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About this Manual

This document is intended for Original Equipment Manufacturers (OEMs), Original
Design Manufacturers (ODM), and BIOS vendors creating products based on the Intel®
200 (including X299), Intel® Z370 Series Chipset Families ies Platform Controller Hub
(PCH).

Throughout this document, the Platform Controller Hub (PCH) is used as a general term
and refers to all Intel® 200 (including X299), Intel® 7370, Series Chipset Families PCH
SKUs, unless specifically noted otherwise.

Throughout this document, PCH-H refers to Desktop and High-End Desktop (HEDT)
SKUs, unless specifically noted otherwise.

Throughout this document, the terms “"Desktop” and “Desktop Only” refers to
information that is applicable only to Desktop PCH, unless specifically noted otherwise.

Throughout this document, the terms "HEDT” and “HEDT Only” refer to information
that is applicable only to HEDT PCH, unless specifically noted otherwise.

This manual assumes a working knowledge of the vocabulary and principles of
interfaces and architectures such as PCI Express* (PCle*), Universal Serial Bus (USB),
Advance Host Controller Interface (AHCI), eXtensible Host Controller Interface (xHCI),
and so on.

This manual abbreviates buses as Bn, devices as Dn and functions as Fn. For example
Device 31 Function 0 is abbreviated as D31:F0, Bus 1 Device 8 Function O is
abbreviated as B1:D8:F0. Generally, the bus number will not be used, and can be
considered to be Bus 0.

References

Specification Document #/Location
Intel® 200 (including X299) and Intel® 2370 Series Chipset Families Platform 335193
Controller Hub (PCH) Datasheet, Volume 2 of 2

Overview

The PCH provides extensive I/O support. Functions and capabilities include:
e ACPI Power Management Logic Support, Revision 4.0a
e PCI Express* Base Specification Revision 3.0

o Integrated Serial ATA Host controller, supports data transfer rates of up to 6Gb/s on
all ports

e USB 3.2 Genl1x1 (5 GT/s) eXtensible Host Controller (xHCI)

e USB Dual Role/OTG Capability

e Direct Media Interface (DMI)

Datasheet, Volume 1 of 2
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Table 1-1.

intel)

e Serial Peripheral Interface (SPI)
e Enhanced Serial Peripheral Interface (eSPI)

e Flexible I/0O—Allows some high speed I/0 signals to be configured as PCle*, SATA

or USB 3.2 Genlx1 (5 GT/s)

¢ General Purpose Input Output (GPIO)
e Low Pin Count (LPC) interface

e Interrupt controller
e Timer functions

e System Management Bus (SMBus) Specification, Version 2.0

e Integrated Clock Controller (ICC)/Real Time Clock Controller (RTCC)

« Intel® High Definition Audio and Intel® Smart Sound Technology (Intel® SST)
e Intel® Serial /0 UART Host controllers

o Intel® Serial I/O 12C Host controllers

e Integrated 10/100/1000 Gigabit Ethernet MAC

e Integrated Sensor Hub (ISH)

 Supports Intel® Rapid Storage Technology (Intel® RST)

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

e Supports Intel® Virtualization Technology for Directed I/O (Intel® VT-d)
e Supports Intel® Trusted Execution Technology (Intel® TXT)

e JTAG Boundary Scan support

e Intel® Trace Hub (Intel® TH) and Direct Connect Interface (DCI) for debug

Not all functions and capabilities may be available on all SKUs. The following table
provides an overview of the PCH-H I/O capabilities.

PCH-H I/0 Capabilities

Interface

PCH-H

CPU Interface

DMI Gen3 x4

PCIe Up to 24 Gen3 lanes (up to 16 devices max)
usB Up to 10 SS, 14 HS, 1 USB Dual Role
SATA Up to 6 SATA ports for all desktop SKUs
Up to 8 SATA ports in HEDT SKU
LAN Ports 1 GBE
Audio Intel” HD Audio, 12S (Bluetooth), Direct attach Digital Mic (DMIC)
LPC 24 MHz, No DMA
eSPI 1 CS#, Quad Mode
1°C 2
UART 3
Generic SPI (GSPI) 2
Integrated Sensor Hub (ISH) 2 1°C, 2 UART

Datasheet, Volume 1 of 2
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1.4 PCH SKUs
1.4.1 Desktop (DT) SKUs
Features 2270 H270 B250 Q250 Q270 Z370 B365
Intel® Rapid Storage Technology Refer Note | Refer Note | Refer Note | ReferNote | Refer Note | Refer Note | Refer Note
1 1 2 2 1 1 1
fotal USB 3.2 Genlxl (3 GT/s) Up to 10 Up to 8 6 Upto8 | Upto10 | Upto10 | Upto8
Total USB 2.0 Ports 144 144 123 144 144 144 144
Total SATA 3.0 P M
otal S. 3.0 Ports (Max 6 Gb/s) Up to 6 Upto6 Up to 6 Up to 6 Up to 6 Up to 6 Up to 6
Total PCI Express* 3.0 Lanes
Upto24 | P®20 | o012 | Upto14 | Upto24 | Upto2a | UPTO2O
Total Controllers for Intel® RST 7 6 7 7 6
for PCle Storage Devices 3 2 1 1 3 3 2
Processor PCI Express* 3.0 Lanes 1x16 or 2x8 1x16 or 1x16 or
Configuration Support or 1X8+2x4 1x16 1x16 1x16 2x8 or 2x8 or 1x16
1x8+2x4 1x8+2x4
Independent Display Support 3 3 3 3 3 3 3
Processor Over Clocking Yes No No No No Yes No
Notes: All SKUs support AHCI mode.
1. Supports Intel® RST Premium and System Acceleration with Intel® Optane™ Technology (with RAID support)
2. Supports Intel® RST and System Acceleration with Intel® Optane™ Technology (without RAID support)
3. USB 2.0 port numbers: 1-12
4. USB 2.0 port numbers: 1-14
5. USB 2.0 port numbers: 1-10
6. Intel® RST for PCle Storage supports RAID configuration 0/1.
7. Intel® RST for PCle Storage supports RAID configuration 0/1/5.

Table 1-2. PCH-H DT HSIO Detail (Lane 1-14) (Sheet 1 of 2)

SKU 1 2 3 4 5 6 7 8 9 10 11 12 13 14
use32 | 3B | USB | USB 1 USBl USB ) yspsa | use32 | UsB3.2 | uUsB3.2
Genlx1l . . g . . Genlx1 Genlx1 Genlx1 Genlx1 PCIe/
Z270 (5 GT/ Gfrzéx Gfrzéx Glerzéx (?gné_)r(/l Gfrzéx (5 GT/ (5GT/sy | (5GT/s) | (5GT/sy LAN PCle PCle PCle
s)/ OTG GT/s) GT/s) GT/s) 5) GT/s) s)/ PCle PCle PCle PCIle/LAN
USB 3.2 usB usB usB usB usB
Genl)&l 3.2 3.2 3.2 3.2 3.2 USB 3.2 USB 3.2 PCle/ PCle/
H270 (5 GT/ Genlx | Genlx [ Genlx | Genlxl | Genlx | Genlxl Genlx1 PCle LAN LAN PCle PCle PCle
s)/ OTG 1(5 1(5 1(5 (5 GT1/ 1(5 (5 GT/s) (5 GT/s)
GT/s) | GT/s) | GT/s) s) GT/s)
usB usB usB usB usB
o3l 32 3.2 3.2 3.2 3.2 bCle/
B250 (5 GT/ Genlx | Genlx | Genlx | Genixl | Genlx N/A N/A N/A LAN Only LAN PCle PCle PCle
s)/ OTG 1(5 1(5 1(5 (5 GT/ 1(5
GT/s) GT/s) GT/s) s) GT/s)
usB
3.2
Genlx
USB 3.2 1(5 UsB UsB uUsB UsB
Genixl GT/ 3.2 3.2 3.2 3.2 USB 3.2 USB 3.2 PCle/
Q250 (5 GT/ $)USB Genlx | Genlx | Genlxl | Genlx Genlx1 Genlx1 N/A LAN Only LAN PCIe PCIe PCle
s)/ OTG 3.2 1(5 1(5 (5GT/ 1(5 (5 GT/s) (5 GT/s)
Geﬁlx GT/s) GT/s) s) GT/s)
1(5
GT/s)
use32 | 2P| 0SB | USB E U2 | use3.2 | usB32 | UsB3.2 | USB3.2
Genlx1l . g y g y Genlx1l Genlx1l Genlx1l Genlx1l PCle /
Q270 (5 GT/ Genlx [ Genlx | Genlx | Genlxl | Genlx (5 GT/ (5GT/s) | (5GT/s) | (5GT/sy/ LAN PCle PCle PCle
syyorg | LG | 1(5 1 1(5 | (5GT/ | 1(5 | qypcie |  Pcle PCle | PCle/LAN
GT/s) GT/s) GT/s) s) GT/s)

20
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Table 1-2. PCH-H DT HSIO Detail (Lane 1-14) (Sheet 2 of 2)
SKU 1 2 3 4 5 6 7 8 9 10 11 12 13 14
use3s2 | 2P| 3B USB owe U2 | use3.2 | usB3.2 | USB3.2 | USB3.2
Genlx1l y . . . . Gen1x1 Gen1x1 Genlx1 Gen1x1 PClIe/
Z370 (5 GT/ Glerzéx Gler(ll:l_’x Gfr(léx CEEnGl_if/l Gfrzéx (5 GT/ (5GT/s)/ | (5GT/s)/ | (5GT/s) LAN PCle PCle PCle
S/ OTG | cr/dy | Gr/e) | G1/e) s Grjey | 8 PCle PCle PCle PCle/LAN
Use3.2 | USB UsB UsB UsB UsB
Gonini 3.2 3.2 3.2 3.2 3.2 USB 3.2 | USB3.2 PCle/ PCle/
B365 (5 GT/ Genlx | Genlx | Genlx | Genlx1l Genlx Genlx1l Genlx1 PCle LAN LAN PCle PCle PCle
sy orG | L5 1(5 1(5 (5 GT/ 1(5 | (5GT/s) | (5GT/s)
GT/s) GT/s) GT/s) s) GT/s)
Table 1-3. PCH-H DT HSIO Detail (Lane 15-26)

SKU 15! 16! 17 18 19! 20! 21 22 23 24 25 26
Z270 (Refer ::IN"/ PCle/ PCIe PCle/ PCle/ LAN/ | PCle/ PCIEe/ PCle/ PCIe/ PCle/ PCle PCIe
Note 2) SATAOa | SATAla LAN SATAOb SATAlb | SATA2 SATA3 SATA4 | SATAS
H270 (Refer | PCIe/ PCIe/ PCle/ | PCle/LAN/ | PCle/ PCle/ PCle/

Note 2) AN | sATA1a | PCIe LAN SATAOD SATALb | SATA2 | SATA3 | SATA4 | SATAS | PCle PCle
PCIe/LAN | PCle/ PCle/ SATAOb/
B250 JSATAOa | SATA1a PCle LAN AN SATAlb | SATA2 SATA3 SATA4 SATAS N/A N/A
PCIe/LAN | PCle/ PCle/ PCle/LAN / | PCle/
Q250 JSATAOa | SATA1a PCle LAN GATAH SATAlp | SATA2 SATA3 SATA4 SATAS N/A N/A
Q270 (Refer E:IN“; PCle/ pCIe PCle/ | PCle/LAN/ | PCle/ PCle/ PCle/ | PCIe/ | PCle/ | pere | pere
Note 2) SATAOa | SATAla LAN SATAOb SATAlb | SATA2 SATA3 SATA4 | SATAS
Z370 fﬂf/ PCle/ PCIe PCle/ PCle/ LAN/ | PCle/ PCIEe/ PCle/ PCIe/ PCle/ PCle PCIe
(Refer Note 2) | gataca | SATAla LAN SATAOb SATA1b | SATA2 SATA3 SATA4 | SATAS
PCIe/
B365 (Refer PCle/ PCle/ PCle/LAN / | PCle/ PCle/ PCle/
Note 2) SAvioa | SATA1a | PCIe LAN SATAOD SATALb | SATA2 | saTa3 | SATA4 | SATAS | PCle PCle
Notes:

or x4.

1. Refer to Flexible IO chapter for the additional information.
2. Only the highlighted (in bold text) PCIe* lanes are capable of supporting the Intel® RST for PCle Storage (remapping), configured as x2

Table 1-4.

PCH-H DT HSIO Detail (Lane 27-30)

SKU 27 28 29 30
Z270 PCIe* PCIe* PCIe* PCIe*
H270 PCIe* PCIe* PCIe* PCIe*
B250 PCIe* PCIe* PCIe* PCIe*
Q250 PCIe* PCIe* PCIe* PCIe*
Q270 PCIe* PCIe* PCIe* PCIe*
Z370 PCIe* PCIe* PCIe* PCIe*
H310C | N/A N/A N/A N/A
B365 PCIe* PCIe* PCIe* PCIe*
Note: All PCle* lanes on HSIO 27 - 30 are
capable of supporting the Intel® RST for PCle*
Storage Device, configured as x2 or x4.

Datasheet, Volume 1 of 2
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1.4.2 HEDT SKUs
Table 1-5. PCH-H HEDT SKUs
HEDT
Features
X299
Intel® Rapid Storage Technology See Note 1 and 2
Total USB 3.2 Gen1x1 (5 GT/s) Ports Up to 10
Total USB 2.0 Ports 143
Total SATA 3.0 Ports (Max 6 Gb/s) Up to 8
Total PCI Express* 3.0 Lanes Up to 24
Total Controllers for Intel® RST for PCle Storage Devices 34
Processor PCI Express* 3.0 Lanes Configuration Support N/A
(Processor PCIe not PCH
dependent)
Independent Display Support 0
Processor Over Clocking Yes
Notes: All SKUs su(gport AHCI mode.
1. Supports Intel® RST Enterprise.
2. Supports Intel® RST Premium and System Acceleration with Intel® Optane™ Technology (with RAID
support)
3. USB 2.0 port numbers: 1-14
4. Intel® RST for PCle supports RAID configuration 0/1/5
22 Datasheet, Volume 1 of 2
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intel.

2.1 Device and Revision ID Table
The Revision ID (RID) register is an 8-bit register located at offset 08h in the PCI
header of every PCI/PCle* function. The RID register is used by software to identify a
particular component stepping when a driver change or patch unique to that stepping is
needed.
Table 2-1. PCH-H CRID
RID Select Key Written AO_ Notes
to (D31:F2:0ffset 08h) Stepping
Enable CRID by writing 1Dh to
1Dh AD SRID D31:F2:Offset¥)8h ’
rosto| e R
All Others A0 SRID CRID not enabled (CRID = SRID)
Table 2-2. PCH-H Device and Revision ID Table (Sheet 1 of 2)
Device . . . - A0
Device Function - Device Description SRID Notes
ID (h) (h)
A282 D23:F0 - SATA Controller (AHCI Mode) 00 All SKUs
[AIE=1]
A286 D23:F0 - SATA Controller (RAID) - Premium 00 SKUs: Z270, Z370,Q270, H270,
X299, B365
D23:FO0 - SATA Controller - Intel® RST Premium and [AIE=0, AIES=0]
2822 System Acceleration With Intel® Optane™ 00 SKUs: 2270, 2370, Q270, H270,
Technology X299, B365
2826 | D23:FO - SATA Controller - RAID SKU Premium 00 [AIE=0, AIES=1]
Alternate ID (Intel® RST Enterprise)
A28E D23:F0 -.SATA.ControII(gr - IntelfMRST and System | o [AIE=1]
Acceleration With Intel® Optane'™ Technology SKUs: B250, Q250
A290 D28:F0 - PCI Express* Root Port #1 FO
A291 D28:F1 - PCI Express Root Port #2 FO
A292 D28:F2 - PCI Express Root Port #3 FO
A293 D28:F3 - PCI Express Root Port #4 FO
A294 D28:F4 - PCI Express Root Port #5 FO
A295 D28:F5 - PCI Express Root Port #6 FO
A296 D28:F6 - PCI Express Root Port #7 FO
A297 D28:F7 - PCI Express Root Port #8 FO
A298 D29:F0 - PCI Express Root Port #9 FO
A299 D29:F1 - PCI Express Root Port #10 FO
A29A D29:F2 - PCI Express Root Port #11 FO
A29B D29:F3 - PCI Express Root Port #12 FO
A29C D29:F4 - PCI Express Root Port #13 FO
A29D D29:F5 - PCI Express Root Port #14 FO
A29E D29:F6 - PCI Express Root Port #15 FO
A29F D29:F7 - PCI Express Root Port #16 FO
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Table 2-2. PCH-H Device and Revision ID Table (Sheet 2 of 2)

?gvice Device Function - Device Description SQ(I)D Notes

A2A0 D31:F1 - P2SB 00

A2A1 D31:F2 - Power Management Controller 00

A2A3 D31:F4 - SMBus 00

A2A4 D31:F5 - SPI Controller 00
A2AS5 is the default.

A2A5 D31:F6 - GbE Controller 00 156F is reloaded from NVM if GbE is
enabled.

A2A6 D31:F7 - Intel® Trace Hub 00

A2A7 D30:FO - UART #0 00 Refer to Note 1

A2A8 D30:F1 - UART #1 00 Refer to Note 1

A2A9 D30:F2 - GSPI #0 00 Refer to Note 1

A2AA D30:F3 - GSPI #1 00 Refer to Note 1

A2AF D20:F0 - USB 3.2 Gen1x1 (5 GT/s) xHCI Controller | 00

A2B0 D20:F1 - USB Device Controller (OTG) 00

A2B1 D20:F2 - Thermal Subsystem 00

A2B5 D19:F0 - ISH 00

A2BA D22:F0 - Intel® MEI #1 00

A2BB D22:F1 - Intel® MEI #2 00

A2BC D22:F2 - IDE Redirection 00

A2BD D22:F3 - Keyboard and Text (KT) Redirection 00

A2BE D22:F4 - Intel® MEI #3 00
PCH Device IDs:
Z270: A2C5
H270: A2C4
B250: A2C8

Aac2” | D31:F0 - LPC or eSPI Controller 00 | Q250: A2C7
Q270: A2C6
X299: A2D2
Z370: A2C9
H310C: A2CA

A2EQ0 | D21:F0 - IC Controller #0 00

A2E1 D21:F1 - I°C Controller #1 00

A2E2 D21:F2 - I°C Controller #2 00

A2E3 | D21:F3 - I°C Controller #3 00

A2E6 D25:F0 - UART Controller #2 00

A2E7 D27:F0 - PCI Express Root Port #17 00

A2ES8 D27:F1 - PCI Express Root Port #18 00

A2E9 D27:F2 - PCI Express Root Port #19 00

A2EA D27:F3 - PCI Express Root Port #20 00

A2EB D27:F4 - PCI Express Root Port #21 00

A2EC D27:F5 - PCI Express Root Port #22 00

A2ED D27:F6 - PCI Express Root Port #23 00

A2EE D27:F7 - PCI Express Root Port #24 00

A2FO D31:F3 - 1n§e|® High Definition Audio (Intel® HD 00

Audio) (Audio, Voice, Speech)
Note:
1. No more than 4 functions in Device 30 can be enabled in PCH.
8§
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3 Flexible I/0

3.1 Overview

Flexible Input/Output (I/0) is a technology that allows some of the PCH High Speed I/0
(HSIO) lanes to be configured for connection to a Gigabit Ethernet (GbE) Controller, a
PCIe* Controller, a Extensible Host Controller Interface (XHCI) USB 3.2 Gen1x1 (5 GT/
s) Controller, or an Advanced Host Controller Interface (AHCI) SATA Controller. Flexible
I/0O enables customers to optimize the allocation of the PCH HSIO interfaces to better
meet the I/O needs of their system.

In the case of PCH storage, it is important to consider the HSIO lanes that support both
PCIe* and SATA.

Notes:
1. The selection of the Flexible I/O technology is handled through soft straps in the
SPI flash.
2. Some port multiplexing capabilities are not available on all SKUs. Refer to the SKU
overview section for specific SKU details.
3.2 Flexible I/0 Implementation

3.2.1 PCH-H

Figure 3-1. HSIO Multiplexing on PCH-H
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There are 30HSIO lanes on the PCH-H, supporting the following port configurations:

1. Up to 24 PCle* lanes (multiplexed with USB 3.2 Gen1x1 (5 GT/s) ports, SATA
Ports)

— Only a maximum of 16 PCIe* ports (or devices) can be enabled at any time.
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Flexible I/0

— Ports 1-4, Ports 5-8, Ports 9-12, Ports 13-16, Ports 17-20, and Ports 21-24 can
each be individually configured as 4x1, 2x2, 1x2 + 2x1, or 1x4.

. Up to 6 SATA ports for desktop SKUs and Up to 8 SATA ports for HEDT SKUs

(multiplexed with PCle)

— SATA Port 0 has the flexibility to be mapped to either PCIe* Port 9 or Port 13.
Similarly, SATA Port 1 can be mapped to either PCIe* Port10 or Port 14.

. Up to 10 USB 3.2 Gen1x1 (5 GT/s) ports

— USB Dual Role (OTG) capability is available on USB 3.2 Gen1x1 (5 GT/s) Port 1.

. One GbE lane

— GbE can be mapped into one of the PCle* Ports 4-5, Port 9, and Ports 12-13.
— When GbE is enabled, there can be at most up to 15 PCIe* ports enabled.

. Supports up to Three remapped (Intel® Rapid Storage Technology) PCle* storage

devices
— x2 and x4 PCle* NVMe SSD
— x2 Intel® Optane™ Technology Device

— Refer to the “PCI Express* (PCle*)” chapter for the PCH PCIe* controllers,
configurations, and lanes that can be used for Intel® Rapid Storage Technology
PCle* storage support

. For unused SATA/PCle* Combo Lanes, Flex I/O Lanes that can be configured as

PCIe* or SATA, the lanes must be statically assigned to SATA or PCle* via the
SATA/PCle Combo Port Soft Straps discussed in the SPI Programming Guide and
through the Intel® Flash Image Tool (FIT) tool. These unused SATA/PCIe* Combo
Lanes must not be assigned as polarity based.

HSIO Port Selection

The HSIO port configuration is statically selected by soft straps.

PCIe* /SATA Port Selection

In addition to static configuration via soft straps, HSIO lanes that have PCle*/SATA
multiplexing can be configured via SATAXPCIE signaling to support implementation like
SATA Express or mSATA, where the port configuration is selected by the type of the
add-in card that is used.

88§
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Memory Mapping

4.1

4.2

4.2.1

Table 4-1.

Overview

This section describes (from the processor perspective) the memory ranges that the
PCH decodes.

Functional Description

PCI Devices and Functions

The PCH incorporates a variety of PCI devices and functions, as shown in Table 4-1. If
for some reason, the particular system platform does not want to support any one of
the Device Functions, with the exception of D30:F0, they can individually be disabled.
The integrated Gigabit Ethernet controller will be disabled if no Platform LAN Connect
component is detected (Refer to Chapter 21, “Gigabit Ethernet Controller”). When a
function is disabled, it does not appear at all to the software. A disabled function will
not respond to any register reads or writes, insuring that these devices appear hidden
to software.

PCI Devices and Functions (Sheet 1 of 2)

Device: Functions # Function Description

Bus 0: Device 31: Function 0 LPC Interface (eSPI Enable Strap = 0)
eSPI Interface (eSPI Enable Strap = 1)

Bus 0: Device 31: Function 1 P2SB

Bus 0: Device 31: Function 2 PMC

Bus 0: Device 31: Function 3 Intel® High Definition Audio (Intel® HD Audio) (Audio, Voice,
Speech)

Bus 0: Device 31: Function 4 SMBus Controller

Bus 0: Device 31: Function 5 SPI

Bus 0: Device 31: Function 6 GbE Controller

Bus 0: Device 31: Function 7 Intel® Trace Hub

Bus 0: Device 30: Function 0 UART #0

Bus 0: Device 30: Function 1 UART #1

Bus 0: Device 30: Function 2 SPI #0

Bus 0: Device 29: Function 0 PCI Express Port 9

Bus 0: Device 29: Function 1 PCI Express Port 10

Bus 0: Device 29: Function 2 PCI Express Port 11

Bus 0: Device 29: Function 3 PCI Express Port 12

Bus 0: Device 29: Function 4 PCI Express Port 13

Bus 0: Device 29: Function 5 PCI Express Port 14

Bus 0: Device 29: Function 6 PCI Express Port 15

Bus 0: Device 29: Function 7 PCI Express Port 16

Bus 0: Device 28: Function 0 PCI Express Port 1
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PCI Devices and Functions (Sheet 2 of 2)

Memory Mapping

Device: Functions #

Function Description

register reads or writes.

Bus 0: Device 28: Function 1 PCI Express Port 2

Bus 0: Device 28: Function 2 PCI Express Port 3

Bus 0: Device 28: Function 3 PCI Express Port 4

Bus 0: Device 28: Function 4 PCI Express Port 5

Bus 0: Device 28: Function 5 PCI Express Port 6

Bus 0: Device 28: Function 6 PCI Express Port 7

Bus 0: Device 28: Function 7 PCI Express Port 8

Bus 0: Device 27: Function O PCI Express Port 17

Bus 0: Device 27: Function 1 PCI Express Port 18

Bus 0: Device 27: Function 2 PCI Express Port 19

Bus 0: Device 27: Function 3 PCI Express Port 20

Bus 0: Device 25: Function 0 UART Controller #2

Bus 0: Device 25: Function 1 12C Controller #5

Bus 0: Device 25: Function 2 I2C Controller #4

Bus 0: Device 23: Function 0 SATA Controller

Bus 0: Device 22: Function 0 Intel® MEI #1

Bus 0: Device 22: Function 1 Intel® MEI #2

Bus 0: Device 22: Function 2 IDE Redirection (IDE-R)

Bus 0: Device 22: Function 3 Keyboard and Text (KT) Redirection
Bus 0: Device 22: Function 4 Intel® MEI #3

Bus 0: Device 21: Function O I2C Controller #0

Bus 0: Device 21: Function 1 12C Controller #1

Bus 0: Device 21: Function 2 I12C Controller #2

Bus 0: Device 21: Function 3 I2C Controller #3

Bus 0: Device 20: Function 0 USB 3.2 Gen1x1 (5 GT/s) xHCI Controller
Bus 0: Device 20: Function 1 USB Device Controller (OTG)

Bus 0: Device 20: Function 2 Thermal Subsystem

Bus 0: Device 19: Function 0 Integrated Sensor Hub

Note: When a device or function is disabled, it is not reported to the software and will not respond to any

Fixed I/0 Address Ranges

Table 4-2, “Fixed I/O Ranges Decoded by PCH” shows the Fixed I/O decode ranges
from the processor perspective. Note that for each I/0 range, there may be separate
behavior for reads and writes. DMI cycles that go to target ranges that are marked as
Reserved will be handled by the PCH; writes are ignored and reads will return all 1s.

Address ranges that are not listed or marked Reserved are NOT positively decoded by
the PCH (unless assigned to one of the variable ranges) and will be internally
terminated by the PCH.
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Table 4-2.

Fixed I/0 Ranges Decoded by PCH (Sheet 1 of 2)

intel.

Datasheet, Volume

AdId/r(e):ss Read Target Write Target Internal Unit Enable/Disable

20h - 21h Interrupt Controller Interrupt Controller Interrupt None

24h - 25h Interrupt Controller Interrupt Controller Interrupt None

28h - 29h Interrupt Controller Interrupt Controller Interrupt None

2Ch - 2Dh Interrupt Controller Interrupt Controller Interrupt None

2Eh - 2Fh | LPC/eSPI LPC/eSPI Forwarded to LPC/eSPI | Y&S
IOE.SE

30h - 31h Interrupt Controller Interrupt Controller Interrupt None

34h - 35h Interrupt Controller Interrupt Controller Interrupt None

38h - 3%h Interrupt Controller Interrupt Controller Interrupt None

3Ch - 3Dh Interrupt Controller Interrupt Controller Interrupt None

40h Timer/Counter Timer/Counter 8254 Timer None

42h - 43h Timer/Counter Timer/Counter 8254 Timer None

4Eh - 4Fh | LPC/eSPI LPC/eSPI Forwarded to LPC/eSPI | &S
IOE.ME2

50h Timer/Counter Timer/Counter 8254 Timer None

52h - 53h Timer/Counter Timer/Counter 8254 Timer None

60h LPC/eSPI LPC/eSPI Forwarded to LPC/eSPI | Y&S W/ 60h
IOE.KE

61h NMI Controller NMI Controller Processor I/F None

62h Microcontroller Microcontroller Forwarded to LPC/eSPI Yes w/ 66h
IOE.ME1

63h NMI Controller! NMI Controllert Processor I/F Yes, alias to 61h
GCS.P61AE

64h Microcontroller Microcontroller Forwarded to LPC/eSPI }(gz ‘z/e 60h and

65h NMI Controller! NMI Controller! Processor I/F Yes, alias to 61h
GCS.P61AE

66h Microcontroller Microcontroller Forwarded to LPC/eSPI Yes w/ 62h
IOE.ME1

67h NMI Controller® NMI Controllert Processor I/F Yes, alias to 61h
GCS.P61AE

70h RTC Controller NMI and RTC Controller | RTC None

71h RTC Controller RTC Controller RTC None

72h RTC Controller RTC Controller RTC Yes, w/ 72h
RC.UE

73h RTC Controller RTC Controller RTC Yes, w/ 73h
RC.UE

74h RTC Controller RTC Controller RTC None

75h RTC Controller RTC Controller RTC None
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Fixed I/0 Ranges Decoded by PCH (Sheet 2 of 2)

Memory Mapping

I/0 . . .
Address Read Target Write Target Internal Unit Enable/Disable
76h = 77h RTC Controller RTC Controller RTC Yes
RC.UE
80h LPC/eSPI or PCle LPC/eSPI or PCIe LPC/eSPI or PCle GCS.RPR
84h - 86h Reserved LPC/eSPI or PCIe LPC/eSPI or PCle GCS.RPR
88h Reserved LPC/eSPI or PCle LPC/eSPI or PCle GCS.RPR
8Ch - 8Eh Reserved LPC/eSPI or PCle LPC/eSPI or PCle GCS.RPR
90h (Alias to 80h) (Alias to 80h) Forwarded to LPC/eSPI | ves, alias to 80h
92h Reset Generator Reset Generator Processor I/F None
94h - 96h (Aliases to 8xh) (Aliases to 8xh) Forwarded to LPC/eSPI ;ei' aliases to
X
98h (Alias to 88h) (Alias to 88h) Forwarded to LPC/eSPI | ves, alias to 88h
9Ch - 9Eh | (Alias to 8xh) (Aliases to 8xh) Forwarded to LPC/eSPI ;e;, aliases to
X
AOh - Alh Interrupt Controller Interrupt Controller Interrupt None
A4h - A5h Interrupt Controller Interrupt Controller Interrupt None
A8h - ASh Interrupt Controller Interrupt Controller Interrupt None
ACh - ADh Interrupt Controller Interrupt Controller Interrupt None
BOh - B1lh Interrupt Controller Interrupt Controller Interrupt None
B2h - B3h Power Management Power Management Power Management None
B4h - B5h Interrupt Controller Interrupt Controller Interrupt None
B8h - BSh Interrupt Controller Interrupt Controller Interrupt None
BCh - BDh Interrupt Controller Interrupt Controller Interrupt None
200 - 207h | Gameport Low Gameport Low Forwarded to LPC/eSPI Yes
IOE.LGE
208-20Fh Gameport High Gameport High Forwarded to LPC/eSPI Yes
IOE.HGE
4Doh - I I I I I Controll
4D1h nterrupt Controller nterrupt Controller nterrupt Controller None
CF9h Reset Generator Reset Generator Interrupt controller None
Note:

1. Only if the Port 61 Alias Enable bit (GCS.P61AE) bit is set. Otherwise, the target is PCIe*.

Variable I/0 Decode Ranges

Table 4-3, “Variable I/O Decode Ranges” shows the Variable I/O Decode Ranges. They
are set using Base Address Registers (BARs) or other configuration bits in the various
configuration spaces. The PnP software (PCI or ACPI) can use their configuration

mechanisms to set and adjust these values.

The Variable I/O Ranges should not be set to conflict with the Fixed I/O Ranges. There
may be some unpredictable results if the configuration software allows conflicts to
occur. The PCH does not perform any checks for conflicts.
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Table 4-3.

4.3

Note:
Table 4-4.

Variable I/0 Decode Ranges

intel.

Range Name

Mappable

Size (Bytes)

Target

ACPI

Anywhere in 64K I/O Space

96

Power Management

IDE Bus Master

Anywhere in 64K I/O Space

16 or 32 bytes

Intel® AMT IDE-R

SMBus Anywhere in 64K 1/O Space 32 SMB Unit
TCO Anywhere in 64K I/O Space 32 SMB Unit
Parallel Port 3 ranges in 64K I/0O Space 8 LPC Peripheral
Serial Port 1 8 Ranges in 64K I/O Space 8 LPC Peripheral
Serial Port 2 8 Ranges in 64K I/O Space 8 LPC Peripheral

Floppy Disk Controller 2 Ranges in 64K I/O Space 8 LPC Peripheral

LPC Generic 1 Anywhere in 64K 1/O Space 4 to 256 bytes LPC/eSPI
LPC Generic 2 Anywhere in 64K I/O Space 4 to 256 bytes LPC/eSPI
LPC Generic 3 Anywhere in 64K I/O Space 4 to 256 bytes LPC/eSPI
LPC Generic 4 Anywhere in 64K 1/O Space 4 to 256 bytes LPC/eSPI
I/O Trapping Ranges Anywhere in 64K I/O Space 1 to 256 bytes Trap

SATA Host Controller
PCI Express Root Ports 1-12

Intel® AMT Keyboard and
Text Redirection

Serial ATA Index/Data Pair | Anywhere in 64K I/O Space 16
Anywhere in 64K 1/O Space I/0O Base/Limit

Anywhere in 64K 1/O Space 8

PCI Express* Root Ports

Keyboard and Text (KT)

Note: All ranges are decoded directly from DMI.

Memory Map

Table 4-4, “PCH Memory Decode Ranges (Processor Perspective)” shows (from the
Processor perspective) the memory ranges that the PCH will decode. Cycles that arrive
from DMI that are not directed to any of the internal memory targets that decode
directly from DMI will be master aborted.

PCIe* cycles generated by external PCIle* masters will be positively decoded unless
they fall in the PCI-PCI bridge memory forwarding ranges (those addresses are
reserved for PCI peer-to-peer traffic). If the cycle is not in the internal LAN controller's
range, it will be forwarded up to DMI. Software must not attempt locks to the PCH’s
memory-mapped I/0 ranges.

Total ports are different for the different SKUs.
PCH Memory Decode Ranges (Processor Perspective) (Sheet 1 of 3)

Memory Range Target Dependency/Comments

000E0000 - OOOEFFFF LPC/eSPI or SPI Bit 6 in BIOS Decode Enable Register is set

000F0000 - O0OFFFFF LPC/eSPI or SPI Bit 7 in BIOS Decode Enable Register is set

FECXX000 - FECXX040 I/O(x) APIC inside PCH X controlled via APIC Range Select (ASEL) field

and Enable (AEN) bit.

FEC10000 - FEC17FFF PCIe* port 1 PCIe root port 1 APIC Enable (PAE) set

FEC18000 - FEC1FFFF PCIe* port 2 PCIe root port 2 APIC Enable (PAE) set

FEC20000 - FEC27FFF PCIe* port 3 PCIe root port 3 APIC Enable (PAE) set

FEC28000 - FEC2FFFF

PClIe* port 4 PCIe* root port 4 APIC Enable (PAE) set
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PCH Memory Decode Ranges (Processor Perspective) (Sheet 2 of 3)

Memory Range Target Dependency/Comments
FEC30000 - FEC37FFF PCIe* port 5 PCIe* root port 5 APIC Enable (PAE) set
FEC38000 - FEC3FFFF PCIe* port 6 PCIe* root port 6 APIC Enable (PAE) set
FEC40000 - FEC47FFF PCIe* port 7 PCIe* root port 7 APIC Enable (PAE) set
FEC48000 - FEC4FFFF PCIe* port 8 PCIe* root port 8 APIC Enable (PAE) set
FEC50000 - FEC57FFF PCle* port 9 PCIe* root port 9 APIC Enable (PAE) set

FEC58000 - FEC5FFFF

PCle* port 10

PCIe* root port 10 APIC Enable (PAE) set

FEC70000 - FEC77FFF

PClIe port 13

PClIe root port 13 APIC Enable (PAE) set

FEC78000 - FEC7FFFF

PClIe port 14

PCIe root port 14 APIC Enable (PAE) set

FEC80000 - FEC87FFF

PClIe port 15

PClIe root port 15 APIC Enable (PAE) set

FEC88000 - FEC8FFFF

PClIe port 16

PClIe root port 16 APIC Enable (PAE) set

FEC90000 - FEC97FFF

PCle port 17

PCIe root port 17 APIC Enable (PAE) set

FEC98000 - FECOFFFF

PClIe port 18

PClIe root port 18 APIC Enable (PAE) set

FECA0000 - FECA7FFF

PClIe port 19

PClIe root port 19 APIC Enable (PAE) set

FECA8000 - FECAFFFF

PClIe port 20

PCIe root port 20 APIC Enable (PAE) set

FFCO 0000 - FFC7 FFFF
FF80 0000 - FF87 FFFF

LPC/eSPI or SPI

Bit 8 in BIOS Decode Enable Register

FFC8 0000 - FFCF FFFF
FF88 0000 - FF8F FFFF

LPC/eSPI or SPI

Bit 9 in BIOS Decode Enable Register

FFDO 0000 - FFD7 FFFF
FF90 0000 - FF97 FFFF

LPC/eSPI or SPI

Bit 10 in BIOS Decode Enable Register is set

FFD8 0000 - FFDF FFFF
FF98 0000 - FFOF FFFF

LPC/eSPI or SPI

Bit 11 in BIOS Decode Enable Register is set

FFEO 000 - FFE7 FFFF
FFAO 0000 - FFA7 FFFF

LPC/eSPI or SPI

Bit 12 in BIOS Decode Enable Register is set

FFE8 0000 - FFEF FFFF
FFA8 0000 - FFAF FFFF

LPC/eSPI or SPI

Bit 13 in BIOS Decode Enable Register is set

FFF0 0000 - FFF7 FFFF
FFBO 0000 - FFB7 FFFF

LPC/eSPI or SPI

Bit 14 in BIOS Decode Enable Register is set

FFF8 0000 - FFFF FFFF
FFB8 0000 - FFBF FFFF

LPC/eSPI or SPI

Always enabled.

The top two 64-KB blocks in this range can be
swapped by the PCH.

FF70 0000 - FF7F FFFF
FF30 0000 - FF3F FFFF

LPC/eSPI or SPI

Bit 3 in BIOS Decode Enable Register is set

FF60 0000 - FF6F FFFF
FF20 0000 - FF2F FFFF

LPC/eSPI or SPI

Bit 2 in BIOS Decode Enable Register is set

FF50 0000 - FF5F FFFF
FF10 0000 - FF1F FFFF

LPC/eSPI or SPI

Bit 1 in BIOS Decode Enable Register is set

FF40 0000 - FF4F FFFF
FFOO 0000 - FFOF FFFF

LPC/eSPI or SPI

Bit 0 in BIOS Decode Enable Register is set

FEDO X000h - FEDO X3FFh

HPET

BIOS determines “fixed” location which is one of
four 1-KB ranges where X (in the first column) is
Oh, 1h, 2h, or 3h

FED4_0000h - FED4_7FFFh

LPC or SPI (set by strap)

TPM and Trusted Mobile KBC

FED5_0000h - FED5_FFFFh

Intel® ME

Always enabled

64 KB anywhere in 64-bit
address range

USB 3.2 Geni1x1 (5 GT/s)
Host Controller

Enable via standard PCI mechanism (Device 20,
Function 0)

32
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Table 4-4. PCH Memory Decode Ranges (Processor Perspective) (Sheet 3 of 3)
Memory Range Target Dependency/Comments

2 MB anywhere in 4-Gb OTG Enable via standard PCI mechanism (Device 20,

range Function 1)

24 KB anywhere in 4-Gb OTG Enable via standard PCI mechanism (Device 20,

range Function 1)

16 KB anywhere in 64-bit Intel” HD Audio Subsystem Enable via standard PCI mechanism (Device 31,

addressing space Function 3)

4 KB anywhere in 64-bit Intel” HD Audio Subsystem Enable via standard PCI mechanism (Device 31,

addressing space Function 3)

64 KB anywhere in 64-bit Intel” HD Audio Subsystem Enable via standard PCI mechanism (Device 31,

addressing space Function 3)

64 KB anywhere in 4-GB LPC/eSPI LPC Generic Memory Range. Enable via setting

range bit[0] of the LPC Generic Memory Range register
(D31:F0:offset 98h)
Note: eSPI does not support the range

FEFO0000 - FEFFFFFF

32 bytes anywhere in 64-bit | SMBus Enable via standard PCI mechanism (Device 31:

address range Function 4)

2 KB anywhere above 64-KB | SATA Host Controller AHCI memory-mapped registers. Enable via

to 4-GB range standard PCI mechanism (Device 23: Function
0)

Memory Base/Limit PCI Express Root Ports 1-20 | Enable via standard PCI mechanism

anywhere in 4-GB range

Prefetchable Memory Base/ | PCI Express Root Ports 1-20 | Enable via standard PCI mechanism

Limit anywhere in 64-bit

address range

4 KB anywhere in 64-bit Thermal Reporting Enable via standard PCI mechanism (Device 20:

address range Function 2)

16 bytes anywhere in 64-bit | Intel” MEI#1, #2, #3, Enable via standard PCI mechanism (Device 22:

address range Function 0-1, 4)

4 KB anywhere in 4-GB Intel” AMT Keyboard and Text | Enable via standard PCI mechanism (Device 22:

range Redirection Function 3)

Twelve 4-KB slots anywhere | Intel Serial Interface Enable via standard PCI mechanism (Device 30:

in 64-bit address range controllers Function[7:0], Device 21: Function [6:0]

1 MB (BARO) or 4 KB (BAR1) | Integrated Sensor Hub Enable via standard PCI mechanism (Device 19:

in 4-GB range Function 0)

4.3.1 Boot Block Update Scheme

The PCH supports a “Top-Block Swap” mode that has the PCH swap the top block in the
FWH or SPI flash (the boot block) with another location. This allows for safe update of
the Boot Block (even if a power failure occurs). When the “top-swap” enable bit is set,
the PCH will invert A16 for cycles going to the upper two 64-KB blocks in the FWH or
appropriate address lines as selected in Boot Block Size (BOOT_BLOCK_SIZE) soft

strap for SPI.

For FHW when top swap is enabled, accesses to FFFF_0000h-FFFF_FFFFh are directed
to FFFE_0000h-FFFE_FFFFh and vice versa. When the Top Swap Enable bit is 0, the PCH

will not invert A16.

For SPI when top swap is enabled, the behavior is as described below. When the Top
Swap Enable bit is 0, the PCH will not invert any address bit.
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Table 4-5. SPI Mode Address Swapping
BOOT—sgﬁIiK—SIZE Accesses to Being Directed to
000 (64 KB) FFFF_0000h - FFFF_FFFFh FFFE_0000h - FFFE_FFFFh and vice versa
001 (128 KB) FFFE_0000h - FFFF_FFFFh FFFC_0000h - FFFD_FFFFh and vice versa
010 (256 KB) FFFC_0000h - FFFF_FFFFh FFF8_0000h - FFFB_FFFFh and vice versa
011 (512 KB) FFF8_0000h - FFFF_FFFFh FFFO_0000h - FFF7_FFFFh and vice versa
100 (1 MB) FFFO_0000h - FFFF_FFFFh FFEO_0000h - FFEF_FFFFh and vice versa
Note: When the Top Swap Enable bit is 0, the PCH will not invert any address bit. This bit is automatically
set to 0 by RTCRST#, but not by PLTRST#.
88§
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System Management

5.1

5.2

5.3

5.4

Acronyms
Acronyms Description
BMC Baseboard Management Controller
NFC Near-Field Communication
SPD Serial Presence Detect
TCO Total Cost of Ownership
References
None
Overview

The PCH provides various functions to make a system easier to manage and to lower
the Total Cost of Ownership (TCO) of the system. Features and functions can be
augmented using external A/D converters and GPIOs, as well as an external micro
controller.

Features

The following features and functions are supported by the PCH:
¢ First timer timeout to generate SMI# after programmable time:

— The first timer timeout causes an SMI#, allowing SMM-based recovery from OS
lock up

e Second hard-coded timer timeout to generate reboot:
— This second timer is used only after the 1st timeout occurs

— The second timeout allows for automatic system reset and reboot if a HW error
is detected

— Option to prevent reset the second timeout via HW strap
e Processor present detection:
— Detects if processor fails to fetch the first instruction after reset
e Various Error detection (such as ECC Errors) indicated by host controller:
— Can generate SMI#, SCI, SERR, NMI, or TCO interrupt
e Intruder Detect input:
— Can generate TCO interrupt or SMI# when the system cover is removed
— INTRUDER# allowed to go active in any power state, including G3
e Detection of bad BIOS Flash programming:

— Detects if data on first read is FFh (indicates that BIOS flash is not
programmed)
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5.4.1

5.4.1.1

5.4.1.2

Notes:

5.4.1.3

36

Theory of Operation

The System Management functions are designed to allow the system to diagnose failing
subsystems. The intent of this logic is that some of the system management
functionality can be provided without the aid of an external microcontroller.

Detecting a System Lockup

When the processor is reset, it is expected to fetch its first instruction. If the processor
fails to fetch the first instruction after reset, the TCO timer times out twice and the PCH
asserts PLTRST#.

Handling an Intruder

The PCH has an input signal, INTRUDER#, that can be attached to a switch that is
activated by the system’s case being open. This input has a two RTC clock debounce. If
INTRUDER# goes active (after the debouncer), this will set the INTRD_DET bit in the
TCO2_STS register. The INTRD_SEL bits in the TCO_CNT register can enable the PCH to
cause an SMI# or interrupt. The BIOS or interrupt handler can then cause a transition
to the S5 state by writing to the SLP_EN bit.

The software can also directly read the status of the INTRUDER# signal (high or low) by
clearing and then reading the INTRD_DET bit. This allows the signal to be used as a GPI
if the intruder function is not required.

If the INTRUDER# signal goes inactive some point after the INTRD_DET bit is written
as a 1, then the INTRD_DET bit will go to a 0 when INTRUDER# input signal goes
inactive.

1. This is slightly different than a classic sticky bit, since most sticky bits would remain
active indefinitely when the signal goes active and would immediately go inactive
when a 1 is written to the bit.

2. The INTRD_DET bit resides in the PCH’s RTC well, and is set and cleared
synchronously with the RTC clock. Thus, when software attempts to clear
INTRD_DET (by writing a 1 to the bit location) there may be as much as two RTC
clocks (about 65 ps) delay before the bit is actually cleared. Also, the INTRUDER#
signal should be asserted for a minimum of 1 ms to ensure that the INTRD_DET bit
will be set.

3. If the INTRUDER# signal is still active when software attempts to clear the
INTRD_DET bit, the bit remains set and the SMI is immediately generated again.
The SMI handler can clear the INTRD_SEL bits to avoid further SMIs. However, if
the INTRUDER# signal goes inactive and then active again, there will not be further
SMIs, since the INTRD_SEL bits would select that no SMI# be generated.

Detecting Improper Flash Programming

The PCH can detect the case where the BIOS flash is not programmed. This results in
the first instruction fetched to have a value of FFh. If this occurs, the PCH sets the
BAD_BIOS bit.
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5.4.2.1

Figure 5-1.

Table 5-1.

intel)

TCO Modes

TCO Compatible Mode

In TCO Legacy/Compatible mode, only the host SMBus is used. The TCO Slave is
connected to the host SMBus internally by default. In this mode, the Intel®
Management Engine (Intel® ME) SMBus controllers are not used and should be
disabled by soft strap.

TCO Compatible Mode SMBus Configuration

PCH

TCO Legacy/Compatible Mode

Intel ME SMBus

Controller 3 X
Intel ME SMBus —X—
Controller 2
Intel ME SMBus —X—
Controller 1
SPD PCle* uCtrl
(Slave) Device
Host SMBus | | | ‘ | | StiBus
I
|
| Legacy Sensors rd
: (Master or Slave 3 NFI’(a:rty
TCO Slave |. with ALERT)

In TCO Legacy/Compatible mode the PCH can function directly with an external LAN
controller or equivalent external LAN controller to report messages to a network
management console without the aid of the system processor. This is crucial in cases
where the processor is malfunctioning or cannot function due to being in a low-power
state. Table 5-1 includes a list of events that will report messages to the network
management console.

Event Transitions that Cause Messages

Event Assertion? Deassertion? Comments
INTRUDER# pin Yes No Must be in “hung S0” state
Watchdog Timer Yes NA “Hung S0” state entered
Expired
SMBALERT# pin Yes Yes Must be in “"Hung S0” state
BATLOW # Yes Yes Must be in “"Hung S0” state
CPU_PWR_FLR Yes No “Hung S0” state entered
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Figure 5-2.
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Advanced TCO Mode

The PCH supports the Advanced TCO mode in which SMLinkO and SMLink1 are used in
addition to the host SMBus.

In this mode, the Intel® ME SMBus controllers must be enabled by soft strap in the
flash descriptor. Refer to Figure 5-2 for more details.

In advanced TCO mode, the TCO slave can either be connected to the host SMBus or
the SMLinkO.

SMLinkO is targeted for integrated LAN and NFC use. When an Intel LAN PHY is
connected to SMLink0, a soft strap must be set to indicate that the PHY is connected to
SMLink0. When the Fast Mode is enabled using a soft strap, the interface will be
running at the frequency of up to 1 MHz depending on different factors such as board
routing or bus loading.

SMLink1l can be connected to an Embedded Controller (EC) or Baseboard Management
Controller (BMC) use. In the case where a BMC is connected to SMLink1, the BMC
communicates with the Intel Management Engine through the Intel® ME SMBus
connected to SMLink1. The host and TCO slave communicate with BMC through SMBus.

Advanced TCO Mode

PCH Advanced TCO Mode
Intel ME SMBus SMLink1 ECor | _____ .
Controller 3 BMC :
|
Intel ME SMBus SMLinkO Intel LAN :
Controller 2 H ‘ PHY :
| |
| NFC |
Intel ME SMBus : !
Controller 1 1
| SPD PCle* Device :
: (Slave) :
|
Host SMBus ‘ | !
o \ SMBus
P Legacy Sensors
TCO Slave L1 (Master or Slave
with ALERT)
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High Precision Event Timer
(HPET)

6.1

6.2

6.2.1

6.2.2

References

None

Overview

This function provides a set of timers that can be used by the operating system. The
timers are defined such that the operating system may assign specific timers to be
used directly by specific applications. Each timer can be configured to cause a separate
interrupt.

The PCH provides eight timers. The timers are implemented as a single counter, and
each timer has its own comparator and value register. The counter increases
monotonically. Each individual timer can generate an interrupt when the value in its
value register matches the value in the main counter.

TImer O supports periodic interrupts.

The registers associated with these timers are mapped to a range in memory space
(much like the I/O APIC). However, it is not implemented as a standard PCI function.
The BIOS reports to the operating system the location of the register space using ACPI.
The hardware can support an assignable decode space; however, BIOS sets this space
prior to handing it over to the operating system. It is not expected that the operating
system will move the location of these timers once it is set by BIOS.

Timer Accuracy

The timers are accurate over any 1-ms period to within 0.05% of the time specified in
the timer resolution fields.

Within any 100-microsecond period, the timer reports a time that is up to two ticks too
early or too late. Each tick is less than or equal to 100 ns; thus, this represents an error
of less than 0.2%.

The timer is monotonic. It does not return the same value on two consecutive reads
(unless the counter has rolled over and reached the same value).

The main counter uses the PCH’s 24-MHz crystal as its clock. The accuracy of the main
counter is as accurate as the crystal that is used in the system.

Timer Off-load

The PCH supports a timer off-load feature that allows the HPET timers to remain
operational during very low power SO operational modes when the 24-MHz clock is
disabled. The clock source during this off-load is the Real Time Clock’s 32.768-KHz
clock. This clock is calibrated against the 24-MHz clock during boot time to an accuracy
that ensures the error introduced by this off-load is less than 10 ppb (.000001%).
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When the 24-MHz clock is active, the 64-bit counter will increment by one each cycle of
the 24-MHz clock when enabled. When the 24-MHz clock is disabled, the timer is
maintained using the RTC clock. The long-term (> 1 msec) frequency drift allowed by
the HPET specification is 500 ppm. The off-load mechanism ensures that it contributes
< 1ppm to this, which will allow this specification to be easily met given the clock
crystal accuracies required for other reasons.

Timer off-load is prevented when there are HPET comparators active.

The HPET timer in the PCH runs typically on the 24-MHz crystal clock and is off-loaded
to the 32-KHz clock once the processor enters C10. This is the state where there are no
C10 wake events pending and when the off-load calibrator is not running. HPET timer
re-uses this 28-bit calibration value calculated by PMC when counting on the 32-KHz
clock. During C10 entry, PMC sends an indication to HPET to off-load and keeps the
indication active as long as the processor is in C10 on the 32-KHz clock. The HPET
counter will be off-loaded to the 32-KHz clock domain to allow the 24-MHz clock to shut
down when it has no active comparators.

Off-loadable Timer

The Off-loadable Timer Block consists of a 64b fast clock counter and an 82b slow clock
counter. During fast clock mode the counter increments by one on every rising edge of
the fast clock. During slow clock mode, the 82-bit slow clock counter will increment by
the value provided by the Off-load Calibrator.

The Off-loadable Timer will accept an input to tell it when to switch to the slow RTC
clock mode and provide an indication of when it is using the slow clock mode. The
switch will only take place on the slow clock rising edge, so for the 32-KHz RTC clock
the maximum delay is around 30 microseconds to switch to or from slow clock mode.
Both of these flags will be in the fast clock domain.

When transitioning from fast clock to slow clock, the fast clock value will be loaded into
the upper 64b of the 82b counter, with the 18 LSBs set to zero. The actual transition
through happens in two stages to avoid metastability. There is a fast clock sampling of
the slow clock through a double flop synchronizer. Following a request to transition to
the slow clock, the edge of the slow clock is detected and this causes the fast clock
value to park. At this point the fast clock can be gated. On the next rising edge of the
slow clock, the parked fast clock value (in the upper 64b of an 82b value) is added to
the value from the Off-load Calibrator. On subsequent edges while in slow clock mode
the slow clock counter increments its count by the value from the Off-load Calibrator.

When transitioning from slow clock to fast clock, the fast clock waits until it samples a
rising edge of the slow clock through its synchronizer and then loads the upper 64b of
the slow clock value as the fast count value. It then de-asserts the indication that slow
clock mode is active. The 32-KHz clock counter no longer counts. The 64-bit MSB will
be over-written when the 32-KHz counter is reloaded once conditions are met to enable
the 32-KHz HPET counter but the 18-bit LSB is retained and it is not cleared out during
the next reload cycle to avoid losing the fractional part of the counter.

After initiating a transition from fast clock to slow clock and parking the fast counter
value, the fast counter no longer tracks. This means if a transition back to fast clock is
requested before the entry into off-load slow clock mode completes, the Off-loadable
Timer must wait until the next slow clock edge to restart. This case effectively performs
the fast clock to slow clock and back to fast clock on the same slow clock edge.
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6.2.4

6.2.4.1

Table 6-1.

6.2.4.2

Note:

6.2.4.3

Note:

Interrupt Mapping

The interrupts associated with the various timers have several interrupt mapping
options. When reprogramming the HPET interrupt routing scheme (LEG_RT_CNF bit in
the General Configuration Register), a spurious interrupt may occur. This is because the
other source of the interrupt (8254 timer) may be asserted. Software should mask
interrupts prior to clearing the LEG_RT_CNF bit.

Mapping Option #1 (Legacy Replacement Option)

In this case, the Legacy Replacement Rout bit (LEG_RT_CNF) is set. This forces the
mapping found in Table 6-1.

Legacy Replacement Routing

Timer 8259 Mapping APIC Mapping Comment
In this case, the 8254 timer will not
0 IRQO IRQ2 cause any interrupts
In this case, the RTC will not cause any
1 IRQS8 IRQS8 interrupts.
2 and 3 Per IRQ Routing Per IRQ Routing Field
4,5,6,7 not available not available

Note: The Legacy Option does not preclude delivery of IRQO/IRQ8 using processor interrupts messages.

Mapping Option #2 (Standard Option)

In this case, the Legacy Replacement Rout bit (LEG_RT_CNF) is 0. Each timer has its
own routing control. The interrupts can be routed to various interrupts in the 8259 or
I/O APIC. A capabilities field indicates which interrupts are valid options for routing. If a
timer is set for edge-triggered mode, the timers should not be shared with any legacy
interrupts.

For the PCH, the only supported interrupt values are as follows:

Timer 0 and 1: IRQ20, 21, 22, and 23 (I/0O APIC only).

Timer 2: IRQ11 (8259 or I/O APIC) and IRQ20, 21, 22, and 23 (I/O APIC only).
Timer 3: IRQ12 (8259 or I/O APIC) and IRQ 20, 21, 22, and 23 (I/0 APIC only).

Interrupts from Timer 4, 5, 6, 7 can only be delivered using processor message
interrupts.

Mapping Option #3 (Processor Message Option)

In this case, the interrupts are mapped directly to processor messages without going to
the 8259 or I/O (x) APIC. To use this mode, the interrupt must be configured to edge-
triggered mode. The Tn_PROCMSG_EN_CNF bit must be set to enable this mode.

When the interrupt is delivered to the processor, the message is delivered to the
address indicated in the Tn_PROCMSG_INT_ADDR field. The data value for the write
cycle is specified in the Tn_PROCMSG_INT_VAL field.

The processor message interrupt delivery option has HIGHER priority and is mutually
exclusive to the standard interrupt delivery option. Thus, if the Tn_PROCMSG_EN_CNF
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bit is set, the interrupts will be delivered directly to the processor, rather than by means
of the APIC or 8259.

The processor message interrupt delivery can be used even when the legacy mapping
is used.

Periodic Versus Non-Periodic Modes

Non-Periodic Mode

Timer 0 is configurable to 32- (default) or 64-bit mode, whereas Timers 1:7 only
support 32-bit mode.

Software must be careful when programming the comparator registers. If the value
written to the register is not sufficiently far in the future, then the counter may pass
the value before it reaches the register and the interrupt will be missed. The BIOS
should pass a data structure to the operating system to indicate that the operating
system should not attempt to program the periodic timer to a rate faster than

5 microseconds.

All of the timers support non-periodic mode.

Refer to Section 2.3.9.2.1 of the IA-PC HPET Specification for more details of this
mode.

Periodic Mode

Timer 0 is the only timer that supports periodic mode. Refer to Section 2.3.9.2.2 of the
IA-PC HPET Specification for more details of this mode.

If the software resets the main counter, the value in the comparator’s value register
needs to reset as well. This can be done by setting the TIMERNn_VAL_SET_CNF bit.
Again, to avoid race conditions, this should be done with the main counter halted. The
following usage model is expected:

1. Software clears the ENABLE_CNF bit to prevent any interrupts.

2. Software Clears the main counter by writing a value of 00h to it.

3. Software sets the TIMERO_VAL_SET_CNF bit.

4. Software writes the new value in the TIMERO_COMPARATOR_VAL register.

5. Software sets the ENABLE_CNF bit to enable interrupts.

The Timer 0 Comparator Value register cannot be programmed reliably by a single
64-bit write in a 32-bit environment, except if only the periodic rate is being changed
during run-time. If the actual Timer 0 Comparator Value needs to be reinitialized, then
the following software solution will always work, regardless of the environment:

1. Set TIMERO_VAL_SET_CNF bit.

2. Set the lower 32 bits of the Timer0 Comparator Value register.

3. Set TIMERO_VAL_SET_CNF bit.

4. Set the upper 32 bits of the Timer0 Comparator Value register.

Enabling Timers
The BIOS or operating system PnP code should route the interrupts. This includes the

Legacy Rout bit, Interrupt Rout bit (for each timer), and interrupt type (to select the
edge or level type for each timer).
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The Device Driver code should do the following for an available timer:
1. Set the Overall Enable bit (Offset 10h, bit 0).
2. Set the timer type field (selects one-shot or periodic).
3. Set the interrupt enable.
4. Set the comparator value.

6.2.7 Interrupt Levels

Interrupts directed to the internal 8259s are active high. Refer to Section 22.8,
“Advanced Programmable Interrupt Controller (APIC) (D31:F0)” for information
regarding the polarity programming of the I/O APIC for detecting internal interrupts.

If the interrupts are mapped to the 8259 or I/O APIC and set for level-triggered mode,
they can be shared with legacy interrupts. They may be shared although it is unlikely
for the operating system to attempt to do this.

If more than one timer is configured to share the same IRQ (using the
TIMERN_INT_ROUT_CNF fields), then the software must configure the timers to level-
triggered mode. Edge-triggered interrupts cannot be shared.

6.2.8 Handling Interrupts

Section 2.4.6 of the IA-PC HPET Specification describes handling interrupts.

6.2.9 Issues Related to 64-Bit Timers with 32-Bit Processors

Section 2.4.7 of the IA-PC HPET Specification describes issues related to 64-bit timers
with 32-bit processors.

88
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PCH Thermal Sensor

The PCH incorporates an on-die Digital Thermal Sensor (DTS) for thermal
management.

Modes of Operation

The DTS has two usages when enabled:
1. Provide the PCH temperature in units of 1/2 °C to the EC.

2. Allow programmed trip points to cause alerts via an interrupt (SCI, SMI, and INTXx)
or shut down the system (unconditionally transitions the system to S5) with a
programmable catastrophic trip point.

Temperature Trip Point

The internal thermal sensor reports three trip points: Cool, Hot, and Catastrophic trip
points in the order of increasing temperature.

Crossing the cool trip point when going from higher to lower temperature may generate
an interrupt. Crossing the hot trip point going from lower to higher temp may generate
an interrupt. Each trip point has control register bits to select what type of interrupt is
generated.

Crossing the cool trip poi