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1

Introduction

1.1

1.2

In asystem environment, the processor’s temperature is afunction of both the system and component
thermal characteristics. The system level thermal constraints consist of the local -ambient temperature at
the processor and the airflow over the processor(s) as well as the physical constraints at and above the
processor(s). The processor temperature depends on the component power dissipation, size and materia
(effective thermal conductivity) of the integrated heat spreader; attach mechanism and the presence of a
therma cooling solution.

The continued push of technology is providing an increase in performance level s (higher operating
speeds, GHz) and packaging density (more transistors). This push aso increases the challenge of system
thermal design. As operating frequencies increase and packaging size decreases, the power density
increases and the demand on therma cooling and system airflow increases. The result is an increased
importance on system design to ensure that thermal design requirements are met for each component in
the system.

The information on thermal design provided in this document is for reference only, and suggests good
thermal design practices. All responsibility for determining the adequacy of any thermal or system design
remains solely with the reader. Intel makes no warranties or representations that merely following dl of
the instructions presented in this document will result in a system with adequate thermal performance.
Please refer to the terms on page 2 of this document for the detailed written disclaimer.

Document Goals

The therma power level and thermal power density of this processor generation are higher than previous
Intel architecture processors. Depending on the type of system and the chassis characteristics, new
system designs may be required to provide adequate cooling for the processor. The god of this document
isto provide an understanding of these thermal characteristics and discuss guidelines for meeting the
thermal requirementsimposed on single and multiple processor systems. Guidelines specific to the
processor are presented in the body of this document. More genera guidelines for thermal design can be
found in Appendix A.

Document Scope

This document discusses thermal management and measurement techniques for the Intel® Xeon™
processors (including the Intel Xeon processor with 256-KB L2 cache, the Intel Xeon processor with
512-KB L2 cache and the Intel Xeon processor with 533 MHz system bus) which are primarily intended
for server and workstation applications. It will aso address the issues of the integrated thermal
management logic and itsimpact on therma design. Unless otherwise noted, references to “ processor”
throughout this document apply to the dual processor (DP) version of the Intel Xeon processors.

The physicd dimensions and power numbers used in this document are for reference only. Please refer to
the processor datasheet for the product dimensions, thermal design power dissipation, and maximum
case temperature. In case of conflict in data, the information in the datasheet supercedes any datain this
document.

Intel® Xeon™ Processor DP Thermal Design Guidelines 9



1.3 References

Intel® Xeon™ Processor at 1.40 GHz, 1.50 GHz 1.70 GHz and 2.0 GHz Datasheet!
Intel® Xeon™ Processor with 512-KB L2 Cache at 1.80 GHz to 2.80 GHz Datasheet*
Intel® Xeon™ Processor with 533 MHz System Bus at 2 GHz to 2.80 GHz Datasheet*
Intel® Xeon™ Processor and Intel® 860 Chipset Platform Design Guidelines*

Intel® Xeon™ Processor Enabled Components Mechanical Modelsin ProE* Format®
Intel® Xeon™ Processor Enabled Components Mechanical Modelsin |GES Format®
Intel® Xeon™ Processor Thermal Modelsin Flotherm* and IcePak* Formats'

Intel® Xeon™ Processor with 512 KB L2 Cache Thermal Modelsin Flotherm* and |cePak*
Formats*

Intel® Xeon™ Processor with 512 KB L2 Cache Processor Mechanical Modelsin ProE* and
IGES Formats"

Intel® NetBurst™ Microarchitecture BIOS Writer's Guide?

603-Pin Socket Design Guidelines

Guidelines for Duct Design for Dual Processor Platform Applications2
SSl Entry-Level Electronics Bay Specification3

SS Mid-Range Electronics Bay Specification3

SS High-End Electronics Bay Specification3

European Blue Angel Recycling Standards

1.4 Definition of Terms

ACPI — Advanced Configuration and Power Interface (see http://www.tel eport.com/~acpi/).

Bypass/no-bypass — Bypass is the area between a heatsink and any object that can act to form a
duct. For this example it can be expressed as a dimension away from the outside dimension of the
finsto the nearest surface.

Puwax — the maximum processor power, as specified in the processor’ s datasheet.

Tia (TLocaL-ameienT) — the measured ambient temperature locally surrounding the processor. The
ambient temperature should be measured just “upstream” of apassive heatsink, or at the fan inlet
for an active heatsink.

1 This document is available at http://devel oper.intel.com.

2 Contact your Intel Field Sales representative for ordering information.

3 This document is available at http://www.ssiforum.org.

10
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T amsiEnT-0EM — the target worst-case ambient temperature at a given externa system location as
defined by the system designer (OEM).

T ameienT-ExTERNAL — the measured ambient temperature at the OEM defined externa system
location.

T ameiEnT-MaX — the target worst-case local -ambient temperature. To determine this, place the
system in amaximum externa temperature environment, and measure the ambient temperature
surrounding the processor. Under these conditions, T a = T amBIiENT-MAX-

Tcase-max — the maximum case temperature of the processor, as specified in the processor
datasheet.

Tcase — the measured case temperature of the processor.

Thermal Monitor — The Intel Xeon processor and the Intel Xeon processor with 512 KB L2 cache
implements athermal management feature consisting of an on-die therma diode, reference current
source, comparator, external bus signal, thermal control circuit and processor registersto assist
with managing thermal control of the processor. Collectively, these are referred to as Thermal
Monitor.

Therma Control Circuit — The portion of Therma Monitor that modul ates the processor’s
internal clocks during an over-temperature event.

Thermal Design Power (TDP) — A processor power dissipation target derived from profiling
multiple workstation and server applications. OEMs must design thermal solutions that meet or
exceed the TDP as specified in the processor datasheet.

TIM —Thermal Interface Material — The thermally conductive compound between the heatsink
and the processor case. Thismaterid fillsthe air gaps and voids, and enhances the spreading of the
heat from the case to the heatsink.

TBD — To be determined.

Wes — The case to sink thermal resistance, which is dependent on the thermal interface material.
Also referred to as Ojy.

Wea — The thermal resistance between the processor’ s case and the ambient air. Thisis defined
and controlled by the system therma solution.

U — A unit of measure used to define server rack spacing height. 1U isequal to 1.75 inches, 2U
equals 3.50 inches, etc.

Vapor Chamber — Heatsink technology similar to aheat pipein that aliquid changes to agaseous
state to rapidly disperse the heat to alarge area. A vapor chamber relies on heat spreading for
thermal benefit instead of removing heat to alocation away from the heatsink.

603-pin Socket — The surface mount Zero Insertion Force (ZIF) socket designed to accept the Intel
Xeon processor and the Intel Xeon processor with 512 KB L2 cache.

Intel® Xeon™ Processor DP Thermal Design Guidelines 11
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2 Importance of Thermal Management

The objective of therma management isto ensure that the temperature of all componentsin asystemis
maintained within functiona limits. The functional temperature limit is the range within which the
electrica circuits can be expected to meet their specified performance requirements. Operation outside
the functiona limit can degrade system performance, cause components to operate in amanner no longer
guaranteed by their specified operation or cause component and/or system damage. Temperatures
exceeding the maximum operating limits may result in irreversible changes in the operating
characteristics of the component.

Intel® Xeon™ Processor DP Thermal Design Guidelines 13
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3 Processor Packaging Technology

The Intel Xeon processor is available in the interposer micro pin grid array (INT-mPGA) package
technology while the Intel Xeon processor with 512 KB L2 cache is availablein both the INT-mPGA
package and the flip chip bal grid array package (FC-mPGAZ2). Components of the package include an
integrated heat spreader (IHS), an organic land grid array (OLGA) or flip chip ball grid array (FC-BGA)
package containing the processor die, and a pinned interposer. The integrated heat spreader (IHS) is
designed to improve package thermal performance and is the interface for attaching aheatsink. The
processor connects to the motherboard through a ZIF socket. A description of the socket can be found in
the 603-pin Socket Design Guidelines.

The Intel Xeon processor uses a31 mm [1.22 in] square OLGA core (Figure 1). The Intel Xeon
processor with 512 KB L2 cache uses a35 mm [1.38 in] square INT-mPGA core package (Figure 2) or a
flip chip package (FC-mPGA2) with a31 mm [1.22 in] IHS (Figure 3).

Thereisachangein total package height between the INT-mPGA and FC-mPGA2 packages that can
affect heatsink retention force and thermal performance. Refer to the dimensions in the processor
datasheet to determine the exact height difference and itsimpact to current heatsink and retention
designs. Heatsink designs may require modification to accommodate the change in package height.

All processor package configurations are compatible with the 603-pin socket.

Note: In case of conflictsin dimensions, the processor datasheet supercedes this document. All dimensions are
nomina values and specified in millimeters.

Figure 1. Intel® Xeon™ Processor (31 mm OLGA package)
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Figure 2. Intel® Xeon™ Processor with 512 KB L2 Cache Processor (35 mm INT-mPGA package)

Figure 3. Intel® Xeon™ Processor with 512 KB L2 Cache Processor (31.0 mm FC-mPGA2 package)
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Thermal Specifications

4.1

Please refer to the processor datasheet for thermal design power and maximum case temperature
specifications.

In order to ease the burden on chassis cooling solutions, the Therma Monitor feature and associated
logic has been integrated into the silicon of the processor. By taking advantage of the Thermal Monitor
feature, system designers may reduce the cooling system cost while maintaining the processor reliability
and performance goals. Other options within the therma management logic alow system software to
monitor and control the performance and thermal characteristics of the processor. Implementation
options and recommendations are described in Chapter 6.

For the purposes of this application note, the following assumptions have been made about the
reguirements for proper operation and reliability of the processor:

e Considering the power dissipation levels and typical system loca -ambient temperatures of 35°C
to 45°C [95-113°F], the processor's temperatures cannot be maintained at or below its
specification without additiona therma enhancement to dissipate the heat generated by the
processor.

e Thethermal characterization datadescribed in |ater sectionsillustrates that both athermal-cooling
device and system airflow is needed. The size and type (passive or active) of therma cooling
device and the amount of system airflow are related and can be traded off against each other to
meet specific system design constraints. In typica systems, board layout, spacing, and component
placement limit the thermal solution size. Airflow is determined by the size and number of fans
along with their placement in relation to the components and the airflow channels within the
system. In addition, acoustic noise constraints may limit the size, number and types of fans that
can be used in aparticular design.

To develop areliable, cost-effective therma solution, all of the above variables must be considered.
Thermal characterization and simulation should be carried out on the entire system, accounting for the
therma requirements of each component.

Processor Case Temperature

The Integrated Heat Spreader (IHS) provides a common interface and attach location for al processor
thermal solutions. The IHS can improve thermal solution performance by spreading the concentrated
heat from the core to alarger surface areafor enhanced heat transfer through the heatsink. Thermal
solutions can be active or passive. Active solutions typically incorporate afan in the heatsink and may be
smaller than a passive heatsink. Considerationsin heatsink design include:

e Loca-ambient temperature at the heatsink

s Surface areaof the heatsink

e Volume of airflow over the surface area

e Power being dissipated by the processor

e Physicd volume constraints of the system

s Fanrdliability (using multiple fans for redundancy)

Intel® Xeon™ Processor DP Thermal Design Guidelines 17



4.2

Techniques for measuring case temperatures are provided in Chapter 5.

Processor Power

The processor power, as listed in the datasheet, isthe total thermal design power that is dissipated
through the IHS. This value also includes components that take into account manufacturing variations.

The processor power dissipation is documented in two ways: Maximum Power and Thermal Design
Power (TDP). Maximum power can be attained while running code specifically written to draw the most
current, such as the maximum power test application. While running typical applications, maximum
power is not usually reached, especially for athermally significant duration of time. As aresult, the TDP
isprovided as the thermal design target for systems. This power target is derived from profiling multiple
workstation and server applications. For any excursions beyond TDP, the Therma Monitor featureis
available to maintain processor thermal specifications. Refer to Chapter 6 and the processor datasheet for
details regarding Thermal Monitor.

18
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Thermal Metrology

5.1

5.1.1

The following sections will discuss the techniques for testing thermal solutions. It should be noted that
determining if a processor is sufficiently cooled is not as simple asit may seem. Carefully read the
following instructions and determine the steps required to validate your cooling solution.

Processor Thermal Metrology

Thermal Resistance

The case-to-ambient thermal resistance, Wca, is used as ameasure of the cooling solution’s thermal
performance. The case to local-ambient thermal resistance, Wca, is comprised of the case to sink (Wes)
thermal resistance and the sink to local-ambient thermal resistance (Wsa). Thermal resistance is measured
in units of °C/W.

The case to local-ambient (Wca) therma resistance is measured between the top of the IHS case and the
local-ambient air. It is strongly dependent on the thermal conductivity and thickness of the TIM between
the heatsink and surface of the processor IHS. The term Ws, isameasure of the thermal resistance from
the bottom of the heatsink base to the loca-ambient air. Ws, is dependent on the heatsink material,
therma conductivity, geometry, and strongly dependent on the air vel ocity through the fins of the
heatsink (see Figure 4). Wcsisthe thermal resistance between the top of the IHS case and the bottom of
the heatsink base. It is dependent on the thermal interface materia therma (TIM) conductivity, bond-line
thickness, and the flatness and tilt of the heatsink and IHS mating surfaces.

Figure 4. Processor Thermal Resistance Relationships
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Equation 1. T

Equation 2. T

The thermal parameters are related by the following equations:

hermal Case to Ambient Thermal Resistance

Wea = (Tease — Tua) / Po

hermal Case to Ambient Thermal Resistance

Wea = Wes + Wsp

Where:
Wen = Caseto loca-ambient thermal resistance (°C/W)
Tcase = Processor case temperature (°C)
Tia = Loca-ambient temperature in chassis around processor (°C)
Po = Processor thermal design power (TDP), assuming all power is dissipated through the case
(W)
Wes = Caseto sink thermal resistance, dependent on the thermal interface materia (°C/W)
Wsn = Sinktoloca-ambient thermal resistance (°C/W)
5.1.2 Thermal Solution Performance
All processor thermal solutions attach to the processor at the IHS. The system thermal solution must
adequately control the loca-ambient air around the processor (T 4). The lower the thermal resistance
between the processor and the locd-ambient air, the more efficient the thermal solution. The required
Wea is dependent upon the maximum allowed processor IHS, or case temperature (Tcase), the local-
ambient temperature (T »), and the processor power (Pp).
Use Equations 1 and 2 to determine a target Oca and 6sa USing the following assumptions.
Tease = 75°C, hypothetical maximum case temperature specification
Tia = Assume45°C, atypica vaue for desktop systems
Po = Assume 70 W, hypothetica therma design power (TDP)
Wes = Assume0.12°C/W
Solving for the Equation 1 from above:
Wea = (Tcase—Twa)/Po
= (75-45)/70
= 0.42°C/W
Solving for Equation 2 from above:
Wea = WYes+ Wgpu
Wsa = Wea—Wes
= 042-0.12
= 0.30°C/W
20 Intel® Xeon™ Processor DP Thermal Design Guidelines
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5.1.3

Local-Ambient Temperature Measurement Guidelines

L oca-ambient temperature, T\, isthe temperature of the ambient air surrounding the processor. In a
system environment, ambient temperature is the temperature of the air upstream of the processor and in
its close vicinity; in an active cooling system, it istheinlet air to the active cooling device. It is hecessary
to determine the local-ambient temperature in the chassis at the processor to determine the thermal
performance of agiven therma solution (Wca).

The loca -ambient temperature is best measured as an average of the localized air surrounding the
processor. The following guidelines are meant to enable accurate determination of the localized air
temperature around the processor during system thermal testing.

1. During system thermal testing, a minimum of two thermocouples should be placed
approximately 12.7 to 25.4 mm [0.5 to 1.0 in] away from processor and heatsink as shown in
Figure 5. This placement guideline is meant to minimize localized hot spots due to the
processor, heatsink, or other system components.

2. Thethermocouples should be placed approximately 50.8 mm [2.0 in] above the baseboard and
25.4t050.8 mm [1.0 to 2.0 in] apart. This placement guideline is meant to minimize localized
hot spots from baseboard components.

3. Tpa should be the average of the thermocouple measurements during system thermal testing.

Figure 5. Locations for Measuring Local-Ambient Temperature (Not to Scale)
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Measurements for Processor Thermal Specifications

The system integrator must make processor Tcase Measurements to determine whether a system or
component thermal solution is adeguate for maintaining a processor within thermal specifications.
Guidelines have been established for proper techniques for measuring Tcase temperatures. The following
sections describe these guidelines for temperature measurement.
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5141 Processor Case Temperature Measurements

To ensure functionality and reliability, the processor is specified for proper operation when Teasg iS
maintained at or below the value listed in the processor datasheet. The measurement location for Tcasg iS
the geometric center of the IHS. Figure 6 shows the location for Tcase measurement.

Specia care is required when measuring the Tcase t0 ensure an accurate temperature measurement.
Thermocouples are often used to measure Tcase. Before any temperature measurements are made, the
thermocouples must be calibrated. When measuring the temperature of a surface, which is a adifferent
temperature from the surrounding local-ambient air, errors could be introduced in the measurements. The
measurement errors can be due to apoor therma contact between the thermocouple junction and the
surface of the integrated heat spreader. Errors can aso occur viaheat 1oss by conduction through
thermocouple leads, or by contact between the thermocouple cement and the heatsink base. To minimize
these measurement errors, the following approaches are recommended.

5.1.4.2 Methodology for Solid Base Heatsinks (90° Angle Attach)

e Prepare a 36 gauge or finer diameter K, T, or Jtype thermocouple.
e Ensure that the thermocouple has been properly calibrated.

e Thethermocouple should be attached at a 90° angle to the integrated heat spreader at the location
specified for Tcase measurement (Figure 9).

e Drill 3.8 mm [0.150 in] maximum diameter hole through the heatsink base. This hole must be
positioned on the heatsink base so that it matches with the center of the IHS when assembled. This
hole will reduce the heatsink performance by approximately 0.02°C/W.

e Create asmall depression, approximately 1.59 mm [1/16 inch] in diameter by 0.4 mm [1/64 inch]
deep at the center of the IHS. Thiswill facilitate the attach procedure by keeping the
thermocouple centered and hosting the adhesive.

e Attach the thermocouple bead or junction to the top surface of the IHS using high thermal
conductivity cements. See Figure 6, Figure 7, and Figure 8 for illustrations of the location of
thermocouple attachment.

e Route the thermocoupl e wires through the hole in the heatsink base and attach it to the processor
IHS. The use of more viscous adhesives and minimizing the use of drying acceleratorswill
prevent problems with the adhesive spreading.

e A smdl fixture may be required to hold the thermocouple and apply a steady force during the
curing process to ensure the thermocouple is making contact with the IHS. A digital multimeter
(DMM) can be used to check continuity between the IHS and the connector as the adhesive cures.

e Make sure there is no contact between the thermocouple cement and heatsink base. Contact will
affect the thermocoupl e reading.

¢ Verify the cured adhesive bead is smaller than 3.8 mm [0.150 in] in diameter and height so asto
fit in the hole drilled in the heatsink base. Trim as necessary.

e Placethe TIM onthe heatsink base. If it isasemi-liquid type, apply it on the IHS, around the
thermocouple. The clamping force will spread the TIM. If the TIM isasolid type, punch a3.8 mm
[0.150 in] diameter hole in the center of the TIM pad and cut aline from hole to edge
corresponding to the slot for the thermocouple wire. Thiswill dlow the instalation of the TIM to
the IHS with the thermocouple dready atached to the processor.
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Note: Drawingsare not to scae. In case of conflictsin dimensions, the processor datasheet supercedes this
document. All dimensions are nominal values.

Figure 6. Intel® Xeon™ Processor Tcase Measurement Location
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Figure 7. Intel® Xeon™ Processor with 512 KB L2 Cache (INT-mPGA) Tcase Measurement Location
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Figure 8. Intel® Xeon™ Processor with 512 KB L2 Cache (FC-mPGA?2) Tcase Measurement Location
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Figure 9. Technique for Measuring with 90° Angle Attachment
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5.14.3 Methodology for 0° Angle Thermocouple Attach

1. Prepare a36 gauge or finer diameter K, T, or Jtype thermocouple.
2. Ensurethat the thermocouple has been properly calibrated.

3. Useascribe to mark the geometric center on the topside of the IHS. This represents the location
where the bead of the thermocouple will be placed. The center of the IHS can be obtained by
measurement, or by drawing two diagona lines across the length of the IHS. The cross-point will
be the geometric center of the IHS. Figure 6 and Figure 7 show the thermocouple location relative
to the IHS and processor interposer substrate.
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10.

11.

12.

13.

14.

15.

16.

After the marks are scribed, clean the desired thermocoupl e attach location with amild solvent and
alint-free wipe or cloth. Alcohol or acetone should suffice. Remember that the cleaner the part is,
the stronger the bond will be after curing.

Straighten the thermocouple wire by hand so that the first 100 to 150 mm [4 to 6 inches] are
reasonably straight. Use fine point tweezers to make sure that the bead and the two wires coming
out are straight and untwisted. Make sure that the second layer of thermocouple insulation,
sometimes clear, is not covering the bead.

Create adlight downward bend in the wires about 1.6 mm [1/16 inch] from the bead. Once the
thermocoupleisin place, thiswill guarantee that the thermocouple bead is making contact with the
surface.

Place the thermocoupl e bead on the geometric center of the IHS (previoudly scribed). Apply
Kapton* tape across the wire about 6 mm [0.25 inch] back from the bead to hold the thermocouple
in place. Apply pressure to the tape to ensure agood bond. Apply additional tape pieces along the
length of the wire to ensure agood temporary bond to the part. Check the electrica continuity
between the thermocouple and the IHS using a multi-meter. If there is no electrical continuity
between the thermocouple and the IHS, repeat steps 5 through 7.

With the thermocoupl e in place, the epoxy can now be mixed and applied. Follow the
manufacturer’s directions for mixing the epoxy.

Use aclean, finely pointed applicator to apply the epoxy to the bead. Dab the epoxy bond on the
bead and the exposed wires. Use only the appropriate anount of glue to cement the thermocouple
down. The entire bead should be submerged and it is best to have insulated wires protruding from
the glue.

Additional beads of epoxy can be added, off of the IHS surface, aong the length of wire to provide
strain relief for the thermocouple wire. Only one epoxy bead should be on the IHS surface.

Cure the epoxy according to the manufacturer’ sinstructions. The cure temperature should remain
below 65°C [150°F] if possible. Make sure the vibration in the oven is minimal to prevent the
thermocouple bead from moving. Another dternative isto cure the epoxy a room temperature for
aduration recommended by the manufacturer.

Once the epoxy has cured, remove all tape and check for any residual epoxy outside the
thermocouple attach area on the IHS. Run the tip of your finger around the IHS surface to find any
small glue dots. Remove any residual glue to prevent any impact on bond line or heatsink attach.

Verify the cured adhesive bead at the IHS center is smaller than 3.8 mm [0.15 inch] in diameter
and 0.63mm [0.025 inch] in height so asto fit in the groove machined in the heatsink base. Trim as
necessary.

Check the electrical continuity between the thermocouple and the IHS again. If thereisno
electrical continuity between the thermocouple and the IHS, repeat steps 4-12.

Place the TIM on the heatsink base. If it is apaste, apply it on the IHS around the thermocouple.
The clamping force will spread the TIM. If the TIM isasolid pad, punch a0.15 inch [3.8 mm]
diameter hole in the center of the TIM pad and cut aline from aside to the hole. Thiswill allow
the installation of the TIM to the IHS with the thermocouple aready attached to the IHS.

In order to measure the case temperature as accurately as possibly, the heatsink must be grooved to
alow room for the thermocouple wires and attach point. Depending on the heatsink, the
dimensions of the groove location may vary. The system integrator should perform the appropriate
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analysis to define the placement dimensioning for a specific therma design. It isimperative that
the heatsink groove is aligned with the thermocouple wires and bead. Any discrepancy will cause
the heatsink to sit improperly on the IHS surface and provide erroneous data. A 1.0 mm [0.040 in]
wide groove with adepth of 0.6-1.0 mm [0.025-0.040 in] should be milled into the heatsink base.
A circular area should be milled out to accommodate the epoxy surrounding the thermocouple
bead (~4.5 mm [0.18 in] diameter, 0.6-1.0 mm [0.025-0.040 in] deep). The center of the circular
area should be located 1.3 mm [0.05 in] off center from the location corresponding to the
thermocouple bead. The offset ensures that the circular area accommodates the entire epoxy bead
that covers both the thermocouple bead and the exposed thermocouple wires. See Figure 10 for an
example of aheatsink base grooved for thermocoupl e install ation.

Note: Figureisnot to scae and isfor reference only.

Figure 10. Example Groove in Heatsink Base for Thermocouple Installation
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1.0 mm [0.04 in]

0.6-1.0 mm [0.025-0.040 in] depth

Example Heatsink Base (Bottom View)

515 Thermal Testing Software

The Intel Xeon processor and Intel Xeon processor with 512 KB L2 cache thermad testing softwareisa
Microsoft* Windows* 32-bit application that runs within acommand prompt window. This softwareis
intended for thermal evaluation purposes only and is not a genera -purpose application. The software
does not generate the maximum processor power as defined in the processor datasheet. This software
does provide system designers with an application nearing worst-case power consumption for the
anaysis and validation of system cooling solutions. Differences between the observed thermal power
measurements and the maximum power dissipation indicated in the datasheet can be attributed to process
and test variation, system configuration differences and potentia thermal testing software optimizations.
Details regarding the execution of the thermal testing software are provided in the “readme” file included
in the software package. Contact your Intel Field Sales representative for the latest copy of the thermal
testing software.
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6 Thermal Management Logic and
New Thermal Monitor Feature

6.1 Processor Power Dissipation

Anincrease in processor operating frequency not only increases system performance, but aso increases
the processor power dissipation. The relationship between frequency and power is generalized in the
following equation: P = CV2F (where P = power, C = capacitance, V = voltage, F = frequency). From this
equation it is evident that power increases linearly with frequency and with the square of voltage. In the
absence of power saving technologies, ever increasing frequencies will result in processors with power
dissipationsin the hundreds of watts. Fortunately, there are numerous ways to reduce the power
consumption of aprocessor. Decreasing the voltage and transistor size are two examples, athird is clock
modulation, which is used extensively in laptop designs.

Clock modulation is defined as periodically removing the clock signal from the processor core, which
effectively reducesits power consumption to afew watts. A zero watt power dissipation level isnot
achievable due to transistor leakage current and the need to keep afew areas of the processor active
(cache coherency circuitry, phase lock loops, interrupt recognition, etc.). Therefore, by cycling the clocks
on and off at a50% duty cycle, for example, the average power dissipation can drop by up to 50%. Note
that the processor performance will aso drop by about 50% during this period, since program execution
halts while the clocks are removed. Varying the duty cycle will have a corresponding influence on power
dissipation and processor performance. The duty cycleis specific to the processor (typicaly 30-50%).

Laptop systems use clock modulation to control system and processor temperatures. By using various
external measurement devices, laptops monitor the processor case temperature and turn on fans or
initiate clock modulation to reduce processor power dissipation and ensure that al elements of the
system operate within their temperature specification. Unfortunately, using external thermocouples
connected to the processor package to monitor and control atherma management sol ution has some
inherent disadvantages. Thermal resistance through the processor package creates atemperature delta
between the processor case and silicon. This deltamay be large, with the silicon temperature aways
being higher than the case temperature (under normal operating circumstances). Since thermocouples
measure case temperature, not silicon temperature, significant added margin may be necessary to ensure
the processor silicon does not exceed its maximum specification. (i.e., clock modulation may have to be
turned on when the case temperature is well below the maximum specification to ensure that the
processor does not overheat). This added margin might have a substantia, and unacceptable, impact on
system performance.

The thermal ramp rate, or change in die temperature over a specified time period (AT/At), may be
extremely high in high power processors. Ramp rates in excess of 50°C/s may occur in the course of
normal operation. With this type of thermal characteristic, it would not be possible to control fans or
other cooling devices based on processor core temperature. By the time the fans have spun up to speed,
the processor may be well beyond a safe operating temperature. Just as large added margins would be
necessary to account for package thermal gradients, large margins would a so be necessary if
temperature-controlled fans were implemented.

An on-die therma management feature called Therma Monitor is available on the Intel Xeon processor
and the Intel Xeon processor with 512 KB L2 cache. It provides atherma management approach to
support the continued increases in processor frequency and performance. It resolves the issues discussed
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above so that externa thermocouples are no longer needed. By using a highly accurate on-die
temperature sensing circuit, and afast acting temperature control circuit, the processor can rapidly invoke
thermal management mechanisms as necessary to control the die temperature. As aresult, added thermal
design margins can be significantly reduced and the resulting system performance impact can be
minimized if not eliminated.

6.2 Thermal Monitor Implementation

On the processor the therma monitor isintegrated into the processor silicon. The therma monitor
includes ahighly accurate on-die temperature sensing circuit, asigna that indicates the processor has
exceeded temperature limits (PROCHOT#), athermal control circuit (TCC) that can reduce processor
temperature by controlling the duty cycle of the processor clocks, and registers to determine the
processor thermal status. The processor temperature is determined through an analog thermal sensor
circuit comprised of: adiode, afactory calibrated reference current source, and a current comparator (see
Figure 11). A voltage applied across the diode will induce a current flow that varies with temperature. By
comparing this current with the reference current, the processor temperature can be determined. The
reference current source corresponds to the diode current when at the maximum permissible processor
operating temperature. Each processor isindividualy caibrated during manufacturing to eliminate any
potential manufacturing variations. Once configured, the processor temperature at which the
PROCHOT# signal is asserted (trip point) is not reconfigurable.

Figure 11. Thermal Sense Circuit
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The PROCHOT# signa is used both interna to the processor aswell as external to the system. External
indication of the processor temperature status is provided through the bus signal PROCHOT#. When the
processor temperature reaches the trip point, PROCHOT# is asserted. When the processor temperatureis
below the trip point, PROCHOT# is deasserted. Assertion of the PROCHOT# signal is independent of
any register settings within the processor. It is asserted any time the processor die temperature reaches
the trip point. The point where the therma control circuit activatesis set to the same temperature at
which the processor is tested.

The therma monitor’stherma control circuit, when active, lowers the processor temperature by
reducing the duty cycle of the interna processor clocks. The thermal control circuit portion of the
thermal monitor must be enabled by the system BIOS for the processor to be operating within
specifications. When active, the thermal control circuit turns the processor clocks off and then back on
with apredetermined duty cycle.
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The actud duty cycle will vary from one product to another. Refer to Figure 12 for an illustration. Cycle
times are processor speed dependent and will decrease as processor core frequencies increase.

Figure 12. Concept for Clocks Under Thermal Monitor Control
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Performance counter registers, status bitsin model specific registers (M SRs), and the PROCHOT#
output pin are available to monitor and control the thermal monitor behavior. Details regarding the use of
these registers are described in the IA-32 Intel® Architecture Software Developer’s Manual, Volume 3:
System Programming Guide.

In addition to the therma monitor, the processor clocks can aso be modulated viaan ACPI register that
isimplemented as an M SR on the processor core. Thisis referred to as “on demand mode” clock
modulation. See Section O for additional details.

6.3 Operation and Configuration

To maintain compatibility with previous generations of processors, which have no integrated thermal
management logic, the thermal control circuit portion of the therma monitor is disabled by default.
During the boot process, the BIOS must enable the thermal control circuit; or asoftware driver may do
this after the operating system has booted. Refer to the IA-32 Intel® Architecture Software Developer’s
Manual, Volume 3: System Programming Guide for specific programming details.

The thermal control circuit can be configured and monitored in anumber of ways. OEMs are expected to
enable the thermal control circuit while using various registers and outputs to monitor the processor
thermal status. The thermal control circuit is enabled by the BIOS setting abit in aM SR (model specific
register). Enabling the thermal control circuit alows the processor to maintain a safe operating
temperature without the need for special software drivers or interrupt handling routines. When the
thermal control circuit has been enabled, processor power consumption will be reduced within afew
hundred clock cycles after the thermal sensor detects a high temperature (i.e. within afew hundred clock
cyclesof PROCHOT# assertion). The thermal control circuit and PROCHOT# go inactive once the
temperature has been brought back down below the thermal trip point, although asmall hysteresis (~1°C)
has been included to prevent multiple PROCHOT# transitions around the trip point.

External hardware can monitor PROCHOT# and generate an interrupt whenever there is atransition from
active-to-inactive or inactive-to-active. PROCHQOT# can aso be configured to generate an internal
interrupt which would initiate an OEM supplied interrupt service routine. Regardless of the
configuration selected, PROCHOT# will dways indicate the thermal status of the processor.
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For testing purposes, the thermal control circuit may also be activated by setting bitsin the ACPI MSRs.
The MSRs may be set based on a particular system event (such as an interrupt generated after a system
event), or may be set at any time through the operating system or custom driver control thus forcing the
thermal control circuit on. Thisisreferred to as“on-demand” mode. Activating the thermal control
circuit may be useful for cooling solution investigations or for performance implication studies. When
using the M SRs to activate the therma monitor feature, the duty cycle is configurable in steps of 12.5%
from 12.5 to 87.5%.

For any duty cycle, the maximum time the clocks will be disabled is ~3 pus. Thistime period is frequency
dependent, and decreases as frequency increases. To achieve different duty cycles, the length of time that
the clocks are disabled remains constant, and the time period that the clocks are enabled is adjusted to
achieve the desired ratio. For example, if the clock disable period is 3ps, and aduty cycle of ¥4 (25%) is
selected, the clock on time would be reduced to approximately 1 ps[on time (1 ps) + total cycletime

(3 + 1) ps = ¥aduty cycle]. Similarly, for aduty cycle of 7/8 (87.5%), the clock on time would be
extended to 21 ps[21 + (21 + 3) = 7/8 duty cycl€].

In ahigh temperature situation, if the therma control circuit and ACPI M SRs (automeatic and on-demand
modes) are used simultaneously, the fixed duty cycle determined by automatic mode would take
precedence.

6.4 System Considerations

The thermal monitor feature may be used in avariety of ways, depending upon the system design
requirements and capabilities. Intel requires the thermal monitor and the thermal control circuit to be
enabled for al Intel Xeon processor-based designs. At aminimum, the thermal control circuit suppliesan
added level of protection against processor over-temperature failure. Current thermal design power
(TDP) targets are significantly higher than previous generation Intel® Pentium® I11 Xeon™ processors
(refer to the appropriate processor datasheet for specific TDP targets).

To minimize the cost of aprocessor thermal solution, system designers are encouraged to take advantage
of the thermal monitor feature. The thermal monitor feature allows processor thermal solutions to design
to the thermal design power (TDP) target, as opposed to maximum processor power consumption.
Designing to the lower TDP target resultsin alower thermal solution cost, while still maintaining alevel
of processor performance that is virtually indistinguishable from systems designed to manage maximum
power dissipation levels.

Each application program, which is comprised of thousands of processor instructions, will have its own
unique power profile, and the profile will have some variability due to loop decisions, 1/0 activity and
interrupts. In general, compute intensive applications with a high cache hit rate will dissipate more
processor power than applications that are I/O intensive or have low cache hit rates.

The processor thermal design power is based on measurements of processor power consumption while
running various high power applications. This data was used to determine those applications that are
interesting from a power perspective. These applications were then evaluated in a controlled thermal
environment to determine their sensitivity to activation of the thermal control circuit. This datawas used
to derive the thermal design power targets published in the processor datasheet.

A system designed to meet the thermal design power (TDP) and T .. Specificationsin the processor
datasheet greatly reduces the probability of red applications causing the thermal control circuit to
activate under normal operating conditions. Systems that do not meet these specifications could be
subject to more frequent activation of the thermal control circuit, depending upon ambient air
temperature and application power profile. If adesigner significantly derates the thermal design power,
thereisarisk that the thermal monitor feature will not be capable of maintaining a safe operating
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temperature and the processor could shutdown and signal THERM TRIP#. For details regarding the

THERMTRIP# signal, refer to Section 6.5.2 or to the processor datasheet.

Figure 13 plots processor performance with the therma monitor feature enabled vs. system cooling
capability. System designers must eval uate the tradeoffs between cooling costs and risk of processor

performance loss to determine the optimum configuration for the end user.

Figure 13. Processor Performance vs. System Cooling Capability
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6.4.1 Operating System and Application Software Considerations

The therma monitor feature and its thermal control circuit work seamlessly with any ACPI compliant
operating system, provided system BIOS support exists. The therma monitor feature is transparent to

application software since the processor bus snooping, ACPI timer and interrupts are active a all times.

6.4.1.1 Operating System Support

Activation of the thermal control circuit during anon-ACPI aware operating system boot process may

result in incorrect calibration of software timing loops. The BIOS must disable the thermal control circuit

during boot and then the operating system or BIOS must enable the thermal control circuit after the
operating system boot process completes. Refer to the 1A-32 Intel® Architecture Software Developer’s

Manual, Volume 3: System Programming Guide for specific programming details.

Intel isworking with the major operating system vendors to ensure support for non-execution based
operating system calibration loops and ACPI support for the therma monitor festure. Per Microsoft*,

Microsoft Windows 98ES and Microsoft Windows 2000 use non-execution based calibration loops and
therefore have no issues with the therma monitor feature. When installing Microsoft Windows NT* 4.0,
the user must ensure the PIC-based HAL is used. It is expected that other OS solutions (Linux*, UNIX*,
etc) will provide updates to ensure compatibility.
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Legacy Thermal Management Capabilities

In addition to the thermal monitor feature, the Intel Xeon processor and the Intel Xeon processor with
512 KB L2 cache supports the same therma management features available with the Pentium 111 Xeon
processors. These features include the Therma Reference Byte located in the processor information
ROM (PIROM), SMBus access to the on-die thermal sensor, and the THERMTRIP# signal for indicating

catastrophic thermal failure.

6.5.1 Thermal Sensor

The processor incorporates the SMBus thermal sensor and Thermal Reference Byte features previously
enabled for the Intel Pentium 111 Xeon processor family. Using the SMBus interface, the processor
temperature, as measured by the thermal diode, may be read. By averaging this data over long time
periods (hours/days vs. min/sec), it may be possible to derive atrend of the processor temperature.
Analysis of thisinformation could be useful in detecting changes in the system environment that may

require attention.

The processor Thermal Reference Byte is best used for steady state analysis of the processor cooling
solution. Attempting to predict the thermal management logic’s behavior based on Therma Reference
Byte comparisonsis not possible due to the previously described therma ramp rates. The Therma
Reference Byte is not individually calibrated on the processor, but is generally characterized.

The processor thermal diode should not be relied upon to turn on fans, warn of processor cooling system
failure or predict the onset of the thermal control circuit. As mentioned earlier, the processor’s high
thermal ramp rates make this unfeasible. Anillustration of thisis as follows: Many thermal sensors report
temperatures at a maximum of 8 times per second. Within the 1/8th (0.125 sec) second time period, the
temperature is averaged over 1/16th of a second. In aworst-case scenario where the silicon temperature
ramps at 50°C/sec, or approximately 6°C/0.125 sec, the processor will be 4.5°C above the temperature
reported by the thermal sensor. (Change in diode temperature averaged over 1/16th seconds = 1.5°C,
temperature reported 1/16th second later at 1/8th second when the actual processor temperature would

be 6°C higher.) The ramp rate error is shown graphicaly in Figure 14.

Figure 14. Thermal Sensor Time Delay
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6.5.2

6.5.3

6.6

THERMTRIP#

In the event of a catastrophic cooling failure, the processor will automatically shut down when the silicon
temperature has reached approximately 135°C. At this point the system bus signad THERMTRIP# will

go active and stay active until the processor has cooled down and RESET# has been initiated.
THERMTRIP# activation isindependent of processor activity and does not generate any bus cycles.

Power must be removed from a processor within 0.5 seconds of THERMTRIP# activation to protect the
processor from thermal runaway and permanent damage. Because workstation and server designs that
employ multiple processors utilize a shared power plane, power supply sources to all processors must be
disabled when any installed processor signals THERMTRIP#. Refer to the processor datasheet for timing
reguirements when designing acircuit to remove power from the processor after THERM TRIP#
assertion.

Thermal Measurement Correlation

There are two independent thermal diodes integrated into the processor silicon; one for use with the
SMBus thermal sensor and one for the therma monitor feature, which is also used for THERM TRIP#.
The therma monitor temperature sensor and the SMBus thermal sensor are independent and isolated
deviceswith no direct correlation to one another. Circuit constraints and their performance requirements
prevent the thermal monitor sensor and the SMBus thermal sensor from being located at the same place
onthesilicon. Asaresult, it is not possible to predict the activation of the thermal control circuit by
monitoring the SM Bus thermal sensor.

Cooling System Failure Warning

If desired, the system can be designed to cool the maximum processor power. In this situation, it may be
useful to use the PROCHOT# signal as an indication of cooling system failure. Messages could be sent to
the system administrator to warn of the cooling failure, while the thermal control circuit would allow the
system to continue functioning or alow agraceful system shutdown. If no therma management action is
taken, the silicon temperature may exceed ~135°C causing THERM TRIP# to go active and shut down
the processor. Regardless of the system design regquirements or cooling solution ability, the thermal
monitor feature must still be enabled for proper processor operation.
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Thermal Solution Functional
Specifications

7.1

7.2

7.2.1

This section details the thermal, mechanical, and quality guidelines and requirements for designing
thermal solutions for the Intel Xeon processor and the Intel Xeon processor with 512 KB L2 cachein the
1U form factor and 2U and above form factors. Environmental reliability requirements and heatsink
critical -to-function dimensions are discussed. Also, the Intel reference thermal solutions are presented.
With thisinformation, a“third party” could design atherma solution for the Intel Xeon processor and
the Intel Xeon processor with 512 KB L2 cachein all form factors.

Thermal Solution Components

The processor thermal solution(s) shall consist of the following components:
e Heatsink
e Thermal interface materid (TIM)
e Heatsink clips
¢ Retention mechanisms (RM)
e Bypass limiting foam (for the 1U form factor only)

Figure 15 shows the fully assembled and exploded view of the thermal solution components (except for
the TIM) for 2U and above form factors. The EMI grounding frame shown in Figure 15 is an optiona
component.

Figure 16 shows the fully assembled and exploded view of the thermal solution components (except for
the TIM) for the 1U form factor.

Design Requirements

Thermal Design Requirements

Therma solution components should be designed to be in compliance with thermal specifications
documented in the processor datasheet and the design constraints identified in this document. Table 1
presents the system design constraints that can be found in typical server and workstation chassis.
Workstation chassis may need to implement ducting to achieve thislevel of airflow.

Table 1. System Design Constraints

Maximum Local Ambient Maximum Heatsink Pressure
Temperature Minimum Airflow Drop
45°C 22 CFM (2U) 0.15 inches H,0
10 CFM (1U)
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Figure 15. Exploded View of Thermal Solution Components for 2U and above (2U+)
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1.2.2

7.2.2.1

7.2.2.2

7.2.2.3

For agiven chassis, the Wca requirement is based on the chassis local ambient characteristics and the
processor thermal specifications (T ). The processor thermal solution is required to meet the overdl
Wea requirement of the system that it serves. While Wc, is constrained to meet system and processor
reguirements, Wes and Wsy are independently constrained. Refer to Section 5.1.1 for definition of
thermal resistance rel ationships, and to Figure 4 for agraphical representation of these relationships.

The reference heatsink solutions are evaluated at sealevel. However, many system designs must function
reliably at high dtitude, typically 1,500m [5,000 ft] or more, and must account for altitude effects on
overall thermal performance. Air density changes with atitude may degrade therma performance for air-
cooled thermal solutions. The system designer should account for atitude effects on the overall system
thermal design to ensure that temperature specifications for the processor are met at the targeted atitude.

Mechanical Design Requirements

2U Heatsink Critical-to-Function Dimensions

Table 2 lists the critical -to-function (CTF) dimensions for any 2U+ heatsink compatible with the enabled
retention components. The Intel reference heatsink adheresto these CTF dimensions. Figure 26 in
Appendix B provide the drawings detailing the critical-to-function (CTF) dimensions. Letter references
in Table 2 highlight the CTF dimensionsin Figure 26.

System integrators that choose to utilize alternative heatsink solutions, such as an actively cooled fan
heatsink, should refer to the required mechanica envelope provided by the alternative heatsink vendor.
The mechanica envelope should include any required clearances above or around the heatsink assembly
for adequate airflow into the heatsink fan. Any alternative heatsinks intended for use with the enabled
clips and retention mechanism should possess the CTF heatsink base dimensions (Figure 25) and stay
within the heatsink fin volumetric envelope in the X-Y direction (pardlel to the heatsink base, Figure
26). Excursions beyond the envelope in the +Z direction may be acceptable depending on specific
chassis clearances and aternative heatsink dimensiona requirements.

1U Heatsink Critical-to-Function Dimensions

Table 3 lists the critical-to-function (CTF) dimensions for any 1U heatsink compatible with the enabled
retention components. The Intel reference heatsink adheres to these CTF dimensions. Figure 27 in
Appendix B provides the drawings detailing the critica-to-function (CTF) dimensions. Letter references
in Table 3 highlight the CTF dimensionsin Figure 27.

SSI Dimensional Requirements

The heatsink mechanica envelope must fit within the corresponding system chassis. An effort is
underway by the System Server Infrastructure (SSI) initiative to standardize chassis mechanica and
electrica specifications for the server and workstation industry. It is advantageous for heatsink designsto
be compatible with SSI mechanica constraintsin order to reduce redesign costs and ensure compatibility
with future system designs. Adopted chassis definitions include the high-end, midrange, and entry
electronics bay. A thin electronics bay specification adoption isin process. More information can be
found at http://www.ssiforum.org.

Table 4summarizes some of the maximum component height requirements for SSI chassis (all
dimensions are superceded by the most current SSI specification).
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Table 2. Critical-to-Function Dimensions

Dimension Letter Minimum Maximum
Location of Clip Attach Groove Far Edge from A 0.180in 0.200 in
Heat Sink Edge
Width of Clip Attach Groove B 0.080 in 0.100 in
Base Thickness in Zone A C 0.245in 0.2551in
Base Length D 3.488 in 3.512in
Base Width E 2.488in 2.5121in
Base Flatness in Zone B F 0.002 in/in
Width of clip attach area (Zone A) G 0.200 in ---
Height of Thermal Solution - 2.000 in

Table 3. Critical-to-Function Dimensions

Dimension Letter Minimum Maximum
Location of Clip Attach Groove Far Edge from A 0.180 in 0.200 in
Heat Sink Edge
Width of Clip Attach Groove B 0.080 in 0.100 in
Base Thickness in Zone A C 0.245in 0.2551in
Base Length D 3.488 in 3.512in
Base Width E 2.488in 2.5121in
Base Flatness in Zone B F 0.002 in/in
Width of clip attach area (Zone A) G 0.200 in -
Height of Thermal Solution - 0.885in

Table 4. SSI Chassis Height Requirements

Chassis Definition Maximum Component Height
High-End Electronics Bay (Quad IA-32 processors) 71.12 mm [2.8 in]
Mid-Range Electronics Bay 152.4 mm [6.0 in]
Entry-Level Electronics Bay 152.4 mm [6.0 in]

(114.6 mm [4.51 in] for 3U option)

NOTES: These height requirements do not include baseboard thickness or clearance above chassis.

7.2.2.4 Maximum Heatsink Mass
Heatsinks that attach to the processor viathe reference retention mechanism should not exceed
450 grams.
7.2.2.5 Heatsink Center of Gravity
The center of gravity of the processor therma solution should be located over the center of gravity of the
package. For a2U+ heatsink at the recommended maximum mass of 450 grams, the height of the center
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7.2.2.6

71.2.2.7

7.2.2.8

of gravity should remain below 12.7 mm [0.5 in] above the bottom of the heatsink base. For heatsinks
with mass less than 450 grams, moderate excursions above the recommended limit are acceptable.

The height of the center of gravity of the 1U heatsink should remain below 0.3 in maximum from the
bottom of the heatsink base.

Heatsink Base Requirements

The flatness of the base shall be maintained at 0.002 in/in maximum at the localized area (Zone B) as
shown in Figure 25 and Figure 25 (see Appendix B). The base plate contains no keying features and thus
can be rotated 180 degrees. A heatsink supported by the RM must incorporate two clip attach areas with
aminimum width of 0.200 in (Zone A). The heatsink attach clip requirements are presented in Section
7.2.2.8.

Thermal Interface Material

A thermal interface materia (TIM) must be applied between the package and the heatsink to ensure
thermal conduction. The Intel Xeon processor reference thermal solution design uses Shin-Etsu* G749
thermal grease. An improved therma grease, Shin-Etsu G751, is recommended for use with reference
thermal solutions for the Intel Xeon processor with 512 KB L2 cache. The use of thermal greasein
conjunction with high performance heatsink technol ogies (e.g. copper base crimped fin) has been
demonstrated to meet Intel thermal performance regquirements.

Table 6 provides the recommended grease dispense weights to ensure full coverage of the processor IHS.
For aternate TIMs, full coverage on Zone B of the heatsink base as shown in Figure 25 is recommended
to ensure that the entire processor IHS is covered. It will be important to compensate for heatsink to
package attach alignment when selecting the proper size of apre-applied or solid pad-type TIM. If apre-
applied thermal interface materia is specified, it may have a protective application tape that must be
removed prior to heatsink attach to the processor.

The use of thermally conductive greases as the therma interface materia requires specia handling and
dispense guidelines. The following guidelines apply only to Shin-Etsu G749 and G751 thermal grease.
The use of a semi-automatic dispensing system is recommended for high volume assembly to ensure an
accurate amount of greaseis dispensed on top of the IHS prior to assembly of the heatsink. A typica
dispense system consists of an air pressure and timing controller, ahand held output dispenser, and an
actuation foot switch. Thermal grease in cartridge form is required for dispense system compatibility. A
precision scale with an accuracy of £5mg is recommended to measure the correct dispense weight and set
the corresponding air pressure and duration. The IHS surface should be free of foreign materials prior to
grease dispense

Additiona recommendations include recalibrating the dispense controller settings after any 2 hour pause
in grease dispense. The grease should be dispensed just prior to heatsink assembly to prevent any
degradation in material performance. Once grease dispense is started, all the grease should be used up or
disposed of in appropriate waste containers. (Contact your Environmenta, Health, and Safety
representative to determine disposal requirements.) Finaly, the therma grease should be verified to be
within its recommended shelf life before use.

Heatsink Clip Requirements

Heatsink attach clips apply force to the heatsink base to maintain desired pressure on the thermal
interface material between the package and the heatsink, and holds the heatsink in place under dynamic
loading. The heatsink clip must be designed in away that minimizes contact with the motherboard
surface during clip attach to the retention mechanism (RM) tab features; the clip should not scrape and/or
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scratch the motherboard. All surfaces of the clip should be free of sharp edgesto prevent injury to any
system component or to the person performing the installation. Heatsink clips should not exert loads that
exceed the processor and socket limits. Refer to the processor datasheet for processor package maximum
loading specifications and to the socket design guidelines for socket maximum loading specifications.

7.2.2.9 Retention Mechanism Requirements

The heatsink retention clips for the processor require a retention mechanism (RM). There are no features
on the 603-pin surface mount socket to directly attach a heatsink. Instead, aretention mechanismis used
to provide an attachment location for heatsink retention clips.

Intel has determined through extensive mechanica characterization that the use of direct chassis attach of
the processor retention mechanism can mitigate the risk of mechanical damage to the motherboard,
processor, and other surface mounted components in mechanica shock or mechanical drop testing.
However, direct chassis attach may not mitigate that risk for all chassis and/or motherboard
configurations. Mechanica shock or mechanical drop testing followed by functiona and visud quality
checks are required for each chassis-motherboard configuration.

Intel’ s thermal solution reference design uses direct chassis attach of the processor retention mechanism.
Intel recommends the use of 6-32 [x 3/8-1/2"] pan head or round head screw [4 each] for direct retention
mechanism to chassis atach. The screw head must be less than 0.284” diameter and less than 0.190"
height.

7.2.2.10 Heatsink Bypass Requirements

Airflow bypass around the top, bottom, and sides of the 1U heatsink should be minimized, if not
eliminated in 1U heatsink designs. Due to the low profile of the fins, typical 1U heatsinks are very
sensitive to bypass and will suffer performance degradation as bypass increases. The Intel reference 1U
heatsink design uses afoam insert to reduce bypass at the top of the heatsink to zero. The bypass at the
sides are limited to 2.5 mm [0.1 in] maximum. Refer to Section A-2 for more information on heatsink
bypass.

7.2.2.11 EMI Ground Frame Requirements

Test resultsindicate that an EMI grounding frame is not necessary to reduce the el ectro-magnetic
emissions from the processor. As aresult, Intel has not enabled tooling for the EMI grounding frame. The
grounding frame is an optional component of the Intel reference design and is presented in Appendix B
of this document (Figure 31).

7.3 Environmental Reliability Requirements

The thermal solution assembly (including al of its components) shall be designed to meet the
environmental reliability requirements asoutlined in Table 5.

Table 5. Environmental Reliability Test Conditions

Test Level

Mechanical Shock (board 50G, 11 ms, Trapezoidal, 3 drops in each of 6 directions (= X, £ Y, + Z); see
level) Figure 15 for clarification of directions

Vibration 5-500 Hz, 3.13g RMS, 10 min/axis
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7.4

7.4.1

71.4.2

7.4.3

7.5

Test Level
Temperature Cycling -25°C to 100°C, 10-30°C/min ramp, 15 min dwell, 192 cycles
Temperature Humidity 95°C, 85% RH, 14 days
Bake Test 95°C, 16 days, nominal (<25%) RH

Intel has found that certain board configurations may not meet the 50G board shock requirement using
the enabled retention components. Thisis highly dependent on board thickness, processor layout, and
other system design parameters. System integrators should shock test a system at acceleration levels
consistent with their environmentd religbility requirements. Intel’ s recommendation for system level
shock includes a 6-axis, 25G, trapezoidal waveform shock, two drops per axis, with velocity change
dependent on the weight of package.

Other Requirements

Recycling Recommendation

It is recommended that any plastic component exceeding 25 grams must be recyclable as per the
European Blue Angel recycling standards.

Safety Requirements

The processor heatsink shall be consistent with the manufacture of units that meet the following safety
standards:

UL Recognition-approved for flammability at the system level —
al mechani cal-enabling components must be aminimum UL94V-0 approved.

Agency Requirements

All edges should not be sharp when tested per UL 1439.

Intel Reference Designs for Enabled Components

Thefiguresin Appendix B present the Intel reference designs for the heatsinks, heatsink clips, EMI
grounding frame, and the retention mechanism. Supplier contact information and mechanical CAD
models of these components are available at http://devel oper.intel.com.
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Reference Heatsinks for the 2U+ Form Factors

intel.

Intel has enabled multiple reference heatsinks for the Intel Xeon processor and Intel Xeon processor with
512 KB L2 cachein the 2U+ form factors.

e A copper base heatsink with soldered folded a uminum fins for the Intel Xeon processor.

e Anauminum base heatsink with both copper and auminum fins crimped to the base for the Intel
Xeon processor with 512 KB L2 cache for frequencies up to and including 2.8 GHz. The
aluminum fins are shorted in length in the direction of airflow and is compatible with the
processor wind tunnel (Section 8.2) , as shown in Figure 36 in Appendix B.

e A copper base extended performance heatsink with aluminum fins crimped to the base for the
Intel Xeon processor with 512 KB L2 cache for frequencies greater than 2.8 GHz, as shown in

Figure 37 in Appendix B.

Table 6 summarizes the reference heatsinks and includes additiona details on heatsink features. Refer to
the Intel part numbers provided in Table 6 when ordering heatsinks from enabled suppliers. A list of
enabled suppliers along with contact information is avail able on http://devel oper.intel.com.

Note that the Intel Xeon processor reference heatsink is fully compatible with the Intel Xeon processor
with 512 KB L2 cache. However, the Intel Xeon processor with 512 KB L2 cache requires the use of the
Intel Xeon processor with 512 KB L2 cache reference heatsink or extended performance heatsink to meet

thermal specifications.

Table 6. Processor Reference 2U+ Heatsinks

Note:

Attributes

Reference Heatsinks

Intel® Xeon™

Intel Xeon Processor

Intel Xeon Processor
with 512 KB L2 Cache

Processor with 512 KB L2 Cache (Extended Performance)
Intel Part Number 751852 A53376 A99446
Heatsink base Copper Aluminum Copper
Nominal Base thickness 6.35 mm [0.25 in] 6.35 mm [0.25 in] 7.0 mm [0.28 in]
Heatsink fins Aluminum Aluminum and Copper Aluminum
Number of fins 32 32 total (12 Al, 20 Cu) 32

Recommended TIM

Shin-Etsu* G749

Shin-Etsu G751

Shin-Etsu G751

Recommended TIM

dispense weight 250 mg 400mg 400mg
Case to local ambient
Thermal resistance 0.42 0.40 0.33

[Mean + 3sigma ¥, (°C/W)]

All heatsinks are compatible with the enabled clip and retention mechanism and conform to component
keep-out zones documented in the processor platform design guidelines.
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7.5.2

Reference Heatsink for the 1U Form Factor

The Intel reference heatsink design for the 1U form factor consists of an al copper passive heatsink with
32 fins based on crimped-fin technology, as shown in Figure 27 in Appendix B. A Mylar* backed foam
bypass limiter will be attached to the reference heatsink to achieve zero bypass at the top of the heatsink.
Shin-Etsu G751 thermal grease is the thermal interface materia for the reference heatsink. This reference
heatsink isintended for use with the Intel Xeon processor with 512 KB L2 cache at only the frequencies
specified in Intel’s 1U Front End Server roadmap. Contact your Intel Field Sales representative for the
|atest roadmap.

Table 7 summarizes the case to ambient thermal resistance, Wca, of the Intel 1U reference.

Table 7. Thermal Resistance Summary of 1U Intel Reference Heatsink

Volumetric Airflow (CFM) Thermal Resistance, %, (°C/W), mean + 3o

10.0 0.53

Based on these thermal resistance values, the reference heatsink does not meet the datasheet
specifications at typical server design constraints (i.e. 45°C processor ambient temperature and 10 CFM
airflow). However, the reference heatsink will meet the datasheet specifications at 1U specific design
constraints. Examples of 1U specific constraints are listed in Table 8.

Table 8. Example 1U Specific System Design Constraints

Volumetric Airflow (CFM)

Maximum Local Ambient Temperature (°C)

9.0

36.0

10.0

38.0

The 1U specific design constraints in Table 8 are challenging to achieve in typical 1U front-end servers
intended for the val ue segment. Extensive upgrades to fans, blowers, and ducting may be required to
convert current 1U chassis to provide thislevel of therma performance.

System integrators that wish to see no noticeable Thermal Control Circuit (TCC) activation should
design their systemsto constraints listed in Table 8 and meet datasheet specifications. For integrators
that are willing to accept asmall performance tradeoff for cost, Intel has determined that the use of the
reference heatsink in typical server environmentswill result in avery low probability of TCC activation.

Table 9summarizes the reference heatsinks and includes additional details on heatsink features.

Table 9. Processor Reference 1U Heatsink

Attributes

Reference Heatsink

Intel® Xeon™ Processor with 512 KB L2 cache
(1U Form Factor)

Intel Part Number

A78738

Heatsink base

Copper

Nominal Base thickness

6.35 mm [0.25 in]

Heatsink fins

Copper

Number of fins

32
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Reference Heatsink

Attributes Intel® Xeon™ Processor with 512 KB L2 cache
(1U Form Factor)

Recommended TIM Shin-Etsu* G751

Recommended TIM dispense weight 400 mg

Case to local ambient Thermal resistance

[Mean + 3sigma %4, (°C/W)] 0.53

7.5.3 Reference Heatsink Clips

The Intel reference design heatsink clip will attach to the heatsink base viathe grooves at each end of the
base. The reference design heatsink clip islatched to the reference design RM clip tabs, one at each end
of the RM.

The clip design for the FC-mPGA2 package will differ from the clip for the INT-mPGA package to
account for changes in package height and maintain a consistent load on the heatsink and TIM, as shown
in Figure 27 through Figure 29 in Appendix B. System integrators need to ensure that the proper clips
will beinstalled on the correct processor package. The FC-mPGAZ2 clipswill have ahole punched in the
area near the center window. See Figure Figure 17 for acomparison of the INT-mPGA and FC-mPGA2
clips.

The clips may be susceptible to deformation during any rework or upgrade procedure where the heatsink
assembly is disassembled. Intel’s clip design was validated with unused clips that were not subjected to
an assembly-disassembly cycle. The system integrator should exercise caution in re-using clipsthat have
experienced one or more assembly-disassembly cycles.

The reference designs accommodates the vertical height of the processor, as specified in the processor
datasheet, and the vertica height of the 603-pin socket, as specified in the 603-Pin Socket Design
Guidelines. The Intel reference design heatsink clipswill apply atotal load on the thermal interface
materia of approximately 25 Ibf.

The clips may be susceptible to deformation during any rework or upgrade procedure where the heatsink
assembly is disassembled. Intel’s clip design was validated with unused clips that were not subjected to
an assembly-disassembly cycle. The system integrator should exercise caution in re-using clips that have
experienced one or more assembly-disassembly cycles.

The reference designs accommodates the vertical height of the processor, as specified in the processor
datasheet, and the vertical height of the 603-pin socket, as specified in the 603-Pin Socket Design
Guidelines. The Intel reference design heatsink clipswill apply atotal 1oad on the thermal interface
materia of approximately 25 Ibf.
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Figure 17. Clip Comparison

7.5.4

7.5.5

INT-mPGA Package Clip

FC-mPGAZ2 Package Clip

Reference Retention Mechanisms

Intel’ s reference design for the heatsink retention mechanism (RM) is shown in four drawing sheets
starting with Figure 32 in Appendix B. Refer to Section 7.2.2.9 for design requirements pertaining to the
enabled RMs.

Bypass Limiting Gasket for the 1U Heatsink

A thin piece of polyimide foam backed by Mylar and adhesiveis part of Intel’s 1U reference thermal
solution design. The foam servesto block airflow between the top of the heatsink fins and the duct
surface above the heatsink. The foam is compliant enough to accommodate changes in heatsink height
due to height differences between the INT-mPGA and FC-mPGA2 processor packages. The Mylar side
contains adhesive which will adhere to the heatsink fins. top surfaces. Refer to Figure 11-15 for a
drawing of the bypass limiting gasket.
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Enabled Ducting Solutions

8.1

Intel has enabled two ducting solutions for the 2U+ heatsink designs, the dua processor fan duct (DPFD)
and the processor wind tunnel (PWT). These duct designs are point solutions presented here to assist the
system integrator in devel oping a system specific ducting solution. They are not Intel reference solutions.

Dual Processor Fan Duct (DPFD)

The DPFD isavailablein two configurations. An exhausting design intended for an extended-ATX form
factor and a pressurizing design more suitable for some SSI form factors. The exhausting DPFD consists
of atwo piece plastic duct assembly combined with a120 mm exhaust fan. It provides airflow
management for one or two processors and additional subsystem components, including memory,
chipsets, and voltage regulators. The pressurizing DPFD uses only the top duct piece and is more flexible
in terms of motherboard processor layout. DPFD design advantages include reduced fan count,
scalability, and high thermal performance. Figure 18 shows a DPFD in an exhausting configuration.

Figure 18. Dual Processor Fan Duct (Exhausting Design)

8.2

Extensive guidelines for designing adual processor duct are found in Guidelines for Duct Design for
Dual Processor Platform Applications, Rev. 1.0. Topics include acoustic, structural, and mechanica
design considerations, cal culating and minimizing system pressure drop, heatsink bypass effects, and fan
requirements. This document is available through your Intel Field Sales representative.

Processor Wind Tunnel (PWT)

The PWT isalow cost, high performance ducting solution that can be configured to fit extended-
ATX/SSI/WTX chassis without requiring modifications. The PWT is an efficient application of existing
off-the-shelf fan technology. Configurations with multiple fans are possible to enable redundancy in
system cooling solutions.
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System board layout is critical in implementing PWTs as part of asystem thermal solution. Component
placement can force specia PWT implementations. For instance, some board layouts may cause one of
the PWTsto extend beyond the board outline in a DP system. Other layouts may force one of the PWTs
to be pressure cooled and the other vacuum cooled in order to retain system airflow direction.

A basic PWT configuration shown in Figure 19 and Figure 20 will be supplied with the boxed Intel Xeon
processors and supported motherboards. The PWT assembly includes three plastic components (a
processor shroud, afan housing, and an end cap), a heatsink, two heatsink spring clips, a 60x25 mm fan,
and a unique processor retention mechanism (RM). The PWT RM provides additional features not
currently present on the standard Intel Xeon family processor RM. These features are necessary to anchor
the PWT assembly to the RM.

Figure 19. Processor Wind Tunnel

Figure 20. PWT Alternate View
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Figure 22. PWT with Duct Alternate View

The PWT cooling system is extremely versatile in that it can be configured to provide vacuum or
pressure cooling. In addition, avariety of PWT end caps are available that provide awide range of
thermal optionsto the system integrator. All PWT end caps are symmetrical; therefore thermal
redundancy can be achieved in environments that provide adequate PWT clearance. An optional PWT
end cap, the hose adaptor, is currently available but not shipping with the boxed Intel Xeon processor.
This component makes it possible for the PWT to provide Tamieexerna Via aflexible expandable ducting
hose (Figure 21 and Figure 22) to provide substantialy cooler ambient air directly to the processor
heatsink. This option is particularly useful for heavily loaded systems generating high internal ambient
temperatures. The hose adaptor and expandable ducting hose are currently available, but the distribution
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model for these partsis under evauation (updates will be available a afuture date at
http://program.intel.com).

The PWT makesit possible for many 60 x 25 mm tube-axia fans to meet the airflow requirements of
Intel’ s high performance processors.
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Conclusion

Asthe complexity of today’s microprocessors continues to increase, so do the power dissipation
reguirements. Care must be taken to ensure that the additional power is properly dissipated. Heat can be
dissipated using passive heatsinks, fans and/or active cooling devices. Incorporating ducted airflow
solutionsinto the system thermal design can yield additional margin.

The processor has therma management logic integrated into the processor silicon as well as on-package
thermal sensor with SMBus interface. This circuit may be configured to automatically limit the processor
temperature through the use of the therma monitor feature. At afactory-caibrated temperature, the
processor will periodicaly stop the interna clocksin order to reduce power consumption and cool down
the processor. Various registers and bus signas are available to monitor and control the processor
thermal status.

A chassis cooling solution designed to the thermal design power listed in the processor datasheet will
adequately cool the processor to alevel where activation of the therma monitor feature is either very rare
or non-existent. Various levels of performance vs. cooling capacity are available and must be understood
before designing achassis. The OEM has the option to design software to monitor and control the
processors thermal capabilities as part of the total system therma solution.

The size of the heatsink and the output of the fan can be varied to balance size, cost, and space
constraints with acoustic noise. This document has presented the conditions and requirements for
properly designing a heatsink solution for an Intel Xeon processor-based system. Properly designed
solutions provide adequate cooling to maintain Intel Xeon processor thermal specifications. Thisis
accomplished by providing alow |ocal-ambient temperature and creating a minimal thermal resistance to
that local-ambient temperature. Ducting cool externa air is highly recommended as a means to lower
total cooling solution cost and complexity. By maintaining the processor’s case temperature at the values
specified in the processor datasheet, a system designer can be confident of proper functionality,
performance, and reliability of these processors.
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A

Designing for Thermal Performance

Al

A.2

In designing for therma performance, the god isto keep the processor(s) within the operationa thermal
specifications. Failure to do so will shorten the life of the processor(s) and potentially cause erratic
system behavior. The therma design is required to ensure these operationa thermal specifications are
maintained. The heat generated by components within the chassis must be removed to provide an
adequate operating environment for both the processor and other system components. Moving air
through the chassis transports the heat generated by the processor and other system components out of
the system, while bringing in air from the external ambient environment.

Airflow Management

It isimportant to manage the amount of air that flows within the system aswell as how it flowsin order
to maximize the amount of cool air that flows over the processor. System airflow can be increased by
adding one or more fans to the system or by increasing the output (increasing the speed or size) of an
existing system fan(s). Managing the loca airflow direction using baffles or ducts can aso increase loca
airflow. An important consideration in airflow management is the temperature of the air flowing over the
processor(s). Heating effects from chipset, voltage regulators, add-in boards, memory and disk drives
greatly reduce the cooling efficiency of this air, as does recirculation of warm interior air through the
system fan. Care must be taken to minimize the heating effects of other system components, and to
eliminate warm air circulation.

For example, aclear air path from the system fan(s) to the external system vents will enable the warm air
from the processor(s) to be efficiently exhausted out of the system. If no air path exists acrossthe
processor(s), the heat generated by the processor(s) will not be removed from the system, resulting in
localized heating ("hot spots") around the processors. Heatsink fin designs must be aligned with the
direction of the airflow.

Many multi-processor system designs will have one processor positioned in front of another processor in
the airflow. Without airflow management the second processor will see an increased ambient inlet
temperature of about 10-15°C, depending on the exact layout due to this “thermal shadow” effect.

Bypass

Bypassis the distance around the heatsink where air may travel without passing through the fins of the
heatsink. A heatsink will have infinite bypassif it issitting in free space. A duct or other device (such as
ahard drive), located 5.1mm [0.2 in] from the outer edges of the heatsink, is said to have a bypass of

5.1 mm. A smaller bypass forces more air to pass through the fins of the heatsink, instead of around the
heatsink. Thisis especially important as the heatsink fin density increases. The higher the fin density, the
more resistance the heatsink poses to the air and the more likely the air will travel around the heatsink
instead of through it unless the bypassis small. Air traveling around the heatsink will have little effect on
cooling the processor. Note that as air bypass is decreased, the pressure required to deliver the same
amount of volumetric airflow will increase. Pressure drop across the heatsink will aso rise as more fins
are added, and/or if fin thicknessincreases as well. Refer to Figure 23 for an illustration on bypass
control.
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Figure 23. Heatsink Bypass Examples

A.3

A4

A4l

A.4.2

High Fin Density Heatsink with No Bypass Control
(Top View)

High Fin Density Heatsink with Controlled Bypass
(Top View)
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- Much of the airflow will bypass the fins
- Yields lower relative thermal performance

- Good airflow through fins
- Better relative thermal performance

Heatsink Solutions

One method used to improve thermal performance isto increase the surface area of the device by
attaching ametallic heatsink. To maximize the heat transfer, the thermal resistance from the heatsink to
the air can be reduced by maximizing the airflow through the heatsink fins as well as by maximizing the
surface area of the heatsink itself. Asfaster processors become available with higher power dissipation,
the typica auminum extruded heatsink may not be sufficient to cool the entire range of thermal design
power. More advanced cooling techniques will likely be required, such as copper base, vapor chamber
base, and/or folded fin heatsink with or without an integrated fan.

Thermal Interface Management

To optimize the heatsink design, it isimportant to understand the impact of factors related to the
interface between the processor and the heatsink base. Specificdly, the bond line thickness, interface
materia areaand interface materia thermal conductivity should be managed to redlize the most effective
thermal solution.

Bond Line Management

Any gap between the processor’s heat spreader and the heatsink base will impact thermal solution
performance. The larger the gap between the two surfaces, the greater the thermal resistance. The
thickness of the gap is determined by the flatness of both the heatsink base and the integrated heat
spreader, plus the thickness of the therma interface material (i.e. thermal grease) used between these two
surfaces and the clamping force applied by the heatsink attach clip(s).

Interface Material Area

The size of the contact area between the processor and the heatsink base will impact the thermal
resistance. Thereis, however, apoint of diminishing returns. Unrestrained incrementd increasesin
thermal interface material areado not translate to ameasurable improvement in therma performance.
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A.4.3

A.5

A5.1

Interface Material Performance

Two factors impact the performance of the interface material between the processor and the heatsink
base:

1. Thermal resistance of the materia

2. Wetting/filling characteristics of the material

Thermal resistance is a description of the ability of the thermal interface material to transfer heat from
one surface to another. The higher the thermal resistance, the less efficient the interfaceis at transferring
heat. The thermal resistance of the interface material has a significant impact on thermal performance.
The higher the thermal resistance, the higher the temperature drop across the interface and the more
efficient the thermal solution (i.e. heatsink) must be to achieve the desired cooling.

The wetting or filling characteristic of the thermal interface materia isits ability, under the load applied
by the heatsink attach clips, to spread and fill the gap between the processor and the heatsink. Since air is
an extremely poor therma conductor, the more completely the interface materia fills the gaps, the lower
the temperature drop across the interface. In this case, thermal interface materia area aso becomes
significant; the larger the desired thermal interface materia area, the higher the force required to spread
the thermal interface material.

Intel has determined through thermal characterization that it may be chalenging to meet the thermal
performance targets with the use of phase change thermal interface materias. The use of thermal grease
in conjunction with high performance heatsink technol ogies (e.g. copper base folded fin) has been
demonstrated to meet Intel therma performance requirements. The use of thermal greaseis
recommended.

Fans

Fans are needed to move the air through the chassis. The acoustic noise level of afan isusudly directly
related to the airflow rate of the fan. Maximum acceptable noise levels may limit the fan output or the
number of fans selected for a system. By lowering the ambient temperature at the inlet of the heatsink
(TLa), lower airflow across the heatsink and thus slower fan speed can be attained to improve system
acoustics. Utilization of ducting or baffles is one method to deliver lower T\ 4 and improve acoustics. See
Section A.6.1 for more details regarding ducting

Fan heatsinks are one type of advanced solution that can be used to cool the processor. Due to the
concern for reliability and redundancy, the current enabled reference design does not include fan
heatsink cooling. However, al of the mechanical features are present for the OEM that wishesto use a
fan heatsink assembly. High reliability fan heatsinks are becoming increasingly available, and including
support for such adevice in the system board may alow for increased flexibility in the cooling solution.

Placement

Proper placement of the fans can help ensure that the processor is being properly cooled. Because of the
difficulty in building, measuring and modifying a mechanica assembly, models are typically developed
and used to simulate a proposed prototype for thermal effectiveness to determine the optimum location
for fans and vents within a chassis. Prototype assemblies can a so be built and tested to verify if the
system components and processor therma specifications are met.
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Anintake air fan idedlly is centered vertically and placed along one axis with respect to the processor and
heatsink. The fan should a so be approximately 50.8 mm [2.0 in] from the |eading edge of the passive
heatsink. Figure 24 shows the fan placement for atypical dua processor layout.

The system fans should be pulling in air from the exterior of the system, and flow directly onto the
heatsink. Reduction in preheating of the heatsink airflow resultsin a degree for degree reduction in the
processor case temperature with all other parameters remaining constant.

Figure 24. Fan Placement and Layout of a Dual-Processor System — Top View

Motherboard
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A.5.2 Direction

If the fan(s) are not moving air across the heatsink, then little cooling can occur and the processor may
operate above the specified temperature. Two possibilities exist for blowing air across the heatsink of the
processor. Air can be blown horizontaly, paralel to the baseboard, which blows the air through the
length of the heatsink. The air stream can be blown vertically, perpendicular to the baseboard, or down
into the heatsink. This may depend on the layout of other components on the board and/or within the
chassis. Preferably the intake fan will blow through the heatsink Iengthwise because the heatsink fins can
be shorter in this case. Both of these factors are considerations when laying out components on the board
and in the chassis.

The airflow should be directed with baffles or ducts to flow through the heatsink. Thiswill increase the
local flow through the heatsink and may eliminate the need for asecond, larger, or higher speed fan.

In dual and quad processor systems the second or successive processor in line could receive preheated
air. Simulation indicates there could be in excess of a10°C risein air temperature through the first
heatsink. This temperature rise makes it necessary to use baffles or ducts to provide cool air to the second
processor and exhaust the first processor heated air.
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A54.1

A54.2

A543

A.6

Size and Quantity

It does not necessarily hold true that the larger the fan the more air it blows. A small blower using
ducting might direct more air over the heatsink than alarge fan blowing non-directed air over the
heatsink. The following provide some guidelines for size and quantity of the fan(s).

The fan should be aminimum of 80 mm [3.15 in] square, with aminimum airflow of approximately

500 LFM (linear feet per minute) at the inlet to the heatsink. Ideally two (2) fans should be used. The
intake air fan would blow directly into the processor and heatsink assembly, while a second fan, possibly
the power supply would exhaust the air out of the system. For server products, multiple, redundant fans
must also be considered for high-reliability systems. These recommendations may not apply if special
system solutions, such as fan ducts, are used.

Venting

Intake ports should be placed at the front (user side) of the system to avoid any recirculation that can
occur from the rear of a system with little wall clearance. Vent location placement should include
consideration for cooling of processor and peripheras (drives and add-in cards). Intake venting directly
in front of the intake fan isthe most optimal location. The ided design will provide airflow directly over
the processor heatsink.

Placement

Exhaust venting in conjunction with the power supply exhaust fan is usually sufficient for smaller
systems. However, depending on the number, location and types of add-in cards, exhaust venting may be
necessary near the adapter cards. This should be modeled or prototyped for the optimum thermal
potential. Hence, a system should be modeled for the worst case; i.e. al expansion slots should be
occupied with typica add-in options.

Area and/or Size

The area and/or size of the intake vents should depend upon the size and shape of the fan(s). Adequate air
volume must be obtained and thus will require adequate sized vents. Intake vents should be located in
front of the intake fan(s) and adjacent to the drive bays. Venting should be approximately 50% to 60%
open in the electromagnetic interference (EMI) containment area. Outside the EMI containment area, the
open percentage can be greater if needed for aesthetic apped (i.e. bezel/cosmetics). Caution should be
exercised that venting is not excessive or poorly placed which can cause recirculation of warm exhaust
arr.

Vent Shape

Round, staggered pattern openings are best for EMI containment, acoustics and airflow balance.

Alternative Cooling Solutions

In addition to passive heatsinks, fan heatsinks and system fans, other solutions exist for cooling
integrated circuit devices. For example, ducted blowers, heat pipes and liquid cooling are all capable of
dissipating additional heat. Due to their varying attributes, each of these solutions may be appropriate for
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intel.

aparticular system implementation. More information on this topic can be located on Intel’s web site at
http://devel oper.intel .conV/.

Ducting

Ducts can be designed to isolate the processor(s) from the effects of system heating (such as add-in
cards), and to maximize the processor cooling temperature budget. Air provided by afan or blower can
be channeled directly over the processor and heatsink, or split into multiple paths to cool multiple
processors. This method can aso be employed to provide some level of redundancy in asystem requiring
redundant capabilities for fault tolerance. Thisis accomplished by channeling air from two or more fans
through the same path across a processor. Each fan, or each set of fans, must be designed to provide
sufficient cooling in the event that the other has failed.

Ducting Placement

When ducting isto be used, it should direct the airflow evenly from the fan through the length of the
heatsink. This should be accomplished, if possible, with smooth, gradual turns, as thiswill enhance the
airflow characteristics. Sharp turns in ducting should be avoided. They increase friction and drag and will
greatly reduce the volume of air reaching the processor heatsink. Duct placement should include cooling
considerations for other heat dissipating devices. The system designer may want to include auxiliary
cooling for other devices, such as voltage regulator modules, memory, etc., in the processor ducting
design. If auxiliary cooling is not implemented, the system designer should ensure any duct design does
not impede airflow to these devices.

System Components

Placement

Peripherals such as CD-ROMSs, floppy drives, hard drives, VRMs, etc. can be placed to take advantage of
afan’s movement of ambient air (by placing them near intake or exhaust fans or venting). Some add-in
cards have alow tolerance for temperature rise. These components should be placed near additional
venting if they are downstream of the processor to minimize an increase in their ambient temperature.

Power

Some types of drives, such as floppy drives, do not dissipate much heat, while others (e.g. read/write CD-
ROM drives, SCSI drives) dissipate agreat deal of heat. These hotter components should be placed near
fans and/or venting whenever possible. The same can be said for some types of add-in cards. Some PCI
cards are very low wattage (approximately 5 W) while others can be as high as 25 W, per the PCI
specification. AGP graphics devices can dissipate up to 25 W per AGP revision 2.0 specifications while
AGP Pro50 devices dissipate 25-50 W and AGP Pro110 devices dissipate 50-110 W per AGP Pro
revision 1.1aspecifications. Great care should be taken to ensure that these cards have sufficient cooling,
while not adversely affecting the processor cooling.
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A.8 Voltage Regulation Module (VRM) Considerations

A.8.1 Airflow and Local-ambient Temperature

Voltage regulation modules (VRMs) must also be considered in system cooling solutions. Because
proper power delivery to the processor demands that the VRM be placed very close to the processors,
local-ambient temperature for the VRM may be affected by the heating of the nearby processors. A
typical VRM requires 400 LFM of airflow to remain within temperature specifications, assuming alocal-
ambient air temperature of 60°C. VRM temperature specifications typically specify amaximum
temperature at aphysica location on the module. System therma modeling should include the VRM(s)
in the simulation to ensure they remain within specifications. VRM current delivery capability may be
increased with efficient cooling.
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B Mechanical Drawings

The following table lists the mechanical drawingsincluded in this section.

Drawing Description

Page Number

Heatsink Base Dimensions 62
Heatsink Volumetric Keep-in Zone (2U+ Form Factors) 63
Heatsink Volumetric Keep-in Zone (1U Form Factor) 64
Enabled Heatsink Clip for INT-mPGA Package (Sheet 1 of 2) 65
Enabled Heatsink Clip for INT-mPGA Package (Sheet 2 of 2) 66
Enabled Heatsink Clip for FC-mPGA2P Package (Sheet 1 of 1) 67
EMI Shield 68
Enabled Retention Mechanism (Sheet 1 of 4) 69
Enabled Retention Mechanism (Sheet 2 of 4) 70
Enabled Retention Mechanism (Sheet 3 of 4) 71
Enabled Retention Mechanism (Sheet 4 of 4) 72
Intel® Xeon™ Processor with 512 KB L2 Cache Heatsink (2U+) 73
Intel® Xeon™ Processor with 512 KB L2 Cache Extended Performance Heatsink (2U+) 74
Intel® Xeon™ Processor with 512 KB L2 Cache Heatsink (1U) 75
Intel® Xeon™ Processor with 512 KB L2 Cache Heatsink (1U) Bypass Gasket 76

Intel® Xeon™ Processor DP Thermal Design Guidelines

61



sauljaping ubisaq [ewlayl dd J0SS820id w, U0SXg[3MU|

I

5% i AULINOTD ISWE UNTSLYIN

AN L LA S S R T o £
T o RTRITE
STNINT W1 349 SN0 SHI
" HETP I JAGY HLIA TNV R
ETNVUINIL ANy BADIENINIA 11 SN

193141 93ds 35 A4 100 553D W

[oBlozn [=}a

THYH L1000 TET907 JEWHS 1Y wvIdE Z)

HIBNIT NI W DOD" I
E HNLYd HO QIHILINID "O371 V301

0 AR LT CHIONIT L 008" 2 341 IN] Dbl

354301 0L TARR 10N 5300 1015 7
1 ]
78 woz [ 101 2 |7

IN1 Y IFHL
NOTSNIN IO NQTLONNS L Tvd1Lidy 404
I SNOIENIWID OL 03IHIWLILY S4IL137 E

HOTLYD1 TddY 3% JA31N) ;
TYHEIRL Ny SNTONTHT 38 4055 100dd E 8

404 4341N03d §1 8 INDZ SEANLY T 3
4|\ Go0" Fosd!

HNLYQ ONY ¥ JNDZ NIIK138
QINEYLNTYH 18 LSTIN SEINADIHL SIHL

"LH¥d 3HL 40 KOLIDE JHL $¥ INI4IT 5 Hniva

=

000 8 31¥DE [ [ ATl

¥ TIvL30 *

"y INOZ HO J0NAIND LON AVN
3590 JHL 40 3094805 d0L ML
oL Q3WISEY ALINALE HIT THL dhL A¥H B0 o NPT WYY 11vL30 335

NOPLONAS OL T¥IIL 1S 38 SNOISNIAIG d3hvTdsid 1 °
"SUILINOUOTH E=SSINNZIHL NIN o

HOISOHH0D LNIATHd OL IS¥E H1dddD DL O 1430108
01 SHEL T NG Q241007 INTLYTd HI1HEYE "HSINI S

NI M-W/A Q8E=d 43400 T ILVH

-

q

20 Fgs ' ————————y

SRS

1714 0317ddns 43N0 IINITIDTEL TuvL g @10 FI60 Xo—y
NIMFAD STHL NO SIJNV4ITAL ONY SNDISHIAID

W 1114 35V LY0 OF 931 1ddNS HLH ) ' -
NOTLYTId402 NI Q150 10 QL ONIMvdd SIHL ° v RIOTRR T

"IN ]
0T8T

N/ W INOZ RS

ST
Wi 002" NI 000" —

MO IVEOS4GT TN D LNEEKST NI IL1SM 601 dd THL LIGHL UM GISOTEI0 18 ADH L9 SLATLIO] S11 My
134301 403 W1 QIFETISI0 1 LI NDIVRADINI T¢1LNIT1INOT N LOAR80T TILNT § 19 LHID W AVAD BIHL

o] Tl U gy ] | ¢ |4 2 g 4 [ L [ &

suolsuawlq aseq MuisiesH ‘gz ainbi4

e

u




€9

sauljaping ubisaq [ewayl dd J0SS820id w, U0SXg[3MU|

2 | g 4 & g | 9 L 8
P T s e = IO WOL O |
068 A2 = —= e (R0 NC
_ ¥ TI¥L3a0 33§ [T L T
poo'a 11vaE ' i 1715 dAl
XZ AZ1S dhL 4 —] P Vo130
q 11yl . v
a | 1v13d zmwm ﬂ
715 1 i VM) 7 7 I
*‘pﬂk\ PrC X2
L
oo
& 7 ING! |
- m W 0sg-
_ 1
e Bt LA T TEART S P WY @m0z K
PR T
@ — el G - g
15 (062 ) ‘A‘ 007 —»—3 INOL X¢
* [n % J
0802 L
| 6 | W 0ol £
2
d0L
CIATLONONGT AT 01413373
ANy L¥74 39 1508 0 3NDZ NI wldy 3HL
A1 LINANDD
Y1337 ONY MNISLYIH IHL 40 3S¥E THL OL
dy34 NV L¥714 39 LEMW D 3NDZ NI ¥ 1Y 3K
CSHNALEYN FdY L3RS STHL NO SHGIENTINIQ
I -NON 1T A3 14137dS ISTAYIHIG SSTIND "1 Q IO %
LITHS SIHL NG Q301 430 SLINIYE LINDD d
JIHLIANTRA IHL NIHLIA 111 LSOW
NOILITOS TYMy3Hl 31314000 IHL 91
—e e {0 ) (0Rd ) —=l b=
CLLNDDI S3I0N
1T 801 N DTN T K01 TR Yo L gD 1IN} SN 191N ) W TAvAD Bii)
[0 ] € uf BEIE | i 5 4 mw g i i [ i 2

(s101084 WI04H +NZ) U0z ul-deay J1IdBWN|OA qUISTeaH "9z ainbiH

e

u




sauljeping ubisaq [ewlayl dd J0SS820id w, U0SXg[3MU|

WoLL08
LT I ] —= e 0EE K
! ¥ Tl 31s OV S |
one 1 37605 ! iF 1215 dil
55 101E dul 1 T = . ¥l M
2 1L ' LN
g 1P Hmum ﬁ _
71472 1. /nvm./q o X
ﬂ Ia'e i o T
(1 §11° 42| B3 W. : _
; 3 g Moz
h 1 " / v (1]
: i
/ N I P TP T I RIS U
—
T .
Y el L]
(0] s
WSI ) LY
1 \\|
[ E: 2 I i
+ 485
]
25 L -l B
dDL
/ T MOI A2
NI JRILIANT0A
WHELYH 1
—ed b= gz 102" ) —tl et

(10194 W04 NT) @U0OZ UI-daay JIBWN|OA YUISTeaH ",z ainbiH

P



saul@pIing ubisaq [ewiayl 4 10Ssa20id w, U0SX

m 131V
‘W@ NOI193r0Nd
FT0V Q8 1HL
| 07 CF 010T0F xxx*
STTONV 20 0F X 130NV¥IT0L

T ot Cen, o [ 580
SR I St i [ Sor = ¥
: , g2 — CLTA
L80 02’ 760" X2
¥ €92
S7 Nz a .
XW o ! / vy
08"
1 v ! L
sn1avy 1104
Xy .
250°Y X8 . GED'Y X¢
061
0271 180" Xg —=tl=— q
@) 2 1338
v 11v130 338 :
097 | YUY LNIN3OVI4 §3BNIN NOISIA3Y Live g7
Xz NOT1D3Y10 NIVY9 VL3N
620 Fegg  — Y
sniavy 1104 027" Xe 1
Xy 100" F 20" SSINNOIHL WiydLyw o [
S00° SI YYNE YN 6
3015 Hv4 '$3903 HONOY 1Y ¥yneiqa '8
ceory xe . 75074 Xe NO113341Q HONNd
a ) voronns oL 19II 118D 5
T H _ i 065" X2 “SSINYDIHL TVI4ILYW 38 0L
i I LNO 4377v) LON [1Qvy 43N0 11V 'S
E 052" X SSINNOIHL TV IYILYW
I ' 38 0L 100 43179 TON 110vY ONIG TI¥ ¥
028 o7l Xz 0107 ¥ 4170 40 SONI HLOG “MOGNIA I9¥¥1
Q W 40 $3903 11Y ONV 3903 WOLLOB NIOD € —
X/ [ 1331S ONI¥dS][  200-7I9v€Y
HSINT 4] TV IYILVN]  WIBAAN Luvd
CHSINTA 8 TVIY3LYW
Y q
T7661-NG V1A INSY
43d ONIONVYIT0L QNY ONINOISNIWIQ |
‘S3LON
W [ AT oad | < v [ S f 9 f L f 8




sauljeping ubisaq [ewlayl dd J0SS820id w, U0SXg[3MU|

v

000°7 3TVOS

Yoo11v13d
g

89¢ " XZ
A_‘
\@W X<
€0y Xy

0
a

[e0 2 V1976V oy oag | ¢ b A S i 9 i / i IS

(z 10 Z 199YS) abeyoed vOdWw-1NI 10) di|D yuisiesH pajqeus ‘6 ainbi4

P




L9

sauljaping ubisaq [ewayl dd J0SS820id w, U0SXg[3MU|

T

=

|

2 417 LW Mt 1% M m[000 Y 3T

20 FETELY ) __u
2| AN TS 1 e (L

14 FINOLS3ad “dITD NODLNAL3Y

ERAN

B

& +/C 17 0L

R -TERIL. |

A AW

Ly}

%]
I BE AT

=@

e

Ly

x|
wl 103

=]

an
W MLtEIn

S W0 T A
i awr trd 4dl)
W PN MIESH I .

L]

Lf W

AP

2u77]

WO 044 1EH Finy

L3L

SLdvd

HOlLdLrE 3T

SNITRd 1704
i

ir

A0 151N OCEEA I8

TIT %2

b

L3800

!

[=-—

D:.\J

= S0t =

—a

[e—S20

290

=2
ST

|~ 2904

-

Sar

t

!

FEE

¥

b

L3

O soomoa
.

1

t

i T
Llfn
0cl

arl

2 L33
¥ 1IWL3T 33%

_\mmm.\mom.

cL5'2

2E0d {2

S20°Hse 2

T 52

4=

m@m.J N
f

JoT K2 ¥

0L0
I

— 1

Shoto ISt

i f
— ,
GEO %2 — 0L3 X2
e

[0 %2 —

-

SE0d #2

I00F2EDT SEANATIHL WIHAILYW 21

HOIH Wg'2 3005 493N +E9+:% dWdLE 1¥LIW NAd
AT Awd V3AY LNIMIDYTd dWELT AND 31T

NO[LI3AIT NIFAD TL3W @

/

ﬂ . AN0F% D[4 LIWWAE B0 La¥d &

055 2 ‘G007 BL Hdnd K9d B

AP H2

T

o+ 1T

&
Dmm_t
} R

42

‘MO L9404407 T3INC IO INDSHOD WILLESM dEsd 3HL LUCOA LM T30A000M a0 7347 1090 03100084414 "T3201720 36 LON 47N
SLHAMID SL0 T INITIAH0D W TROTIEIC 21 L1 HOILPMAO D WIHITEHOD NODA404400 T3IND SHISINOD ONCASET SHL

i ) .
T S3003 HONO0A 1719 44n930 2

¥ O30T HINN @

0 NOLLINS 0L WILIED §

ETNATML TH[43LYW 39 OL
LN0 T377%] 10N [I09d 43m400 1719 ¢

SSMATIMHL THIAT LM
39 OL LNO T377%0 LOW I00%d QM3T TW %

o d di77 40 SON3 HIOF CMOTHIA 30497
40 23903 77 ONY 3903 WOLL0T Mi0D 2

FEOI-HS TlA JHEY
434 OMIINSEIT0L MY ONINOISMIWIT I

SILIN

T |

R_V

S

E [

a [ 5

(T 10 T 199YS) abexoed dzvodw-O4 104 dijD juisiesH pajgeud ‘0g ainbi4

P



sauljeping ubisaq [ewlayl dd J0SS820id w, U0SXg[3MU|

Z £ 14 ¢ S 9 L 8
Q IVIYILVN NOM\/ 7 me
ammjﬂez ol F .mm,:ﬁﬁk Les” xv tee
152 m S00° %00 1 101153410 Howng v
S0 FSII

! T o S0 T8y Qm,o,ﬂwsw.
]

I 7 = 1 | |

m,o.u—ﬂw,m.

0€0"F0L6 "¢

S10°F0G1 XYW . 200" Sydng 0

| ) K
(080°) /@ -g-
jj (8] 08¢ X2 B QYYH 2/1 $SvY4Q 892 = @ ﬁ
jui

+ « QYVYH 2/1 SSvdH 03¢ = V =

H><><

4IGNAN NOISIAZY =
=M (061°) ISV
i\l "378VSS Iy 3d

SYINJOD v NI LNOYIANN ¥ 00

SIo"F0Le™ X¥

Xe

&

080" F9Sv 2 - 1N0LNY d1H1S 4II¥YYD ¢/

¥ “TIN4 34Y 1 1AvY 101S
1Y ONY ., 0€0° 3J¥Y 110vYH QIHONNd

GelTl X8 ‘ :
. 260" X¥ 11V "0314103dS 3ISIMIIHLO SSIINM "L
062" Xy

"W2€0° 110YY N3 3AISNI 11¥
4314103dS 3SIMYIHLO SSINN 9
(8] anv

"NOISNIWIQ NOILONNY OL WOILI4D \/
INON “HSINI4 '€

1n08Y OIYLIWWAS SI 1¥vd "G

(i

QYYH /1 “SSVYB 89C ¥O 092 “MOIHL S000° F 800  :1TVIYILVW ¢

3714 0317ddNS ¥3A0 ION3QAID3Ud INVL

ONIMVHQ STHL NO SIONVY3ITOL ANV SNOISNIWIQ 17V "3714 3SVEVIVA
€ Q311ddNS HLIM NOTLVI3IYY0Dd NI @3Sn 38 0L ONIMYYQ SIHL "I
-S3I1ON

[ IR € ¥ & S 9 f L f 8

pI21ys INT ‘TE a4nbiq




69 sauljapInD ubisaq [ewisy L da 10SS8201d w,UOSX 48]

Z ¢ | ¥ & S 9 L 7 8
Vi “NOISN3H 1G
=G B SIHL NO KOILIONOD L3VH0 0 7
s T ) SWYY9 0°S X0¥ddY SSYN
e R B SSy 18Yd “ELNI 1627 XOYddY IWNTOA L¥¥d S|
v il o el St v
e s 000°7 3195 "3NIT ONILYYd=1d
TIINISTI v00° 3L USIVINNS
0002 37¥0S 3LYDIANT NO 200" 3L N HSY 14

“30V4YNS ONTONNOYYUNS
JA0BY 010" "3°L'N NOILVYOI41LN3QI A@w
QTON Y04 SV3IHY 318YMOTTV

"Q310N

IS IMY3IHLO SSITINN NOILIANOD 14YHd-

1V 34¥ NOILJ3Y¥1d TInd IHL NI NMOHS

SNOISNIWIQ 17V "¢ "3°L'N L4Y¥a
(314103dSNN 1TV " 2=14V4Q 11V "<l

"YIINID DIYLIWNAS FHL S
g "SY3INID 3T0H IHL S
"WOLLO8 1y¥d S

NN1va
NN1va g
NN1va

(0¢¢7) "SYINYOD dYYHS

Q314103dSNN 1TV NI Q3LLINY3d G00°d "0

"SINYNTWYLINOD 3DV44NS Y3HLO 40
- 3SV3T134 Q70N 40 3344 38 Ol 1uvd 6

[QUARD] ‘700" 0330X3
OL LON HOLYWSIW (1d) 3INIT ONILYYd '8

“30VJ4NS ONIANNOYYNS MO8
4O HSNT4 39 OL SHYVYW NId ¥0L23r3 -

—

. “30Y44NS ONTANNOYYNS
2 (016°¢) MOT38 4O HSNT4 38 OL LINVNW3IY 31V9

<

"NOTLYO1daY4 oL
401 dd ONIYIINTONI T3LNI AQ 03A0¥ddY
NY OL 431LIwans 38 01 N91§3Q 100L

"NOISNIWIQ NOITLONN OL T¥OIL1d)

[Py

1 N ¢-0 -1dS  -HSINIA
M\ 0-Av6 N = ALITIGINAY TS
N (y€5") (MOV18) 10L-0¥6 NVX3T 30 - VIYILVNW

0)
4 9449

3714
I I 03174d1S ¥3A0 IINIQIDIH VL
A4
q = ONTAYYA SIHL NO S3ONVHITOL ONY q
SNOISNINIO 1Y 3713 3Svavlva as
0317¢dNS HLIM NOILYT3¥40D
NI“Q3SN 38 OL ONIMYHQ SIHL

e (005" |) ————— =

$310N

XS [EE |

8

[ae}
<~
-
el
e
~

(7 J0 T 199YS) Wisiueyosy uonualay pajgqeus ‘gg ainbi4

e

u




0.

sauljeping ubisaq [ewlayl dd J0SS820id w, U0SXg[3MU|

[ | z € 4 < S 9 ! 9
v J0 2 L3NS [ONIAYHO 3125 LON 00] [1G "4 0G| b119-25056 v2
€0 —Qf anm 3031105181
00002 37¥3S
Hoo11v13a . 000702 3DS
v . - 810 9 11v13Q v
020 020°Y X2 970"y
e — T/
* < *
020" % T
] p k 910" —
el
/ I
| e } Nm.o.
g o 2 s o ~ 260" g
o = 8 28 g
060"
- 8-9 NOILD3S e (1617) —————= K-
g @ ' . o S
[v] 3 S g
HH ¢ o
—_
3 000 _ 000 3
Ho1v130 338 _I._ | _I._ (051°)
022 — — 022"
00¢” e lL f 1 _ U 008"
9 71v130 335 ore”
— 056 A 1 N\ B
(0097) / : N 0Ly’
_
N o m
) 22 b v 1] q
- oo b m e _ 8
590 e Zggg g 1°
@ o _|'D
| L | VESTEY oy oud | ¢ v [ S i 9 i 1 i S

(7 J0 2 199YS) Wisiueyosy uonualay pajgqeus 'cg ainbi4

P



sauljaping ubisaq [ewayl dd J0SS820id w, U0SXg[3MU|

| | € 7 L S 9 | L 8
16 “31¥O5|*
- Ziéx%zzwmmmm 579_, —QW =
) 000 0¢ 31995
ARIETEN
550" v
590" Af|L
-3 NOI1D3S
1] ".|'u |
V-V NOI L3S | .
000 : XK 020"
& 1&‘2,. _\\_ |
e is . e
v 2007,
[¥] 00,051/ m_ _
XYW S10°Y H
\
) (0L9°) N\
XYW 050" : XYM 070" Y
£ V13 338 | L., &
e 060"
0SL
ooy 000702 31¥)S .! dAl 140-060°4 o
810 — | 11v13d }
010" I r8e P 140- 140- drL 0217y 00" Feve"
; 9798 002 002
: T 11
G6 | | —
LL0° Y NG B
o 000 —-- —H-C) - -- .@. — .
———
il | Y
250 TLVNS. v a
Gl NAVAK 500" F66 |
N P R R c y 7 S I 5 I 1 I 3

(7 40 € 199YS) WisiueydaN UoNUdIRY pajgqeud v€ ainbi4

P



[4

sauljeping ubisaq [ewlayl dd J0SS820id w, U0SXg[3MU|

000 01 37¥25
N 11130
050"y
v
/s
H Af ]
001" //kr/l
pLI

dAL 06074

g
i \\\Aai
Amwzxxx////// IR
[~
-
0807 X7
4 2 1l
14 1o WngaLn x/////r
611 X7 —f | e 990" ¥ X¥
5 §50" Xy —=i
000702 31¥2$
1 71v130
8L0" @
6€0°

a 660"

NI/ NOILYD07 3L¥9 3LYNIXOYddY
aNNO¥Y 11V
dAL 0707y _ \\A@N
0

Td 1IN TYNY3LXS

(B0 ¥

VOSVEV oy o |

(7 10 ¥ 199YS) WisiueyIdN UoNUIIDY pajgqeud ‘G ainbi4

P



€L

sauljaping ubisaq [ewayl dd J0SS820id w, U0SXg[3MU|

[E HqumTz:%a 35 LON cieee 1:37%08 X -
9IEECY X B - AW@
a3 waonnn ouinvsa| 3000 3evo |az1s N
T7P5 I Y H
xszI 31va| AB 43A0HddY NOI133r0Hd 3T9NY QdIHL
TPF /1 ¥
ERTINY 31¥Q| AR Q3NDIHD
6118-25056 ¥ 'YY1D YLNYS o) X 10gg°0]
F1085 108 04 —0#-..—— 9dY S []s] ¥ 07 SSINLYTS 5012
Y | e 303700 WOISSIN 0022 @ #| i sviza s1v0| 18 aaneisae GO 2 ] Y
. . [
SONIB 4O SHNTH ANY JAYH LON TT0H ONY ‘SNIJ LNIOVFOY HONOL LN 171H SHI4 A
CTWHINO G52 40 LTIL KIS T3TIVHYS WOWIXYW ¥ HLLM 358 OLNI Q3dWIH0 34% SH1d (1]
NGILYD 1 ddY torg- 11
IOVAYILNT T¥WYIHL ONY ONIZNIHIA3Y ¥0SS3I00Hd ¥04 Q3¥IN03Y ¥ INGZ SSINLYTS H rLev
— SNOTSNINI NOTLONNA 0L Y1114 [§]
SSINAOIHL WNZoFp© 0011 §34d0D 1¥IYILYW NI UNISLYIH [7]
. SSINNTIHL WNZO Fr T 0501 WANIANTY 1914319N NI4 HNISLY3H [2]
e INTTVAINDT HO 0501 WANITWNTY GIONHLXT ¥ 1¥3LWA 35¥8 HNISLYIH [2]
- IYIYILYN 49 1719 ONTY3INIONT NO W3LI INI¥Y¥d SI NOITLYO I ILINIQL W3l T
Q314193d$ ISIMEIHLO SSITNN “SILON
=]
=
3 ¥ Y130 338
2
[I070Fs0°2]
—— £0F0 25 X2 [—— m
| Pl
HH 7/
2 ﬁ 20°0-
< 00704
< .
- K
[§L0°01
) f-— 06°1'X1€
(7] [0 0F90°€]
Pt O LLHOT e )
e L —
[1le 0¥z ¢
P 080T 6 ——=
FANERL S
v ooy
T10°0F05 €1
Z-ﬁ.mw
100101 G
N sz e
|
1500 0F057 07
1 0Fse 9 xe5]
q 10607 0] . q
o STk
627212 .
7 [ (G798 o
1061° 07 H
267782 o
110" 0F05 21
D} me.ﬁ.:\l
G

(+N2) MuisyeaH ayoed g1 g ZTG YIM J0SS820Id w, U0AX 4[91U] "9E ainbi-

P



v

sauljeping ubisaq [ewlayl dd J0SS820id w, U0SXg[3MU|

- + L T
Cr ¥ LE9'
- 1 e i
_n_.n-._..!::MH_l.wm s al _”.ll._ sl'le
Ledlnl oo oF
3 | L=y | CFE'T
o 00555 b Ly
B mSe DS
ﬂ il -0 CR'EC
2 &0
1d ¢ SEgZe
s I LEZ00
2 09 - B0 L2
1 m
H 2 ore'2
i R — ﬁ
- I
ooanZ0
. Car2m
m&Tm ; BOENE
HE 38 r— B=— G _
[eF i ] _-_.l R0
- Id L £DS'[ v
I CECOET Td 228 00+
nos L4
8 Tdd¥ TIWHE FELAY MOLLYILAD34E LHIN3IITI04d T1IM] & 1
DO=9yembiy S AN WO AILNI]] WILL @
J0%I00ML S LRI IAN0T S35 W07 L
G101 HE TN EHHTT 1T JADMIE 9
FEAI-S WL [TMY 43d 3IMWII0L ONY MOENIMIT T
WOIEHIWI WNOCLDMNA Do W23LIED moe
TIH N 0SB
HI DJIYLE SHOIEWIHIT [DILIHIREE] W W T3LYLE SHOEMIAID Ldsvldd € H
QS0P AWIHIRINTE SHLA
HIH H-WfA BES=d "H34d4070 19T cWIEILSH 2
1 EREN EI R
34D TMINIOIHE Fad | TMISEA] SHL WO STIREITOL Ok SAOISHIA0 T .
104 J5RERLS] 0% O101d4dNE HLIA NOLIT 1344071 HI 036N A OL OHOASE] w_m_._dh ﬂ_h
Sonc i
o | wmwes | TR AN F [ m
i | O hw | L= T ] Jam| mem T L T T e R R W e TR N ]
............... T ARTLT A |-|||-||||-|ﬂ|.nw.u1u m.m.qc.ml.m]mmu.mm.dlu::..h.jdhﬂh.u.u L —_li- 0 F.. BV

(+N2) NuisiesH aoueWIOoIad PapUSIXT 8YdeD Z1 GX ZTS YIM 10SS8001d w, UOSX gloIu] *LE 8inbiy

P



7

sauljaping ubisaq [ewayl dd J0SS820id w, U0SXg[3MU|

L | : & : | v
T w1 s 7 ‘anrweu g 208 o0 7 o 1z X
i BELALY ¥ ? e
ANIS IVEH 4D 0T YINOISHMd
[v'52] 001 % sl oot/
3
am o
oy B
[ el
opp* l—
SUNIE MO SHNIY XNY HAYH LON TTIN ONY SNIZ INZJYCQY HONOL ION TTIA SNIL &
TIvERO £5°C
2 40 LILL NIJ 'TETIVHYd WOWIXIW ¥ BLIN SSYE OLNI (4dHIND $MY SNLL °3
ORIVITONT INTHRATAOTE SSTHLVTE TVOOT ‘L
& ‘ST QIS O SDIE TV TAOKTE *)
- *p66T-G°FIE TSNV Wid STONVNTTOL ONY SHOTSNANTT TT¥ °5 [ sl
“SIOISHENIC IOTION 0F TOOLLLD) [ 7] 023° T
& STEIND NI QZIVLS SHOTSNANIQ RHVHIHE "€
NIH /0 ORE-H “¥Ead0D PSITE OO ESVE DMLV 7 #
= T QT GHL A0 EONAQLIEML HAVL
m ONTAVHI STHL HD SHONVHTOI ONY SNOTSNZWIQ TTV ¥TIA HSVAVIVO
¢ (IITENS BLIN WOIIVIRSNO) NI Q350 T4 OF ST ONIAVHD STHL ‘T : o
VL'9Y
ST 78T —emr]
[oses]
] ao 057" I om'z
B ] s
] g | )
[ vl [
SHL 7€ YIEL 910’ STV ¢
5811 !
SIOVI ¢ WL o SINT ¢
o] [
[ 4
SN 7€ e STV 26
160
o
S| = -
' ] g g
7] ooz | g
a
666
[y oosce
w o0/e0/z0 63 © s aa w
SUTRI 08 SV &) G
W otz s T | 10
RAOGSIH WOLSLASY s
T [ &

(NT) MuiSyeaH ayaeD 21 g ZTG YIM J0SS820Id w, U0AX 4[91U] '8E ainbi

P



9.

sauljeping ubisaq [ewlayl dd J0SS820id w, U0SXg[3MU|

_q.

wsamz[ T 1[™ w3

o [

l | = & [ t
Feg
BT F R ] TR R
RO IS HOCLIHN S O WO LI 14 amsr E
AR BEL A QNILED DL 4D S0 Suladed [2]
WY TIOHE 09100 MOLWLIM 1T NSNS TIHE W
Pl -2UEEY §1 AW MDLLYALAIH DD W] R
= el
FEEC-TTLL [ d3d TIMVAITL MY ROEH3 TH 'k G
WM HI [2F15 MKMW [0ILIATEEI] "Hd Wl OIL9LT TMOITMINN ASlsd T
[0 ] JAEHIY Gudr HE HLIA 9 UH 0L 0 11 03H0T “ASAARETY 511 1 )
T F1 HGEIRAID 353 @ WOILDII3 W07 ELAAT 1 W) NHILTH wiEilwW 2 -
1M 03kE
E3AD FMIIII8] 1ML THIREE] SIHL MO SEBRATTL PR SMIM3AG TW
T 1559eieT O0 T T«TF i A REN i 1T R O 3 0L AT 5 T
$1100
mru_ﬂn.u a1 |
& = GE'S L'LL
me &

WL T8 & ST
LR fU P e

-

I | F ]

194se9 ssedAg (NT) JuisieaH 8YoeD g7 g3 ZTS YHM 10SS8001d w, U0BX 4[91U] ‘6€ 84N

P




