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Chapter 1 Introduction 

This document specifies performance requirements for the design of thermal and mechanical 
solutions for the AMD Athlon� 64 and AMD Opteron� processors, utilizing AMD64 
architecture. Detailed drawings, descriptions, and design targets are provided to help 
manufacturers, suppliers, and engineers meet requirements for the AMD Athlon 64 and 
AMD Opteron processors.  

1.1 Summary of Requirements 
To allow optimal reliability of the AMD Opteron and AMD Athlon 64 processor-based systems, 
the thermal and cooling solution should dissipate heat from a processor operating at its maximum 
thermal power. The sections in this document specify required values for the thermal and 
mechanical parameters. This document provides two methods of creating a solution that satisfy the 
thermal and mechanical requirements for these processors. By setting a high-power target for the 
initial design, the thermal-design engineer may avoid redesign of the processor cooling solution 
for subsequent processors. 
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Chapter 2 AMD Athlon� 64 and AMD Opteron� 

Processors Thermal Requirements 

This chapter describes thermal solutions for the AMD Athlon� 64, AMD Athlon 64 FX, and 
AMD Opteron� processors. 

2.1 AMD Athlon� 64, AMD Athlon 64 FX, and 
AMD Opteron� Processor Specifications 

The objective of thermal solutions, commonly referred to as heatsinks, is to maintain the processor 
temperature within specified limits. The main factors that must be considered during the design of 
a thermal solution are the thermal performance, physical mounting, acoustic noise, mass, 
reliability, and cost. 

This document presents the thermal and mechanical specifications, and heatsink requirements for 
the AMD Athlon 64, AMD Athlon 64 FX, and AMD Opteron processors. The thermal and 
mechanical specifications for the 940-pin AMD Athlon 64 FX processor are the same as those for 
the AMD Opteron processor. For the thermal and mechanical requirements for the 
AMD Athlon 64 FX processor, refer to the AMD Opteron processor information presented in this 
document. 

Table 1 lists the pertinent AMD Athlon 64 and AMD Opteron processor specifications for a 
thermal solution design. 

Table 1. Mechanical and Thermal Specifications for the AMD Athlon� 64 and 
AMD Opteron� Processors 

Symbol Description Maximum Value Notes 
TCASE Maximum case 

temperature 
62�70°C Case temperature will be 

defined in the processor 
datasheet 

ACPU Processor contact area 1400 sq. mm Interfaces with heatsink 

Form factor Processor form factor µPGA PGA Socket 754 form factor 
for AMD Athlon� 64 
processor 

Form factor Processor form factor µPGA PGA Socket 940 form factor 
for AMD Opteron� processor 
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2.2 Socket Description 
Figure 1 shows a three-dimensional view of the Socket 754, which is a socket based on surface 
mount technology. The pin array is 29x29 on a 1.27 mm pitch with a 9x9 depopulation in the 
center. In addition, three pins are removed from the A1 corner of the package, and a single pin is 
removed from the other three corners. The electrical and mechanical connection to the 
motherboard is made with a small solder ball at each socket contact. This type of connection does 
not allow for a large mass, like a heatsink, to be attached to the socket. Therefore, independent 
support structures are required for mounting the heatsink. 

 
Figure 1. 754-pin µPGA Socket Used for the AMD Athlon� 64 Processor 
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Figure 2 shows a three-dimensional view of the Socket 940, which is used for the AMD Opteron 
processor.  As with the Socket 754, it has a 1.27 mm array pitch but has a 31x31 pin array with 
various pins removed from the package for keying and mechanical support. 

 

Figure 2. 940-pin µPGA Socket Used for the AMD Opteron� Processor 
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2.3 Motherboard Component Height Restrictions 
The mounting solution for the heatsink requires attachment to the motherboard. As such, this 
solution calls for a standard motherboard keepout region and mounting holes for the processor. An 
overview of the motherboard component restrictions for the AMD Athlon 64 is shown in Figure 3. 
A complete detailed set of drawings is shown in Appendix A.3 on page 47. Thermal-solution 
designers must adhere to these geometric restrictions to be compatible with the motherboards 
designed for the AMD Athlon 64 processor. Similarly, overview of the motherboard component 
restrictions for the AMD Opteron is shown in Figure 4 on page 17. 

 

Figure 3. Motherboard Component Height Restrictions for the AMD Athlon� 64 Processor 
Thermal Solution  
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Figure 4. Motherboard Component Height Restrictions for the AMD Opteron� Processor 
Thermal Solution 
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2.4 Thermal Solution Design Requirements 
To maintain the case temperature of the processor below the maximum specification, certain 
heatsink design parameters must be considered. Table 2 provides the design-target specifications 
that must be met for the AMD Athlon 64 and AMD Opteron processors to operate reliably. 

Table 2. Thermal Solution Design Requirements for the AMD Athlon� 64 and 
AMD Opteron� Processors 

 Symbol Description Minimum Maximum Notes 
L Length of heatsink 77 mm 77 mm Measurements are for 

the entire assembly, 
including attached fan. 

W Width of heatsink 68 mm 68 mm  
H Height of heatsink  60 mm  
θCA Case-to-ambient 

thermal resistance  
 

0.28°C/W   

mHS Mass of heatsink  450 g  

FCLIP Clip force 60 lb 90 lb  

TA Local ambient 
temperature near 
processor 

 42°C  

 32 dbA The preferred level is to 
have no annoying tones. 

LPA Sound pressure 
measured 1 m 
from fan  38 dbA Maximum level is at 

room temperature with 
no annoying tones 
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2.5 Sample Heatsinks and Attachment Methods 
The following sections provide two possible thermal design solutions and the specifics on their 
attachment to the motherboard. 

2.5.1 Thermal Reference Design Solution 1  

Table 3 lists the parts that comprise the thermal reference design solution 1 for the  
AMD Opteron and AMD Athlon 64 processors. The heatsink installers do not have to assemble 
each individual component. The heatsink suppliers package the parts with some of the components 
already assembled. The logical breakdown consists of the components that reside on the topside of 
the motherboard, the heatsink, and the components that reside on the bottom side of the 
motherboard, the backplate. An exploded view showing the components used in the thermal 
reference design solution 1 is shown in Figure 5 on page 20. 

Due to the high load required to attach the heatsink to the processor, a backplate is used on the 
backside of the motherboard to minimize possible warping of the motherboard due to clip forces 
on the heatsink. Figure 6 on page 21 shows the assembly components grouped for shipment and 
how they are used during the final assembly of the system.  

When developing the thermal reference design solution 1, AMD took into consideration the 
manufacturing and assembly ease of the solution. The thermal reference design solution 1 requires 
a screwdriver to install the heatsink. The mechanical advantage of the screw is that it applies a 
large force to the clip. Minimizing installation fatigue was a significant factor in selecting the use 
of screws in this thermal solution. During installation each screw is driven until it bottoms out on 
the retention frame. This may require a torque of 6 to 12 in-lbs. Figure 7 on page 21 shows a 
heatsink installed according to the thermal reference design solution 1. 

Table 3. Components for the AMD Athlon� 64 and AMD Opteron� Processors Thermal 
Reference Design Solution 1 

Part Description Material Quantity 
Heatsink Aluminum 1 
Fan Plastic 1 
Mounting frame Lexan, 20% glass filled 1 
Spring clip SK7 heat treated spring steel 1 
6-32x1� pan head screw Stainless steel 2 
Backplate Low carbon steel, anti-corrosive finish 1 
Insulator Formex GK-17 1 
EMC shield Stainless steel 1 

Chapter 2 AMD Athlon� 64 and AMD Opteron� Processors Thermal Requirements 19
 



 Preliminary Information 

AMD Athlon� 64 and AMD Opteron� Processors 
Thermal Design Guide 

 26633 Rev. 3.03 September 2003 

 

 

Figure 5. AMD Athlon� 64 and AMD Opteron� Processors Thermal Reference Design 
Solution 1 

20 AMD Athlon� 64 and AMD Opteron� Processors Thermal Requirements Chapter 2 
 



Preliminary Information  
26633 Rev. 3.03 September 2003  AMD Athlon� 64 and AMD Opteron� Processors 

Thermal Design Guide
 

 

Figure 6. Thermal Reference Design Solution 1 Components Assembled for Shipment 
 

 

Figure 7. View of an Installed Heatsink Utilizing the Thermal Reference Design Solution 1 
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2.5.2 Thermal Reference Design Solution 2  

Table 4 lists the parts used in the thermal reference design solution 2 for the AMD Athlon 64 and 
AMD Opteron processors. An exploded view of the components used for this thermal solution is 
shown in Figure 8 on page 23. The components are shipped as subassemblies so the heatsink 
installer does not have to assemble each individual component. The retention frame and backplate 
are shipped pre-installed on the motherboard as shown in Figure 9 on page 24. The heatsink unit 
has the components assembled so the installer can remove it from the packaging, remove any 
thermal interface material protection, hook the clip onto the retention frame, and then actuate the 
cam. For the thermal reference design solution 2, the installer needs no tools for the heatsink 
installation process. Figure 10 on page 24 shows an installed heatsink utilizing the thermal 
reference design solution 2. 

Table 4. Components for the AMD Athlon� 64 and AMD Opteron� Processors Thermal 
Reference Design Solution 2 

Part Description Material Quantity 
Components Installed by OEM, System Integrator, or End User 

Heatsink Aluminum 1 
Fan Plastic 1 
Spring clip SK7 heat treated spring steel 1 
Camshaft Lexan, 20 % glass filled 1 
Cam spacer Lexan, 20 % glass filled 1 
EMC shield Stainless steel 1 

Components Assembled on the Motherboard 
Retention frame Lexan, 20% glass filled 1 
Backplate Low carbon steel, anti-corrosive finish 1 
Insulator Formex GK-17 1 
6-32x 0.75� pan head screw Stainless steel 2 
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Figure 8. Exploded View of the Components Utilized in the AMD Athlon� 64 and 
AMD Opteron� Processors Thermal Reference Design Solution 2 
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Figure 9. Thermal Reference Design Solution 2 Components Configured for Shipment 

 

Figure 10. View of a Heatsink Installation Utilizing the Thermal Reference Design 
Solution 2 
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2.6 Thermal Solution Design Considerations 
The two thermal reference design solutions shown in Figure 5 on page 20 and Figure 8 on page 23 
contain several components that have specific functions. A complete set of drawings is shown in 
Appendix A.4 beginning on page 68. Because the µPGA processors have features that are 
significantly different from the previous generation of processors, some background is given in the 
following sections on the various aspects of the mechanical requirements for the thermal solution.  
Also, additional design considerations and requirements are given for improved thermal and 
acoustic performance. 

2.6.1 Backplate Assembly 
The backplate assembly is designed to prevent excessive motherboard warpage in the area near the 
processor. Without using a backplate, the warpage could cause serious damage to electrical 
connections of the processor socket and integrated circuit packages surrounding the processor. 

The reference backplate is made from cold rolled steel and incorporates three stiffening ribs to 
meet stiffness requirements. The center rib is partially cut away by a square hole located in the 
center of the backplate. This region is for decoupling the capacitors on the backside of the 
motherboard. It is important to not cut entirely through the center rib, as that action would 
compromise the stiffness of the reference backplate. The size of the square hole differs according 
to the type of processor. The AMD Athlon 64 processor version has a 20 mm square hole while 
the AMD Opteron processor version has a 26 mm square hole. Using a 26-mm hole on both AMD 
Athlon 64 and AMD Opteron processors is being investigated, and the results will be included in 
an update of this document. 

There are two PEM standoffs used in the plate. The standoffs serve multiple purposes, mainly as 
attachment points for the retention frame screws and for aligning the backplate easily and properly 
to the motherboard. The retention frame is made to slide over the standoffs and allow the screws to 
be installed with a minimum chance of cross threading. 

The insulator also serves multiple purposes. The primary function of the insulator is to prevent the 
backplate from shorting to the motherboard. Additionally, a pressure-sensitive adhesive in the 
insulator keeps the backplate in place against the motherboard during assembly. The insulator is 
thick enough to prevent any significant capacitive coupling between the motherboard and 
backplate. 

2.6.2 Spring Clip 

The spring clips used for both thermal reference design solutions were designed to apply 75 lbs of 
force to the heatsink. This force is necessary to prevent a large-mass heatsink from lifting off the 
package during a shock or vibration-induced event. Any lifting of the heatsink away from the 
processor could result in damage to the processor pins, the socket contacts, or the socket solder 
ball joints. This spring force is greater than required in previous generations of AMD processors. 
Maintaining the spring force is important for the life of the processor and for repeated installations 
and upgrades of the processor.  
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The reference spring clip material is the heat-treatable spring steel, SK7. AMD strongly 
recommends using SK7 or an equivalent material for the spring clip. The clip should be plated 
after heat treatment for cosmetic and anti-corrosive reasons. Table 5 gives the chemical 
composition of SK7. The heat treatment used should bring the ultimate strength of the material to 
a minimum of 1,300 Mega-Pascals (Mpa) or 189 Kilo-pounds per square inch (Ksi) and a yield 
strength to 940 MPa (or 136 Ksi). 

Other materials commonly used for heatsink spring clips have been shown to yield under the high 
load of the initial spring clip deflection, become deformed, and can no longer apply the same load. 

Table 5. Chemical Composition of SK7 Spring Steel 

Composition Percentage of the Element 
C 0.60�0.70 
Si Maximum 0.35 

Mn 0.80�0.90 
P Maximum 0.030 
S Maximum 0.030 
Fe Remaining Balance 

2.6.3 Retention Frame 
The retention frame serves multiple purposes. During installation, the retention frame provides a 
stop for the spring clip ends used in the thermal reference design solution 1. The retention frame 
also aligns the heatsink and provides a stop for the heatsink in case of a large shock-force event. 
The retention frame serves to hold the solution 1 heatsink assembly together as a single unit for 
shipping and assembly, and aligns and helps to retain the EMC shield.  

The retention frame serves the same function for the thermal reference design solution 2, but it is 
implemented in a different way. The retention frame and backplate are joined to the motherboard 
by the motherboard manufacturers. Two screws securely hold the backplate and retention frame 
together. The six mounting tabs on the retention frame serve as an attachment point for the 
heatsink spring clip. The thermal reference design solution 2 utilizes only two of the mounting 
tabs, but the flexibility of the design is increased with the additional mounting tabs. 

2.6.4 Heatsink 
The footprint of the reference design heatsink is 77x68 mm. The highest-power processors may 
require solutions incorporating copper in the base of the heatsink to dissipate heat, taller fins and 
greater fin density to increase surface area, and higher flow fans to increase cooling capacity.  

Because the processor mounting surface extends above the surface of the cam box on the socket, 
the heatsink bottom must be flat. The heatsink must have a flat surface of at least 40x40 mm 
centered over the processor as specified in the reference design drawing. 
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2.6.4.1 Low-Cost Heatsink Example 

Based on the thermal performance requirements of a particular processor, a low-cost heatsink may 
be appropriate for an application. An example of a low-cost heatsink utilizing extruded aluminum 
stock is shown in Figure 11. 

 

Figure 11. Example of a Low-Cost Heatsink Using Aluminum Extrusion Technology 
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2.6.4.2 High Performance Heatsink Example 

When a high performance heatsink is needed to meet thermal or acoustic requirements, other 
manufacturing technologies can be used. These technologies combine high-density fin pitches 
with thin fins. They may also incorporate copper into the heatsinks. Copper and aluminum are 
commonly used together in the same heatsink. Figure 12 shows an example of a heatsink that 
would perform better than the low-cost extrusion heatsink The heatsink shown in Figure 12 is 
based on high-aspect ratio extrusion manufacturing technology. An example of a high 
performance heatsink using a high-density fin technology is shown in Section A.4 on page 64. 

 

Figure 12. High Performance Heatsink with Copper Slug Embedded in the Base 
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2.6.4.3 Required Exhaust Airflow Direction 

The current that a motherboard must supply to the AMD Athlon 64 and AMD Opteron processors 
has increased during the development of these processors. The increase in current requires that air 
exhausting from the heatsink be directed across the motherboard processor voltage regulator. 
Motherboard suppliers have designed their motherboards to have voltage regulators located along 
the long side of the heatsink. Therefore, heatsinks should be designed to have aiflow exit the long 
side of the heatsink as shown in Figure 13. Alternatively, airflow may exit the heatsink on all 
sides. 

 

Figure 13. Required Exhaust Airflow Direction for Motherboard Voltage Regulator Cooling 
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2.6.5 Fans 

Improvements in fan technology have increased the range of flow capacity available to thermal 
solution designers. However, increased flow may often occur at the expense of causing increased 
acoustic noise. Larger fans can move more air at lower rotational speeds than smaller fans. The 
recent increase in availability of 70-mm body fans allows them to be used for high-volume 
thermal solutions. AMD recommends using 70-mm body fans for the AMD Athlon 64 and 
AMD Opteron and processors. 

Because the thermal solutions are used on a variety of motherboard designs with the fan power 
connector in different locations, AMD recommends a minimum fan power cable length of 200 
mm. This length should allow the thermal solution to be mounted in any orientation while 
maintaining the ability to power the fan. 

Because the thermal solution must meet the processor thermal requirements at elevated ambient 
temperatures, a single fan speed solution results in a high fan speed to meet these requirements. 

Acoustic noise is a concern for both system builders and AMD. Systems with high levels of 
acoustic noise can generate customer complaints and can influence the acceptance of a product. 
Therefore, AMD recommends using fans that have speed control implemented on the fan. 

Usually, a thermistor is used to sense the airflow temperature at the fan to determine the fan speed. 
A fan with variable speed capability can meet the thermal requirement at multiple ambient 
conditions.  

The significant temperatures for the AMD Athlon 64 and AMD Opteron processor systems are 
32°C and 42°C. These temperatures correspond to room temperatures of 25°C and 35°C, 
respectively, with an additional 7°C allowed for the temperature rise from the system external 
temperature to the system internal temperature at the processor location. 

At 25°C (normal room temperature), the thermal solution has an additional 10°C added to to the 
system thermal budget. The required thermal resistance increases, for example, from 0.31°C/W to 
0.40°C/W. While the fan speed and heatsink performance are closely coupled, the fan speed can 
be significantly reduced with the additional 10°C in the thermal budget.  
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Figure 14 shows a typical fan speed curve.  The actual fan speed can depend on the heatsink, but 
the speed versus temperature ramping should be implemented as shown in the figure. 
 

 

Figure 14. Typical Temperature-Fan Speed Relation for Speed-Controlled Fan 
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Figure 15 shows the impact of fan speed on the acoustic noise emitted from sample solution 2 
thermal solutions. The fans used in those measurements were 70x15 mm and nominally varied 
speed from 3000 RPM to 6000 RPM over the temperature range of 32°C to 42°C. Lower speeds 
were investigated for additional reductions in acoustic noise.  However, the thermal solutions did 
not meet required thermal performance levels below 3000 rpm. 

 

Figure 15. Acoustic Noise from Sample Thermal Solutions with a 70x15 mm Fan 
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2.6.6 Thermal Interface Material 

AMD evaluates thermal interface materials for use with its processors. A list of suggested 
materials is provided in Table 6. 

Table 6. Suggested Thermal Interface Materials 

Manfufacturer Interface Material Material Type Application 

Bergquist TIC-3000 Grease Processor to heatsink 

Shin Etsu G751 Grease Processor to heatsink 

Shin Etsu X23-7762 Grease Processor to heatsink 

Shin Etsu X23-7783D Grease Processor to heatsink 

Thermoset, Lord CPD TC-350 Grease Processor to heatsink 

 

The heatsink makes contact with the top surface of the processor package utilizing the thermal 
interface material between the processor lid and the heatsink. AMD recommends using a high-
performance grease such as those listed in Table 6. AMD does not recommend using phase-
change materials between the heatsink and the processor.  

Phase-change materials develop high adhesion forces between the heatsink and processor when 
the material is in the solid phase. This strong adhesive force may cause the processor to stick to 
the heatsink. During heatsink removal, this strong adhesive force may cause the processor to be 
removed from the socket while it is locked, and this action may result in damage to the socket or 
to the processor pins. 

The heatsink manufacturer may apply the grease to the heatsink. If this procedure is done, a 
protective cover should be used to prevent contamination of the interface material.  Additionally, 
most grease should be applied in a 34�35 mm square that is 0.06�0.08 mm thick.  This amount of 
grease has provided good coverage of the processor lid while not being excessive.  Grease may 
flow over the edges of the processor and reach the socket if excessive amounts are applied.  This is 
not desirable. 

2.6.7 EMC Shield 
Because of the high clock frequencies of the AMD Opteron and AMD Athlon 64 processors, an 
EMC shield has been designed and incorporated into the thermal solution. This shielding is a 
component that may or may not be necessary for meeting regulatory agency requirements, 
depending on the system. However, the shielding has been designed as a component that can be 
added to the heatsink assembly either during assembly of the heatsink components or during final 
assembly of the system. The heatsink retention frame has features for aligning and retaining the 
EMC shield.  
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Chapter 3 Conclusion 

The AMD Opteron� and AMD Athlon� 64 processor thermal reference design solutions 1 and 2 
have been presented in this document. These thermal solutions should provide the thermal 
engineer the design information to either implement the thermal reference design solutions 
presented or to design a solution that meets the thermal and mechanical requirements of the 
AMD Athlon 64 and AMD Opteron processors 
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A Appendix 
This section describes thermocouple instrumentation and the procedure for clip load testing. 

A.1 Thermocouple Instrumentation 
Thermocouples measure the three necessary temperatures that are used for a detailed thermal-
performance analysis. The case temperature requires a thermocouple to be attached to the heatsink 
lid surface with high thermal conductivity epoxy, such as Omega Engineering�s Omegabond 101. 
The heatsink base temperature requires drilling a hole in the heatsink base and inserting a 
thermocouple inside the hole. The ambient temperature is measured by fixing a thermocouple with 
the bead in the fan inlet air stream 25 mm above the surface of the fan. 

A.1.1 Case Thermocouple Attachment 

Instructions for attaching the case-temperature thermocouple are as follows: 

1) Draw lines on the diagonals of the package as shown in Figure 16. Check that the 
intersection lies on the center of the package by using calipers.  

  
Figure 16. Diagonals Marked on Processor to Locate Center 

Appendix A Appendix 37
 



 Preliminary Information 

AMD Athlon� 64 and AMD Opteron� Processors 
Thermal Design Guide 

 26633 Rev. 3.03 September 2003 

 
2) Tape down the thermocouple such that the bead is centered on the package as indicated by 

the intersection of the diagonals. Be sure to have the thermocouple oriented to align it 
properly with the relief groove in the heatsink as shown in Figure 17.  

  

Figure 17. Thermocouple Taped to Processor Lid 

3) Place a slight downward bend in the bare wire near the thermocouple bead. This ensures 
optimal thermal contact between the lid and thermocouple. 

4) Clean the contact area to achieve good adhesion and apply a small amount of high thermal 
conductivity epoxy, such as Omegabond 101, to glue down the thermocouple bead and 
about 2 mm of lead wire. This step provides strain relief for the package as shown in 
Figure 18 on page 39. Check between the package lid and thermocouple plug for electrical 
continuity. Without electrical continuity, good thermal contact is not ensured and the 
attachment procedure must be repeated.  

5) The heatsink must have a strain relief for the thermocouple bead and wire as shown in 
Figure 19 on page 39. A 5-mm diameter hole is machined to a depth of 0.75 to 1.0 mm for 
the epoxy bead. A 1.5-mm width slot is machined to a depth of 0.75 mm for the 
thermocouple wire. 
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Figure 18. Thermocouple Attached to Processor with Strain Relief on Package and PCB. 

 

Figure 19. Heatsink with Thermocouple Relief Groove Machined into Base 
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A.1.2 Heatsink Thermocouple Attachment 

1) Drill a 1.5-mm diameter hole in the heatsink base as shown in Figure 20.  

 

Figure 20. Heatsink Thermocouple Relief Groove and Measurement Hole 
 

2) Inject thermal grease, such as Dow Corning 340, into the hole with a needle. 

3) Insert thermocouple into hole until the bead touches the bottom of the hole. 

4) Tape the thermocouple wire in place to prevent removal and add strain relief. 

A.1.3 Ambient Thermocouple Attachment 

The ambient thermocouple should be placed such that it captures the temperature of the air 
entering the heatsink. The placement for active heatsinks (fan attached) should be about 25 mm 
away from the fan inlet and centered over the fan.  

For passive heatsinks, place the thermocouple about 25 mm upstream from the heatsink and about 
50 mm above the motherboard surface. 
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A.2 Procedure for Clip Load Testing  
This section provides the necessary information to measure the force applied by a heatsink clip to 
the AMD Athlon� 64 processor. This force is known as the clip load.  

A.2.1 Equipment 

The following sections detail the equipment needed to measure the clip load. 

A.2.1.1 Load Cell 

The load cell made by Entran, part number ELW-D1 is designed to work with the load cell fixture. 
See Figure 21 for an example of this load cell. For more information about the load cell, see 
http://www.entran.com/elw.htm. 

 

 

Figure 21. An Entran ELW-D1 Load Cell 

A.2.1.2 Load Cell Fixture 

The load cell fixture is designed to be used on any motherboard with a Socket 754 installed. The 
fixture with the load cell installed should be the same thickness as the nominal package height of 
4.37mm. Figure 22 on page 42 shows the nominal height of the load cell and the fixture. The 
square boss on the bottom of the fixture fits in the socket window on Socket 754. Be sure there are 
no components in the board used for load testing that would interfere with this feature. 
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Figure 22. Load Cell Inserted into the Load Cell Fixture 
 

The load cell fixture should be machined from a stainless steel material.  A drawing of the fixture 
is shown in Figure 23 on page 43. The drawing is proportioned for the nominal dimensions of the 
processor and the load cell.  For the most precise measurements, a fixture should be made for each 
load cell so that the overall height of the fixture and load cell is 4.37 mm. 
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Figure 23. Drawing of Load Cell Fixture for the Entran ELW-D1 Load Cell 
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A.2.1.3 Test Board 

Any printed circuit board made for use with the Socket 754 processor family should be able to 
accept clip load testing. Be sure the fixture does not interfere with any components that may be 
mounted to the PCB in the socket window. Additionally, allowance for the mounting hole pattern 
and component keepout areas must be followed to avoid tainted load measurements. 

A.2.1.4 Voltage Source 

A precision voltage source should be used to power the load cell. The Entran ELW-series load 
cells require 15 V excitation. Make the connections between the voltage source and the red and 
black wires on the load cell.   

A.2.1.5 Voltmeter 

A precision voltmeter or multimeter is needed to measure the output from the load cell. Connect 
the meter to the green and white wires on the load cell.  Each load cell will have a unique 
calibration coefficient to convert the millivolt reading into force. The Entran ELW-D1 typically 
has a value near 1 mV/lb. 
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A.2.2 Procedure 

The following procedure details how to obtain the clip load using the load cell fixture assembly: 

1. Set the voltage output on the voltage source to 15.00 V and connect the load cell as 
indicated by the manufacturer. 

2. With nothing touching the load cell and fixture assembly, record the zero load output 
voltage in millivolts since the load measurement is based on change in voltage from no 
load to the measured load. 

3. Position the backplate onto the test board. 

4. Place the load cell fixture in the socket. 

5. Place the load cell into the fixture as shown in Figure 24. 

 

Figure 24. Test Board with a Load Cell Fixture Installed in the Socket 754 
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6. Place the retention frame onto the board and align it with the backplate standoffs. 

7. Place the heatsink on the load cell assembly. 

8. Install clip and tighten screws until the clip is fully installed as shown in Figure 25. 
 

 

Figure 25. Heatsink Installation over the Load Cell Fixture 
 

9. Allow the output voltage to settle (~1min) and take the voltage reading. 

10. Use the load cell calibration factor to obtain the force applied by the clip. 
An example measurement follows: 

Initial reading:   34.5 mV 

Final reading:    129.4 mV 

Load cell calibration factor: 1.29 mV/lb 

  (129.4 � 34.5) / 1.29 = 73.6 lb 
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A.3 Motherboard Component Keep-Out Areas and 
Height Restriction Drawings 

The ten drawing sheets in this section from page 48 through page 57 provide information for the 
motherboard component keep-out areas and height restrictions for the AMD Athlon 64 processor 
based on the 754-pin socket. 

The ten drawing sheets in this section from page 58 through page 67 provide information for the 
motherboard component keep-out areas and height restrictions for the AMD Opteron processor 
based on the 940-pin socket.  
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A.4 Thermal Reference Design Solution Component 

Drawings 
Pages 69 through 82 contain drawings for the components of the thermal reference design 
solutions 1 and 2. 
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