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1  ProjectOlympusSpecificationd.ist
Table2 liststhe ProjectOlympussystem specifications.

Table2. List of Specification

SpecificationTitle Description
Project Olympus Server Rack Describes thenechanical rackardware used in theystem
Specification

Project Olympus Server Mechanici Describes the mechanical structure for the server used in th
Specification system.

Project Olympu&Jniversal Describes the servenotherboard general requirements.
Motherboard Specification

Project Olympuserver Power Describes the Power Supply Unit (PSU) used in the server
Supply
Project Olympus Power Describes the Power Management Distribution Unit (PMDU

Management Distribution Unit
Specification

Prgect Olympus Rack Manager | Describes th&kack Manager PCBA used in the PMDU.
Specification

This document is intended for designers and engineers who will be busidingrsfor ProjectOlympus
systens.

2 Overview

This specification focuses dmetProjectOlympusCaviumThunderX2 ARM64 Motherboard This is an
implementation specifispecification under théroject Olympus Universal Motherboard Specification

Refer to respective specifications for other elemenitshe ProjectOlympussystemsuch as Power
Supply Unit (PSU), Rack Manager (RM), Power and Management Distribution Unit (PM[3djvand
Rack.

This specification coveldock diagram, management sigystem power management, FPGA Card
support, 10 connectors, and physical specifications ofSmeer Motherboard.

http://opencompute.org 1
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3  Background

Theserver notherboardis the computational element of thgerver. Themotherboardincludes a full
server management solution arstipportsinterfaces tointegrated or rearaccess 12V Power Supply

Units (PSUs).

Theserver optionally interfaceto a racklevel Power and Management Distribution Unit (PMDU).

The PMDU provides power the Server and interface® the Rack Manager (RM).

Themotherboarddesignprovides optimum fronicable access (cold aisle) for exter@lgduch as
networking and storage as well as standard PCle ca@hds enables flexibility to suppariany

configurations.

4  Block Diagram

Figurel shows the baseline block diagram describing gerfeauresfor the server motherboard.

SATA 6Gbls

SATA #1
SATA 6Gb/s
SATA #2 [ >
SATA 6Gb/s
SATA #3 [t
SATA 6Gbls
SATA #4 [ |

5Gb/s
Front Panel USB 3.0

5Gb/s
Front Panel USB 3.0
480Mb/s
Internal USB 2.0

Gen3x8 (16GB/s)
PCle x8 SLOT #1

Gen3x8 (16GB/s)

Gen3x16 (32GB/s)

PCle x8 SLOT #2

PCle x16 SLOT #3 ‘

Gen3x32 (64GBJs)

PCle x32 SLOT #4

Gen3x16 (32GB/s)
PCle x16 SLOT #5 ‘

Gen3x8 (16GB/s)

Oculink x8

Gen3x4 (8GBI/s)
M.2 Connector #1

Gen3x4 (8GB/s)

M.2 Connector #2

Gen3x4 (8GBIs)
M.2 Connector #3

Gen3x4 (8GBIs)
M.2 Connector #4

Gen3x4 (8GBIs)
M.2 Connector #5

SATA PCle
SATA PCle!
SATA PCle!
SATA PCle
PCle
CPU

MEMORY pete

CHIPSET
PCle
PCle
USB 3.0 PCle
USB 3.0 Pole
USB 2.0 PCle

USB2.0 PCle
480Mb/s] Gen2x1 (1GB/s)

USB2.0 PCle

BMC
Management
Subsystem

Figurel. Top Level Block Diagram
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5 Features

Themotherboard includes support for the following features:

Table3: Motherboard Features

Platform Cavium ThunderX¥2Patform

CPU Cavium ThunderX2processos

Sockets Dual socket operation

TDP Wattage Up to 195V (Support for all server class SKUs)

DIMM Slots 24 total DIMM slots
on 16 memory channel@ per CPU)

DIMM Type Double data rate fourth generation (DDR4) Registered DIMM (RDIMM
Error-Correcting Code (ECC)

DIMM Speed DDR42400 (2DPCPDR42666 (1DPC)
DIMM Size 16GB, 32GB, 64GB

Capacities 128GB, 256GB12@, 756GB, 1TB
Supported

SATA 4 local ports @ ® Gb/s

Chipset BMC ASPEEAST2500 series

Interface Representational State Transfer (REST) API
Windows Management Instrumentation (WMI)
Open Management Interface (OMI)
CommandLine Interface (CLI)

BIOS Unified Extensible Firmware InterfadéEF)

http://opencompute.org 3
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omp

2 PCle x8 Slots Supports PCle M.2 Riser Cards

1 PCle x32 Slot Supports standard PCle xXautterfly PCle 2x16

1 PCle x8 Expansic 1 Oculink x8

MGMT 1x 1GbE from BMC to RJ45 Connector

5.1 CPU

The server suppostwo Cavium Thunder¥2CPUdor all server class SKUs. The maximum TDP to be
supportedis 195W.

5.2 DIMMs

The motherboard suppost24 DDR4 RDIMMs on 16 memory channels. 8 channels with two DIMMs slots
per channel and 8 channels with one DIMM slot per charihsupports all available configurations for
single, dual, and quad rank RDIMMs supported by Cavium Thundé&$#orm. The DIMM sockets

shall also support NVDIMM as described in this document.

The followings supported on all DIMM slots

8-Gbit DRAM

16-Gbit DRAMNot Validated)

RDIMMs

DDR4 NVDIMM 12V support through the NVDIMM connector
3DS RDIMMNOot Validzed)

= =4 =4 4 =4

N
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Though the DIMM technology are supported, it should be noted that not all have been validated and
tested. Example includes: 4Bbit DRAM, and 3DS RDIMMSs.

5.3 PCle Support

5.3.1 PCle x8 Slots

The motherboard supports two PCle x8 slots as shown in R2gi€leSlot #1 and Slot #Each slot
supports 1x8 and 2x4 bifurcatioBx4 bifurcation is supported at the connector with the addition of a
2"4PCle clock to the standard PCle pindute primary purpose of the slots is to support M.2 Modules
with each slot capale of supporting two moduledJse of the modules requires a PCle riser edge card to
connect the modules to the PCle biifie risercan suppor60mm, 80mm, and 110mm M.2 Modules.

5.3.2 PCle x16 Slots

The motherboard supportsvo PCle x16 slots as shown in Figir®Cle Slot #3 and Slot.#&ach slot
supports a standard PCle form factor card using a riser card to interface to the PCle cofitectize
of the card supported is dependent on the height of the tray assenhlytrays can support FHHL PCle
cards.2U trays can support FHFL cards.

All slots support bifurcation beloiwx16 bututilize the standard PCle connector pinout and do not
contain additional clock#\dditional clocks required for bifurcation below 1x$®andled with buffer
circuitry on the PCle card.

5.3.3 PCle x32 Slot

The motherboardupportsone PCle x32 slot as shown in FigurBQle Slot #4'he x32 slotan support
standard PCle form factor card(s) using a riser traatlinterfacesto the PCle connector inJ
configuration. This slot can be configured with two types of riser cards:

91 A Butter riser card with x16 connector on each side of the PCB. This riser will allow two x16
FH/HL cards to be installed.

1 A singlesided riser card with a6 connector. The risx will allow one £6 FH/HL card to be
installed.

The size of the card supported is dependent on the height of the tray assembly 4Tddseribes the
type of riser cards and the sized card supported for each tray assembly height.

Table4. PCle x32 Slot Card Support

Riser Card 1U 2U
SLOT #4 Butterfly Riser FH/HL FH/HL or FH/FL
x16 Riser FH/HL FH/HL or FH/FL

5.3.3.1 Three PCle Card Example

Figure2 shows a front view of the server demonstrating the orientation of 3 standard PCle cards.
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Figure2. Threestandard PCle Cards

5.3.3.2 Four PCl€ard Example

Figure3 shows a front view of the servelemonstrating the orientation afwo standard FH/FL PCle
cards andwo 2 standard FH/HBCle cards.

— Pl ||| |||

Oculink TEEEETTETTTT

Figure3. FourStandard PCle Cards

To enable full height, full length cards in the 2U space, the PCle riselis@itienoughallowingcards
to sit above the CPU heatsinks.

5.3.4 PCle Cables

The motherboardupportsan OCulink x8 connector. PCle clock and control signatiigem through
this cabling.

5.3.5 M.2 Modules

The M.2 devices are x4 PCle @anterfaces (M.2 connector with M Keyhese cards can be supported
through any of the followig methods:

1 Standard M.2 connector mounted directly on the motherboarte motherboard supports five
on-board M.2 modules.

9 Dual M.2 Interposer ModulePCle card with two M.2. modules.

i Quad M.2 Carrier Card=HHL PCle Card in standard PCle fowithtfour M.2. modules.

For both motherboard and PCle Card applications, the supported M.2 modules are 60mm, 80mm, and
110mmdual sidedorm factors (Type 2260, 2280, and 22110).

5.3.6 CPUPCleMapping

Table5 describes the PCle port mapping between the CPUs and the PCle endpoints.
Tableb. PCle Slot to CPU Mapping

CPU PCle Bus ‘ Destination
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CPUO PCIE M M.2. Module #5
CPUO PCIE H PCle Slot #3
CPUO PCIE-L PCle Slot #4a
CPUO PCIEA-B PCle Slot #1
CPUO PCIED PCle Slot #2
CPUO PCIEN BMC

CPU1 PCIE & PCle Slot #4b
CPU1 PCIE F M.2. Module #1
CPU1 PCIE E M.2. Module #2
CPU1 PCIE G M.2 Module #3
CPU1 PCIEH M.2 Module #4
CPU1 PCIE MN OCulink x8
CPU1 PCIE-L PCle Slot #5

5.4 SATA Storage

Themotherboardprovidessupport for cablingip to four SATR.0storage drivesThis is accomplished
with four x1 SATA connectors connected to Ofld from CPUO and two from of CPU1

5.5 TPM Module

The motherboard includes a connector to suppafPM 2.0 module connected to CPUO SPI bus.

5.6 FPGA Card Support

The motherboardupportsan FHHL x16 or x32 PCle form factor FPGA card in Slot #4. The motherboard
supportsan x8 OCulink connector for cabling an additional x8 PCle Link from the motherbadlaed or
Riser to the FPGA card as well as an internal USB connector to support FPGA debug.

6 Management Subsystem

The Management Controller circuitfyr the motherboard uses the ASPEED ASTZE#board
Management Controller (BMCJhis section describes theamagemenfeaturesof the motherboard.
Primary features include

1 BMC- ASPEED AST2500tional AST2520 support

1 BMC dedicated 1GbE LAN for communication with Rack Manager

1 S$Fand IPMB connection between BMC a@dU

1

CPU to support system management andnitoring capabilities

http://opencompute.org 7
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Out of band environmental controls for power and thermal management
FRUID EEPROM for storage of manufacturing data and evéts (I
Thermal sensors for inlet and exhaust temperature monitorif@) (I

Power monitoring through the 12Mot Swap Controller circuitry?Q)
Service LEDs

Figure4 shows the management block diagram.

Hot
Swap
Controller

OCs PSU

N\ USB2.0
Connector

Figure4: ARM Management Block Diagram

6.1 BMC

The design for the BMC is basmuthe ASPEEZ500 family and suports either the AST2500 or the
AST2520Primary features include:

o Embedded ARM Procesq®fRM1176JZ5 32bit RISC CPU)
o Embedded 16KB/16KB Cache
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DDR4 Memorp12MB (supports up to 1GB)
8-bit ECC with error counter

Redundant NOR/NAND/SPI flash memory
1412C/SMBus

5 UART Controllers

LPC Bus Interface

228 GPIO Pins

VGA por{(AST2500 on)y

A single lane of PC{AST2500 only)

O O O OO0 OO0 O o

6.1.1 DRAM
The BMCugpports of 512MB of DDR4 memory.

6.1.2 BMC Boot Flash

The BMC boots from a flash memory device located on the SPTheislevice sizis 256Mb (32MB)
andsupportstoring of FPGA and CPLD recovery imagéisbondW25Q256 or equivalens supported
A secondary devids supported to provide BMC recovery.

6.1.3 BMC GPIO Mapping
BMC GPIO mapping is described in Project Olympl8 GRide documentation.

6.1.4 BIOS Flash

The BIOS utilizes one 256Mb (32MB) Flash BIOS device locatedGPUBRI busMXIC MPN
MX25L25673GM2ir equivalentis supported The BIO% recoverable from the BMC in the event the
chipset is inaccessibl#.operates atl04MHz The design also includes a BIOS Recover Jumper

6.1.5 1GbE PHY

The server is managed through a 1GbE PHY connected to the BMRI145 connector located at the
front of the server provides 1GbE connectivity to an external management swhehPHYs from a
Broadcom BCM54@&icontroller.

6.1.6 UARTS
Themotherboardsupportstwo debug UARTS connected to the BMC as follows:

-  UARTHHeader 4BMC Debug Consol
- UART1 (Header Bost Debug Console

In addition, themotherboardsupportstwo additional ddoug UARTS connected to the CRbBCPU

- UART{Header ) Boot Processor KD Serial Debugging
- UART{Header 2 NonBoot Processor KD Serial Debugging

http://opencompute.org 9
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CPUO

CPLD

UARTA

UARTB

'

CPU1

UARTA | ¢

A 4

BMC
AST2500

UARTL UART2 UARTS
| | .

Figure5. UART Debug Headers

A 4

\ 4

6.2 CPU Thermal Monitoring

The BMGupportsmechanisnsto query CPU, Memory, and server thermal information to provide
optimized fan speed control.

The CPU core includes integrated temperature sensors, and the CPU has five moresggaadr

I NRBdzy R AiQ&8 RAS® ¢KS aSyazNa Oly 0SS NBLRNISR SEGS
connection made to the BMC. CPUO IPMB is connected to 12C5 on the BMC. CPU1 IPMB is connected to
12C11 on the BMC. The system management can proviikignm, maximum, and average

temperatures to the BMC.
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The BMC also read sensor values for DIMMs, VRMs, and the inlet and outlet motherboard TMP75
Sensors.

6.3 VGA

The motherboard includes optional support for VGA assuming the AST2500 prodessopport VGA
PCle is provided from tHeCIEN[RATX]0_[N/P] PCle port of CPUO.

6.4 1°C

To optimize telemetry gathering for power and thermal management as well as general management of
the server assembly, the following functions suppdi€ access from the BMC.

All PG2 slots

All M.2 modules

Local hot swap controllers

Management connector and Expansion management connector
Key voltage regulators

Temperature sensors

FRUID PROM

=4 =4 =4 4 -4 -4 4

The design shall include several 12C devices/functions available to theABMi€tdescription of the
entities is included below2C Mapping Diagransome of the blocks are specific with respecthe
requirementsof the device and its slave address.
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Electrical isolation afomponentswas taken into consideration. Ex: Devices that werguired to be
powered from separate power domainisut alsolocated on the same 12C bus.

CPUO
BMC

nnnnnn

12

uuuuu

12C¢

12C5 b l:l 12CD (IPMB)
[5e8)

1210 (SSIFr 12CC (SSIF)

CpPU1
12C11 (1 12CD (IPMB)

VR_SM

12c3

12C

12c2 12cy

Figure6: BMC 12C Mapping

6.4.1 FRUID PROM

Themotherboardincludes 12C support f@ 64Kb serial EEPROM MPN AT24g@quivalent for storing
manufacturing data.

6.4.2 Voltage Regulators

The motherboard includes 12C support &rCPU and Memory Subsystem voltage regulators enabling
the BMC to monitor health of the individual power rails.

6.4.3 Temperature Sensors

Themotherboard includs I°Csupport forfour temperature sensors, MPN TMB, for monitoring the
inlet and outlet air temperatures of the motherboartihe motherboardlso includeprovisions to
support temperature monitoring of all DIMMs (SRIDY all PCle sie including M.2sThe DIMM 12C
interfaces with the CPU. The CPU reports the temperature to the BMC through the IPMB interface.

6.5 JTAG Master

The motherboardsupportsW¢ | D LINP ANI YYAY3I 2F LINRPINI YYIofS t23A0
master controllerTheJTAG programminig supported to any required CPLDs and PCle slots designated
for FPGA Cards, PCle Slot 3, Slot 4, Siotkldition, a JTAG Header hangs off of CPUO and CPU1
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enabling addition debug capability to the CPUse board contaimmux circuity controlled by the BMC
to switch between the two programming path&.block diagram is showselow.

BMC GPIO
AST2500 -
GPIO
EN
JTAG MASTER In
EN
MUX
1:2 In
GPIO EN
MUX
SEL 1:2 In
MUX
SEL 1:2
SEL
A 4 v
CPLD PCle SLOT #3
v v Reeloil 00
PCle SLOT #4 |PCle SLOT #5 4—,.: JTAG Header
_______ |
A 4 l
CPUO|| CPU1
Figure7. JTAG Programming
6.6 Jumpers
The desigrincludesappropriate debug jumpers.
Table6. Jumpers
Jumper Name Default Position Detected By | Function
BMC Disable (default) | High (not installed)] BMC Disables BMC (sets all pins to High impedan
BMC FRU Write Protec| Low (1,2) BMC Enable BMC FRU Write Protect
BIOS SRITRL CPU (1,2) BIOS Select CPU or BMC SPI control for BIOS flag
BIOS Backup SEL BIOSO0 (1,2) BIOS Select BIOS backg®BIOSO0 (1,2) or BIOS1 (2,
BIOS USB Recovery | Low (1,2 short) BIOS Enables BIOS recovery via USB image upda
6.7 LEDs

The followingsections describe the ligigmitting diodes (LEDs) used as indicators on the motherboard.
Table 7ists theLEDsand provides a brief descriptiofreater detail for some LEDs is included in
subsequent sections below. AEEDsre made visibleat the frontof the motherboard (cold aisle).

Table7. LEDs
LED Name Color Description
UID LED Blue Unit Identification LED
Attention LED Red Indicates that Server requires servicing
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Power Status LED | Amber/Green | Indicates Power Status of tf&erver
SATA HDD Activity | Green Indicates R/W activity to HDDs
Post Code Green Indicates the Boot status of the Server
Catastrophic Error | Red Indicates that a CPU catastrophic error has occurred
BMC Heartbeat Green Blinks to indicate BMC is alive
GbEPort 0 Activity | Green Indicates activity on 1GbE Port 0 (not supported for production)
GbE Port 0 Speed | Green/Orange | Green=high speed, Orange=Low speed (not supported for produc
PSU1 Status LED1 | Green Status LED for PSU1
(P2010) T Solid Green = AC amxC Power Good
91 Blinking Green = Battery Power Good
PSU1 Status LED2 | Amber Status LED for PSU1
(P2010) 1  Solid Amber = Failure of PSU Phase
1  Blinking Amber = Failure of 2 PSU Phases
PSU2 Status LED1 | Green Status LED for PSU2 (optional)
(P2010) 1 Solid Green AC and DC Power Good
1 Blinking Green = Battery Power Good
PSU2 Status LED2 | Amber Status LED for PSU2 (optional)
(P2010) 1  Solid Amber = Failure of PSU Phase
1 Blinking Amber = Failure of 2 PSU Phases
6.7.1 UID LED

The motherboardupportsa blue UID (unit ID) LED used to help visually locate a specific server within a
datacenter.

6.7.2 Power Status LED

When a server is initially inserted, the Power Status tuEi> amber if 12V is present at the output of
the Hot Swap Controlleithis assures #t the 12V power is connected and present at the motherboard
and that the Hotswap Controller (HSC) is enabled.

When the server management software turns on the system power (CPU/Memory/PCle), the Power
Status LED turns green. Note that the power stattid Inay be driven by an analog resistor network
tied directly to a powerail andis not an indication of the health of the serv@able 8describes the
operation of the Power Status LED.

Table8. Power Status LED Description

Off 12V power is absent or PWR_EN# isadserted

Solid Amber ON PWR_EN# is asserted and 12V power output of the Hot Swap Controller is present.

Indicates that the management (BMC or IE) is booted and system poemalied

Solid Green ON (CPU/Memory/PCle).
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6.7.3 Attention LED

The Attention LED directs the service technicians to the server that requires s&Wiea.possible,
server diagnostics are used to direct repafhiernately, the Microsoft scaleut management software
can be used. In both cases, event logs of the repair work are available.

The LED is driven by a single BMC GRifle 9describes the operation of the Attention LED.

Table9. Attention LED Description

Off No attention indicated

Solid RED System needs attention

6.7.3.1 PSU Status LEDs

Themotherboardsupporisfour PSU status LEDs (2 per P&Edh PSU is comprised of 2 individual
status LEDs indicating tiRSU statusThese LEDs support the WCS P2010 Bt&bdard PSUs may not
support external LEDs.

6.8 Fan Control

The motherboardupportscontrol of twelve fans located at the rear of the server assenttdy control
is divided between two connectors enablingaweparate fan zone&ach connector supports 12V
power, a single PWM, and six TACH signals for controlling up to 6 fans in a singkheanetherboard
supports two separate fan zones.

6.9 SPD Block Diagram

Figure8 below details the SPD 12C bus for the DDR4 memory. The SPD bus is set to CPU access by
default. The CPU controls the SPD bus.
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Figure8. SPD Block Diagram

The motherboargrovidesa rea connector for interfacinghe motherboardto a 12V PSUhe

motherboardalso provides rear management connector for enabling external control of server power.
A block diagram of the interface is showigure 9.

[
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Motherboard Power OCS PSU OCS PMDU

Connector

P12V_PSU
Vin P12v
Hot .y CR2032 Power

Swap RTC P3V_BATT Cable
Circuitry
Controller

NoLoad P3V0 AC Power

P12V_AUX

—~
|
\ 4

PMBUS
I \ PSU_ALERT#
STATUS_LED1

| I STATUS_LED2

12C

A 4

PROCHO
Logic [« BLADE_THROTTLE

Circuitry NC LR_SELECT
» BLADE_PRESENT#
J_ ] NODE_ID[5:0]
; ’ > PS_ON#
BMC \/ — BLADE_EN#
Mgmt
Mm8 — Mgmt Cable

Connector

MM2

GPIO*

PSU_BLADE_E4#

Figure9. Power Management Block Diagram

7.1 Rack Management

The Rack Manager communicates with the server motherboard through the PMi2Uollowing
describes the management interfaces.

1 BLADEEN# Active low signal used to enable/disablevger to the P2010 PSB.1K ohm
pulldown resistor is used on the motherboard to ensure a default low state (active) if the Rack
Manager is not presenthis signal connects to the PS_ON# signal of the\WWBé&h in high
state (inactive), this signal disableutput power from the P2010 PSthis signal also connects
to the BMC so that the BMC can disable logging as soon as power is disabled.

1 SERVER_PRESENS&tive low signal used to communicate physical presence of the server to
the Rack Managefhis sigal should be tied to GND on the motherboard.

1 SERVER_THROTTA&Ive high signal used to put the motherboard into a low power (power
cap) stateThis signal should default low (inactive) if the Rack Manager is not pr@gestsignal
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is fanned out fromtie Rack Manager to multiple servers and therefore the circuit design
supports electrical isolation of this signal from the motherboard power planes.

the PMDU.

implementation.

Tablel0. Slot ID Decode

Slot SLOTID[5:0] Slot SLOTID[5:0]
Slot 1 000000 Slot 25 100000
Slot 2 000001 Slot 26 100001
Slot 3 000010 Slot 27 100010
Slot 4 000011 Slot 28 100011
Slot 5 000100 Slot 29 100100
Slot 6 000101 Slot 30 100101
Slot 7 001000 Slot 31 101000
Slot 8 001001 Slot 32 101001
Slot 9 001010 Slot 33 101010
Slot 10 001011 Slot 34 101011
Slot 11 001100 Slot 35 101100
Slot 12 001101 Slot 36 101101
Slot 13 010000 Slot 37 110000
Slot 14 010001 Slot 38 110001
Slot 15 010010 Slot 39 110010
Slot 16 010011 Slot 40 110011
Slot 17 010100 Slot 41 110100
Slot 18 010101 Slot 42 110101
Slot 19 011000 Slot 43 111000
Slot 20 011001 Slot 44 111001
Slot 21 011010 Slot 45 111010
Slot 22 011011 Slot 46 111011
Slot 23 011100 Slot 47 111100
Slot 24 011101 Slot 48 111101

7.2 PSU Management

SLOTIDI[5:0]¢ Identifies the physical rack slot in which the server is instal2as hard set by

LR_SELEGBpare signalJsed to differentiate between left and right slots for a dnalde

The motherboardupportsmanagement of the P2010 PR&low is alescription of the signals
supported by the PMDU.

18
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1 PS_ON#Active low signal used to enable/disable power to the PBii& signal is driven by the
PWR_EN# signal from the Rack ManagetkK ohm pulldown resistor is used on the
motherboard to ensure a defdtuow state if the RM is not present.

1 PSU_ALERT#Cctive low signal used to alert the motherboard that a fault has occurred in the
PSUAssertion of this signal by the PButsthe motherboard into a low power (PROCHOT)
state. This signal is also connedtto the BMC for monitoring of PSU status.

1 PMBUS I’Cinterface to the PSUrhe BMC uses this sigimmlused by the BM® read the
status of the PSU.

1 STATUS_LELControls LED to provide visual indication of a PSU fault.

7.3 Hot Swap Controller

For inrushcurrent protection on the motherboard, a hot swap controller (HSC) that includes support for
the PMBUS interface is used on the motherbodilde ADM1278 HSC is made available to BI@@rna
provides its ALERT# signal to the BWI&& signalarededicated b the HSC to provide fast response

time to power excursions. In the casefofure expansionsa 29 HSGnade available on BMC 12C as well

7.4 Power Capping

The motherboard supports throttling of the processors using the Fast PROCHOT mechanism based on
monitoring of the motherboards input voltage and pow#rblock diagram detailing these triggers is
shown inFigure 10.

The following triggers are monitored by the BMC can directly generate PROCHOT#Eaemtsigger is
filtered by the CPLD and the CPLDue@ghat any trigger event generates a minimum 100mS
PROCHOT# pulse.

1 Undervoltageg A comparator monitors the 12V output of the HSC and asserts if this voltage falls
below 11.5V.

9 Overcurrent Alert; The HSC monitors the input current and asserts the trigighe input
current exceeds 93A.

1 Overcurrent Protect The HSC monitors the input current and disables power to the
motherboard if the current exceeds 95A.

1 HSC ALERT #1 andihe HSC provides two programmable aleFtsese alerts are spare
inputs ard are disabled by default.

Note that the CPU voltage regulators also can generate PROCHOT triggers to the CPUs.

The motherboard enables power capping of the server from different trigger souksssrtion of either

of the following causes the motherboatd assert PROCHOT and the BMC to initiate power capping of
the serverEach of these triggers can be disabled by the BW&ddition, theBMCcantrigger these
events for debugging.
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1 RM THROTTLE®hrottle signal driven by the Rack Manager indicating thatrack has
exceeded its power limit.
1 PSU ALERT#AIlert signal driven by the PSRlssertion indicates an ov@urrent event or that
the Olympus PSU has transitioned its power source from AC to battery backup.

1 SPARETest signal that allows BMC to adgsswer cap

FAST PROCHOT Tiigger:

w

\A 4

tor
or

RM_THROTTLE#
PSU_PMBUS_ALERT#

Moni
OC Montt
HSC

YYVYY

ALERT#1

HSC
ALERT#2

YYVYY V¢

All triggers can also inform CPUOQ of an asserted event. The CPU can also determine what additional

BMC

HSC_ALERT2#
HSC_ALERT1#
OC_DETECT#
UV_ALERT#
RM_THROTTLE#
PMB_ALERT#
PMB_ALERT_EN#
RM_THROTTLE_EN#

SPAREY

[ SPARE#

CPLD

100ms
Pulse Gen

VYVVYVY

CPUOSRAM
VRHOT

CPUOMEM
VRHOT

CPUOVDD
DDRAG VRHJ

BMC_THROTTLE

<

CPUOVDD
DDRBH VRHO|

T

CPU1SRAM

CPULMEM | |
VRHOT

CPU1VDD
DDRAG VRH(

|

CPU1VDD
DDRBH VRHOIT

VR PROCHOT Triggers

o}

oD
PROCHOT#
>
g THROTTLE

CPUO

! A A

CPU1

oD
PROCHOT#
VRHOT

Figurel0. Power Capping

actions are needed during a power event.

7.5 PWRBRK#

The motherboardupports Emergency Power Reduction mechanism (PWRBRK#) for toedol s
PCle slots. The primary purpose is to provide a power reduction mechani§t@liarards as part of the
throttle and power capping strateg¥igure 11shows the block diagram for FRBRK#WRBRK# can be
triggered by either the RM_THROTTLE# or PSU2_ALIERBMC controls enable/disable monitoring

of the two triggers and can also force an event.
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Power Cap Triggers

| o Logic IC

.

PSU2 |
§ ALERT# ?__

»] PCIE SLOT #3
_-—
PCIE SLOT #5

ﬁ‘
4

BMC

RM_THROTTLE# PSU2_ALERT_E

>
>
P PSU2 ALERT#  RM_THROTTLE |

FM_PWRBRKf

Figurell PWRBRK#

7.6 OvercurrentProtection

The hot swap controller (HSC) is responsible for detecting a current level that indicates a catastrophic
failure of the serverln this event, the HSC should disable 12V to the motherboard typically by disabling
GKS 1 {/ Q& AylLdzi C9¢{ o

7.7 Datasafe Strage

The design supports datasafe storage solutigndatasafe storage device is a device that contains
nonvolatile storage backup for volatile memory. Backup power for these devices can be supplied by a
device local energy source such as a lithium bgatt®AID), Pfail circuit (M.2), or Supercap (NVDIMM), or
it can be supplied by a PSU battery backaypported datasafe devices include:

1 RAID Controller

Uses device local battery solution or PSU batt8gue initiated by PERST#.
T M2

Uses device local Pfaircuit or PSU battenBave initiated by PERST#.
1 NVDIMM

Uses Supercap solution or PSU batt&gve initiated by SAVE#.

7.7.1 M.2

The design supports up to 9 M.2 modulEsur modules are supported through Slot& &nd five are
supported through M.2 connecte on the motherboardlf the M.2 contains a local PFAIL solution, the
solution shall reside within the volume space designated for the M.2 motuseintended that the
PFAIL solution would be used in servers that are not supported by the PSU battleny IsalutionIf

the server contains a PSU battery solution, the design properly initiate a SAVE event and meet the
power state requirements for backup.
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Clock Generator

The motherboard supports multiple clock generators. The clock circuitry supporastR€ made
available to the BMC.

Reference clock for motherboard interface are shown below:

Figure 12%rovides an overview of the motherboard clock circuitry.

=4 =4 =4 4 -4 -4

Core: 33.33 MHz
SOC: 33.33 MHz
DDR: 33.33 MHz
CCPIZ: 125 MHz
PCle: 100 MHz
SATA: 100 MHz
USB: 100 MHz
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Generator for > PCle Slot #1 ]
CPUOPCle | P PCle Slot #2 ]
> PCle Slot #3 ]

> PCle Slot #4 ]

h 4

On-Board M.2. PCle Slot #5 |

h 4

BMC ]
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CPUO PCle Ref Clk

100Mhz Clock
Generator for
CPU1 PCle
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On-Board M.2. PCle Slot #1 |
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Figurel2. Clock Generator
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9  Motherboard Layout

Figure B shows an example layout and the approximate location of critical components and corsiecto
Thebottom of the diagram represents the location of the cold aisle.

MGMT [ | MGMT Fan Fan

or WAId
01 AWIa
ON WNIQ
0d AWIa
0d AWIa
oY AWIa
00 NI
03 WAIG
09 AWIa
08 NwIa

OH NWIa
04 WNIG

[
=
>
&

II 8XUINOO

G# LOTS 91X 310d

M.2 Module #3

M.2 Module #2

v# LOTS 2€X310d
G# SINPON '
€# LOTS 91X 310d

BMC

M.2 Module #4

2# 1LO71S 8X810d
T# LO71S 8X810d

NCSI 12C
Exapandel

Figurel3. Motherboard Layout

10 Servicability

10.1 Debug Features

The motherboard supports the following debug features:

1 12CDebugheaders o all 12C portsHeaders are compatible with standard 12C Protocol
Analyzers such as Beagle or Aardvark.
1 Debug connector on all UARBSin 2.54mm headers.
POST LEDs.
1 BIOS Debug Support Including:
o0 Two socketed BIOS Flash (socket to be removepirfmuction)

=
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0 BIOS recovery jumper connected to GPIO
9 Two USB 3.0 debug ports connected to CPUO USR RodtCPU1 USBort 1 available at the
front of motherboard (cold aisle)

The motherboargrovidestwo USB 3.0 Type A connectors at the front of theser to enable cold aisle

servicing.

10.2 LED Visibility

Motherboard LEDs determined to be important for communicating status to service persanenel
visible at the front (cold aisle) of thmotherboard

9 UID LED
1 Power Status LED
i Attention LED

11 Motherboard Interfaces

This section describes the connector interfaces to the motherboard.

11.1 PCle x8 Connectors

All standard PCle x8 connectdstot #1 and #2pn the motherboardsupportsthe dual M.2 riser card.
The interface is designed to support a standard PCle xBasawell as the M.2 Interposer Modulehe

M.2 Interposer Module is a custom edge card PCA that supports two M.2 SSD Modules (NGFF form

factor cards) in the connectorized SSD Socket 3 format per the PCl Express M.2 Speciiicatipport

two M.2 modules, the PCle connector interface is altered to support two x4 PCle Gen3 interfaces as well

as the SSD specific signals per the PCIE M.2 specifidatiia.11describes the connector pinoudll
signals satisfthe electrical requirements of the PCle C&ldctromechanical Specificatiofhe
following is a list of pin assignment deviations from that specification needed to support two M.2
modules.These signals are highlighted in red.

I SUSCLK is assigned to pin A6 replacing JTAG TRipggart for SUSCLsOptional.

1 LINKWIDTH is assigned to BitY replacing PRSNT#Ehables autaletection of 2x4 M.2
Interposer or 1x8 standard PCle caftie design is not required to support PCle x1 cards.

1 REFCLK2+i6 assigned to pins A32/A33 replacing two Resepiesl.

1 SMBCLK2 and SMBDAT?2 are assigned to piA8 feplacing TDO and TMS pins.
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Tablel1. PCle x8 connector pinout

Pin | Side B Connector

Side A Connector

# Name Description Name Description

1| +12v +12 volt power PRSNT#1 S'Stteg'tugpresence
2 +12v +12 volt power +12v +12 volt power

3 +12v +12 volt power +12v +12 volt power

4 GND Ground GND Ground

5 SMCLK1 SMBus clock JTAG2 TCK

6 SMDAT1 SMBus data SUSCLK Suspend Clk

7 GND Ground SMCLK2 SMBus clock

8 +3.3v +3.3 volt power SMDAT2 SMBus data

9 JTAG1 +TRST# +3.3v +3.3 volt power
10 | 3.3Vaux 3.3v volt power +3.3v +3.3 volt power
11 | WAKE# Link Reactivation PGOOD Powergood
Mechanical Key

12 | CLKREQ# Request Running Clock GND Ground

13 | GND Ground REFCLK1+ Reference Clock
14 | PETP(0) Transmitter Lane 0, REFCLK1 Differential pair
15 | PETN(O) Differential pair GND Ground

16 | GND Ground PERP(0) Receiver Lane 0,
17 | LINKWIDTH (])_: i )):g PERN(0O) Differential pair
18 | GND Ground GND Ground

19 | PETP(1) Transmitter Lane 1, RSVD Reserved

20 | PETN(1) Differential pair GND Ground

21 | GND Ground PERP(1) Receiver Lane 1,
22 | GND Ground PERN(1) Differential pair
23 | PETP(2) Transmitier Lane 2, GND Ground

24 | PETN(2) Differential pair GND Ground

25 | GND Ground PERP(2) Receiver Lane 2,
26 | GND Ground PERN(2) Differential pair
27 | PETP(3) Transmitter Lane 3, GND Ground

28 | PETN(3) Differential pair GND Ground

29 | GND Ground PERP(3) Receiver Lane 3,
30 | RSVD Reserved PERN(3) Differential pair
31 PRSNT#2 Presence Detect GND Ground
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32 | GND Ground REFCLK2+ Reference Clock
33 | PETP@4) Transmitter Lane 4, REFCLK2 Differential pair
34 | PETN(@4) Differential pair GND Ground

35 | GND Ground PERP(4) Receiver Lane 4,
36 | GND Ground PERN(4) Differential pair
37 | PETP(5) Transmitter Lane 5, GND Ground

38 | PETN(5) Differential pair GND Ground

39 | GND Ground PERP(5) Receiver Lane 5,
40 | GND Ground PERN(5) Differential pair
41 | PETP(6) Transmitter Lane 6, GND Ground

42 | PETN(6) Differential pair GND Ground

43 | GND Ground PERP(6) Receiver Lane 6,
44 | GND Ground PERN(6) Differential pair
45 | PETP(7) Transmitter Lane 7, GND Ground

46 | PETN(7) Differential pair GND Ground

47 | GND Ground PERP(7) Receiver Lane 7,
48 | PRSNT#2 Presence detect PERN(7) Differential pair
49 | GND Ground GND Ground

11.2 PCle x1&onnectors

The PCle x16 connector interface is designed to support a standard PCle-kg@yhilcard.The pinout
for supporting PCle x16 describedliable 12This interface also supports the PWRBRK# power
reduction feature Note that this signal is a¢ared on pins B12 and B3lhis enables support for the
feature on existing platforms (B12) and meets the latest PCI SIG definition kBB@)rther
information, refer to the PCI Express® Card Electromechanical Specification.

Tablel12. PCle x16 connector pinout

Pin Side B Connector Side A Connector

# Name Description Name Description

1 +12v +12 volt power PRSNT#1 Hot plug presence detect
2 +12v +12 volt power +12v +12 volt power

3 +12v +12 volt power +12v +12 volt power

4 GND Ground GND Ground

5 SMCLK SMBus clock JTAG2 TCK

6 SMDAT SMBus data JTAG3 TDI

7 GND Ground JTAG4 TDO
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8 +3.3v +3.3 volt power JTAGS T™MS

9 JTAG1 +TRST# +3.3v +3.3 volt power

10 3.3Vaux 3.3v volt power +3.3v +3.3 volt power

11 WAKE# Link Reactivation PWRGD Power Good
Mechanical Key

12 PWRBRK# | Power Reduction GND Ground

13 GND Ground REFCLK+ Reference Clock

14 PETP(0) Transmitter Lane O, REFCLK Differential pair

15 PETN(0) Differential pair GND Ground

16 GND Ground PERP(0) Receiver Lane 0,

17 PRSNT#2 | Presence detect PERN(0O) Differential pair

18 GND Ground GND Ground

19 PETP(1) Transmitter Lane 1, RSVD Reserved

20 PETN(1) Differential pair GND Ground

21 GND Ground PERP(1) Receiver Lane 1,

22 GND Ground PERN(1) Differential pair

23 PETP(2) Transmitter Lane 2, GND Ground

24 PETN(2) Differential pair GND Ground

25 GND Ground PERP(2) Receiver Lane 2,

26 GND Ground PERN(2) Differential pair

27 PETP(3) Transmitter Lane 3, GND Ground

28 PETN(3) Differential pair GND Ground

29 GND Ground PERP(3) Receiver Lane 3,

30 PWRBRK# | Power Reduction PERN(3) Differential pair

31 PRSNT#2 | Hot plug detect GND Ground

32 GND Ground RSVD Reserved

33 PETP(4) Transmitter Lane 4, RSVD Reserved

34 PETN(4) Differential pair GND Ground

35 GND Ground PERP(4) Receiver Lane 4,

36 GND Ground PERN(4) Differential pair

37 PETP(5) Transmitter Lane 5, GND Ground

38 PETN(5) Differential pair GND Ground

39 GND Ground PERP(5) Receiver Lane 5,

40 GND Ground PERN(5) Differential pair

41 PETP(6) Transmitter Lane 6, GND Ground

42 PETN(6) Differential pair GND Ground
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43 GND Ground PERP(6) Receiver Lane 6,
44 GND Ground PERN(6) Differential pair
45 PETP(7) Transmitter Lane 7, GND Ground

46 PETN(7) Differential pair GND Ground

a7 GND Ground PERP(7) Receiver Lane 7,
48 PRSNT#2 | Hot plug detect PERN(7) Differential pair
49 GND Ground GND Ground

50 PETP(8) Transmitter Lane 8, RSVD Reserved

51 PETN(8) Differential pair GND Ground

52 GND Ground PERP(8) Receiver Lane 8,
53 GND Ground PERN(8) Differential pair
54 PETP(9) Transmitter Lane 9, GND Ground

55 PETN(9) Differential pair GND Ground

56 GND Ground PERP(9) Receiver Lane 9,
57 GND Ground PERN(9) Differential pair
58 PETP(10) | Transmitter Lane 10, GND Ground

59 PETN(10) Differential pair GND Ground

60 GND Ground PERP(10) Receiver Lane 10,
61 GND Ground PERN(10) Differential pair
62 PETP(11) Transmitter Lane 11, GND Ground

63 PETN(11) | Differential pair GND Ground

64 GND Ground PERP(11) Receiver Lane 11,
65 GND Ground PERN(11) Differential pair
66 PETP(12) Transmitter Lane 12, GND Ground

67 PETN(12) Differential pair GND Ground

68 GND Ground PERP(12) Receiver Lane 12,
69 GND Ground PERN(12) Differential pair
70 PETP(13) Transmitter Lane 13, GND Ground

71 PETN(13) | Differential pair GND Ground

72 GND Ground PERP(13) Receiver Lane 13,
73 GND Ground PERN(13) Differential pair
74 PETP(14) Transmitter Lane 14, GND Ground

75 PETN(14) | Differential pair GND Ground

76 GND Ground PERP(14) Receiver Lane 14,
77 GND Ground PERN(14) Differential pair
78 PETP(15) Transmitter Lane 15, GND Ground
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79 PETN(15) Differential pair GND Ground

80 GND Ground PERP(15) Receiver Lane 15,
81 PRSNT#2 | Hot plug present detect | PERN(15) Differential pair
82 RSVD#2 Hot Plug Detect GND Ground

11.3 PCle x32 Connector

ThePCle x32 connector interface is designed to support a PCle xB2ifjlit card Use of PCle x32 is
optional for the front I/O slot, and is primarily intended as a future growth targeting slotivd.
interface is comprised of two Samtec HSEC8 conne@606spin MPN DFHSKOFS015 and 60 pin MPN
DFHS60FS042he pinouts for the 200 pin and 60 pin connectors are showWrablel3 and Tablel4
respectivelyKey features for this interface includes:

1 Supportswo PCle x16 interfaces

1 Supports autebifurcation (Config ID)
9 Supports up to 6 PCle Clocks
1 Supports two SMBus interfaces
9 Supports JTAG Interface
1 Supports USB 2.0 Interface
Tablel3. PCle x32 Connector Pinou200 Pin
Pin Side AConnector Side B Connector Pin
# Name Description Name Description #
1 P12V +12 volt power P12V +12 volt power 2
3 P12V +12 volt power P12V +12 volt power 4
5 P12V +12 volt power P12V +12 volt power 6
7 P12V +12 volt power P12V +12 volt power 8
9 P12V +12 volt power P12V +12 volt power 10
11 P12V +12 volt power P12V +12 volt power 12
13 GND Ground GND Ground 14
15 | 12C1_SMBDAT | SMBuslto BMC | BMC_ALERT# SMEUS Alert to 16
17 | 12C1_SMCLK | SMBuslto BMC | SLT_CFG1 S:?lt Configuration 18
19 | SLT_CFGO g:g Configuration | o\ pEREAK# Power Break 20
21 P3V3 +3.3 volt power P3V3 +3.3 volt power 22
23 P3V3 +3.3 volt power P3V3 +3.3 volt power 24
25 P3V3_STBY +3.3 volt stby power| GND Ground 26
27 BMC_ALERT# SMBus Alert to BMC| WAKE# Wake 28
29 PERST# PCle Reset 12C2_SMDAT SMBus2 to BMC 30
31 GND Ground 12C2_SMCLK SMBus2 to BMC 32
33 CLK_100M_DP<0j Reference Clock GND Ground 34
35 CLK_100M_DN<Q| Differential pair CLK _100M_DP<1> Reference Clock 36
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37 GND Ground CLK_100M_DN<15 Differentialpair 38
39 CLK_100M_DP<2j Reference Clock GND Ground 40
41 CLK_100M_DN<2| Differential pair CLK_100M_DP<3> Reference Clock 42
43 GND Ground CLK_100M_DN<35 Differential pair 44
45 CLK_100M_DP<4] Reference Clock GND Ground 46
47 CLK_100M_DN<4| Differential pair CLK_100M_DP<5> Reference Clock 48
49 GND Ground CLK_100M_DN<55 Differential pair 50
51 P3E_PO_TXP<153 Transmitter Lane 15, GND Ground 52
53 P3E_PO_TXN<157 Differential pair P3E_PO_RXP<15> Receiver Lane 15 54
55 GND Ground P3E_PO0_RXN<15> Differential pair 56
57 P3E_PO_TXP<14y Transmitter Lane 14, GND Ground 58
59 P3E_P0O_TXN<144 Differential pair P3E_PO_RXN<14> Receiver Lane 14 60
61 GND Ground P3E_PO_RXP<14>| Differential pair 62
63 RSVD1 Reserved GND Ground 64
65 GND Ground RSVD2 Reserved 66
67 P3E_PO_TXN<137 Transmitter Lane 13/ GND Ground 68
69 P3E_P0O_TXP<137 Differential pair P3E_PO_RXP<13> Receiver Lane 13 70
71 GND Ground P3E_PO0_RXN<13> Differential pair 72
73 P3E_PO_TXN<121 Transmitter Lane 12/ GND Ground 74
75 P3E_PO_TXP<127 Differential pair P3E_PO_RXP<12> Receiver Lane 12 76
77 GND Ground P3E_PO_RXN<12> Differential pair 78
79 P3E_PO_TXN<111 Transmitter Lane 11/ GND Ground 80
81 P3E_PO_TXP<11 Differential pair P3E_PO_RXP<11> Receiver Lane 11 82
83 GND Ground P3E_PO0_RXN<11> Differential pair 84
85 P3E_PO_TXN<104 Transmitter Lane 10, GND Ground 86
87 P3E_PO_TXP<10 Differential pair P3E_PO0_RXP<10> Receiver Lane 10 88
89 GND Ground P3E_PO_RXN<10> Differential pair 90
91 P3E_PO_TXP<9>| TransmitterLane 9, | GND Ground 92
93 P3E_PO_TXN<9>| Differential pair P3E_PO_RXP<9> | Receiver Lane 9, 94
95 GND Ground P3E_PO_RXN<9> | Differential pair 96
97 P3E_PO_TXP<8>| Transmitter Lane 8, | GND Ground 98
99 P3E_PO_TXN<8>| Differential pair P3E_PO_RXP<8> | Receivetane 8, 100
101 GND Ground P3E_PO_RXN<8> | Differential pair 102
103 P3E_PO_TXP<7>| Transmitter Lane 7, | GND Ground 104
105 P3E_PO_TXN<7>| Differential pair P3E_PO_RXP<7> | Receiver Lane 7, 106
107 GND Ground P3E_PO_RXN<7> | Differential pair 108
109 P3E_PO_TXP<6>| Transmitter Lane 6, | GND Ground 110
111 P3E_PO_TXN<6>| Differential pair P3E_PO_RXP<6> | Receiver Lane 6, 112
113 GND Ground P3E_PO0_RXN<6> | Differential pair 114
115 P3E_PO_TXP<5>| Transmitter Lane 5, | GND Ground 116
117 P3E_PO_TXN<5>| Differential pair P3E_PO_RXP<5> | Receiver Lane 5, 118
119 GND Ground P3E_PO0_RXN<5> | Differential pair 120
121 P3E_PO_TXP<4>| Transmitter Lane 4, | GND Ground 122
123 P3E_PO_TXN<4>| Differential pair P3E_PO_RXP<4> | Receiver Lane 4, 124
125 GND Ground P3E_P0O_RXN<4> | Differential pair 126
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127 P3E_PO_TXP<3>| Transmitter Lane 3, | GND Ground 128
129 P3E_PO_TXN<3>| Differential pair P3E_PO0_RXP<3> | Receiver Lane 3, 130
131 GND Ground P3E_P0O_RXN<3> | Differential pair 132
133 P3E_PO_TXP<2>| Transmitter Lane 2, | GND Ground 134
135 P3E_PO_TXN<2>| Differential pair P3E_PO0_RXP<2> | Receiver Lane 2, 136
137 GND Ground P3E_P0O_RXN<2> | Differential pair 138
139 P3E_PO_TXP<1>| Transmitter Lane 1, | GND Ground 140
141 P3E_PO_TXN<1>| Differential pair P3E_PO0_RXP<1> | Receiver Lang, 142
143 GND Ground P3E_P0O_RXN<1> | Differential pair 144
145 P3E_PO_TXP<0>| Transmitter Lane 0, | GND Ground 146
147 P3E_PO_TXN<O0>| Differential pair P3E_PO0_RXP<0> | Receiver Lane 0, 148
149 GND Ground P3E_P0O_RXN<0> | Differential pair 150
151 P3E_P1_TXP<153 Transmitter Lane 15| GND Ground 152
153 P3E_P1_TXP<157 Differential pair P3E_P1 RXP<15> Receiver Lane 15 154
155 GND Ground P3E_P1_RXP<15> Differential pair 156
157 P3E_P1_TXP<144 Transmitter Lane 14, GND Ground 158
159 P3E_P1_TXN<141 Differentialpair P3E_P1 RXP<14> Receiver Lane 14 160
161 GND Ground P3E_P1_RXN<14> Differential pair 162
163 P3E_P1_TXP<134 Transmitter Lane 13/ GND Ground 164
165 P3E_P1_TXN<137 Differential pair P3E_P1 RXP<13> Receiver Lane 13 166
167 GND Ground P3E_P1_RXN<13> Differential pair 168
169 P3E_P1_TXP<124 Transmitter Lane 12/ GND Ground 170
171 P3E_P1_TXN<123 Differential pair P3E_P1 RXP<12> Receiver Lane 12 172
173 GND Ground P3E_P1_RXN<12> Differential pair 174
175 P3E_P1_TXP<114 Transmitter Lane 11/ GND Ground 176
177 P3E_P1_TXN<11y Differential pair P3E_P1 RXP<11> Receiver Lane 11 178
179 GND Ground P3E_P1_RXN<11> Differential pair 180
181 P3E_P1_TXP<10s Transmitter Lane 10, GND Ground 182
183 P3E_P1_TXN<10f Differential pair P3E_P1 RXP<10> Receivetane 10, 184
185 GND Ground P3E_P1_RXN<10> Differential pair 186
187 P3E_P1_TXP<9>| Transmitter Lane 9, | GND Ground 188
189 P3E_P1 _TXN<9>| Differential pair P3E_P1 RXP<9> | Receiver Lane 9, 190
191 GND Ground P3E_P1_RXN<9> | Differential pair 192
193 P3E_P1_TXP<8>| Transmitter Lane 8, | GND Ground 194
195 P3E_P1 _TXN<8>| Differential pair P3E_P1 RXP<8> | Receiver Lane 8, 196
197 GND Ground P3E_P1_RXN<8> | Differential pair 198
199 PRESENT# Present signal GND Ground 200
Tablel4. PCle x32 Connector Pinou60 Pin

Pin Side A Golden Finger Side B Golden Finger Pin

# Name Description Name Description #

1 GND Ground P5V USB Power 2

3 P3E_P1 TXP<7>| Transmitter Lane 7, | GND Ground 4

5 P3E_P1_TXN<7>| Differential pair P3E_P1 RXP<7> | Receiver Lane 7, 6

7 GND Ground P3E_P1_RXN<7> | Differential pair 8
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9 P3E_P1_TXP<6> Transmitter Lane 6, | GND Ground 10
11 P3E_P1_TXN<6>| Differential pair P3E_P1_RXP<6> | Receiver Lane 6, 12
13 GND Ground P3E_P1_RXN<6> | Differential pair 14
15 P3E_P1_TXP<5> Transmitter Lane 5, | GND Ground 16
17 P3E_P1_TXN<5>| Differential pair P3E_P1_RXP<5> | Receiver Lane 5, 18
19 GND Ground P3E_P1_RXN<5> | Differential pair 20
21 P3E_P1_TXP<4> Transmitter Lane 4, | GND Ground 22
23 P3E_P1_TXN<4> Differential pair P3E_P1_RXP<4> | Receiver Lane 4, 24
25 GND Ground P3E_P1_RXN<4> | Differential pair 26
27 P3E_P1_TXP<3> Transmitter Lane 3, | GND Ground 28
29 P3E_P1_TXN<3>| Differential pair P3E_P1_RXP<3> | Receiver Lane 3, 30
31 GND Ground P3E_P1_RXN<3> | Differential pair 32
33 P3E_P1 _TXP<2>| Transmitter Lane 2, | GND Ground 34
35 P3E_P1 TXN<2> Differential pair P3E_P1 RXP<2> | Receiver Lane 2, 36
37 GND Ground P3E_P1_RXN<2> | Differential pair 38
39 P3E_P1 _TXP<1>| Transmitter Lane 1, | GND Ground 40
41 P3E_P1 TXN<1> Differential pair P3E_P1 RXP<1> | Receiver Lane 1, 42
43 GND Ground P3E_P1_RXN<1> | Differential pair 44
45 P3E_P1_TXP<0> Transmitter Lane 0, | GND Ground 46
a7 P3E_P1 TXN<O0> Differential pair P3E_P1 RXP<0> | Receiver Lane 0, 48
49 GND Ground P3E_P1_RXN<O0> | Differential pair 50
51 JTAG_TDI JTAG TDI GND Ground 52
53 JTAG_TDO JTAG TDO JTAG_TMS JTAG TMS 54
55 GND Ground JTAG_TCK JTAG TCK 56
57 USB2_DP USB 2.0 GND Ground 58
59 USB2_DN USB 2.0 JTAG_TRST JTAG Reset 60

11.4 M.2 Connectors

The board suppotfive ontboard M.2. PCleonnectors for expansion flash memomhe M.2 connector

pinout is shown iTable b. For more information about the M.2 interface, refer to the PCI Express M.2
Specification.

Tablel5. M.2 connector pinout

M.2 Module StandardPinout

Pin | Signal Description Pin | Signal Description
74 | 3.3V 3.3V Power 75 | GND Ground

72 | 3.3V 3.3V Power 73 | GND Ground

70 | 3.3V 3.3V Power 71 | GND Ground

68 | SUSCLK(32KHz) Reduce Power Clock 69 | NC Reserved
66 | KEY Module Key 67 | GND Ground

64 | KEY Module Key 65 | KEY Module Key

32 November 1 2017



Open Compute Projecf Project OlympusCaviumThunderX2c ARMx64Motherboard Specification

62 | KEY Module Key 63 | KEY Module Key
60 | KEY Module Key 61 | KEY Module Key
58 | NC Reserved 59 | KEY Module Key
56 | NC Reserved 57 | GND Ground
54 | PEWAKE# PCle PME Wake (Open Drain) 55 | REFLKCP | PCle Reference Clock
52 | CLKREQ# ReferenceClock Request 53 | REFLKCN | PCle Reference Clock
50 | PERST# PCle Reset 51 | GND Ground
48 | NC Reserved 49 | PETPO PCle Transmit Lane 0
46 | NC Reserved 47 | PETNO PCle Transmit Lane 0
44 | ALERT# SMBus ALERT 45 | GND Ground
42 | SMB_DATA SMBus Data 43 | PERPO PCle Receiveane 0
40 | SMB_CLK SMBus Clock 41 | PERNO PCle Receive Lane 0
38 | DEVSLP Device Sleep 39 | GND Ground
36 | NC Reserved 37 | PETP1 PCle Transmit Lane 1
34 | NC Reserved 35 | PETN1 PCle Transmit Lane 1
32 | NC Reserved 33 | GND Ground
30 | NC Reserved 31 | PERP1 PCleReceive Lane 1
28 | NC Reserved 29 | PERN1 PCle Receive Lane 1
26 | NC Reserved 27 | GND Ground
24 | NC Reserved 25 | PETP2 PCle Transmit Lane 2
22 | NC Reserved 23 | PETN2 PCle Transmit Lane 2
20 | NC Reserved 21 | GND Ground
18 | 3.3V 3.3V Power 19 | PERP2 PCle Receivieane 2
16 | 3.3V 3.3V Power 17 | PERN2 PCle Receive Lane 2
14 | 3.3V 3.3V Power 15 | GND Ground
12 | 3.3V 3.3V Power 13 | PETP3 PCle Transmit Lane 3
10 | DAS/DSS# Drive Active Signal (Open Drain) 11 | PETN3 PCle Transmit Lane 3
8 | NC Reserved 9 | GND Ground
6 | NC Reserved 7 | PERP3 PCle Receive Lane 3
4 | 3.3V 3.3V Power 5 | PERN3 PCle Receive Lane 3
2 | 3.3V 3.3V Power 3 | GND Ground

1 | GND Ground

11.5 SATA Cable Ports

The motherboardncludessupport for four x1 SATA standarepih connectors.
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11.6 SATA Power Connector

Themotherboard optionally includeup to two 4pin Mini-Fit® J™5566 series power connectors,
Molex P/N 3928-1043 or equivalent for supplying power to up to 4 SATA devidesmotherboard
optionally supports additional connectors to provide power to a@h additional 8 SATA devices (12
total). Each connector pin has a maximum 13A current capalatyle 5 describes the connector
pinout. Figure 3 shows a top view of the physical pin numbering.

Table16. SATA Power Connector

Pinl&?2 GND 13A (Black)
Pin 3 12v 9A (Yellow)
Pin 4 5V 9A (Red)

Figurel4. SATA Power Connector Pin Numbering

010
& ®

11.7 SATA Power Expansion Connector

The motherboardptionally includsup to two 8pin MinkFCA it WNM ppcc aSNRSa
P/N 3928-1083 or equivalent for supplying power to up to 8 additional SATA devitaesh connector
has a maximum 13A current capacitible ¥ describes the connect@inout. Figurel5shows a top

view of the physical pin numbering.
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Tablel7. SATA Power Expansion Connector Pinout

Pin 14 GND 13A (Black)
Pin 5,6 12v 9A (Yellow)
Pin 7,8 5V 9A (Red)

Figurel5. SATA Power Expansion Connector Pin Numbering

OO

OJ0100

11.812V Power Connector

The motherboardncludesa 24pin Mini-C A G t
equivalent to support 12V cabling from the motherboard to the PBig. connectosupports800W.

Table B describes the connector pinougigure  shows a top view of the physigaih numbering For
further information, refer to the Project Olympus PSU Specification.

Tablel18. 12V Power Connector

WNM ppcdod aSNRSa

Management Connector

Pin | Signal I/0 Voltage Description

1 | GND | ov GND from PSU

2 | GND | ov GND from PSU

3 | GND | ov GND from PSU

4 | GND | ov GND from PSU

5 | GND | ov GND from PSU

6 | GND | ov GND from PSU

7 | P12v_PSU | 12v 12V Power from PSU
g8 | Pl2v_PSuU | 12v 12V Power from PSU
9 | Pl2v_PSU | 12v 12V Power from PSU
10 | P12v_PSU | 12v 12V Power from PSU
11 | P12V_PSU I 12v 12V Power from PSU
12 | P12V_PSU | 12v 12V Power from PSU
13 | GND | ov GND from PSU

LJ20848 bk O2 Yy S (
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14 | GND | oV GND from PSU
15 | GND | oV GND from PSU
16 | GND | oV GND from PSU
17 | GND | oV GND from PSU
18 | GND | oV GND from PSU
19 | P12V_PSU | 12v 12V Power from PSU
20 | P12v_PSU | 12v 12V Power from PSU
21 | P12v_PSU | 12v 12V Power from PSU
22 | P12V_PSU | 12v 12V Power from PSU
23 | P12V_PSU I 12v 12V Power from PSU
24 | P12V_PSU | 12v 12V Power from PSU

Figurel6. Mini-Fit Connector PitNumbering
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11.9 Management Connector

BWEOOEHE®®HE®E®

The motherboardncludesa connector for interfacg management signals from the motherboard to the
Rack Manager through a cable to a rear panel connector on the server asséh#lyonnector for

supporting the cablés|l y LAY

My

a2f SE

t AO20f F RSu &783898%ar

equivalent.Tablel9describes the connector pinoutigure ¥ shows a top view of the physical pin

numbering.

Table19. Management Connector

1U Management Connector

Pin | Signal 1/0 Voltage | Description
1 BLADEEN# | 3.3V Enable signal from Rack ManageiP®_ON and BMC
2 LR_SELECT | RS232 | Left/Right Node Select
3 | SLOT_ID | 3.3V SLOT Ifrom PMDU to the Server
4 SLOT_ID | 3.3V SLOT Ifrom PMDU to Server
5 | SERVER_THROTTLE# | 3.3V Server Throttle control from Rack Manager
6 | SERVERRESENT# (0] 3.3V Indicates Server presence to the Rack Manager
7 12C_SCL 0] 3.3V I2CClock to PSU (PMBus)
8 12C_SDA le] 3.3V I2CData to PSU (PMBus)
9 12C_GND | ov GND reference foPCbus
10 | PS_ON# (0] 3.3V Turns on PSWonnector to BLADE_EN#
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11 | PSU_ALERT# | 3.3V | IPCAlert from the PSU

12 | PSU_LEDO [ 3.3V | PSU LED 0(Green)

13 | pSU_LED1 I 3.3V PSU LED 1(Yellow)

14 |\ sLoT 1p I 3.3V SLOT Irom PMDU to Server

15 | sLOoT_I® I 3.3V SLOT Ifrom PMDU to Server

16 | sLOT_ I I 3.3V SLOT Irom PMDU to Server

17 | sLoT_I® I 3.3v SLOT Ifrom PMDU to Server

18 | P3V_BAT_SOURCE | 3V Optional 3V RTC Source (ifortboard3V battery igpresent)

Figurel?. 1U Management Connector Pin Numbering

EGEOOO OO
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11.10  ManagementExpansionConnector

Themotherboard includes connector for enabling management and power control of expansion
hardware such as @U serverThe connector for supporting the cable shall be an 18 pin Molex

t A0206f 1 RSu aSNRSa 02 gisRe823MNBuivalentTHsks thielsahd confetztordo S NJ
as used for the 1U Server Management Connedtable 20describes the connectagrinout.

Table20. Expansion Server Management Connector

Server Management Connector
Pin | Signal /O Voltage | Description
1 | NC NA NA No Connect
2 | 12C1_SDA 0 3.3V | |2CData (expansion
3 | 12CL_ S 110 3.3V | |2CClock (expansign
4 | GND I ov GND Reference
5 NC NA NA No Connect
6 PRESENT# I 3.3V Indicate expansion server presence to the rack manager
7 12C@_SCL (0] 3.3v I2C Clock texpansiorPSU (PMBus)
8 12CQ_SDA I/O 3.3V I2C Data t@xpansiorPSU (PMBus)
9 12C_GND I ov GNbDreference for 12Cbus
10 | PS_ON# (0] 3.3V Turns orexpansiorPSUDriven by BMC or CPLD
11 | PSU_ALERT# I 3.3V 12C Alert from theexpansiorPSU
12 | PSU_LEDO | 3.3V | ExpansioPSU LED 0(Green)
13 | pSU_LED1 | 3.3V | ExpansioPSU LED 1(Yellow)
14 | NC NA NA No Connect
15 | PSU1_PWROK | 3.3V | PSU Power OK signal to BMC
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16 | pSuU2_PWROK | 3.3V | PSU2 Power OK Signal to BMC
17 | PSU1_PRESENT | 3.3V | PSU Present Signal
18 | PSU2_PRESENT I 3.3V PSU2 Present Signal

11.11 OCuLink x8 Connector

The motherboardncludesa connector for cabling PCle x8 from the motherboard to the FPGA T d.
connector for supporting the cablean 80LJA Y @SNIA OFf a2t SE bl y2 LA GOKx
equivalent (Molex part number 17316138). Table 21describes the connector pinoutigure 18 shows

a top view of the physical pin numbering.

Table21. Oculink x8 Connector

Row A Row B
Pin fligrr;il Description Pin ﬁligr:zl Description
Al GND Ground B1 GND Ground
A2 PERpO PCle Receive Data to CP\ B2 PETpO PCle Transmit Data from CPU
A3 PERNO PCle Receive Data to CPU B3 PETNO PCle Transmit Data from CPU
Ad GND Ground B4 GND Ground
A5 PERp1 PCle Receive Data to CP\ B5 PETp1 PCle Transmit Data from CPU
A6 PERN1 PCle Receive Data to CP\ B6 PETn1 PCleTransmit Data from CPU
A7 GND Ground B7 GND Ground
A8 NC No Connect B8 NC No Connect
A9 NC No Connect B9 NC No Connect
A10 GND Ground B10 GND Ground
All NC No Connect B11 NC No Connect
Al12 NC No Connect B12 CPRSNT# | Cable Present
Al13 GND Ground B13 GND Ground
Al4 PERp2 PCle Receive Data to CP\ B14 PETp2 PCle Transmit Data from CPU
A15 PERN2 PCle Receive Data to CP\ B15 PETN2 PCle Transmit Data from CPU
Al6 GND Ground B16 GND Ground
Al7 PERp3 PCle Receive Data to CPU B17 PETp3 PCle Transmit Dafeom CPU
Al8 PERN3 PCle Receive Data to CP\ B18 PETNn3 PCle Transmit Data from CPU
A19 GND Ground B19 GND Ground
A20 RSVD Reserved B20 RSVD Reserved
A21 RSVD Reserved B21 RSVD Reserved
A22 GND Ground B22 GND Ground
A23 PERp4 PCle Receive Data to CP\ B23 PETp4 PCle Transmit Data from CPU
A24 PERN4 PCle Receive Data to CP\ B24 PETn4 PCle Transmit Data from CPU
A25 GND Ground B25 GND Ground
A26 PERp5 PCle Receive Data to CP\ B26 PETp5 PCle Transmit Data from CPU
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A27 PERN5 PCle Receive Data to CP\ B27 PETN5 PCle Transmit Data from CPU
A28 GND Ground B28 GND Ground

A29 NC No Connect B29 NC No Connect

A30 NC No Connect B30 NC No Connect

A3l GND Ground B31 GND Ground

A32 NC No Connect B32 NC No Connect

A33 NC No Connect B33 NC No Connect

A34 GND Ground B34 GND Ground

A35 PERp6 PCle Receive Data to CP\ B35 PETp6 PCle Transmit Data from CPU
A36 PERNG PCle Receive Data to CP{ B36 PETN6 PCle Transmit Data from CPU
A37 GND Ground B37 GND Ground

A38 PERp7 PCle Receive Data to CP\ B38 PETp7 PCleTransmit Data from CPU
A39 PERN7 PCle Receive Data to CP\ B39 PETNn7 PCle Transmit Data from CPU
A40 GND Ground B40 GND Ground

Figurel8. OCuLink x8 Pin Numbering

Ad40 Al

840 Bl

11.12 NCSI Connector

The motherboard optionally include connector for cabling NCSI signals from the motherboard to a
NIC.The connector for supporting the cabita 14pin header connector, Molex part numb8v832
14200r equivalent.Table 2Zlescribes the connector pinoutigure 1%hows a top view of thphysical
pin numbering.

Table22. NCSI Connector

NCSI Connector
Pin | Signal I/O Voltage | Description
1 RXER (0] 3.3V Enable signal from Rack Manager to HSC on the motherboard
2 | GND I ov Ground
3 TXD1 I 3.3V Transmit Data from BM@© NIC
4 CLK_50M | ov 50Mhz Clock
5 TXDO I 3.3V Transmit Data from BMC to NIC
6 | GND I ov Ground
7 TXEN I 3.3V Transmit Enable from BMC to NIC
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8 | GND I ov Ground
CRSDV (0] 3.3V Receive carrier sense and data valid from NIC to BMC
10 | GND I ov Ground
11 | RXD1 (0] 3.3V Receive Data from NIC to BMC
12 | GND I ov Ground
13 | RXDO o) 3.3V | Receive Data from NIC to BMC
14 1 GND | ov Ground

Figurel9. NCSI Connector Pin Numbering

EOOO®E@®
OOOOO®®

11.13 USB 2.0 Internal Header

USBZ2.0s routed to PCle Slot #4x32 connector. That slot allows for a 260pin riser to be used.
A USBheader connetor is located on the riser f@nabling USB 2.0 communication with the
FPGA cardl'he connectors TE 4400541 or equivalentTable 23describeghe connector

pinout. Figure 2Ghows a top view of the physical pin numbering.

Table23. Internal USB Connector

Pin Signal Name 1/0 Logic Name/Description
1 P5_USB 5V (500mA max)
2 USB_N 110 USB Data
3 USB_P 110 USB Data
4 GND Ground

Figure20. Internal USB Connector Pinout

OJO1010

| —
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11.

The motherboardupportstwo header connectors for enabling fan contrdhe connectors Molex

14 Fan Control Connector

8783124350r equivalent.Table 24describes the connector pinoutigure21 shows a top view of the
physical pin numbering.

Table24. Fan Control Connector

Management Connector

Pin | Signal I/O Voltage | Description

1 FAN5_PWM (0] 5V Fan #5 PWM

2 FAN4_PWM 0] 5V Fan #4 PWM

3 FAN5_TACH I 5V Fan #5 Tachometer
4 FAN4_TACH I 5V Fan #4 Tachometer
5 P12V (0] 12v 12V Fan Power

6 P12V (0] 12v 12V Fan Power

7 GND (0] ov Ground

8 GND O ov Ground

9 FAN3_PWM 0] 5V Fan #3 PWM

10 | FAN2_PWM (0] 5V Fan #2 PWM

11 | FAN3_TACH I ov Fan #3 Tachometer
12 | FAN2_TACH I 3.3V Fan #2 Tachometer
13 | p12v | 3.3V | 12V Fan Power

14 | p12v | 3.3V | 12V Fan Power

15 | GND o) oV Ground

16 | GND o} ov Ground

17 | FAN1_PWM o) 5V Fan #1 PWM

18 | FANO_PWM 0] 5V Fan #0 PWM

19 | FAN1_TACH I 5V Fan #1Tachometer
20 | FANO_TACH | 5V Fan #0 Tachometer
21 | P12V (0] 12v 12V Fan Power

22 | P12V 0] 12v 12V Fan Power

23 | GND (0] ov Ground

24 | GND (0] ov Ground

Figure21. Fan Control Connector Pin Numbering

POOOPEPO®E®®®@®
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11.15 TPMConnector

The motherboard supports a bhder connectofor interfacing to a TPM Modul&@he connector is FCI
9193232111Lor equivalent.Table 5 describes the connector pinoutigure 2Zhows a top view of the

physical pin numbering:-heTPM 2.0 modulés connected to theCPUGPI bus.

Table25. TPM Connector Pinout

TPM Connector

Pin | Signal /O Voltage | Description

1 | SPIL_CLK O 3.3V | SPI Clock

2 | RESET# @] 3.3V | Reset

3 | SPI_MOSI O 3.3V | SPI Dat®ut

4 | SPI_MSO I 3.3V | SPI Datén

5 | SPI_CS# O 3.3V | SPI Chip Select

6 | 12C_SDA 110 3.3V | 12C Data

7 | P3V3_STBY O 3.3V | 3.3V Standby Power
8 | TPM_PRESEN I 3.3V | Indicates physical presence of TPM
9 | SPILIRQ# | 3.3V | Interrupt

10 | 12C_SCL @] 3.3V | 12C Clock

11 | GND O ov Ground

01010020
LOOOOO® W

Figure22. TPM Connector

11.16  Connector Quality

The Project Olympus system is designed for use in datacenters with a wide range of hurhality.
connectors for these deploymeniscapable of withstanding high humidity during shipping and

Ayalurttridazyo ¢KS

0l &St AYS F2NJ Lffidk goldyDIMM5 L a a &
connectordncludelubricant/sealant applied by the connector manufacturer that can remain intact

by R

after soldering and other manufacturing processes. The sealant is required to displace any voids in the

connector gold plating.
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12 Electrical Specifications

The following sections provide specifications for Seeverinput voltage and current, as well as the
primary motherboardsignals.

12.1 Input Voltage, Power, and Current

Table26 lists the nominal, maximum, and minimum values for seeverinput voltage. The maximum
and minimum voltages include the effects of connector temperature, age, noise/ripple, and dynamic
loading.

Table26. Input Power Requirements

Minimum Nominal Max
Input voltage 11vDC 12.3v DC 14vDC
Input Power n/a n/a 750W
Inrush Rise Time 5ms n/a 200ms

12V power to the motherboard is supplied through a 24 pin NfibiJr orequivalent connector.The
serverprovides inrush current control through the 12V bus rail; retaighe inrush control is not used.

The inrush current rises linearly from OA to the load current over a minimum 5 millisecond (ms) period
(this time periodsno longer than 200ms).

12.2 Current Interrupt Protection and Power, Voltage, and
Current Monitoring

Themotherboardprovides a coseffective way to measure and repaervervoltage and current
consumption, and to make instance reporting available to théesysThemotherboardincludespower
consumption measurements at the inrush controller. (Accuracy of the measurestef2%)

Themotherboardr f 42 LINRPJARSA | gl & (2 AydSNNHzZIW OdzZNNBy i
the maximum current load.

12.3 RFltering and Capacitance

Themotherboardshould provide sufficient input filtering and capacitance to support operation with the
power supply as specified in the P2010 PSU Specification.

12.4 Grounding and Return

Theserverchassis grounding/return is provided to the motherboard from the tray assembly through the
alignment and mounting holes that secure the motherboard to the tfde motherboard is also tied to
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the PSU ground through the 12V power connec@hassis groundnd Logic ground are tied together
on the motherboard.

13 Physical Specification

The motherboard imearlycompatible with the mechanical requirements of the Project Olympus
Universal Motherboard Specificationhe motherboard is intended to be deployableainariety of
server mechanical configurationSigure23 depictsa 3D drawing of the motherboard with its
dimensionsThebottom right sideshow the PCle I/O brackets. The top left side shows the CPU and
Memory DIMMs.Shown are locations divo PCle x1@nd one PCle x32ots onthe motherboard as a
reference.Figure 24s a top view of the motherboard outline.

Figure23. 3D Drawing of Motherboard
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