intel.

An Introduction to Dynamic Temperature
Range

White Paper

February 2024
Revision 1.0

Document Number: 814861-1.0



intel.

You may not use or facilitate the use of this document in connection with any infringement or other legal analysis
concerning Intel products described herein. You agree to grant Intel a non-exclusive, royalty-free license to any patent claim
thereafter drafted which includes subject matter disclosed herein.

No license (express orimplied, by estoppel or otherwise) to any intellectual property rights is granted by this document.

Allinformation provided here is subject to change without notice. Contact your Intel representative to obtain the latest Intel
product specifications and roadmaps.

The products described may contain design defects or errors known as errata which may cause the product to deviate from
published specifications. Current characterized errata are available on request.

Copies of documents which have an order number and are referenced in this document may be obtained by calling 1-800-
548-4725 or visiting the Intel Resource and Documentation Center.

Intel technologies' features and benefits depend on system configuration and may require enabled hardware, software or
service activation. Performance varies depending on system configuration. No product or component can be absolutely
secure. Check with your system manufacturer or retailer or learn more at intel.com.

No product or component can be absolutely secure.

The code names presented in this document are only for use by Intel to identify products, technologies, or services in
development, that have not been made commercially available to the public, i.e., announced, launched or shipped. They are
not "commercial” names for products or services and are not intended to function as trademarks.

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other
names and brands may be claimed as the property of others.

Introduction to Dynamic Temperature Range
White Paper February 2024
2 Document Number: 814861-1.0


https://www.intel.com/content/www/us/en/resources-documentation/developer.html
http://intel.com/

Contents
1.0 Introduction 5
1.1 PUIDOSE .ttt e e e e ettt R s R e rer e 5
1.2 FaY =Y qTo =To AN U o 1Y oYt 5
1.3 Acronyms and TermMIiNOIOGY ...ttt bbbt 5
20 Dynamic Temperature Range 7
2.1 T g Yoo [0 T T ) o 1O 7
2.2 DTR SPECIHICAION ..ttt e 8
3.0 Frequently Asked Questions (FAQs) 9
3.1 Will the processor or chipset start throttling if DTR is exceeded? .......evvvnercncnecnenee 9
3.2 What may happen when the DTR is eXCeeded? ...t 9
3.3 What do I need to do if DTR iS @XCEEAEU? ...t 9
34 How does resetting the processor or chipset solve DTR violation?........cccccvveveenenecrnene. 9
35 Is DTR part of thermal design requUIremMENt? ...t ssessesesnens 9
Figures
Figure 1. DTR at Different Boot Temperatures: DTR =170 OC.....onrnrreenenesisesisesssesessssenees 7
Figure 2. DTR at Different Boot Temperatures: DTR = 1110 OC .......covrnrenceneeenereseseessesesessessssenees 8
Tables
Tablel. AcronymMs and TerMIiNOIOGY ...ttt 5
Introduction to Dynamic Temperature Range
February 2024 White Paper

Document Number: 814861-1.0

3



intel.

Revision History

Date

Revision

Description

February 2024

1.0

Initial Release.

Introduction to Dynamic Temperature Range
White Paper

4

February 2024
Document Number: 814861-1.0




(]
intel. _
Introduction

1.0 Introduction

1.1 Purpose

The purpose of this document is to provide additional details on the Dynamic
Temperature Range (DTR) specification for Intel® processors and chipsets.

1.2 Intended Audience
This document is targeted at the following audience:
e Original Equipment Manufacturers (OEMs)
e Original Design Manufacturers (ODMs)
e Independent Hardware Vendors (IHVs)

e System Integrators (Sls)

1.3 Acronyms and Terminology
Tablel. Acronyms and Terminology
Term Description
°C Degree Celsius
DTR Dynamic Temperature Range
DTS Digital Temperature Sensor
IHV Independent Hardware Vendor
ODM Original Design Manufacturer
OEM Original Equipment Manufacturer
PCI Peripheral Component Interconnect
PCle* PCIl Express*
SO ACPI System State SO
S5 ACPI Sleep State S5
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Term Description
Sl System Integrator
Ta Ambient Temperature

T A_max Maximum Ambient Temperature

Teoot Boot Temperature
Tc Case Temperature

Tiunction / Ty Silicon Junction Temperature
T o max Maximum Silicon Junction Temperature
Tu_min Minimum Silicon Junction Temperature
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2.0

Dynamic Temperature Range

Dynamic Temperature Range

2.1 Introduction
Dynamic Temperature Range (DTR) is the range of Junction Temperature (T,)
starting from boot (Tsoot) and transitioning Cold-to-Hot (Tgoot + DTR) and/or Hot-
to-Cold (Tsoot - DTR). For a single operational cycle, the processor executes at full
data sheet performance across the full DTR without requiring a cold reset (SO to S5
to SO state transition) or power cycle.
No autonomous actions are taken by a processor or chipset based onthe DTR. The
DTR must be reset through a platform-initiated power cycle or cold reset.
Figure 1shows different scenarios when DTR =+ 70 °C. The DTR is the worst case
(smallest) when the processor boots at T,_min. A processor that boots at Room
Temperature has awider DTR since it covers down to T_min and up-to Teoot + 70 °C.
A processor that boots between (T _max — DTR) and maximum ambient temperature
(T a_max) is the best case (widest) DTR since it covers the entire T, range.
Figurel. DTR atDifferent Boot Temperatures: DTR=170°C
TJunction (oc)
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3. Teoor=35°C
(Tumax—DTR)
4. Tgoor=70°C
(Ta_max)
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Figure 2, shows different scenarios when DTR = #110 °C. The DTR is the worst case
(smallest) when the processor boots at T,_min. A processor that boots between -5 °C
and 70 °C has a best case (widest) DTR since it covers down to Ty_min and up-to Ty _max.
A processor that boots at maximum ambient temperature (Ta_max) has a narrower
DTR since it does not cover down to Ty _min.

Figure2. DTR at Different Boot Temperatures: DTR =110 °C
TJunction (OC)
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2.2 DTR Specification

If a DTR specification exists for a processor or chipset, it may be available in the
corresponding datasheet.
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3.0

Frequently Asked Questions (FAQs)

Frequently Asked Questions (FAQs)

3.1

3.2

3.3

3.4

3.5

February 2024

WIill the processor or chipset start throttling if DTR is exceeded?

No autonomous actions are taken by the processor or chipset even if Dynamic
Temperature Range (DTR) is exceeded.

What may happen when the DTR is exceeded?

When a processor or chipset violates the Dynamic Temperature Range (DTR)
specification, the platform may exhibit unpredictable behavior. This behavior may
include (but not limited to) a system hang, display corruption or High Speed I/O (PCI
Express*, for example) link instability and may vary between different processors or
between a cold reset/power cycle of the same processor.

What do |l needtodoif DTR is exceeded?

Intel recommends resetting the processor or chipset through a platform-initiated
power cycle or cold reset.

How does resetting the processor or chipset solve DTR
violation?

Once a platform-initiated power cycle or cold reset is performed, Tgoot will be the
new temperature at time of reset. This temperature is different from the previous
Teoot, and hence the DTRis reset based on the new Tgoot temperature.

Is DTR part of thermal design requirement?

DTRis not athermal design requirement, meaning it is not mandatory to design a
heatsink solution to meet DTR.
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