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Introduction

Note:

Note:

1.1

Second Generation Intel® Xeon® Scalable Processors

The Datasheet Volume 1 provides configuration space registers (CSRs).

This document is distributed as a part of the complete datasheets consisting of two
volumes.

Unless specified otherwise, “processor” will represent the following processors
throughout the rest of the document.

¢ Intel® Xeon® Bronze 3XXX processor

e Intel® Xeon® Gold 6XXF processor

e Intel® Xeon® Platinum 6XXF processor

¢ Intel® Xeon® Platinum 8XXF processor

e Intel® Xeon® Silver 4XXX processor

e Intel® Xeon® Gold 5XXX processor

e Intel® Xeon® Platinum 6XXX processor

e Intel® Xeon® Platinum 8XXX processor
The Second Generation Intel® Xeon® Scalable Processors is the next generation of 64-
bit, multi-core server processor built on 14-nm process technology. The processor
supports up to 46 bits of physical address space and 48 bits of virtual address space.
The processor is designed for a platform consisting of at least one Second Generation
Intel® Xeon® Scalable Processors and the Platform Controller Hub (PCH). Included in

this family of processors are integrated memory controller (IMC) and an Integrated I/O
(II0) on a single silicon die.

Features within this document may not be available on all platform segments,
processor types, and processor SKUs.

For supported processor configurations refer to:

e Second Generation Intel® Xeon® Scalable Processors Datasheet: Volume 2 -
Registers, 338846

Electrical Specification Introduction

This is volume provides DC electrical specifications, signal integrity, differential
signaling specifications, and land and signal definitions of the processor.

This document may be used by system test engineers, board designers, and BIOS
developers.

Datasheet, Volume One: Electrical, April 2019
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1.2 Related Publications

See the following documents for additional information.

Table 1-1. Related Publications
Document Number /
Document Location
e Second Generation Intel® Xeon® Scalable Processors Datasheet: Volume 2 - 338846
Registers
e Second Generation Intel® Xeon® Scalable Processors Specification Update 338848
e Second Generation Intel® Xeon® Scalable Processors Thermal Mechanical 338847
Design Guidelines
e Intel® C620 Series Chipset Datasheet 336067
e Intel® C620 Series Chipset Thermal Mechanical Design Guidelines 336068
Intel®64and IA-32Architectures Software Developer's Manuals 325462
Volume 1: Basic Architecture http://www.intel.com/
Volume 2A: Instruction Set Reference, A-M products/processor/

Volume 2B: Instruction Set Reference, N-Z manuals/index.htm

Volume 3A: System Programming Guide
Volume 3B: System Programming Guide
Intel® 64 and IA-32Architectures Optimization Reference Manual

Intel® Virtualization Technology Specification for Directed I/O Architecture
Specification

http://www.intel.com/
content/www/us/en/
intelligent-systems/intel-
technology/vt-directed-
io-spec.html

Intel®Trusted Execution Technology Software Development Guide http://www.intel.com/

technology/security/

1.3 Terminology
Term Description
ASPM Active State Power Management
BMC Baseboard Management Controller
CA Coherency Agent. In some cases this is referred to as a Caching
Agent though a CA is not actually required to have a cache. It is a
term used for the internal logic providing mesh interface to LLC and
Core.
CHA The functional module that includes the CA (Coherency Agent) and
HA (Home Agent).
DDR4 Fourth generation Double Data Rate SDRAM memory technology.
DDR-T DDR-T (transactional) protocol which enables Apache
Pass.Communication to far memory protocol running on the
DDR4physical layer.
DMA Direct Memory Access
DMI3 Direct Media Interface Gen3 operating at PCI Express 3.0 speed.
DTLB Data Translation Look-aside Buffer; part of the processor core
architecture.
8 Second Generation Intel® Xeon® Scalable Processors
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Term

Description

DTS

Digital Thermal Sensor

ECC

Error Correction Code

Enhanced Intel
SpeedStep®Technology

Allows the operating system to reduce power consumption when
performance is not needed.

Execute Disable Bit

The Execute Disable bit allows memory to be marked as executable
or non-executable, when combined with a supporting operating
system. If code attempts to run in non-executable memory the
processor raises an error to the operating system. This feature can
prevent some classes of viruses or worms that exploit buffer overrun
vulnerabilities and can thus help improve the overall security of the
system.See the Intel®64and IA-32ArchitecturesSoftware
Developer's Manuals for more detailed information.

FLIT

Flow Control Unit. The Intel® Ultra Path Interconnect (Intel® UPI)
Link layer's unit of transfer. A FLIT is made of multiple PHITS. A Flit is
always a fixed amount of information (192 bits).

Functional Operation

Refers to the normal operating conditions in which all processor
specifications, including DC, system bus, signal quality, mechanical,
and thermal, are satisfied.

GSSE Extension of the SSE/SSE2 (Streaming SIMD Extensions) floating
point instruction set to 256b operands.

HA A Home Agent (HA) orders read and write requests to a piece of
coherent memory. The HA is implemented in the CHA logic.

ICU Instruction Cache Unit. Part of the processor core architecture.

IFU Instruction Fetch Unit. Part of the processor core.

110 Integrated I/0 Controller. An I/O controller that is integrated in the
processor die. The IIO consists of the DMI3 module, PCIe modules,
and MCP modules (Intel Xeon processor-F SKUs only).

IMC Integrated Memory Controller. A Memory Controller that is integrated
in the processor die.

1Q Instruction Queue. Part of the core architecture.

Intel® ME Intel® Management Engine

Intel® QuickData Technology

Intel® QuickData Technology is a platform solution designed to
maximize the throughput of server data traffic across a broader
range of configurations and server environments to achieve faster,
scalable, and more reliable I/0.

Intel® Ultra Path Interconnect (Intel®
UPI)

A cache-coherent, link-based Interconnect specification for Intel
processors. Also known as Intel® UPI.

Intel® 64Technology

64-bit memory extensions to the IA-32 architecture. Further details
on Intel 64 architecture and programming model can be found at
http://developer.intel.com/technology/intel64/.

Intel® Turbo Boost Technology

A feature that opportunistically enables the processor to run a faster
frequency. This results in increased performance of both single and
multi-threaded applications.

Intel® TXT

Intel® Trusted Execution Technology

Intel® Virtualization Technology

Processor Virtualization which when used in conjunction with Virtual

(Intel® VT) Machine Monitor software enables multiple, robust independent
software environments inside a single platform.
Intel® VT-d Intel® Virtualization Technology (Intel® VT) for Directed I/0. Intel

VT-d is a hardware assist, under system software (Virtual Machine
Manager or OS) control, for enabling I/0 device Virtualization. Intel
VT-d also brings robust security by providing protection from errant
DMAs by using DMA remapping, a key feature of Intel VT-d.

Second Generation Intel® Xeon® Scalable Processors
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Term

Description

Integrated Heat Spreader (IHS)

A component of the processor package used to enhance the thermal
performance of the package. Component thermal solutions interface
with the processor at the IHS surface.

10V I/0 Virtualization

IVR Integrated Voltage Regulation (IVR): The processor supports several
integrated voltage regulators.

Intel UPI Intel® Ultra Path Interconnect (Intel® UPI) Agent. An internal logic
block providing interface between internal mesh and external
Intel® UPI.

LLC Last Level Cache

LRDIMM Load Reduced Dual In-line Memory Module

LRU Least Recently Used. A term used in conjunction with cache
allocation policy.

M2M Mesh to Memory. Logic in the IMC which interfaces the IMC to the
mesh.

M2PCIe The logic in the IIO modules which interface the modules to the
mesh.

MESH The on die interconnect which connects modules in the processor.

MESI Modified/Exclusive/Shared/Invalid. States used in conjunction with
cache coherency

MLC Mid Level Cache

NCTF Non-Critical to Function: NCTF locations are typically redundant

ground or non-critical reserved, so the loss of the solder joint
continuity at end of life conditions will not affect the overall product
functionality.

NID \ NodeID

Node ID (NID) or NodeID (NID). The processor implements up to 4-
bits of NodeID (NID).

Pcode

Pcode is microcode which is run on the dedicated microcontroller
within the PCU.

PCH

Platform Controller Hub. The next generation chipset with centralized
platform capabilities including the main I/0O interfaces along with
display connectivity, audio features, power management,
manageability, security and storage features.

PCU

Power Control Unit.

PCI Express 3.0

The third generation PCI Express specification that operates at twice
the speed of PCI Express 2.0 (8 Gb/s); PCI Express 3.0 is completely
backward compatible with PCI Express 1.0 and 2.0.

PCI Express 2.0

PCI Express* Generation 2.0

PECI Platform Environment Control Interface

Phit The data transfer unit on Intel® UPI at the Physical layer is called a
phit (physical unit). A Phit will be either 20 bits, or 8 bits depending
on the number of active lanes.

Processor Includes the 64-bit cores, uncore, I/0Os and package

Processor Core

The term “processor core” refers to Si die itself which can contain
multiple execution cores. Each execution core has an instruction
cache and data cache and MLC cache. All execution cores share the
L3 cache.

Rank

A unit of DRAM corresponding four to eight devices in parallel,
ignoring ECC. These devices are usually, but not always, mounted on
a single side of a DDR4 DIMM.

Second Generation Intel® Xeon® Scalable Processors
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Term Description
RDIMM \ LRDIMM Registered Dual In-line Memory Module \ Load Reduced DIMM
RTID Request Transaction IDs are credits issued by the CHA to track

outstanding transaction, and the RTIDs allocated to a CHA are
topology dependent.

SCI System Control Interrupt. Used in ACPI protocol.

SKU Stock Keeping Unit (SKU) is a subset of a processor type with
specific features, electrical, power and thermal specifications. Not all
features are supported on all SKUs. A SKU is based on specific use
condition assumption.

SSE Intel® Streaming SIMD Extensions (Intel®SSE)

SMBus System Management Bus. A two-wire interface through which simple
system and power management related devices can communicate
with the rest of the system.

Storage Conditions A non-operational state. The processor may be installed in a
platform, in a tray, or loose. Processors may be sealed in packaging
or exposed to free air. Under these conditions, processor landings
should not be connected to any supply voltages, have any I/Os
biased or receive any clocks. Upon exposure to “free air” (that is,
unsealed packaging or a device removed from packaging material)
the processor must be handled in accordance with moisture
sensitivity labeling (MSL) as indicated on the packaging material.

TAC Thermal Averaging Constant

TDP Thermal Design Power

TSOD Temperature Sensor On DIMM

UDIMM Unbuffered Dual In-line Memory Module

Uncore The portion of the processor comprising the shared LLC cache, CHA,

IMC, PCU, Ubox, IIO and Intel® UPI modules.

Unit Interval Signaling convention that is binary and unidirectional. In this binary
signaling, one bit is sent for every edge of the forwarded clock,
whether it be a rising edge or a falling edge. If a number of edges

are collected at instances t1, t 2, t n,....,tkthen the UI at instance “n
is defined as: UI n=tn-t n-1

Volume Management Device (VMD) Volume Management Device (VMD) is a new technology used to
improve PCIe management. VMD maps the PCle configuration space
for child devices/adapters for a particular PCIe x16 module into its
own address space, controlled by a VMD driver.

VccIn Primary voltage input to the voltage regulators integrated into the
processor.

Vss Processor ground

VssA System agent supply for Intel UPI and PCle

Vccio IO voltage supply input

Vcep DDR power rail

x1, x4, x8, x16 Refers to a Link or Port with one, two, four or eight Physical Lane(s)

1.4 Statement of Volatility (SOV)

Second Generation Intel® Xeon® Scalable Processors do not retain any end-user data
when powered down and/or the processor is physically removed from the socket.

8§
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Electrical Specifications

2.1

2.2

2.2.1

2.2.2

This chapter describes processor signaling, DC and DC specifications, and signal
quality. References to various interfaces (memory, PCle*, Intel® Ultra Path
Interconnect [Intel® UPI], PECI, and so forth) are also described.

Integrated Voltage Regulation

The platform voltage regulator is integrated into the processor. Due to this integration,
the processor has one main voltage rail (Vccin) and a voltage rail for the memory
interface (Vccpo12, Vceps4s - one for each memory channel pair). The Vccin voltage rail
will supply the integrated voltage regulators which in turn will regulate to the
appropriate voltages for the cores, cache, and system agents. This integration allows
the processor to better control on-die voltages to optimize for both performance and
power savings. The processor Vccin rail will remain a VID -based voltage with a loadline
similar to the core voltage rail (called Vcc) in previous processors. In addition to the
above, the processor has voltage rails VCCIO for 10, VCCSA for the System Agent, and
VCC33 for PIROM.

Processor Signaling

The Second Generation Intel® Xeon® Scalable Processors includes 3647 lands, which
use various signaling technologies. Signals are grouped by electrical characteristics and
buffer type into various signal groups. These include DDR4 (Reference Clock,
Command, Control, and Data), PCI Express*, DMI3, Intel® Ultra Path Interconnect
(Intel® UPI), Platform Environmental Control Interface (PECI), System Reference
Clock, SMBus, JTAG and Test Access Port (TAP), SVID Interface, Processor
Asynchronous Sideband, Miscellaneous, and Power/ Other signals. See Table 2-7,
“Signal Groups” for details.

Intel strongly recommends performing analog simulations of all interfaces. Please refer
to Section 1.2 for signal integrity model availability.

System Memory Interface Signal Groups

The system memory interface utilizes DDR4 technology, which consists of numerous
signal groups. These include: Reference Clocks, Command Signals, Control Signals,
and Data Signals. Each group consists of numerous signals, which may utilize various
signaling technologies. See Table 2-7, “Signal Groups” for further details.

Throughout this chapter the system memory interface may be referred to as DDR4.

PCI Express* Signals

The PCI Express Signal Group consists of PCI Express* ports 1, 2, and 3, and PCI
Express miscellaneous signals. See Table 2-7, “Signal Groups” for further details.

Second Generation Intel® Xeon® Scalable Processors 13
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2.2.3

2.2.4

2.2.5

2.2.5.1

Figure 2-1.

14

DMI3/PCI Express Signals

The Direct Media Interface Gen 3(DMI3) sends and receives packets and/or commands
to the PCH. The DMI3 is an extension of the standard PCI Express Specification. The
DMI3/PCI Express Signals consist of DMI3 receive and transmit input/output signals
and a control signal to select DMI3 or PCIe* 3.0 operation for port 0. See Table 2-7,
“Signal Groups” for further details.

Intele Ultra Path Interconnect (Intele UPI)

Second Generation Intel® Xeon® Scalable Processors two socket provides two Intel®
Ultra Path Interconnect (Intel® UPI) ports for high-speed serial transfer between other
processors, whereas the Second Generation Intel® Xeon® Scalable Processors four
socket and above provides three Intel® UPI links. Each port consists of two uni-
directional links (for transmit and receive). A differential signaling scheme is utilized,
which consists of opposite-polarity (DP, DN) signal pairs. See Table 2-7, “Signal
Groups” for further details.

Platform Environmental Control Interface (PECI)

PECI is an Intel proprietary interface that provides a communication channel between
Intel processors and chipset components to external system management logic and
thermal monitoring devices. The processor contains a Digital Thermal Sensor (DTS)
that reports a relative die temperature as an offset from Thermal Control Circuit (TCC)
activation temperature. Temperature sensors located throughout the die are
implemented as analog-to-digital converters calibrated at the factory. PECI provides an
interface for external devices to read processor temperature, perform processor
manageability functions, and manage processor interface tuning and diagnostics.

The PECI interface operates at a nominal voltage. The set of DC electrical specifications
shown in Section 2.8.3.2, "PECI DC Specifications” is used with devices normally
operating from a PECI interface supply.

Input Device Hysteresis

The PECI client and host input buffers must use a Schmitt-triggered input design for
improved noise immunity. Please refer to the following image and Section 2.8.3.2,
“PECI DC Specifications.”

Input Device Hysteresis

::::;um Ve PECI High Range /
—

§
DO S

\\.

-Minimum Ve

Minimum | Valid Input
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3
-Minimum Vu N Low Ran'_-]e

-PECI Ground \w\m
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2.2.6 System Reference Clocks (BCLK{0/1/2}_DP,
BCLK{0/1/2}_DN)

The processor Core, processor Uncore, Intel® UPI, PCI Express* and DDR4 memory
interface frequencies are generated from BCLK{0/1/2}_DP and BCLK{0/1/2}_DN
signals. There is no direct link between core frequency and Intel UPI link frequency
(e.g., no core frequency to Intel® UPI multiplier). The processor maximum core
frequency, Intel® UPI link frequency and DDR memory frequency are set during
manufacturing. It is possible to override the processor core frequency setting using
software. This permits operation at lower core frequencies than the factory set
maximum core frequency.

The processor core frequency is configured during reset by using values stored within
the device during manufacturing. The stored value sets the lowest core multiplier at
which the particular processor can operate. If higher speeds are desired, the
appropriate ratio can be configured via the IA32_PERF_CTL MSR (MSR 199h); Bits
[14:0]. For details of operation at core frequencies lower than the maximum rated
processor speed.

Clock multiplying within the processor is provided by the internal phase locked loop
(PLL), which requires a constant frequency BCLK{0/1/2}_DP, BCLK{0/1/2}_DN input,
with exceptions for spread spectrum clocking. DC specifications for the
BCLK{0/1/2}_DP, BCLK{0/1/2}_DN inputs are provided in Section 2.8.3.7, “Processor
Asynchronous Sideband DC Specifications.”

These specifications must be met while also meeting the associated signal quality
specifications outlined in Section 2.10, “Signal Quality.”

Details regarding BCLK{0/1/2}_DP, BCLK{0/1/2}_DN driver specifications are provided
in the CK420BQ Clock Synthesizer/Driver Specification.

2.2.7 JTAG and Test Access Port (TAP) Signals

Due to the voltage levels supported by other components in the JTAG and Test Access
Port (TAP) logic, Intel recommends the processor be first in the TAP chain, followed by
any other components within the system. Please refer to the Second Generation Intel®
Xeon® Scalable Processors Boundary Scan Description Language (BSDL) file more
details. A translation buffer should be used to connect to the rest of the chain unless
one of the other components is capable of accepting an input of the appropriate
voltage. Two copies of each signal may be required with each driving a different
voltage level.

2.2.8 Processor Sideband Signals

Second Generation Intel® Xeon® Scalable Processors includes asynchronous sideband
signals that provide asynchronous input, output or I/O signals between the processor
and the platform or Platform Controller Hub. Details can be found in Table 2-7.

All Processor Asynchronous Sideband input signals are required to be asserted/
deasserted for a defined number of BCLKs in order for the processor to recognize the
proper signal state, these are outlined in Section 2.8.3.7, “Processor Asynchronous
Sideband DC Specifications”. Refer to Section 2.10, “Signal Quality” for applicable
signal integrity specifications.
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Power, Ground and Sense Signals

Processors also include various other signals including power/ground and sense points.
Details can be found in Table 2-7, “Signal Groups.”

Power and Ground Lands

All Vcep, Vceain, and Veesa, and Veess lands must be connected to their respective
processor power planes, while all Vss lands must be connected to the system ground
plane. Refer to the PDG for decoupling, voltage plane and routing guidelines for each
power supply voltage.

For clean on-chip power distribution, processors include lands for all required voltage
supplies. These are listed in the following table.

Power and Ground Lands

Power and Ground

mmen
Lands Co ents

CD_VCC_CORE,CD_VPP

CD_VCC_IN, CD_VCCP, Power supplies for Second Generation Intel® Xeon® Scalable Processors-F SKU

Each Vccin land must be supplied with the voltage determined by the SVID Bus

Vean signals. VR 13.0 defines the voltage level associated with each core SVID pattern.

Each Vcep land is connected to a switchable 1.20 V supply, provide power to the
processor DDR4 interface.

Vcep is also controlled by the SVID Bus. Vcep is the generic term for Vccpoi2
and Vccps4s..

Vccepo12 Veep3ss

Vccsa 10 voltage supply input
Vcess Power supply for PIROM.
Vss Ground

Vccio 10 voltage supply input

Decoupling Guidelines

Due to its large number of transistors and high internal clock speeds, the processor is
capable of generating large current swings between low and full power states. This may
cause voltages on power planes to sag below their minimum values if bulk decoupling is
not adequate. Large electrolytic bulk capacitors (CBULK), help maintain the output
voltage during current transients, for example coming out of an idle condition. Care
must be taken in the baseboard design to ensure that the voltages provided to the
processor remain within the specifications listed in Table 2-13, “Voltage Specification.”
Failure to do so can result in timing violations or reduced lifetime of the processor.

Voltage Identification (VID)

The Voltage Identification (VID) specification for the Vccin,VSA, CD_VCC_CORE voltage
is defined by the VR13.0 PWM: Server VR Vendor PWM Enabling Specification. The
reference voltage or the VID setting is set via the SVID communication bus between
the processor and the voltage regulator controller chip. The VID settings are the
nominal voltages to be delivered to the processor's lands. The VR 13.0 Reference Code
Voltage Identification Table specifies the reference voltage level corresponding to the
VID value transmitted over serial VID. The VID codes will change due to temperature
and/or current load changes in order to minimize the power and to maximize the
performance of the part. The specifications are set so that a voltage regulator can
operate with all supported frequencies.

Second Generation Intel® Xeon® Scalable Processors
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2.2.9.4

2.2.9.5

Individual processor VID values may be calibrated during manufacturing such that two
processor units with the same core frequency may have different default VID settings.

The processor uses voltage identification signals to support automatic selection of a
power supply voltage. If the processor socket is empty (SKTOCC_N high), or a “not
supported” response is received from the SVID bus, then the voltage regulation circuit
cannot supply the voltage that is requested, the voltage regulator must disable itself or
not power on. Vout MAX register (30h) is programmed by the processor to set the
maximum supported VID code and if the programmed VID code is higher than the VID
supported by the VR, then VR will respond with a “not supported” acknowledgment.
See the VR13.0 PWM: Server VR Vendor PWM Enabling Specification for further details.

SVID Commands

The processor provides the ability to operate while transitioning to a new VID setting
and its associated processor voltage rail. This is represented by a DC shift. It should be
noted that a low-to-high or high-to-low voltage state change may result in as many
VID transitions as necessary to reach the target voltage. Transitions above the
maximum specified VID are not supported. The processor supports the following

VR commands:

e SetVID_Fast (25 mV/us for Vccin, 10mV for VSA,Vccio and CD_VCC_CORE)
e SetVID_Slow is 1/4 of SetVID_Fast

e SetVID_Decay (downward voltage only and it's a function of the output
capacitance's time constant) commands. The VR 13.0 Reference Code Voltage
Identification Table includes SVID step sizes and DC shift ranges. Minimum and
maximum voltages must be maintained as shown in Table 2-13, “Voltage
Specification.” This is a CSR configuration option.

The VRM or EVRD utilized must be capable of regulating its output to the value defined
by the new VID. The VR13.0 PWM: Server VR Vendor PWM Enabling Specification
contains further details.

Power source characteristics must be guaranteed to be stable whenever the supply to
the voltage regulator is stable.

SetWP Working Point Command

The SetWP is a command that invokes a look up table for VID set points. During the
initial power on phase the CPU will program the WPx registers (WP0=3Ah..WP7=41h)
on a per rail address basis. When use with the AllCall address, SetWP acts as a group
command that moves all voltage rails on the bus to new voltages in the look up

table index. The SetWP command can also be used with an individual VR rail address
and that rail moves to the voltage in the loop up table index. Each VR domain

address has registers WP0-WPx (3Ah..41h) which stores the VID code for that domain's
work points.

The Work Point command is encoded to support up to 8 VID targets, slew rate for the
command, and alert function. The PWM should use its auto power state or auto-phase
shedding functions to select appropriate # phases, CCM/DCM operation, and so forth.
based on output load current after the SetWP command target has been reached.

Typical SetWP usage will be:

1. Processor writes VID codes to WP registers WPO (3Ah) -WP4 (3Dh) in each VR
domain. Normally done during SVID enumeration phase of system boot.
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2. If a WPO-7 register is not programmed by the CPU, the VR stays at its present VID
setting when it receives a SetWP (WPn) command.

3. Processor sends SetWP (WPn) command to one of the AllCall addresses OEh or OFh.
See PWM guideline for more information on AllCall address mapping.

4. Voltage rails change VID to their corresponding VID code stored in their WPx
register

5. CPU polls each VR addresses reading stutusl to clear the alerts from the VRs

6. SVID error handling

WPO = State 0, programed by master
WP1 = State 1, programmed by master
WP2 = State 2, programmed by master
WP3 = State 3, programmed by master

WP4 = State 4, programmed by master

WP7 = State 7

SetVID Fast Command

The SetVID_Fast command contains the target VID in the payload byte. The

range of voltage is defined in the VID table. The VR should ramp to the new VID setting
with a fast slew rate as defined in the slew rate data register. It is minimum of

25 mV/us for Vccin and 10 mV/us for other rails, depending on the amount of
decoupling capacitance.

The SetVID_Fast command is preemptive. The VR interrupts its current processes and
moves to the new VID. The SetVID_Fast command operates on 1 VR address at a time.
This command is used in the processor for package C6 fast exit.

SetVID Slow

The SetVID_Slow command contains the target VID in the payload byte. The range of
voltage is defined in the VID table. The VR should ramp to the new VID setting with a
“slow” slew rate as defined in the slow slew rate data register. The SetVID_Slow is
nominally 4x slower than the SetVID_Fast slew rate.

The SetVID_Slow command is preemptive, the VR interrupts its current processes and
moves to the new VID. This is the instruction used for normal P-state voltage change.
This command is used in the processor for the Intel Enhanced SpeedStep®
Technology transitions.

SetVID Decay

The SetVID_Decay command is the slowest of the DVID transitions. It is only used for
VID down transitions. The VR does not control the slew rate, the output voltage
declines with the output load current only.

The SetVID_Decay command is preemptive, the VR interrupts its current processes and
moves to the new VID. This command is used in the processor for package C6 entry,
allowing capacitor discharge by the leakage, thus saving energy.This command is only
used in VID down direction in the processor package C6 entry.
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2.2.9.9 SVID Voltage Rail Addressing
The processor addresses 4 different voltage rail control segments within VR13.0 (Vccin,
Vcep, Veesa,Vecio and CD_VCC_CORE). The SVID data packet contains a 4-bit
addressing code:
Table 2-2. SVID Address Usage Bus 1
PWM Address (HEX) Protocol ID Second Generation Intel® Xeon® Scalable
00 04H(10 mV VID) Veen
01 07H(5 mV VID) Vecsa
02 07H(5 mV VID) Vccio
03 07H(5 mV VID) CD_VCC_CORE
04 Reserved for optional rail
05 Reserved for optional rail
Notes:
1. Check with VR vendors for determining the physical address assignment method for their controllers.
2. VR addressing is assigned on a per voltage rail basis.
3. Dual VR controllers will have two addresses with the lowest order address, always being the higher
phase count.
4.  For future platform flexibility, the VR controller should include an address offset, as shown with +1
not used.
Table 2-3. SVID Address Usage Bus 2
PWM Address (HEX) Protocol ID Second Generation Intel® Xeon® Scalable
04H(10mV VID)
00 or 07H(5mV VID) | VP02
01 NA
04H(10mV VID)
02 or 07H(5mV VID) | V6034
03 NA
Notes:
1. Check with VR vendors for determining the physical address assignment method for their controllers.
2. VR addressing is assigned on a per voltage rail basis.
3. Dual VR controllers will have two addresses with the lowest order address, always being the higher
phase count.

Table 2-4. VR13.0 Reference Code VCCIN Voltage Identification (VID) (Sheet 1 of 2)
HEX | VCCIN | HEX | VCCIN | HEX | VCCIN | HEX | VCCIN | HEX [VCCIN | HEX |VCCIN| HEX | VCCIN | HEX | VCCIN
00 0.00 20 0.81 40 1.13 60 1.45 80 1.77 A0 2.09 co 2.41 EO 2.73
01 0.50 21 0.82 41 1.14 61 1.46 81 1.78 Al 2.10 C1 2.42 El 2.74
02 0.51 22 0.83 42 1.15 62 1.47 82 1.79 A2 2.11 c2 2.43 E2 2.75
03 0.52 23 0.84 43 1.16 63 1.48 83 1.80 A3 2.12 C3 2.44 E3 2.76
04 0.53 24 0.85 44 1.17 64 1.49 84 1.81 A4 2.13 c4 2.45 E4 2.77
05 0.54 25 0.86 45 1.18 65 1.50 85 1.82 A5 2.14 C5 2.46 ES5 2.78
06 0.55 26 0.87 46 1.19 66 1.51 86 1.83 A6 2.15 (3] 2.47 E6 2.79
07 0.56 27 0.88 47 1.20 67 1.52 87 1.84 | A7 2.16 Cc7 2.48 E7 2.80
08 0.57 28 0.89 48 1.21 68 1.53 88 1.85 A8 2.17 c8 2.49 E8 2.81
09 0.58 29 0.90 49 1.22 69 1.54 89 1.86 A9 2.18 Cc9 2.50 E9 2.82
0A 0.59 2A 0.91 4A 1.23 6A 1.55 8A 1.87 AA 2.19 CA 2.51 EA 2.83

19

Second Generation Intel® Xeon® Scalable Processors
Datasheet, Volume One: Electrical, April 2019



intel.

Table 2-4. VR13.0 Reference Code VCCIN Voltage Identification (VID) (Sheet 2 of 2)
HEX | VCCIN | HEX | VCCIN | HEX | VCCIN | HEX [ VCCIN | HEX (VCCIN | HEX |VCCIN| HEX | VCCIN | HEX | VCCIN
0B 0.60 2B 0.92 4B 1.24 6B 1.56 8B 1.88 AB 2.20 CB 2.52 EB 2.84
oC 0.61 2C | 0.93 4c 1.25 6C 1.57 8C 1.89 AC 2.21 CcC 2.53 EC | 2.85
oD 0.62 2D 0.94 4D 1.26 6D 1.58 8D 1.90 AD 2.22 CD 2.54 ED 2.86
OE 0.63 2E 0.95 4E 1.27 6E 1.59 8E 1.91 AE 2.23 CE 2.55 EE 2.87
OF 0.64 2F 0.96 4F 1.28 6F 1.60 8F 1.92 AF 2.24 CF 2.56 EF 2.88
10 0.65 30 0.97 50 1.29 70 1.61 90 1.93 BO 2.25 DO 2.57 FO 2.89
11 0.66 31 0.98 51 1.30 71 1.62 91 1.94 B1 2.26 D1 2.58 F1 2.90
12 0.67 32 0.98 52 1.31 72 1.63 92 1.95 B2 2.27 D2 2.59 F2 2.91
13 0.68 33 1.00 53 1.32 73 1.64 93 1.96 B3 2.28 D3 2.60 F3 2.92
14 0.69 34 1.01 54 1.33 74 1.65 94 1.97 B4 2.29 D4 2.61 F4 2.93
15 0.70 35 1.02 55 1.34 75 1.66 95 1.98 B5 2.30 D5 2.62 F5 2.94
16 0.71 36 1.03 56 1.35 76 1.67 96 1.99 B6 2.31 D6 2.63 F6 2.95
17 0.72 37 1.04 57 1.36 77 1.68 97 2.00 B7 2.32 D7 2.64 F7 2.96
18 0.73 38 1.05 58 1.37 78 1.69 98 2.01 B8 2.33 D8 2.65 F8 2.97
19 0.74 39 1.06 59 1.38 79 1.70 99 2.02 B9 2.34 D9 2.66 F9 2.98
1A 0.75 3A 1.07 5A 1.39 7A 1.71 9A 2.03 BA 2.35 DA 2.67 FA 2.99
1B 0.76 3B 1.08 5B 1.40 7B 1.72 9B 2.04 BB 2.36 DB 2.68 FB 3.00
1C 0.77 3C 1.09 5C 1.41 7C 1.73 9C 2.05 BC 2.37 DC | 2.69 FC 3.01
1D 0.78 3D 1.10 5D 1.42 7D 1.74 9D 2.06 BD 2.38 DD 2.70 FD 3.02
1E 0.79 3E 1.11 5E 1.43 7E 1.75 9E 2.07 BE 2.39 DE 2.71 FE 3.03
1F 0.80 3F 1.12 5F 1.44 7F 1.76 9F 2.08 BF 2.40 DF 2.72 FF 3.04

Notes:

1. 00h = Off State

2. VID Range HEX 65-97 are used by the Intel® Xeon® processor E5-1600 and E5-2600 v5 product families

3. VCCD can use Protocol ID of 10 mV or 5 mV,.

4. VCCD can use Table 2-4, "WVR13.0 Reference Code VCCIN Voltage Identification (VID)"” or VID Table 2-5, “"VSA, VCCIO,

CD_VCC_CORE or VCCD VID Table.”

Table 2-5. VSA, VCCIO, CD_VCC_CORE or VCCD VID Table (Sheet 1 of 8)
10 mV step
HEX mzdn;‘(l:rteapge re::jon‘rgztneged m":d:y:l::ge reco:11:1deended 10 mV mode market segment
accuracy accuracy
0 0 0 NA 0 NA All
0 1 0.25 +8 mV 0.5 +10 mV All
0 2 0.255 +8 mV 0.51 +10 mV All
0 3 0.26 +8 mV 0.52 +10 mV All
0 4 0.265 +8 mV 0.53 +10 mV All
0 5 0.27 +8 mV 0.54 +10 mV All
0 6 0.275 +8 mV 0.55 +10 mV All
0 7 0.28 +8 mV 0.56 +10 mV All
0 8 0.285 +8 mV 0.57 +10 mV All
0 9 0.29 +8 mV 0.58 +10 mV All
0 A 0.295 +8 mV 0.59 +10 mV All
0 B 0.3 +8 mV 0.6 +10 mV All
0 C 0.305 +8 mV 0.61 +10 mV All
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Table 2-5. VSA, VCCIO, CD_VCC_CORE or VCCD VID Table (Sheet 2 of 8)
10 mV step
HEX midn;‘(lcsﬂttea%e rets:on;1¥|15etr?cli)ed mI:dren:llosI::ge recom;deended 10 mV mode market segment
accuracy accuracy
0 D 0.31 +8 mV 0.62 +10 mV All
0 E 0.315 +8 mv 0.63 +10 mV All
0 F 0.32 +8 mV 0.64 +10 mV All
1 0 0.325 +8 mV 0.65 +10 mV All
1 1 0.33 +8 mv 0.66 +10 mV All
1 2 0.335 +8 mV 0.67 +10 mV All
1 3 0.34 +8 mV 0.68 +10 mV All
1 4 0.345 +8 mv 0.69 +10 mV All
1 5 0.35 +8 mV 0.7 +10 mV All
1 6 0.355 +8 mV 0.71 +10 mV All
1 7 0.36 +8 mv 0.72 +10 mV All
1 8 0.365 +8 mV 0.73 +10 mV All
1 9 0.37 +8 mV 0.74 +10 mV All
1 A 0.375 +8 mV 0.75 +10 mV All
1 B 0.38 +8 mV 0.76 +10 mV All
1 c 0.385 +8 mV 0.77 +10 mV All
1 D 0.39 +8 mV 0.78 +10 mV All
1 E 0.395 +8 mV 0.79 +10 mV All
1 F 0.4 +8 mV 0.8 +10 mV All
2 0 0.405 +8 mV 0.81 +10 mV All
2 1 0.41 +8 mv 0.82 +10 mV All
2 2 0.415 +8 mV 0.83 +10 mV All
2 3 0.42 +8 mv 0.84 +10 mV All
2 4 0.425 +8 mV 0.85 +10 mV All
2 5 0.43 +8 mV 0.86 +10 mV All
2 6 0.435 +8 mV 0.87 +10 mV All
2 7 0.44 +8 mV 0.88 +10 mV All
2 8 0.445 +8 mV 0.89 +10 mV All
2 9 0.45 +8 mV 0.9 +10 mV All
2 A 0.455 +8 mV 0.91 +10 mV All
2 B 0.46 +8 mV 0.92 +10 mV All
2 c 0.465 +8 mv 0.93 +10 mV All
2 D 0.47 +8 mV 0.94 +10 mV All
2 E 0.475 +8 mV 0.95 +10 mV All
2 F 0.48 +8 mV 0.96 +10 mV All
3 0 0.485 +8 mV 0.97 +10 mV All
3 1 0.49 +8 mV 0.98 +10 mV All
3 2 0.495 +8 mv 0.99 +10 mV All
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Table 2-5. VSA, VCCIO, CD_VCC_CORE or VCCD VID Table (Sheet 3 of 8)

10 mV step
HEX mgdn;‘(lcs)r:apge re::jor::rlnit:('i)ed mlgd?xoslit::gpe reconm121deended 10 mV mode market segment
accuracy accuracy
3 3 0.5 +8 mV 1 +8 mV All
3 4 0.505 +8 mV 1.01 +8 mV All
3 5 0.51 +8 mV 1.02 +8 mV All
3 6 0.515 +8 mV 1.03 £8 mV All
3 7 0.52 +8 mV 1.04 +8 mV All
3 8 0.525 +8 mV 1.05 +8 mV All
3 9 0.53 +8 mV 1.06 +8 mV All
3 A 0.535 +8 mV 1.07 +8 mV All
3 B 0.54 +8 mV 1.08 +8 mV All
3 C 0.545 +8 mV 1.09 +8 mV All
3 D 0.55 +8 mV 1.1 £8 mV All
3 E 0.555 +8 mV 1.11 +8 mV All
3 F 0.56 +8 mV 1.12 £8 mV All
4 0 0.565 +8 mV 1.13 +8 mV All
4 1 0.57 +8 mV 1.14 +8 mV All
4 2 0.575 +8 mV 1.15 +8 mV All
4 3 0.58 +8 mV 1.16 +8 mV All
4 4 0.585 +8 mV 1.17 +8 mV All
4 5 0.59 +8 mV 1.18 +8 mV All
4 6 0.595 +8 mV 1.19 +8 mV All
4 7 0.6 +8 mV 1.2 +8 mV All
4 8 0.605 +8 mV 1.21 +8 mV All
4 9 0.61 +8 mV 1.22 +8 mV All
4 A 0.615 +8 mV 1.23 £8 mV All
4 B 0.62 +8 mV 1.24 +8 mV All
4 C 0.625 +8 mV 1.25 +8 mV All
4 D 0.63 +8 mV 1.26 +8 mV All
4 E 0.635 +8 mV 1.27 +8 mV All
4 F 0.64 +8 mV 1.28 +8 mV All
5 0 0.645 +8 mV 1.29 +8 mV All
5 1 0.65 +8 mV 1.3 +8 mV All
5 2 0.655 +8 mV 1.31 +8 mV All
5 3 0.66 +8 mV 1.32 £8 mV All
5 4 0.665 +8 mV 1.33 +8 mV All
5 5 0.67 +8 mV 1.34 +8 mV All
5 6 0.675 +8 mV 1.35 +8 