0L —23>ZFO5ATZIHERREND. OO T F1L—>3>DER(G.
UTOEBZRDIAART — b AZ1—2T U TERTIREE /2D ¢



e Settings to adjust memory speed, QPI speed, Speed-step/Turbo mode, and CPU Cx
power state.

e Setting for power feature after AC failure, default is set to power on.

e Settings for console redirection:

+ PCH Virtual COM port: With baud rate 115200, no flow control, and terminal type
VT100.

- SIO COM1: With baud rate 57600, no flow control and terminal type VT100.

+ Auto: The PCH virtual COM port is enabled by default. The BIOS switches to SIO

- COM1 automatically, depending on hardware strapping. Default option is "Auto".

e Setting for fan speed control (for SIO FSC enabled board only).

e Setting for altitude of server deployment location.

e Hardware health monitoring display.

e Setting for watchdog timer. Default is enabled and timeout value is 15 minutes.

e Event log viewing and clearing.

e Setting for ECC error threshold, available settings are 1, 4, 10, and 1000.

e If a CMOS checksum error occurs (for example, caused by BIOS update), the BIOS loads
the system default automatically after displaying a message in the console for 5 seconds
and rebooting the system to apply the update without waiting for user input.

e Setting to disable all "wait for keyboard input to continue" types of features.

6.6 PXE Boot

The BIOS supports Intel PXE boot. When PXE booting, the system first attempts to boot from
the first Ethernet interface (eth0). If a PXE boot on the first Ethernet interface fails, the BIOS
attempts to PXE boot from the second Ethernet interface (eth1l).

ZDBIOS (&, Intel PXE J— hZEHY/IR—bF D, PXENT—bhendeE SAFLAGRAIC, 1EH

B®d Ethernet 1>~ 7J1T—X (eth0) MSEFBLEDS EidH#D. ©TULT. 1FEBD Ethernet >4
J1—RXPXE J— MHEBEET D5, 2BHEHD Ethernet 1>4J1—X (ethl) &#70— K93,

6.7 Other Boot Options

The BIOS also supports booting from SATA/SAS and USB interfaces. The BIOS provides the
capability to select boot options.

E5(C. D BIOS (&, SATA/ SAS LU USBA>HFTT—AN5DT— hEYIR— KD, 2D
BIOS (. J— kAT > 3> O@RIEETIRHETS.

6.8 Remote BIOS Update

The BIOS can be updated remotely under these scenarios:

ZD BIOS (& UTFDZFUAICLD, UE—hTTVYIFT—bhEN3:



e Scenario 1: Sample/Audit BIOS settings
- Return current BIOS settings, or
- Save/export BIOS settings in a human-readable form that can be restored/imported
(as in scenario 2)
e Scenario 2: Update BIOS with pre-configured set
- Update/change multiple BIOS settings
- Reboot
e Scenario 3: BIOS/firmware update with a new revision
- Load new BIOS/firmware on machine and update, retaining current BIOS settings
- Reboot

Additionally, the update tools have the following capabilities:
ZNECMR T, 7vIF— K~ Y=ILICKD., UTFOMEN Y R— hanB .

e Update from the operating system over the LAN - the OS standard is CentOS v5.2

e Can complete BIOS update or setup change with a single reboot (no PXE boot, no
multiple reboots)

¢ No user interaction (like prompts)

e BIOS updates and option changes do not take longer than five minutes to complete

e Can be scripted and propagated to multiple machines

6.9 Event Log

An event log is available through SMBIOS.
AR> ~-OJCBLT. SMBIOS ZNT U TIRMtEN S,

Per SMBIOS specification Rev 2.6, the BIOS implements SMBIOS type 15 for an event log; the
assigned area is large enough to hold more than 500 event records (assuming the maximum
event record length is 24 bytes, then the size will be larger than 12KB), and follow the SMBIOS
event log organization format for the event log.

Rev 2.6 AWM SMBIOS & (2. 0D BIOS (1> 0% SMBIOS type 15 #F&935, C
CTEIDHTBNDMEEE. 500 EDANRT b LO—R (&RDAART h L I—R(& 24 Byte KT
HD. ZOYAX(E 12 KB L EICIRBIEBRD) ZRIFITDLEITDTBIRBA X Z/FS, Fleo AR
~-OJdzsHd SMBIOS Event Log Organization Format (CX559 3.

The ODM must provide a system access interface and application software to retrieve and clear
the event log from the BIOS, including, at minimum, a Linux application for the CentOS
operating system and driver as needed. The event log must be retrieved and stored as a
readable text file that is easy to handle by a scripting language under Linux. Each event record
includes enhanced information identifying the error source device's vendor ID and device ID.



Z ODM (&, BIOS MBANRY MOJZEERDODHEUL. e, JUTIBREODIRTA-TICR 1>
HIT—REFTIT—23> - VI MNITT7ZEBHRURLS TIIRSRRV, B/IRICHWNT. CentOS
ARL—F 4 20 - XFACHBFBLinux 7TUo—> 3> %25k, £lee RECSUZRSA/ZE
NIADZ E(C12D. TDOANRY ~-OJE, Linux DRXOUT REEICLDBRIETES, T+
N-TJ7AIILELTHE /RESNDIBRENDD. TNENDAR M LI—R(E F/IAZ-R2S
—ID &EF)IARID &, IS—V—-XREUTHBITREHD., RS NZBEHRESD.

6.9.1 Logged Errors

e CPU/Memory errors: Both correctable ECC and uncorrectable ECC errors should be logged
into the event log. Error categories include DRAM, Link, and L3 cache. . QPI errors: Any
errors that have a status register should be logged into the event log. Fatal or non-fatal
classification follows the chipset vendor's recommendation.

e PCIe errors: Any errors that have a status register should be logged into the event log,
including root complex, endpoint device, and any switch upstream/downstream ports if
available. Link disable on errors should also be logged. Fatal, non-fatal, or correctable
classification follows the chipset vendor's recommendation.

e POST errors: All POST errors detected by the BIOS during POST are logged into the event
log.

e Power errors: Two power errors are logged:

- 12.5V DC input power failure that causes all power rails on motherboard to lose power,
including standby power.
- Unexpected system shutdown during system S0/S1 while 12.5V DC input is still valid.

6.9.2 Error Threshold Settings

An error threshold setting must be enabled for both correctable and uncorrectable errors. Once
the programmed threshold is reached, an event should be triggered and logged.

e Memory Correctable ECC: The threshold value is 1000. When the threshold is reached,
the BIOS should log the event including DIMM location information and output DIMM
location code through the debug card.

e QPI errors: Follow the chipset vendor's suggestion.

e PCIe errors: Follow the chipset vendor's suggestion.

6.9.3 BIOS Error Codes

MRC fatal error codes should be enabled for POST code output. The major and minor codes
alternately display.

7 Hardware Monitoring

The motherboard does not employ a traditional out of band monitoring solution. The ODM
needs to provide a system access interface and application to retrieve hardware monitoring
sensor readings. Lm_sensors is the preferred tool for hardware monitoring under Linux; the



ODM ensures Lm_sensors works. The sensors to be read include voltage, temperature, and fan
speed.

ZONY—R—R(E N R-EZHUT- VU 1—-23 2 BSD, EENSDEDIFALRN,. D
ODM (& \=RIOTF7-EZHU T - HB—NHEHAARLT I ZIME T DIeHD. S RXFT LT
TR AHATT—-RETTVT—2 3> =BT DINENDSD. Lm_sensors (&, Linux ([CHBIFD/\
—ROTTF-EZAUTDHICHREETNDY—ILTHD. DFD. D ODM (& Lm_sensors DN
REFIATD. HmHAORETC Y —-FT—H(CE BETRE/ TJ72X-E—RAIAEEND.

The NCT6681 serves as both the super IO (SIO) and hardware monitor.

NCT6681 (. Super IO (SIO) &/\— RO 7 -EZH—%EHIT S,

7.1 Thermal Sensors

The motherboard has five thermal sensors:
CDYYT—R—R(E 5DDRBELU—Z2HD
e Two to monitor temperatures for CPUO and CPU1, retrieved through the CPU's

emperature sensor interface (PECI)
¢ PCH temperature, retrieved through the Intel® controller hub’s internal DTS, through

PCH SMLink1

e Inlet temperature, retrieved through the thermistor, and located in the front of the
motherboard

e QOutlet temperature, retrieved through the thermistor, and located in the rear of the
motherboard

The sensors should make sure that no CPU throttling is triggered due to thermal issues, under
the following environmental conditions:

COtIY—(F. ROBEBEZMHEOT T, CPU ZEELTLWVRWROY MZ, BERED NV H—HEDR
W EEHERINRETHD

¢ Inlet temperature lower than 30C (including 30C), and 0 inch H20 pressure
¢ Inlet temperature higher than 30C but lower than 35C (including 35C), and 0.01 inch
H20 pressure

The sensors should make sure that the total airflow rate for the chassis is lower than 89CFM,
including PSU.

COIHY—(F, WRERBI VS —2(CHITIEANRITI7—JO0-%7L— M. PSU ZE8H T,
89CFM LDEWC &EZTERINETTHD.



In the event that one fan fails, an inlet temperature of 30C with 0 inch H20 pressure
environment is used to verify thermal sensors.

18DT7 2N ET 2 EVWDIRIRICHUT,. 0 inch H20 pressure T. 30C D1 > L haugh'. #
T O —ZWHRI DIzHITEOND,

7.2 Fan Connection

The motherboard has fan tachometers and PWM connections to two system fans through the
midplane. See section 8.2.

COIY—MR—R(E. 28D 5T T7>(C midplane ZN LT, J7>-FIA—45—& PWM %
#E 9D, sHEMICBILTIE. Section 8.2 =&,

7.3 Fan Control Algorithm

The motherboard supports auto fan speed control for the system fans connected to it.

The ODM must provide an optimized fan control algorithm based on the thermal solution of the
system including fan, heat sink, and air duct. Fan speed control should set system fans running
at lowest speed and provide enough damping to avoid speed vibration.

CORYYT—R—RE, SAFAL-T7UC3ERESND. BB I 7>-AE—R-O> bO—-)LEYR— KT
e CDODM (F. T7>/ E=bS20/ITT7-FOREEHT. SRFTLDBVYYI1—3 2 (CED
EHEBEENZ. J7> -2 bO—J)L- IV TV LZRBUR LS TI>RSIRAVL. T7>DAE—R-O
> hO—I)LE. BEEVEEHERIRL. £, BERECHITBIBIRICHETDIEDS. SAFTALA-T7
SEEREINETTH D,

8 Midplane

The midplane is a PCB that functions as a bridge between the system fans, power supply (PSU),
and both motherboards. Its form factor is 2x13 inches.

D midplane (. S RXF /- T7>E KU Power Supply (PSU) &, 2T —HR— RDEIT. 7
Dw= & UTHEET BPCB THD. TDIA—I-T705—(E 2x 13 inch &12B,

8.1 PSU Connector

The midplane has one FCI 51939-582 male right angle header, which is mated directly with
the PSU for 12.5VDC input. Figure 9 shows the pin definition and direction based on the PSU.

Pin # Signal



Z® midplane (&, 12.5 VDC AF193D PSU &EXf(C/rd. FCI 51939-582 AREBEBANY ST —ZRD,

Figure 9 (. C®D PSU R—XD. ECDEEREABZETRT

Pin # Signal
Pin# | signal Direction Description Usage
P1, P2 | P12V Power 12.5VDC 12.5VDC
P3, P4 | GND Power Ground Ground
Al AUX_RTN_GND Signal return NC
Az BACKUP_N Output PsU backup mode indication | NC
B1 SHARE_SEL_1 Input PsU mode selection NC
B2 SHARE_SEL_z Input PsU mode selection NC
1 GREEN_LED_N Output Low active Connect to bi-color LED
C2 YELLOW _LED_N | Qutput Low active Connect to bi-color LED
D1 RED_LED_N Cutput Low active Connect to LED
Dz PoV_AUX Power gV for LED, somA limited LED power

Figure 9 Midplane to PSU Connector Pin Definition

For the PSU LED, the midplane provides a 4-pin vertically shrouded 2.54mm pitch header with
latch. This allows an LED cable to extend the PSU LED to the chassis front. The PSU connector
pins C1 and C2 connect to one bi-color (green/yellow) LED with a common anode. Pin D1 is
connected to one red LED. Pin D2 is 5V and used for an LED anode. Both are 3mm LEDs. A
current limit resistor is required for each LED signal.

C® midplane (& PSU LED (CX LT, BUMIEDEE 4E>02.54 mm EvF -AwH — (RIS,
ZNICELD. LED =TI ZESv>—DIO> METERL. (T PSU LED ZECETE 5, PSU
OARDF—D E> C1 BKU C2 (F. —MRHRZIE T 26 (% / &) O LED &#EmcEd. E>

D1 (&, 7R0L) LED ([CiEHtLTUL\D., E> D2 (£ 5V THOD. LED BEBOEHICALNSNDS, L\INE.
3mm @D LED &712%. TNEND LED ST FILDiesh(C. EBRHFIBDENMZRFINBEE NS,

Pin Description

1 GREEN_LED_N
2 YELLOW_LED_MN
3 RED_LED_N

& PsW_ALUX

Figure 10 PSU LED Header Pin Definition
When the PSU's red LED blinks (at 1Hz, 50% duty-cycle), it indicates a PSU fan failure.

PSU @ 78 LED '3 D & & (& (1Hz, 50% DERPS-1J)L), PSU J7 > DEEZRLU TS,



8.2 Fan Connectors

The midplane has connectors for the four system fans. The connector signals comply both
mechanically and electrically with the specifications defined in the 4-Wire Pulse Width
Modulation (PWM) Controlled Fans Specification Revision 1.3 September 2005 published by
Intel Corporation. Each fan is driven by a dedicated PWM signal. Figure 11 defines the proper
pin out of the connector.

C® midplane (. 4DDI XTI 7 UNIEHR I DARTI—%FO>TND, IARITI—-2T0F)L
(&. Intel Corporation MSFITN/Z 4-Wire Pulse Width Modulation (PWM) Controlled Fans
Specification Revision 1.3 September 2005 TEZ SN DAAR(C. iR,/ BEKOMmE(CHLNT LD
SEDTHD. TNENDI7>. EEHD PWM ST FH)LICKDEREITND. Figutre 11 HURI DI,
ORI —LEDETEETH D,

Pin Description
1 GND

2 12vVDC

3 Sense

& Control

Figure 11 Fan Header Pin-out

A fan tachometer signal from each fan is routed to acquire fan speed. The midplane directly
delivers 12.5V power to the fan connector. If one motherboard is not powered on, then its two
corresponding fans are turned off to save power.

EINTNDIT 7 ohBiEBND. T7> - AAAXA—F—-2TF)UF. T7>- AE—REBBEHICIL—
Fa20=NTUVLK, ZOD midplane (&, J7> ORIAF—(CHUT, 12.5V OBHZ#HETD. ©
U. —ADY Y —R— RICBHIMBEESNBWRRICH DRSS, BNICHIET D 2DDIT7>(E. BH
DEFFIDT=SHIC OFF =N,

8.3 Motherboard Connectors

The midplane has two FCI 51770-044 female right-angle power/signal connectors
(2P+165+2P: 4 power blades and 16 signals). The motherboard -- with the mated FCI 51730-
162 male right angle header -- slides in and mates with one of the FCI headers on the
midplane. Figure 12 shows the pin definition of the 2P+16S+2P connector; the direction is
based on the midplane.

Zd midplane (C(&. 2D®M FCI 51770-044 XA XBYBEHA Power/Signal ORI 5F—HERETND
(2P+16S+2P: 4 power blades and 16 signals) . ZDOYH—/R—R(& (FCI 51730-162 A RXEE



AAv4S—) 254 R-«> L. midplane £® FCI A"\w4 — &EfiicNd. Figure 12 BRI DI,
2P+1642P ORI —DEEERETH D, £z, TDAMIE. midplane ZX—X(CLTWL\D,

Pin# Signals Direction Description

PL P2 P12V Power 12.5VDC

P3, P4 GND Power Ground

Al SMB_ALT N Output SMBUS alert signal from hot-swap controller

A2 TACH1A Output Reserved for extra fan tachometer on FAN1

A3 TACHZA Output Reserved for extra fan tachometer on FAN2

Ad RSVD Reserved for future

Bl SCLK Bi-direction | SMBUS CLOCK

B2 SDATA Bi-direction | SMBUS DATA

B3 MB_ON Input Indicates that motherboard starts powered
on

B4 PSU_PG Output Indicates that PSU 12.5VDC output is ready

C1 FAN1 TACH Output System fan #1 tachometer

c2 FAN1_PWM Input System fan #1 PWM

c3 FANZ TACH Output System fan #2 tachometer

c4 FAN2_PWM Input System fan #2 PWM

D1 (short pin) | MATED N Input Low active, indicates motherboard is fully
mated

D2 MATED GMND_RTHN Connected to GND in midplane

D3 MB_ID Output Motherboard ID = 0 (left), 1 (right)

D4 FAN_ FAIL N Output PSU fan failure detected

Figure 12 Midplane to Motherboard Connector Pin Definition

8.4 Motherboard Power-up Delay

While running on AC power, in order to avoid both motherboards powering up at the same
time and drawing larger than normal current, the mid plane introduces a delay between the
12.5V power delivered to each of the two motherboards. The delay time can be set between 1
second and 1 minute, with 30 seconds as the default configuration.

AC JI\D—TERENE=NDICEMNNDST . YH—R— ROBEBHZIZ. £z, BEULOEREEZ
BTBIZHIC. ZD midplane ([JEZEZAVVRN S, 12.5V BH%Z 2DDY YT —R— RICHEIET D, B
RS, 30N TITAILETHD., 1-~~1PDRETRE CEZD.

The power-up delay behaves as follows:



ChD. BAKKICET EER. UTOLS(CEMEND :

* When both MB0O and MB1 are installed and AC power is applied, MBO powers on first,
then after 30 seconds (the timer delay), MB1 powers on.

e When both MB0O and MB1 are operating, and you remove and re-insert a motherboard,
there is no delay for it to power on again.

* When only MBO is installed and AC power is applied, there is no delay when it powers
on.

 When only MB1 is installed and AC power is applied, there is no delay when it powers
on.

* With one motherboard is operating, and another motherboard is inserted, there is no
delay when it powers on.

¢ If no motherboards are installed and AC power is applied, then both MBO and MB1 are
inserted, there is a 30 second timer delay between MB0O and MB1 powering on.

8.5 Hot Swap Controller

In order to have better control of the 12.5VDC power input to each motherboard, the ODM
should include two hot swap controllers (one for each motherboard) on the mid plane. The hot
swap controller provides:

TNETNDIYH—R—R(C. 12.5 VDC Z&i#lIC AN T BIzH(C. Zd ODM TlE. midplane EI(C
BenIPF—R—RAELT . 220Ky M RDvT -0 bO—S—ZBDIADRETHD. DR
wiNXDOwTF-O> bO—5—(F. UTOMEEZIRET S :

e Inrush current control when the motherboard is inserted and the server is powered on.
e Current limiting protection for short circuit.
e PMBUS interface to enable the PCH to report server input power.

9 Power System

9.1 Input Voltage
9.1.1 Input Voltage Level
The nominal input voltage delivered by the power supply is 12.5VDC. The motherboard can

accept and operate normally with an input voltage tolerance range between 10.8V and 13.2V.
The motherboard's under voltage protection level is 10V or less.



COEBENSHIBSNDIOMOEE(E. 12.5 VDC THD., TLUT. ZOIYYT—R— ROBBEANEE
(F. 10.8V ~ 13.2V OFBDHERAZZITAN., BRITDIZENOETHD. Fe. ZOYT—R—K
DEERZELANILIE. 10V LT ERDO TS,

9.1.2 Capacitive Load

To ensure compatibility with the system power supply, the motherboard cannot have a
capacitive load greater than 4000uF. The capacitive load of the motherboard cannot exceed
the maximum value of 4000pF under any operating condition listed in section 12, which
defines environmental conditions.

MRS AT ACBIFTDIENBIE EEREERRIL T DIHIC. DT —R— R(E. 4000DuF U EDE
ENEFZEFDIENTER., COIYY—R— ROBEUER (L. RIBEZHZEER T D Section 12
[CURRTZYTEND. HOWDERAZMDT(CHBNT. 4000DpF EWDSRAEZBZDZZENTSE
7(-:’:{/\0

9.1.3 Input Connector

The power input connector is an FCI 51733-009LF right-angle press-fit header.

COENANTIRDS—I(E. FCI 51733-009LF DEA press-fit N5 —ZHFD,

9.2 CPU Voltage Regulation Module (VRM)
9.2.1 CPU Maximum Power
The motherboard can handle a processor with a maximum thermal design power (TDP) of 95W.

ZDOIY—MR—R(E. KT 95W D TDP (thermal design power ) (CHWT., TOtvHZE/\>R

9.2.2 CPU VRM Optimizations

The CPU VRM is optimized to reduce cost and increase the efficiency of the power conversion
system. The ODM should use only the minimum number of required phases to support the
maximum CPU power defined in 9.2.1. A PSI (power state indicator) allows the shedding of
unused phases, letting the VRM operate at its peak efficiency.

CCTOM CPUVRM (&, BHZEMS AT LADIAR NEHIRU. $XRZEDHDEHICRBEBILESND. U
A>T, 2D ODM Tl& 9.2.1 TEESND. &K CPU /ND—ZHIR— I BcdD. &/IMBEZIT%Z
ESNRETHD. PSI (power state indicator) (&, KEHET T —XDHEBRZEFE] I B/=8h. VRM D
EBRIIEREREBLEIEDCENTEEE D,

9.2.3 CPU VRM Efficiency



The minimum efficiency for the CPU VRM is 91% over the 30% to 90% load range and 93%
over the 50% to 70% load range, measured from the 12.5V input to the VRM output.

Z @ CPU VRM D7zsbDE/NRDRIE (S, 12.5V ZANT D VRM OHEDEATET DERIC. 30% ~
90% DEFREEF(CHNT 91% THHD. 50% ~70% DIHFET 93% £I B

9.3 Hard Drive Power

The motherboard supplies power to the system's 14 hard drives. The drives require 12VDC and
5VDC power sources. Power is delivered through a traditional 4-pin floppy disk power
connector described in Figure 13.

ZORYT—R—R(EF. ZRFTLAD 14680)\— K- RSATCHUTCERZMHIET D, TENSDRSA
J& 12VDC $ KU 5VDC OEFEEMEE T D, Figure 13 (TRENDKDIC, REENSD 4E>D
JOvE—-F«XOH-ARIF—2N LT, BAHFMHEENS.

0000

Pin Description
1 +5VDC

2 GND

3 GND

& +12¥VDC

Figure 13 Drive Power Connector

For SATA ports inside the miniSAS connector, power will be delivered through a 4-pin (2x2)
ATX power connector, which fans out into 4 standard SATA power cables. Pin definition is
described in Figure 14.

SATA 7R— MMZERDAFENTE miniSAS RIS —(CEUTIE. 4ARDIESE SATA L —TILOHI(C R
BHHEIND. 4E>D (2x2) ATX BEIORTSI—ZNMUT. BHEFMHEENSD. Figure 14 (. £
DEEEZTRT .



Pin Description
1 GND

2 GND

3 +5NDC

& +12VDC

Figure 14 4 Pin ATX Power Connector

9.3.1 Power Requirements

In order for the motherboard to supply 12.5VDC power to the hard drives, the PCB traces must
support 14A of continuous power (1A per drive) on the 12.5VDC power rail. In order for the
system's 5VDC to supply power to the hard drives, its regulator must support an additional
10.5A (0.75A per drive) of continuous power on the 5VDC power rail. The motherboard must
support the inrush current required to start each drive from idle.

IH—R— RS/I\— RRSATA@IFTT. 12.5 VDC DB HEMIET D/=8(C. TdD PCB (£ 12.5
VDC J\D—[EfE ET. #HEMIIC 14A (RSATJZE 1A) BHR— NI DIREBENG D, Fle. CDIX
F/Ah5 5VDC &) \— R RSA T (TG T B /z6b(C. 5VDC /\D—[EEE T, #H5MN(C 10.5A (RS
4JZ & 0.75A) ZHR— NI BAIRENDD. e, COXT—R—R(E. 71 RIVIKEDO RS T%=
BT EBeHIC. BAEBRE Y R— NI IRENDD.

9.3.2 Output Protection

The 5V disk output power regulator protects against shorts and overload conditions.
5V T4 AOHEHLF 1L -3 BEHSLIBERENSRESND,

9.3.3 Spin-up Delay

When a hard drive spins up after the system powers on, it draws excessive current on both the
12V and 5V rails. The peak current may reach the 1.5A-2A range in 12V. Each of the 14 hard
drives must spin up in sequence. The BIOS implements a 5 second delay between each hard
drive spinning up. To enable the hard drive's spin-up delay function, set pin 11 of the SATA
hard drive's power cable to NC (No Connection).

SAFLARIND—A> TN, I\—R-RSATMIBEENDEET12V & 5V OEEICHBVWTREDERN
5l N3, E—OFRIE. 12V DT — X T1.5A~2A OFEHI(ETDIMNE LNV, DED. 14
BD/\—R:- RS1T(3E, BE(CIZSENSRIIFNERSAVN,. ZDIEsH. D BIOS (X, 5#MEIET
Bed)\—R- RSATMIIEENBDELDIERENTULND., D, /\— R RSATDESZELEED
e, SATAJ\—R-RSATE NI —TILD. E>11% NC (No Connection) (Ctzw b9 3B,

9.4 System VRM Efficiency



The ODM supplies high efficiency VRMs for all other voltage regulators over 20W not defined in
this specification. All voltage regulation modules over 20W have 91% efficiency over the 30%
to 90% load range.

COMKRTEERSNTULRWLS, WHREIRD ODM (F. 20W U EDOETOEFELF 1L —FICx LT
EED VRM Z2#ft#59 3. 20W UEDOEEBELFa1L—>3>-FEZa1—JUE. 30% ~ 90%DERE
([CHNT. 91% DEZFHIRT .

9.5 Power On

The motherboard powers on upon application of power to the input connector. The use of a
power button is not required. The motherboard always resumes operation upon restoration of
power in a power failure event.

ZOXRYT—R—R@EF. ANIRTT—NOBAHGERIET D, LA > T, BRRY>ERELSN
R0, Ffeo CONYT—R— RIHEEREDRIC. BAMEZEESEDICHDUEEITS,

10 I/0 System

This section describes the motherboard's 1/0 features.

D Section Tld, YHF—"R—RD [/O (CDWTEHALTL,

10.1 PCle x16 Slot/Riser Card

Both the entry and efficient performance motherboards have one PCle x16 slot, which holds an
x16 PCIe signal from the CPU. The slot location and detailed dimensions are described in the
mechanical DXF file. The motherboard also has a PCle riser card so two full-height PCle cards
can be inserted horizontally and locked in position. Its form factor is 2x4.66 inches.

C D entry board & efficient performance motherboard (&, CPU m5®d x16 PCle S F)L%&#FD.
PCle x16 XOwv h%Z 1 DFD., COXROY bR 3> &P+ X(CEAT 2EEMRIBERIZ.

mechanical DXF J7 )L TSR TZ3, &5(C. CDONY—/R—R(& PCle riser J1— RZEHRFDIZ8H.
2K Dfull-height PCle H— RZKE(CEULIAD. FAEDMUEICBE TED. TDIA—LTF7IH(E,
2 X 4.66 inch T& 3.



Figure 15 PCle Riser Card

The reserved pins on the PCI-E x16 slot on the motherboard are described in Figure 16.

ZONY—IR—RLED PCI - Ex16 XOY MMCHIFBDUHT—-T-E> (. Figure 16 ([CRENTUL\D.

Pin Pin Defined Description

A7 LAN_SMB_CLK SMBUS CLOCK from SMLINKo of PCH

AR LAN_SMB_DAT SMBUS DATA from SMLINKo of PCH

Biz LAN_SMB_ALERT_N SMBUS Alert signal to SMLINKo of PCH

A3z CLK_100M_P Extra1ooMHz clock for second PCle slot on riser card
A33 CLE_1ooM_N

A50 SLOTo_COMNFIG Lower slot on riser card has 1x8 (high), 2 x4 {low)
Baz SLOT1_COMNFIG Higher slot on riser card has 1x8 (high), 2 x4 (low]
Biy SLOT1 _CPRSNTL_N CPRSNT1# for SLOT1 on PCle riser card

B3l SLOT1_CPRSNT2_N CPRSNTz# for SLOT1 an PCle riser card

B4;8 SLOTo_CPRSMTI_N CPRSMT1# for SLOTo on PCle riser card

Ba1 SLOTo_CPRSNT2_N CPRSNTz# for SLOTo on PCle riser card

Figure 16 PCle x16 Slot Reserved Pin Usage on Motherboard

The reserved pins on the PCIe x16 slot 0 (low) on the riser card are described in Figure 17.

Riser 77— R_E®d PCle x16 XOw k 0 (low) dDUH—-T-E> (3. Figure 17 TESIBTZE3,




Pins | Pin Defined Description

A3z | LAN_SMB_CLK SMBUS clock from SMLINKo of PCH
A33 | LAN_SMB_DAT SMBUS data from SMLINKo of PCH
Aso | LAN_SMB_ALERT_N | SMBUS alertsignal to SMLINKo of PCH
B48 | SLOTo_CPRSHT1_N CPRSNT1E for SLOTo on PCle riser card
B281 | SLOTo_CPRSHT2_N CPRSNTz# for SLOTo on PCle riser card

Figure 17 PCle x16 Slot 0 (Low) Reserved Pin Usage on Riser Card

The reserved pins on the PCIe x16 slot 1 (high) on riser card are described in Figure 18.

Riser 77— R E®d PCle x16 XOw k 1 (high) @UY—=T-E> (L. Figure 18 TSR TE3,

Pin | Pin Defined Description

A3z | LAN_SMB_CLK SMBUS clock from SMLINKe of PCH
A33 | LAN_SMB_DAT SMBUS data from SMLINKo of PCH
Aso | LAN_SMB_ALERT_M | SMBUS alert signal to SMLINKo of PCH
B17 | SLOT1_CPRSNT1LN CPRSNT1E for SLOT1 on PCle riser card
B3l | SLOT1_CPRSNT2_N CPRSNTz# for SLOT1on PCle riser card

Figure 18 PCle x16 Slot 1 (High) Reserved Pin Usage on Riser Card

To support OOB LAN access on the platform controller hub's management engine, a
customized PCle card is needed to use these redefined reserved pins.

COTSw MR—A-O> bO—5—)\TD, YR—Z A NI T 00B LAN 7Ot %=ZHR—
NI BICIE. ENSOBEENIEUY—TJ -ERFERTIEHIC. HRAIIYA XNz PCle A—R
M E LB,

10.2 PCle External Connector

The motherboard has two PCle x4 external connectors on the efficient performance
motherboard and one PCle x4 external connector on the entry board. These connectors can be
used to build a PCIe connection between two systems.

CHOIYT—MR— R, efficient performance motherboard t(C 2D®M PCle x4 #2155 —%. T
LT entry board £IC 1 DM PCle x4 S8 IRT5F—ZHFHF D, NSDIRITHF—IE. 2DDERF
LT PCle iz 8L I DIHICERATED.

The PCle x4 connector can be hot inserted and removed. A PCle re-driver is used for PCle
external links and supports a miniSAS cable up to 2 meters long.



CD PCle x4 ORI —F, BEZEEITCEEIPEBETESD. PCle re-driver H'. PCle 9M3BU >
IE LV, |BET 24— NLOmMIniSAS —J)LDiz(CERAETND.

The connector is a miniSAS-4i right-angle connector. External PCI Express target device is TBD.
Figure 19 shows the external PCle pin assignments. The design follows the PCI Express
External Cabling 1.0 Specification

CDOOARTHE—(E. miniSAS-4i BAIRISF—E12D. 9B PCI Express 9—4"w -5 )1 &,
TBD T3, Figure 19 (&. 448 PCle ECDEIDHETZRY . DT H1> (& PCI Express
External Cabling 1.0 Specification (CUT=S5EDET B,

(http://www.pcisig.com/members/downloads/specifications/pciexpress/PCI_Express_External_
Cabling_Rev1.0_updated.pdf ).

Pin Numbers Signals Description

A2fA3, AS/AB, A13/A14, PERj0..3HP/NE Differential PCl Express receiver lanes

Al16/A17

Al Ag, A7,Alz,A15,A18 | GND Ground reference for Differential PCI Express lanes

AB CPRSNT# Cable installed/downstream subsystem powered up

Ag CPWRON Upstream subsystem's power valid notification

Alo CWAKE# Power managementsignal for wakeup events
(optional)

All CPERST# Cable PERST#

Bz/B3, B5/B6, B13/B14, PETjo..3tP/N} Differential PCl Express transmitter lanes

B16/B17

B, Bs, B7, B1z, B15,B18 | GND Ground reference for Differential PCI Express lanes

B8 SCLK/TX SMBUS (PCH SMLINKo) CLOCK (optional UART TX
from S10)

Bg SDATA/RX SMBUS (PCH SMLINKo) DATA (optional UART RX from
510)

B1o 3.3V/SY5_RS5T# | 3.3V standby with 0 ohm in series (Reset signal to
trigger system reset)

B1i SB_RTN Signal return for single-ended sideband signals

Figure 19 External PCle Pin Assignments

10.3 PCle Mezzanine Card

The motherboard has one PCIle x8 mezzanine card connector that holds the x8 PCle signal
from cpuO on both the entry and the efficient performance motherboards. The mezzanine card
has two PCle x4 external connectors (miniSAS) and one mSATA miniPCle connector.

CDOYYT—R—R(E. entry board & fficient performance motherboards @M cpu0 5D, x8
PCle > F )L %&1##E 9 D. PCle x8 mezzanine (FZPE) H—R-OARIF—%=1DFD, D


http://www.pcisig.com/members/downloads/specifications/pciexpress/PCI_Express_External_Cabling_Rev1.0_updated.pdf
http://www.pcisig.com/members/downloads/specifications/pciexpress/PCI_Express_External_Cabling_Rev1.0_updated.pdf

mezzanine 72— R, 2DdD PCle x4 A1+ — (MiniSAS) &. 1DMD mSATA miniPCle J+%
09_%?§jo

Pin Name Pin Pin Pin Name Pin Name Pin | Pin | Pin Name
P1zV 61 1 MEZZ_PRSNT1_N GND 91 31 MEZZ_RX_DN
o3
P12V 62 2 PSV_AUX MEZZ_TX_DP_C (92 [32 |[GND
1>
Piav 63 3 PEV_AUX MEZZ_TX_DN_ 93 33 GMND
Col»
GND 64 & PsV_AUX GND 04 34 MEZZ_RX_DP
1
GND 65 [ GND GMD 95 35 MEZZ_RX_DN




£1»

P3V3_AUX 66 6 GND MEZZ_TX_DP_C | 96 36 GND
£2»
GND 67 7 P3V3_AUX MEZZ_TX_DN_ | 97 37 | GND
Ce
GND 68 8 GND GND 98 38 MEZZ_RX_DP
€2
P3V3 1] =] GND GND 99 39 MEZZ_RX_DN
€2
P3V3 70 10 P3V3 MEZZ_TX_DP_C | 100 | 40 GND
€3>
P3V3 71 11 P3V3 MEZZ_TX_DN_ 101 | 41 GND
Ceppr
P3V3 72 1z P3V3 GND 102 | 42 MEZZ_RX_DP
{3»
GND 73 13 P3V3 GMND 103 | 43 MEZZ_RX_DN
{3»
LAN_3V3ISTB_A | 74 14 MEZZ_CPRSNT1_ | MEZZ_TX_DP_C | 104 | 44 GND
LERT_M N C§y
SMB_LAN_3V3 | 75 15 MEZZ_CPRSMTz_ | MEZZ_TX_DHN_ | 105 | 45 | GND
STB_CLK N Cogp
SMB_LAMN_3V3 | 76 16 SSD_PRSNT_N GND 106 | 46 MEZZ_RX_DP
STB_DAT LGy
PCIE_WAKE_N | 77 17 RST_PLT_MEZZ_N | GND 107 | 47 MEZZ_RX_DM
{4
DA_DSS 78 18 MEZZ_SMCLK MEZZ_TX_DP_C | 108 | 48 GND
(5>
GND 79 19 MEZZ_SMDATA MEZZ_TX_DMN_ | 109 | 49 GND
Cegy
SATA_TX+ go 20 GND GND 110 | 50 MEZZ_RX_DP
(5>
SATA_TX- 81 21 GND GND 111 | 51 MEZZ_RX_DM
(5>
GND g2 22 SATA_RX+ MEZZ_TX_DP_C | 112 | 52 GND
¢6>
GMND 83 23 SATA_RX- MEZZ_TX_DMN_ | 113 |53 GND
Ceb
CLK_1o0M_ME | 84 24 GMD GMD 114 54 MEZZ_RX_DP
ZZ2_DP i
CLK_1oo0M_ME | 85 25 GMD GMD 115 55 MEZZ_RX_DMN
ZZ2_DN <6
GMND 86 26 CLE_100M_MEZZ | MEZZ_TX_DP_C | 116 | 56 GND
1_0DOP ]
GND 87 27 CLK_100M_MEZZ | MEZZ_TX_DM_ | 117 | 57 GND
1_DN Cer
MEZZ_TX_DP_ | 88 28 GND GND 118 | 58 MEZZ_RX_DP
Coon L7
MEZZ_TX_DN_ | 89 29 GND GND 119 | 59 MEZZ_RX_DM




Coon Ly

GND 90 30 MEZZ_RX_DP:o> MEZZ_PRSNT2_ | 120 | 60 GND
N

Figure 20 PCle Mezzanine Card Connector Pin Definition

10.4 DIMM Connector

The motherboard uses a 30u" gold contact for the DDR3 DIMM connector.

ZONY—/R— (& DDR3 DIMM ORI —(CH LT, 30u" OEfERZES,

10.5 Network

The motherboard has an IntelR 82574L Ethernet interface to the front RJ45 connector. It has a
PCIe x1 lane routed to the PCH.

COYHT—MR—RI&. TJ0O> ~ RI45 Oxr2%5—(C Intel 82574L Ethernet >4 J1T— X %D,
ZUT. PCH (DIL—F«a > &EnND PCle x1 L—>%#D,

The motherboard has an IntelR 1350 dual port network chip. It has a single Ethernet interface
to the front RJ45 connector. It has PCle x2 lanes routed to the PCH on entry board, while it
has PClIe x4 lanes routed to the PCH on efficient performance board.

COYY—R—R(&E, Intel 1350 217/ R— bRy ND—0-FyvTI&2FD, €LT. JO>
RJ45 Jx20%—(C Ethernet 1 > J 1T —R%ZH D, ZTITld PCle x2 L —>M" entry board @
PCH ([CIL—F« > &N, £/z. PCle x4 L—> 1 efficient performance board £® PCH (C)L—F
< >JENs,

The BIOS supports PXE boot on all RJ45 ports on the motherboard.
BIOS (CRILTIE. CDOYHY—R—RLEDE RI45 ;R— T PXE J— haHR—-K3 3,

Each RJ45 connector has two built-in LEDs. While facing the R1J45 connector, the left LED is
green single color; solid on means the link is active and blinking means activity. The right LED
is green/yellow dual color; green means 100M link speed while yellow means 1000M link speed.

ZTNTN®D RI45 ORI —(E. 2DD EJL A LED Z#D. RI45 ART5— =R DRI,
ERID LED iU —> -2 0FILTH D, 24T Acvite ZRU. siild Activity 279, ARl LED
(FR/EBOZEBTHD., F&(E 100M U OIXE—RZRIHN, BHEQ 1000M U>T-AE—RZERT,

10.5.1 Reboot on WOL in SO State



Reboot on WOL (ROW) is a feature that repurposes the traditional Wake on LAN (WOL) signal
to reboot the motherboard. While the system is in SO state (running), when a WOL packet is
received by the NIC, the wakeup signal generated by the NIC causes a hardware reboot of the
motherboard. This is accomplished by tying the WOL interrupt pin of the NIC to the system's
master reboot signal. ROW does not require the power supply to cycle its output.

WOL (ROW) TOUT—hklE. CONYHF—R—RZUT—hr9F3 LAN (WOL) STFILICHITD.
EKH5D Wake ZRIENTHERET S, WRS AT LN SO state (running) THo>TH. WOL /&
w MY NIC (CRESND E. COIYYT—R—RE/I\—RDJT7-UTJ— I3 wakeup ST FILHN
NIC (CKDEMEIND. COWUIE(E, NIC D WOL E|DAHE N, SXFLADIYRST—-UT—K-2
DFIVEHAFENTNDTETERSIND. Ffo. ROW (&, AHENRENDZSH(C, BHEEEER
ER-Taal oA AN

There is an optional ROW connection for the WAKE# signal from PCle slot and external PCle
connector, which gives optional ROW support for add-in cards and external PCle devices.

PCle ®XOw b &ESMEDB PCle ORTF—MSD, WAKE# ST FHILDIcsbDATE 3> ROW #Hi5ih'd
Do TNICEKD. ZRAZ-H— REHED PCleT/)\A RDIzDD. AT>3> ROWA HHR— bhaEn
Do

ROW is enabled by the NIC EEPROM, so the appropriate NIC EEPROM for the 82574 and 1350
interface must be used. The motherboard also supports ROW on both the PCle LAN card and
the mezzanine LAN card, which includes hardware circuit support and NIC EEPROM enabling.

Z® ROW (& NIC EEPROM ([CLDHIRESNDedD. 82574 HXY 1350 1 >4 T T —ADT=HD,
W7 NIC EEPROM %2ER 33BN HD. =5(C. TOIY—R—R(E. PCle LAN h—R&
mezzanine LAN 77— R ROW ZH7/R— hg3H', /\— RI T 7EFEHR— ~& NIC EEPROM ADX
HEEFEND.

10.6 USB Interfaces

The motherboard has two external USB ports located in the front of the motherboard. The
BIOS supports the following USB devices:

CONY—R—R(E JO> MMIEESNZ. 22058 USB 7/R— hZ#EFD. €L T, BIOS (CKD.
BUF®D USB /A AW 7R— bhEnd :

e Keyboard and mouse

e USB flash drive (bootable)

e USB hard drive (bootable)

e USB optical drive (bootable)

10.7 SATA



The motherboard has a next generation Intel® platform controller hub on board and supports
the SATA ports and the miniSAS connectors. The HDDs attached to all the SATA connectors
follow the spin-up delay described in section 9.3.3.

COYY—MR— R(F, XK Intel TSy b IJA—A-O> bO—S5—-)\T%&HFHE5, SATAR— &
MoniSAS x5 —%=HR— gD, IANTD SATA ORI45—(CEDfTF SNz HDD (&,
Section 9.3.3 TEt U= LD (C. BZEZHB > TREFSND.

10.8 Debug Header

The motherboard includes a debug header on the front of the motherboard to display POST
codes (see 10.8.1). The debug header supports hot plugging.

COYY—MR—R(F, POST O— RZEXRIDEHIC. 20TJ70O> MIFINWT -AwWAH—EEDIAD
(10.8.1%2888) ., TOF)I\VI -~A"wvAH—(F, Ky ~TSTA>mHR— T D,

The debug card has two 7-segment LED displays, one RS-232 serial connector, and one reset
switch. The RS-232 serial port provides console redirection. The two 7-segment LED displays
show BIOS POST code and DIMM error information. The reset switch triggers a system reset

when pressed.

COFTI\wI - H—R(E, 2DD 780 A~ LED &#F DM, 1 DI(E RS-232 U F)L- ARTE—DI=
HDTHD., £ 1DEULY M RAVTFDIeHERD, D RS-232 SUF)L-R—NE, O>Y—
IADUAAA LT3 >%mBHT D, D, 22D 780 A> ~ LED (F. BIOS POST OJ— R,

DIMM IS —E#HZzEXRID. €UT. Uy M RAAYFZIHIET, S RFTARULY hENB,

The connector for the debug header is a 14-pin, shrouded, vertical, 2mm pitch connector.
Figure 21 is an illustration of the headers. The debug card has a key to match with the notch
to avoid pin shift when plugging it in.

D, TINVT - ANYEH—DIzbDIARTF—(E. BLMIED 14E> T, BE 2mm EvF - ORI4
—&7132B, Figure 21 (. CTONYVAH—%RT, CDOFT/I\wI-H—RiF, TST12EOE> -2 T~
ZkTBED. JVFITHAEDEINBIREF—ZHFD,
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Figure 21 Debug Header

Pin (CKT) Function

Low HEX character [0] least significant bit
Low HEX character [1]

Low HEX character [2]

Low HEX character [3] most significant bit
High HEX character [0] least significant bit
High HEX character [1]

High HEX character [2]

High HEX character [3] most significant bit
Serial transmit {motherboard transmit)
Serial receive (motherboard receive)

EWNHGU‘I&WNI—I

[
[

System reset

Serial console select (1=50L; o=local)
GND

VCC (+5VDC)

El&|E

Figure 22 Debug Header Pin Definitions

10.8.1 Post Codes

POST codes are sent to the debug header in hexadecimal format via two hex codes. The hex
codes can be driven by either the legacy parallel port (port 80) on the SIO, or 8 GPIO pins.
During the boot sequence, the BIOS initializes and tests each DIMM. If a module fails
initialization or does not pass the BIOS test, one of the following POST codes will flash on the
debug card to indicate which DIMM has failed. The first hex character indicates which CPU
interfaces the DIMM module; the second hex character indicates the number of the DIMM
module. The BIOS flashes the corresponding hex code indefinitely to allow time for a technician
to service the system. The DIMM number count starts from the DIMM furthest from the CPU.



FINW T -AwH—(C(E, 2DD16HT— RICKD POST J— RWXEETND, 0 16— R,

SIO 5ULKI(E 8 GPIO E> D, LA —RI\SLILAR— K (port 80) (CRIET D, T—h->—4>
ADRIC, Zd BIOS ([CLD. fEl2d DIMM O Z3 v SAXEFA MTROND., JIREZ21—IL
A2 SAINEKET B35S, HBL\E. BIOS T MMI/IRURWEEICIE. T/\wD - h—RE
@ POST O— R®D 1DM=4TL. DIMM DEEZMS5ED. =YD 161X (L. DIMM E21—)LED
CPU A>T 1 —R%RL. 2EBD 16iE8(E DIMM E2 1 —)LESHRI., D BIOS (F. i

=@3d. 2. DIMM FESDHT> MME. CPU i'S&EERV DIMM Si5FE 5.

10.8.2 Serial Console

The output stage of the system's serial console is contained on the debug card. The TX and RX
signals from the SIO are sent to the debug header at the chip's logic levels (+3.3V).

The debug card contains the RS-232 level shifter and the RS-232 D-9 connector.
SRFLDSTFIL-AV—=ILDT I Ty b RF—=2(F 7/I\wJ-h—RICEEND. SIO S
DESND TX & RX DT F)LE. FyvToOSyoILNL (+ 3.3V) TTFNNYT -AYEH—(TXE
N, COF/I\WJ-H—R(ClE RS-232LAJL-2TH—& RS-232D-9 ARTI—HEEND.

By default, the host does console redirection through serial over LAN (SOL). When the debug
card is connected, debug card pin 12 is used to select console redirection between SOL and the
local serial port on the card, as described in Figure 22.

FIAILNCTBNT., ZDRR MZE Serial Over LAN (SOL) Z#/TLT. O>VY—)L-USAL O3>
®ITD. Figure 22 (CRIKDIC. CDOF /NI - H—RMEHFREINDEE. SOL EH—REDO—7
JL-2UF)L-AR— RORBIT. OA>YV—IL-UAA LIS 3> %EIRT BeHC. EX 12 i AELSNS.

10.9 Switches and LEDs

The motherboard includes a power switch, reset switch, power LED, HDD activity LED, and
beep error LED.

ZORY—R— R BRAAYF /Uty b- XA vF /BIRLED,HDD Activity LED/E—-T-T5
— LED Z&3.

10.9.1 Switches

The front edge of the PCB has right angle pushbutton switches. One switch is used as the
system's power button the second switch is used at the system's reset button.

PCB ®JO> hITwvICE. BEADTYZ 1 RI> - RAYFHMI<, RIIDIAAYFIE ZRF LA
DBFRI > EVUTHEREND, 2BEHOXAVFF S AFTLDYLY hRI> ELTEDNS.

Note: If the ODM chooses to use smaller tactile switches, the push button actuator must be a
minimum 2.5mm diameter and protrude at least 1.5mm from the switch's enclosure.



Z®D ODM [CHBNT. KDNEVWRAYFHEEINSDRS, Ty a1 IRYHOBEBEESH/NT
2.5mm OERZHFS. Fo. AAMYVFORVWNSPRR EE 1.5mm (FZEE URRITNIER SR,

Note:

If the power switch is depressed for less than four seconds, a power management event is
issued, indicating that the power switch has been triggered. If the power switch is depressed
for more than four seconds, the motherboard performs a hard power off.

CDRAYFOIRTA 4BHUADBE(IC(E. BRERAAMYFICRIUA—hocEnDS, BRYR—>
A AR MIRITEND. Fleo AV FORTH 4BULEDBEIC(E. YT —R—R(E/\—R
HICERZEET.

If the reset switch is depressed for any length of time, the motherboard performs a hard reset
and begins executing the BIOS initialization code.

v b AAVvFMRTENIIHEICE. ZTORBEOE=CHINST, YHF—HR—REI/\—RDx
7-Utew hEZERU. F/fz. BIOS initialization 1— R&EETUBRHD.

Each switch is identified by a label on the motherboard's silkscreen. The power button is
labeled PWR and the reset button is labeled RST.

TNTNDAAYFIE, IT—R—REDIIVIRT) =2 -SNILICKD#HRIEND, BERY>D
SANILFE PWR &8O, Utzy b /RY2(E RST &71323,

10.9.2 LEDs

The motherboard has 3 LEDs on the front edge. Figure 23 identifies each LED's color, function,
and silkscreen label. The label describes the functionality of each LED.

CONY—R—R(E JO> b ITwS(C 3D0D LED Z## D, Figure 23 Tld. 1END LED D,
NS—=/ /e /2D - AT =2 - SNRILBHERIESND. ZDOSNILIZE 4D LED ([CHFDHRE
ZRY .

LED Color Function Silkscreen Label

Blue Power LED. This LED has the same functionality of a PWR
traditional PC power LED. It illuminates only if the
motherboard is in the powered on state.

Green Hard drive activity. This LED illuminates when there is HDD
activity on the motherboard's SATA hard drive interfaces.
Yellow This LED replaces the functionality of the PCspeaker. The BEEP

motherboard causes the LED to illuminate for the same
duration and sequence as the PCspeaker would normally
beep. The LED allows for easier diagnosis in a noisy data
center environment




Figure 23 LED Functionality

The beep error LED patterns are described in Figure 24.

E—7-I>—d LED /{5 —> (. Figure 24 (CRENB.

Error Description | LED Patterns

Memory refresh On (2s) | Off (0.265) | On(2s) | Off (0.255) | On (2s) off (3s) | ..(repeat)
timer error

Base memory On (2s) | Off (0.2565) | On(2s) | Off (0.255) | On (0.255) | Off (35) | ..(repeat)
read/write test

error

Keyboard On Off (0.255) | On Off (0.255) | On (2s)

controller BAT {0.255) (0.255)

testerror

General On (2s) | Off (0.255) | On Off (0.255) | On (0.255) | Off (35) | ...[repeat)
exception error (0.255)

Display memory Oon Off (0.255) | On Off (0.255) | On (0.255)

error (0.255) (0.255)

11 Mechanical

Figure 24 Beep Error LED Patterns

Figure 25 shows the basic view of the Open Compute Project server chassis. Refer to
mechanical step file provided for detailed information.

Figure 25 7RI dDI(E. Open Compute Project B—/\— -2 v - DEANRAEETH D,

12t 9 S. Mechanical Step 77 1ILESBLTERULL,

SHlEHRZ



Figure 25 Open Compute Project Server Chassis for Intel Motherboards

11.1 Fixed Locations

Refer to the mechanical DXF file for fixed locations of the mounting hole, PCle x16 slot, and
power connector.

YO k-7 R—)L¥, PCle x16 XOw b, BEIRIS—DEFEALEIC DU TIE. mechanical DXF 7
T7AILEZSBLTARLL,

11.2 PCB Thickness

To ensure proper alignment of the FCI power connector and mounting within the mechanical
enclosure, the boards should follow the PCB stackups described in sections 4.5 and 5.5
respectively and have 85mil (2.16mm) thickness. The mid-plane PCB thickness is also 85mil
(2.16mm). The mezzanine card PCB thickness is 62mil (=1.6mm).

FCI RIS —DABEH LV, MR T o0 v —AADEYREBZFRIE T DIEHIC,
Section 4.5 & 5.5 (CEE&EicN B TN BPCB stackup (LY. ZDR— R(E 85mil (2.16 mm)
DEZTHEIFONETHD. ©UT. mid-plane PCB DEEE 85mil (2.16mm) Tdhd. =5IC.
mezzanine card PCB ME (%, 62mil (=1.6mm) &7183.



11.3 Heat Sinks

The motherboard supports customized CPU heat sinks that are mounted according to the Intel
specifications. The mounting device employs a backplate and receptacles for screw-down type
heat sinks. The ODM must provide all keep out zones defined by Intel to ensure the heat sinks
mount correctly on the board.

CONYT—IR—=RICNT> hEND. HRIYAXENIZ CPU E— S > U1, Intel fAHRICKDED
THD. CDOT/I\AREIDI> T BIZHIC. screw-down 1 TDE— S IBD. backplate
& receptacle >, @ ODM (F. R—RECE— RS DORFHEICIYIS FIBEHIC, Intel H
EHELURL. IRNTOEMZREMUR S T>RSIR,

11.4 Silkscreen

The silkscreen is white in color and includes labels for these components:
WRERDIIIX-DOU—=>DHS—(EATHD. UTFOIR—K bDIEHDINILZED :

e cpuO/cpul

e ethO/eth1

¢ DIMM slot numbering, as described in 10.8.1
e LEDs, as defined in 10.9.2

e Switches, as defined in 10.9.1

11.5 DIMM Connector Color

Colored DIMM connectors indicate the first DIMM of each memory channel, whereas the
remaining DIMM connectors on the same memory channel are a different color. The first DIMM
on each channel is defined as the DIMM placed physically furthest from its associated CPU. This
DIMM connector must be populated first when memory is only partially populated.

BffFE=NsZ DIMM OROY -1 ZENENDAEY - FrRILOEHID DIMM ZRIDICHUT. [
UAEUFvRILICEITDMD DIMM ORTY—(FRIEDBEERHD. TNENDOF v RILLDORYID

DIMM (&, fAHEDEND CPU 15, MEN (CERBBNZAIE(CEMMZ DIMM EERSND. F/E.
AXEUNEREN(CIMASNDZS(C(E. 20 DIMM ORTY—Z&A)(CARET DBENDD.

12 Environmental Requirements

The motherboard meets the following environmental requirements:



ZORY—R—REF. UTORBEAC—HNITIVNENDD :

e Gaseous Contamination: Severity Level G1 per ANSI/ISA 71.04-1985

e Ambient operating temperature range: -5°C to +45°C

¢ Operating and storage relative humidity: 10% to 90% (non-condensing)
e Storage temperature range: -40°C to +70°C

¢ Transportation temperature range: -55°C to +85°C (short-term storage)

The full OCP system also meets these requirements. In addition, the full system has an
operating altitude with no de-ratings of 1000m (3300 feet).

=5(C. JILOCP S RAFAlE. CORBEZGEM®IZT. TNIE. TIL-ZIAFTAICBNWTIE., Bk
1000m (3300 feet) OEMICHVNTE. IRNTOIHBIEENEKRINDZETH D,

12.1 Vibration and Shock

The motherboard meets shock and vibration requirements according to the following IEC
specifications: IEC78-2-(*) and IEC721-3-(*) Standard & Levels. The testing requirements are
listed in Figure 26.

CONY—R—R(& [EC {14 TdD IEC78-2-(*) & IEC721-3-(*) Standard & Levels TE&HZ=MN
fz. MEEEIHRBOBEHZHIT. TDTANIBITDIEHSHZ. Figure 26 (CURXKRTYT T B,

Operating Non-Operating

Vibration 0.5g acceleration, 1.5mm amplitude, | 1g acceleration, 3mm amplitude, 5 to
§to sooHz, 10 sweeps atl octave / 500 Hz, 10 sweeps at 1 octave / minute
minute for each of the three axes for each of the three axes (one sweep is
(one sweep is 5 to 500 to § Hz) 5 to 500 to 5 Hz)

Shock 6g, half-sine 11mS, § shocks for each | 12g, half-sine 11mS, 10 shocks for each
of the three axes of the three axes

Figure 26 Vibration and Shock Requirements

13 Prescribed Materials

13.1 Disallowed Components

The following components are not used in the design of the motherboard:

MFOOZR=—2 ME SOV —MR— ROFTHFA U CENWTER LU TIFRSIR



* Components disallowed by the European Union's Restriction of Hazardous Substances
Directive (RoOHS 6)

e Trimmers and/or potentiometers

¢ Dip switches

13.2 Capacitors and Inductors

The following limitations apply to the use of capacitors:
HEFT=DOEEDZH. UTOHBEMNMERAEIND :

¢ Only aluminum organic polymer capacitors made by high quality manufacturers are
used; they must be rated 105C

¢ All capacitors have a predicted life of at least 50,000 hours at 45C inlet air temperature,
under worst conditions

e Tantalum capacitors are forbidden

e SMT ceramic capacitors with case size > 1206 are forbidden (size 1206 are still
allowed when installed far from the PCB edge and with a correct orientation that
minimizes risks of cracks)

e Ceramic material for SMT capacitors must be X7R or better material (COG or NPO type
should be used in critical portions of the design)

Only SMT inductors may be used. The use of through hole inductors is disallowed.

SMT A >AH0F—1ZIHHN N335, F/z. through hole inductor MER(FERH SR,

13.3 Component De-rating

For inductors, capacitors, and FETs, de-rating analysis should be based on at least 20% de-
rating.

A >2B 05— /A>T 2T — /FET (CHIFS de-rating HHfild. L2< &% 20% D de-rating Z/~R—
ZCITRETH S,



