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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 

/ƻƳǇǳƭŀōΩǎ IPC2 computer. 

  

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

Table 1. 

Table 1 ς Reference Documents 

Document Location 

Ordering Information Guide 
 

http://fit -pc.com/download/General/ordering-
information-guide.pdf 
 

Application Note - fit -PC products 
FACE Module compatibility matrix 

http://fit -pc.com/download/face-
modules/documents/app-note-products-fm-
compatibility-matrix.pdf 
 

FACE Module HW Specifications http://fit -pc.com/download/face-
modules/documents/face-modules-hw-specifications.pdf 
 

Intel vPRO Technology http://www.intel.com/content/www/us/en/architecture-
and-technology/vpro/vpro-technology-general.html 
 

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

Intel Virtualization Technology http://www.intel.com/technology/virtualization/ 
 

 

  

http://fit-pc.com/download/face-modules/documents/app-note-products-fm-compatibility-matrix.pdf
http://fit-pc.com/download/face-modules/documents/app-note-products-fm-compatibility-matrix.pdf
http://fit-pc.com/download/face-modules/documents/app-note-products-fm-compatibility-matrix.pdf
http://fit-pc.com/download/face-modules/documents/face-modules-hw-specifications.pdf
http://fit-pc.com/download/face-modules/documents/face-modules-hw-specifications.pdf
http://www.intel.com/content/www/us/en/architecture-and-technology/vpro/vpro-technology-general.html
http://www.intel.com/content/www/us/en/architecture-and-technology/vpro/vpro-technology-general.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/content/www/us/en/architecture-and-technology/intel-active-management-technology.html
http://www.intel.com/technology/virtualization/
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1.3 Terms and Acronyms 
Table 2 ς 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 Connectivity Extension Module 

FM-xxxx FACE Module ς connectivity options 

GB/s Gigabytes per second 

GPIO  General-purpose input/output 

GT/s Giga Transfers per second (throughput) 

HW Hardware 

JTAG  Joint Test Action Group (ANSI/ICEEE Std. 1149.1-1990) 

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  Pulse-coded Modulation 

PEG  PCI Express Graphics 

Rx Receive 

SCH System Controller Hub 

SDRAM  Synchronous dynamic random access memory 

SIM Subscriber Identity Module 

SoC  System-on-Chip 

SPI  Serial peripheral interface 

Tx  Transmit 

UART  Universal asynchronous receiver transmitter 

USB  Universal serial bus 

USB-OTG  Universal serial bus on-the-go 

USIM  UMTS subscriber interface module 

VCTCXO  Voltage-controlled temperature-compensated crystal oscillator 

WLAN Wireless Local Area Network 

XO  Crystal oscillator 
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2 System Overview 

2.1 Highlights 
IPC2 is a fully functional miniature computer based on Intel 4th generation (Haswell ULT) Mobile 

LƴǘŜƭϯ /ƻǊŜϰ 64-bit dual core processor family. 

Together with powerful Intel HD graphics engine, rich peripherals and connectivity options, 

completely fanless design delivers outstanding performance at lowest power consumption of any 

PC at its class. 

High performance, low-power, rich I/O and miniature rugged design, position IPC2 as an attractive 

solution for a wide range of applications ς industrial control and automation, networking and 

communications infrastructures, media players, IPTV, infotainment system, digital signage and 

smart kiosks, gaming or small-footprint desktop replacement. 

  

2.2 Specifications 
Table 3 ς Platform Specifications 

Feature Specifications 

Processor Mobile LƴǘŜƭϯ /ƻǊŜϰ i7/5/3 and Celeron 4th Gen (Haswell ULT) 

Dual core 64-bit 

Clock speeds 1.4GHz ς 2.1GHz (turbo boost up to 3.3GHz) (Note 1) 

15W TDP 

Chipset Intel Mobile Lynx Point LP PCH (MCP package) 

Memory Up to 16GB (2x 8GB) DDR3L-1333/1600 (1.35V operation) 

2x SO-DIMM 204-pin DDR3L SDRAM memory slots 

Storage 1x SATA up to 6 Gbps (SATA оΦлύ ŦƻǊ ƛƴǘŜǊƴŀƭ нΦрέ I55κ{{5, 
HDD to be used 5400rpm only 

2x mSATA slot up to 6 Gbps (SATA 3.0), (1x mSATA in Celeron/i3 models) 

Advanced 
Technologies 

vPRO (i7 and i5 models) 
AMT (i7 and i5 models) 
CPU Virtualization 

Special Functionality Auto-On 
Wake-on-LAN 
Wake-on-Timer 
PXE Boot (LAN boot) 
Watchdog 

Operating Systems Windows 7/8, 32-bit and 64-bit 
Windows Server 2012 R2 
Linux 32-bit and 64-bit 
Embedded OS 
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Table 4 ς Display and Graphics Specifications 

Feature Specifications 

GPU Intel HD Graphics 4400 
Triple display mode supported 

Video Output 1 HDMI 1.4a up to 4096 x 2304 @ 24Hz 

Video Output 2 DisplayPort 1.2 up to 3200 x 2000 @ 60Hz 

Video Output 3 HDMI 1.4a up to 4096 x 2304 @ 24Hz 

 

Table 5 ς Audio Specifications 

Feature Specifications 

Codec Realtek ALC888-VC2 HD audio codec 

Audio Output 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 

  

Table 6 ς Networking Specifications 

Feature Specifications 

LAN 2x GbE LAN ports (extendable up to 6) 
LAN1: Intel I218 GbE PHY (MAC integrated into the chipset) (RJ-45) 
LAN2: Intel I211 GbE controller (RJ-45) 
LAN3-6: Depends on FACE Module installed (Note 2) 

Wireless WLAN 802.11ac (2.4/5GHz dual band Intel 7260HMW module) 
Bluetooth 4.0 

  

Table 7 ς Connectivity Specifications 

Feature Specifications 

USB 4x USB 3.0 (Note 3) 
2x USB 2.0  

Serial 3x Serial communication ports 
COM1: 2-wire RS232 via mini serial connector 
COM2: 2-wire RS232 via mini serial connector 
COM3: Full RS232 via mini serial connector 

SIM 1x micro SIM slot (6 pins) 

Special I/O See Note 4 

Expansion Half-size mini-PCIe socket 
Full-size mini-PCIe socket (Note 5) 
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Table 8 ς Mechanical and Environmental Specifications 

Feature Specifications 

Input Voltage Unregulated 10 ς 15VDC input (Note 6) 

Power Consumption 6W ς 24W 

Operating 
Temperatures 

1. Commercial 
    HDD models: 0°C ς 50°C 
    SSD models: 0°C ς 70°C 
2. Extended (TE) 
    SSD models only: -20°C ς 70°C 
3. Industrial (TI) 
    SSD models only: -40°C ς 70°C 

Enclosure Material Die Cast Aluminum 

Cooling Passive Cooling Fanless Design 

Dimensions 19cm x 16cm x 4cm 

Weight 1150gr 

 

Notes:  

1. For full processors specifications based on IPC2 model, please refer to models and platform 

SKU Table 9. 

2. Natively 2x GbE LAN ports on the back panel with an option for additional 4x GbE LAN ports. 

LAN3-6 based on FACE Module installed (refer to FACE Module HW specifications - Table 1): 

a. FM-1LAN: LAN3 RTL8111F-CG GbE controller (RJ-45), LAN4-6: N/A 

b. FM-4LAN: Intel 82574 GbE Controller (RJ-45) 

c. FM-POE: Intel I211 GbE Controller (RJ-45) 

3. Back panel 2x USB3.0 + 2x USB2.0. Front panel 2x USB3.0 with default FACE Module. 

4. Refer to FACE Module HW specifications document - Table 1. 

5. Shared with mSATA. Refer to Figure 17. 

6. Nominal input voltage: 12V 
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2.3 System Block Diagram 
IPC2 system Top Level Block Diagram is shown below. Later chapters in this document describe 

functions and entities shown in the below diagram.  

Figure 1 ς IPC2 Top Level Block Diagram 
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2.4 Models and Platform SKUs 
Table 9 ς Models and Platform SKUs 

Model IPC2 Value IPC2 i3 IPC2 i5 IPC2 i7 

Processor Intel Celeron 2955U Intel Core i3-4010U  Intel Core i5-4300U  Intel Core i7-4600U 

Core Clock 1.4GHz 1.7GHz 1.9GHz  
(turbo boost up to 
2.9GHz) 

2.1GHz   
(turbo boost up to 
3.3GHz) 

Cores 64-bit dual core 64-bit dual core 64-bit dual core 64-bit dual core 

TDP 15W 15W 15W 15W 

Chipset Lynx Point LP PCH  Lynx Point LP PCH  Lynx Point LP PCH  Lynx Point LP PCH  

 

http://ark.intel.com/products/74345/
http://ark.intel.com/products/65696/Intel-Core-i3-3217UE-Processor-3M-Cache-1_60-GHz
http://ark.intel.com/products/72055/
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3 Platform 

3.1 Processor 
The 4th DŜƴŜǊŀǘƛƻƴ LƴǘŜƭϯ /ƻǊŜϰ ǇǊƻŎŜǎǎƻǊ ōŀǎŜŘ ƻƴ aƻōƛƭŜ ¦-Processor line are 64-bit, multi-

core processors built on 22-nanometer process technology. Haswell ULT processor designed for a 

two-chip platform on a single Multi-Chip Package (MCP) that includes a processor die and low-

power Platform Controller Hub (PCH) die, and enables higher performance and lower power 

consumption relatively to previous generation. The processor includes Integrated Display Engine, 

Processor Graphics, and an Integrated Memory Controller. The processor is designed for mobile 

platforms. 

3.1.1 Processor Features 
Á Two execution cores 

Á A 32-KB instruction and 32-KB data first-level cache (L1) for each core 

Á A 512-KB shared instruction / data second-level cache (L2), shared among all cores 

Á Up to 4-MB shared instruction / data third-level cache (L3), shared among all cores 

3.1.2 Supported Technologies  
Á Intel® Virtualization Technology (Intel® VT)  

Á Intel® Active Management Technology 9.5 (Intel® AMT9.5) 

Á Intel® Trusted Execution Technology (Intel® TXT) 

Á Intel® Streaming SIMD Extensions 4.2 (Intel® SSE4.2) 

Á Intel® Hyper-Threading Technology (Intel® HT Technology) 

Á Intel® 64 Architecture 

Á Execute Disable Bit 

Á Intel® Turbo Boost Technology 2.0 

Á Intel® Advanced Vector Extensions 2.0 (Intel® AVX2) 

Á Intel® Advanced Encryption Standard New Instructions (Intel® AES-NI) 

Á Intel® Secure Key 

Á Intel® Transactional Synchronization Extensions - New Instructions (Intel® TSXNI) 
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3.1.3 Processor Power States 
This chapter provides information on the processor Advanced Configuration and Power Interface 

(ACPI) states. 

Figure 2 ς Processor Power States 
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3.1.3.1 System States 
Table 10 ς System States 

State Description 

G0/S0 Full On Mode, Display On 

G1/S3-Cold Suspend-to-RAM (STR). Context saved to memory (S3-Hot state is not 
supported by the processor). 

G1/S4 Suspend-to-Disk (STD). All power lost (except wakeup on PCH). 

G2/S5 Soft off. All power lost (except wakeup on PCH). Total reboot. 

G3 Mechanical off. All power removed from system. 

 

Table 11 ς Processor Core States 

State Description 

C0 Active mode, processor executing code. 

C1 Auto HALT state. 

C1E Auto HALT state with lowest frequency and voltage operating point. 

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

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

C7 Execution cores in this state behave similarly to the C6 state. If all execution 
cores request C7 state, L3 cache ways are flushed until it is cleared. If the 
entire L3 cache is flushed, voltage will be removed from the L3 cache. Power 
removal to SA, Cores and L3 will reduce power consumption. 

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

C9 C8 state plus processor VCC input voltage at 0 V. 

C10 C9 state plus VR12.6 is set to low-power state, near shut off. 

 

 

While executing code, Enhanced Intel SpeedStep® Technology optimizes the ǇǊƻŎŜǎǎƻǊΩǎ 

frequency and core voltage based on workload. Each frequency and voltage operating point is 

defined by ACPI as a P-state. When the processor is not executing code, it is idle. A low-power idle 

state is defined by ACPI as a C-state. In general, deeper power C-states have longer entry and exit 

latencies.  
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3.2 Processor Graphics Controller 
New Graphics Engine Architecture includes 3D compute elements, Multi-format hardware 

assisted decode/encode pipeline, and Mid-Level Cache (MLC) for superior high definition playback, 

video quality, and improved 3D performance and Media. The Display Engine handles delivering 

the pixels to the screen. GSA (Graphics in System Agent) is the primary channel interface for 

ŘƛǎǇƭŀȅ ƳŜƳƻǊȅ ŀŎŎŜǎǎŜǎ ŀƴŘ άt/L-ƭƛƪŜέ ǘǊŀŦŦƛŎ ƛƴ ŀƴŘ ƻǳǘΦ 

3.2.1 Graphics Features 
Á The Processor Graphics contains a generation 7.5 graphics core architecture enabling 

substantial gains in performance and lower power consumption 

Á Up to 40 Execution Units are supported depending on the processor SKU 

Á Next Generation Intel Clear Video Technology HD Support is a collection of video playback 

and enhancement features that ƛƳǇǊƻǾŜ ǘƘŜ ŜƴŘ ǳǎŜǊΩǎ ǾƛŜǿƛƴƎ ŜȄǇŜǊƛŜƴŎŜΥ 

τ Encode / transcode HD content 

τ Playback of high definition content including Blu-ray Disc* 

τ Superior image quality with sharper, more colorful images 

τ Playback of Blu-ray disc S3D content using HDMI (V.1.4a with 3D) 

Á DirectX* Video Acceleration (DXVA) support for accelerating video processing 

τ Full AVC/VC1/MPEG2 HW Decode 

Á Advanced Scheduler 2.0, 1.0, XPDM support 

Á Windows* 8, Windows* 7,  Mac OSX, Linux* operating system support 

Á DirectX* 11.1, DirectX* 11, DirectX* 10.1, DirectX* 10, DirectX* 9 support 

Á OpenGL* 4.0 support 
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3.3 PCH (Chipset) 
Haswell ULT platform designed in a compact single MCP package that contains both processor 

and PCH dies on the same package board. The PCH provides extensive I/O support. Functions and 

capabilities include: 

Á PCI Express* Base Specification, Revision 2.0 support for up to six ports with transfers up 

to 5 GT/s 

Á ACPI Power Management Logic Support, Revision 4.0a 

Á Enhanced DMA controller, interrupt controller, and timer functions 

Á Integrated SATA host controllers within dependent DMA operation on up to four ports 

Á xHCI USB controller provides support for up to 8 USB ports, of which four can be 

configured as SuperSpeed USB 3.0 ports 

Á Flexible I/O allows some high speed I/O signals to be configured as PCIe, SATA or USB 3.0 

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

Á System Management Bus (SMBus), Version 2.0 with additional support for I2C devices 

Á Supports Intel® High Definition Audio (Intel® HD Audio) 

Á Supports Intel® Rapid Storage Technology (Intel® RST) 

Á Supports Intel® Active Management Technology (Intel® AMT) 

Á Supports Intel® Virtualization Technology for Directed I/O (Intel® VT-d) 

Á Integrated Clock Controller 

Á Intel® Flexible Display Interconnect (Intel® FDI) 

Á Low Pin Count (LPC) interface 

Á Serial Peripheral Interface (SPI) support 

Á Two integrated Intel® serial I/O I2C Host controllers 

Á Intel® Anti-Theft Technology (Intel® AT) 

3.3.1 PCH Capability Overview 
The following sub-sections provide an overview of the PCH capabilities. 

3.3.1.1 Direct Media Interface (DMI) 
Haswell ULT platform (MCP package) features package internal DMI and not available on external 

pins. Direct Media Interface (DMI) is the chip-to-chip connection between the processor and PCH. 

This high-speed interface integrates advanced priority-based servicing allowing for concurrent 

traffic and true isochronous transfer capabilities. 

3.3.1.2 PCI Express* Interface 
The PCH provides up to 6 PCI Express Root Ports, supporting the PCI Express Base Specification, 

Revision 2.0. Each Root Port x1 lane supports up to 5 Gbps bandwidth in each direction (10 Gbps 

concurrent). Refer to section 5.1 for detailed feature set. 
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3.3.1.3 Serial ATA (SATA) Controller 
The PCH has one integrated SATA host controller that support independent DMA operation on up 

to four ports and supports data transfer rates of up to 6 Gbps. The SATA controller contains one 

mode of operation ς an AHCI mode using memory space. The SATA controller no longer 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 

programming interface for SATA host controllers. Platforms supporting AHCI may take advantage 

of performance features such as port independent DMA Engines ς each device is treated as a 

master ς and hardware-assisted native command queuing. AHCI also provides usability 

enhancements such as Hot-Plug 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 PCH 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:F0 contains other functional units including 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 provide chipset 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 consistent 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 from multiple SPI 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 Interface (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 I/O 
Flexible I/O is an architecture to allow some high speed signals to be configured as PCIe, USB 3.0 

or SATA signals per I/O needs on a platform. Through soft straps, the functionality on these 

multiplexed signals are selected to meet the I/O needs on the platform.  There are 14 differential 

pairs that are split between the three interfaces. Among them, 6 differential pairs are multiplexed: 

2 multiplexed differential pairs can be configured to be used as PCIe port 1, 2 or USB3.0 port 3, 4 
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and the other 4 differential pairs can be configured to be used as PCIe port 6 lane 3 to 0 or SATA 

port 3 to 0. The below example illustrates how the signals are utilized for Flexible I/O. 

Table 12 ς Flexible I/O High Speed Signal settings with PCIe, USB3.0, and SATA Ports 

  CONFIG 1 CONFIG 2 
(default) 

CONFIG 3 CONFIG 4 CONFIG 5 

Flexible I/O 
functionality 

4x PCIe2.0 2x PCIe2.0 
2x USB3.0 
 

3x PCIe2.0 
1x SATA3.0* 
 

1x PCIe2.0 
1x SATA3.0* 
2x USB3.0 

2x PCIe2.0 
1x SATA3.0* 
1x USB3.0 

Fixed I/O 
Functionality 
 

2x SATA3.0* 
2x USB2.0 

2x SATA3.0* 
2x USB2.0 

2x SATA3.0* 
2x USB2.0 

2x SATA3.0* 
2x USB2.0 
 

2x SATA3.0* 
2x USB2.0 
 

FACE Module  
High Speed 
Connectivity 

4x PCIe2.0 
2x SATA3.0* 
2x USB2.0 

2x PCIe2.0 
2x SATA3.0* 
2x USB3.0 
2x USB2.0 

3x PCIe2.0 
3x SATA3.0* 
2x USB2.0 

1x PCIe2.0 
3x SATA3.0* 
2x USB3.0 
2x USB2.0 

2x PCIe2.0 
3x SATA3.0* 
1x USB3.0 
2x USB2.0 

Suitable FACE 
Modules 

All except  
FM-USB3 

FM-USB3 
(see 6.5.3) 

Custom design  
(see Notes) 

 

Relevant Flexible I/O pins on FACE Module connector: 

Á PCIe/USB3: [A35/A36, B35/B36]; [A38/A39, B38/B39] 

Á PCIe/SATA: [A41/A42, B41/B42]; 

 

Notes: 

1. Flexible I/O configuration requires firmware programming and done in CompuLab facilities 

only. IPC2 Flexible I/O factory firmware is FACE Module dependent, meaning that IPC2 FW 

will be programmed according to the selected configuration and FACE Module. 

2. Intel Celeron and i3 models support single (x1) SATA interface on the FACE Module, and it is 

a shared/multiplexed connection with onboard mini PCIe interface (refer to 6.1). 

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 PCIe interface (refer to 6.1).  

4. Configuration 3, 4 and 5 possible for i5/i7 processors SKU only. 

5. Configuration 3, 4 and 5 possible for custom products with MOQ > 100 units. 

6. Refer to FM-USB3 module description ς see 6.5.3. 

 

3.3.1.8 Gigabit Ethernet Controller 
Refer to section 4.2 for detailed feature set. 
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3.3.1.9 RTC 
The PCH contains a Motorola MC146818B-compatible real-time clock with 256 bytes of battery-

backed RAM. The real-time clock performs two key functionsτkeeping track of the time of day 

and storing system data, even when the system is powered down. The RTC operates on a 32.768 

kHz crystal and a 3V battery. 

3.3.1.10 GPIO 
Various general purpose inputs and outputs are provided for custom system design. Refer to 

section 6.4. 

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 provides a 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 with I2C 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 of digitally 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 single Serial 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 Serial Digital Input signals (HDA_SDI[1:0]) supporting two audio codecs. 

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 buffers is arranged 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 sent to the 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 output stream 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 multi-channel audio stream, 32-bit sample depth, and sample rate up to 192 

kHz, the Intel HD Audio controller 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 (Intel ME). The key 

properties of Intel ME: 

Á Connectivity 

τ Integration into I/O subsystem of PCH 

τ Delivery of advanced I/O functions 

Á Security 

τ More secure (Intel root of trust) and isolated execution 

τ Increased security of flash file system 

Á Modularity and Partitioning 

τ OSV, VMM and SW Independence 

τ Rapid response to competitive changes 

Á Power 

τ Always On Always Connected 

τ Advanced functions in low power S3-S4-S5 operation 

τ OS independent PM and thermal heuristics 

Intel ME FW provides a variety of services that range from low-level hardware initialization and 

provisioning to high-level end-user software based IT manageability services. One of Intel ME 

C²Ωǎ Ƴƻǎǘ ŜǎǘŀōƭƛǎƘŜŘ ŀƴŘ ǊŜŎƻƎƴƛȊŀōƭŜ ŦŜŀǘǳǊŜǎ ƛǎ LƴǘŜƭ !ŎǘƛǾŜ aŀƴŀƎŜƳŜƴǘ ¢ŜŎƘƴƻƭƻƎȅ όLƴǘŜƭ 

AMT). For more information on various Intel ME FW features supported by Intel ME FW, such as 

Intel Active Management Technology refer to chapter 7.2.  

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

Á The Intel ME is the general purpose controller that resides in the PCH. It operates in 

parallel to, and is resource-isolated from, the host processor. 

Á The SPI flash device stores Intel ME Firmware code that is executed by the Intel ME for its 

operations. The PCH controls the flash device through the SPI interface and internal logic. 

Á In the M0 power state, the Intel ME Firmware code is loaded from SPI flash into DRAM 

and cached in secure and isolated SRAM. In 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. 

Á The LAN controller embedded in the PCH as well as the Intel Gigabit Platform LAN Connect 

device are required for Intel ME and Intel AMT network connectivity. 

Á BIOS provides asset detection and POST diagnostics (BIOS and Intel AMT can optionally 

share same flash memory device). 

Á 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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3.5 System Clocks 
The PCH provides a complete system clocking solution through Integrated Clocking. PCH based 

platforms require several single-ended and differential clocks to synchronize signal operation and 

data propagation system-wide between interfaces and across clock domains. 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: 

Á 6x 100 MHz differential sources for PCI Express* 2.0 devices 

Á 1x 100 MHz differential clock for XDP/ITP 

Á 2x 24 MHz single-ended sources for other LPC devices 

 

Table 13 ς PCH Clock Input 

 

 

Table 14 ς PCH Clock Outputs 
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3.5.1 Functional Blocks 
Figure 3 ς PCH Internal Clock Diagram 

 

 

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. 

Table 15 describes the PLLs on the PCH and the clock domains that are driven from the PLLs. 

Table 15 ς PCH PLL 
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Table 16 provides a basic description of the available spread modulators. The spread modulators 

ŜŀŎƘ ƻǇŜǊŀǘŜ ƻƴ ǘƘŜ ·/Y t[[Ωǎ нΦт DIȊ ƻǳǘǇǳǘǎΦ {ǇǊŜŀŘ {ǇŜŎǘǊǳƳ ǘǳƴƛƴƎ ŀƴŘ ŀŘƧǳǎǘƳŜƴǘ Ŏŀƴ ōŜ 

made on the fly without a platform reboot using specific programming sequence to the clock 

registers. 

Table 16 ς Modulator Block 

 

 

3.5.2 Clock Configuration Access Overview 
The PCH provides increased flexibility of host equivalent configurability of clocks, 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 ME data 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 System Memory 

3.6.1 Processor Integrated Memory Controller 
tǊƻŎŜǎǎƻǊΩǎ LƴǘŜƎǊŀǘŜŘ aŜƳƻǊȅ /ƻƴǘǊƻƭƭŜǊ όLa/ύ ǎǳǇǇƻǊǘǎ DDR3L protocol with two independent, 

64-bit wide channels. The IMC supports one unbuffered non-ECC DDR3L DIMM per-channel; thus, 

allowing up to two device ranks per-channel. 

Figure 4 ς Memory Interface 

IPC2 ï Memory Interface

Intel 4th Gen Core i7/ 5/ 3/
Celeron mobile processor

(Haswell ULT) 
Dual core 64-bit

i7-4600U; i5-4300U; 
i3-4010U; Celeron-2955U 

Integrated 
Memory 

Controller 

SO-DIMM 204-pin
Slot A

DDR3L SDRAM
(1.35V operation)

 up to 8GB 
DDR3L-1333/1600

SO-DIMM 204-pin
Slot B

DDR3L SDRAM
(1.35V operation)

 up to 8GB 
DDR3L-1333/1600
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3.6.2 System Supported Memory 
Á Two channels of DDR3L SDRAM memory with unbuffered Small Outline Dual In-Line 

Memory 204-pin Modules (SO-DIMM) 

Á Up to 16GB (2x 8GB) DDR3L-1333/1600 

Á Single-channel and dual-channel memory organization modes 

Á Data burst length of eight for all memory organization modes 

Á System Memory Interface I/O Voltage of 1.35 V only 

Á DDR3L SDRAM SO-DIMMs running at 1.35 V only 

Á 64-bit wide channels 

Á Non-ECC, Unbuffered SO-DIMMs only 

Á Theoretical maximum memory bandwidth of: 

τ 21.3 GB/s in dual-channel mode assuming DDR3L SDRAM 1333 MT/s 

τ 25.6 GB/s in dual-channel mode assuming DDR3L SDRAM 1600 MT/s 

Á 1Gb, 2Gb, and 4Gb DDR3L SDRAM device technologies are supported  

τ Standard 1-Gb, 2-Gb, and 4-Gb 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. 

Á On-Die Termination (ODT) 

 

SO-DIMM Modules: Standard 2Gb and 4Gb technologies and addressing are supported for x8 and 

x16 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. 

 

Table 17 ς Supported SO-DIMM Memory Modules Configurations 
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Table 18 ς Supported Max Memory Size per SO-DIMM 

 

 

3.6.3 System Memory Timing Support 
The IMC supports the following Speed Bins, CAS Write Latency (CWL), and command signal mode 

timings on the main memory interface: 

Á tCL = CAS Latency 

Á tRCD = Activate Command to READ or WRITE Command delay 

Á tRP = PRECHARGE Command Period 

Á CWL = CAS Write Latency 

Á Command 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. 

 

Table 19 ς DDR3L System Memory Timing Support 

 

Note: Refer to DDR3L memories only 
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3.6.4 System Memory Organization Modes 
The IMC supports two memory organization modes, single-channel and dual-channel. Depending 

upon how the SO-DIMM Modules are populated in each memory channel, a number of different 

configurations can exist. 

3.6.4.1 Single-Channel Mode 
In this mode, all memory cycles are directed to a single-channel. Single-channel mode is used 

when either Channel A or Channel B SO-DIMM connectors are populated in any order, but not 

both. 

3.6.4.2 Dual-Channel Mode (Intel Flex Memory Technology Mode) 
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 until 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 of dual-channel mode 

and one zone of single-channel 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 Dual-Channel Symmetric Mode 
Dual-Channel Symmetric mode, also known as interleaved mode, provides maximum 

performance on real world applications. Addresses are ping-ponged between the channels after 

each cache line (64-byte boundary). If there are two requests, and the second request is to an 

address on the opposite channel from the first, that request 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. Use Dual-Channel Symmetric 

mode when both Channel A and Channel B SO-DIMM 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 

channel zone is the top of memory, IMC operates completely in Dual-Channel 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 frequency of 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, the BIOS will use the slower of the two 

latencies for both channels. For dual-channel mode both channels must have a DIMM connector 

populated. For single-channel mode, only a single channel can have a DIMM connector populated. 
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3.7 Storage 
IPC2 supports various types of storage devices due to advanced PCH SATA Host Controller 

capabilities and I/O availability, described in section 3.3.1.3.  Supported devices include HDD and 

SSD storage ŘŜǾƛŎŜǎ ƛƴ нΦрΩΩ ŦƻǊƳ ŦŀŎǘƻǊΦ I55 ƭƛƳƛǘŜŘ ǘƻ рпллǊǇƳ ƻƴƭȅ ŘǳŜ ǘƻ ǇƻǿŜǊ ŘƛǎǎƛǇŀǘƛƻƴ 

reasons. mSATA NAND Flash solid state drive modules supported as well and share mini PCIe full 

size slot. For detailed architecture refer to section 6.1. 

In addition, IPC2 offers two eSATA connectors, available on the back panel which allow connection 

of external storage drives. IPC2 storage architecture and BIOS features RAID functionality. Note 

eSATA connectivity provide signaling only, when power to the external drives must be supplied 

externally. 

 

Figure 5 ς SATA Interface 
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3.7.1 Certified storage devices 

3.7.1.1 HDD examples 
Table 20 ς WD Scorpio Blue HDD series 
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Table 21 ς WD Scorpio Blue HDD series (cont.) 

 

 




































































































