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(RXWATCHDOGERROR)—Offset 1DCh ...cviiiiiiiiiii i e 377

15.6.70 MMC Receive Error Frame Counter Register (RXRCVERROR)—Offset 1EOh.. 377
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LB e e 378
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OffSEE 268N . i e 391
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Off L 27 0N et e e 392
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(RXTCP_GD_OCTETS)—O0ffset 278h ...vieiiiiiiiiiii e e 393
15.6.99 MMC Receive TCP Error Octet Counter Register

(RXTCP_ERR_OCTETS)—Offset 27Ch c.viiuiiii i e aee 393
15.6.100 MMC Receive ICMP Good Octet Counter Register

(RXICMP_GD_OCTETS)—O0ffset 280h....ccieiiiiiiiii i 394
15.6.101 MMC Receive ICMP Error Octet Counter Register

(RXICMP_ERR_OCTETS)—O0ffset 284h .....ccoviiiiiiiiiiiccic e 394
15.6.102 VLAN Tag Inclusion or Replacement Register (Register 353)

(GMAC_REG_353)—0ffset 584N .. .ciuiiiiiiiiii i e e 395

15.6.103 VLAN Hash Table Register (Register 354) (GMAC_REG_354)—Offset 588h 396
15.6.104 Timestamp Control Register (Register 448)

(GMAC_REG_448)—O0ffset 700N ....cciuiiiiiii e e 396
15.6.105 Sub-Second Increment Register (Register 449) (GMAC_REG_449)—O0ffset
04 N e e 398
15.6.106 System Time - Seconds Register (Register 450) (GMAC_REG_450)—Offset
72011 5 T 398
15.6.107 System Time - Nanoseconds Register (Register 451)
(GMAC_REG_451)—0ffset 70Ch .iviuiiiiiiiiiii i e e aaaaees 399
15.6.108 System Time - Seconds Update Register (Register 452) (GMAC_REG_452)—
@ 2= o 0 o 399
15.6.109 System Time - Nanoseconds Update Register (Register 453)
(GMAC_REG_453)—0ffset 714h....iiiiiiii e 400
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15.6.110 Timestamp Addend Register (Register 454)

(GMAC_REG_454)—0ffSet 718 ..eeeeeeeeeeiieeieiiiiiieieeeeeeeeeeeeeeeeeeeesaaaanes 400
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72 K ! o T PP 401
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15.6.126 Current Host Transmit Descriptor Register (Register 18)
(DMA_REG_18)—0ffset 1048 .eviriiiiiiiiiiiiie it ne e e 417
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(DMA_REG_20)—0ffset 1050 .ouviriiiiiiiiiiiii st re s nee e nees 418
15.6.129 Current Host Receive Buffer Address Register (Register 21) (DMA_REG_21)—
OffSEE L0544 ettt 418
15.6.130 HW Feature Register (Register 22) (DMA_REG_22)—O0Offset 1058h........... 419
15.7 MAC Descriptor Details. .. ....cueeieiii i e 421
15.7.1 DeSCHiPtOr OVeIVIEW . .uueiiieei it setta e s raseraeesae s saneeaaasesaaseernsnerannernns 421
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6.0 USB 2.0 ..ottt it e 435
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16.2.1 USB2.0 Host Controller FEAtUIres ......ooviviiiiiiiiiiie i e e e e 435
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16.5 PCI Configuration REGISLEIS ... .uiuie i e e e e as 437
16.5.1 USB DEVICE .iiuiiiiitiiiiiiiiiteit sttt sae st e s s s e s e s raeaesaerasraeanaaeeneaenn 437
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16.5.1.2 Device ID (DEVICE_ID)—Offset 2h..cciieiiiiiiiiiiiiiii i e e 439
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16.5.1.7 Latency Timer (LATENCY_TIMER)—Offset Dh.....c.ccovvvviiiiiiininnnnns 441
16.5.1.8 Header Type (HEADER_TYPE)—Offset Eh .......cooviiiiiiiiiiiiiieenns 442
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1.0 Introduction
1.1 About This Manual
This document is intended for Original Equipment Manufacturers and BIOS vendors
creating products based on the Intel® Quark™ SoC X1000 application processor.
Note: Througwhout this document, SoC is used as a general term and refers to all Intel®
Quark  SoC X1000 SKUs, unless specifically noted otherwise.
This manual assumes a working knowledge of the vocabulary and principles of
interfaces and architectures such as PCI Express*, USB, SDIO/MMC, and ACPI.
Although some details of these features are described within this manual, refer to the
individual industry specifications listed in Table 1 for the complete details.
All PCI buses, devices and functions in this manual are abbreviated using the following
nomenclature; Bus:Device:Function. 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 0 is abbreviated as B1:D8:F0. Generally, the bus number is not
used, and can be considered to be Bus 0.
Table 1. Industry Specifications
Specification Location
PCI Express* Base Specification, Revision 2.0 http://www.pcisig.com/specifications
PCI Local Bus Specification, Revision 2.3 (PCI) http://www.pcisig.com/specifications
PCI Power Management Specification, Revision 1.2 http://www.pcisig.com/specifications
Universal Serial Bus Specification (USB), Revision 2.0 http://www.usb.org/developers/docs
Advanced Configuration and Power Interface, Version 3.0 (ACPI) | http://www.acpi.info/spec.htm
Enhanced Host Controller Interface Specification for Universal http://developer.intel.com/technology/usb/
Serial Bus, Revision 1.0 (EHCI) ehcispec.htm
IEEE 802.3 Fast Ethernet http://standards.ieee.org/getieee802/
AT Attachment - 6 with Packet Interface (ATA/ATAPI - 6) http://T13.org (T13 1410D)
B . . " s http://www.intel.com/content/www/us/en/
{QA PC HPET (High Precision Event Timers) Specification, software-developers/software-developers-
evision 1.0a
hpet-spec-1-0a.html
1.2 Component Overview

November 2014

The Intel® Quark™ SoC X1000 processor is the next generation secure, low-power
Intel® Architecture (IA) SoC for deeply embedded applications. The SoC integrates the
Inte® Quark™ SoC X1000 Core plus all the required hardware components to run off-
the-shelf operating systems and to leverage the vast x86 software ecosystem.
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Figure 1.

1.2.1

To enable secure applications, the SoC secure SKUs feature an on-die Boot ROM that is
used to establish a hardware Root of Trust (RoT). The immutable code located within
the Boot ROM is used to initiate an iterative firmware authentication process ensuring
only trusted code is executed when taking the platform out of reset.

To facilitate low-cost platforms with sensitive Bill of Material (BOM) requirements, all
SoC clocks can be generated from a single crystal oscillator while all the required SoC
voltage levels can be derived from a single commercial off-the-shelf (COTS) voltage
regulator. In addition, the SoC provides an ECC-protected DRAM solution using only
standard x8 DDR3 devices.

The SoC also features a 512 Kbyte on-die embedded SRAM (eSRAM) that can be
configured to overlay regions of DRAM to provide low latency access to critical portions
of system memory. For robustness, the contents of this on-die eSRAM are also ECC
protected.

Block Diagram
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SoC CPU Core Features

e 400 MHz maximum operating frequency
e Low power options to run at half or at quarter of maximum CPU frequency
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1.2.2

1.2.3

1.2.4

1.2.5

1.2.6

November 2014

e 32-bit address bus, 32-bit data bus
e 16 Kbyte shared instruction and data L1 cache.

System Memory Controller Features

¢ Single channel DDR3 memory controller with ECC support

e 16-bit data bus

e Supports up to two ranks total

e Supports DDR3 with 800 MT/s data rates

e x8 DRAM device data width

e 1 Gbit, 2 Gbit, and 4 Gbit DRAM device densities

e Total memory size from 128 Mbyte to 2 Gbyte

e Supports different physical mappings of bank addresses to optimize performance
e Out-of-order request processing to increase performance

e Aggressive power management to reduce power consumption
e Proactive page closing policies to close unused pages

e Supports soldered down DRAM devices

Embedded SRAM Features

e Low Latency 512 Kbyte on-die embedded SRAM

e Configurable to either overlay a 512 Kbyte block or overlay individual 4 Kbyte
pages of system memory

e ECC protected

Power Management Features

e Supports ACPI 3.0 specification
e Supports CO, C1, and C2 processor power states
e Supports S0, S3, and S4/S5 system power states

Security Features

e On-die Boot ROM provides Hardware Root of Trust (RoT) for firmware
authentication

PCI Express* Features

The SoC has two PCI Express* root ports, each supporting the PCI Express Base
specification Rev 2.0 at a maximum of 2.5 GT/s data transfer rates. Each root port is
configured as a x1 link.

e 128 Byte max payload size with the capability of splitting the request at 64 Byte
granularity

e Software-Initiated Link Power Management (D1, D2, D3Hot, and L1 States)
¢ PME event generation

Intel® Quark™ SoC X1000
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1.2.7 Ethernet Features
e 10 and 100 Mbps data transfer rates with RMII interface to communicate with an
external Fast Ethernet PHY
¢ Full-duplex operation:
— IEEE 802.3x flow control support
— Optional forwarding of received pause control frames to the user application
e Half-duplex operation:
— CSMA/CD Protocol support
e Flexible address filtering modes:
— 64-bit Hash filter for multicast and unicast (DA) addresses
— Option to pass all multicast addressed frames

— Promiscuous mode to pass all frames without any filtering for network
monitoring

— Pass all incoming packets (as per filter) with a status report

e Programmable frame length to support Standard Ethernet frames with size up to
1522 bytes

e Enhanced Receive module for checking IPv4 header checksum and TCP, UDP, or
ICMP checksum encapsulated in IPv4 or IPv6 datagrams (Type 2)

e Support Ethernet frame time stamping as described in IEEE 1588-2002 and IEEE
1588-2008. The 64-bit timestamps are given in the transmit or receive status of
each frame.

1.2.8 USB2 Host Controller Features
e 2 host ports that support high-speed (480 Mbps), full-speed (12 Mbps), and low-
speed (1.5 Mbps) operation
e EHCI and OHCI host controllers

1.2.9 USB2 Device Controller Features

¢ Single device port that supports high-speed (480 Mbps) and full-speed (12 Mbps)
operation

1.2.10 SD/SDIO/eMMC Controller Features
¢ Host Controller provides a single port configurable as an SD, SDIO, or eMMC
interface
e SD Clock Frequency up to 50 MHz
e Supports SD Host Controller Standard Specification 3.0
e Supports SDIO card specification 3.0
e Supports SD Memory Card Specification 3.0
e Supports SD Memory Card Security Specification 1.01
e Supports eMMC Specification 4.41

1.2.11 I2C* Master Controller

e Two-wire I2C serial bus interface

Intel® Quark™ SoC X1000
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e Two I2C speeds supported: Standard (100 Kbit/s) and Fast (400 Kbit/s) data rates
e Fully asynchronous I2C clock signal
e Master I2C operation

1.2.12 GPIO Features

e 16 GPIO pins provided

¢ 6 GPIO pins remain active during S3 and can be used to wake the system from the
Suspend state.

e Remaining 10 GPIO pins are powered during SO state only and are not available in
S3

1.2.13 SPI Master Controller

e Two SPI Master controllers
¢ One Chip Select per master controller
e Configurable SCLK frequency from 1 kHz up to 25 MHz

1.2.14 High Speed UART Controller with DMA

e Two 16550 compliant UART controllers
e Supported Baud rates from 300 to 2764800
e Integrated DMA capability with hardware flow control

1.2.15 Legacy Bridge
The Legacy Bridge is a collection of hardware blocks critical to implement an Intel
Architecture compatible platform. Some of its key features are:

e A 20 MHz Serial Peripheral Interface (SPI) for Flash only - stores boot FW and
system configuration data

e A Power Management Controller (PMC) that controls many of the power
management features present in the SoC

e Legacy Bridge Components - Provides hardware blocks required to support legacy
PC platform features. The legacy bridge components include the RTC, Interrupt
Controllers, Timers and General Purpose I/0s (GPIO).

1.2.16 Package

The SoC is packaged in a Flip-Chip Ball Grid Array (FCBGA) package with 393 solder
balls with 0.593 mm ball pitch. The package dimensions are 15mm x 15mm.

1.3 Component Identification

The Intel® Quark™ SoC X1000 stepping is identified by both:

e Processor Family/Model/Stepping returned by the CPUID instruction. This always
returns 0x590 for SoC.

e Revision ID register of the Host Bridge, located at D0:F0. Reads of the register
reflect the stepping.
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Table 2. Component Identification
Vendor ID?! Device ID? Revision ID3 Stepping
8086h 0958h 00h AOh
Notes:
1.

configuration space of the device.

configuration space of the device.

configuration space of the device.

The Vendor ID corresponds to bits 15-0 of the Vendor ID Register located at offset 00-01h in the PCI
The Device ID corresponds to bits 15-0 of the Device ID Register located at offset 02-03h in the PCI

The Revision ID corresponds to bits 7-0 of the Revision ID Register located at offset 08h in the PCI

The SoC incorporates a variety of PCI functions as listed in Table 3. All devices reside
on PCI Bus 0 as shown in Figure 2.
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Figure 2.  Intel® Quark™ SoC X1000 PCI View
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Table 3. Intel® Quark™ SoC X1000 Device ID
Device Function Description Device ID AO SRID
DO:FO Host Bridge 0958h 00h
D31:FO Legacy Bridge 095Eh 00h
D23:F0 PCIe* Root Port 0 11C3h 00h
D23:F1 PClIe* Root Port 1 11C4h 00h
D20:F0 SDIO / eMMC Controller 08A7h 10h
D20:F1 HS-UART 0 0936h 10h
D20:F2 USB 2.0 Device 093%h 10h
D20:F3 USB EHCI Host Controller 0939h 10h
D20:F4 USB OHCI Host Controller 093Ah 10h
D20:F5 HS-UART 1 0936h 10h
D20:F6 10/100 Ethernet MAC 0 0937h 10h
D20:F7 10/100 Ethernet MAC 1 0937h 10h
D21:FO SPI Controller 0 0935h 10h
D21:F1 SPI Controller 1 0935h 10h
D21:F2 I2C* Controller and GPIO Controller 0934h 10h

88§
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2.0 Physical Interfaces

Many interfaces contain physical pins. These groups of pins make up the physical
interfaces. This chapter summarizes the physical interfaces.
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Figure 3. Signals In Default System Pin List

DDR3_DQ[15:0] 4+——]

DDR3
DDR3_CSB{1:0]
. «——— RTOXL
DDR3_ODT[1:0] U w00
DDR3_CKE[L0]

DDR3_CK[1:0]
DDR3_CKB[1:0]

DDR3_VREF ———|
DDR3_ODTPU/DQPU/CVDPU «———>
DDR3_IDRAM_PWROK ———|
DDR3_ISYSPWRGOOD ———|

DDR3_DRAMRSTB
LSPI_SS_B
MAC[O/1]_TXEN LSPI_SCK
MAC[0/1]_TXDATA[1:0] | «——— LSPI_MISO
MAC[0/1]_RXDV ———| Ethernet LSPI_MOS!
MAC[O/1]_RXDATA[1:0] ———- RMII

MAC[0/1]_MDC Interface
MAC[0/1]_MDIO «——|
RMII_REF_CLK ———»

PCIE_PETP[1:0]
PCIE_PETN[1:0]

PCIE_PERN[1:0] ——|

PCIE_REFCLKN $3.3V3 EN
POIE_REFCLKP S3_1V5_EN
PCIE_IRCOMP <+—— . .
PCIE_RBIAS «+——»
S0_3V3_EN
S0_1V5_EN
SD_DATA[7:0] +——»]
SO_IVO_EN

SD_CMVID +——»|
SD_CLK ———»| SD/MMC
So_we > Interface

SD_CD B ———|

SD_LED

SD_PWR #¢———|

USBD_DP «+———»|
USBD_DN <——
USBH[1:0]_DP «——»
USBH[1:0]_DN «———»-
USBH[1:0]_OC_B ———»

«——— SIU0_DCD_B
«——— SIUO_DSR B
SIUO_DTR B
HSUART -«——— SIUO_RI_B
Interface -«——— SIU[0/1]_CTS_B

Universal Serial
Bus 2.0
Interface

1USBCOMP ————
OUSBCOMP SIU[0/1]_RTS_B
USBH[1:0]_PWR EN -«——— SIU[0/1]_RXD
SIU[0/1]_TXD
FLEX_CLK[2:0]
CKSYS250UT
RMII_REF_CLK_OUT 4———|
REF[0/1]_OUTCLK_P <———|
REF[0/1]_OUTCLK_N <——— . SPI[0/1]_SS_B
Internal Clockin
0SC_COMP 4———| g SPI SPI[0/1]_SCK
XT);TLAL (ilj"\‘r —> Interface -4+——— SPI[0/1]_MISO
N SPI[0/1]_MOS!
’C* «—» 12C CIK
PRDY_B Interface — [2C_DATA
PREQ_B ———»|
TK——»
Dl ——>|
D0 GPIO -«—» GPIO_SUS[5:0]
™ Interface -4——» GPIO[9:0]

TRST_B ———»|

Intel® Quark™ SoC X1000
Datasheet November 2014
46 Document Number: 329676-004US



Physical Interfaces—Intel® Quark™ SoC X1000

2.1

Table 4.

Table 5.

Table 6.

2.2
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Pin States Through Reset

This chapter describes the each signal state before, during, and directly after reset.
Additionally, some signals have internal pull-up/pull-down termination resistors, and
their values are also provided.

I/0 Power Well Definitions

Power Type Power Well Description
CORE Core I/0, and everything else uses the CORE power well.
SuUs Devices outside of memory that must remain on in the S3 state use the SUS power well.
RTC Devices that must be on in the S4/S5 state use the RTC power well.

Buffer Type Definitions

Buffer Type

Buffer Description

PCIe* PCIe*, differential buffer type

SSTL-15 DDR3, 1.5V tolerant SSTL buffer type

DDI DDR (TMDS, DP) 1.0V tolerant differential buffer type

CMOS[Voltage] CMOS buffer type. [Voltage] can be of the following types: 1.05, 1.5, 1.8, and 3.3.

CMOS[Voltage]_OD

Open drain CMOS buffer type [Voltage] can be of the following types: 1.05, 1.5, 1.8 and
3.3.

Analog

Analog pins that do not have specific digital requirements. Often used for circuit
calibration or monitoring.

Default Buffer State Definitions

Buffer State

Description

The SoC places this output in a high-impedance state. For inputs, external drivers are not

High-Z expected.

Do Not Care The state of the input (driven or'tr_istate_d) d_oes not affect the SoC. For outputs, it is
assumed that the output buffer is in a high-impedance state.

Vou The SoC drives this signal high.

VoL The SoC drives this signal low.

Unknown The SoC drives or expects an indeterminate value.

Viy The SoC expects/requires the signal to be driven high.

Vi The SoC expects/requires the signal to be driven low.

pull-up This _s_igna_l i§ puIIe"d high by a pull-up resistor (internal or external — internal value
specified in “Term” column).

pull-down This 's§gna_| is pulled low by a pull-down resistor (internal or external — internal value
specified in “Term” column).

Running The clock is toggling, or the signal is transitioning.

Off The power plane for this signal is powered down. The SoC does not drive outputs, and

inputs should not be driven to the SoC. (VSS on output)

System Memory Signals

See Section 6.0 for more details of the DDR3 interface signals. Termination not listed.
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Table 7. System Memory Signals
Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
DDR3_BS[2:0] 0] - 1.5V SSTL-15 off High-Z High-Z High-Z
DDR3_CASB (0] - 1.5V SSTL-15 Off High-Z High-zZ High-Z
DDR3_RASB (0] - 1.5V SSTL-15 Off High-zZ High-zZ High-Z
DDR3_WEB 0 - 1.5V SSTL-15 Off High-Z High-Z High-Z
DDR3_MA[15:0] 1/0 - 1.5V SSTL-15 Off High-Z High-Z High-Z
DDR3_CK[1:0] 1/0 - 1.5V SSTL-15 Off High-Z High-Z High-Z
DDR3_CKB[1:0] 1/0 - 1.5V SSTL-15 off High-Z High-Z High-Z
DDR3_CKE[1:0] 1/0 - 1.5V SSTL-15 Off VoL VoL VoL
DDR3_CSB[1:0] 1/0 - 1.5V SSTL-15 Off High-Z High-Z VoH
DDR3_ODT[1:0] 1/0 - 1.5V SSTL-15 Off High-Z High-Z VoL
DDR3_DQ[15:0] 1/0 - 1.5V SSTL-15 Off High-Z High-Z High-Z
DDR3_DM[1:0] 1/0 - 1.5V SSTL-15 off High-Z High-Z High-Z
DDR3_DQS[1:0] 1/0 - 1.5V SSTL-15 off High-Z High-Z High-Z
DDR3_DQSB[1:0] 1/0 - 1.5V SSTL-15 Off High-Z High-Z High-Z
DDR3_IDRAM_PWROK I Ext 1.5V CMOS-15 Vi Vin Pull-up Viy
DDR3_ISYSPWRGOOD I Ext 1.5V CMOS-15 Vi Vi Pull-up Viy
DDR3_DRAMRSTB ol| - 1.5V CMOS-15 off Vor VoL VOL/E‘)’(%';(%
DDR3_VREF 1/0 - 1.5V Reference Off Reference Reference Reference
DDR3_ODTPU 1/0 - 1.5v Analog Off Analog Analog Analog
DDR3_DQPU 1/0 - 1.5V Analog Off Analog Analog Analog
DDR3_CMDPU 1/0 - 1.5V Analog Off Analog Analog Analog
2.3 PCI Express* 2.0 Signals
See "PCI Express* 2.0” on page 261 for more details of the interface signals.
Table 8. PCI Express* 2.0 Signals
Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
B Running/ Running/
PCIE_REFCLKP I 1.05Vv PCIe off off Unknown Unknown
_ Running/ Running/

PCIE_REFCLKN I 1.05Vv PCIe Off Off Unknown Unknown
PCIE_PETP[1:0] o] - 1.05V PCle Off Off VoL VoL
PCIE_PETN[1:0] 0 - 1.05Vv PCIe Off off VoL VoL
PCIE_PERP[1:0] I - 1.05v PCIe off off High-Z High-Z
PCIE_PERN[1:0] I - 1.05V PCle Off Off High-Z High-Z
PCIE_IRCOMP I/0 - 1.5V Analog Off Off Analog Analog
PCIE_RBIAS I - 1.5V Analog Off Off Analog Analog

Intel® Quark™ SoC X1000
Datasheet November 2014
48 Document Number: 329676-004US



n ®
Physical Interfaces—Intel® Quark™ SoC X1000 l n t e l

2.4 Ethernet Interface Signals
See Chapter 15.0, "10/100 Mbps Ethernet” for more details of the Ethernet interface
signals.
Table 9. Ethernet Interface Signals
Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
RMII_REF_CLK 1 - 3.3v CMOsS3.3 Off Off Running/ Running
Unknown
MACO_TXEN o] - 3.3V CMO0S3.3 Off Off VoL VoL
MACO_TXDATA[1:0] o] - 3.3V CMOS3.3 Off Off VoL VoL
MACO_RXDV I | 20k(L) | 3.3V CMO0S3.3 Off Off Pull-down Pull-down
MACO_RXDATA[1:0] I - 3.3V CMO0S3.3 Off Off Unknown Unknown
MACO_MDC o] Ext 3.3V CMO0S3.3 Off Off Pull-up Pull-up
MACO_MDIO I/0| Ext 3.3V | CM0S3.3_0D Off Off Pull-up Pull-up
MAC1_TXEN o] - 3.3V CMOS3.3 Off Off VoL VoL
MAC1_TXDATA[1:0] o] - 3.3V CMOS3.3 Off Off VoL VoL
MAC1_RXDV I | 20k(L) | 3.3V CMO0S3.3 Off Off Pull-down Pull-down
MAC1_RXDATA[1:0] I - 3.3V CMO0S3.3 Off Off Unknown Unknown
MAC1_MDC o] Ext 3.3V CMO0S3.3 Off Off Pull-up Pull-up
MAC1_MDIO I/0| Ext 3.3V | CM0S3.3_0D Off Off Pull-up Pull-up
2.5 USB 2.0 Interface Signals

See Chapter 16.0, “"USB 2.0” for more details of the USB 2.0 interface signals.

Table 10. USB 2.0 Interface Signals (Sheet 1 of 2)

Default Buffer State

Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
USBHO_OC_B I | 20k(H) | 3.3V CMOS3.3 Off Off Pull-up Pull-up
USBH1_0OC_B I | 20k(H) | 3.3V CMO0S3.3 Off Off Pull-up Pull-up
USBHO_PWR_EN o Ext 3.3V CMOS3.3 Off Off Pull-down Pull-down
USBH1_PWR_EN (0] Ext 3.3V CMO0S3.3 Off Off Pull-down Pull-down
USBHO_DP 1/0 - 3.3V usB Off Off High-Z High-Z
USBHO_DN 1/0 - 3.3V usB Off Off High-Z High-Z
USBH1_DP 1/0 - 3.3V usB Off Off High-Z High-Z
USBH1_DN 1/0 - 3.3V usB Off Off High-Z High-Z
USBD_DP 1/0 - 3.3V usB Off Off High-Z High-Z
USBD_DN 1/0 - 3.3V usB Off Off High-Z High-Z
USB_CLK96P I - | 1osv UsB off off Running/ Running/
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Table 10. USB 2.0 Interface Signals (Sheet 2 of 2)
Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
USB_CLK96N I - | 1.05v USB off off Running/ Running/
Unknown Unknown
OUSBCOMP_P18 o - 1.8V Analog Off Off Analog Analog
IUSBCOMP_N18 I - 1.8V Analog Off Off Analog Analog

2.6 Integrated Clock Interface Signals
See Chapter 7.0, “Clocking” for more details of the Integrated Clock interface signals.
Table 11. Integrated Clock Interface Signals
Default Buffer State

Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
XTAL_IN I - 1.05v Analog Running Running Running Running
XTAL_OUT o - 1.05v Analog Running Running Running Running
CKSYS250UT o - 3.3V CMO0S3.3 Running Running Running Running
REFO_OUTCLK_P 0 - 1.05V CMOS1.05 VoL VoL VoL Running
REFO_OUTCLK_N o] - 1.05V CMO0S1.05 VoL VoL VoL Running
REF1_OUTCLK_P o] - 1.05V CMOS1.05 VoL VoL VoL Running
REF1_OUTCLK_N o] - 1.05V CMOS1.05 VoL VoL VoL Running
FLEXO_CLK o] - 3.3V CM0S3.3 VoL VoL VoL Running
FLEX1_CLK o] - 3.3V CM0S3.3 VoL VoL VoL Running
FLEX2_CLK (0] - 3.3V CMO0S3.3 VOL VOL VOL Running
RMII_REF_CLK_OUT o] - 3.3V CM0S3.3 VoL VoL VoL Running
OSC_COMP I - 1.5V Analog Analog Analog Analog Analog
_ Running/ Running/

HPLL_REFCLK_P I 1.05v CMOS1.05 Off Off Unknown Unknown
HPLL_REFCLK_N I - | 1.05v | cMos1.05 off Off Running/ Running/
— - ' ' Unknown Unknown

_ Running/ Running/

PAD_BYPASS_CLK I 1.05v CMOS1.05 Off Off Unknown Unknown

2.7 SDIO/SD/MMC Signals

See Chapter 17.0, "SDIO/SD/eMMC” for more details of the interface signals, including

different options based on port configuration.
Table 12. SD/SDIO/MMC Signals (Sheet 1 of 2)

Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO

SD_DATA[7:0] I/O | 20k(H) | 3.3V CMO0S3.3 Off Off Pull-up Pull-up
SD_CMD I/O | 20k(H) | 3.3V CMOS3.3 Off Off Pull-up Pull-up
SD_CLK o] - 3.3V CMOS3.3 Off Off VoL VoL
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Table 12. SD/SDIO/MMC Signals (Sheet 2 of 2)
Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
SD_WP I | 20k(L) | 3.3V CMO0S3.3 Off Off Pull-down Pull-down
SD_CD_B I |20k(H)| 3.3V CMO0S3.3 Off Off Pull-up Pull-up
SD_LED 0 - 3.3V CMO0S3.3 Off Off VoL VoL
SD_PWR 0 - 3.3V CMO0S3.3 Off Off VoL VoL
2.8 High Speed UART Interface Signals
The SoC features two separate High Speed UARTs. However, only UARTO provides the
Modem Control pins DCD, DSR, DTR and RI.
See Chapter 18.0, “High Speed UART"” for more details of the HSUART interface signals.
Table 13. High Speed UART Signals
Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
SIUO_CTS_B I |20k(H) | 3.3v CM0S3.3 Off Off Pull-up Pull-up
SIUO_DCD_B I |20k(H)| 3.3v CMO0S3.3 Off Off Pull-up Pull-up
SIUO_DSR_B I |20k(H)| 3.3v CMO0S3.3 Off Off Pull-up Pull-up
SIUO_DTR_B 0 - 3.3V CMO0S3.3 Off Off Vou Vo
SIUO_RI_B I |20k(H)| 3.3v CMO0S3.3 Off Off Pull-up Pull-up
SIUO_RTS_B 0 - 3.3V CMO0S3.3 Off Off Vou Vou
SIUO_RXD I |20k(H) | 3.3v CMO0S3.3 Off Off Pull-up Pull-up
SIUO_TXD o - 3.3V CMO0S3.3 Off Off Vou Von
SIU1_CTS_B I | 20k(H) | 3-3V CMO0S3.3 Off Off Pull-up Pull-up
SIU1_RTS_B 0 - 3.3V CMO0S3.3 Off Off Vou Vo
SIU1_RXD I |20k(H)| 3.3v CMO0S3.3 Off Off Pull-up Pull-up
SIU1_TXD o} - 3.3V CMO0S3.3 Off Off Vou Von
2.9 I2C* Interface Signals
See Chapter 19.0, “I12C* Controller/GPIO Controller” for more details of the I2C
Interface signals.
Table 14. I2C* Signals
Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
I2C_DATA I/0 | Ext 3.3V | CM0S3.3_0D Off Off Pull-up Pull-up
12C_CLK I/0 | Ext 3.3V | CM0S3.3_0D Off Off Pull-up Pull-up
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2.10 Legacy Serial Peripheral Interface (SPI) Signals

See Section 21.7 for more details of the SPI signals.

Table 15. Legacy SPI Signals

Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
LSPI_MOSI o - 3.3V CMO0S3.3 Off Off VoH VoH
LSPI_MISO I | 20k(H) | 3.3V CMO0S3.3 Off Off Pull-up Pull-up
LSPI_SS_B (e} - 3.3V CMOS3.3 Off Off VoH Vou
LSPI_SCK o - 3.3V CMO0S3.3 Off Off VoL VoL
2.11 Serial Peripheral Interface (SPI)

See Chapter 20.0, “SPI Interface” for more details of the SPI signals.

Table 16. SPI Signals

Default Buffer State
Signal Name Dir [ Term | Power Type S4/S5 S3 Reset Enter SO
SPI0_MOSI o] - 3.3V CMO0S3.3 Off Off Vou VoL
SPI0_MISO I | 20k(H) | 3.3V CMO0S3.3 Off Off Pull-up Pull-up
SPIO_SS_B o] - 3.3V CMO0S3.3 Off Off Vou Von
SPIO_SCK o] - 3.3V CMO0S3.3 Off Off VoL VoL
SPI1_MOSI (o] - 3.3V CMO0S3.3 Off Off VoL VoL
SPI1_MISO I | 20k(H) | 3.3V CMO0S3.3 Off Off Pull-up Pull-up
SPI1_SS_B o] - 3.3V CMO0S3.3 Off Off Vo VoH
SPI1_SCK (o] - 3.3V CMO0S3.3 Off Off VoL VoL
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2.12 Real Time Clock (RTC) Interface Signals

See Section 21.10 for more details of the RTC interface signals.

Table 17. Real Time Clock (RTC) Interface Signals

Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO

RTCX1 I/0 - <1V Analog Running Running Running Running
RTCX2 I/0 - <1V Analog Running Running Running Running
IVCCRTCEXT I/0 - 1.5V Analog Analog Analog Analog Analog
RTCRST_B I - 3.3V CMO0S3.3 Viy Viy Vi Vi
RTC_EXT_CLK_EN_B I - 3.3V CMO0S3.3 Vin/ViL Vin/ViL Vin/ViL Vin/ Vi
2.13 Power Management Signals

See Chapter 8.0, “Power Management” for more details of the Power Management
interface signals.

Table 18. Power Management Interface Signals
Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
PWR_BTN_B I - 3.3V CMO0S3.3 Viy Viy Vin Vin
RESET_BTN_B I | 20k(H) | 3.3V CMO0S3.3 Off Pull-up Pull-up Pull-up
S5_PG I - 3.3V CMO0S3.3 Vig Vig Viy Vig
S3_PG I - 3.3V CMO0S3.3 Vi Vig Vin Vin
S0_PG I - 3.3V CMO0S3.3 Vi Vi Vin Vin
S0_1P0_PG I - 3.3V CMO0S3.3 ViL Vi Viy Vig
S3_3V3_EN 0 Ext 3.3V CMO0S3.3 VoL Vou Vou Vou
S3_1V5_EN o) Ext 3.3V CM0S3.3 VoL Vou Vou Vou
S0_3V3_EN o) Ext 3.3V CMO0S3.3 Pull-down VoL VoL Voin
SO0_1V5_EN o} Ext 3.3V CM0S3.3 Pull-down VoL Vou Von
S0_1PO_EN o] Ext 3.3V CMO0S3.3 Pull-down VoL Vou Vou
ODRAM_PWROK (0] Ext 3.3V CMO0S3.3_0D Pull-up Pull-up Pull-up Pull-up
OSYSPWRGOOD (0] Ext 3.3V CMO0S3.3_0D Pull-up Pull-up Pull-up Pull-up
VNNSENSE 1/0 - 1.05V Analog Off Off Analog Analog
VSSSENSE 1/0 - GND Analog Off Off Analog Analog
2.14 JTAG and Debug Interface Signals
S'ee Clhapter 22.0, “Debug Port and JTAG/TAP” for more details of the JTAG interface
signals.
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Table 19. JTAG and Debug Interface Signals

Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO

TCK I 20k(L) 3.3V CM0S3.3 Pull-down Pull-down Pull-down Pull-down
TDI I 20k(H) 3.3V CMO0S3.3 Pull-up Pull-up Pull-up Pull-up
TDO (0] Ext 3.3V CMO0S3.3 Pull-up Pull-up Pull-up Pull-up
TMS I 20k(H) 3.3V CMO0S3.3 Pull-up Pull-up Pull-up Pull-up
TRST_B I | 20k(H) 3.3V CMO0S3.3 Pull-up Pull-up Pull-up Pull-up
PRDY_B (o] - 3.3V CMOS3.3 Off Off VoH VoH
PREQ_B I |20k(H) | 3.3V CMOS3.3 Pull-up Pull-up Pull-up Pull-up
2.15 Legacy Interface Signals

See Chapter 19.0, “I12C* Controller/GPIO Controller” and Chapter 21.0, “Legacy
Bridge” for more details of the legacy interface signals.

Table 20. Legacy Interface Signals

Default Buffer State
Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
_ Unknown/ Unknown/
CLK14 I 3.3V CMO0S3.3 Off Off Running Running
WAKE_B I | 20k(H) | 3.3V CM0S3.3_0D Off Pull-up Pull-up Pull-up
GPE_B I | 20k(H) | 3.3V CM0S3.3_0D Off Pull-up Pull-up Pull-up
THRM_B I | 20k(H) | 3.3V CMO0S3.3 Off Off Pull-up Pull-up
SMI_B I | 20k(H) | 3.3V CMO0S3.3 Off Off Pull-up Pull-up
2.16 General Purpose I/0 Interface Signals

All GPIOs default to inputs. GPIO_SUS[5:0] are suspend well GPIOs and remain
available in S3. The default buffer state of these GPIOs while in S3 and when entering
SO from S3 is configuration dependent.

Table 21. General Purpose I/0 Signals

Default Buffer State

Signal Name Dir | Term | Power Type S4/S5 S3 Reset Enter SO
GPIO_SUS[5:0] 1/0 - 3.3V CMO0S3.3 Off Unknown Vix Vix/Unknown
GPIO[9:0] 1/0 - 3.3V CMO0S3.3 Off Off Vix Vix
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2.17 Power And Ground Pins
Table 22. Power and Ground Pins (Sheet 1 of 2)

Signal Name ';‘I?)?:;r;ael Ac:i?l‘évgi:lte Description/Notes
OVOUT_1P0_S5 Unused output from internal LDO. Leave this pin No Connect
VCC1P0_S5 Standard 1.0V Rail for S5 Logic
VCCAICLKCB_1PO ICLK Control Supply
VCCAICLKDBUFF_1P0 LoV ICLK Differential Output Buffer Supply
VCCAICLKSSC1_1P0 ICLK SSC Supply
VCCDICLKDIG_1P0 S5 ICLK Digital Supply
VCCAICLKSFR_1P5 1.5V ICLK SFR (for Oscillator, IPLL)

OVOUT_1P8_S5 S5 1.8V Rail Standby LDO Output
VCC1P8_S5 L8V S5 1.8V CFIO Supply
VCC3P3_S5 S5 3.3V Rail Standby LDO Input
VCCAICLKSE_3P3 33V ICLK Single Ended Output Buffer Supply
OVOUT_1P0_S3 S3 1.0V Rail Standby LDO Output
VCC1P0O_S3 LoV Standard 1.0V Rail for S3 logic
VCCCLKDDR_1P5 DDR IO Clock Analog Thick Gate Isolated Quiet Supply
VCCDDR_1P5 LoV DDR IO Analog Thick Gate Supply
OVOUT_1P8_S3 S3 1.8V Rail Standby LDO Output
VCC1P8_S3 1.8V S3 S3 1.8V CFIO Supply
VCCAUSB_1P8_S3 USB 1.8V Supply
VCC3P3_S3 S3 3.3V Rail Standby LDO Input
3.3V USB 3.3V Supply
VCC3P3_USB_S3 The USB PHY resides in the S3 power domain. However, from a
functional point of view USB is only active in SO.
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Table 22. Power and Ground Pins (Sheet 2 of 2)
Signal Name I;‘I?)T:;';ael Acti?lvevgst;te Description/Notes
VCC1P0O_SO Standard 1.0V Rail for HPLL (Host PLL) and USB Logic
VCCACLKDDR_1P0O DDR IO Digital Clock Isolated Quiet Supply
VCCADDR_1P0O DDR IO Digital Supply
VCCADLLDDR_1P0O DDR IO Digital Isolated Quiet Supply
VCCAPCIE_1P0 Lov PCle Analog Supply
VCCAVISA_1P0O VISA IO Analog Supply
VCCPLLDDR_1P0O DDR IO Digital PLL High Voltage
VNN Default 1.0V Standard Cell Rail including Core and Uncore Logic
OVOUT_1P05_S0 S0 1.05V Rail Standby LDO Output
VCCFHVSOC_1P05 1.05v SoC Fuses Supply
VCCFSOC_1P05 >0 Fuse Digital Sensing
VCC1P5_S0 PCIe Band-Gap Supply
VCCSFRPLLDDR_1P5 1V DDR IO PLL High Voltage
OVOUT_1P8_S0 S0 1.8V Rail Standby LDO Output
OVOUT_1P8_SLDO S0 1.8V Rail Standby LDO Output (Currently Unused)
VCC1P8_S0 1.8V S0 1.8V CFIO Supply
VCCAA_1P8 1.8V Analog Supply
VCCAUSB_1P8 USB 1.8V Analog Supply
VCC3P3_A S0 3.3V Rail Standby LDO Input (Currently Unused)
VCC3P3_S0 33V S0 3.3V Rail Standby LDO Input
RTC Well Supply
To be active in G3, the source supply for VCCRTC3P3 must be a 3.0V
VCCRTC3P3 3.3V G3 coin cell battery or equivalent. If the target application does not
require the RTC to be operational in G3, VCCRTC3P3 should be
supplied from a 3.3V supply that is active in S5.
VSS Ground
ov -
VSSA_USB USB Low-Noise Ground
2.18 Hardware Straps

The pins used for hardware straps are output pins in functional mode.Initially during a
cold boot, these strap pins are configured as inputs. These pins remain inputs until the
external pull up or pull down values are sampled during SO Power OK. Once sampled,

the pins are enabled as outputs only.
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Table 23. Hardware Straps
Signal Name Default Strap Description
Reports the Strap status of Recovery Mode:
SPI0_MOSI 1b 0 = Recovery Mode
1 = Normal Mode
Defines Memory Device Density
{SPI0_SCK 00b = Reserved
SPIl_F/IOSII} 11b 01b = 1Gb
10b = 2Gb
11b = 4Gb
Defines the Number of Ranks Enabled
LSPI_MOSI 1b Ob = 1 Rank
1b = 2 Ranks

{MACO_TXDATA[1],
MACO_TXDATA[0], 010b
MAC1_TXDATA[1]

Frequency SKU Power Optimize Mode
[2:1] CPU Clock/DDR Clock

00b = Reserved

01b = 400MHz/800MHz

10b = 200MHz/800MHz

11b = 100MHz/800MHz

[0]

Ob = Low Latency

1b = Low Power

0b = FFF0_0000h

MAC1_TXDATA[O] ob 1b = FFDO_0000h
SDIO Slot Type
00b = Removable Card Slot
{LSPI_SCK, SD_CLK} 00b 01b = Embedded Slot for One Device
10b = Shared Bus Slot
11b = Reserved
Power Button Disable
PWR_BTN_B Ob 0b = Power Button Disabled

1b = Power Button Enabled
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3.0 Ballout and Package Information

The Intel® Quark™ SoC X1000 package comes in a 373 ball, 15mm x 15mm FCBGA based on a
0.593 mm pitch.

3.1 Package Diagram

Figure 4. Intel® Quark™ SoC X1000 Package Dimensions
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3.2 Ball Listings
Table 24. Alphabetical Ball Listing
c7 12C_CLK E32 VSS
A2 RESERVED C10 SMI_B E35 AT
A4 S0_PG c12 MAC1_TXEN F2 S0_1V5_EN
A5 WAKE_B C14 MAC1_RXDV F4 S0_1VO_EN
A7 VSS C16 RMII_REF_CLK F6 VSS
A10 VSS c18 MACO_RXDV F30 VCC3P3_A
A12 VSS C21 MACO_TXEN F32 VSS
A4 V8s c23 SD_DATA[0] F34 USBHO_PWR_EN
A16 VSS C26 SD_DATAJ[3] G1 VSS
A18 VSS c28 SD_DATA[7] G3 RTCX2
A21 MACO_TXDATA[0] C35 VSS G7 S5_PG
A23 VSS D2 S0_1P0_PG G11 GPIO_SUS[0]
A26 SD_DATA[4] D5 VSS G12 VSS
A28 \EX D6 RESET_BTN_B G15 GPIO_SUS[4]
A31 VSS D9 CLK14 G17 SD_PWR
A32 VSS D11 MAC1_MDIO G19 SD_WP
A34 VSsS D13 MAC1_RXDATA[0] G33 USBH1_PWR_EN
B1 RESERVED D15 MAC1_TXDATA[0] G35 USBHO_OC_B
B2 PREQ_B D17 MACO_MDC H6 REF1_OUTCLK_N
B4 GPE_B D20 MACO_RXDATA[0] H17 VSS
B6 I2C_DATA D22 MACO_TXDATA[1] H30 VSSSENSE
B9 THRM_B D24 SD_DATA[1] J2 RTCX1
B11 MAC1_MDC D27 SD_DATA[5] Ja S3_PG
B13 MAC1_RXDATA[1] D29 VSS J6 REF1_OUTCLK_P
B15 MAC1_TXDATA[1] D31 VSS J7 RTCRST_B
B17 MACO0_MDIO D33 VSS J11 IVCCRTCEXT
B20 MACO_RXDATA[1] E1 VCCRTC_3P3 J12 GPIO_SUS[2]
B22 SD_CMD E4 S0_3V3_EN J15 GPIO_SUS[5]
B24 SD_DATA[2] E7 PRDY_B J19 SD_CLK
B27 SD_DATA[6] E11 RTC_EXT_CLK_EN_ J25 VSS
B29 | vVss B J30 VNNSENSE
B31 VSS E12 GPIO_SUS[1] 132 USBH1_OC_B
B33 | VSS E15 | GPIO_SUS[3] J34 OUSBCOMP_P18
B35 | VsSS E17 | SD_LED K1 S3_1V5_EN
c1 VSS E19 |SDCDB K3 S3_3V3_EN
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K11 OVOUT _1P8_S5 P11 VCCDICLKDIG_1P0 Vo VSS
K13 VCC1P8_S5 P13 VSS Vi1 VCCAICLKDBUFF_1
K14 VCC3P3_S3 P14 VCC1PO_S3 PO
K16 VCC3P3_USB_S3 P16 VSSA_USB V13 ZCCA'CLKSSCLW
K18 VCC1P8_S3 P18 OVOUT_1P8_S0
V14 VCC1P0_S0
K20 VCCAUSB_1P8_S3 P20 VCC1P8_S0
-0 - V16 VCC1P0_S0
K22 VCCAA_1P8 P22 VCCAUSB_1P8 s N
K24 OVOUT 1P8_SLDO P24 OVOUT_1P05_S0
=0 - V20 VNN
K33 IUSBCOMP_N18 P27 VSS
= V22 VSS
K35 VSS P29 USBH1_DP
V27 VSS
L2 PWR_BTN_B P30 USBH1_DN
= = V29 USBHO_DN
L4 TRST B R1 TDO V30 UsBHo DP
L32 RESERVED R3 ODRAM_PWROK
V32 GPIO[7]
L34 RESERVED R10 | VCCAICLKSFR_1P5
- V34 GPIO[8]
M1 VSS R26 | VCCFSOC_1P05 " Ves
M3 TCK R33 GPIO2
[2] w3 0SC_COMP
M5 VSS R35 GPIO[3]
W5 RESERVED
M6 REF0_OUTCLK_N T2 OSYSPWRGOOD
w7 CKSYS250UT
M8 REFO_OUTCLK_P RMII_REF_CLK_OU
= = T4 S w9 TS_IREF_N
M11 VSS
w27 | vss
3 lves T11 VCCAICLKCB_1P0 e P e
M14 OVOUT_1P0_S3 3 VCC1PO_S5 W30 SIUO_RTS_B
e | ves T14 OVOUT_1P0_S5 _RTS_
s VoS W33 | GPIO[9]
M18 | OVOUT 1P8_S3 PP P
2 | ves T18 VCCAVISA_1P0 =
Y11 VSS
s | ves T20 VCC1P8_S0 - -
M29 | USBD_DP = = Y14 VCCAPCIE_1P0
1 USBD DN T4 VCCFHVSOC_1P05 =
— 732 GPIO[4] Y16 VNN
M33 | USB_CLK96N s N
M35 | USB_CLK96P 34 GPIO] V20 N
N2 ™S - e Y22 VSS
" o u3 FLEX2_CLK e
N3 PIOD] u33 GPIO[6] -
Do lves AA4 RESERVED
N34 Gpiol] AA10 | RESERVED
PS VCC3P3_ss =~ il AA26 | VCC3P3_S0
P7 VCCAICLKSE_3P3 va FLEX0_CLK —
- Ves — V5 HPLL_REFCLK_N AA32 | SIUO_DSR B
V7 HPLL_REFCLK_P AA34 | SIUO_RXD
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AB1 | XTAL_OUT AD35 | VsS AK2 | PCIE_PERP_1

AB3 | Vss AE2 | PCIE_REFCLKP AK4 | PCIE_PERN_1

AB11 | VsS AE4 | PCIE_REFCLKN AK7 | DDR3_DQSI0]

AB13 | VCCACLKDDR_1PO AE10 | RESERVED AK11 | DDR3_DQ[1]

AB14 | VCCADDR_1PO AE26 | VsS AK12 | DDR3_DQ[7]

AB16 | VSS AE32 | SPIO_SCK AK15 | VSS

AB18 | VNN AE34 | SPIO_SS_B AK17 | RESERVED

AB20 | VNN AF11 | RESERVED AK19 | RESERVED

AB24 | VCC3P3_S0 AF13 | vss AK23 | DDR3_CMDPU

AB33 | SIU1_CTS_B AF20 | Vss K25 giR3_IDRAM_PWR

AB35 VSS AF22 VSS

AC2 VSS AF24 VSS AK29 VSS

AC4 | PAD_BYPASS_CLK AGT | vss AK32 | LSPIMOSI

AC5 | Ts TDC 23 |vss AK34 | SPI1_MISO

AC7 | TS_TDA AG6 | DDR3_DQ4] AL6 | VSS

AC9 | VSS AG30 | DDR3_CK[1] AL11 | DDR3_DQI0]

AC27 | SIU0_DCD_B AG33 | SPIO_MISO AL12 | DDR3_DM(0]

AC29 |vss AG35 | SPIO_MOSI AL15 | DDR3_DQ[2]

AC30 | vss AHZ | PCIE_PETN 1 AL17 | RESERVED

AC32 | SIUT_TXD AH4 | PCIE PETP 1 AL19 | DDR3_ODTPU

AC34 | SIU1_RXD AH7 | DDR3_DQSB[O] AL23 | VSS

AD1 | PCIE_PETN_O AH11 | vss AL25 | DDR3_DRAMRSTB

AD3 | PCIE_PETP_0 AH12 | DDR3_DQ[6] AL30 | DDR3_CKB[0]

AD5 | VCC1P5_S0 AH15 | DDR3_DQ[3] AM1 | VsS

AD6 | VsSS AH17 | vss AM2 | PCIE_PERP_0

AD8 | VSS AH19 | RESERVED AM4 | VSS

AD11 | RESERVED AH23 | DDR3_DQPU AM7 | VsS

AD13 | VCCPLLDDR_1P0 A2 BBR3_ISYSPWRGO mzz 3::3—VREF

AD14 | VCCADLLDDR_1PO

AD16 | VvsSS AH29 | DDR3_CKBI[1] AM33 | LSPI_SS_B

AD18 | vss AH32 | SPI1_MOSI AM35 | LSPI_SCK

D20 | vss AH34 | SPI1_SCK AN1 | PCIE_PERN_O

AD24 | VCC3P3. S0 AJ1 | PCIE_IRCOMP AN5 | DDR3_DQ[13]

AD28 | SIUO_RI_B AJ3 | PCIE_RBIAS AN6 | DDR3_DQS[1]

AD29 | SIUO_CTS_B AJS | DDR3 _DQI5] AN9 | VSS

AD3{ | VCCSFRPLLDDR 1 AJ30 | DDR3_CK]0] AN11 | DDR3_CKE[0]
P5 AJ33 | SPI1_SS_B AN13 | VsS

AD33 | SIU1_RTS_B AJ35 | Vss AN15 | DDR3_MA[11]
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AN17 | DDR3_MA[7] AT5 | DDR3_DQ[12]
AN20 | DDR3_MA[5] AT7  |vss
AN22 | DDR3_MA[1] AT10 | DDR3_DQ[14]
AN24 | DDR3_MA[10] AT12 | VCCDDR_1P5
AN27 | VsS AT14 | DDR3_MA[15]
AN29 | DDR3_CASB AT16 | VCCDDR_1P5
AN31 | DDR3_CSB[0] AT18 | VCCDDR_1P5
AN35 | LSPI_MISO AT21 | DDR3_MA[4]
AP2 | vss AT23 | VCCDDR_1P5
AP4 | DDR3_DQ[] AT26 | DDR3_BS[1]
AP7 | DDR3_DM[1] AT28 | VCCCLKDDR_1P5
AP10 | DDR3_DQ[11] AT31 | DDR3_ODTI0]
AP12 | DDR3_CKE[1] AT32 | DDR3_ODT[1]
AP14 | DDR3_MA[14] AT34 | RESERVED
AP16 DDR3_MA[9] NOTE: The following balls are
— No Connect (NC):

AP18 | VSS M26
AP21 | DDR3_MA[3] E25
AP23 | vss J23

M24
AP26 | DDR3_BS[0] Vo4
AP28 | DDR3_WEB G25
AP31 | DDR3_CSB[1] AF16

G23
AP33 | VSS M20
AR1 | RESERVED AD22
AR6 | DDR3_DQSB[1] AF14

AB22
AR9 | DDR3_DQ[10] vod
AR11 | DDR3_DQ[15] E23
AR13 | DDR3_BS[2] G29

AF18
AR15 | DDR3_MA[12] 129
AR17 | DDR3_MA[8] E29
AR20 | DDR3_MA[6]
AR22 | DDR3_MA[2]
AR24 | DDR3_MA[0]
AR27 | DDR3_RASB
AR29 | DDR3_MA[13]
AR35 | RESERVED
AT2 | RESERVED
AT3 | DDR3_DQ[8]

Intel® Quark™ SoC X1000
Datasheet
63



intel.

Alphabetical Signal Listing

Intel® Quark™ SoC X1000—Ballout and Package Information

DDR3_DQSBI0] AH7 GPIO_SUS[5] J15
CKSYS250UT w7 DDR3_DQSBI[1] ARG GPIO[0] N32
CLK14 D9 DDR3_DRAMRSTB AL25 GPIO[1] N34
DDR3_BS[0] AP26 | | DpR3_IDRAM_PWROK | AK25 | | GPIO[2] R33
DDR3_BS[1] AT26 DDR3_ISYSPWRGOO |\ .. | | GPIO[3] R35
DDR3_BS|[2] AR13 D GPIO[4] T32
DDR3_CASB AN29 | | DDR3_MA[0] AR24 || Gpiogs] T34
DDR3_CK[0] AJ30 DDR3_MA[1] AN22 GPIO[6] u33
DDR3_CK([1] AG30 | | DDR3_MA[10] AN24 | [ o V32
DDR3_CKBI0] AL30 DDR3_MA[11] ANTS || Gpiojg) V34
DDR3_CKBI[1] AH29 | | DDR3_MA[12] AR15 | [ Gpiog] W33
DDR3_CKE[0] AN11 || DDR3_MA[13] AR29 | | HpLL REFCLK N V5
DDR3_CKE[1] AP12 | | DDR3_MA[14] AP14 | | HpLL REFCLK P V7
DDR3_CMDPU AK23 DDR3_MA[15] AT14 12C_CLK c7
DDR3_CSB(0] AN31 DDR3_MA[2] AR22 I2C_DATA B6
DDR3_CSB[1] AP31 | | DDR3_MA[3] AP21 | | usBCOMP_N18 K33
DDR3_DMI0] AL12 | | DDR3_MA[4] AT21 | | WCCRTCEXT J11
DDR3_DM[1] AP7 DDR3_MA[5] AN20 |1 spi miso AN35
DDR3_DQ[0] AL11 DDR3_MA[6] AR20 LSPI_MOSI AK32
DDR3_DQ[1] AK11 DDR3_MA[7] AN17 LSPI_SCK AM35
DDR3_DQ[10] AR9 DDR3_MA[8] ART7 LSPI_SS_B AM33
DDR3_DQ[11] AP10 | | DDR3_MA[9] AP16 | | mMaco_mDC D17
DDR3_DQ[12] AT5 DDR3_ODTI[0] AT31 MACO_MDIO B17
DDR3_DQ[13] ANS5 DDR3_ODT[1] AT32 | | MACO_RXDATA[0] D20
DDR3_DQ[14] AT10 DDR3_ODTPU AL19 MACO_RXDATA[] B20
DDR3_DQ[15] AR11 DDR3_RASB AR27 | [1aCo_RXDV c1s
DDR3_DQ2] AL15 | | DDR3_VREF AM29 || \MACO_TXDATA(O] A21
DDR3_DQJ3] AH15 | | DDR3_WEB AP28 | | MACO_TXDATA[1] D22
DDR3_DQ[4] AG6 FLEX0_CLK V4 MACO_TXEN c21
DDR3_DQ[5] AJB FLEX1_CLK V2 MAC1_MDC B11
DDR3_DQI6] AH12 FLEX2_CLK u3 MAC1_MDIO D11
DDR3_DQ[7] AK12 GPE_B B4 MAC1_RXDATA[0] D13
DDR3_DQJ8] AT3 GPIO_SUS[0] G MAC1_RXDATA[1] B13
DDR3_DQ[9] AP4 GPIO_SUS[1] E12 MAC1_RXDV C14
DDR3_DQPU AH23 GPIO_SUS[2] J12 MAC1_TXDATAI0] D15
DDR3_DQS[0] AK7 GPIO_SUS[3] E15 MAC1_TXDATA[1] B15
DDR3_DQS[1] AN6 GPIO_SUS[4] G15
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MAC1_TXEN c12 RESERVED AK17 SD_DATA[5] D27
ODRAM_PWROK R3 RESERVED AT2 SD_DATA[6] B27
0OSC_COMP w3 RESERVED AR1 SD_DATA[7] c28
OSYSPWRGOOD T2 RESERVED AD11 SD_LED E17
OUSBCOMP_P18 J34 RESERVED AF11 SD_PWR G17
OVOUT_1P0_S3 M14 RESERVED A2 SD_WP G19
OVOUT_1P0_S5 T14 RESERVED B1 SIU0_CTS_B AD29
OVOUT_1P05_S0 P24 RESERVED AA10 SIU0_DCD_B AC27
OVOUT_1P8_S0 P18 RESERVED AE10 SIU0_DSR_B AA32
OVOUT_1P8_S3 M18 RESERVED AA4 SIU0_DTR B W29
OVOUT_1P8_S5 K11 RESERVED W5 SIUO_RI_B AD28
OVOUT_1P8_SLDO K24 RESERVED L32 SIU0_RTS_B W30
PAD_BYPASS_CLK AC4 RESERVED L34 SIU0_RXD AA34
PCIE_IRCOMP AJ1 RESET BTN_B D6 SIU0_TXD W35
PCIE_PERN_0 AN1 RMII_REF_CLK c16 SIU1_CTS_B AB33
PCIE_PERN_1 AK4 RMII_REF_CLK_OUT | T4 SIU1_RTS_B AD33
PCIE_PERP_0 AM2 RTC_EXT_CLK_EN_B | E11 SIU1_RXD AC34
PCIE_PERP_1 AK2 RTCRST_B J7 SIU1_TXD AC32
PCIE_PETN_0 AD1 RTCX1 J2 SMI_B c10
PCIE_PETN_1 AH2 RTCX2 G3 SPI0_MISO AG33
PCIE_PETP_0 AD3 S0_1P0_PG D2 SPI0_MOSI AG35
PCIE_PETP_1 AH4 S0_1V0_EN F4 SPI0_SCK AE32
PCIE_RBIAS AJ3 S0_1V5_EN F2 SPI0_SS B AE34
PCIE_REFCLKN AE4 S0_3V3_EN E4 SPI1_MISO AK34
PCIE_REFCLKP AE2 S0_PG A4 SPI1_MOSI AH32
PRDY_B E7 S3_1V5_EN K1 SPI1_SCK AH34
PREQ_B B2 S3 3V3_EN K3 SPI1_SS B AJ33
PWR_BTN_B L2 S3_PG J4 TCK M3
REFO_OUTCLK_N M6 S5 PG G7 DI N4
REFO_OUTCLK_P M8 SD_CD_B E19 TDO R1
REF1_OUTCLK_N H6 SD_CLK J19 THRM_B B9
REF1_OUTCLK_P J6 SD_CMD B22 ™S N2
RESERVED AR35 SD_DATA[0] c23 TRST B L4
RESERVED AT34 SD_DATA[1] D24 TS_IREF_N w9
RESERVED AH19 SD_DATA[2] B24 TS_TDA AC7
RESERVED AK19 SD_DATA[3] c26 TS_TDC AC5
RESERVED AL17 SD_DATA[4] A26 USB_CLK96N M33
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USB_CLK96P M35 VCCAUSB_1P8 P22 VSS C1
USBD_DN M31 VCCAUSB_1P8_S3 K20 VSS C35
USBD_DP M29 VCCAVISA_1PO0 T18 VSS D5
USBHO_DN V29 VCCCLKDDR_1P5 AT28 VSS D29
USBHO_DP V30 VCCDDR_1P5 AT12 VSS D31
USBH0O_OC_B G35 VCCDDR_1P5 AT16 VSS D33
USBHO_PWR_EN F34 VCCDDR_1P5 AT18 VSS E32
USBH1_DN P30 VCCDDR_1P5 AT23 VSS E35
USBH1_DP P29 VCCDICLKDIG_1P0O P11 VSS F6
USBH1_OC_B J32 VCCFHVSOC_1P05 T24 VSS F32
USBH1_PWR_EN G33 VCCFSOC_1P05 R26 VSS G1
VCC1P0_S0 V14 VCCPLLDDR_1P0 AD13 VSS G12
VCC1P0_S0 V16 VCCRTC_3P3 E1 VSS H17
VCC1P0_S3 P14 VCCSFRPLLDDR_1P5 | AD31 VSS J25
VCC1P0_S5 T13 VNN V18 VSS K35
VCC1P5_S0 AD5 VNN V20 VSS M1
VCC1P8_S0 P20 VNN Y16 VSS M5
VCC1P8_S0 T20 VNN Y18 VSS M11
VCC1P8_S3 K18 VNN Y20 VSS M13
VCC1P8_S5 K13 VNN AB18 VSS M16
VCC3P3_A F30 VNN AB20 VSS M22
VCC3P3_S0 AA26 VNNSENSE J30 VSS M28
VCC3P3_S0 AB24 VSS A7 VSS P9
VCC3P3_S0 AD24 VSS A10 VSS P13
VCC3P3_S3 K14 VSS A12 VSS P27
VCC3P3_S5 P5 VSS A14 VSS T16
VCC3P3_USB_S3 K16 VSS A16 VSS T22
VCCAA_1P8 K22 VSS A18 VSS u1
VCCACLKDDR_1PO AB13 VSS A23 VSS u3s
VCCADDR_1PO AB14 VSS A28 VSS V9
VCCADLLDDR_1P0 AD14 VSS A31 VSS V22
VCCAICLKCB_1P0 T VSS A32 VSS va27
VCCAICLKDBUFF_1P0 | V11 VSS A34 VSS W1
VCCAICLKSE_3P3 P7 VSS B29 VSS w27
VCCAICLKSFR_1P5 R10 VSS B31 VSS Y11
VCCAICLKSSC1_1P0 V13 VSS B33 VSS Y13
VCCAPCIE_1P0O Y14 VSS B35 VSS Y22
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VSS AB3 VSS AP23
VSS AB11 VSS AP33
VSS AB16 VSS AT7
VSS AB35 VSSA_USB P16
VSS AC2 VSSSENSE H30
VSS AC9 WAKE_B A5
VSS AC29 XTAL_IN AA2
VSS AC30 XTAL_OUT AB1
VSS ADG6 § §

VSS AD8

VSS AD16

VSS AD18

VSS AD20

VSS AD35

VSS AE26

VSS AF13

VSS AF20

VSS AF22

VSS AF24

VSS AG1

VSS AG3

VSS AH11

VSS AH17

VSS AJ35

VSS AK15

VSS AK29

VSS ALG

VSS AL23

VSS AM1

VSS AM4

VSS AM7

VSS AM32

VSS AN9

VSS AN13

VSS AN27

VSS AP2

VSS AP18
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4.0 Electrical Characteristics
This chapter contains the DC and AC characteristics for Intel® Quark”™ SoC X1000. AC
timing diagrams are included.
4.1 Absolute Maximum Ratings
Table 26 specifies the absolute maximum and minimum ratings of the Intel® Quark™
SoC X1000 processor. At conditions outside of the functional operating condition limits,
but within the absolute maximum and minimum ratings, neither functionality nor long-
term reliability can be expected. If a device is returned to conditions within the
functional operating limits after having been subjected to conditions outside these
limits (but within the absolute maximum and minimum ratings) the device may be
functional, but with its lifetime degraded depending on exposure to conditions
exceeding the functional operating condition limits.
At conditions exceeding the absolute maximum and minimum ratings, neither
functionality nor long-term reliability can be expected. Moreover, if a device is
subjected to these conditions for any length of time, it will either not function or its
reliability will be severely degraded when returned to conditions within the functional
operating condition limits.
Although the SoC contains protective circuitry to resist damage from Electrostatic
Discharge (ESD), precautions should always be taken to avoid high static voltages or
electric fields.
All voltage values are given with respect to VSS.
Table 26.  Intel® Quark™ SoC X1000 Absolute Maximum Voltage Ratings (Sheet 1 of 2)
Parameter Mir_lin:lum Ma?(in_1um
Limits Limits
Temperature
Junction Temperature (C) 0 110
Storage Temperature Range (C) -55 125
Supplies
3.3V Supply Voltage (V) — 3.7
1.8V Supply Voltage (V) — 2.0
1.5V Supply Voltage (V) — 1.65
1.05V Supply Voltage (V) — 1.3
1.0V Supply Voltage (V) — 1.3
Signals
Voltage on any 3.3 V Pin (V) — 3.7V

November 2014

Intel® Quark™ SoC X1000
Datasheet

Document Number: 329676-004US 69



intel.

Intel® Quark™ SoC X1000—Electrical Characteristics

Table 26.  Intel® Quark™ SoC X1000 Absolute Maximum Voltage Ratings (Sheet 2 of 2)
Minimum Maximum
Parameter Limits Limits
Voltage on any 1.8 V Pin (V) — 2.0
Voltage on any 1.5 V Pin (V) — 1.65
Voltage on any 1.0V Tolerant Pin (V) — 1.3

4.2 Recommended Power Supply Ranges
Table 27 shows the recommended operating voltage ranges for each SoC supply pin.
Typically total tolerance (DC+AC +Ripple) is +/- 5% of the nominal value unless
otherwise stated.

Table 27. Power Supply Rail Ranges (Sheet 1 of 2)

Package Ball Description Min (V) Nom (V) | Max (V) Notes
VCC3P3_S5 S5 3.3V rail Standby LDO input 3.20 3.30 3.40 +/-3%
VCC3P3_S3 S3 3.3V rail Standby LDO input 3.20 3.30 3.40 +/-3%
VCC3P3_S0 S0 3.3V rail Standby LDO input 3.20 3.30 3.40 +/-3%
VCC3P3_A S0 3.3V rail Standby LDO input 3.20 3.30 3.40 +/-3%

VNN aD:Zlaﬁlntc}).r(()eVI:gt;?cndard cell rail including Core 0.95 1.00 1.10 égti(;/:l;n state
VCC1P0O_S3 Standard 1.0V rail for S3 logic 0.95 1.00 1.05 +/-5%
VCC1P0_S5 Standard 1.0V rail for S5 logic 0.95 1.00 1.05 +/-5%

VCCPLLDDR_1P0O DDR IO digital PLL high voltage 0.95 1.00 1.05 +/-5%
VCCADLLDDR_1P0O DDR IO digital isolated quiet supply 0.95 1.00 1.05 +/-5%
VCCACLKDDR_1P0O DDR IO digital clock isolated quiet supply 0.95 1.00 1.05 +/-5%
VCCADDR_1P0 DDR IO Digital supply 0.95 1.00 1.05 +/-5%
VCCDDR_1P5 DDR IO analog thick gate supply 1.42 1.50 1.57 +/-5%
VCCSFRPLLDDR_1P5 DDR IO PLL high voltage 1.42 1.50 1.57 +/-5%
VCCCLKDDR_1P5 sDqu%IIyO clock analog thick gate isolated quiet 1.42 1.50 1.57 +/-5%

VCCAPCIE_1PO PClIe analog supply 0.95 1.00 1.05 +/-5%
VCC1P5_S0 PCIe band-gap supply 1.42 1.50 1.57 +/-5%
VCC1P8_S0 S0 1.8V CFIO supply 1.71 1.80 1.89 +/-5%
VCC1P8_S3 S3 1.8V CFIO supply 1.71 1.80 1.89 +/-5%
VCC1P8_S5 S5 1.8V CFIO supply 1.71 1.80 1.89 +/-5%

VCCRTC_3P3 RTC well supply 2.00 - 3.40 +/-5%

VCCAUSB_1P8_S3 USB 1.8V analog supply - suspend rail 1.71 1.80 1.89 +/-5%
VCC3P3_USB_S3 USB 3.3V supply - suspend rail 3.13 3.30 3.46 +/-5%
VCCAUSB_1P8 USB 1.8V supply 1.71 1.80 1.89 +/-5%
VSSA_USB USB low-noise ground 0.00 0.00 0.00 +/-5%
VCCAA_1P8 1.8V analog supply 1.71 1.80 1.89 +/-5%
Active in SO-

VCC1PO_S0 Stsaé“ljjg?c 1.0V rail for HPLL (host PLL) and 0.95 1.00 1.05 ZE'nyerS?Ee'”
connected to
VNN
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Table 27. Power Supply Rail Ranges (Sheet 2 of 2)
Package Ball Description Min (V) Nom (V) | Max (V) Notes
VCCAVISA_1PO VISA 10 analog supply 0.95 1.00 1.05 +/-5%
VCCFHVSOC_1P05 SoC Fuses supply (sensing) 1.0 1.05 1.10 +/-5%
VCCFSOC_1P05 Fuse digital sensing 1.0 1.05 1.10 +/-5%
VCCAICLKCB_1P0 ICLK control supply 0.95 1.00 1.05 +/-5%
VCCAICLKSSC1_1P0 ICLK SSC supply 0.95 1.00 1.05 +/-5%
VCCAICLKDBUFF_1P0 ICLK differential output buffer supply 0.95 1.00 1.05 +/-5%
VCCDICLKDIG_1P0 ICLK digital supply 0.95 1.00 1.05 +/-5%
VCCAICLKSFR_1P5 ICLK SFR (for oscillator, IPLL) 1.42 1.50 1.57 +/-5%
VCCAICLKSE_3P3 ICLK single ended output buffer supply 3.13 3.30 3.46 +/-5%

4.3 Maximum Supply Current
Table 28. Maximum Supply Current: ICC Max (Sheet 1 of 2)

Voltage Rail V°('f,")ge IccMax (mA)
VCC3P3_S5 3.3 180
VCC3P3_S3 3.3 280
VCC3P3_S0 3.3 680
VCC3P3_A 3.3 5

VNN 1.0 480

VCC1PO_S3 1.0 70

VCC1PO_S5 1.0 40
VCCPLLDDR_1P0 1.0 25
VCCADLLDDR_1P0 1.0 100
VCCACLKDDR_1P0 1.0 15

VCCADDR_1P0 1.0 300

VCCDDR_1P5 1.5 580

VCCSFRPLLDDR_1P5 1.5 35
VCCCLKDDR_1P5 1.5 90

VCCAPCIE_1P0 1.0 330
VCC1P5_S0 1.5 120
VCC1P8_S0 1.8 50
VCC1P8_S3 1.8 110
VCC1P8_S5 1.8 15
VCCRTC_3P3 3.3 3

VCCRTC_3P3 (Battery) 3.0 6UA
VCCAUSB_1P8_S3 1.8 20
VCC3P3_USB_S3 3.3 40

VSSA_USB 0.0 20
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Table 28. Maximum Supply Current: ICC Max (Sheet 2 of 2)

Voltage Rail V°(':,a)9e IccMax (mA)
VCCAA_1P8 1.8 10
VCC1P0_SO0 1.0 120
VCCAVISA_1P0O 1.0 280
VCCFHVSOC_1P05 1.05 100
VCCFSOC_1P05 1.05 40
VCCAICLKCB_1P0 1.0 40
VCCAICLKSSC1_1P0O 1.0 15
VCCAICLKDBUFF_1P0O 1.0 30
VCCDICLKDIG_1P0O 1.0 15
VCCAICLKSFR_1P5 1.5 40
VCCAICLKSE_3P3 3.3 15
VCCAUSB_1P8 1.8 20

4.4 Configurable IO Characteristics

The signals in Table 30 are brought on- and off-chip via standard configurable I0
groups. This section describes the DC and AC characteristics associated with these
signals.

Table 30. Configurable IO (CFIO) Bi-directional Signal Groupings

Related Supply

Group Name Interfaces (Veo)

Signals

SPI SPI0_MOSI, SPIO_MISO, SPIO_SS_B, SPIO_SCK,
SO0 CFIO Group 0 VCCCFIO_0_3P3 SPI1_MOSI, SPI1_MISO, SPI1_SS_B, SPI1_SCK

Legacy SPI LSPI_MOSI, LSPI_MISO, LSPI_SS_B, LSPI_SCK

SIUO_CTS_B, SIUO_DCD_B, SIUO_DSR_B, SIUO_DTR_B,
S0 CFIO Group 1 UART VCCCFIO_1_3P3 | SIUO_RI_B, SIUO_RTS_B, SIUO_RXD, SIUO_TXD,
SIU1_CTS_B, SIU1_RTS_B, SIU1_RXD, SIU1_TXD

USB USB_OC_0, USB_OC_1, USB_PWR_EN[0], USB_PWR_EN[1]

S0 CFIO Group 2 GPIO VCCCFIO_2_3P3 | GPIO[0], GPIO[1], GPIO[2], GPIO[3], GPIO[4], GPIO[5],
GPIO[6], GPIO[7], GPIO[8], GPIO[9]

SD_DATA[0], SD_DATA[1], SD_DATA[2], SD_DATA[3],
S0 CFIO Group 3 SDIO VCCCFIO_3_3P3 | SD_DATA[4], SD_DATA[5], SD_DATA[6], SD_DATA[7],
SD_CMD , SD_CLK, SD_WP, SD_CD_B,

SD_LED, SD_PWR_B

SDIO MACO_TXDATA[1], MACO_TXDATA[0], MACO_RXDV,

SO CFIO Group 4 Ethernet MAC VCCCFIO_4_3P3 | MACO_RXDATA[1], MACO_RXDATA[0], MAC1_TXDATA[1],
MAC1_TXDATA[0], MAC1_RXDV, MAC1_RXDATA[1],

MAC1_RXDATA[0]
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Configurable IO (CFIO) Bi-directional Signal Groupings

Group Name Interfaces

Related Supply
(Vee)

Signals

Ethernet MAC

MACO_TXEN, MACO_MDC, MACO_MDIO, MAC1_TXEN,
MAC1_MDC, MAC1_MDIO

S3 CFIO Group Power Management

Suspend GPIOs

VCCCFIO_S3_3P3

S0 CFIO Group 5 12C VCCCFIO_5_3P3 | o paTa T2 cLK
Legacy THRM_B, SMI_B, RMII_REF_CLK, CLK14
Legacy RESET_BTN_B, WAKE_B, GPE_B

S0_3V3_EN, SO_1V5_EN, SO_1VO_EN
GPIO_SUS[0], GPIO_SUS[1], GPIO_SUS[2], GPIO_SUS[3],
GPIO_SUS[4], GPIO_SUSI[5]

JTAG/Debug

S5 CFIO Group Power Management

VCCCFIO_S5_3P3

TCK, TDI, TDO, TMS, TRST_B

PWR_BTN_B, S3_3V3_EN, S3_1V5_EN, ODRAM_PWROK,
OSYSPWRGOOD, PRDY_B, PREQ_B

Table 31. CFIO DC Characteristics
Type ‘ Symbol | Parameter Min Max | Unit | Condition Notes
This data applies to all signals in Table 30.
To determine the correct V¢ supply for a signal use the related supply shown in Table 30
\Yele Supply Voltage Reference 3.13 3.49 \Y,
VIH Input High Voltage 0.625 X VcC Vcc + 0.3 \Y
Input VIL Input Low Voltage - 0.25 X Vcc \Y
npu
I Input Leakage Current — 35 uA
CIN Input Pin Capacitance — 10 pF
o VOH Output High Voltage 0.75 x Vcc — \Y Iout=2mA 1,2
utput
VoL Output Low Voltage — 0.125 x Vcc \% Iout=-2mMA 2
Notes:
1. The Vgy specification does not apply to open-collector or open-drain drivers. Signals of this type must have an external
pull-up resistor, and that’s what determines the high-output voltage level. Refer to Chapter 2 for details on signal types.
2. Input characteristics apply when a signal is configured as Input or to signals that are only Inputs. Output characteristics
apply when a signal is configured as an Output or to signals that are only Outputs. Refer to Chapter 2 for details on
signal types.
Table 32. CFIO AC Characteristics
Type | Symbol | Parameter Min Max Units Conditions
This data applies to all signals in Table 30.
To determine the correct V¢ supply for a signal use the related supply shown in Table 30
Vce Supply Voltage Reference 3.13 3.49 \Y,
SRRISE Slew Rate Rise 0.5 3.0 V/ns CLOAD = 10pF
SRFALL Slew Rate Fall 0.5 3.0 V/ns CLOAD = 10pF
Output i ; 0.10*V¢c -
Trise Output Rise Time 0.88 5.28 ns 0.90%Vce
) 0.90*V¢c -
TeaLL Output Fall Time 0.88 5.28 ns 0.10%Ve
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4.5 RTC DC Characteristics

Table 33. RTC DC Characteristics

Type Symbol Parameter Min Max Unit Condition Notes
Associated Signals: RTCRST_B
Related Supply (Vcc): VCCRTC_3P3
el Supply Voltage Reference 2.00 3.40 N/A
I VIH Input High Voltage .7 X Ve Vce + 0.5 N/A 2
nput
VIL Input Low Voltage -0.5 0.78 N/A 2
CIN Input Pin Capacitance - 3 pF N/A
Associated Signals: S5_PG, RTC_EXT_CLK_EN_B, SO_PG
Related Supply (Vcc): VCCRTC_3P3
el Supply Voltage Reference 2.0 3.40 N/A
I VIH Input High Voltage 2.0 Vee + 0.5 N/A 2
nput
Vi Input Low Voltage -0.5 0.78 N/A 2
CIN Input Pin Capacitance — 3 pF N/A
4.6 PCI Express* 2.0 DC/AC Characteristics
Table 34. PCI Express* 2.0 Differential Signal DC Characteristics
Symbol Parameter Min Max Unit Figures Notes
Associated Signals:
PCIE_PERN[1], PCIE_PERP[1],
PCIE_PETN[1], PCIE_PETP[1],
PCIE_PERN[0], PCIE_PERP[0],
PCIE_PETN[0], PCIE_PETP[0]
Related Supply (Vcc):
VCCAPCIE_1PO
VIX-DIFF p-P Differential Peak to Peak Output Voltage 0.8 1.2 \Y 1
Low power differential Peak to Peak Output 1.2 v
VTX-DIFF P-P - Low | Voltage 0.4 '
TX AC Common Mode Output Voltage (2.5GT/
VTx_cM-Acp s) - 20 mv
Z1X-DIFF-DC DC Differential TX Impedance 80 120
VRX-DIFF p-p Differential Input Peak to Peak Voltage 0.175 1.2 \Y 1
VRX_CM-ACp AC peak Common Mode Input Voltage — 150 mV
Notes:
1. PCI Express mVdiff p-p = 2*|PETP[x] — PETN[x]|; PCI Express mVdiff p-p = 2*|PERP[x] - PERN[x]]|
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Table 35. PCI Express* 2.0 Interface Timings
Symbol Parameter Min Max Unit Figures Notes
Transmitter and Receiver Timings
Ul Unit Interval - PCI Express* 399.88 400.12 ps 5,6
Trx-EYE Minimum Transmission Eye Width 0.7 — Ul 5 1,2,6
TTx-RISE/Fall D+/D- TX Out put Rise/Fall time 0.125 UI 1,2,6
TRX-EYE Minimum Receiver Eye Width 0.40 — UI 6 3,4,6

Notes:

1. Specified at the measurement point into a timing and voltage compliance test load and measured over any 250
consecutive TX Uls. (Also refer to the Transmitter compliance eye diagram)

2. A Trx-eye = 0.70 UI provides for a total sum of deterministic and random jitter budget of Tryjrrrer-Max = 0.30 UI for the
Transmitter collected over any 250 consecutive TX UIs. The Trxeye-MEDIAN-to-MAX-JITTER SPecification ensures a jitter
distribution in which the median and the maximum deviation from the median is less than half of the total TX jitter
budget collected over any 250 consecutive TX UIs. It should be noted that the median is not the same as the mean. The
jitter median describes the point in time where the number of jitter points on either side is approximately equal as
opposed to the averaged time value.

3. Specified at the measurement point and measured over any 250 consecutive UlIs. The test load documented in the PCI
Express* specification 2.0 should be used as the RX device when taking measurements (also refer to the Receiver
compliance eye diagram). If the clocks to the RX and TX are not derived from the same reference clock, the TX UI
recovered from 3500 consecutive UI must be used as a reference for the eye diagram.

4. A Trx-eye = 0.40 UI provides for a total sum of 0.60 UI deterministic and random jitter budget for the Transmitter and
interconnect collected any 250 consecutive UIs. The trx-EYE-MEDIAN-to--MAX-JITTER SPeCification ensures a jitter
distribution in which the median and the maximum deviation from the median is less than half of the total 0.6 UI jitter
budget collected over any 250 consecutive TX UIs. It should be noted that the median is not the same as the mean. The
jitter median describes the point in time where the number of jitter points on either side is approximately equal as
opposed to the averaged time value. If the clocks to the RX and TX are not derived from the same reference clock, the
TX UI recovered from 3500 consecutive UI must be used as the reference for the eye diagram.

5. Nominal Unitgnterval is 400 ps for 2.5 GT/s.

6. Intel® Quark™ SoC X1000 supports PCI Gen 1 timing only: 2.5 GT/s
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Figure 5.

Figure 6.

PCI Express Transmitter Eye
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4.7 USB 2.0 DC/AC Characteristics
Table 36. USB 2.0 Differential Signal DC Characteristics
Symbol Parameter Min Max Unit Conditions Notes
Associated Signals:
USBD_DP, USBD_DN,
USBH1_DP, USBH1_DN,
USBHO_DP, USBHO_DN,
USBH(1:0)_OC_B, USBH(1:0)_PWR_EN
Related Supply (V¢c):
VCCUSBSUS_3P3
VDI Differential Input Sensitivity 0.2 — \Y N/A 1,3
VCM Differential Common Mode Range 0.8 2.5 \Y, N/A 2,3
VSE Single-Ended Receiver Threshold 0.8 2 \Y N/A 3
VCRS Output Signal Crossover Voltage 1.3 2 \Y N/A 3
VOL Output Low Voltage - 0.4 \Y Iol=5 mA 3
VOH Output High Voltage Vec - 0.5 - \Y Ioh=-2mA 3
VHSSQ HS Squelch Detection Threshold 100 150 mV N/A 4
VHSDSC HS Disconnect Detection Threshold 525 625 mV N/A 4
VHSCM HS Data Signaling Common Mode Voltage Range -50 500 mV N/A 4
VHSOI HS Idle Level -10 10 mV N/A 4
VHSOH HS Data Signaling High 360 440 mV N/A 4
VHSOL HS Data Signaling Low -10 10 mV N/A 4
VCHIRPJ Chirp J Level 700 1100 mV N/A 4
VCHIRPK Chirp K Level -900 -500 mV N/A 4
Notes:
1. Vpr = | USBHx_DP - USBHx_DN |
2. Includes VDI range
3. Applies to Low-Speed/Full-Speed USB
4. Applies to High-Speed USB 2.0
Table 37. USB 2.0 Interface Timings (Sheet 1 of 2)
Symbol Parameter Min Max Units Notes Fig
Full-speed Source (Note 7)
t100 USBHx_DP, USBHx_DN - Driver Rise Time 4 20 ns 1,6 CL = 50 pF 8
t101 USBHx_DP, USBHx_DN Driver Fall Time 4 20 ns 1,6 CL = 50 pF 8
Source Differential Driver Jitter 3.5 35 ns
t102 - To Next Transition _('1 4 ns 2,3 9
- For Paired Transitions
t103 Source SEO interval of EOP 160 175 ns 4 10
t104 Source Jitter for Differential Transition to SEO 2 5 ns 5
Transition
Receiver Data Jitter Tolerance
t105 - T o Next Transition _1_89'5 189'5 22 3 9
- For Paired Transitions
Intel® Quark™ SoC X1000
November 2014 Datasheet
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Table 37. USB 2.0 Interface Timings (Sheet 2 of 2)

Symbol Parameter Min Max Units Notes Fig
Full-speed Source (Note 7)
t106 EOP Width: Must accept as EOP 82 — ns 4 10
t107 Width of SEO interval during differential transition — 14 ns
Low-speed Source (Note 8)
1,6
t108 USBHx_DP, USBHx_DN - Driver Rise Time 75 300 ns CL = 200 pF 8
CL = 600 pF
1,6
t109 USBHx_DP, USBHx_DN Driver Fall Time 75 300 ns CL = 200 pF 8
CL = 600 pF
Source Differential Driver Jitter 55 5 ns
t110 To Next Transition _14 14 ns 2,3 9
For Paired Transitions
t111 Source SEO interval of EOP 1.25 1.50 us 4 10
Source Jitter for Differential Transition to SEO
t112 Transition -40 100 ns 5
Receiver Data Jitter Tolerance
t113 - To Next Transition 152 152 ns 3 9
- For Paired Transitions 200 200 ns
t114 EOP Width: Must accept as EOP 670 — ns 4 10
t115 Width of SEO interval during differential transition - 210 ns
Notes:
1. Driver output resistance under steady state drive is specified at 28 Q at minimum and 43 Q at maximum.
2. Timing difference between the differential data signals.
3. Measured at crossover point of differential data signals.
4. Measured at 50% swing point of data signals.
5. Measured from last crossover point to 50% swing point of data line at leading edge of EOP.
6. Measured from 10% to 90% of the data signal.
7. Full-speed Data Rate has minimum of 11.97 Mb/s and maximum of 12.03 Mb/s.
8. Low-speed Data Rate has a minimum of 1.48 Mb/s and a maximum of 1.52 Mb/s.

Figure 7. USB Rise and Fall Time

Rise Time Fall Time
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Low-speed: 75 ns at C, = 50 pF, 300 ns at C, = 350 pF
Full-speed: 4 to 20 ns at C, = 50 pF
High-speed: 0.8 to 1.2 ns at C, = 10 pF
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Figure 8.

Figure 9.

4.8

4.8.1

Table 38.
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General Interface Timing

Legacy SPI Interface Timing

Legacy SPI Interface Timings (20 MHz) (Sheet 1 of 2)

Sym Parameter Min Max Units Fig
F Serial Clock Frequency - 20M Hz Operation — 20 MHz

TcH LSPI_SCK high time 20 - ns 10

TeL LSPI_SCK low time 30 — ns 10
Setup of LSPI_MISO with respect to _

ToscR | LpSI_SCK rising edge 11.7 ns 10
Hold time of LSPI_MISO with respect to _ _

TeroH | LpSI_SCK rising edge 3.0 ns 10

Tcrpv LSPI_SCK falling edge to LSPI_MOSI valid -1.9 2.5 ns 10

Document Number: 329676-004US

Intel® Quark™ SoC X1000

Datasheet
79



u ®
l n tel Intel® Quark™ SoC X1000—Electrical Characteristics

Table 38. Legacy SPI Interface Timings (20 MHz) (Sheet 2 of 2)

Sym Parameter Min Max Units Fig
Tcrse LSPI_SCK falling edge to LSPI_SS_B low -1.6 2.4 ns 10
Tcrsr LSPI_SCK falling edge to LSPI_SS_B high -1.7 2.3 ns 10

Notes:

1. All input signals have a slope of 1.0ns measured between 20% and 80% Vc values.

2. All output signals are loaded with 20pF.

3. Measurements are made at 50% V¢ levels.

4.8.2 SPI0/1 Interface Timing

Table 39. SPI10/1 Interface Timings (25 MHz)

Sym Parameter Min Max Units Fig
F Serial Clock Frequency - 25MHz Operation — 25 MHz

TcH SPIO/1_SCK high time 20 — ns 10

T SPI0O/1_SCK low time 20 — ns 10

Setup of SPI0O/1_MISO with respect to SPI0/

Toscr 1_SCK capturing edge 10.7 - ns 10
Hold time of SPI0/1_MISO with respect to _ _

TeroH | SpP10/1_SCK capturing edge 2.5 ns 10

Teroy \S/;Iig/l_SCK driving edge to SPI0/1_MOSI 0.8 3.5 ns 10

T Setup of SPI0O/1_SS_B with respect to first 20 _ ns 10
SSCF edge out of inactive state of SPI0/1_SCK

T Hold of SPI0/1_SS_B with respect to last 20 _ ns 10
CLSH edge into inactive state of SPI0/1_SCK

Note:

1. All input signals have a slope of 1.0ns measured between 20%and 80% Vc values

2. All output signals are loaded with 20pF

3. Measurements are made at 50% Vc levels

4. Driving edge and capturing edge of SPI0/1_SCK are determined by SPI Control Register 1

settings SSCR1.SPH and SSCR1.SPO; Figure 10 shows SPI_SCK rising edge as the driving
edge and SPI_SCK falling edge as the capturing edge by way of example
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Figure 10. SPI Interface Timing
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4.8.3 SDIO Interface Timing
Table 40. SDIO Timing
Sym Parameter Min Max Units Notes Fig
F Operating Frequency SD_CLK - 50 MHz
Ten Clock High Time SD_CLK 10 - ns 11
TeL Clock Low Time SD_CLK 10 - ns 11
SD_DATA[7:0]/SD_CMD setup time _
Toscr with respect to SD_CLK rising 0.6 ns 11
T SD_DATA[7:0]/SD_CMD hold time 1.6 _ 11
CRDH with respect to SD_CLK rising :
SD_CLK falling to data valid on _
Terov | Sp_DATA[7:0]/SD_CMD 2.0 2.7 ns 11
Note:
1. All input signals have a slope of 1.0ns measured between 20%and 80% V¢ values
2. All output signals are loaded with 20pF
3. Measurements are made at 50% V levels
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Figure 11. SDIO Interface Timing
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4.9 Clock AC Timing
4.9.1 Reference Clock AC Characteristics
Table 41. Reference Clocks AC Characteristics (Sheet 1 of 2)
Parameter Description Min Max Units Notes Fig
Associated Signals:
REFO_OUTCLK_P, REFO_OUTCLK_N,
REF1_OUTCLK_P, REF1_OUTCLK_N
Related Supply:
VCCAICLKDBUFF_1P0
TsiLew_RISE Rising slew rate 1.5 8.0 V/ns 2,3,10 12
TsLew_FALL Falling slew rate 1.5 8.0 V/ns 2,3,10 12
PsiLew_var Slew rate matching - 20 % 1,9,10 12
VswiNG Differential output swing 300 - mV 2,11 12
Vcross Crossing point voltage 300 550 mV 1,4,5,11 12
VCROSSfDELTA VCROSS variation - 140 mV 1,4,8,11 12
Vmax Maximum output voltage - 1.15 \ 1,6,11 12
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Table 41. Reference Clocks AC Characteristics (Sheet 2 of 2)

Parameter Description Min Max Units Notes Fig
VMmN Minimum output voltage -0.3 - \Y 1,7,11 12
PDTY cYc Duty Cycle 40 60 % 2,10 12
Note:

1. Measurement taken from a single-ended waveform on a component test board

2. Measurement taken from a differential waveform on a component test board

3. Slew rate measured through Vsyng Voltage measured at differential zero

4, VCROSS is defined as the voltage where CLK_P = CLK_N

5. Only applies to differential rising edge (CLK_P rising, CLK_N falling)

6. The maximum voltage including over-shoot

7. The minimum voltage including under-shoot

8. The total variation of all Vcross measurements in any particular system

9. Matching applies to rising edge rate for CLK_P and falling edge rate for CLK_N; It is measured using a
+75mV window centered on the average cross point where CLK_P rising meets CLK_N falling. The
median cross point is used to calculate the voltage thresholds the oscilloscope is to use for the edge
rate calculations

10. Average measurement

11. Instantaneous measurement
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Figure 12. Measurement Points for Differential Clocks?
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5.0 Register Access Methods
There are six different common register access methods:
e Fixed I/O Register Access
e Fixed Memory Mapped Register Access
e I/0O Referenced Register Access
e Memory Referenced Register Access
e PCI Configuration Register Access (Indirect - via Memory or I/0O registers)
e Message Bus Register Access (Indirect - via PCI Configuration Registers)
5.1 Fixed I/0 Register Access
Fixed I/0 registers are accessed by specifying their 16-bit address in a PORT IN and/or
PORT OUT transaction from the CPU core. This allows direct manipulation of the
registers. Fixed I/0 registers are unmovable registers in I/O space.
Table 42. Fixed I/0O Register Access Method Example (NSC Register)
RS Y5
5.2 Fixed Memory Mapped Register Access
Fixed Memory Mapped I/O (MMIO) registers are accessed by specifying their 32-bit
address in a memory transaction from the CPU core. This allows direct manipulation of
the registers. Fixed MMIO registers are unmovable registers in memory space.
Table 43. Fixed Memory Mapped Register Access Method Example (IDX Register)
'(I'gig::: g’lzert:gsr)y Mapped I/O Register IDX: FECO0000h
5.3 I/0 Referenced Register Access

November 2014

I/0 referenced registers use programmable base address registers (BARs) to select a
range of I/O addresses that it uses to decode PORT IN and/or PORT OUT transactions
from the CPU to directly access a register. Thus, the I/O BARs act as pointers to blocks
of actual I/O registers. To access an I/0 referenced register for a specific I/O base
address, start with that base address and add the register’s offset. Example
pseudocode for an I/0 referenced register read is shown below:

Register Snapshot = IOREAD([IO BAR]+Register Offset)

Base address registers are often located in the PCI configuration space and are
programmable by the BIOS/0S. Other base address register types may include fixed
memory registers, fixed I/O registers or message bus registers.
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Table 44.

5.4

Table 45.

5.5

Table 46.

5.5.1

Referenced I/0 Register Access Method Example (PM1S Register)

Type: 1/0 Register .
(Se: 16 bits PM1S: [PM1BLK] + Oh

PM1BLK Type: PCI Configuration Register (Size: 32 bits)
PM1BLK Reference: [B:0, D:31, F:0] + 48h

Memory Referenced Register Access

The SoC uses programmable base address registers (BARs) to set a range of physical
address (memory) locations that it uses to decode memory reads and writes from the
CPU to directly access a register. These BARs act as pointers to blocks of actual
memory mapped I/O (MMIO) registers. To access a memory referenced register for a
specific base address, start with that base address and add the register’s offset.
Example pseudocode for a read is shown below:

Register Snapshot = MEMREAD ( [Mem_ BAR]+Register Offset)
Base address registers are often located in the PCI configuration space and are

programmable by the BIOS/0S. Other common base address register types include
fixed memory registers and I/0 registers that point to MMIO register blocks.

Memory Mapped Register Access Method Example (ESD Register)

Type: Memory Mapped I/O Register .
(Size: 32 bits) ESD: [RCBA] + 4h

RCBA Type: PCI Configuration Register (Size: 32 bits)
RCBA Reference: [B:0, D:31, F:0] + FOh

PCI Configuration Register Access
Access to PCI configuration space registers is performed through one of two different
configuration access methods (CAMs):

e I/0 indexed - PCI CAM

e Memory mapped - PCI Enhanced CAM (ECAM)
Each PCI function (see Section 6.3, “"PCI Configuration Space” on page 97) has a
standard PCI header consisting of 256 bytes for the I/0 access scheme (CAM), or 4096

bytes for the enhanced memory access method (ECAM). Invalid read accesses return
binary strings of 1s.

PCI Register Access Method Example (PCI_DEVICE_VENDOR Register)

Type: PCI Configuration Register . IR . .
(Size: 32 bits) PCI_DEVICE_VENDOR: [B:0, D:31, F:0] + Oh

PCI Configuration Access - CAM: I/0 Indexed Scheme

Accesses to configuration space using the I/O method rely on two 32-bit I/O registers:
e CONFIG_ADDRESS - I/O Port CF8h
e CONFIG_DATA - I/O Port CFCh

These two registers are both 32-bit registers in I/O space. Using this indirect access

mode, software uses CONFIG_ADDRESS (CF8h) as an index register, indicating which
configuration space register to access, and CONFIG_DATA (CFCh) acts as a window to
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the register pointed to in CONFIG_ADDRESS. Accesses to CONFIG_ADDRESS (CF8h)
are internally captured. Upon a read or write access to CONFIG_DATA (CFCh),
configuration cycles are generated to the PCI function specified by the address
captured in CONFIG_ADDRESS. The format of the address is shown in Table 47.

Table 47. PCI CONFIG_ADDRESS Register (I/0 PORT CF8h) Mapping

Field CONFIG_ADDRESS Bits

Enable PCI Config. Space Mapping 31

Reserved 30:24
Bus Number 23:16
Device Number 15:11
Function Number 10:08
Register/Offset Number 07:02

Note: Bit 31 of CONFIG_ADDRESS must be set for a configuration cycle to be generated.

Pseudocode for a PCI register read is shown below:
MyCfgAddr [23:16] = bus; MyCfgAddr[15:11] = device; MyCfgAddr[10:8] = funct;
MyCfgAddr [7:2] = dWordMask (offset); MyCfgAddr([31] = 1;
IOWRITE (0xCF8, MyCfgAddr)

Register Snapshot = IOREAD (0xCFC)

5.5.2 PCI Configuration Access - ECAM: Memory Mapped Scheme

A flat, 256 Mbyte memory space may also be allocated to perform configuration
transactions. This is enabled through the HECREG message bus register (Port: 3h,
Register: 09h) found in the Host Bridge. HECREG allows remapping this 256 Mbyte
region anywhere in physical memory space. Memory accesses within the programmed
MMIO range result in configuration cycles to the appropriate PCI devices specified by
the memory address as shown below.

Table 48. PCI Configuration Memory Bar Mapping

ECAM Memory Address Field ECAM Memory Address Bits
Use from BAR: HECREG[31:28] 31:28
Bus Number 27:20
Device Number 19:15
Function Number 14:12
Register Number 11:02
Note: ECAM accesses are only possible when HECREG.EC_ENABLE (bit 0) is set.

Pseudocode for an enhanced PCI configuration register read is shown below:
MyCfgAddr [27:20] = bus; MyCfgAddr[19:15] = device; MyCfgAddr([14:12] = funct;

MyCfgAddr [11:2] = dw_offset; MyCfgAddr([31:28] = HECREG[31:28];

Register Snapshot = MEMREAD (MyCfgAddr)
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5.6 Message Bus Register Access

Accesses to the message bus space are through the Host Bridge’s PCI configuration
registers. This unit relies on three 32-bit PCI configuration registers to generate
messages:

¢ Message Bus Control Register (MCR) - PCI[B:0,D:0,F:0] + DOh
e Message Data Register (MDR) - PCI[B:0,D:0,F:0] + D4h
¢ Message Control Register eXtension (MCRX) - PCI[B:0,D:0,F:0] + D8h

This indirect access mode is similar to PCI CAM. Software uses the MCR/MCRX as an
index register, indicating which message bus space register to access (MCRX only when
required), and MDR as the data register. Writes to the MCR trigger message bus
transactions.

Writes to MCRX and MDR are captured. Writes to MCR generates an internal ‘message
bus’ transaction with the opcode and target (port, offset, byte enable) specified in the
MCR and the captured MCRX. When a write opcode is specified in MCR, the data that
was captured by MDR is used for the write. When a data read opcode is specified in
MCR, the data is available in the MDR register after the MCR write completes (non-
posted). The format of MCR and MCRX are shown in Table 49 and Table 50.

Table 49. MCR Description

Field MBPR Bits
OpCode (typically 10h for read, 11h for write) 31:24
Port 23:16
Offset/Register 15:08
Byte Enable 07:04

Table 50. MCRX Description

Field MBPER Bits

Offset/Register Extension. This is used for messages sent to end points that require more

than 8 bits for the offset/register. These bits are a direct extension of MCR[15:8]. 31:08

Most message bus registers are located in the Host Bridge. The default opcode
messages for those registers are as follows:

e Message ‘Read Register’ Opcode: 10h
e Message ‘Write Register’ Opcode: 11h

Registers with different opcodes are specified as applicable. Pseudocode of a message
bus register read is shown below (where ReadOp==0x10):

MyMCR [31:24] = ReadOp; MyMCR[23:16] = port; MyMCR[15:8] = offset;
MyMCR[7:4] = Oxf
PCIWRITE(O, 0, 0, 0xDO, MyMCR)

Register Snapshot = PCIREAD(O0, 0, 0, 0xD4)
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Table 51.

Register Field Access Types

Register Access Types and Definitions

Access Type

Meaning

Description

RO

Read Only

In some cases, if a register is read only, writes to this register
location have no effect. However, in other cases, two separate
registers are located at the same location where a read accesses
one of the registers and a write accesses the other register. See the
I/0 and memory map tables for details.

WO

Write Only

In some cases, if a register is write only, reads to this register
location have no effect. However, in other cases, two separate
registers are located at the same location where a read accesses
one of the registers and a write accesses the other register. See the
I/0 and memory map tables for details.

RW

Read/Write

A register with this attribute can be read and written.

RwW/C

Read/Write Clear

A register bit with this attribute can be read and written. However, a
write of 1 clears (sets to 0) the corresponding bit and a write of 0
has no effect.

RW/0O

Read/Write-Once

A register bit with this attribute can be written only once after power
up. After the first write, the bit becomes read only.

RW/L

Read/Write Lockable

A register bit with the attribute can be read at any time but writes
may only occur if the associated lock bit is set to unlock. If the
associated lock bit is set to lock, this register bit becomes RO unless
otherwise indicated.

RW/L/O

Read/Write, Lock-
Once

A register bit with this attribute can be written to the non-locked
value multiple times, but to the locked value only once. After the
locked value has been written, the bit becomes read only.

RW/SN

Read/Write

Read/Write register initial value loaded from NVM.

Reserved

Reserved

The value of reserved bits must never be changed.

Default

Default

When the processor is reset, it sets its registers to predetermined
default states. The default state represents the minimum
functionality feature set required to successfully bring up the
system. Hence, it does not represent the optimal system
configuration. It is the responsibility of the system initialization
software to determine configuration, operating parameters, and
optional system features that are applicable, and to program the
processor registers accordingly.
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6.0 Mapping Address Spaces
The Intel® Quark™ SoC X1000 supports four different address spaces:
e Physical Address Space Mappings (Memory Space)
e I/0 Address Space
e PCI Configuration Space
e Message Bus Space
The CPU core can only directly access memory space through memory reads and writes
and I/0 space through the IN and OUT I/O port instructions. PCI configuration space is
indirectly accessed through I/O or memory space, and the Message Bus space is
accessed through PCI configuration space. See Chapter 5.0, “Register Access Methods”
for details.
This chapter describes how the memory, 1/0, PCI, and Message Bus spaces are mapped
to interfaces in the SoC.
Note: See Chapter 12.0, “"Host Bridge” for registers specified in the chapter.
6.1 Physical Address Space Mappings
There are 4 Gbyte (32-bits) of physical address space that can be used as:
e Memory Mapped I/O (MMIO - I/0 fabric)
e Physical Memory (DRAM)
The CPU core can access the full physical address space, while downstream devices can
only access SoC DRAM, and the CPU core’s local APIC. Peer to peer transactions are not
supported.
Most devices map their registers and memory to the physical address space. This
chapter summarizes the possible mappings.
6.1.1 Bridge Memory Map

November 2014

The Host Bridge maps the physical address space as follows:
e CPU core to DRAM
e CPU core to I/0 fabric (MMIO)
e CPU core to extended PCI registers (ECAM accesses)
e I/0 fabric to CPU cores (local APIC interrupts)

This SoC has the following distinct memory regions:
e DOS DRAM + Low DRAM
¢ MMIO

The HMBOUND register is used to create these memory regions, as shown in Figure 13.
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Figure 13. Physical Address Space - Low DRAM & MMIO
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6.1.1.1

Figure 14.

November 2014

MMIO
The MMIO mappings are shown in Figure 14.
Physical Address Space - MMIO

4 Gbyte N

® - 1 (FFFFFFFFh)
- 128 Kbyte (FFFE 0000h)

MMIO - 17 Mbyte (FEEFFFFFh)
Local APIC

- 18 Mbyte (FEEO 0000h)

HMBOUND

HECREG + 256 Mbyte

HECREG

Physical Address
Space

By default, CPU core reads targeting the Boot Vector range (FFFFFFFFh-FFFEOOOOh)
are sent to the Legacy Bridge, and write accesses target DRAM. For secure SKU'’s, reads
targeting the Boot Vector are decoded and routed to a Secure Root of Trust Boot ROM.
For non-secure SKU'’s, reads targeting this region are routed to a boot SPI flash device
connected to the Legacy Bridge.

Upstream writes from the I/0 fabric to the Local APIC range (FEEOOOOOh-FEEFFFFFh)
are sent to the CPU core’s APIC.

Accesses in the 256 Mbyte PCI ECAM range starting at HECREG generate enhanced
PCI configuration register accesses when enabled (HECREG.EC_ENABLE). Unlike
traditional memory writes, writes to this range are non-posted when enabled. See
Chapter 5.0, “Register Access Methods” for more details.

All other downstream accesses in the MMIO range are decoded based on PCI resource
allocations. The subtractive agent (for unclaimed accesses) is the I/O Fabric. The I/O
Fabric returns an UNSUPPORTED REQUEST for unclaimed accesses.
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6.1.1.2 DOS DRAM

The DOS DRAM is the memory space below 1 MByte. In general, accesses from a
processor targeting DOS DRAM target system DRAM. Exceptions are shown in
Figure 15.

Figure 15. Physical Address Space - DOS DRAM

4 Gbyte

HMBOUND
64 Kbyte (FO000h to FFFFFh)

64 Kbyte (E0000h to EFFFFh)

VGA/CSEG 128 Kbyte (A0000h to BFFFFh)

1 Mbyte

DOS DRAM

Physical Address
Space

Processor writes to the 64 Kbyte (each) E and F segments (EO000h-EFFFFh and
FOO0Oh-FFFFFh) always target DRAM. The HMISC?2 register is used to direct CPU core
reads in these two segments to DRAM or the I/0 fabric (MMIO).

CPU core accesses to the 128 Kbyte VGA/CSEG range (A0000h-BFFFFh) can target
DRAM or the MMIO space depending on the setting of HMISC2.ABSEG_IN_DRAM. When
targeting MMIO space, requests are sent to the PCIe* port if legacy VGA is enabled in
the PCle controller.

6.1.1.3 Additional Mappings

There is one additional mapping available in the Host Bridge:
e SMM range

Figure 16 shows these mappings.
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Figure 16.

6.1.2

Table 52.

Warning:

6.2

November 2014

Physical Address Space - SMM Range

Low or High
DRAM in Physical

HSMMCTL.SMM_END
SMM Range
HSMMCTL.SMM_START

0

SMI handlers running on a CPU core execute out of SMRAM. To protect this memory
from non-CPU core access, the SMM Range (HSMMCTL.SMM_START -
HSMMCTL.SMM_END) may be programmed anywhere in low DRAM space (1 Mbyte
aligned). This range only allows accesses from the CPU core while in SMM.

MMIO Map
Memory accesses targeting MMIO are routed by the programmed PCI ranges.
Fixed MMIO is claimed by the Legacy Bridge. The default regions are listed below.

Movable ranges are not shown. See the register maps of all Legacy Bridge components
for details.

Fixed Memory Ranges in the Legacy Bridge

Device Start Address | End Address Comments
Low BIOS (Flash Boot) 000E0000h 000FFFFFh Starts 128 Kbyte below 1 Mbyte; Firmware/
I/0 APIC FEC00000h FEC00040h Starts 20 Mbyte below 4 Gbyte
HPET FED0000O FEDOO3FFh | Starts 19 Mbyte below 4 Gbyte
High BIOS/Boot Vector FFFE0000h FFFFFFFFh Starts 128 Kbyte below 4 Gbyte; Firmware/

BIOS

PCI devices may also claim memory resources in MMIO space. For details see each
device’s interface chapter.

Variable memory ranges should not be set to conflict with other memory ranges. There
may be unpredictable results if the configuration software allows conflicts to occur.
Hardware does not check for conflicts.

I/0 Address Space

There are 64 Kbyte + 3 bytes of I/0O space (0h-10002h) for accessing I/0 registers.
Most I/0O registers exists for legacy functions in the Legacy Bridge or for PCI devices,
while some are claimed by the Host Bridge for the PCI configuration space access
registers.
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6.2.1

6.2.2

6.2.2.1

Table 53.

6.2.2.2

Warning:

Table 54.

Host Bridge I/0 Map

The Host Bridge claims I/0 transactions for VGA/Extended VGA found in the display/
graphics interface. It also claims the two 32-bit registers at port CF8h and CFCh used
to access PCI configuration space.

I/0 Fabric I/0 Map

Legacy Bridge Fixed I/0 Address Ranges

Table 53 shows the fixed I/O space ranges seen by a processor.

Fixed I/0 Ranges in the Legacy Bridge

Device I/0 Address Comments
8259 Master 20h-3Dh
8254s 40h-43h, 50h-53h
NMI Controller 61h, 63h, 65h, 67h
RTC 70h-73h
Scratch Pad 80h-83h
8259 Slave AOh-BDh
Reset Control CF9h Overlaps PCI I/0 registers

Variable I/0 Address Ranges

Table 54 shows the variable I/O decode ranges. They are set using base address
registers (BARs) or other similar means. Plug-and-play (PnP) software (PCI/ACPI) can
use their configuration mechanisms to set and adjust these values.

The variable I/0 ranges should not be set to conflict with other I/O ranges. There may
be unpredictable results if the configuration software allows conflicts to occur.
Hardware does not check for conflicts.

Movable I/0 Ranges Decoded by PCI Devices on the I/0 Fabric

Device Size (bytes) Target
ACPI Power Management 16 PM1BLK: PCI[B:0,D:31,F:0] + 48h
ACPI General Purpose Event 0 64 GPEOBLK: PCI[B:0,D:31,F:0] + 4Ch
GPIO 128 GBA: PCI[B:0,D:31,F:0] + 44h
Watchdog Timer 64 WDTBA: PCI[B:0,D:31,F:0] + 84h
ACPI Processor Block 16 PMBA: Port[0x04] + 70h
SPI DMA Block 16 SPI_DMA_BAR: Port[0x04] + 7Ah
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6.3 PCI Configuration Space
All PCI devices/functions are shown below.
Table 55. PCI Devices and Functions
Bus Device Function Device Description Function Description

0 0 Host Bridge
0 SDIO / eMMC
1 HS-UART 0
2 USB 2.0 Device
3 USB EHCI

20 I/0 Fabric
4 USB OHCI
5 HS-UART 1

0 6 10/100 Ethernet MAC 0

7 10/100 Ethernet MAC 1
0 SPI O

21 1 I/0 Fabric SPI 1
2 12C* / GPIO
0 Root Port 0

23 PCI Express*
1 Root Port 1

31 0 Legacy Bridge Legacy Components
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Figure 17. Bus 0 PCI Devices and Functions
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6.4 Message Bus Space

Message bus space provides access to different units within the host bridge. These
units are useful in configuring the memory map, power management, and more.

Figure 18. Message Bus with PCI Space

CPU
Core

Message Bus Space

Port: 0x00 || Port: 0x01 || Port: 0x03 | Port: 0x04 || Port: 0x05

Memory || Memory Host Remote Memory
. . Management
Arbiter || Controller|| Bridge Unit Manager
Table 56. Message Types
Msg Type Message Description
Register Write message - used to write to the 32-bit
RegWr Dunit registers.
RegRd Register Read message - used to read from the 32-bit
9 Dunit registers.
Ms Simple message without data - used to send atomic
9 commands, such as Wake and Suspend.
Simple Message with 4 bytes of data - used to
MsgD communicate with the DRAM devices during
initialization.
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7.0 Clocking

The SoC has a variable frequency, multiple clock domain, and multiple power plane
clocking system. This clock architecture achieves a low power clocking solution that
supports the various clocking requirements of the different IPs on the SoC. This is
achieved by using an Integrated Clock module (iClock) that supplies the clocks to the
entire platform.

7.1 Clocking Features

The SoC provides a complete system clocking solution through integrated clocking. All
the required platform clocks are provided by the SoC using only one input: a 25 MHz

primary reference for the integrated clock block. An optional 32 KHz reference for the
Real Time Clock (RTC) block may be provided if required.
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Figure 19.

7.2

SoC Platform Clocking

Intel® Quark™ SoC X1000—Clocking
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FLEX2_CLK
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Ethernet
PHY

(RMII)

I°C* Interface

SPI Flash

SPI Device

External Device(s)

The reference clocks required for the various interface PLLs (e.g., USB/PCle*) and the
processor are internally generated by the Integrated Clocking unit.

Platform/System Clock Domains

The SoC contains multiple clock domains to support its various interfaces. Table 57 and
Table 58 summarize the different clock inputs and outputs in the system.
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Table 58.
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Intel® Quark™ SoC X1000 Clock Inputs

intel.

Clock Domain Signal Name Frequency Usage/Description
. XTAL_IN .
Main XTAL_OUT 25 MHz 25 MHz reference for the iCLK PLL
RTCX1 RTC Crystal I/0 for RTC block.

RTC RTCX2 32 kHz This clock is optional and may be
generated internally by the iCLK PLL.
RMII 50MHz Clock
This clock is a loopback of

Ethernet PHY RMII_REF_CLK 50 MHz RMII_REF_CLK_OUT

JTAG TCK 25 MHz JTAG Test Clock

CPU/PLL OSC_COMP Static current Ext. precision R 10.5 kOhm to 1.5V

Intel® Quark™

SoC X1000 Clock Outputs

Clock Domain Signal Name Frequency Usage/Description

DDR Bgig:ﬁi[[;pog)] 400 MHz ?;i\tlﬁz E:I?(;ecr?ggg-ry ranks 0-1. Data rate is

PCI Express* EEEES;H:gﬂig::i:E 100 MHz E)i(fpfﬁgigiiage(\:)izgts supplied to external PCI
FLEXO_CLK 33 MHz

Flex Clocks FLEX1_CLK 33 MHz Output clock for External devices
FLEX2_CLK 48 MHz

Legacy SPI LSPI_SCK 20 MHz Clock for external SPI Flash

SPI SPI[0/1]_SCK 25 MHz SPI serial clocks

Ethernet PHY RMII_REF_CLK_OUT 50 MHz Reference clock for RMII interface

1°c* 12C_CLK 400 kHz 1C clocks

SD SD_CLK 50 MHz SD Clock

Main CKSYS250UT 25 MHz 25 MHz Oscillator Output
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8.0 Power Management

®

This chapter provides information on the following power management topics:

e ACPI States

e Processor Core

e PCI Express*

8.1 Power Management Features

ACPI 3.0 specification support

e ACPI Processor C States (C0, C1, and C2)

8.2 Signal Descriptions

ACPI Sleep State Support (S0, S3, S4, and S5)
PCI Express LO, L1, L2, and L3

See Chapter 2.0, “Physical Interfaces” for additional details.

The signal description table has the following headings:

Signal Name: The name of the signal/pin

o Direction: The buffer direction can be either input, output, or I/O (bidirectional)

Type: The buffer type found in Chapter 4.0, “Electrical Characteristics”
Description: A brief explanation of the signal’s function

Table 59. Power Management (Sheet 1 of 2)

. Direction/ .
Signal Name Type Description
I Reset Button: With the SOC in SO an activation of this input will
RESET_BTN_B PwrMgmt result in a 'Warm Reset'. Active LOW
PCI Express Wake Event:
I This signal indicates a PCI Express port wants to wake the
WAKE_B system. Can optionally be used by an external device to wake
PwrMgmt | he system if the WAKE_B functionality is not required by PCI
Express.
I General Purpose Event:
GPE_B PwrM GPE_B is asserted by an external device to log an event in the
WwrMgmt | oy stem's ACPI space and cause an SCI (if enabled).
Power Button: Two modes of operation.
I 1. A power button press is required to complete cold boot.
PWR_BTN_B Active LOW.
PwrMgmt 2. The button is tied low, results in an automated start at power
on.
o
S3_3V3_EN S3 Domain 3.3v platform rail enable. Active HIGH.
PwrMgmt

November 2014
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Table 59. Power Management (Sheet 2 of 2)

- Direction/ N
Signal Name Type Description
S3_1V5_EN o S3 Domain 1.5v platform rail enable. Active HIGH.
PwrMgmt
I
S3_PG PwrMgmt S3 Power Good
S0_1P0_PG ! S0 Domain 1.0V Power Good
PwrMgmt
S0_3V3_EN o S0 Domain 3.3v platform rail enable. Active HIGH.
PwrMgmt
SO0_1V5_EN o S0 Domain 1.5v platform rail enable. Active HIGH.
PwrMgmt
SO0_1VO_EN o S0 Domain 1.0v platform rail enable. Active HIGH.
PwrMgmt
ODRAM_PWROK o DRAM Power Okay: Active HIGH.
PwrMgmt
OSYSPWRGOOD O System Power Good: SO power is good. Active HIGH
PwrMgmt
10
VNNSENSE VNN sense voltage for IMVP
PwrMgmt
10
VSSSENSE VSS sense voltage for IMVP
PwrMgmt
8.3 ACPI Supported States

The ACPI states supported by the processor are described in this section.
8.3.1 S-State Definition

8.3.1.1 SO - Full On

This is the normal operating state of the processor. In SO, the core processor
transitions in and out of the various processor C-States.

Note: The processor core does not support P-states.

8.3.1.2 S3 - Suspend to RAM (Standby)
S3 is a suspend state in which the core power planes of the processor are turned off
and the suspend wells remain powered.
o All power wells are disabled, except for the suspend and RTC wells.
e The core processor’s macro-state is saved in memory.

e Memory is held in self-refresh and the memory interface is disabled, except the
CKE pin as it is powered from the memory voltage rail. CKE is driven low.

8.3.1.3 S4 - Suspend to Disk (Hibernate)

S4 is a suspend state in which most power planes of the processor are turned off,
except for the suspend and RTC well. In this ACPI state, system context is saved to the
mass storage device attached to SDIO/eMMC interface.
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Note:

8.3.1.4

8.3.2

Table 60.

Table 61.

November 2014

This is a software based state that is the same as S5 to hardware. On S4 entry, the
system saves the entire contents of data off to NVRAM. On S4 resume, the system
restores the entire contents of memory after performing the a typical S5-S0 boot.

Key features:
e No activity is allowed.
o All power wells are disabled, except for the suspend and RTC well.

S5 - Soft Off

From a hardware perspective the S5 state is identical to the S4 state. The difference is
purely software; software does not write system context to OS storage when entering
S5.

System States

General Power States for System

States/Sub-states Legacy Name / Description

G0/S0/C0 FULL ON: CPU operating. Individual devices may be shut down to save power. The
different CPU operating levels are defined by Cx states.

G0/S0/Cx Cx State: CPU manages C-state itself.

Suspend-To-RAM (STR): The system context is maintained in system DRAM, but
power is shut to non-critical circuits. Memory is retained, and refreshes continue. All

G1/53 external clocks are shut off; RTC clock and internal ring oscillator clocks are still
toggling.

G1/S4 Suspend-To-Disk (STD): The context of the system is maintained on the disk. All
power is shut down except power for the logic to resume.
Soft-Off: System context is not maintained. All power is shut down except power for

G2/S5 the logic to restart. A full boot is required to restart. A full boot is required when

waking.

Mechanical OFF. System content is not maintained. All power shutdown except for
the RTC. No “Wake” events are possible, because the system does not have any

G3 power. This state occurs if the user removes the batteries, turns off a mechanical
switch, or if the system power supply is at a level that is insufficient to power the
“waking” logic. When system power returns, transition depends on the state just prior
to the entry to G3.

Table 61 shows the transition rules among the various states. Note that transitions
among the various states may appear to temporarily transition through intermediate
states. These intermediate transitions and states are not listed in the table.

ACPI PM State Transition Rules (Sheet 1 of 2)

Present . .
State Transition Trigger Next State
P_LVL2 Read G0/S0/C2
. G1/Sx or G2/S5 state (specified by

PM1C.SLP_EN bit set

G0/S0/CO PM1C.SLP_TYPE)
Power Button Override G2/S5
Mechanical Off/Power Failure G3
C2 break events which include: MSI, Legacy
Interrupt G0/S0/CO

GO/S0/C2 Ipower Button Override G2/S5
Resume Well Power Failure G3

Intel® Quark™ SoC X1000
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intel.

Table 61. ACPI PM State Transition Rules (Sheet 2 of 2)
Present . .
State Transition Trigger Next State
Any Enabled Wake Event G0/s0/Co
G1/S3, G1/S4 | Power button Override G2/S5
Resume Well Power Failure G3
Any Enabled Wake Event G0/s0/Cco
G2/S5
Power Failure or Removal G3
Option to go to SO/CO (reboot) or G2/S5 (stay
off until power button pressed or other enabled
G3 Power Returns wake event) or G1/S4 (if system state was S4
prior to the power failure). Some wake events
are preserved through a power failure.
8.3.3 Processor Idle States
Table 62. Processor Core/ States Support
State Description
Cco Active mode, processor executing code
C1 AutoHALT state
Cc2 Stop Grant state
8.3.4 Integrated Memory Controller States
Table 63. Main Memory States
States Description
Powerup CKE asserted. Active mode.
Precharge Powerdown CKE de-asserted (not self-refresh) with all banks closed.
Active Powerdown CKE de-asserted (not self-refresh) with at least one bank active.
Self-Refresh CKE de-asserted using device self-refresh
8.3.5 PCIe* States
Table 64. PCle* States

States Description
LO Full on - Active transfer state
LOs First Active Power Management low power state - Low exit latency
L1 Lowest Active Power Management - Longer exit latency
L3 Lowest power state (power-off) — Longest exit latency
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8.3.6

Table 65.

8.4

8.4.1

8.4.1.1

8.4.2

8.4.2.1

November 2014

Interface State Combinations

G, S and C State Combinations

Processor
Global (G) Sleep System -
Core Processor State Description
State (S) State (C) state Clocks
GO SO Cco Full On Oon Full On
GO S0 C1 Auto-Halt On Auto-Halt
GO SO c2 Stop Grant On Stop Grant
Off except RTC
G1 S3 Power Off & internal ring Suspend to RAM
0sC
Off except RTC
G1 S4 Power Off & internal ring Suspend to Disk
0osC
Off except RTC
G2 S5 Power Off & internal ring Soft Off
0OsC
G3 NA Power Off Power Off Hard Off

Processor Core Power Management

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, lower power C-states have longer entry and exit
latencies.

Low-Power Idle States

When the processor core is idle, low-power idle states (C-states) are used to save
power. More power savings actions are taken for numerically higher C-state. However,
higher C-states have longer exit and entry latencies.

Clock Control and Low-Power States

The processor core supports low power states at core level. States for processor core
include Normal (C0), Auto-Halt (C1) and Stop Grant (C2).

Transition to processor core power states higher than C1 are triggered by initiating a
P_LVLx (P_LVL2) I/O read.

The Cx state ends due to a break event. Based on the break event, the processor
returns the system to CO. The following are examples of such break events:

e Any unmasked interrupt goes active

e Any internal event that will cause an NMI or SMI_B
e CPU Pending Break Event (PBE_B)

e MSI

Processor Core C-States Description

Core CO State

The normal operating state of a core where code is being executed.
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8.4.2.2

8.4.2.3

8.5

8.5.1

8.5.2

8.5.2.1

8.5.2.2

Intel® Quark™ SoC X1000—Power Management

Core C1 State
C1 is a low power state entered when the core executes a HLT instruction.

A System Management Interrupt (SMI) handler returns execution to either Normal
state or the C1 state. See the Inte/® 64 and IA-32 Architecture Software Developer’s
Manual, Volume 3A/3B: System Programmer’s Guide for more information.

While the core is in C1 state, it still processes snoops.

Core C2 State

C2 is entered when the processor reads the P_LVL2 register to trigger a transition from
CO0 to C2. While the core is in the C2 state, it processes snoops.

An interrupt or a reset is required to exit the C2 state and return to the CO state.

Memory Controller Power Management

The main memory is power managed during normal operation and in low-power ACPI
Cx states.

Disabling Unused System Memory Outputs

When a given rank is not populated, the corresponding chip select and CKE signals are
not driven.

At reset, all rows must be assumed to be populated, until it can be proven that they are
not populated. This is due to the fact that when CKE is tri-stated the memory module is
not guaranteed to maintain data integrity.

DRAM Power Management and Initialization

The SoC implements extensive support for power management on the SDRAM
interface. There are four SDRAM operations associated with the Clock Enable (CKE)
signals, SRE, SRX, PDE and PDX, which the SDRAM controller supports. The SoC drives
two CKE pins to perform these operations.

Initialization Role of CKE

During power-up, CKE is the only input to the SDRAM that is recognized (other than the
DDR3 reset pin) once power is applied. It must be driven LOW by the DDR controller to
make sure the SDRAM components float DQ and DQS during power-up.

CKE signals remain LOW (while any reset is active) until the BIOS writes to a
configuration register. Using this method, CKE is guaranteed to remain inactive for
much longer than the specified 200 micro-seconds after power and clocks to SDRAM
devices are stable.

Dynamic Self-Refresh
When Dynamic Self-Refresh (SR) is enabled, via DPMCO0.DYNSREN, the Memory
Controller places the SDRAM in SR mode when the following conditions are true:
1. No requests are pending

2. Internal Request Status is low priority

3. No SR exit requests from the DDRIO (for RCOMP updates)

Intel® Quark™ SoC X1000

Datasheet
110

November 2014
Document Number: 329676-004US



™ u ®
Power Management—Intel® Quark™ SoC X1000 l n t el >

8.5.2.3

8.5.2.4

November 2014

If one of the above conditions change prior to the SR Entry command being sent to the
DRAM the process is terminated.

When Dynamic SR is enabled the Memory Controller exits SR mode when one of the
following is true:

1. Requests are pending and the Internal Request Status is normal or urgent
2. A SR exit request from the DDRIO

Dynamic Power Down Operation

Dynamic power-down of memory is employed during normal operation. Based on idle
conditions, a given memory rank may be powered down. The Memory Controller
implements aggressive CKE control to dynamically put the DRAM devices in a power
down state. The Memory Controller can be configured to put the devices in active
power down (CKE de-assertion with open pages) or precharge power down (CKE de-
assertion with all pages closed). Precharge power down provides greater power savings
but has a bigger performance impact, since all pages will first be closed before putting
the devices in power down mode.

If dynamic power-down is enabled, all ranks are powered up before doing a refresh
cycle and all ranks are powered down at the end of refresh.

Functional Clock Gating

The Memory Controller has internal clock gating for the majority of its clocked logic.
When enabled the clock gating is activated when all inputs are inactive and all
commands are complete and DDR3 timing trackers are flushed. When Dynamic SR is
enabled, clock gating is only applied when the SDRAM is in Self-Refresh.

88

Intel® Quark™ SoC X1000
Datasheet

Document Number: 329676-004US 111



®
l n t e I Intel® Quark™ SoC X1000—Power Management

Intel® Quark™ SoC X1000
Datasheet November 2014
112 Document Number: 329676-004US



™ [ |} ®
Power Up and Reset Sequence—Intel® Quark™ SoC X1000 l n t el >

9.0

Power Up and Reset Sequence

9.1

9.1.1

9.2

Note:

9.2.1

November 2014

This chapter provides information on the following topics:
e Power up and down sequences, including wake events
e Reset behavior

Intel® Quark™ SoC X1000 System States

System Sleep States Control (S-States)

The SoC supports the S0, S3, S4, and S5 sleep states. S4 and S5 states are identical
from a hardware perspective.

The SoC integrates a Power Management Controller (PMC). No external power
controller IC is required.

The SoC sleep states are described in Chapter 8.0, "Power Management”.

Power Up and Down Sequences

Delays in power sequences are dependent on components outside the SoC. As long as
the sequencing is preserved, the SoC will operate.

Power Up, Wake and Reset Overview

SoC power up is dependent on two supplies:
e VCC3P3_S5, which is generated from AC power
e VCCRTC_3P3, which powers the RTC well only

VCCRTC_3P3 is derived directly from VCC3P3_S5, if present. Otherwise it can be driven
by a coin-cell battery.

e In the case where the coin-cell battery is present but not AC power, only the RTC
well is powered up. The SoC can move to state G3 only. The SoC can subsequently
be transitioned to state S4/S5 by applying AC power.

¢ In the case where AC power is present but there is no coin-cell battery, power up is
initiated directly by the ramping of the VCC3P3_S5 supply. The SoC transitions
directly to state S4/S5.

Subsequent transition from S4/S5 to SO is governed by activity on the power button
pin, PWR_BTN_B:
e If PWR_BTN_B is strapped low (auto power button mode) when AC power is
applied, the SoC transitions directly to SO from S4/S5 via a transitional S3 state.

e If PWR_BTN_B is high when AC power is applied, the SoC transitions to S4/S5 only.
A subsequent falling edge on PWR_BTN_B, with the low value being maintained for
2.5ms or more, is required to initiate a transition to SO via the transitional S3 state.
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Once in state SO the SoC can be put to sleep, i.e., transitioned to sleep states S3 or S4/
S5, through appropriate settings of the Legacy Bridge ACPI registers PM1C.SLPTYPE
and PM1C.SLPEN.

A wake event is defined as a transition from state S3 to state S0. The chip can be
woken up via a number of mechanisms including specific register settings, or by
asserting specific SoC pins. A watchdog function in the Legacy Bridge can also trigger a
wake event.

In auto power button mode, if the SoC is placed in sleep state S4/S5, the system can
only be woken by the removal and reapplication of AC power. It does not resume from
S4, rather it is a new start with context loss. Since PWR_BTN_B is low it will power up
and transition directly back to SO as described in the power up sequence.

There are two classes of reset associated with Intel® Quark™ SoC X1000:

e A cold reset means transitioning from SO to S4/S5 and back to SO again,
independent of the PWR_BTN_B value. This can only be initiated from state SO
through the register RSTC.COLD_RST. All registers except those driven by the RTC
supply are effectively reset.

o A warm reset resets CPU and peripheral blocks without the removal of the power
supplies. This can be initiated via a write to the register RSTC.WARM_RST or by
asserting the SoC pin, RESET_BTN_B (active low). It can occur only in state SO and
after reset the SoC remains in state S0. RTC well and suspend well registers are left
unaffected.

A cold boot is the sequence where AC power is applied followed by an immediate
transition to SO using the PWR_BTN_B signal or directly in auto power button mode.

Catastrophic shutdown can be carried out by holding PWR_BTN_B low for at least
3s. This results in a direct return to the S4/S5 state. It can also be initiated by software
under specific error conditions. See the Inte/l® Quark™ SoC X1000 UEFI Firmware
Writer’s Guide (Document # 330236) for more information.

The following sections provide more detail on these power-related functions.

RTC Power Well Transition: G5 to G3 State Transition
The transition to the G3 state is initiated when VCCRTC_3P3 is ramped. The sequence
is as follows:

1. VCCRTC_3P3 ramps. RTCRST_B should be low.

2. The SoC starts the real time clock oscillator.

3. A minimum of t1 units after VCCRTC_3P3 ramps external circuitry deasserts
RTCRST_B. The system is now in the G3 state.
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Figure 20. RTC Power Well Timing Diagrams

Initial
Power Up State G3
Insert coin-cell battery
VCCRTC_3P3
RTCRST_B t1 [ext] /
. . t2 .
32kHz Oscillator [int] Oscillator Start-Up Clock Valid
Table 66. RTC Power Well Timing Parameters
Parameter Description Min Max Units Notes
VCCRTC_3P3 to RTCRST_B
t deassertion ° N/A ms 1
t2 Oscillator Startup Time -N/A -N/A s 2
Notes:
1. This delay is typically created from an RC circuit.
2. The oscillator startup times are component and design specific. A crystal oscillator can take as long as
2 s to reach a large enough voltage swing. Whereas, a silicon oscillator can have startups times
<10 ms.
9.2.3 AC Power Applied: G3 to S4/S5 State Transition

The timings shown in Figure 21 and Table 67 occur when AC power is applied. The
following occurs:

1. The supplies VCC3P3_S5, VCC1PO_S5 and VCC1P5_S5 are generated by the
platform regulator. These voltages start ramping at [t1,t2,t3].

Note: Itis required that the platform power sequence ensures that the 3 voltages
ramp in this order (VCC3P3_S5 --> VCC1P0O_S5 --> VCC1P5_S5) All S5
voltages (3P3,1P8,1P0) must be stable prior to VCC1P5_S5.

2. VCC3P3_S5 drives an internal S5 LDO regulator that generates an internal 1.0V
and 1.8V supplies. The 1.8V is driven off chip at time t4 on pin OVOUT_1P8_S5.

Note: It is intended the 1P8V generated by the LDO is connected back into the
VCC1P8_S5 input in order to eliminate the need to generate this voltage on
the platform.

Note: The 1.0V supply output at pin OVOUT_1P0_S5 is unused and should remain
not connected at the platform.

3. When the internal supplies are stable an internal S5 power-good signal is
generated.
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A platform S5 power good signal is generated when all Platform Generated S5
supplies are stable at 95% of nominal voltage. This signal is applied at the S5_PG
pin [t6]

Note: If the VCC1P8_S5 is generated by the platform then this voltage must also
be stable prior to assertion of the S5_PG."

When both the internal S5 power-good and S5_PG signals are asserted the system
is in state S4/S5.

Using PWR_BTN_B: Transition from S4/S5 to SO

1.

10.
11.

12.

13.

14.
15.
16.

17.

The internal power management controller detects an event: either PWR_BTN_B is
actively brought low and remains low for at least 2.5ms [t7], or it is tied low for an
automatic start from the S5 state (auto power button mode). This initiates the
transition from S4/S5 to SO.

After a PLL settling time the internal PMC generates a switch enable S3_3V3_EN
which should be used to switch on of the platform S3 supply VCC3P3_S3 [t8, t8'].

This is followed by the assertion of S3_1V5_EN to switch on VCC1P5_S3 [t9].

Note: The switch enables are active high and should be used to drive PFET
switches or regulator enables on the platform.

Note: The switch enables are staggered because of SoC rail sequencing
constraints.

. After a switch-on time [t10] the S3 supply VCC3P3_S3 starts ramping. This is

followed in turn by VCC1P5_S3 [t12].

. VCC3P3_S3 drives an internal S3 LDO regulator which generates internal 1.0V and

1.8V supplies. These are driven off chip via the OVOUT_1P0_S3 and
OVOUT_1P8_S3 pins [t13, t14].

. When the internal supplies are stable an internal S3 power-good signal is

generated [t15].

. The Platform S3_PG pin [t16] is asserted when the Platform generated VCC1P5_S3

Power rails is stable. Based on the power rail sequencing this will ensure that all
platform generated S3 rails will be stable.

. When both the internal S3 power-good and S3_PG signals are asserted, the SoC is

in a transitional S3 state.

. The PMC now generates the switch enable SO_3V3_EN which should be used to

switch on the SO supply VCC3P3_S0 [t17].
This is followed by the assertion of SO_1VO_EN to switch on VCC1P0_SO0 [t18].

After a switch-on time [t19], the SO supply VCC3P3_S0 starts ramping. This is
followed in turn by VCC1P0_SO0 [t21].

VCC3P3_S0 drives an internal SO LDO regulator which generates internal 1.05V
and 1.8V supplies. These are driven off chip via the OVOUT_1P05_S0 and
OVOUT_1P8_S0 pins [t22, t23].

Once VCC1P0_SQ0 is stable the platform should generate an active high power good
signal which is applied to the SO_1P0_PG pin [t25].

The PMC now generates the switch enable SO_1V5_EN after SO_1P0_PG asserted.
This followed by the assertion of SO_1V5_EN to switch on VCC1P5_S0 [t27].

The Platform SO_PG pin [t28] is asserted when the Platform generated VCC1P5_S0
Power rails is stable. Based on the power rail sequencing this will ensure that all
platform generated SO rails will be stable.

All supplies all now on and the system us in state SO.
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Figure 21. Power Up Sequence
If power button is used S5 — S3/S0
Power In (t0) transition occurs upon de-assertion
ﬁf PWR_BTN_B.
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Figure 22.

Intel® Quark™ SoC X1000—Power Up and Reset Sequence

Power-Up Sequence without G2/G3: No Coin-Cell Battery

This sequence must be adhered to in cases where one of the following conditions apply:
1. The system does not implement an RTC battery (coin cell) or a main battery.
2. The coin cell is drained with no main or a dead main battery.
3. No coin cell implemented or dead coin cell and main battery is being swapped.

AND one of the following conditions also applies:

1. The platform does not implement a power button to initiate a sequence to SO, and
AC power becomes available.

2. The platform does use a power button, but the default first sequence when power is
available is entry into SO.

In these cases, the relative timing between RTC and suspend wells becomes important.
The key point is that, as well as a minimum time, there is a maximum time by which
RTCRST_B must be deasserted. It must happen before an internal reset associated with
the suspend well is deasserted. This is shown in Figure 22.

Power-Up Sequence without G2/G3

Apply AC Power
Y
to
VCCRTC_3P3 [ext] /
|
! o [ [ [ [ []]
RTCRST_B |
| Uow || | | [ ][]
1
. . | .
32kHz Oscillator [int] | ) . Clock Valid
|
|
to'
VCC3P3_S5 [ext] |
Resume well reset [int]
Initial Power State G3
Up (transitional) Sl S

Notes:

1. This delay is typically created from an RC circuit.

2. The oscillator startup times are component and design specific. A crystal oscillator can take as long as
2 s to reach a large enough voltage swing. Whereas, a silicon oscillator can have startups times
<10 ms.

3. System transitions automatically through S4/S5 to SO. See Section 9.2.4 for SO power on sequence.
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Table 67. S4/S5 to SO Timing Parameters (Sheet 1 of 2)
Internal
. (SoC)/ . . .
Time External Description Min Max Units Notes
(Platform)
Apply AC Assume SoC
0 N/A power N/A N/A N/A is in state G3
t1 ext VCC3P3_S5
Platform related and are specific to the
t2 ext VCC1PO_S5 voltage regulator selected.
t3 ext VCC1P5_S5
t4 int OVOUT_1P8_ | tracks the VCC3P3_S5 with negligible delay.
S5 (Delay) There is no specific value.
Platform detection of all platform generated
t6 ext Assertion of S5 rails to only activate once they are at 1
S5_PG ~95%, the delay is an RC so is platform
controlled.
Must hold
PWR_BTN_B
PWR BTN B low for at
t7 int debounce 2.5 - ms least this
time time for
falling edge
to take effect
With respect
. S3_3V3_EN to
t8 int (Delay) N/A N/A N/A PWR BTN B
event
auto power
, . S3_3V3_EN button mode:
8 int (Delay) N/A N/A N/A With respect
to S5_PG
Offset from
S3_3V3_EN
. S3_1V5_EN due to SoC
t9 int (Delay) 90 1800 us rail
sequencing
requirements
VCC3P3_S3
t10 ext (Switch
Delay)
Platform delays based on component delays.
VCC1P5_S3
t12 ext (Switch
Delay)
; OVOUT_1P8_
t13 int S3 (Delay)
Track the VCC3P3_S3 with negligible delay.
t14 int OVOUT_1P0_
S3 (Delay)
. Platform detection of all S3 rails to only
t16 ext é;sepr(talon of activate once they are at ~95%, the delay is | 1
- a RC so is platform controlled.
; SO0_3V3_EN
t17 int (Delay) N/A N/A N/A
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S4/S5 to SO Timing Parameters (Sheet 2 of 2)

Table 67.

9.2.6

9.2.7

Intel® Quark™ SoC X1000—Power Up and Reset Sequence

Internal
Time E(xst::?\él Description Min Max Units Notes
(Platform)
Offset from
S3_3V3_EN
. SO0_1VO_EN due to SoC
t18 int (Delay) N/A N/A N/A rail
sequencing
requirements
VCC3P3_S0
t19 ext (Switch
Delay)
Platform delays based on component delays.
VCC1P0_SO
t21 ext (Switch
Delay)
) OVOUT_1P8_
t22 int S0 (Delay)
Track the VCC3P3_S0 with negligible delay.
23 int OVOUT_1P05
_S0 (Delay)
Assertion of
t25 ext S0_1P0_PG N/A N/A N/A
) SO0_1V5_EN
t26 int (Delay) N/A N/A N/A
VCC1P5_S0
t27 ext (Delay) Platform delays based on component delays.
Assertion of Platform detection of all SO rails to only
t28 ext activate once they are at ~95%, the delay is | 1
SO0_PG h
a RC so is platform controlled
1 - Must be asserted after internal power good assertions from respective [S5/S3/S0] LDO regulators

Going to Sleep: Transitions from SO to S3 or S4/S5

Entry to sleep states (S3, S4/S5) is initiated by any of the following methods:

e Setting the desired type in PM1C.SLPTYPE and setting PM1C.SLPEN in the Legacy
Bridge ACPI registers.

e Detection of a catastrophic event causes a direct transition to S4/S5. This can occur
when the main power well is on, i.e. in the SO state. Such an event can be initiated
by pressing PWR_BTN_B low for more than 3s. It can also be initiated by software
after detection of a temperature (see Chapter 10.0) or other error event.

Wake Events: Transition from S3 to SO

Wake events are used to return the system to SO and can only be initiated in state S3.
They are controlled completely by the PMC. Upon exit from sleep states, the
PM1S.WAKE bit in the Legacy Bridge ACPI registers will be set.

Table 68 describes these events:

Intel® Quark™ SoC X1000

Datasheet
120

November 2014
Document Number: 329676-004US



™ u
Power Up and Reset Sequence—Intel® Quark™ SoC X1000 l n t el

Table 68.

9.2.8

Table 69.

9.2.8.1

9.2.8.2

November 2014

®

Intel® Quark™ SoC X1000 S3 Wake Events

Event How Enabled Description
Set both PM1S.RTC and PM1E.RTC in Triggered by RTC asserting IRQ#8 in
RTC Alarm -
Legacy Bridge Legacy Block
Resume GPIOSUS Set both GPEOSTS.GPIO and Generates SCI/SMI via ACPI GPEO
GPEOEN.GPIO in Legacy Bridge registers in Legacy Bridge

Set both GPEOS.EGPE and GPEOE.EGPE Generates SCI/SMI via General Purpose

External GPE_B (pin) in Legacy Bridge Event Register in Legacy Bridge

Input to SoC that indicates a PCI

WAKE_B (pin) N/A Express port wants to wake the system.

PWR_BTN_B press (active low) triggers

Power button Press PWR_BTN_B transition to SO

Reset button Press RESET_BTN_B RESET_BTN_B press (active low)

triggers transition to SO

System Reset Sequences

There are two types of reset:

e Cold Reset: Results in power cycling of all rails except the RTC well. The entire chip
is reset except for the RTC well.

e Warm Reset: Results in a reset without the removal of power. All core logic gets
reset. The suspend and RTC wells are not reset. The system remains in state SO.

SoC Reset Events

Sequence Type How Initiated
Switch AC power off and then on again
Cold Boot When not in auto power button mode PWR_BTN_B is asserted (low) for at
least 2.5ms
Cold Reset (Internal) RSTC.COLD_RST bit set
Warm Reset (External) RESET_BTN_B pin asserted (low) for at least 2.5ms
Warm Reset (Internal) RSTC.WARM_RST bit set

Cold Boot Sequence

Cold boot happens when AC power is turned off and on again. The power button is used
to wake up the system: assert PWR_BTN_B low for at least 2.5ms. In auto power
button mode (PWR_BTN_B strapped low) the system proceeds straight to state SO once
the AC power is applied, as documented in the power up sequence.

Cold Reset Sequence

Cold reset is initiated by the CPU writing to Reset Control Register bit RSTC.COLD_RST
in the Legacy Bridge. Cold reset causes a full cycling of power. The chip is transitioned
to state S4/S5 and then back to SO, independent of the setting of PWR_BTN_B. All
functions are reset except for those powered from the RTC well.

The Watchdog Timer in the Legacy Bridge can be enabled to generate a cold reset in
the event of a timeout event. This is indistinguishable from a cold reset due to
RSTC.COLD_RST being set.
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Intel® Quark™ SoC X1000—Power Up and Reset Sequence

Warm Reset Sequence (Internal)

Warm reset is initiated by the CPU writing to Reset Control Register bit
RSTC.WARM_RST in the Legacy Bridge. Warm reset causes reset of the CPU and
peripherals without switching off their power supplies.

The Watchdog Timer in the Legacy Bridge can be enabled to generate a warm reset in

the event of a timeout event. This is indistinguishable from a warm reset due to
RSTC.WARM_RST being set.

Externally Initiated Warm Reset Sequence

Warm Reset can also be externally initiated by asserting the reset button
RESET_BTN_B. It results in reset without removal of power on any of the supplies.

Handling Power Failures
When the power supply to SoC is removed in a disorderly fashion, either through

removal of the coin-cell battery or a failure on the AC supply, a normal cold boot
sequence should be initiated.
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10.0 Thermal Management
10.1 Overview
The Intel® Quark™ SoC X1000 thermal management feature helps in managing the
overall thermal profile of the system to prevent overheating and system breakdown.
The architecture implements various proven methods of maintaining maximum
performance while remaining within the thermal specification.
The thermal management features are:
e On-die thermal sensor
e Supports a hardware trip point and programmable trip points based on the
temperature indicated by thermal sensor.

— Hot trip point is usually used to indicate that the system has reached a
threshold temperature at which damage may occur. A possible action might be
to turn on a fan to cool the system.

— Catastrophic trip point is usually used to indicate that the system has reached
the maximum possible temperature. A possible action might be to shut down
the system.

— See Section 12.7.3.9 for the register description.

10.2 Thermal Sensor
The SoC provides an on-die Thermal Sensor that can be read via Message Bus
registers. The Thermal Sensor provides an 8-bit temperature reading with a resolution
of 1 degree Celsius.
To use the Thermal Sensor:
1. It first must be taken out of reset by setting bit 0 of Msg Port 31:R34h (see
Section 12.7.6.1) to 0 and subsequently enabled via bit 15 of Msg Port 04:RB0Oh
(see Section 12.7.3.7).
2. Once enabled, registers within the Remote Management Unit can be used to
configure trip points and read the current temperature value.
Table 70. Thermal Sensor Signals

November 2014

- Direction/ .
Signal Name Type Description

1/0 )

TS_TDA Analog (Reference current - thermal diode anode) max voltage 0.7
1/0 .

TS_TDC Analog (Reference current - thermal diode cathode) max voltage 0.7
1/0

TS_IREF_N (Reference current) max voltage 0.7

Analog
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11.0 Processor Core

Processor core features on the Intel’ Quark" SoC X1000 include:

Single processor core

Single Instruction 5-stage pipeline

32-bit processor with 32-bit data bus

Integrated Floating Point Unit

16 KByte, 4-way shared instruction and data L1 write-back cache
Integrated local APIC

Support for IA 32-bit Pentium x86 ISA compatibility

Supports C0O, C1, and C2 states

Supports Supervisor Mode Execution Protection (SMEP)

Supports Execute-Disable Page Protection (PAE.XD)

Note: The processor core provides an integrated Local APIC but does not support the
IA32_APIC_BASE MSR. As a result, the Local APIC is always globally enabled and the
Local APIC base address is fixed at FEEOO00Oh. Attempting to access the
IA32_APIC_BASE MSR causes a general protection fault.

See the Intel® Quark™ SoC X1000 Core Hardware Reference Manual (Order #329678)
for more information.

November 2014
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12.0 Host Bridge
The Host Bridge is a central hub that routes transactions to and from the Intel® Quark™
SoC X1000's CPU core, DRAM controller, and other functional blocks. In general, it
handles:
e CPU Core Interface: Requests for CPU Core-initiated memory and I/O read and
write operations and processor-initiated message-signaled interrupt transactions
e Device MMIO and PCI configuration access routing
e Buffering and memory arbitration
e PCI Config and MMIO accesses to host device (0/0/0)
12.1 Embedded SRAM (eSRAM)
The Host Bridge contains an interface to 512KB of on-chip, low latency, embedded
SRAM (eSRAM). The eSRAM memory may be used as either 128 x 4KB pages, or in
block mode as a single contiguous 512KB block page. The eSRAM pages may be
mapped anywhere in the physical address space as a DRAM overlay.
The eSRAM is a volatile memory and functionality is provided to flush eSRAM pages to
DRAM as part of entry to an S3 system state. Sections of DRAM overlaid by eSRAM are
inaccessible to all system agents.
12.1.1 Initialization
Immediately on coming out of a warm or cold reset, the Host Bridge initializes eSRAM
data to 0. While this is taking place the register fields ESRAMPGCTRLx.INIT_IN_PROG
(where x=0-127) and ESRAMPGCTRL_BLOCK.BLOCK_INIT_IN_PROG are 1. Software
may map and enable eSRAM pages during this time, but accesses to an eSRAM 4KB
page will not complete until the page has completed initialization.
12.1.2 Configuration
Once an eSRAM page (4KB page or 512KB block page) is enabled (see Section 12.1.2.1
and Section 12.1.2.2), it may only be flushed or disabled as part of an entry to an S3
system state. In order to re-configure an eSRAM page, the Host Bridge must be warm
or cold reset.
12.1.2.1 4KB Page Mode

November 2014

The Host Bridge provides 128 registers (ESRAMPGCTRLx, where x=0-127) that allow
individual configuration of the 128*4KB eSRAM pages. If the block page is already
enabled, it is not possible to individually map 4KB pages.
To map and enable 4KB page x, the following steps should be followed:

e Set ESRAMPGCTRLXx.PG_SYSTEM_ADDRESS_4K to the required address value

e Set ESRAMPGCTRLx.ENABLE_PG to 1
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Figure 23.

12.1.2.2
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Software must be careful not to map different eSRAM pages to the same system

address. There is no hardware protection against this.

eSRAM 4KB Page Mapping

4 Gbyte
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10*4KB

1 Mbyte
DOS DRAM

DRAM Address

eSRAM DRAM Overlay Space

Physical Address Space

512KB Block Page Mode

To map the eSRAM as a single 512KB block page, the register ESRAMPGCTRL_BLOCK is
used. If any of the 4KB pages are already enabled, it is not possible to enable the block

page.
To map and enable the 512KB block page, the following steps should be followed
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Figure 24.

12.1.3
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e Set ESRAMPGCTRL_BLOCK.BLOCK_PG_SYSTEM_ADDRESS_16MB to the required
address value

e Set ESRAMPGCTRL_BLOCK.BLOCK_ENABLE_PG to 1
eSRAM 512KB Page Mapping

4 Gbyte
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Configuration Locking

Once an eSRAM page is enabled, the page configuration is implicitly locked and any
further configuration change attempts will fail.
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eSRAM page configuration may be explicitly locked on a per page basis with the
ESRAMPGCTRLx. PAGE_CSR_LOCK and ESRAMPGCTRL_BLOCK.
BLOCK_PAGE_CSR_LOCK fields. Locked eSRAM pages may still be flushed to DRAM.

All eSRAM configuration registers may be locked with the
ESRAMCTRL.eSRAM_GLOBAL_CSR_LOCK field.

12.1.4 ECC Protection

The Host Bridge implements ECC protection for the eSRAM. The eSRAM ECC provides
single bit error correction and double bit error detection (SECDED). It is enabled by
default, but may be disabled/enabled by setting the register field
ESRAMCTRL.SECDED_ENABLE to 0/1.

The ESRAMCERR register provides debug information on the most recent single bit ECC
error. Software may configure a threshold number of correctable ECC errors with the
ESRAMCTRL.ECC_THRESH field. If the ECC_THRESH_SB_MSG_EN field is set to 1, and
the threshold number of correctable ECC errors is reached, the Memory Manager will
send an interrupt to the Remote Management Unit with the opcode 0xD8.

The ESRAMUERR register provides debug information on un-correctable ECC errors. If
an un-correctable eSRAM ECC error occurs the Memory Manager will send a message to
inform the Remote Management Unit. A warm reset of the Host Bridge is required in
this case.

The ESRAMSDROME register can be used to decode where in the eSRAM data word the
most recent ECC error occurred.

12.1.5 Flush to DRAM

In order to flush a page to DRAM, software must set the ESRAMPGCTRLx.FLUSH_PG_ENABLE
field to 1 for 4KB pages or the ESRAMPGCTRL_BLOCK.BLOCK_FLUSH_PG_ENABLE to 1 for the
512KB block page. On an S3 entry or warm reset, firmware will flush pages configured in this way to
DRAM.

12.2 Isolated Memory Regions (IMR)

The Host Bridge provides support for Isolated Memory Regions (IMRs). An IMR is an
area of system memory that is accessible only to certain system agents. The range and
access rights of an IMR are software configurable. There are 3 types of IMR

e General IMR
¢ Host Memory I/O Boundary (HMBOUND) IMR
e System Management Mode (SMM) IMR

There are 8 general IMRs available. The general IMRs allow any location of system
memory- with a 1KB granularity, to have software controlled access rights. The upper
and lower boundaries of a general IMR are set via the IMRxL.IMRL and IMRxH.IMRH
register fields (where x=one of the 8 IMRs). Read access rights are controlled via the
IMRXxRM registers, write access rights are controlled via the IMRx.WM register fields.

General IMRs may be overlapping. In this case, in order be allowed access a particular
region in memory, an agent will need to have access rights to all the IMRs which
contain that region.

The HMBOUND IMR prevents access by non host agents to any region of memory above
HMBOUND. HMBOUND is software configured in the HMBOUND register.
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12.2.1

12.2.2

12.3

November 2014

The SMM IMR prevents access by non host agents to any region of memory contained
within the SMM region. The SMM region access rights are configured in the HSMMCTL
register.

IMR Violation

If an agent is blocked attempting to write to a region covered by an IMR, its write data
is dropped, and system memory is not updated.

If an agent is blocked attempting to read to a region covered by an IMR, all Os are
returned for read data. The region of memory is still read (with ECC checking/
correction performed if enabled), but false (all 0) data is returned to the agent instead
of the real data from system memory.

If the register field BIMRVCTL.EnableIMRInt is set to 1, and an IMR violation occurs, an
interrupt will be sent to the Remote Management Unit with opcode 0xCO0. In this case,
software may use the BIMRVCTL register to debug the cause of the violation.

IMR Locking

The following settings lock the relevant IMR
¢ General IMR: set IMRXL.IMR_LOCK to 1
e HMBOUND IMR: set HMBOUND.HMBOUND_LOCK to 1
¢ SMM IMR: set HSMMCTL.SMM_LOCK to 1

Until HMBOUND is configured and locked, any General IMR region that is programmed
will only be applied if the General IMR’s register set is not locked. This allows software
to configure a General IMR region and test it without locking it's register set. Once a
General IMR register set is locked, however, HMBOUND is required to be configured and
locked or the security mechanism will deny all accesses to that General IMR region.

Until HMBOUND is configured and locked, the SMM IMR region that is programmed will
only be applied if the SMM IMR's register set is not locked. This allows software to
configure the SMM IMR region and test it without locking it’s register set. Once the
SMM IMR register set is locked, however, HMBOUND is required to be configured and
locked or the security mechanism will deny all accesses to the SMM IMR region.

Remote Management Unit DMA

The Remote Management Unit supports DMA transfers between System Memory and
Legacy SPI Flash. The DMA engine is used on boot-up to perform the initial firmware
fetch from SPI Flash. In addition, this can be used for shadowing firmware to DRAM or
eSRAM.

Remote Management Unit message bus registers - SPI DMA Count Register
(P_CFG_60), SPI DMA Destination Register (P_CFG_61) and SPI DMA Source Register
(P_CFG_62) are used to control DMA transfers. These registers are managed by the
Remote Management Unit firmware.

The SPI DMA Count Register (P_CFG_60) should be programmed after the SPI DMA
Source Register (P_CFG_62) and the SPI DMA Destination Register (P_CFG_61) as

writing to the SPI DMA Count Register (P_CFG_60) will trigger the start of the DMA
transfer.

See Option Register 1(P_CFG_72) bit [0] for details on how to disable DMA
functionality.
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12.4 Register Map
See Chapter 5.0, “"Register Access Methods” for additional information.
Figure 25. Intel® Quark™ SoC X1000 Host Bridge Register Map
PCI Space
CPU
Core
Host Bridge
D:0,F:0
o | RPOF:0
SPIO F: 5 m (E RPO F:1
SPI1 F: o
o
I°C*/GPIO F: a
Legacy Bridge
D:31, F:0
SDIO/eMMC F:
HSUARTO F:
USB Device F:2| O
.
EHCI Host F: S
OCHI Host F: g
HSUART1 F: [N}
o
MACO F:
MAC1 F:
12.5 PCI Configuration Registers
Table 71. Summary of PCI Configuration Registers—0/0/0
. R Default
Offset Start | Offset End Register ID—Description
Value
oh 3h “PCI Device ID and Vendor ID Fields (PCI_DEVICE_VENDOR)—Offset Oh” on 09588086
page 133
4h 7h “PCI Status and Command Fields (PCI_STATUS_COMMAND)—Offset 4h” on 00000007h
page 133
8h Bh “PCI Class Code and Revision ID Fields (PCI_CLASS_REVISION)—Offset 8h” on 06000000h
page 134
Ch Fh “PCI Miscellaneous Fields (PCI_MISC)—Offset Ch” on page 134 00000000h
“PCI Subsystem ID and Subsystem Vendor ID Fields (PCI_SUBSYSTEM)—Offset
2Ch 2Fh 2Ch” on page 135 00000000h
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Table 71. Summary of PCI Configuration Registers—0/0/0 (Continued)
. - Default
Offset Start | Offset End Register ID—Description
Value
DOh D3h “Message Bus Control Register (MCR) (SB_PACKET_REG)—Offset DOh” on 00000000h
page 135
D4h D7h “Message Data Register (MDR) (SB_DATA_REG)—Offset D4h” on page 136 00000000h
“Message Control Register eXtension (MCRX) (SB_ADDR_EXTN_REG)—Offset
D8h DBh D8h” on page 136 00000000h
F8h FBh “Manufacturer ID (PCI_MANUFACTURER)—Offset F8h” on page 137 00000FB1h
12.5.1 PCI Device ID and Vendor ID Fields (PCI_DEVICE_VENDOR)—
Offset Oh
PCI Device ID
Access Method
Type: PCI Configuration Register . IR . .
(Size: 32 bits) PCI_DEVICE_VENDOR: [B:0, D:0, F:0] + Oh
Default: 09588086h
31 28 24 20 16 12 8 4 0
oo0O0®O1 001010 1|1 0 0 01 0O 0 0/0O0O0OTUO|1 0OO0O0O|01 10
a a
|.|.|| nﬁl
= 8
Z g
e >
Bit Default & P
Range Access Description
31: 16 Oi_f,:h Device ID (DEVICE_ID): PCI Device ID
8086h
15: 0 RO Vendor ID (VENDOR_ID): PCI Vendor ID for Intel
12.5.2 PCI Status and Command Fields (PCI_STATUS_COMMAND)—

November 2014
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Offset 4h

Access Method

Type: PCI Configuration Register

(Size: 32 bits) PCI_STATUS_COMMAND: [B:0, D:0, F:0] + 4h

Default: 00000007h

31 28 24 20 16 12 8 4 0

000 O0/O0 OO OOOOTOOOOO|OO0OOO|OOOUO|OOOT O|O0O1 11

STATUS
COMMAND
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Bit Default & P
Range Access Description
31: 16 Oz(g)h Status (STATUS): Hardwired to O.

15: 0 Oz(gh Command (COMMAND): Hardwired to 0.

PCI Class Code and Revision ID Fields
(PCI_CLASS_REVISION)—Offset 8h

PCI Revision ID

Access Method

Type: PCI Configuration Register
(Size: 32 bits)

Default: 06000000h

PCI_CLASS_REVISION: [B:0, D:0, F:0] + 8h

31 28 24 20 16 12 8 4 0
0O 0O0O0O0110(0O0O0O0O0O0OUO0OOOTG OGO O(O0OOOTO OO0 O0OTUO|O0O0O0OTDU
2 2
z
S B
@ a
5 i
O 4
Bit Default & P
Range Access Description
31: 8 06(;?;)% Class Code (CLASS_CODE): PCI Class Code for Chipset.
00h .. .
7:0 RO Revision ID (REVISION_ID): PCI Revision ID
PCI Miscellaneous Fields (PCI_MISC)—Offset Ch
Access Method
Type: PCI Configuration Register . IR~ . .
(Size: 32 bits) PCI_MISC: [B:0, D:0, F:0] + Ch
Default: 00000000h
31 28 24 20 16 12 8 4 0
00000000000000000000|000000000000
'_
)
0
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12.5.5

12.5.6

November 2014

Bit Default & R
Range Access Description
00h )
31: 24 RO BIST (BIST): PCI BIST Field
00h :
23: 16 RO Header Type (HEADER): PCI Header Type Field
00h . ) .
15: 8 RO Latency Timer (LATENCY): PCI Latency Timer Field
00h . . ) . .
7:0 RO Cache Line Size (CACHE_LINE_SIZE): PCI Cache Line Size Field

PCI Subsystem ID and Subsystem Vendor ID Fields
(PCI_SUBSYSTEM)—Offset 2Ch

PCI Subsystem ID

Access Method

Type: PCI Configuration Register . IR . .
(Size: 32 bits) PCI_SUBSYSTEM: [B:0, D:0, F:0] + 2Ch

Default: 00000000h

31 28 24 20 16 12 8 4
0O 0O0OlOO0OOO0OOO OO O|O0OO0OOOOOO|OOOU OT OO0 O0O0OO0O0O0O0OTGO
a a
| |
o4
S &
S b
w o
>I %
Z o
'_
n
>
0
Ios)
>
0
Bit Default & s n
Range Access Description
0000h
31: 16 RO Subsystem Vendor ID (SUBSYSTEM_VENDOR_ID): PCI Subsystem Vendor ID
0000h
15: 0 RO Subsystem ID (SUBSYSTEM_ID): PCI Subsystem ID

Message Bus Control Register (MCR) (SB_PACKET_REG)—Offset

DOh

Access Method

Type: PCI Configuration Register . IR . .
(Size: 32 bits) SB_PACKET_REG: [B:0, D:0, F:0] + DOh

Default: 00000000h

Intel® Quark™ SoC X1000
Datasheet

Document Number: 329676-004US



®
l n t e I Intel® Quark™ SoC X1000—Host Bridge

31 28 24 20 16 12 8 4 0

0 00 O0fO0O OO OO OOOfOOOO OO OOO(O OOTU OO OOTU OO OOTO

a b a & 3
(@] o Ia) | 24
O o < o
a o o »
C)I 2 0
Jia)
0]
Bit Default & P
Range Access Description
00h )
31: 24 WO OpCode (SB_OPCODE): The operation to be performed on the target port.
00h . ) )
23:16 WO Port (SB_PORT): The device or unit to be targeted by the message bus transaction.
00h Offset/Register (SB_ADDR): Bits 7:0 of the private register offset to be targeted by
15: 8 the message bus transaction. This field applies only to register read and write
wo operations.

Oh Byte Enable (SB_BE): The byte enables to be used by the triggered transaction. This

7:4 o) field applies only to register read and write operations.
Oh
3:0 WO Reserved (RSV): Reserved.

12.5.7 Message Data Register (MDR) (SB_DATA_REG)—Offset D4h

Access Method

Type: PCI Configuration Register . IR- . .
(Se: 32 bits) SB_DATA_REG: [B:0, D:0, F:0] + D4h

Default: 00000000h

31 28 24 20 16 12 8 4 0

0 00 OO OOOOOO0OOOOO|(OO0OOO(OOOTO|OOOTO OO OO0OTO

SB_DATA

Bit Default &

Range Access Description

Oh Data (SB_DATA): Used as the place to store the data when the operation triggered is
31: 0 a read semantic, or the place to get the data if the triggered operation is a data write
RwW semantic.

12.5.8 Message Control Register eXtension (MCRX)
(SB_ADDR_EXTN_REG)—Offset D8h

Access Method

Type: PCI Configuration Register . IR . .
(S%e: 32 bits) SB_ADDR_EXTN_REG: [B:0, D:0, F:0] + D8h

Default: 00000000h

Intel® Quark™ SoC X1000
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31 28 24 20 16 12 8 4 0
0O 0O0OlOOOOO0OOTO O|O0OO0OOOOOO|OOO OTG OO0 O0OTOO|O0O0O0OTO
g 5
& 2
=
[~4
a
a
<I
Jia)
0
Bit Default & P
Range Access Description
000000h |Offset/Register Extension (SB_ADDR_EXTN): This is used for messages sent to
31: 8 end points that require more than 8 bits for the offset/register. These bits are a direct
RW/S | extension of MCR[15:8].
00h
7:0 RO Reserved (RSV): Reserved.

12.5.9 Manufacturer ID (PCI_MANUFACTURER)—Offset F8h

Manufacturer ID

Access Method

Type: PCI Configuration Register

(Size: 32 bits)

Default: 00000FB1h

PCI_MANUFACTURER: [B:0, D:0, F:0] + F8h

31 28 24 20 16 12 8 4 0
o o0oo0OOOOTO|O0OO0OOOO0OOOTOOOOOILTL 11 1|1 01 1/0 001
> [a]
0 =
e 4
w
4
=)
|_
Q
=
=)
=4
<
=
Bit Default & -
Range Access Description
00h
31: 24 RO Reserved (RSV): Reserved.
23: 0 00(;|=cl)alh Manufacturer ID (MANUFACTURER_ID): Manufacturer ID
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12.6

12.6.1

Table 72.

Intel® Quark™ SoC X1000—Host Bridge

IO Mapped Register

ACPI Processor Block

Summary of I/0 Registers—PMBA

Offset
Start

Offset End

Default

Register ID—Description Value

Oh

3h

“Processor Control (P_CNT)—Offset Oh” on page 138 00000000h

4h

7h

“Level 2 Register (P_LVL2)—Offset 4h” on page 138 00000000h

Ch

Fh

“C6 Control Register (P_C6C)—Offset Ch” on page 139 00000000h

12.6.1.1

12.6.1.2

Intel® Quark™ SoC X1000

Datasheet
138

Processor Control (P_CNT)—Offset Oh

Access Method

Type: I/0 Register
(Size: 32 bits)

P_CNT: [PMBA] + Oh

PMBA Type: Message Bus Register (Size: 32 bits)
PMBA Reference: [Port: 0x04] + 70h

Default: 00000000h

31

00 0O

28

000 O0(O0 OOOOOOT OO OOOOOOTO|O OO

24 20 16 12 8

IS
o

o
o

THROTL_EN| ©

P_CNT_RSV2

P_CNT_RSV1| o

THROTL_DUTY_CYCLE| o

Bit
Range Access

Default &

Description

Ob
RO

Reserved (P_CNT_RSV2): Reserved.

0b
RW

Throttle Enable (THROTL_EN): When set and the processor is in CO, it enables
software-controlled STPCLK# throttling. The duty cycle is selected via
THROTL_DUTY_CYCLE. It remains in effect on each re-entry to CO as long as enabled.

3:1

000b
RW

Throttle Duty Cycle (THROTL_DUTY_CYCLE): This field determines the duty cycle of
throttling (percentage of time STPCLK# is asserted) when throttling is enabled.

000b : 50% (Default)

001b : 87.5%

010b : 75%

011b : 62.5%

100b : 50%

101b : 37.5%

110b : 35%

111b : 12.5%

Ob
RO

Reserved (P_CNT_RSV1): Reserved.

Level 2 Register (P_LVL2)—Offset 4h

Level 2 Register is an 8-bit register that is used to generate requests to enter C2.
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12.6.1.3

November 2014

Access Method

Type: I/0 Register P_LVL2: [PMBA] + 4h
(Size: 32 bits)

PMBA Type: Message Bus Register (Size: 32 bits)
PMBA Reference: [Port: 0x04] + 70h

Default: 00000000h

31 28 24 20 16 12 8 4 0
0O 00 OO OO OOOO OO O|O O0OOOOOOO|OOOT OO0 O0OTUO0O|O0OO0O0OTGO O

> o~

0 O

4 |

NI o

3 o

o

a
Bit Default & P
Range Access Description
0b
31:8 RW Reserved (P_LVL2_RSV): Reserved.
7:0 00h Go to C2 (GO_TO_C2): Reads to this register return all zeroes, writes have no effect.
’ RO Reads to this register generate a C2 request.

C6 Control Register (P_C6C)—0Offset Ch

This is a read only register. It provides information on the last C-state entered and
residency in the last entered C-state

Access Method

Type: I/O Register P_C6C: [PMBA] + Ch
(Size: 32 bits)

PMBA Type: Message Bus Register (Size: 32 bits)
PMBA Reference: [Port: 0x04] + 70h

Default: 00000000h

31 28 24 20 16 12 8 4 0

0o o0 o0f0O OOOOOOG OOOOOOOTOGO(OOOTOOOOTG OO O OO

P_C6C_RSV| o

LAST_CSTATE

RESIDENCY_COUNT

Bit Default &

Range Access Description

31 gg Reserved (P_C6C_RSV): Reserved.

Last Entered C-State (LAST_CSTATE): Once CPU transitions from CO to C2, it
ob updates this register.

30:27 0000b : CO

RO 10010b : C2

All other values are reserved.

Intel® Quark™ SoC X1000
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Bit Default & o
Range Access Description

26:0 0b Residency Count (RESIDENCY_COUNT): This register reports the residency in the
' RO last entered C-state. The granularity used is microseconds

12.6.2 SPI DMA Block

DMA functionality must be disabled on boot completion to prevent an attacker from
using it to take control of the system.

12.6.2.1 Option Register 1(P_CFG_72) —Offset 72h

Access Method

Type: I/O Register

(Size: 32 bits) Offset: [Port: 0x04] + 72h

SPI_DMA_BAR Type: Message Bus Register (Size: 32 bits)
SPI_DMA_BAR Reference: [Port: 0x04] + 72h

Default: 00000000h

31 28 24 20 16 12 8 4

o

000 OO OO OO OOO|OOOTO|OOOUO|OOOTO OO OOTO|O0OO0CO

Reserved

DMA_DISABLE| ©

Bit Default &

Range Access Field Name (ID): Description

0

31:1 RO Reserved (RSVD): Reserved.

0 0 DMA_DISABLE: Remote Management Unit DMA disable. Once set RMU DMA
RW functionality is disabled until system reset

12.7 Message Bus Register

12.7.1 Host Bridge Arbiter (Port 0x00)

Table 73. Summary of Message Bus Registers—0x00

Offset Register ID—Description D‘?affuuelt
Oh “Enhanced Configuration Space (AEC_CTRL)—Offset Oh” on page 141 00000000h
21h “"STATUS—Offset 21h” on page 141 00000000h
50h “Requester ID Match Control (ASUBCHAN_CTRL)—Offset 50h” on page 142 00000000h
51h “Requester ID Match Sub-Channel 1 (ASUBCHAN1_MATCH)—Offset 51h” on page 143 00000000h
52h “Requester ID Match Sub-Channel 2 (ASUBCHAN2_MATCH)—Offset 52h” on page 143 00000000h
53h “Requester ID Match Sub-Channel 3 (ASUBCHAN3_MATCH)—Offset 53h” on page 144 00000000h

Intel® Quark™ SoC X1000
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®

12.7.1.1 Enhanced Configuration Space (AEC_CTRL)—Offset Oh

Access Method

Type: Message Bus Register AEC_CTRL: [Port: 0x00] + Oh

(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00000000h

31 28 24 20 16 12 8 4 0
0O 00 OO OO OO0OTO OO OO O0OOOOGOUO|OOOT OO0 O0OTUO0OO0OO0OOOTGO
w > w
0] wn —
3 o Q
| =z
[S) w
w |
Q
w
Bit Default & P
Range Access Description
Enhanced Configuration Space Base Address (EC_BASE): When EC_BASE
31:28 0b matches bits [31:28] of a system memory address that has been forwarded to the Host
' RW Bridge Arbiter and Enhanced Configuration operation is enabled, the corresponding
operation is treated as an Enhanced Configuration Space access.
27:1 :g Reserved (RSV): Reserved.
0b ) . )
0 RW Enable (EC_ENABLE): Enables Enhanced Configuration operation
12.7.1.2 STATUS—Offset 21h
Access Method
Type: Message Bus Register ASTATUS: [Port: 0x00] + 21h
(Size: 32 bits)
Op Codes:
10h - Read, 11h - Write
Default: 00000000h
31 28 24 20 16 12 8 4 0
0O 00 OO OOOO0OO OO O|O0OO0OOOOOO|OOOTG OD|O0O0OTOO|O0O0O0OTGO
o~ w w — w w
% 3|2 3 3 |3
* <>):I <>):I * §I §I
2|2 5|3
S|
ncl ncl a a
n | & | d
) ) (0] w0
= = 2 2
R £ | =
) ) 5 5
Bit Default & s n
Range Access Description
31:12 ob RSV2: Reserved
: RO :
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Bit Default & P
Range Access Description
STATUS1_RAISED_VALUE: Elevated Status value presented to the Memory Manager
for Virtual Channel 1 (VC1) accesses from the Host Bridge Arbiter.
11:10 Ob Encodings as follows:
’ RW 2'b00 = Casual - Channel is requesting low priority, will be serviced only if convenient.
2'b01 = Reserved.
2'b10 = Normal - Channel is requesting normal priority for servicing.
2'b11 = Urgent - Channel is requesting high priority for servicing.
STATUSO_RAISED_VALUE: Elevated Status value presented to the Memory Manager
for Virtual Channel 0 (VCO) accesses from the Host Bridge Arbiter.
9:8 Ob Encodings as follows:
: RW 2'b00 = Casual - Channel is requesting low priority, will be serviced only if convenient.
2'b01 = Reserved.
2'b10 = Normal - Channel is requesting normal priority for servicing.
2'b11 = Urgent - Channel is requesting high priority for servicing.
0b
7:4 RO RSV1: Reserved
STATUS1_DEFAULT_VALUE: Default Status value presented to the Memory Manager
for Virtual Channel 1 (VC1) accesses from the Host Bridge Arbiter.
3:9) 0b Encodings as follows:
: RW 2'b00 = Casual - Channel is requesting low priority, will be serviced only if convenient.
2'b01 = Reserved.
2'b10 = Normal - Channel is requesting normal priority for servicing.
2'b11 = Urgent - Channel is requesting high priority for servicing.
STATUSO_DEFAULT_VALUE: Default Status value presented to the Memory Manager
for Virtual Channel 0 (VCO) accesses from the Host Bridge Arbiter.
1:0 Ob Encodings as follows:
' RW 2'b00 = Casual - Channel is requesting low priority, will be serviced only if convenient.
2'b01 = Reserved.
2'b10 = Normal - Channel is requesting normal priority for servicing.
2'b11 = Urgent - Channel is requesting high priority for servicing.

12.7.1.3 Requester ID Match Control (ASUBCHAN_CTRL)—Offset 50h

Access Method

Type: Message Bus Register ASUBCHAN_CTRL: [Port: 0x00] + 50h
(Size: 32 bits)

Op Codes:

10h - Read, 11h - Write

Default: 00000000h

Intel® Quark™ SoC X1000
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Bit Default & —
Range Access Description
0b
31:7 RO Reserved (RSV4): Reserved.
0b
6 RO Reserved (RSV3): Reserved.
5 0b Enable Sub-Channel 3 Matching (SUB_CHAN3_MRQID_ENABLE): When set,
RW/L register 53h will be enabled for Sub-Channel 3 generation on a Requester ID match.
0b
4 RO Reserved (RSV2): Reserved.
3 0b Enable Sub-Channel 2 Matching (SUB_CHAN2_MRQID_ENABLE): When set,
RW/L register 52h will be enabled for Sub-Channel 2 generation on a Requester ID match.
0b
2 RO Reserved (RSV1): Reserved.
1 0b Enable Sub-Channel 1 Matching (SUB_CHAN1_MRQID_ENABLE): When set,
RW/L register 51h will be enabled for Sub-Channel 1 generation on a Requester ID match.
ob Lock Requester ID Matching Registers (SUB_CHAN_MATCH_LOCK): When set,
0 registers 50h-53h will be set to read-only, in order to preserve the integrity of the IMR
RW/O Sub-Channel mechanism.

12.7.1.4 Requester ID Match Sub-Channel 1 (ASUBCHAN1_MATCH)—Offset 51h

Access Method

Type: Message Bus Register ASUBCHAN1_MATCH: [Port: 0x00] + 51h
(Size: 32 bits

Op Codes:

10h - Read, 11h - Write

Default: 00000000h

31 28 24 20 16 12 8 4 0
0O 0O0OfO OO OO0OO OO O|O OOOOOOTUO|OOU OT OO0 O0OTUO0OO0OO0O0O0OTGO
N — [a)]
3 ) o
< & 4
=
‘_'I
=4
<
T
UI
[ia)
=)
)
Bit Default & P
Range Access Description
0b
31:23] RO Reserved (RSV2): Reserved.
0b
22:16| RO Reserved (RSV1): Reserved.
15:0 0b Requester ID Match Value (SUB_CHAN1_MRQID): Value compared to an incoming
: RW/L Requester ID value to determine its Sub-Channel.

12.7.1.5 Requester ID Match Sub-Channel 2 (ASUBCHAN2_MATCH)—Offset 52h
Access Method
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Type: Message Bus Register

(Size: 32 bits)
Op Codes:

10h - Read, 11h - Write

Default: 00000000h

Intel® Quark™ SoC X1000—Host Bridge

ASUBCHAN2_MATCH: [Port: 0x00] + 52h

31 28 24 20 16 12 8 4 0
0O 00 O0O/O0O OO 0|0 O0OOOOOO|(OOOTOO0O0OOOO0O0OOTUOOOOOG OO
o — [a)
? 3 o
4 < 4
ZI
[a\]
=4
<<
T
U|
o0
=)
)
Bit Default & P
Range Access Description
0b
31:23 RO Reserved (RSV2): Reserved.
0b
22:16 RO Reserved (RSV1): Reserved.
15:0 0b Requester ID Match Value (SUB_CHAN2_MRQID): Value compared to an incoming
' RW/L Requester ID value to determine its Sub-Channel.

12.7.1.6

Access Method

Type: Message Bus Register

(Size: 32 bits)
Op Codes:

10h - Read, 11h - Write

Default: 00000000h

Requester ID Match Sub-Channel 3 (ASUBCHAN3_MATCH)—Offset 53h

ASUBCHAN3_MATCH: [Port: 0x00] + 53h

31 28 24 20 16 12 8 4 0
000 O0OlO0O OO O0O|O0O0O0OTO|OOOTO|OOOTO OO0 O0O0OO0O0OOTGO0OO0OO0O0ODO
o — [a)
7 % o
14 < ~4
=
ml
=4
<<
T
UI
0
=)
)
Bit Default & I
Range Access Description
0b
31:23 RO Reserved (RSV2): Reserved.
0b
22:16 RO Reserved (RSV1): Reserved.
15:0 0b Requester ID Match Value (SUB_CHAN3_MRQID): Value compared to an incoming
' RW/L Requester ID value to determine its Sub-Channel.
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12.7.2 Host Bridge (Port 0x03)

Table 74. Summary of Message Bus Registers—0x03

Offset Register ID—Description Dve;fuuelt
3h “Host Miscellaneous Controls 2 (HMISC2)—Offset 3h” on page 146 00170001h
4h “Host System Management Mode Controls (HSMMCTL)—Offset 4h” on page 147 00060006h
8h “Host Memory I/O Boundary (HMBOUND)—Offset 8h” on page 148 40000000h
9h “Extended Configuration Space (HECREG)—Offset 9h” on page 148 00000000h
Ah “Miscellaneous Legacy Signal Enables (HLEGACY)—Offset Ah” on page 149 00008000h
Ch “Host Bridge Write Flush Control (HWFLUSH)—Offset Ch” on page 149 00010000h
40h “MTRR Capabilities (MTRR_CAP)—Offset 40h” on page 150 00000908h
41h “MTRR Default Type (MTRR_DEF_TYPE)—Offset 41h” on page 151 00000000h
42h “MTRR Fixed 64KB Range 0x00000 (MTRR_FIX64K_00000)—Offset 42h” on page 151 00000000h
43h “MTRR Fixed 64KB Range 0x40000 (MTRR_FIX64K_40000)—Offset 43h” on page 152 00000000h
44h “"MTRR Fixed 16KB Range 0x80000 (MTRR_FIX16K_80000)—Offset 44h” on page 152 00000000h
45h “MTRR Fixed 16KB Range 0x90000 (MTRR_FIX16K_90000)—Offset 45h” on page 153 00000000h
46h “MTRR Fixed 16KB Range 0xA0000 (MTRR_FIX16K_A0000)—Offset 46h” on page 154 00000000h
47h “MTRR Fixed 16KB Range 0xB0000 (MTRR_FIX16K_B0000)—Offset 47h” on page 154 00000000h
48h “MTRR Fixed 4KB Range 0xC0000 (MTRR_FIX4K_C0000)—Offset 48h” on page 155 00000000h
49h “MTRR Fixed 4KB Range 0xC4000 (MTRR_FIX4K_C4000)—Offset 49h” on page 155 00000000h
4Ah “"MTRR Fixed 4KB Range 0xC8000 (MTRR_FIX4K_C8000)—O0ffset 4Ah” on page 156 00000000h
4Bh “MTRR Fixed 4KB Range 0xCC000 (MTRR_FIX4K_CC000)—Offset 4Bh” on page 156 00000000h
4Ch “MTRR Fixed 4KB Range 0xD0000 (MTRR_FIX4K_D0000)—Offset 4Ch” on page 157 00000000h
4Dh “MTRR Fixed 4KB Range 0xD40000 (MTRR_FIX4K_D4000)—Offset 4Dh” on page 158 00000000h
4Eh “MTRR Fixed 4KB Range 0xD8000 (MTRR_FIX4K_D8000)—Offset 4Eh” on page 158 00000000h
4Fh “MTRR Fixed 4KB Range 0xDC000 (MTRR_FIX4K_DC000)—Offset 4Fh” on page 159 00000000h
50h “"MTRR Fixed 4KB Range OXEO000 (MTRR_FIX4K_E0000)—Offset 50h” on page 159 00000000h
51h “MTRR Fixed 4KB Range 0XxE4000 (MTRR_FIX4K_E4000)—Offset 51h” on page 160 00000000h
52h “MTRR Fixed 4KB Range 0xE8000 (MTRR_FIX4K_E8000)—Offset 52h” on page 160 00000000h
53h “"MTRR Fixed 4KB Range OXEC000 (MTRR_FIX4K_ECO000)—Offset 53h” on page 161 00000000h
54h “MTRR Fixed 4KB Range 0xF0000 (MTRR_FIX4K_F0000)—Offset 54h” on page 161 00000000h
55h “MTRR Fixed 4KB Range 0xF4000 (MTRR_FIX4K_F4000)—Offset 55h” on page 162 00000000h
56h “MTRR Fixed 4KB Range 0xF8000 (MTRR_FIX4K_F8000)—Offset 56h” on page 163 00000000h
57h “MTRR Fixed 4KB Range 0xFC000 (MTRR_FIX4K_FC000)—Offset 57h” on page 163 00000000h
58h “System Management Range Physical Base (MTRR_SMRR_PHYSBASE)—Offset 58h” on page 164 00000000h
59h “System Management Range Physical Mask (MTRR_SMRR_PHYSMASK)—Offset 59h” on page 164 00000000h
5Ah “MTRR Variable Range Physical Base 0 (MTRR_VAR_PHYSBASEO)—Offset 5Ah” on page 165 00000000h
5Bh “MTRR Variable Range Physical Mask 0 (MTRR_VAR_PHYSMASKO0)—Offset 5Bh” on page 165 00000000h
5Ch “MTRR Variable Range Physical Base 1 (MTRR_VAR_PHYSBASE1)—Offset 5Ch” on page 166 00000000h
5Dh “MTRR Variable Range Physical Mask 1 (MTRR_VAR_PHYSMASK1)—Offset 5Dh” on page 167 00000000h
5Eh “MTRR Variable Range Physical Base 2 (MTRR_VAR_PHYSBASE2)—Offset 5SEh” on page 167 00000000h
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Table 74. Summary of Message Bus Registers—0x03 (Continued)
. R Default
Offset Register ID—Description Value
5Fh “MTRR Variable Range Physical Mask 2 (MTRR_VAR_PHYSMASK2)—Offset 5Fh” on page 168 00000000h
60h “"MTRR Variable Range Physical Base 3 (MTRR_VAR_PHYSBASE3)—Offset 60h” on page 168 00000000h
61h “MTRR Variable Range Physical Mask 3 (MTRR_VAR_PHYSMASK3)—Offset 61h” on page 169 00000000h
62h “MTRR Variable Range Physical Base 4 (MTRR_VAR_PHYSBASE4)—Offset 62h” on page 169 00000000h
63h “"MTRR Variable Range Physical Mask 4 (MTRR_VAR_PHYSMASK4)—Offset 63h” on page 170 00000000h
64h “MTRR Variable Range Physical Base 5 (MTRR_VAR_PHYSBASES5)—Offset 64h” on page 171 00000000h
65h “"MTRR Variable Range Physical Mask 5 (MTRR_VAR_PHYSMASK5)—Offset 65h” on page 171 00000000h
66h “MTRR Variable Range Physical Base 6 (MTRR_VAR_PHYSBASE6)—Offset 66h” on page 172 00000000h
67h “MTRR Variable Range Physical Mask 6 (MTRR_VAR_PHYSMASK6)—Offset 67h” on page 172 00000000h
68h “MTRR Variable Range Physical Base 7 (MTRR_VAR_PHYSBASE7)—Offset 68h” on page 173 00000000h
69h “MTRR Variable Range Physical Mask 7 (MTRR_VAR_PHYSMASK7)—Offset 69h” on page 173 00000000h
12.7.2.1 Host Miscellaneous Controls 2 (HMISC2)—Offset 3h
Access Method
Type: Message Bus Register HMISC2: [Port: 0x03] + 3h
(Size: 32 bits)
Op Codes:
10h - Read, 11h - Write
Default: 00170001h
31 28 24 20 16 12 8 4 0
o o0oo0OO0OO0OT OOO0OOT11(0O1 1 1{0 O O 0|0 O O OfO0O O O OO0 O 0 1
™ n|wn = < T[0T |Z|O
< o o o
3 Elg| o 3 23|%|2|2
% E | o) o ol2|a|o|*
0
| = [aja)
m P O
o Q oo
0 w | w
al (L8
<
Bit Default & P
Range Access Description
Oh
31:23 RO Reserved (RSV43): Reserved.
29) 0b PBE Status (PBE_STATUS): Reflects the value of the Pending Break Event pin from
RO the processor
0b
21 RO Reserved (RSV05): Reserved.
OR PM Signals from Legacy Bridge (OR_PM): When set, the Host Bridge will OR the
power management signals driven by the Legacy Bridge with the internal values
generated by the Remote Management Unit. This field specifies, on a signal-by-signal
basis, whether a given bit should be driven via a message from the Remote
. 10111b |Management Unit or via a direct pin from the Legacy Bridge.
20:16
: RW [20] Reserved
[19] SMI
[18] NMI
[17] INIT
[16] INTR
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Bit Default &

Range Access Description

15:5 O(LOC()Jh Reserved (RSV04): Reserved.
4 Ob A and B Segment in DRAM (ABSEG_IN_DRAM): When this bit is set, memory reads
RW and writes targeting A-segment or B-segment are routed to DRAM
0b
3 RO Reserved (RSV03): Reserved.

2 0b Read F Segment from DRAM (FSEG_RD_DRAM): When this bit is set, memory
RW reads targeting F-segment are routed to DRAM

1 0b Read E Segment from DRAM (ESEG_RD_DRAM): When this bit is set, memory
RW reads targeting E-segment are routed to DRAM

0 pl\g Reserved (RSVD): Reserved.

12.7.2.2 Host System Management Mode Controls (HSMMCTL)—Offset 4h

Access Method

Type: Message Bus Register HSMMCTL: [Port: 0x03] + 4h
(Size: 32 bits

Op Codes:
10h - Read, 11h - Write

Default: 00060006h

31 28 24 20

—-
o

12 8 4

o

0 0 0 0|0 O O O(O0O O OO 0 0 0 0|0 O O O(O0O O0OO

RSV42| o
RSV07| ©

NON_HOST_SMM_WR_OPEN| ~

RSV06| ©

NON_HOST_SMM_RD_OPEN| +
SMM_WR_OPEN| +
SMM_RD_OPEN| +

SMM_LOCK| ©

SMM_END

SMM_START

Bit Default &

Range Access Description

000h SMM Upper Bound (SMM_END): These bits are compared with bits [31:20] of the

31:20 incoming address to determine the upper 1MB aligned value of the protected SMM
RW/L range.
0b
19 RO Reserved (RSV42): Reserved.

1b Non-Host SMM Writes Open (NON_HOST_SMM_WR_OPEN): Allow writes to SMM
18| space from non-host devices. The Memory Manager uses this bit to allow non-host
RW/L  |\rites to the SMM space defined by the SMM Start and SMM End fields

1b Non-Host SMM Reads Open (NON_HOST_SMM_RD_OPEN): Allow reads to SMM
17| space from non-host devices. The Memory Manager uses this bit to allow non-host reads
RW/L  |to the SMM space defined by the SMM Start and SMM End fields

16 sg Reserved (RSVO07): Reserved.
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Bit Default & P
Range Access Description
000h SMM Lower Bound (SMM_START): These bits are compared with bits [31:20] of the
15:4 incoming address to determine the lower 1MB aligned value of the protected SMM
RW/L ran
ge.
0b
3 RO Reserved (RSV06): Reserved.
1b SMM Writes Open (SMM_WR_OPEN): Allow non-SMM writes to SMM space. This bit
2 allows processor writes to the SMM space defined by the SMM Start and SMM End fields
RW/L even when the processor is not in SMM mode
1b SMM Reads Open (SMM_RD_OPEN): Allow non-SMM reads to SMM space. This bit
1 allows processor reads to the SMM space defined by the SMM Start and SMM End fields
RW/L even when the processor is not in SMM mode
o Ob SMM Locked (SMM_LOCK): When set, this bit locks this register and prevents write
RW/O access until the system is reset

Host Memory I/0 Boundary (HMBOUND)—Offset 8h

Access Method

Type: Message Bus Register HMBOUND: [Port: 0x03] + 8h

(Size: 32 bits)
Op Codes:

10h - Read, 11h - Write

Default: 40000000h

31 28 24 20 16 12 8 4 0
010 0/0 OO O0|O0O0OOOOOTO|OOOTU OO0 O0OOO0 O0OTUOOOUOOG OO
[a)] o W |
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)
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Bit Default & P
Range Access Description
Host I0 Boundary (HMBOUND): This register field is compared with the bits [31:12]
of incoming memory accesses to determine if the transaction should be routed to
31:12 40000h | Memory space or MMIO space. If address bits[31:12] are greater than or equal to the
' RW/L Host I0 Boundary then the transaction is routed to MMIO space.
This allows the Host IO Boundary to be set to a 4KB aligned boundary. By default, the
Host IO Boundary is set at 1GB.
11:2 Oggh Reserved (RSV10): Reserved.
ob Host IO Disable (IO_DISABLE): When this bit is set, all accesses will be sent to
1 memory regardless of the address with the exception of accesses to the A, B, E and F
RW/L Segments. Access to the segments is controlled by HMISC2
o 0b HMBOUND Lock (HMBOUND_LOCK): When this bit is set, the HMBOUND register is
RW/O locked and can no longer be modified until Host Bridge is reset

Extended Configuration Space (HECREG)—Offset 9h

Access Method
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12.7.2.5

12.7.2.6

November 2014

®

Type: Message Bus Register HECREG: [Port: 0x03] + 9h
(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00000000h

31 28 24 20 16 12 8 4

o

000 O0|0O0OOOOO0OOTOOO0OOTO|OO0OTOO0O0OOTO0O|O0OO0OOTG 0OD|O0O00OQO

EC_BASE
RSV11

EC_ENABLE| ©

Bit Default &

Range Access Description

0ooop |Extended Configuration Space Base Address (EC_BASE): This field describes the
31:28 upper 4-bits of the 32-bit address range used to access the memory-mapped
RwW configuration space. This field must not be set to OxF

27:1 OOi(g)Oh Reserved (RSV11): Reserved.
Extended Configuration Space Enable (EC_ENABLE): When set, causes the
0 Ob EC_Base range to be compared to incoming memory accesses. If bits [31:28] of the
RW memory access match the EC_Base value then a posted memory access is treated as a

non-posted configuration access.

Miscellaneous Legacy Signal Enables (HLEGACY)—Offset Ah

Access Method

Type: Message Bus Register HLEGACY: [Port: 0x03] + Ah
(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00008000h

31 28 24 20 16 12 8 4 0

0000000000000000‘1000‘000000000000

> — >
=
2 H 2
Bit Default & o
Range | Access Description
0b
31: 13 RO Reserved: Reserved.

0b SMI Pin Value (SMI): Reflects the value of the SMI pin set via message 0x70. Pin

12 RW/SE |value can also be set by writes to this register field.
0b
11: 0 RO Reserved: Reserved.

Host Bridge Write Flush Control (HWFLUSH)—Offset Ch

Access Method
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Type: Message Bus Register HWFLUSH: [Port: 0x03] + Ch
(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00010000h

31 28 24 20 16 12 8 4 0
000 OO OOOOOOO|OOOT11{0 OO O0(O0 O OOfO OOTU OO O0OO0OTUWO
0 a ~ =
= % S E
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Bit Default & P
Range Access Description
31:17 Oz(g)h Reserved (RSV18): Reserved.
16 1b All Entries Flushed (ALL_FLUSHED): Indicates all dirty entries have been flushed
RO from the Host Bridge to the Memory Manager
00h
15:8 RO Reserved (RSV17): Reserved.
00h High Water Mark (HWM): High Water Mark for Dirty Entries within the Host Bridge.
7:0 RW When this threshold is exceeded, entries are flushed from the Host Bridge to the

Memory Manager. Valid values are 0x00, 0x01 and 0x02

MTRR Capabilities (MTRR_CAP)—Offset 40h

Access Method

Type: Message Bus Register MTRR_CAP: [Port: 0x03] + 40h
(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00000908h

31 28 24 20 16 12 8 4 0
000 OfOOOOOOOTO O|OOO OO O|(OO0OTU O(1L OO01(0 0001 000
5 ABEE -
G =71g|" 0
o 0 o >
Bit Default & P
Range Access Description
31:12 OOSgOh Reserved (RSV21): Reserved.
11 1b System Management Register Range Supported (SMRR): System Management
RO Register Range supported if set
10 Ob Write Combining Memory Type Supported (WC): Write Combining memory
RO supported if set
0b
9 RO Reserved (RSV20): Reserved.
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12.7.2.8

12.7.2.9

November 2014

Bit Default &

Range Access Description

1b Fixed Range Registers Supported (FIX): Indicates fixed range registers are
RO supported if set

08h Variable Range Registers Count (VCNT): Indicates the number of variable range

7:0 RO registers implemented in the Host Bridge

MTRR Default Type (MTRR_DEF_TYPE)—Offset 41h

Access Method

Type: Message Bus Register MTRR_DEF_TYPE: [Port: 0x03] + 41h
(Size: 32 bits

Op Codes:
10h - Read, 11h - Write

Default: 00000000h

31 28 24 20 16 12 8 4 0

O000000000000000000000000000|0000

[s2] w | w o~ w
o~ w o~ o
> > ﬁ
0 0
4 o W
w
[a)
Bit Default & Description
Range Access P
00000h
31:12 RO Reserved (RSV23): Reserved.

MTRR Enable (E): MTRRs are enabled when set and are disabled when clear and the
ob UC memory type is applied to all of physical memory. When this flag is set, the FE flag
11 can disable the fixed range MTRRs. When the flag is clear, the FE flag has no affect.
RwW When the E flag is set, the type specified in the default memory type field is used for
areas of memory not already mapped by either a fixed or variable MTRR.

Fixed MTRR Enable (FE): Fixed range MTRRs are enabled when set and are disabled
ob when clear. When the fixed range MTRRs are enabled, they take priority over the
10 variable range MTRRs when overlaps in ranges occur. If the fixed range MTRRs are

RwW disabled, the variable range MTRRs can still be used and can map the range ordinarily
covered by the fixed range MTRRs.
00b
9:8| RO Reserved (RSV22): Reserved.

00h Default Memory Type (DEF_TYPE): Indicates the default memory type used for
7:0 memory address ranges that do not have a memory type specified for them by an
RwW MTRR. Default value is UC (Uncached)

MTRR Fixed 64KB Range 0x00000 (MTRR_FIX64K_00000)—Offset 42h

Access Method

Type: Message Bus Register MTRR_FIX64K_00000: [Port: 0x03] + 42h
(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00000000h
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31 28 24 20 16 12 8 4 0
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Bit Default & P
Range Access Description
31:24 00h Fixed 64KB Range 0x30000 (FIX64K_30000): Maps the 64KB range from 0x30000
' RW to Ox3FFFF
23:16 00h Fixed 64KB Range 0x20000 (FIX64K_20000): Maps the 64KB range from 0x20000
' RW to Ox2FFFF
15:8 00h Fixed 64KB Range 0x10000 (FIX64K_10000): Maps the 64KB range from 0x10000
' RW to Ox1FFFF
7:0 00h Fixed 64KB Range 0x00000 (FIX64K_00000): Maps the 64KB range from 0x00000
' RW to OXOFFFF

12.7.2.10 MTRR Fixed 64KB Range 0x40000 (MTRR_FIX64K_40000)—Offset 43h

Access Method

Type: Message Bus Register MTRR_FIX64K_40000: [Port: 0x03] + 43h
(Size: 32 bits)

Op Codes:

10h - Read, 11h - Write

Default: 00000000h

31 28 24 20 16 12 8 4 0
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Bit Default & .
Range Access Description
31:24 00h Fixed 64KB Range 0x70000 (FIX64K_70000): Maps the 64KB range from 0x70000
' RW to Ox7FFFF
23:16 00h Fixed 64KB Range 0x60000 (FIX64K_60000): Maps the 64KB range from 0x60000
' RW to Ox6FFFF
15.8 00h Fixed 64KB Range 0x50000 (FIX64K_50000): Maps the 64KB range from 0x50000
: RW to Ox5FFFF
7:0 00h Fixed 64KB Range 0x40000 (FIX64K_40000): Maps the 64KB range from 0x40000
. RW to Ox4FFFF

12.7.2.11 MTRR Fixed 16KB Range 0x80000 (MTRR_FIX16K_80000)—Offset 44h

Access Method
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®

Type: Message Bus Register MTRR_FIX16K_80000: [Port: 0x03] + 44h
(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00000000h

31 28 24 20 16 12 8 4 0
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Bit Default & P
Range Access Description
. 00h Fixed 16KB Range 0x8C000 (FIX16K_8C000): Maps the 16KB range from 0x8C000
31:24
RW to Ox8FFFF
23:16 00h Fixed 16KB Range 0x88000 (FIX16K_88000): Maps the 16KB range from 0x88000
) RW to Ox8BFFF
15:8 00h Fixed 16KB Range 0x84000 (FIX16K_84000): Maps the 16KB range from 0x84000
' RW to Ox87FFF
7:0 00h Fixed 16KB Range 0x80000 (FIX16K_80000): Maps the 16KB range from 0x80000
' RW to Ox83FFF

12.7.2.12 MTRR Fixed 16KB Range 0x90000 (MTRR_FIX16K_90000)—Offset 45h

Access Method

Type: Message Bus Register MTRR_FIX16K_90000: [Port: 0x03] + 45h
(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00000000h

31 28 24 20 16 12 8 4 0
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Bit Default & Description
Range Access P

31:24 00h Fixed 16KB Range 0x9C000 (FIX16K_9C000): Maps the 16KB range from 0x9C000

. RW to Ox9FFFF
23:18 00h Fixed 16KB Range 0x98000 (FIX16K_98000): Maps the 16KB range from 0x98000

: RW to OX9BFFF
15:8 00h Fixed 16KB Range 0x94000 (FIX16K_94000): Maps the 16KB range from 0x94000

’ RW to OX97FFF
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Bit Default &
Range Access

Description

00h

7:0 RW

Fixed 16KB Range 0x90000 (FIX16K_90000): Maps the 16KB range from 0x90000
to Ox93FFF

12.7.2.13 MTRR Fixed 16KB Range 0xA0000 (MTRR_FIX16K_A0000)—Offset

46h

Access Method

Type: Message Bus Register MTRR_FIX16K_A0000: [Port: 0x03] + 46h

(Size: 32 bits)
Op Codes:

10h - Read, 11h - Write

Default: 00000000h

31 28
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Bit Default & -
Range Access Description
31:24 00h Fixed 16KB Range O0xAC000 (FIX16K_AC000): Maps the 16KB range from 0XxAC000
' RW to OXAFFFF
23:16 00h Fixed 16KB Range 0xA8000 (FIX16K_A8000): Maps the 16KB range from 0xA8000
' RW to OXABFFF
15:8 00h Fixed 16KB Range 0xA4000 (FIX16K_A4000): Maps the 16KB range from 0xA4000
' RW to OXA7FFF
7:0 00h Fixed 16KB Range 0xA0000 (FIX16K_A0000): Maps the 16KB range from 0xA0000
' RW to OXA3FFF

12.7.2.14 MTRR Fixed 16KB Range 0xB0000 (MTRR_FIX16K_B0000)—Offset

47h

Access Method

Type: Message Bus Register MTRR_FIX16K_B000O: [Port: 0x03] + 47h

(Size: 32 bits)
Op Codes:

10h - Read, 11h - Write

Default: 00000000h

31 28

0 00 O0(0O OO O[O OO OO OOO|O OOU OO OOTU OO OODO
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FIX16K_BC000
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Bit Default & S
Range Access Description

31:24 00h Fixed 16KB Range 0xBC000 (FIX16K_BC000): Maps the 16KB range from 0xBC000

: RW to OxBFFFF
>3:18 00h Fixed 16KB Range 0xB8000 (FIX16K_B8000): Maps the 16KB range from 0xB8000

: RW to OxBBFFF
15:8 00h Fixed 16KB Range 0xB4000 (FIX16K_B4000): Maps the 16KB range from 0xB4000

’ RW to OxB7FFF
7:0 00h Fixed 16KB Range 0xB0000 (FIX16K_B0000): Maps the 16KB range from 0xB0000

’ RW to OxB3FFF

12.7.2.15 MTRR Fixed 4KB Range 0xC0000 (MTRR_FIX4K_C0000)—Offset 48h

Access Method

Type: Message Bus Register MTRR_FIX4K_C0000: [Port: 0x03] + 48h
(Size: 32 bits

Op Codes:
10h - Read, 11h - Write

Default: 00000000h
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Bit Default & P
Range Access Description
. 00h Fixed 4KB Range 0xC3000 (FIX4K_C3000): Maps the 4KB range from 0xC3000 to
31:24
RW OxC3FFF
. 00h Fixed 4KB Range 0xC2000 (FIX4K_C2000): Maps the 4KB range from 0xC2000 to
23:16
RW OxC2FFF
15:8 00h Fixed 4KB Range 0xC1000 (FIX4K_C1000): Maps the 4KB range from 0xC1000 to
: RW OxC1FFF
7:0 00h Fixed 4KB Range 0xC0000 (FIX4K_C0000): Maps the 4KB range from 0xC0000 to
' RW OxCOFFF

12.7.2.16 MTRR Fixed 4KB Range 0xC4000 (MTRR_FIX4K_C4000)—Offset 49h

November 2014

Access Method

Type: Message Bus Register MTRR_FIX4K_C4000: [Port: 0x03] + 49h
(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00000000h
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Bit Default & P
Range Access Description
. 00h Fixed 4KB Range 0xC7000 (FIX4K_C7000): Maps the 4KB range from 0xC7000 to
31:24
RW OxC7FFF
. 00h Fixed 4KB Range 0xC6000 (FIX4K_C6000): Maps the 4KB range from 0xC6000 to
23:16
RW OxC6FFF
15:8 00h Fixed 4KB Range 0xC5000 (FIX4K_C5000): Maps the 4KB range from 0xC5000 to
: RW OxC5FFF
7:0 00h Fixed 4KB Range 0xC4000 (FIX4K_C4000): Maps the 4KB range from 0xC4000 to
: RW OxC4FFF

12.7.2.17 MTRR Fixed 4KB Range 0xC8000 (MTRR_FIX4K_C8000)—Offset 4Ah

Access Method

Type: Message Bus Register MTRR_FIX4K_C8000: [Port: 0x03] + 4Ah
(Size: 32 bits)

Op Codes:

10h - Read, 11h - Write

Default: 00000000h

31 28 24 20 16 12 8 4 0
0O 00 0|0 O O OO O OO0 OOTOOOOO|O0O0O0OOOOOOOQ O|O0 O0O0O0O
o o o o
o o o o
o o o o
2] < [e)]) [ve]
@) O @) O
><I ><I ¥| ¥|
< & & &
< < < <
[ [ i o
Bit Default & Description
Range Access P
. 00h Fixed 4KB Range 0xCB000 (FIX4K_CB000): Maps the 4KB range from 0xCB0O0O to
31:24
RW OXCBFFF
. 00h Fixed 4KB Range 0xCA000 (FIX4K_CA000): Maps the 4KB range from 0xCA000 to
23:16
RW OxCAFFF
15:8 00h Fixed 4KB Range 0xC9000 (FIX4K_C9000): Maps the 4KB range from 0xC9000 to
: RW OXC9FFF
7:0 00h Fixed 4KB Range 0xC8000 (FIX4K_C8000): Maps the 4KB range from 0xC8000 to
: RW OXxC8FFF

12.7.2.18 MTRR Fixed 4KB Range 0xCC000 (MTRR_FIX4K_CC000)—Offset 4Bh
Access Method
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Type: Message Bus Register MTRR_FIX4K_CCO000: [Port: 0x03] + 4Bh
(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00000000h
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Bit Default & R
Range Access Description
. 00h Fixed 4KB Range 0xCF000 (FIX4K_CF000): Maps the 4KB range from 0xCF000 to
31:24
RW  |OXCFFFF
. 00h Fixed 4KB Range 0xCE000 (FIX4K_CE000): Maps the 4KB range from 0xCE000 to
23:16|
RW OxCEFFF
15:8 00h Fixed 4KB Range 0xCD00O0 (FIX4K_CD000): Maps the 4KB range from 0xCD00O to
' RW OxCDFFF
7:0 00h Fixed 4KB Range 0xCC000 (FIX4K_CCO000): Maps the 4KB range from 0xCCO000 to
' RW OxCCFFF

12.7.2.19 MTRR Fixed 4KB Range 0xD0000 (MTRR_FIX4K_D0000)—Offset 4Ch

Access Method

Type: Message Bus Register MTRR_FIX4K_DO000O: [Port: 0x03] + 4Ch
(Size: 32 bits)

Op Codes:
10h - Read, 11h - Write

Default: 00000000h
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Bit Default & R
Range Access Description
. 00h Fixed 4KB Range 0xD3000 (FIX4K_D3000): Maps the 4KB range from 0xD3000 to
31:24
RW OxD3FFF
. 00h Fixed 4KB Range 0xD2000 (FIX4K_D2000): Maps the 4KB range from 0xD2000 to
23:16|
RW O0xD2FFF
15:8 00h Fixed 4KB Range 0xD1000 (FIX4K_D1000): Maps the 4KB range from 0xD1000 to
’ RW OxD1FFF
7:0 00h Fixed 4KB Range 0xD0000 (FIX4K_D0000): Maps the 4KB range from 0xD0000 to
’ RW OxDOFFF
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12.7.2.20 MTRR Fixed 4KB Range 0xD40000 (MTRR_FIX4K_D4000)—Offset 4Dh
Access Method

Type: Message Bus Register

(Size: 32 bits)

Op Codes:

MTRR_FIX4K_D4000: [Port: 0x03] + 4Dh

10h - Read, 11h - Write

Default: 00000000h
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Bit Default & P
Range Access Description
31:24 00h Fixed 4KB Range 0xD7000 (FIX4K_D7000): Maps the 4KB range from 0xD7000 to
' RW OxD7FFF
23:16 00h Fixed 4KB Range 0xD6000 (FIX4K_D6000): Maps the 4KB range from 0xD6000 to
' RW OxD6FFF
15:8 00h Fixed 4KB Range 0xD5000 (FIX4K_D5000): Maps the 4KB range from 0xD5000 to
' RW OxD5FFF
7:0 00h Fixed 4KB Range 0xD4000 (FIX4K_D4000): Maps the 4KB range from 0xD4000 to
' RW OxD4FFF

12.7.2.21 MTRR Fixed 4KB Range 0xD8000 (MTRR_FIX4K_D8000)—Offset 4Eh

Access Method

Type: Message Bus Register

(Size: 32 bits)

Op Codes:

MTRR_FIX4K_D8000: [Port: 0x03] + 4Eh

10h - Read, 11h - Write

Default: 00000000h
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Bit Default & P
Range Access Description
. 00h Fixed 4KB Range 0xDB000 (FIX4K_DBO000): Maps the 4KB range from 0xDB00O to
31:24
RW OxDBFFF
. 00h Fixed 4KB Range 0xDA0OO (FIX4K_DAO000): Maps the 4KB range from 0xDA0OO to
23:16
RW OxDAFFF
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Bit Default & s n
Range Access Description
15:8 00h Fixed 4KB Range 0xD9000 (FIX4K_D9000): Maps the 4KB range from 0xD9000 to
' RW OxD9FFF
7:0 00h Fixed 4KB Range 0xD8000 (FIX4K_D8000): Maps the 4KB range from 0xD8000 to
' RW OxD8FFF

12.7.2.22 MTRR Fixed 4KB Range 0xDC000 (MTRR_FIX4K_DC000)—Offset 4Fh

Access Method

Type: Message Bus Register MTRR_FIX4K_DCO00O0: [Port: 0x03] + 4Fh
(Size: 32 bits

Op Codes:

10h - Read, 11h - Write

Default: 00000000h
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Bit Default & i n
Range Access Description
31:24 00h Fixed 4KB Range O0xDF000 (FIX4K_DF000): Maps the 4KB range from 0xDF00O0 to
: RW OxDFFFF
23:16 00h Fixed 4KB Range O0xDEO0O0O (FIX4K_DEO0O00): Maps the 4KB range from 0xDE0QO to
: RW OxDEFFF
15:8 00h Fixed 4KB Range 0xDDO00O (FIX4K_DDO000): Maps the 4KB range from 0xDD0O0O to
' RW OxDDFFF
7:0 00h Fixed 4KB Range 0xDC000 (FIX4K_DCO000): Maps the 4KB range from 0xDCO000 to
' RW OxDCFFF

12.7.2.23 MTRR Fixed 4KB Range O0xE0000 (MTRR_FIX4K_E0000)—Offset 50h

Access Method

Type: Message Bus Register MTRR_FIX4K_E0000: [Port: 0x03] + 50h
(Size: 32 bits)

Op Codes:

10h - Read, 11h - Write

Default: 00000000h
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Bit Default & P
Range Access Description
. 00h Fixed 4KB Range O0xE3000 (FIX4K_E3000): Maps the 4KB range from 0xE3000 to
31:24
RW OXE3FFF
. 00h Fixed 4KB Range 0xE2000 (FIX4K_E2000): Maps the 4KB range from 0xE2000 to
23:16
RW OXE2FFF
15:8 00h Fixed 4KB Range OxE1000 (FIX4K_E1000): Maps the 4KB range from 0xE1000 to
: RW OXE1FFF
7:0 00h Fixed 4KB Range 0XxE0000 (FIX4K_E0000): Maps the 4KB range from 0xE0000 to
: RW OXEOFFF

12.7.2.24 MTRR Fixed 4KB Range 0xE4000 (MTRR_FIX4K_E4000)—Offset 51h
Access Method

Type: Message Bus Register

(Size: 32 bits)

Op Codes:

MTRR_FIX4K_E4000: [Port: 0x03] + 51h

10h - Read, 11h - Write

Default: 00000000h
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Bit Default & Description
Range Access P
. 00h Fixed 4KB Range 0xE7000 (FIX4K_E7000): Maps the 4KB range from 0xE7000 to
31:24
RW OXE7FFF
. 00h Fixed 4KB Range O0xE6000 (FIX4K_E6000): Maps the 4KB range from 0xE6000 to
23:16
RW OXE6FFF
15:8 00h Fixed 4KB Range O0xE5000 (FIX4K_E5000): Maps the 4KB range from 0xE5000 to
: RW OXESFFF
7:0 00h Fixed 4KB Range 0xE4000 (FIX4K_E4000): Maps the 4KB range from 0xE4000 to
: RW  |OXE4FFF

12.7.2.25 MTRR Fixed 4KB Range O0xES8000 (MTRR_FIX4K_E8000)—Offset 52h
Access Method

Type: Message Bus Register

(Size: 32 bits)

Op Codes:

MTRR_FIX4K_E8000: [Port: 0x03] + 52h

10h - Read, 11h - Write

Default: 00000000h
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Bit Default & R
Range Access Description
. 00h Fixed 4KB Range OxEB0O0O (FIX4K_EB000): Maps the 4KB range from OxEB00O to
31:24
RW OXEBFFF
. 00h Fixed 4KB Range OXEA000 (FIX4K_EA000): Maps the 4KB range from OxEA000 to
23:16|
RW OXEAFFF
15:8 00h Fixed 4KB Range 0xE9000 (FIX4K_E9000): Maps the 4KB range from 0xE9000 to
’ RW OXE9FFF
. 00h Fixed 4KB Range OxE8000 (FIX4K_E8000): Maps the 4KB range from 0xE8000 to
7:0
RW OXE8FFF

12.7.2.26 MTRR Fixed 4KB Range OxEC000 (MTRR_FIX4K_EC000)—Offset 53h

Access Method

Type: Message Bus Register MTRR_FIX4K_EC000: [Port: 0x03] + 53h
(Size: 32 bits

Op Codes:

10h - Read, 11h - Write

Default: 00000000h
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Bit Default & Description
Range Access P
. 00h Fixed 4KB Range OxEF000 (FIX4K_EF000): Maps the 4KB range from OxEF000 to
31:24
RW  |OXEFFFF
. 00h Fixed 4KB Range OXEE000 (FIX4K_EE000): Maps the 4KB range from OxEE000 to
23:16|
RW OXEEFFF
15:8 00h Fixed 4KB Range OXED00O (FIX4K_EDO000): Maps the 4KB range from OXEDO0OO to
’ RW OXEDFFF
7:0 00h Fixed 4KB Range OxXEC000 (FIX4K_EC000): Maps the 4KB range from 0xEC000 to
’ RW OXECFFF

12.7.2.27 MTRR Fixed 4KB Range 0xFO000 (MTRR_FIX4K_F0000)—Offset 54h
Access Method
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Type: Message Bus Register MTRR_FIX4K_F0000: [Port: 0x03] + 54h
(Size: 32 bits)

Op Codes:

10h - Read, 11h - Write

Default: 00000000h
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Bit Default & P
Range Access Description
31:24 00h Fixed 4KB Range 0xF3000 (FIX4K_F3000): Maps the 4KB range from 0xF3000 to
' RW OxF3FFF
23:16 00h Fixed 4KB Range 0xF2000 (FIX4K_F2000): Maps the 4KB range from 0xF2000 to
' RW OxF2FFF
15.g 00h Fixed 4KB Range O0xF1000 (FIX4K_F1000): Maps the 4KB range from 0xF1000 to
’ RW OxF1FFF
70 00h Fixed 4KB Range O0xF0000 (FIX4K_F0000): Maps the 4KB range from 0xF0000 to
’ RW OxFOFFF

12.7.2.28 MTRR Fixed 4KB Range 0xF4000 (MTRR_FIX4K_F4000)—Offset 55h

Access Method

Type: Message Bus Register MTRR_FIX4K_F4000: [Port: 0x03] + 55h
(Size: 32 bits)

Op Codes:

10h - Read, 11h - Write

Default: 00000000h
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Bit Default & .
Range Access Description
31:24 00h Fixed 4KB Range O0xF7000 (FIX4K_F7000): Maps the 4KB range from 0xF7000 to
' RW OxF7FFF
23:16 00h Fixed 4KB Range O0xF6000 (FIX4K_F6000): Maps the 4KB range from 0xF6000 to
' RW OxF6FFF
15.8 00h Fixed 4KB Range OxF5000 (FIX4K_F5000): Maps the 4KB range from 0xF5000 to
’ RW OxF5FFF
70 00h Fixed 4KB Range 0xF4000 (FIX4K_F4000): Maps the 4KB range from 0xF4000 to
’ RW OxF4FFF
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12.7.2.29 MTRR Fixed 4KB Range 0xF8000 (MTRR_FIX4K_F8000)—Offset 56h

Access Method