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1 Introduction

1.1  About This Document
This document is part of a set of reference documents providing information necessary to operate
[ 2 Y LidztPECDofvputer.

1.2 Reference
For additional information not covered in this manual, please refer to the documents listed in
Tablel.

Tablel ¢ ReferenceDocuments

Document Location
Ordering Information Guide http://fit -pc.com/download/General/ordering
information-quide.pdf

Appication Note - fit-PC productg http:/fit -pc.com/download/face
FACE Module compatibility matr] modules/documents/apmote-productsfm-
compatibilitymatrix. pdf

FACE Module HW Specification] http://fit -pc.com/download/face
modules/documents/facanoduleshw-specifications.pdf

Intel vPRO Technology http://www.intel.com/content/www/us/en/architecture-
andtechnology/vpro/vpretechnologygeneral.html

Intel AMT Technology http://www.intel.com/content/www/us/en/architecture-
andtechnology/intetactivemanagement
technology.html

Intel Virtualization Technology | http://www.intel.com/technology/virtualization/
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http://www.intel.com/content/www/us/en/architecture-and-technology/intel-active-management-technology.html
http://www.intel.com/content/www/us/en/architecture-and-technology/intel-active-management-technology.html
http://www.intel.com/content/www/us/en/architecture-and-technology/intel-active-management-technology.html
http://www.intel.com/technology/virtualization/

v,
)

Terms andAcronyms

Table2 ¢ Terms and Acronyms

Term Definition

APM Advanced Power Management

B2B Board to Board (connectors)

BER Bit error rate

bps Bits per second

BT Bluetooth

CAN Controller Area Network

Codec Coder decoder

DDR Dual data rate

DSP Digital signal processor

FACE Module Function And ConnectivityExtension Module
FIMEXXXX FACE Module connectivity options

GB/s Gigabytes per second

GPIO Generalpurpose input/output

GTls Giga Transfers per second (throughput)
HW Hardware

JTAG Joint Test Action Group (ANSI/ICEEE Std. 1-1990)
kbps Kilobits per second

LAN Local Area Network

MB/s Megabytes per second

Mbps Megabits per second

MT/s Mega Transfers per second (throughput)
NVM Non Volatile Memory

OTP One Time Programmable

PCH Platform Controller Hub

PCM PulsecodedModulation

PEG PCI Express Graphics

Rx Receive

SCH System Controller Hub

SDRAM Synchronous dynamic randoaccess memory
SIM Subscriber Identity Module

SoC Systemon-Chip

SPI Serial peripheral interface

TX Transmit

UART Universal asynchronous receiver transmitter
USB Universal serial bus

USBOTG Universal serial bus atihe-go

USIM UMTS subscriber interfaceodue

VCTCXO Voltagecontrolled temperaturecompensated crystal oscillator
WLAN Wireless Local Area Network

X0 Crystal oscillator
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2 SystemOverview

IPCZs a fully functional miniature computer based on Intélgeneration (Haswell U) Mobile
Ly i St 164-bit AudlBore processor family

Together with powerful Intel HD graphics engine, rmripherals andconnectivity options
completely fanlesslesigndeliversoutstandingperformanceat lowestpowerconsumptionof any

High performance, lovpower, rich I/O and miniature rugged design, positiB&2as an attractive
solution for a wide range of applicatiomsindustrial control and automation, networking and
communications infrastructuresnedia playes, IPTV, infotainment systendijgital signageand
smart kiosksgamingor smalifootprint desktop replacement.

2.1 Highlights
PC at its class.
2.2  Specifications

Table3 ¢ Platform Specifications

Technologies

Feature Specifications
Processor MobileL y G S t 1i7/5/3 andBealerord™ Gen HaswellULT)
Dual core 64it
Clock speesll.4GHz; 2.1GHz (turbo boost up to 33Hz)Note 1)
15w TDP
Chipset Intel Mobile LynxPointLPPCHMCP package)
Memory Up to 16GB (2x 8GB) DRR333/1600(1.35V operation)
2x SGDIMM 204pin DDRBSDRAM memory slots
Storage 1x SATAupto 6 Gbps (SAT®@N UV FT2NJ AY G SNYI f
HDD to be used 5400rpm only
2x mMSATA slot up ®Gbps (SATA.0), (1x mSATA in Celeron/i3 models)
Advanced VPRO (iand i5Smodels)

AMT (i7and iSmodels)
CPU Virtualization

Special Functionality

Auto-On
Wakeon-LAN
Wakeon-Timer

PXE Boot (LAN boot)
Watchdog

Operating Systems

Windows 7/8, 32bit and64-bit
Windows Server 2012 R2
Linux 32bit and 64bit
Embedded OS

Compulab Ltd.
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Table4 ¢ Display and GraphicSpecifications

Feature Specifications
GPU Intel HD Graphics400

Tripledisplay mode supported
Video Output 1 HDMI 1.4a up tad096 x 2304 @ 24z
Video Output 2 DisplayPort 2 up to 3200x 2000@ 60Hz
Video Output 3 HDMI 1.4a up tad096 x 2304 @ 24z

Table5 ¢ Audio Specifications

Feature Specifications
Codec Realtek ALC888C2 HD audio codec
AudioOutput Analog stereo output
Digital 7.1+2 channels S/PDIF output
3.5mm jack
Audio Input Analog stereo Microphone input
Digital S/PDIF input
3.5mm jack

Table6 ¢ Networking Specifications

Feature Specifications

LAN 2x GbE LANorts (extendable up to 6)

LANL1: Intel218 GbE PHY (MAC integrated into the chipsetydg3J
LAN2intel 1211GbE controller (RA5)

LANS36: Depends on FACE Module installRdte 2)

Wireless WLAN 802.11a2.45GHzdual band Intel 7260HMWhodule)
Bluetooth4.0

Table7 ¢ ConnectivitySpecifications

Feature Specifications
uUSB 4x USB 3.(Note 3)
2x USB 2.0
Serial 3x Serial communication ports

COML1: 2wire RS23 via mini serial connector
COM2 2-wire RS232 via mini seriannector
COMS3: Full RS232 via mini serial connector

SIM 1x micro SIM slot (6 pins)
Special I/O SeeNote 4
Expansion Haltsize miniPCle socket

Fullsize miniPCle sockegiNote 5)
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Table8 ¢ Mechanical and Environmentépeciications

Feature Specifications

Input Voltage Unregulated 1@; 15VDC inpu(Note 6)
Power Consumption | 6W¢ 24W

Operating 1. Commercial

Temperatures HDD models: 0°€50°C

SSD models: 0%C70°C
2. Extended (TE)

SSD models only20°Cg 70°C
3. Industrial (T1)

SSD models only40°Cg 70°C

EnclosureMaterial Die Cast Aluminum
Cooling Passive Cooling Fanless Design
Dimensions 19cm x 16cm x 4cm
Weight 1150gr
Notes:
1. For full processors specifications basedlB@2model, please refer tonodels and platform

L

SKUTable9.
Natively 2x GbE LAN ports on the back panel with an option for additional 4x GbE LAN ports.
LANS36 based on FBE Module installed (refer to FACE Module HW specificatibaislel):
a. FM-1LAN: LANRTL8111HEG GbE controller (83), LAN46: N/A
b. FM-4LANiIntel 82574 GbE Controller (R9)
c. FM-POEIntel 1211GbE Controller (Rib)
Back panel 2x USB + 2x USB2.0. Front paned BSB.0with defaultFACE Module.
Refer to FACE Module HW specifications documm&ablel.
Shared with mSATRefer toFigurel7.
Nominal input voltage: 12V
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2.3 System Bck Diagram
IPCZXystem Top Level Block Diagram is shown below. Later chapters in this document describe
functions and entigs shown in the below diagm.

Figurel ¢ IPCZTop Level Block Diagram

DDRBL SDRAM Intel 4™ Gen CoreT/5/3/ Embedded |+uarn) reso | Serial
(up 10 8GB DDBL-1600 Celeron mobile processof  |Controller (E RE32 1[5 o SOM
SODIMM 204-pin slot A Memory (Haswell ULY e T driver

DDFRSL SDRAM Controller Dual corebabit G ey MAX3243e— R g3,

(up t0 8GB DDRL-1600 Dual corec4-bi 2uite [ ol
SGDIMM 204pin slot B i7-4600U; i5-4300U; 1 come
i3-4010U; Celeror2953J ] TPM UART
Atmel AB7S@204]
DP port DP1.2: J
o M Digital Display Graphics Clock Serial
HDMI port HDMI1.4a Interface Controller Unit SMSC R¥32 | R32’| coms
HDMI port HDMI1.4a SuperlO | yars ! driver 1"
SIa007 MAXE2
SHO) RTC
GPIOgK7y———— §
Intel GbE LPC BUS . =
LAN2 PCI Expres$ controller LPC Bus 9
RAS Port l¢—IEEE02.3—>| cor:;r;)lller |€—PC12.0 @ 5Gbps—>| Root port SMBUS b=
@
le——————PCl&.0/ SATRO (X)j—> S
LANL [¢—~IEEB023— Intel GbE PH LPCIQ.O@SGpr GbE MAC Flexible \Os & ‘g
R315 Port 1218 ) le——————PCI2.0/ USB.0 (@—————> 2
SMBus Lynx P0|nt LF SATA Host 2
Audioln wotnens) SMBUS—  comater | PCH chipset Conter [—SATR.0 @ 6Gbps(xl)—————— IEI)J
350 2t 63[SPDIBN—> R?altEK ) MCP Packagg Uffﬂﬁ:ﬁ;:"s“ USE.0 (x2) P
- Audio Codeg«—HDA@48Vbps—> HD Audio . L
Audio Out tAAUQUR— ALBSZVE HD Audio  ——————————HDAuUdio@ 48Mbps———— =
35Q 2| [©sPoirour— %)
PCI Express Roqe——PCI€.0 (x1)—>| PLX |[€——PCI€.0 @ 5Gbps(x1)—»| @)
USE2 X2 ports [e———USR.0 (xQ———————>] Voo Bl Host ngﬁg‘gsimh SATRO @6Gbpsay—»|
USB x2 ports [&————USE.0 @ 5Gbps(x2—————>» *S Us80
SN—-E ] Contoter_[€——SATAO @6Gbpsixt Mini PCle/ mSATA
[¢—SPIEC—> FromEC .
eomoter % USE.0 (x1) > Full size
SSDHDD storage bay satarost | memupt | AT | 7 o " ¢———PCI2.0 @5Gbps(xl)—>  Mini PCle slot
S50L80 C2 NMCCT S\;JATU,@Q gz%‘.l?GbF'S(Xl)_> Controller | Controllers| (5/03‘;“ USB ERCI Hoslg USR.0 (x1) N Half size
2.4  Modelsand PlatformSKUs
Table9 ¢ Models and Platform SKUs
Model IPC2 Value IPC2i3 IPC2i5 IPC2i7
Processor | Intel Celeror2955U | Intel Core i24010U | Intel Corei5-4300U | Intel Corei7-4600U
Core Clock | 1.4GHz 1.7GHz 1.9GHz 2.1GHz
(turbo boostupto | (turbo boostupto
2.9GHz) 3.3GHz)
Cores 64-bit dualcore 64-bit dualcore 64-bit dualcore 64-bit dualcore
TDP 15w 15W 15W 15w
Chipset LynxPointLPPCH | LynxPointLPPCH | LynxPointLPPCH | LynxPointLPPCH
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3 Platform

3.1 Processor
The ADSYSNI GA2Yy LyGStt / 2NBwnPrdcié®Qibelate Bait)mdlti-a SR 2y
core processors built on 22anometer process technology. Haswell \pkdcessor designed for a
two-chip platformon a single MultiChip Package (MCat includes gorocessordie and low-
power Platform Controller HUBPCH) die, anénables higher performance arldwer power
consumption relatively to previous generatiofite processor includes Integrated Display Engine,
Processor Graphics, and an Integrated Memory Controller. The processor is designed for mobile
platforms.

3.1.1 Processor Features

A Two execution cores

A 32KB instruction and 3B data firstevel cache (L1) farach core

A512-KB shared instruction / data secotelel cache (L2shared among all cores
Up to4-MB shared instruction / data thirtevel cache (L3), shared among all cores

3.1.2 Supported Technologies

Intel® Virtualization Technology (Intel® VT)

Intel®Adive Management Technology 9.5 (Int&A®1T9.5)

Intel® Trusted Execution Technology (Intel® TXT)

Intel® Streaming SIMD Extensions 4.2 (Ir5&8®&4.2)

Intel® HypeiThreading Technology (Intel® HT Technology)

Intel® 64 Architecture

Execute Disable Bit

Intel®Turbo Boost Technolog0

Intel® Advanced Vector Extensi@n8 (Intel® AVX)

Intel® Advanced Encryption Standard New Instructions (Intel@®BES
Intel® Secure Key

Intel® Transactional Synchronization Extensiddsw Instructions (Intel® TSXNI)

>>>>>>>>>>> >0 > > > >
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Quality fanless computers

3.1.3 Procesor Power States

This chapter provides information on tipgocessorAdvanced Configuration and Power Interface
(ACPI) states.

Figure2 ¢ Processor Power States

'C1 - Auto halt

C1E - Auto halt, low freq, low voltage
"C3 - L1/L2 caches flush, clocks off
L’ﬁE — save core states before shutdown and PLL off

-CT - C6 + L3 cache flush
'C8 - C7 internal voltage removal from all power domains

- C9 — CB+VCC input to OV

C10 - C9+VR12.6 shut off or PS4

G1 - Sleeping

L

'S3 cold — Sleep — Suspend To Ram (STR)

54 - Hibernate — Suspend To Disk (STD), Wakeup on PCH

55 — Soft Off — no power,Wakeup on PCH

G3 - Mechanical Off

* Note: Power states availability may vary between the different SKUs
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3.1.3.1 System States
Table10¢ System States

State Description

GO0/SO Full On Mode, Display On

G1/S3Cold Suspendo-RAM (STR). Context saved to memoryH88state is not
supported by the processor).

G1/S4 Suspeneo-Disk (STD). All pe@r lost (except wakeup on PCH).
G2/S5 Soft off. All powetost (except wakeup on PCH). Total reboot
G3 Mechanical off. All power removed from system

Tablell ¢ Processor Core States

State Description

Co Active mode, processor executing code

C1 Auto HALT state

ClE Auto HALT statevith lowest frequency and voltage operating paint

C3 Execution cores in C3 state flush their L1 instruction cache, L1 data cac
and L2 cache to the L3 shared cache. Clocks are shut off to each core.

C6 Execution cores in this state save thaichitectural state before removing
core voltage.

C7 Execution cores in this state behave similarly to the C6 state. If all exect

cores request C7 state, L3 cache ways are flushed until it is cleared. If t
entire L3 cache is flushed, voltage willreenoved from the L3 cache. Powg
removal to SA, Cores and L3 will reduce power consumption.

C8 C7 state plus voltage is removed from all power domains after required
is saved. PLL is powered down.

C9 C8 state plus processoedinput voltage at OV.

C10 C9 state plus VR12.6 is set to pawer state, near shut off

While executing code, Enhanced IntBpee®tep® Technology optimizes tha JNE OS a & 2 N &
frequency and core voltage based on workload. Each frequencyaltatje operating point is

defined by ACPI as adfate. When the processor is nexecuting code, it is idle. A lepower idle

state is defined by ACPI as-at@te. Ingeneral, deeper power-§tates have longer entry and exit

latencies.
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3.2 ProcessofGraphicLontroller
New GraphicsEngine Architecture includes 3D compute elements, Maltnat hardware
assisted decode/encode pipeline, and Midvel Cache (MLC) for superior high definition playback,
video quality, and improved 3D performance and Media. The Display Engine handtesragli
the pixels to the screen. GSA (Graphics in System Apgetit® primary channel interface for
RAALIE e YSY2NREAMRPS$adda TFY® dty/ L yR 2dzid

3.2.1 Graphics Features
A The Processor Graphics containgeneration7.5 graphics corearchitecture enabling
substantial gains in perfornmage and lower power consumption
A Up to 40 Execution Units are supported depending on the processor SKU
A Next Generation Intel Clear Video Technology HD Support is a collection of video playback
and enhancement features that Y LINE @S (G KS Sy R dzaASNDa OASGAY:3
T Encode / transcode HD content
T Playback of high definition content including B&y Disc*
T Superior image quality with sharper, more colorful images
T Playback of Bhuay disc S3D content using HDMI (Valwdth 3D)
DirectX* Video Acceleration (DXVA) support for accelerating video processing
T Full AVC/VC1/MPEG2 HW Decode
Advanced Scheduler 2.0, 1.0, XPDM support
Windows* 8,Windows* 7, Mac OSX, Lintxoperating systensupport
DirectX* 111, DirectX* 11 DirectX* 10.1 DirectX* 10, DirectX* 9 support
OpenGL*"4.0 support

>

S S
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3.3 PCHChipse}
Haswell ULT platform designed in a compact single MCP package thahsdmith processor
and PCHlies on the same package boafdie PCH provides extensive I/O support. Functions and
capabilities include:

A PCI Express* Base SpecificatRayision 2.0 support for up gixports with transfers up
to 5 GT/s

A ACPI Power Management Logic Support, Revision 4.0a

A Enhanced DMA controller, interrupt controller, and timer functions

A IntegratedSATR host controllers withirdependent DMA operation on up four ports

A xHCI USB controller provides support for up to 8 USB ports, of which four can be
configured as SuperSpeed USB 3.0 ports

A Flexible 1/0 allows some high speed /O signals to be configsr&Cée, SATA or USB 3.0

A Integrated 10/100/1000 Gigabit Ethernet MAC with System Defense

A System Management Bus (SMBus), Version 2.0 with additional support for 12C devices

A Supports Intel® High Definition Audio (Intel® Audio)

A Supports Intel® Rapid Storafechnology (Intel®ST)

A Supports Intel® Active Management Technology (In&I®)

A Supports Intel® Virtualization Technology for Directed /O (IN@&@)

A Integrated Clock Controller

A Intel®Flexible Display Interconnect (Intei®I)

A Low Pin Count (LP®jerface

A Serial Peripheral Interface (SPI) support

A Two integrated Intel® serial /80 Host controllers

A Intel®Anti-Theft Technology (Intel®T)

3.3.1 PCHCapability Overview
The following sutsections provide aonverview of the PCH capabilities.

3.3.1.1 Direct Medialnterface (DMI)
Haswell ULT platform (MCP packaigaturespackage internaDMland not available on external
pins.Direct Media Interface (DMI) is the ckip-chip connection between the processor and PCH.
This highspeed interface integrates advancediority-based servicing allowing for concurrent
traffic and true isochronous transfer capabilities.

3.3.1.2 PCI Express* Interface
The PCH provides up 6PCI Express Root Ports, supporting the PCI Express Base Specification,
Revision 2.0. Each Root Port x1 lanpports up to 5 Gbps bandwidth @ach direction (10 Glgp
concurent). Refer to sectiorb.1for detailed feature set.
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3.3.1.3 Serial ATA (SATA) Controller
The PCH hameintegrated SATA host controlltrat support independent DMA operation on up
to four ports and supports dat&ransfer rates of up to 6 Glsp The SATA controller contaimse
modeof operationg an AHCI mode using memory spatike SATA controller noriger supports
legacy mode using I/O space. Therefore, AHCI software is required. The PCH supports the Serial
ATA Specification, Revision 3.1

3.3.1.3.1 AHCI
The PCH provides hardware support for Advanced Host Controller Interface (AHCI), a standardized
programmingmterface for SATA host controlle®latforms supporting AHCI may take advantage
of performance features such as port independent DMA Engineach device is treated as a
master ¢ and hardwareassisted native command queuing. AHCI also provides usability
enhancements such as HBtug and advanced power management. AHCI requires appropriate
software support (such as an AHCI driver) and for some features, hardware support in the SATA
device or additional platform hardware.

3.3.1.4 Low Pin Count (LPC) Interface
The FZH implements an LPC Interface as described in the LPC 1.1 Specification. The Low Pin Count
(LPC) bridge function of the PCH resides in PCI Device 31: Function 0. In addition to the LPC bridge
interface function, D31:FO0 contains other functional unitsudaolg DMA, interrupt controllers,
timers, power management, system management, GPIO, and RTC

3.3.1.5 Serial Peripheral Interface (SPI)
The SPI Flash Controller supports running instructions at 20 MHz, 33 MHz, and 50 MHz and used
by the PCH for BIOS code, to pdevchipset configuration settings, integrated Gigabit Ethernet
MAC/PHY configuration and Intel® Management Engine (Intel® ME) settings. The SPI Flash
Controller supports the Serial Flash Discoverable Parameter (SFDP) JEDEC standard, which
provides a consient way of describing the functional and feature capabilities of serial flash
devices in a standard set of internal parameter tables. The SPI Flash Controller queries these
parameter tables to discover the attributes to enable divergent features fromipi@lSPI part
vendors, such as Quad I/O Fast Read capabilities or device storage capacity, among others

3.3.1.6 Universal Serial Bus (USB) Controllers
The PCH contains one eXtensible Host Controller Interface (xHCI) controller and one Enhanced
Host Controller Irgrface (EHCI) controller. The xHCI controller supports up to 8 USB 2.0 ports of
which 4 can be configured as SuperSpeed (USB 3.0) ports.

3.3.1.7 Flexible 1/0
Flexible 1/0O is an architecture to allow some high speed signals to be configured as PCle, USB 3.0
or SATA signals per I/0 needs on a platform. Through soft straps, the functionality on these
multiplexed signals are selected to meet the 1/0O needs on the platform. There are 14 differential
pairs that are split between the three interfaces. Among themfi@idintial pairs are multiplexed:
2 multiplexed differential pairs can be configdrto be used as PCle port 10USB3.0 port 3, 4
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and the other 4 differential pairs can be configured to be used as PCle port 6 lane 3 to 0 or SATA

port 3 to 0.The belowexampleillustrates how the signals are utilized for Flexible 1/O.

Tablel2 ¢ Flexible I/OHighSpeed Signaettings withPCle USB3.0, and SATA Ports

CONFI@ CONFIG2 | CONFIG3 |CONFIG4 | CONFIG5
(default)
Flexible 1/10 4x PCle2.0 | 2x PCle2.0 | 3x PCle2.0 | 1x PCle2.0 | 2x PCle2.0
functionality 2x USB3.0 | 1x SATA30 | 1x SATA30 | 1x SATA30
2x USB3.0 | 1x USB3.0
Fixed 1/0 2x SATA3.0*| 2x SATA3.0*| 2x SATA3.0*| 2x SATA3.0*| 2x SATA3.0*
Functionality | 2x USB2.0 | 2x USB2.0 | 2xUSB2.0 | 2x USB2.0 | 2x USB2.0
FACE Module | 4x PCle2.0 | 2x PCle2.0 | 3x PCle2.0 | 1x PCle2.0 | 2x PCle2.0
High Speed 2x SATA3.0*| 2x SATA3.0*| 3x SATA3.0*| 3x SATA3.0*| 3x SATA3.0*
Gonnectivity | 2x USB2.0 | 2x USB3.0 | 2x USB2.0 | 2x USB3.0 | 1x USB3.0
2x USB2.0 2x USB2.0 | 2x USB2.0
Suitable FACE]| All except FMUSB3 Custom design
Modules FMUSB3 (seeb.5.3 (see Notes)

RelevantFlexible 1/0 pinen FACE Module connector

A
A

Notes:

PCle/USB3A35/A36, B35/B36]; [A38/A39, B38/B39]
PCle/SATAAAL/A42 B41BA42;

1. Flexible I/O configuration requires firmware programming and done in CompulLab facilities
only. IPC2 Flexible I/O factory firmware is FACE Module depenaeaining that IPC2 FW
will be programmed according to the selected configuration and FACE Module.

2. Intel Celeron and i3 models suppaingle (x1SATA interfacen the FACE Moduleand it is
a shared/multiplexed connection with onboard mini PCle interface (reférxp

3. Intel i5 and i7 models support up to three (x3) SATA interfaces on the FACE Module, when
one is a shared/multiplexed connection with onboard mini PCle interface (refed}o

4. Configuration3, 4 and 5 possibléor i5/i7 processors SKU only.

Configuration3, 4 and Hossible for custom products with MOQ > 100 units.

6. Refer to FMUSB3 module descriptiansee6.5.3

o

3.3.1.8 Gigabit Ethernet Controller
Refer to sectiordt.2for detailed feature set.
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3.3.1.9 RTC
The PCH contains a Motorola MC1468t8Bpatible reatime clock with 256 bytes of battery
backed RAM. The retime clock performs two key functionskeeping tack of the time of day
and storing system data, even when the system is powered down. The RTC operat82.768
kHz crystal and a\Bbattery.

3.3.1.10 GPIO

Various general purpose inputs and outputs are provided for custom system deségr. to
section6.4.

3.3.1.11 System Management Bus (SMBus
The PCH provides System Management Bus (SMBus) 2.0 host controller as well as SMBus Slave
Interface. The host controller providea mechanism for the processor to initiate communications
with SMBus peripherals (slaves). The PCH is also capable of operating in a mode in which it can
communicate with3C compatible devices. The host SMBus controller supports up to 100 KHz
clock speed

3.3.1.12 High Definition Audio Controller
The PCH High Definition Audio (HDA) controller communicates with the external codec(s) over
the Intel® High Definition Audio serial link. The controller consists of a set of DMA engines that
are used to move samples ofgitally encoded data between system memory and an external
codec(s). The PCH implements four output DMA engines and 4 input DMA engines. The output
DMA engines move digital data from system memory to a D/A converter in a codec. The PCH
implements a singl&erial Data Output signal (HDA_SDO) that is connected to external codecs.
The input DMA engines move digital data from the A/D converter in the codec to system memory.
The PCH implements four Serigial Input signa (HDA_SI[P1:0]) supportingwo audiocodec.

Audio software renders outbound and processes inbound data to/from buffers in system memory.
The location of individual buffers is described by a Buffer Descriptor List (BDL) that is fetched and
processed by the controller. The data in the bufferarranged in a predefined format. The output
DMA engines fetch the digital data from memory and reformat it based on the programmed
sample rate, bit/sample and number of channels. The data from the output DMA engines is then
combined and serially senbtthe external codecs over the Intel High Definition Audio link. The
input DMA engines receive data from the codecs over the Intel High Definition Audio link and
format the data based on the programmable attributes for that stream. The data is then written
to memory in the predefined format for software to process. Each DMA engine moves one stream
of data. A single codec can accept or generate multiple streams of data, one for each A/D or D/A
converter in the codec. Multiple codecs can accept the same dwtjpeiam processed by a single
DMA engine. Codec commands and responses are also transported to and from the codecs using
DMA engines.

With the support of multichannel audio stream, 3Bit sample depth, and sample rate up to 192
kHz, the Intel HD Audiooatroller provides audio quality that can deliver CE levels of audio
experience. On the input side, the PCH adds support for an array of microphones.
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3.4 Intel Management Engine
This embedded operating environment is called the Intel Management Engine (IB)ellide key
properties of Intel ME:

A Connectivity
T Integration into 1/0 subsystem of PCH
T Delivery of advanced I/O functions
A Security
T More secure (Intel root of trust) and isolated execution
T Increased security of flash file system
A Modularity andPartitioning
T OSV, VMM and SW Independence
T Rapid response to competitive changes
A Power
T Always On Always Connected
T Advanced functions in low power S3kS5 operation
T OS independent PM and thermal heuristics

Intel ME FW provides a variety of sendgdbat range from lowevel hardware initialization and
provisioning to higHevel enduser software based IT manageability services. One of Intel ME
C2Qa Y2aiG SaidlofAaKSR FYyR NBO23ayATl Fo6tS FSI GdzNEF
AMT). For mag information on various Intel ME FW features supported by Intel ME FW, such as

Intel Active Management Technology refer to chaptet

The following list of coponents compose the Intel® ME hardware infrastructure:

A The Intel ME is the general purpose controller that resides in the PCH. It operates in
parallel to, and is resouregolated from, the host processor.

A The SPI flash device stores Intel ME Firmware titatds executed by the Intel ME for its
operations. The PCH controls the flash device through the SPI interface and internal logic.

A In the MO power state, the Intel ME Firmware code is loaded from SPI flash into DRAM
and cached in secure and isolated SR/ order to interface with DRAM, the Intel ME
utilizes the integrated memory controller (IMC) present in the processor. In the lower
Intel ME power state, M3, code is executed exclusively from secure and isolated Intel ME
local RAM.

A The LAN controllermabedded in the PCH as well as the Intel Gigabit Platform LAN Connect
device are required for Intel ME and Intel AMT network connectivity.

A BIOS provides asset detection and POST diagnostics (BIOS and Intel AMT can optionally
share same flash memory device).

A An ISV software package, such as LANDesk*, Altiris*, or Microsoft* SMS, can be used to
take advantage of the platform manageability capabilities of Intel AMT.
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SystenClocls

The PCH provides a complete system clocking solution through Integrated Clocking. PCH based
platforms require several singkended and differential clocks to synchronize signal operation and
data propagation systemide between interfaces and across clatkmains. In Integrated Clock
mode, all the system clocks will be provided by PCH from a 24 MHz crystal generated clock input.

The output signals from PCH are:

A 6x 100 MHz differential sources for PCI Express* 2.0 devices
A 1x 100 MHz differential clock foD®/ITP
A 2x 24 MHz singtended sources for other LPC devices

Tablel3¢ PCH Clock Input

Clock Domain

Frequency

Usage Description

XTAL24_IN

24 MHz

Crystal input source used by PCH.

Tablel4 ¢ PCH Clock Outputs

. Spread
Clock Domain Frequency Spectrum Usage
. 24 MHz No Single Ended 24 MHz outputs to LPC
CLKOUT_LPC[1:0] devices.
100 MHz Yes 100 MHz PClIe* 2.0 specification
CLKOUT_PCIE[5:0]_P, h - g
CLKOUT_PCIE[5:0]_N compliant dlfferentlal output to PCI
Express devices.
CLKOUT_ITPXDP_P, 100 MHz Yes Primarily used as 100 MHz Clock to
CLKOUT ITPXDP N processor XDP/ITP on the platform.
17.86 MHz/ No Drive SPI devices connected to the PCH.
SPI_CLK 20.83 MHz/ Generated by the PCH.
31.25 MHz
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3.5.1 Functional Blocks
Figure3 ¢ PCH Internal Clock Diagram

Controlled through display register set

| [ ™MODIVi
| L(135MHz)

—— =8 | CLKOUT_DP_P/N : Clock Output
|

| MODIVZ CLKOUT _ITPXDP
" | (100MHz) [1:0]
CLKOUT_PCIE[5:0]

¥

Y

L, 5| USB3PCIE_PLL
. a[SATAPLL

XCK_PLL/ VCO

y ____a [ OPIO_PLL

e g [LPIOLogic
—# [ CLKOUT_CPU

FFDIVME -
(385.71MHz)
A .| 14.31818MHz
Synthesizer

A 4

= | LPT-LP Legacy Logic |

. [FOAPL ]
« 5oL

s | CLKOUT_CPUNS |

PCH Legacy. This must be Internal LPC CLK LQOF‘BACK
Free Running = ‘r

»| CLKOUT_LPC[1:0] ]

Disclaimer:
1. Non POR configuration are not fully validated by Intel .
2. MODIV1 programming is done through the Integrated Graphic Display MMIO register set .

24MHz

The PCH has one main PLL in which its output is divided down through Modulators and Dividers
to provide great flexibility in clock source selection, configuration, and better power management.

Table15describes the PLLs on the PCH and the clock domains that are driven from the PLLs.

Table1l5¢ PCH PLL

PLL Outputs! Description/Usage

Four 2.7 GHz outputs 90° apart. Outputs Main Reference PLL—always enabled, but is
are routed to each of the Spread Modulator | subject to dynamic power management
blocks before hitting the various dividers based on system idle condition.

and the other PLLs to provide clocks to all
of the I/0 interface logic. Also provides
5.4 GHz and 2.7 GHz CMOS outputs for use
by various dividers to create non-spread
output clocks.

XCK_PLL
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Tablel6 provides a basic description of the available spread modulators. The spread modulators
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made on thefly without a platform reboot using specific programming sequence to the clock
registers.

Tablel6 ¢ Modulator Block

Modulator Description

Used for spread modulation, or bending, on 135 MHz clock to integrated graphics display.
MOD1 Typical display usage model is 0.5% down spread. In certain usage case, can be shut off
for 0% spread with or without clock bending. Used by the display driver only.

Used for spread modulation and fine grain frequency synthesis on nominal 100 MHz clock
MOD2 to Processor, ITP, PCle*, USB 3.0, SATA, and misc internal I/0. Also subject to adaptive
clocking adjustment (for RFI reduction) when left on at nominal 100 MHz frequency.

3.5.2 Clock Configuration Access Overview
The PCH provides increased flexibility of host equivalent configurabilitpcis, using Intel ME
FW. In the Intel ME FW assisted configuration mode, Control settings for PLLs, Spread Modulators
and other clock configuration registers will be handled by the Intel ME engine. The parameters to
be loaded will reside in the Intel Mitata region of the SPI Flash device. BIOS would only have
access to the register set through a set of Intel MEI commands to the Intel ME.
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3.6 SystemMemory

3.6.1 Processor Integrated Memory Controller
t NEOSaa2NRa LydS3aNI SR aDDRIpivd@colivith yvd INRderid&Nd o La/ 0
64-bit wide channels. The IMC supports ambuffered nonECC DDR®IMM perchannel; thus,
allowing up tatwo device ranks pechannel.

Figure4 ¢ Memory Interface

IPC21 Memory Interface
: SGDIMM 204-pin
< Siot A
[9)
S
S e MEMA DQSP/N[7:0} > DDRL SDRAM
Intel 4" Gen Core®/5/3/ | © MEMA CLKFIN[30} p (L35 ‘t’pg(’;ago')
Celeron mobile processot U
(Haswell ULY EMA RASCABYE DDRL-1333 1600
. MEI B3:01
Dual core64-bit MEMA C$3:0)/ B$2:0)/ ODT3:0}
i7-4600U; i5-4300U;
i3-401QU; Celeron2953J | g2 ) SPD
- SSMMB,fs%A EEPROM
Integrated -
Memory
Controller
SGDIMM 204-pin
m Slot B
T | MEMB DQSP/N[7:0] >
IS N ) R DDRL SDRAM
s MB CLKF/N[3:0} > (1.35V operation
o RASCABIE up to8GB
RASCABNE DDRL-1333 1600
)/ BS2:0)/ ODT3:0}
SPD
EEPROM
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3.6.2 Sys$em Supported Memory
A Two channels of DDRBSDRAMmemory with unbuffered Small Outline Dual-line
Memory 204pin Modules (SEDIMM)
Up to 16GB (2x 8GB) DR333/1600
Singlechannel and duathannel memory organization modes
Data burst length of eight faall memory organization modes
System Memory Interface I/O Voltage 083.Vonly
DDRR SDRAM SOIMMsrunning at 135 Vonly
64-bit wide channels
NonECC, Unbuffered S@IMMs only
Theoretical maximum memory bandwidth of:
T 21.3 GB/s in duathannel modeassuming DDRESDRAM333 MT/s
T 25.6 GB/s in duathannel mode assuming DOREDRAM600 MT/s
1Gb, 2Gb, and 4Gb DOR®RAM device technologies are supported
T Standard 1Gb, 2Gb, and 4Gb technologies and addressing are supported for x16 and
x8 devices There is no support for memory modules with different technologies or
capacities on opposite sides of the same memory module. If one side of a memory module
is populated, the other side is either identical or empty.
A OnDie Termination (ODT)

N S S N N N

>\

SODIMM Modules. Standard 2Gb and 4Gb technologies and addressing are supported for x8 and
x16devices. There is no support for memory modules with different technologieapacities on
opposite sides of the same memory module. If one side of a memodule is poplated, the

other side is either identical or empty.

Tablel17 ¢ SupportedSODIMM Memory Modules Configurations

Raw Card DIMM DRAM # of DRAM # of Row/Col # of Banks Page Size
Version Capacity Organization Devices Address Bits Inside DRAM
A 4 GB 256 M x 16 8 15/10 8 8K
B 4 GB 512Mx 8 8 16/10 8 8K
C 2GB 256 M x 16 4 15/10 8 8K
F 4 GB 256 M x 8 16 15/10 8 8K
F 8 GB 512Mx 8 16 16/10 8 8K
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Tablel8 ¢ Supported Max Memory Sizegs SGDIMM

Max Size
Platform Package Memory per DIMM
[GB]
SODIMM RC A 4
SODIMM RC B 4
Mobile rPGA
SODIMM RC C 2
SODIMM RC F 8

3.6.3 System Memoryiming Support
The IMGsupports the following Speed Bins, CAS Write Latency (CWL), and command signal mode

timings on the main memory interface:

D B D D

tCL = CAS Latency
tRCD = Activate Command to READ or WRITE Command delay
tRP = PRECHARGE Command Period

CWL = CAS Write Latency
Comman Signal modes = 1N indicates a new command may be issued every clock and
2N indicates a new command may be issued every 2 clocks. Command launch mode

programming depends on the transfer rate and memory configuration.

Tablel19 ¢ DDRA System Memory Timing Support

Segment DRAM Transfer tCL tRCD tRP CWL DPC CMD
Device Rate (tCK) (tCK) (tCK) (tCK) (so- Mode
(MT/s) DIMM
Only)
DDR3L/
DDR3L-RS 1333 8/9 8/9 8/9 7 1 1N/2N
U-Processor / | LPDDR3 1333 10 12 12 7 1 0.5N
Y-Processor
(Dual Core) DDR3L/
DDR3L-RS 1600 10/11 10/11 10/11 8 1 1N/2ZN
LPDDR3 1600 12 15 15 8 1 0.5N

Note: Refer to DDR3L memoriesly

Compulab Ltd.
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3.6.4 System Memory Organization Modes
The IMC supports two memory organization modes, stognnel and duathannel. Depending
upon how the SEDIMM Modules are populated in each memory ohal, a number of different
configurations can exist.

3.6.4.1 SingleChanneMode
In this mode, all memory cycles are directed to a shoglennel. Singlehannel mode is used

when either Channel A or Channel B-BIMM connectors are populated in any order, indt
both.

3.6.4.2 DualChanneMode (Intel Flex Memory Technology Mojle
The IMC supports Intel Flex Memory Technology Mode. Memory is divided into a symmetric and
asymmetric zone. The symmetric zone starts at the lowest address in each channel and is
contiguous util the asymmetric zone begins or until the top address of the channel with the
smaller capacity is reached. In this mode, the system runs with one zone edlthralel mode
and one zone of singlehannel mode, simultaneously, across the whole memory array

Note: Channels A and B can be mapped for physical channel 0 and 1 respectively or vice versa,
however, channel A size must be greater or equal to channel B size.

3.6.4.3 DualChannelSymmetric Mode
DualChannel Symmetric mode, also known as interleaved modeyiggs maximum
performance on real world applications. Addresses are-pimgged between the channels after
each cache line (6dyte boundary). If there are two requests, and the second request is to an
address on the opposite channel from the first, theqquest can be sent before data from the first
request has returned. If two consecutive cache lines are requested, both may be retrieved
simultaneously, since they are ensured to be on opposite channels. Us€bammhel Symmetric
mode when both Channel A&xd Channel BODIMM connectors are populated in any order, with
the total amount of memory in each channel being the same. When both channels are populated
with the same memory capacity and the boundary between the dual channel zone and the single
channelzone is the top of memory, IMC operates completely in Eil@nnel Symmetric mode.

Note: The DRAM device technology and width may vary from one channel to the other.

3.6.4.4 System Memory Frequency
In all modes, the frequency of system memory is the lowest fraqueof all memory modules
placed in the system, as determined through the SPD registers on the memory modules. The
system memory controller supports up to two DIMM connectors per channel. If DIMMs with
different latency are populated across the channels BIOS will use the slower of the two
latencies for both channels. For diilannel mode both channels must have a DIMM connector
populated. For singlehannel mode, only a single channel can have a DIMM connector populated.
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3.7 Storage

IPC2supports various types of storage devices due to advanced PCH SATA Host Controller
capabilitiesand 1/0 availabilitydescribed in sectiof.3.1.3 Supported devices includdeDD and
SSDstoragRS @A OSa Ay HPpQQ F2NXY FFLOU2NX 155 fAYAQGSH
reasons. mMSATHRAND Flaskolid state drive modules supported as well and share mini PCle full

size slot. For detailed architecture refer to sectt.

In addition,|IPC2ffers two eSATA connectgesrailable on the back panehich allow connection
of external storage drivesPC2storage architeture and BIOS featurd®AlDfunctionality. Note
eSATA connectivity provide signaling only, when pawdhe external drivesnust be supplied

externally,

Figure5 ¢ SATA Interface

Port1
SATR.0 SATA TXPIN »  SATA SSDHDD storage
6Gbps [* SATA_RXFIN controller | 25'@1.8Q C2 N¥
SATAa TX IN————  SATA Mini PCle/ mSATA slot
[¢———SATAa RXPIN—————— controller Eull size
Port0 b
SATR.0 SATA TX PIN—p $
6Gbps [¢———SATA RXPIN——— 5
=
Lynx Point L SATAb TXPN———————
——— SATAb RXAIN——————————— @
LP PCH £
=}
SATA Host =5
Port2 = O
Controller SATRO SATA TX PIN N g g
6Gbps [* SATR_RX PN 25
e
Flexible 10] g
SATA/PCIE TX PIN > o
SATA.0/ < SATAR/PCIE_RX PN
PCIE.0
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3.7.1 Certified storagedevices

3.7.1.1

HDDexamples

Table20¢ WD Scorpio BluéiDDseries

Specifications 1TB 1TB 750 GB |750 GB 500 GB
Model number WD108PCX WD10JPVX WDT7500LPCX WDT500BPVX WDS000LPVX
WD10JPVT WOT500BPVT WDS000LPVT
Interface SATA 6 Gb/s SATA 6 Gb/'s [JPVX) SATA 6 Gb/s SATA 6 Gb/'s [BPVX) SATA 6 Gb/s (LPVX)
SATA 3 Gb's (JPVT) SATA 3 Gbv's (BPVT) SATA 3 Gb/s (LPVT)
Formatted capacity’ 1,000,204 MB 1,000,204 MB 750,156 MB 750,156 MB 500,107 MB
User sectors per drive 1,953,525,168 1,953.625,168 1,465,149, 168 1.465,148,168 976,773,168
Advanced Format (AF) Yes fes Yes Yas Yas
Form factor 2.5-inch 2.5-inch 2.5-inch 2.5-inch 2.5-inch
RoHS compliant® Yes Yes Yes Yes Yes
Performance
Data transfer rates
Interface speed 6 Gb/s 6 Gb/s (JPVX) 6 Gb/s & Gb/s (BPVX) & Gb/s (LPVX)
3 Gb/s (JPVT) 3 Gb/s (BPVT) 3 Gb/s (LPVT)
Internal transfer rate (max) 140 MB/s 144 MB/s 140 MB/s 138 MB/s 147 MB/s
Cache (MB) 16 8 16 8 8
Average latency (ms) 5.5 5.5 55 5.5 5.5
Rotational speed (RPM) 5400 5400 5400 5400 5400
Average drive ready time (sec) 28 3.0 JPVX) / <3.5 (JPVT) |2.8 3.0 (BPVX) /4.0 (BPVT) | 2.8 (LPVX) / <3.5 (LPVT)
Reliability/Data Integrity
Load/unload cycles® 600,000 500,000 500,000 600,000 600,000
Mon-recoverable read emors per bits read | <1 in 10 <1in 10" <1in 10" <1in 10" <1in 10"
Limited warranty (years)* 2 2 2 2 2
Power Management
5VDG +10% (A, peak) 1.00 1.00 (JPVX) / 0.800 (JPVT)| 1.00 1.00 (BPVX) / 0.975 (BPVT)[1.00 (LPVX) / 0.900 (LFVT)
Average power requirements (W)
Read/\Write 1.7 1.4 1.7 1.6 1.4
Idle 0.57 0.59 0.57 0.65 0.55
Standby/Sleep 0.18 0.18 0.18 0.20 013
Environmental Specifications®
Temperature (°C)
Operating 0 to 60 0 to 60 0 to 60 0to B0 0to 60
MNon-operating -40 to 65 -40 to 65 -40 to 65 -40 to 65 -40 to 65
Shock (Gs)
Operating (2 ms, read) 350 400 350 350 400
Non-operating 1000 (2 ms) 1000 (2 ms) 1000 (2 ms) 1000 (2 ms) 1000 (2 ms)
Acoustics (dBAF
Idie 20 24 20 24 17
Seek (average) 21 25 21 25 22
Physical Dimensions
Height (in/mm, max) 0.28/7.0 0.5374/9.50 0.28/7.0 0.374/9.50 0.28/7.0
Length (in./fmm, max) 3.94/100.20 3.94/100.20 3.894/100.20 3.894/100.20 3.94100.20
Width (in./mm, + .01 in.) 2.75/69.85 2.75/69.85 2.75/69.85 2.75/69.85 2.75/69.85
Wieight (IbJ/kg, + 10%) 0.21/0.09 0.27/042 0.21/0.09 0.34/015 0.20/0.09
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Table21 ¢ WD Scorpio Blue HDD series (cont.)
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