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1  I n t r od u ct ion  

1 .1  Docu m en t  Goals an d  Scope 

1 .1 .1  I m p o r t an ce o f  Th er m al  Man ag em en t  

The object ive of therm al managem ent  is to ensure that  the tem peratures of all 

com ponents in a system  are m aintained within their  funct ional tem perature range. 

Within this tem perature range, a com ponent  is expected to m eet  it s specified 

perform ance. Operat ion outside the funct ional temperature range can degrade system  

perform ance, cause logic errors or cause com ponent  and/ or system  dam age. 

Tem peratures exceeding the m axim um  operat ing lim it  of a com ponent  m ay result  in 

irreversible changes in the operat ing character ist ics of this com ponent . 

I n a system  environm ent , the processor tem perature is a funct ion of both system  and 

com ponent  therm al character ist ics. The system  level therm al const raints consist  of the 

local am bient  air  tem perature and air flow over the processor as well as the physical 

const raints at  and above the processor. The processor tem perature depends in 

part icular on the com ponent  power dissipat ion, the processor package therm al 

character ist ics, and the processor therm al solut ion. 

All of these param eters are affected by the cont inued push of technology to increase 

processor perform ance levels and packaging density (m ore t ransistors) . As operat ing 

frequencies increase and packaging size decreases, the power density increases while 

the therm al solut ion space and air flow typically becom e m ore const rained or rem ains 

the sam e within the system. The result  is an increased im portance on system  design 

to ensure that  therm al design requirem ents are m et  for each com ponent , including the 

processor, in the system . 

1 .1 .2  Docu m en t  Goals 

Depending on the type of system  and the chassis character ist ics, new system  and 

com ponent  designs m ay be required to provide adequate cooling for the processor. 

The goal of this docum ent  is to provide an understanding of these therm al 

character ist ics and discuss guidelines for m eet ing the therm al requirem ents im posed 

on single processor system s using the I ntel®  Core™2 Duo processor E8000, E7000 

series, I ntel®  Pent ium ®  dual-core processor E6000, E5000 series, and I ntel®  Celeron®  

processor E3000 series. 

The concepts given in this docum ent  are applicable to any system  form  factor. Specific 

exam ples used will be the I ntel enabled reference solut ion for ATX/ uATX system s. See 

the applicable BTX form  factor reference docum ents to design a therm al solut ion for 

that  form  factor. 
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1 .1 .3  Docu m en t  Scop e 

This design guide supports the following processors:  

• I ntel®  Core™2 Duo processor E8000 series with 6 MB cache applies to I ntel®  

Core™2 Duo processors E8600, E8500, E8400, E8300, E8200, and E8190 

• I ntel®  Core™2 Duo processor E7000 series with 3 MB cache applies to I ntel®  

Core™2 Duo processors E7600, E7500, E7400, E7300, and E7200 

• I ntel®  Pent ium ®  dual-core processor E5000 series with 2 MB cache applies to 

I ntel®  Pent ium ®  dual-core processors E5800, E5700, E5500, E5400, E5300, and 

E5200 

• I ntel®  Pent ium ®  dual-core processor E6000 series with 2 MB cache applies to 

I ntel®  Pent ium ®  dual-core processor E6800, E6700, E6600, E6500, and E6300 

• I ntel®  Celeron®  processor E3000 series with 1 MB cache applies to the I ntel®  

Celeron®  processor E3500, E3400, E3300, and E3200 

In this docum ent  when a reference is m ade to “ the processor”  it  is intended that  this 

includes all the processors supported by this docum ent . I f needed for clar it y, the 

specific processor will be listed. 

I n this docum ent ,  when a reference is m ade to the “ the reference design”  it  is 

intended that  this m eans ATX reference designs (E18764-001)  supported by this 

docum ent . I f needed for clar ify, the specific reference design will be listed. 

I n this docum ent ,  when a reference is m ade to “ the datasheet ” , the reader should 

refer to the I ntel®  Core™2 Duo Processor E8000 and E7000 Series Datasheet , I ntel®  

Pent ium ®  Dual-Core Processor E6000 and E5000 Series Datasheet , and I ntel®  

Celeron®  Processor E3000 Series Datasheet . I f needed for clar it y the specific 

processor datasheet  will be referenced. 

Chapter 2 of this docum ent  discusses package therm al m echanical requirem ents to 

design a therm al solut ion for the processor in the context  of personal com puter 

applicat ions.  

Chapter 3 discusses the therm al solut ion considerat ions and m et rology 

recom m endat ions to validate a processor therm al solut ion.  

Chapter 4 addresses the benefit s of the processor’s integrated therm al m anagem ent  

logic for therm al design.  

Chapter 5 gives inform at ion on the I ntel reference therm al solut ion for the processor 

in BTX plat form .  

Chapter 6 gives inform at ion on the I ntel reference therm al solut ion for the processor 

in ATX plat form .  

Chapter 7 discusses the im plem entat ion of acoust ic fan speed cont rol. 

The physical dim ensions and therm al specificat ions of the processor that  are used in 

this docum ent  are for illust rat ion only. Refer to the datasheet  for the product  

dim ensions, therm al power dissipat ion and m axim um  case tem perature. I n case of 

conflict , the data in the datasheet  supersedes any data in this docum ent . 
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1 .2  Ref er en ces 

Material and concepts available in the following docum ents m ay be beneficial when 

reading this docum ent . 

Material and concepts available in the following docum ents m ay be beneficial when 

reading this docum ent . 

 

Docu m en t  Locat ion  

I ntel®  Core™2 Duo Processor E8000 and E7000 Ser ies 

Datasheet   

www.intel.com/ design/ processor/ d

atashts/ 318732.htm 

I ntel®  Pent ium ®  Dual-Core Processor E6000 and E5000 

Ser ies Datasheet   

ht tp: / / download.intel.com/ design/

processor/ datashts/ 320467.pdf 

I ntel®  Celeron®  Processor E3000 Ser ies Datasheet  ht tp: / / download.intel.com/ design/

processor/ datashts/ 322567.pdf 

LGA775 Socket  Mechanical Design Guide ht tp: / / developer.intel.com/ design/

Pent ium4/ guides/ 302666.htm  

uATX SFF Design Guidance ht tp: / / www.form factors.org/  

Fan Specificat ion for  4-wire PWM Controlled Fans ht tp: / / www.form factors.org/  

ATX Thermal Design Suggest ions ht tp: / / www.form factors.org/  

m icroATX Thermal Design Suggest ions ht tp: / / www.form factors.org/  

Balanced Technology Extended (BTX) System Design 

Guide 

ht tp: / / www.form factors.org/  

Thermally Advantaged Chassis Design Guide  ht tp: / / www.intel.com/ go/ chassis/  

1 .3  Def in i t ion  o f  Ter m s 

Ter m  Descr ip t ion  

T
A 

The measured ambient temperature locally surrounding the processor. The 

ambient  temperature should be measured just upst ream of a passive heatsink 

or at  the fan inlet  for  an act ive heatsink.  

T
C
 

The case temperature of the processor, measured at  the geometr ic center of 

the topside of the I HS. 

T
E 

The ambient  air temperature external to a system chassis. This temperature 

is usually measured at  the chassis air inlets. 

T
S 

Heatsink temperature measured on the underside of the heatsink base, at  a 

locat ion corresponding to T
C.  

T
C-MAX

 The maximum case temperature as specified in a component  specificat ion.  

Ψ
CA

 

Case- to-ambient  thermal character izat ion parameter (psi) . A measure of 

thermal solut ion performance using total package power. This is defined as:  

(TC – TA)  /  Total Package Power. 

Not e:  Heat  source must  be specified for Ψ measurements. 

http://download.intel.com/design/processor/datashts/320467.pdf�
http://download.intel.com/design/processor/datashts/320467.pdf�
http://download.intel.com/design/processor/datashts/322567.pdf�
http://download.intel.com/design/processor/datashts/322567.pdf�
http://developer.intel.com/design/Pentium4/guides/302666.htm�
http://developer.intel.com/design/Pentium4/guides/302666.htm�
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Ter m  Descr ip t ion  

Ψ
CS

 

Case- to-sink thermal character izat ion parameter. A measure of thermal 

interface mater ial performance using total package power. This is defined as:  

(TC – TS)  /  Total Package Power. 

Not e:  Heat  source must  be specified for Ψ measurements. 

Ψ
Sa

 

Sink- to-ambient  thermal character izat ion parameter. A measure of heatsink 

thermal performance using total package power. This is defined as:  (TS – TA)  /  

Total Package Power. 

Not e:  Heat  source must  be specified for Ψ measurements. 

TI M 

Thermal I nterface Mater ial:  The thermally conduct ive compound between the 

heatsink and the processor case. This mater ial f ills the air  gaps and voids, and 

enhances the transfer of the heat  from the processor case to the heatsink. 

P
MAX

 The maximum power dissipated by a sem iconductor component .  

TDP 

Thermal Design Power:  a power dissipat ion target  based on worst -case 

applicat ions. Thermal solut ions should be designed to dissipate the thermal 

design power.  

I HS 

I ntegrated Heat  Spreader:  a thermally conduct ive lid integrated into a 

processor package to improve heat  t ransfer to a thermal solut ion through 

heat  spreading. 

LGA775 

Socket 

The surface mount  socket designed to accept the processors in the 775–Land 

LGA package.  

ACPI  Advanced Configurat ion and Power I nterface. 

Bypass 

Bypass is the area between a passive 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 fins to the nearest  surface. 

Thermal 

Monitor 

A feature on the processor that  at tempts to keep the processor die 

temperature within factory specificat ions. 

TCC 

Thermal Control Circuit :  Thermal Monitor uses the TCC to reduce die 

temperature by lowering the effect ive processor frequency when the die 

temperature has exceeded its operat ing lim its. 

DTS 
Digital Thermal Sensor:  Processor die sensor temperature defined as an offset  

from  the onset  of PROCHOT# .  

FSC 

Fan Speed Control:  Thermal solut ion that  includes a var iable fan speed which 

is dr iven by a PWM signal and uses the on-die thermal diode as a reference to 

change the duty cycle of the PWM signal. 

T
CONTROL

 TCONTROL is the specificat ion lim it  for  use with the on-die thermal diode.  

PWM 

Pulse width modulat ion is a method of cont rolling a var iable speed fan. The 

enabled 4-wire fans use the PWM duty cycle %  from the fan speed controller  

to modulate the fan speed. 

Health 

Monitor 

Component 

Any standalone or integrated component  that  is capable of reading the 

processor temperature and providing the PWM signal to the 4-pin fan header. 

BTX Balanced Technology Extended. 

TMA 
Thermal Module Assembly. The heatsink, fan and duct assembly for the BTX 

thermal solut ion 
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2  Pr ocessor  Th er m al / Mech an ica l  

I n f o r m at ion  

2 .1  Mech an ica l  Requ i r em en t s 

2 .1 .1  Pr ocesso r  Pack ag e 

The processors covered in the docum ent  are packaged in a 775-Land LGA package 

that  interfaces with the m otherboard using a LGA775 socket . Refer to the datasheet  

for detailed m echanical specificat ions.  

The processor connects to the m otherboard through a land grid array (LGA)  sur face 

m ount  socket . The socket  contains 775 contacts arrayed about  a cavity in the center 

of the socket  with solder balls for surface m ount ing t o the m otherboard. The socket  is 

nam ed LGA775 socket . A descript ion of the socket  can be found in the LGA775 Socket  

Mechanical Design Guide.  

The package includes an integrated heat  spreader ( IHS)  that  is shown in Figure 2-1 

for illust rat ion only. Refer to the processor datasheet  for further inform at ion. I n case 

of conflict , the package dim ensions in the processor datasheet  supersedes dimensions 

provided in this docum ent .  

Figu r e 2 - 1 . Pack age I HS Load  Ar eas 
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The prim ary funct ion of the IHS is to t ransfer the non-uniform  heat  dist r ibut ion from  

the die to the top of the IHS, out  of which the heat  flux is m ore uniform  and spread 

over a larger surface area (not  the ent ire IHS area) . This allows m ore efficient  heat  

t ransfer out  of the package to an at tached cooling device. The top surface of t he IHS 

is designed to be the interface for contact ing a heatsink.  

The I HS also features a step that  interfaces with the LGA775 socket  load plate, as 

described in LGA775 Socket  Mechanical Design Guide. The load from  the load plate is 

dist r ibuted across two sides of the package onto a step on each side of the IHS. I t  is 

then dist r ibuted by the package across all of the contacts. When correct ly actuated, 

the top surface of the I HS is above the load plate allowing proper installat ion of a 

heatsink on the top surface of the IHS. After actuat ion of the socket  load plate, the 

seat ing plane of the package is flush with the seat ing plane of the socket . Package 

m ovem ent  during socket  actuat ion is along the Z direct ion (perpendicular to 

subst rate)  only. Refer to the LGA775 Socket  Mechanical Design Guide for further 

inform at ion about  the LGA775 socket . 

The processor package has m echanical load lim its that  are specified in the processor 

datasheet . The specified maxim um  stat ic and dynam ic load lim its should not  be 

exceeded during their  respect ive st ress condit ions. These include heatsink installat ion, 

rem oval, m echanical st ress test ing, and standard shipping condit ions.  

• When a com pressive stat ic load is necessary to ensure therm al perform ance of the 

therm al interface m aterial between the heatsink base and the IHS, it  should not  

exceed the corresponding specificat ion given in the processor datasheet . 

• When a com pressive stat ic load is necessary to ensure m echanical perform ance, it  

should rem ain in the m inim um / m axim um  range specified in the processor 

datasheet   

• The heatsink m ass can also generate addit ional dynam ic com pressive load to the 

package during a m echanical shock event . Am plificat ion factors due to the im pact  

force during shock m ust  be taken into account  in dynam ic load calculat ions. The 

total com binat ion of dynam ic and stat ic com pressive load should not  exceed the 

processor datasheet  com pressive dynam ic load specificat ion during a vert ical 

shock. For exam ple, with a 0.550 kg [ 1.2 lb]  heatsink, an accelerat ion of 50G 

during an 11 m s t rapezoidal shock with an am plificat ion factor of 2 results in 

approxim ately a 539 N [ 117 lbf]  dynam ic load on the processor package. I f a  

178 N [ 40 lbf]  stat ic load is also applied on the heatsink for therm al perform ance 

of the therm al interface m aterial the processor package could see up to a 717 N 

 [ 156 lbf] . The calculat ion for the therm al solut ion of interest  should be compared 

to the processor datasheet  specificat ion. 

No port ion of the subst rate should be used as a load-  bearing surface. 

Finally, the processor datasheet  provides package handling guidelines in term s of 

m axim um  recom m ended shear, tensile and torque loads for the processor IHS relat ive 

to a fixed subst rate. These recom m endat ions should be followed in part icular for 

heatsink rem oval operat ions. 
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2 .1 .2  Heat sin k  At t ach  

2 .1 .2 .1  Gen er al  Gu id el in es 

There are no features on the LGA775 socket  to direct ly at tach a heatsink:  a 

m echanism  m ust  be designed to at tach the heatsink direct ly to the m otherboard. I n 

addit ion to holding the heatsink in place on top of the IHS, this m echanism  plays a 

significant  role in the robustness of the system  in which it  is im plemented, in 

part icular:  

• Ensuring therm al perform ance of the therm al interface m aterial (TIM)  applied 

between the IHS and the heatsink. TIMs based on phase change m aterials are 

very sensit ive to applied pressure:  the higher the pressure, the bet ter the init ial 

perform ance. TIMs such as therm al greases are not  as sensit ive to applied 

pressure. Designs should consider a possible decrease in applied pressure over 

t im e due to potent ial st ructural relaxat ion in retent ion com ponents. 

• Ensuring system  elect r ical, therm al, and st ructural integrit y under shock and 

vibrat ion events. The m echanical requirem ents of the heatsink at tach m echanism  

depend on the m ass of the heatsink and the level of shock and vibrat ion that  the 

system  m ust  support . The overall st ructural design of the m otherboard and the 

system  have to be considered when designing the heatsink at tach m echanism. 

Their design should provide a m eans for protect ing LGA775 socket  solder joints. 

One of the st rategies for m echanical protect ion of the socket  is to use a preload 

and high st iffness clip. This st rategy is im plem ented by the reference design and 

described in Sect ion 6.7. 

Not e:  Package pull-out  during m echanical shock and vibrat ion is const rained by the LGA775 

socket  load plate ( refer to the LGA775 Socket  Mechanical Design Guide for furt her 

inform at ion) .  

2 .1 .2 .2  Heat sin k  Cl ip  Load  Req u i r em en t   

The at tach m echanism  for the heatsink developed to support  the processor should 

create a stat ic preload on the package between 1 8  lb f  and 7 0  lb f  throughout  the life 

of the product  for designs com pliant  with the reference design assum pt ions:  

• 72 m m  x 72 m m  m ount ing hole span for ATX ( refer t o Figure 7-40)   

• TMA preload versus st iffness for BTX within the lim its shown on Figure 5-6 

• And no board st iffening device (backing plate, chassis at tach, and so forth) .  

The m inim um  load is required to protect  against  fat igue failure of socket  solder joint  in 

tem perature cycling. 

I t  is im portant  to take into account  potent ial load degradat ion from  creep over t im e 

when designing the clip and fastener to the required m inim um  load. This m eans that , 

depending on clip st iffness, the init ial preload at  beginning of life of the product  m ay 

be significant ly higher than the m inim um  preload that  m ust  be m et  throughout  the life 

of the product . For addit ional guidelines on m echanical design, in part icular on designs 

depart ing from  the reference design assum pt ions refer to Appendix A. 

For clip load m et rology guidelines, refer to Appendix B. 
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2 .1 .2 .3  Ad d i t ion al  Gu id el in es 

I n addit ion to the general guidelines given above, the heatsink at tach m echanism  for 

the processor should be designed to the following guidelines:  

• Holds the heatsink in place under m echanical shock and vibrat ion events and 

applies force to the heatsink base to m aintain desired pressure on the therm al 

interface m aterial. Note that  the load applied by the heatsink at tach m echanism  

m ust  com ply with the package specificat ions described in the processor datasheet . 

One of the key design param eters is the height  of the top surface of the processor 

IHS above the m otherboard. The IHS height  from  the top of board is expected to 

vary from  7.517 m m  to 8.167 m m . This data is provided for inform at ion only, and 

should be derived from :  

 The height  of the socket  seat ing plane above the m otherboard after reflow, given 

in the LGA775 Socket  Mechanical Design Guide with it s tolerances. 

 The height  of the package, from  the package seat ing plane to the top of the IHS, 

and account ing for it s nom inal variat ion and tolerances that  are given in the 

corresponding processor datasheet .  

• Engages easily, and if possible, without  the use of special tools. I n general, the 

heatsink is assum ed to be installed after the m otherboard has been installed into 

the chassis. 

• Minim izes contact  with the m otherboard surface during installat ion and actuat ion 

to avoid scratching the m otherboard. 

2 .2  Th er m al  Req u i r em en t s 

Refer to the datasheet  for the processor therm al specificat ions. The m ajorit y of 

processor power is dissipated through the IHS. There are no addit ional com ponents 

(such as BSRAMs)  that  generate heat  on this package. The am ount  of power that  can 

be dissipated as heat  through the processor package subst rate and into the socket  is 

usually m inim al. 

The therm al lim its for the processor are the Therm al Profile and TCONTROL. The Therm al 

Profile defines the m axim um  case tem perature as a funct ion of power being 

dissipated. TCONTROL is a specificat ion used in conjunct ion with the tem perature 

reported by the digital therm al sensor and a fan speed cont rol m ethod. Designing to 

these specificat ions allows opt im izat ion of therm al designs for processor perform ance 

and acoust ic noise reduct ion. 

2 .2 .1  Pr ocesso r  Case Tem p er at u r e 

For the processor, the case tem perature is defined as the tem perature m easured at  

the geom et r ic center of the package on the surface of the I HS. For illust rat ion,  

Figure 2-2 shows the m easurem ent  locat ion for a 37.5 m m  x 37.5 m m  [ 1.474 in x 

1.474 in]  775-Land LGA processor package with a 28.7 m m  x 28.7 m m  [ 1.13 in x 

1.13 in]  IHS top surface. Techniques for m easuring t he case tem perature are detailed 

in Sect ion 3.4. 
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Figu r e 2 - 2 . Pr ocessor  Case Tem per at u r e Measu r em en t  Locat ion  
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2 .2 .2  Th er m al  Pr o f i le  

The Therm al Profile defines the m axim um  case tem perature as a funct ion of processor 

power dissipat ion. Refer to the datasheet  for the further inform at ion.  

2 .2 .3  Th er m al  So lu t ion  Desig n  Req u i r em en t s 

While the therm al profile provides flexibilit y for ATX / BTX therm al design based on it s 

intended target  therm al environm ent , therm al solut ions that  are intended to funct ion 

in a m ult itude of system s and environm ents need to be designed for the worst -case 

therm al environm ent . The m ajorit y of ATX / BTX plat form s are targeted to funct ion in 

an environm ent  that  will have up to a 35 ° C am bient  tem perature external to the 

system . 

For ATX plat form s, an act ive air-cooled design, assum ed be used in ATX Chassis, with 

a fan installed at  the top of the heatsink equivalent  t o the reference design (see 

Chapter 6)  should be designed to m anage the processor TDP at  an inlet  tem perature 

of 35 ° C +  5° C =  40 ° C.  

For BTX plat form s, a front - to-back cooling design equivalent  to I ntel BTX TMA Type I I  

reference design (see the Chapter 5)  should be designed to m anage the processor 

TDP at  an inlet  tem perature of 35 ° C +  0.5 ° C =  35.5 ° C.  

The slope of the therm al profile was established assum ing a generat ional im provem ent  

in therm al solut ion perform ance of the I ntel reference design. For an exam ple of I ntel 

Core™2 Duo processor E8000 series with 6 MB in ATX plat form , it s im provement  is 

about  15%  over the I ntel reference design (E18764-001) . This perform ance is 

expressed as the slope on the therm al profile and can be thought  of as the therm al 
resistance of the heatsink at tached to the processor, Ψ

CA
 (Refer to Sect ion 3.1) . The 

intercept  on the therm al profile assum es a m axim um  am bient  operat ing condit ion that  

is consistent  with the available chassis solut ions. 
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The therm al profiles for the I ntel Core™2 Duo processor E8000 series with 6 MB 

cache, I ntel Core™2 Duo processor E7000 series with 3 MB cache, and I ntel Pent ium  

dual-core processor E6000 and E5000 series with 2 MB cache, and I ntel Celeron 

processor E3000 series with 1 MB cache are defined such that  there is a single 

therm al solut ion for all of the 775_VR_CONFIG_06 processors.  

To determ ine com pliance to the therm al profile, a m easurem ent  of the actual 

processor power dissipat ion is required. The m easured power is plot ted on the 

Therm al Profile to determ ine the m axim um  case tem perature. Using the exam ple in 

Figure 2-3 for a processor dissipat ing 50 W the m axim um  case tem perature is 58 ° C. 

See the datasheet  for the therm al profile.  

Figu r e 2 - 3 . Ex am p le Th er m al  Pr o f i l e 

 

2 .2 .4  TCONTROL 

TCONTROL defines the m axim um  operat ing temperature for the digital therm al sensor 

when the therm al solut ion fan speed is being cont rolled by the digital therm al sensor. 

The TCONTROL param eter defines a very specific processor operat ing region where fan 

speed can be reduced. This allows the system  integrator a m ethod to reduce the 

acoust ic noise of the processor cooling solut ion, while m aintaining com pliance to the 

processor therm al specificat ion.  

Not e:  The TCONTROL value for the processor is relat ive to the Therm al Cont rol Circuit  (TCC)  

act ivat ion set  point  which will be seen as 0 using the digital therm al sensor. As a 

result  the TCONTROL value will always be a negat ive num ber. See Chapter 4 for the 

discussion the therm al m anagem ent  logic and features and Chapter 7 on I ntel Quiet  

System  Technology ( I ntel QST) .  

The value of TCONTROL is dr iven by a num ber of factors. One of the m ost  significant  of 

these is the processor idle power. As a result  a processor with a high (closer to 0)  

TCONTROL will dissipate m ore power than a part  with lower value ( farther  from  0, such 

as larger negat ive num ber)  of TCONTROL when running the sam e applicat ion.  
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This is achieved in part  by using the Ψ
CA

 versus RPM and RPM versus Acoust ics (dBA)  

perform ance curves from  the I ntel enabled therm al solut ion. A therm al solut ion 

designed to m eet  the therm al profile would be expected to provide sim ilar acoust ic 

perform ance of different  parts with potent ially different  TCONTROL values.  

The value for TCONTROL is calculated by the system  BI OS based on values read from  a 

factory configured processor register. The result  can be used to program  a fan speed 

cont rol component . See the appropriate processor datasheet  for further details on 

reading the register and calculat ing TCONTROL. 

See Chapter 7, I ntel®  Quiet  System  Technology ( I ntel®  QST) , for details on 

im plem ent ing a design using TCONTROL and the Therm al Profile. 

2 .3  Heat sin k  Design  Con sid er at ion s 

To rem ove the heat  from  the processor, three basic param eters should be considered:   

• Th e ar ea o f  t h e su r f ace on  w h ich  t h e h eat  t r an sf er  t ak es p lace . Without  any 

enhancem ents, this is the surface of the processor package IHS. One m ethod used 

to im prove therm al perform ance is by at taching a heatsink to the IHS. A heatsink 

can increase the effect ive heat  t ransfer sur face area by conduct ing heat  out  of the 

IHS and into the surrounding air  through fins at tached to the heatsink base.  

• Th e con du ct ion  pat h  f r om  t h e h eat  sou r ce t o  t h e h eat sin k  f i n s . Providing a 

direct  conduct ion path from  the heat  source to the heatsink fins and select ing 

m aterials with higher therm al conduct ivit y t ypically im proves heatsink 

perform ance. The length, t hickness, and conduct ivit y of the conduct ion path from  

the heat  source to the fins direct ly im pact  the thermal perform ance of the 

heatsink. I n part icular, the qualit y of the contact  between the package I HS and 

the heatsink base has a higher im pact  on the overall therm al solut ion perform ance 

as processor cooling requirem ents become st r icter. Therm al interface m aterial 

(TIM)  is used to fill in the gap between the IHS and the bot tom  surface of the 

heatsink, and thereby im prove the overall perform ance of the stack-up ( IHS-TI M-

Heatsink) . With ext rem ely poor heatsink interface flatness or roughness, TIM m ay 

not  adequately fill the gap. The TIM therm al perform ance depends on it s therm al 

conduct ivit y as well as the pressure applied to it . Refer to Sect ion 2.3.4 and 

Appendix C for further inform at ion on TIM and on bond line m anagem ent  between 

the IHS and the heatsink base. 

• Th e h eat  t r an sf er  con d i t i on s on  t h e su r f ace on  w h ich  h eat  t r an sf er  t ak es 

p lace . Convect ive heat  t ransfer occurs between the air flow and the surface 

exposed to the flow. I t  is character ized by the local am bient  temperature of the 

air , TA, and the local air  velocity over the surface. The higher the air  velocity over 

the surface, and the cooler the air , the m ore efficient  is the result ing cooling. The 

nature of the air flow can also enhance heat  t ransfer using convect ion. Turbulent  

flow can provide im provem ent  over lam inar flow. I n the case of a heatsink, the 

surface exposed to the flow includes in part icular the fin faces and the heatsink 

base. 

Act i v e h eat sin k s  t ypically incorporate a fan that  helps m anage the air flow through 

the heatsink. 

Passiv e h eat sin k  solut ions require in-depth knowledge of the air flow in the chassis. 

Typically, passive heatsinks see lower air  speed. These heatsinks are therefore 

typically larger (and heavier)  than act ive heatsinks due to the increase in fin surface 
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required to m eet  a required perform ance. As the heatsink fin density ( the num ber of 

fins in a given cross-sect ion)  increases, the resistance to the air flow increases:  it  is 

m ore likely that  the air  t ravels around the heatsink instead of through it , unless air  

bypass is carefully m anaged. Using air-duct ing techniques to m anage bypass area can 

be an effect ive m ethod for cont rolling air flow through the heatsink. 

2 .3 .1  Heat sin k  Size 

The size of the heatsink is dictated by height  rest r ict ions for installat ion in a system  

and by the real estate available on the m otherboard and other considerat ions for 

com ponent  height  and placem ent  in the area potent ially im pacted by the processor 

heatsink. The height  of the heatsink m ust  com ply with the requirem ents and 

recom m endat ions published for the m otherboard form  factor of interest . Designing a 

heatsink to the recom m endat ions m ay preclude using it  in system  adhering st r ict ly to 

the form  factor requirem ents, while st ill in com pliance with the form  factor 

docum entat ion. 

For the ATX/ m icroATX form  factor, it  is recom m ended to use:   

• The ATX m otherboard keep-out  footpr int  definit ion and height  rest r ict ions for 

enabling com ponents, defined for the plat form s designed with the LGA775 socket  

in Appendix G of this design guide. 

•  The m otherboard pr im ary side height  const raints defined in the ATX Specificat ion 

V2.1  and the m icroATX Motherboard I nterface Specificat ion V1.1 found at  

ht tp: / / www.form factors.org/ .  

The result ing space available above the m otherboard is generally not  ent irely available 

for the heatsink. The target  height  of the heatsink m ust  take into account  air flow 

considerat ions ( for fan per form ance for exam ple)  as well as other design 

considerat ions (air  duct , and so forth) .  

For BTX form  factor, it  is recom m ended to use:  

• The BTX m otherboard keep-out  footpr int  definit ions and height  rest r ict ions for 

enabling com ponents for plat form s designed with the LGA77 socket  in Appendix G 

of this design guide. 

• An overview of other BTX system  considerat ions for therm al solut ions can be 

obtained in the latest  version of the Balanced Technology Extended (BTX)  System 

Design Guide found at  ht tp: / / www.form factors.org/ . 

2 .3 .2  Heat sin k  Mass 

With the need to push air  cooling to bet ter perform ance, heatsink solut ions tend to 

grow larger ( increase in fin surface)  result ing in increased m ass. The insert ion of 

highly therm ally conduct ive m aterials like copper to increase heatsink therm al 

conduct ion perform ance results in even heavier solut ions. As m ent ioned in  

Sect ion 2.1, the heatsink m ass m ust  take into considerat ion the package and socket  

load lim its, the heatsink at tach m echanical capabilit ies, and the m echanical shock and 

vibrat ion profile targets. Beyond a certain heatsink m ass, the cost  of developing and 

im plem ent ing a heatsink at tach m echanism  that  can ensure the system  integrity 

under the m echanical shock and vibrat ion profile targets m ay becom e prohibit ive.  

http://www.formfactors.org/�
http://www.formfactors.org/�
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The recom m ended m axim um  heatsink m ass for the ATX therm al solut ion is 550g. This 

m ass includes the fan and the heatsink only. The at tach m echanism  (clip, fasteners, 

and so forth)  are not  included. 

The m ass lim it  for BTX heatsinks that  use I ntel reference design st ructural ingredients 

is 900 gram s. The BTX st ructural reference com ponent  st rategy and design is 

reviewed in depth in the latest  version of the Balanced Technology Extended (BTX)  

System  Design Guide.  

Not e:  The 550g m ass lim it  for ATX solut ions is based on the capabilit ies of the reference 

design com ponents that  retain the heatsink to the board and apply the necessary 

preload. Any reuse of the clip and fastener in derivat ive designs should not  exceed 

550g. ATX Designs that  have a m ass of greater than 550g should analyze the preload 

as discussed in Appendix A and retent ion lim its of the fastener. 

Not e:  The chipset  com ponents on the board are affected by processor heatsink m ass. 

Exceeding these lim its m ay require the evaluat ion of the chipset  for shock and 

vibrat ion. 

2 .3 .3  Pack ag e I HS Fla t n ess 

The package I HS flatness for the product  is specified in the datasheet  and can be used 

as a baseline to predict  heatsink perform ance during the design phase.  

I ntel recom m ends test ing and validat ing heatsink perform ance in full m echanical 

enabling configurat ion to capture any im pact  of I HS flatness change due to com bined 

socket  and heatsink loading. While socket  loading alone m ay increase the IHS 

warpage, the heatsink preload redist r ibutes the load on the package and im proves the 

result ing IHS flatness in the enabled state. 

2 .3 .4  Th er m al  I n t er f ace Mat er ia l  

Therm al interface m aterial applicat ion between the processor IHS and the heatsink 

base is generally required to im prove therm al conduct ion from  the IHS to the 

heatsink. Many thermal interface m aterials can be pre-applied to the heatsink base 

prior to shipm ent  from  the heatsink supplier and allow direct  heatsink at tach, without  

the need for a separate therm al interface m aterial dispense or at tach process in the 

final assem bly factory. 

All therm al interface m aterials should be sized and posit ioned on the heatsink base in 

a way that  ensures the ent ire processor IHS area is covered. I t  is im portant  to 

com pensate for heatsink- to-processor at tach posit ional alignm ent  when select ing the 

proper therm al interface m aterial size. 

When pre-applied m aterial is used, it  is recom m ended to have a protect ive applicat ion 

tape over it . This tape m ust  be rem oved prior to heatsink installat ion. 



 

Pr ocesso r  Th er m al / Mech an ica l  I n fo r m at ion  

 

 

22   Thermal and Mechanical Design Guidelines  

2 .4  Sy st em  Th er m al  So lu t ion  Con sid er at ion s 

2 .4 .1  Ch assis Th er m al  Desig n  Cap ab i l i t ies 

The I ntel reference therm al solut ions and I ntel Boxed Processor therm al solut ions 

assum e that  the chassis delivers a m axim um  TA at  t he inlet  of the processor fan 

heatsink. The following tables show the TA requirem ents for the reference solut ions 

and I ntel Boxed Processor therm al solut ions.  

Tab le 2 – 1 . Heat sin k  I n l e t  Tem per at u r e o f  I n t e l ®  Ref er en ce Th er m al  So lu t ion s 

Top ic ATX E1 8 7 6 4 - 0 0 1
1
 BTX Ty p e I I  

Heatsink I nlet  Temperature 40 °C 35.5 °C 

NOTE:   

1. I ntel reference designs (E18764-001)  for  ATX assume the use of the thermally 

advantaged chassis (refer to Thermally Advantaged Chassis (TAC) Design Guide for  

TAC thermal and mechanical requirements) . The TAC 2.0 Design Guide defines a new 

processor cooling solut ion inlet  temperature target  of 40 °C. The exist ing TAC 1.1 

chassis can be compat ible with TAC 2.0 guidelines.  

Tab le 2 – 2 . Heat sin k  I n l e t  Tem per at u r e o f  I n t e l ®  Box ed  Pr ocessor  Th er m al  So lu t ion s 

Top ic Box ed  Pr ocesso r  f o r  I n t el ®  Co r e™2  Du o  Pr ocesso r  
E8 0 0 0 , E7 0 0 0  Ser ies, I n t el ®  Pen t iu m ®  Du a l - Cor e 

Pr ocesso r  E6 0 0 0 , E5 0 0 0  Ser ies, an d  I n t el ®  
Celer on ®  Pr ocesso r  E3 0 0 0  Ser ies 

Heatsink I nlet  Temperature 40 °C 

NOTE:   

1. Boxed Processor thermal solut ions for  ATX assume the use of the thermally advantaged 

chassis ( refer to Thermally Advantaged Chassis (TAC) Design Guide for TAC thermal 

and mechanical requirements). The TAC 2.0 Design Guide defines a new processor 

cooling solut ion inlet  temperature target  of 40 °C. The exist ing TAC 1.1 chassis can be 

compat ible with TAC 2.0 guidelines.  

2 .4 .2  I m p r ov in g  Ch assis Th er m al  Per f o r m an ce 

The heat  generated by com ponents within the chassis m ust  be rem oved to provide an 

adequate operat ing environm ent  for both the processor and other system  

com ponents. Moving air  through the chassis br ings in air  from  the external am bient  

environment  and t ransports the heat  generated by the processor and other system  

com ponents out  of the system. The num ber, size and relat ive posit ion of fans and 

vents determ ine the chassis therm al perform ance, and the result ing am bient  

tem perature around the processor. The size and type (passive or act ive)  of the 

therm al solut ion and the am ount  of system  airflow can be t raded off against  each 

other to m eet  specific system  design const raints. Addit ional const raints are board 

layout , spacing, com ponent  placem ent , acoust ic requirem ents, and st ructural 

considerat ions that  lim it  the therm al solut ion size. For m ore inform at ion, refer to the 

Perform ance ATX Desktop System  Therm al Design Suggest ions or  Perform ance 

m icroATX Desktop System  Therm al Design Suggest ions or Balanced Technology 

Extended (BTX)  System  Design Guide docum ents available on the 

ht tp: / / www.form factors.org/  web site. 
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I n addit ion to passive heatsinks, fan heatsinks and system  fans are other solut ions 

that  exist  for cooling integrated circuit  devices. For exam ple, ducted blowers, heat  

pipes, and liquid cooling are all capable of dissipat ing addit ional heat . Due to their  

varying at t r ibutes, each of these solut ions m ay be appropriate for a part icular system  

im plem entat ion.  

To develop a reliable, cost-effect ive therm al solut ion, therm al character izat ion and 

sim ulat ion should be carr ied out  at  the ent ire system  level, account ing for the therm al 

requirem ents of each com ponent . I n addit ion, acoust ic noise const raints m ay lim it  the 

size, num ber, placem ent , and types of fans that  can be used in a part icular design. 

To ease the burden on therm al solut ions, the Therm al Monitor feature and associated 

logic have been integrated into the silicon of the processor. By taking advantage of 

the Therm al Monitor feature, system  designers m ay reduce therm al solut ion cost  by 

designing to TDP instead of m axim um  power. Therm al Monitor at tem pts to protect  the 

processor during sustained workload above TDP. Im plem entat ion opt ions and 

recom m endat ions are described in Chapter 4. 

2 .4 .3  Su m m ar y  

I n sum m ary, considerat ions in heatsink design include:   

• The local am bient  tem perature TA at  the heatsink, which is a funct ion of chassis 

design. 

• The therm al design power (TDP)  of the processor, and the corresponding 

m axim um  TC as calculated from  the therm al profile. These param eters are usually 
com bined in a single lum p cooling perform ance param eter, ΨCA (case to air  

therm al character izat ion param eter) . More inform at ion on the definit ion and the 
use of ΨCA is given Sect ion 3.1. 

• Heatsink interface to IHS surface character ist ics, including flatness and roughness. 

• The perform ance of the therm al interface m aterial used between the heatsink and 

the IHS. 

• The required heatsink clip stat ic load, between 18 lbf to 70 lbf throughout  the life 

of the product  (Refer to Sect ion 2.1.2.2 for further inform at ion) . 

• Surface area of the heatsink. 

• Heatsink m aterial and technology. 

• Volum e of air flow over the heatsink surface area. 

• Developm ent  of air flow entering and within the heatsink area. 

• Physical volum et r ic const raints placed by the system 

2 .5  Sy st em  I n t eg r at ion  Con sid er at ion s 

Manufactur ing with I ntel®  Com ponents using 775–Land LGA Package and LGA775 

Socket  docum entat ion provides Best  Known Methods for all aspects LGA775 socket  

based plat form s and system s m anufactur ing. Of part icular interest  for package and 

heatsink installat ion and rem oval is the System  Assem bly  m odule. A video covering 

system  integrat ion is also available. Contact  your I ntel field sales representat ive for 

further inform at ion. 

§ 
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3  Th er m al  Met r o log y  

This sect ion discusses guidelines for test ing therm al solut ions, including m easuring 

processor tem peratures. I n all cases, the therm al engineer m ust  m easure power 

dissipat ion and tem perature to validate a therm al solut ion. To define the perform ance 
of a therm al solut ion the “ therm al character izat ion param eter” , Ψ ( “psi” )  will be used. 

3 .1  Ch ar act er iz in g  Coo l in g  Per f o r m an ce 

Req u i r em en t s  

The idea of a “ therm al character izat ion param eter” , Ψ ( “psi” ) , is a convenient  way to 

character ize the perform ance needed for the therm al solut ion and to com pare therm al 

solut ions in ident ical situat ions (sam e heat  source and local am bient  condit ions). The 

therm al character izat ion param eter is calculated using total package power.  

Not e:  Heat  t ransfer is a three-dim ensional phenom enon that  can rarely be accurately and 

easily m odeled by a single resistance param eter like Ψ. 

The case- to- local am bient  therm al character izat ion param eter value (ΨCA)  is used as a 

m easure of the therm al perform ance of the overall therm al solut ion that  is at tached to 

the processor package. I t  is defined by the following equat ion, and m easured in units 

of ° C/ W:   

Ψ
CA

 = (T
C
 – T

A
) / P

D
 (Equation 1) 

Where:  

ΨCA =  Case- to- local am bient  therm al character izat ion param eter ( ° C/ W)  

TC =  Processor case tem perature ( ° C)  

TA =  Local am bient  tem perature in chassis at  processor ( °C)  

PD =  Processor total power dissipat ion (W)  (assum es all power dissipates 

through the I HS)  

The case- to- local am bient  therm al character izat ion param eter of the processor, ΨCA, is 

com prised of ΨCS, the therm al interface m aterial therm al character izat ion param eter, 

and of ΨSA, the sink- to- local am bient  therm al character izat ion param eter:  

Ψ
CA 

=  Ψ
CS

 +  Ψ
SA

 (Equat ion 2)
 

Where:  

ΨCS =  Therm al character izat ion param eter of the therm al interface m aterial 

( ° C/ W)  

ΨSA =  Therm al character izat ion param eter from  heatsink- to- local am bient  

( ° C/ W)  

ΨCS is st rongly dependent  on the therm al conduct ivity and thickness of the TIM 

between the heatsink and IHS.  
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ΨSA is a m easure of the therm al character izat ion param eter from  the bot tom  of the 

heatsink to the local am bient  air. ΨSA is dependent  on the heatsink m aterial, therm al 

conduct ivit y, and geom et ry. I t  is also st rongly dependent  on the air  velocity through 

the fins of the heatsink. 

Figure 3-1 illust rates the com binat ion of the different  therm al character izat ion 

param eters. 

Figu r e 3 - 1 . Pr ocessor  Th er m al  Ch ar act er i zat ion  Par am et er  Relat ion sh ip s 
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3 .1 .1  Ex am p le 

The cooling perform ance, ΨCA, is defined using the pr inciple of therm al 

character izat ion param eter described above:  

• The case tem perature TC-MAX and therm al design power TDP given in the processor 

datasheet . 

• Define a target  local am bient  tem perature at  the processor, TA.  

Since the processor thermal profile applies to all processor frequencies, it  is im portant  
to ident ify the worst  case ( lowest  ΨCA)  for a targeted chassis character ized by TA to 

establish a design st rategy. 

The following provides an illust rat ion of how one m ight  determ ine the appropriate 

perform ance targets. The exam ple power and tem perature num bers used here are not  

related to any specific I ntel processor therm al specificat ions, and are for illust rat ive 

purposes only. 
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Assum e the TDP, as listed in the datasheet , is 100 W and the m axim um  case 

tem perature from  the therm al profile for 100 W is 67 ° C. Assum e as well that  the 

system  airflow has been designed such that  the local am bient  tem perature is 38 ° C. 

Then, t he following could be calculated using equat ion 1 from  above:  

ΨCA = (TC, − TA) / TDP = (67 – 38) / 100 = 0.29 °C/W 

To determ ine the required heatsink perform ance, a heatsink solut ion provider would 
need to determ ine ΨCS perform ance for the selected TIM and m echanical load 

configurat ion. I f the heatsink solut ion were designed to work with a TIM m aterial 
perform ing at  ΨCS ≤ 0.10 °C/ W, solving for equat ion 2 from  above, the perform ance of 

the heatsink would be:   

ΨSA = ΨCA − ΨCS = 0.29 − 0.10 = 0.19 °C/W 

3 .2  Pr ocessor  Th er m al  So lu t ion  Per f o r m an ce 

Assessm en t  

Therm al perform ance of a heatsink should be assessed using a therm al test  vehicle 

(TTV)  provided by I ntel. The TTV is a stable heat  source that  the user can m ake 

accurate power m easurem ent , whereas processors can int roduce addit ional factors 

that  can im pact  test  results. I n part icular, the power level from  actual processors 

varies significant ly, even when running the m axim um  power applicat ion provided by 

I ntel, due to variances in t he m anufactur ing process. The TTV provides consistent  

power and power density for therm al solut ion character izat ion and results can be 

easily t ranslated to real processor perform ance. Accurate m easurem ent  of the power 

dissipated by an actual processor is beyond the scope of this docum ent .  

Once the therm al solut ion is designed and validated with the TTV, it  is st rongly 

recom m ended to verify funct ionalit y of the therm al solut ion on real processors and on 

fully integrated system s. The I ntel m axim um  power applicat ion enables steady power 

dissipat ion on a processor to assist  in this test ing. This m axim um  power applicat ion is 

provided by I ntel. 

3 .3  Local  Am b ien t  Tem p er at u r e Measu r em en t  

Gu id e l in es 

The local am bient  tem perature TA is the tem perature of the ambient  air  surrounding 

the processor. For a passive heatsink, TA is defined as the heatsink approach air  

tem perature;  for an act ively cooled heatsink, it  is the tem perature of inlet  air  to the 

act ive cooling fan. 

I t  is worthwhile to determ ine the local am bient  tem perature in the chassis around the 

processor to understand the effect  it  m ay have on the case tem perature.  

TA is best  m easured by averaging tem perature m easurem ents at  m ult iple locat ions in 

the heatsink inlet  air flow. This m ethod helps reduce error and elim inate m inor spat ial 

variat ions in tem perature. The following guidelines are m eant  to enable accurate 

determ inat ion of the localized air  tem perature around the processor during system  

therm al test ing.  
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For act i v e h eat sin k s ,  it  is im portant  to avoid taking m easurem ent  in the dead flow 

zone that  usually develops above the fan hub and hub spokes. Measurem ents should 

be taken at  four different  locat ions uniform ly placed at  the center of the annulus 

form ed by the fan hub and the fan housing to evaluate the uniform ity of the air  

tem perature at  the fan inlet . The therm ocouples should be placed approxim ately 

3 m m  to 8 m m  [ 0.1 to 0.3 in]  above the fan hub vert ically and halfway between the 

fan hub and the fan housing horizontally as shown in the ATX heatsink in Figure 3-2 

(avoiding the hub spokes) . Using an open bench to character ize an act ive heatsink can 

be useful, and usually ensures m ore uniform  tem peratures at  the fan inlet . However, 

addit ional tests that  include a solid barr ier above the test  m otherboard surface can 

help evaluate the potent ial im pact  of the chassis. This barr ier is t ypically clear 

Plexiglas* , extending at  least  100 m m  [ 4 in]  in all direct ions beyond the edge of the 

therm al solut ion. Typical distance from  the m otherboard to the barr ier is 81 mm   

[ 3.2 in] . For even m ore realist ic air flow, the m otherboard should be populated with 

significant  elements like m em ory cards, graphic card, and chipset  heatsink. I f a barr ier 

is used, the therm ocouple can be taped direct ly to the barr ier with a clear tape at  the 

horizontal locat ion as previously described, half way between the fan hub and the fan 

housing. I f a variable speed fan is used, it  m ay be useful to add a therm ocouple taped 

to the barr ier above the locat ion of the tem perature sensor used by the fan to check 

it s speed set t ing against  air  tem perature. When m easuring TA in a chassis with a live 

m otherboard, add- in cards, and other system  com ponents, it  is likely that  the TA 

m easurem ents will reveal a highly non-uniform  tem perature dist ribut ion across the 

inlet  fan sect ion.  

For passiv e  h eat sin k s ,  therm ocouples should be placed approxim ately 13 mm  to 

25 m m  [ 0.5 to 1.0 in]  away from  processor and heatsink as shown in Figure 3-3. The 

therm ocouples should be placed approxim ately 51 m m  [ 2.0 in]  above the baseboard. 

This placem ent  guideline is m eant  to m inim ize the effect  of localized hot  spots from  

baseboard components. 

Not e:  Test ing an act ive heatsink with a variable speed fan can be done in a therm al cham ber 

to capture the worst -case therm al environm ent  scenarios. Otherwise, when doing a 

bench top test  at  room  tem perature, the fan regulat ion prevents the heatsink from  

operat ing at  it s m axim um  capabilit y. To character ize the heatsink capabilit y in the 

worst -case environm ent  in these condit ions, it  is then necessary to disable the fan 

regulat ion and power the fan direct ly, based on guidance from  the fan supplier. 
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Figu r e 3 - 2 . Locat ion s f o r  Measu r in g  Local  Am b ien t  Tem per at u r e, Act i v e ATX Heat sin k  

 

Not e:  Drawing Not  to Scale 

Figu r e 3 - 3 . Locat ion s f o r  Measu r in g  Local  Am b ien t  Tem per at u r e, Passi v e Heat sin k   

 

Not e:  Drawing Not  to Scale 
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3 .4  Pr ocessor  Case Tem per at u r e Measu r em en t  

Gu id e l in es 

To ensure funct ionalit y and reliabilit y, the processor is specified for proper operat ion 

when TC is m aintained at  or below the therm al profile as listed in the datasheet . The 

m easurem ent  locat ion for TC is the geom et ric center of the IHS. Figure 2-2 shows the 

locat ion for TC m easurem ent . 

Special care is required when m easuring TC to ensure an accurate tem perature 

m easurem ent . Therm ocouples are often used to m easure TC. Before any tem perature 

m easurem ents are m ade, the therm ocouples m ust  be calibrated, and the com plete 

m easurem ent  system  m ust  be rout inely checked against  known standards. When 

m easuring the tem perature of a sur face that  is at  a different  tem perature from the 

surrounding local am bient  air , errors could be int roduced in the m easurem ents. The 

m easurem ent  errors could be caused by poor therm al contact  between the junct ion of 

the therm ocouple and the surface of the integrated heat  spreader, heat  loss by 

radiat ion, convect ion, by conduct ion through therm ocouple leads, or by contact  

between the therm ocouple cem ent  and the heatsink base.  

Appendix D defines a reference procedure for at taching a therm ocouple to the IHS of 

a 775-Land LGA processor package for TC m easurem ent . This procedure takes into 

account  the specific features of the 775-Land LGA package and of the LGA775 socket  

for which it  is intended.  

§ 
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4  Th er m al  Man ag em en t  Log ic an d  

Th er m al  Mon i t o r  Feat u r e 

4 .1  Pr ocessor  Pow er  Dissip at ion   

An increase in processor operat ing frequency not  only increases system  perform ance, 

but  also increases the processor power dissipat ion. The relat ionship between 

frequency and power is generalized in the following equat ion:   

P = CV
2
F (where P = power, C = capacitance, V = voltage, F = frequency)  

From  this equat ion, it  is evident  that  power increases linearly with frequency and with 

the square of voltage. I n t he absence of power saving technologies, ever increasing 

frequencies will result  in processors with power dissipat ions in the hundreds of wat ts. 

Fortunately, there are num erous ways to reduce the power consum pt ion of a 

processor, and I ntel is aggressively pursuing low power design techniques. For 

exam ple, decreasing the operat ing voltage, reducing unnecessary t ransistor act ivit y, 

and using m ore power efficient  circuits can significant ly reduce processor power 

consum pt ion. 

An on-die therm al m anagem ent  feature called Therm al Monitor is available on the 

processor. I t  provides a therm al m anagem ent  approach to support  the cont inued 

increases in processor frequency and perform ance. By using a highly accurate on-die 

tem perature sensing circuit  and a fast  act ing Therm al Cont rol Circuit  (TCC) , the 

processor can rapidly init iate therm al m anagem ent  cont rol. The Therm al Monitor can 

reduce cooling solut ion cost , by allowing therm al designs to target  TDP.  

The processor also supports an addit ional power reduct ion capabilit y known as 

Therm al Monitor 2 described in Sect ion 4.2.3.  

4 .2  Th er m al  Mon i t o r  I m p lem en t at ion  

The Therm al Monitor consists of the following com ponents:   

• A highly accurate on-die tem perature sensing circuit   

• A bi-direct ional signal (PROCHOT# )  that  indicates if the processor has exceeded 

it s m axim um  tem perature or can be asserted externally to act ivate the Therm al 

Cont rol Circuit  (TCC)  (see Sect ion 4.2.1 for m ore details on user act ivat ion of TCC 

using the PROCHOT#  signal)  

• A Therm al Cont rol Circuit  that  will at tempt  to reduce processor tem perature by 

rapidly reducing power consum pt ion when the on-die tem perature sensor indicates 

that  it  has exceeded the m axim um  operat ing point . 

• Registers to determ ine the processor therm al status. 
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4 .2 .1  PROCHOT#  Sig n a l  

The prim ary funct ion of the PROCHOT#  signal is to provide an external indicat ion that  

the processor has reached the TCC act ivat ion tem perature. While PROCHOT#  is 

asserted, the TCC will be act ivated. Assert ion of the PROCHOT#  signal is independent  

of any register set t ings within the processor. I t  is asserted any t ime the processor die 

tem perature reaches the t r ip point .  

PROCHOT#  can be configured using BI OS as an output  or bi-direct ional signal. As an 

output , PROCHOT#  will go act ive when the processor tem perature of either core 

reaches the TCC act ivat ion tem perature. As an input ,  assert ion of PROCHOT#  will 

act ivate the TCC for both cores. The TCC will rem ain act ive unt il the system  de-asserts 

PROCHOT#  

The tem perature at  which the PROCHOT#  signal goes act ive is individually calibrated 

during m anufactur ing. Once configured, the processor tem perature at  which the 

PROCHOT#  signal is asserted is not  re-configurable. 

One applicat ion of the Bi-direct ional PROCHOT#  is for  the therm al protect ion of 

voltage regulators (VR) . System  designers can im plem ent  a circuit  to m onitor the VR 

tem perature and act ivate the TCC when the tem perature lim it  of the VR is reached. By 

assert ing PROCHOT#  (pulled- low)  which act ivates the TCC, the VR can cool down as a 

result  of reduced processor power consum pt ion. Bi-direct ional PROCHOT#  can allow 

VR therm al designs to target  m axim um  sustained current  instead of m axim um  

current . System s should st ill provide proper cooling for the VR, and rely on bi-

direct ional PROCHOT#  signal only as a backup in case of system  cooling failure.  

Not e:  A therm al solut ion designed to m eet  the therm al profile specificat ions should rarely 

experience act ivat ion of the TCC as indicated by the PROCHOT#  signal going act ive. 

4 .2 .2  Th er m al  Con t r o l  Ci r cu i t  

The Therm al Cont rol Circuit  port ion of the Therm al Monitor m ust  be enabled for the 

processor to operate within specificat ions. The Therm al Monitor ’s TCC, when act ive, 

will at tem pt  to lower the processor temperature by reducing the processor power 

consum pt ion. There are two m ethods by which TCC can reduce processor power 

dissipat ion. These m ethods are referred to as Therm al Monitor 1 (TM1)  and Therm al 

Monitor 2 (TM2) . 

4 .2 .2 .1  Th er m al  Mon i t o r   

I n the or iginal im plem entat ion of therm al m onitor this is done by changing the duty 

cycle of the internal processor clocks, result ing in a lower effect ive frequency. When 

act ive, the TCC turns the processor clocks off and then back on with a predeterm ined 

duty cycle. The duty cycle is processor specific, and is fixed for a part icular processor. 
The m axim um  t im e period the clocks are disabled is ~ 3 µs. This t im e period is 

frequency dependent  and higher frequency processors will disable the internal clocks 

for a shorter t im e period. Figure 4-1 illust rates the relat ionship between the internal 

processor clocks and PROCHOT# . 

Perform ance counter registers, status bit s in m odel specific registers (MSRs) , and the 

PROCHOT#  output  pin are available to m onitor the Therm al Monitor behavior.  
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Figu r e 4 - 1 . Th er m al  Mon i t o r  Con t r o l  
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4 .2 .3  Th er m al  Mon i t o r  2  

The second m ethod of power reduct ion is TM2. TM2 provides an efficient  m eans of 

reducing the power consum pt ion within the processor and lim it ing the processor 

tem perature. 

When TM2 is enabled, and a high tem perature situat ion is detected, the enhanced TCC 

will be act ivated. The enhanced TCC causes the processor to adjust  it s operat ing 

frequency (by dropping the bus- to-core m ult iplier to it s m inim um  available value)  and 

input  voltage ident ificat ion (VID)  value. This com binat ion of reduced frequency and 

VID results in a reduct ion in processor power consum pt ion. 

A processor enabled for TM2 includes two operat ing points, each consist ing of a 

specific operat ing frequency and voltage. The first  operat ing point  represents the 

norm al operat ing condit ion for the processor.  

The second operat ing point  consists of both a lower operat ing frequency and voltage. 

When the TCC is act ivated, the processor autom at ically t ransit ions to the new 

frequency. This t ransit ion occurs very rapidly (on the order of 5 m icroseconds) . During 

the frequency t ransit ion, the processor is unable to service any bus requests, all bus 

t raffic is blocked. Edge- t r iggered interrupts will be latched and kept  pending unt il the 

processor resum es operat ion at  the new frequency. 

Once the new operat ing frequency is engaged, the processor will t ransit ion to the new 

core operat ing voltage by issuing a new VID code to the voltage regulator. The voltage 

regulator m ust  support  VI D t ransit ions in order to support  TM2. During the voltage 

change, it  will be necessary to t ransit ion through m ult iple VID codes to reach the 

target  operat ing voltage. Each step will be one VID table ent ry ( that  is, 12.5 m V 

steps) . The processor cont inues to execute inst ruct ions during the voltage t ransit ion. 

Operat ion at  the lower voltage reduces the power consum pt ion of the processor, 

providing a temperature reduct ion.  
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Once the processor has sufficient ly cooled, and a m inim um  act ivat ion t ime has 

expired, the operat ing frequency and voltage t ransit ion back to the norm al system  

operat ing point . Transit ion of the VID code will occur first , in order to insure proper 

operat ion once the processor reaches it s norm al operat ing frequency. Refer  to  

Figure 4-2 for an illust rat ion of this ordering. 

Figu r e 4 - 2 . Th er m al  Mon i t o r  2  Fr equ en cy  an d  Vo l t age Or der in g  

 

Refer to the datasheet  for further inform at ion on TM2. 

4 .2 .4  Op er at ion  an d  Con f ig u r at ion  

Th er m al  Mon i t o r  m u st  b e en ab led  t o  en su r e p r oper  p r ocessor  oper at ion .  

The Therm al Cont rol Circuit  feature can be configured and m onitored in a num ber of 

ways. OEMs are required to enable the Therm al Cont rol Circuit  while using various 

registers and outputs to m onitor the processor thermal status. The Therm al Cont rol 

Circuit  is enabled by the BIOS set t ing a bit  in an MSR (m odel specific register) . 

Enabling the Therm al Cont rol Circuit  allows the processor to at tem pt  to m aintain a 

safe operat ing tem perature without  the need for special software dr ivers or interrupt  

handling rout ines. When the Therm al Cont rol Circuit  has been enabled, processor 

power consum pt ion will be reduced after the therm al sensor detects a high 

tem perature ( that  is, PROCHOT#  assert ion) . The Therm al Cont rol Circuit  and 

PROCHOT#  t ransit ions to inact ive once the tem perature has been reduced below the 

therm al t r ip point , although a sm all t im e-based hysteresis has been included to 

prevent  m ult iple PROCHOT#  t ransit ions around the t r ip point . External hardware can 

m onitor PROCHOT#  and generate an interrupt  whenever there is a t ransit ion from  

act ive- to- inact ive or inact ive- to-act ive. PROCHOT#  can also be configured to generate 

an internal interrupt  which would init iate an OEM supplied interrupt  service rout ine. 
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Regardless of the configurat ion selected, PROCHOT#  will always indicate the therm al 

status of the processor.  

The power reduct ion m echanism  of therm al m onitor can also be act ivated m anually 

using an “on-dem and”  m ode. Refer to Sect ion 4.2.5 for details on this feature. 

4 .2 .5  On - Dem an d  Mod e 

For test ing purposes, the therm al cont rol circuit  m ay also be act ivated by set t ing bit s 

in the ACPI  MSRs. The MSRs m ay be set  based on a part icular system  event  (such as, 

an interrupt  generated after a system  event ) , or m ay be set  at  any t im e through the 

operat ing system  or custom  driver cont rol thus forcing the therm al cont rol circuit  on. 

This is referred to as “on-dem and”  m ode. Act ivat ing the therm al cont rol circuit  m ay be 

useful for therm al solut ion invest igat ions or for perform ance im plicat ion studies. When 

using the MSRs to act ivate the on-dem and clock m odulat ion feature, the duty cycle is 

configurable in steps of 12.5% , from  12.5%  to 87.5% .  

For any duty cycle, the m axim um  t im e period the clocks are disabled is ~ 3 µs. This 

t im e period is frequency dependent , and decreases as frequency increases. To achieve 

different  duty cycles, the length of t im e that  the clocks are disabled rem ains constant , 

and the t im e period that  the clocks are enabled is adjusted to achieve the desired 

rat io. For exam ple, if the clock disable period is 3 µs, and a duty cycle of ¼  (25% )  is 
selected, the clock on t im e would be reduced to approxim ately 1 µs [ on t im e (1 µs)  ÷ 

total cycle t im e (3 +  1)  µs =  ¼  duty cycle] . Sim ilar ly, for a duty cycle of 7/ 8 (87.5% ) , 

the clock on t im e would be extended to 21 µs [ 21 ÷ ( 21 +  3)  =  7/ 8 duty cycle] .  

I n a high tem perature situat ion, if the therm al cont rol circuit  and ACPI  MSRs 

(autom at ic and on-dem and m odes)  are used sim ultaneously, the fixed duty cycle 

determ ined by autom at ic m ode would take precedence.  

Not e:  On-dem and m ode cannot  act ivate the power reduct ion m echanism  of Therm al Monitor 

2 

4 .2 .6  Sy st em  Con sid er at ion s 

I ntel requires the Therm al Monitor and Therm al Cont rol Circuit  to be enabled for all 

processors. The therm al cont rol circuit  is intended to protect  against  short  term 

therm al excursions that  exceed the capabilit y of a well designed processor therm al 

solut ion. Therm al Monitor should not  be relied upon to com pensate for a thermal 

solut ion that  does not  m eet  the therm al profile up to the therm al design power (TDP) . 

Each applicat ion program  has it s own unique power profile, although the profile has 

som e variabilit y due to loop decisions, I / O act ivit y and interrupts. I n general, com pute 

intensive applicat ions with a high cache hit  rate dissipate m ore processor power than 

applicat ions that  are I / O intensive or have low cache hit  rates. 

The processor TDP is based on m easurem ents of processor power consum pt ion while 

running various high power applicat ions. This data is used to determ ine those 

applicat ions that  are interest ing from  a power perspect ive. These applicat ions are then 

evaluated in a cont rolled therm al environm ent  to determ ine their  sensit ivit y to 

act ivat ion of the therm al cont rol circuit . This data is used to derive the TDP targets 

published in the processor datasheet . 
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A system  designed to m eet  the therm al profile specificat ion published in the processor 

datasheet  great ly reduces the probabilit y of real applicat ions causing the therm al 

cont rol circuit  to act ivate under norm al operat ing condit ions. System s that  do not  

m eet  these specificat ions could be subject  to m ore frequent  act ivat ion of the therm al 

cont rol circuit  depending upon am bient  air  temperature and applicat ion power profile. 

Moreover, if a system  is significant ly under designed, there is a r isk that  the Therm al 

Monitor feature will not  be capable of reducing the processor power and tem perature 

and the processor could shutdown and signal THERMTRIP# .  

For inform at ion regarding THERMTRI P# , refer to the processor datasheet  and to 

Sect ion 4.2.8 of this Therm al Design Guidelines. 

4 .2 .7  Op er at in g  Sy st em  an d  Ap p l ica t ion  So f t w ar e 

Con sid er at ion s 

The Therm al Monitor feature and it s therm al cont rol circuit  work seam lessly with ACPI  

com pliant  operat ing system s. The Therm al Monitor feature is t ransparent  to 

applicat ion software since the processor bus snooping, ACPI  t im er, and interrupts are 

act ive at  all t imes. 

4 .2 .8  THERMTRI P#  Sig n a l  

I n the event  of a catast rophic cooling failure, the processor will autom at ically shut  

down when the silicon temperature has exceeded the TCC act ivat ion tem perature by 

approxim ately 20 to 25 ° C. At  this point  the system  bus signal THERMTRIP#  goes 

act ive and power m ust  be rem oved from  the processor. THERMTRIP#  act ivat ion is 

independent  of processor act ivit y and does not  generate any bus cycles. Refer to the 

processor datasheet  for m ore inform at ion about  THERMTRI P# . 

The tem perature where the THERMTRI P#  signal goes act ive is individually calibrated 

during m anufactur ing and once configurat ion cannot  be changed.  

4 .2 .9  Coo l in g  Sy st em  Fai lu r e W ar n in g  

I t  m ay be useful to use the PROCHOT#  signal as an indicat ion of cooling system  

failure. Messages could be sent  to the system  adm inist rator to warn of the cooling 

failure, while the therm al cont rol circuit  would allow the system  to cont inue 

funct ioning or allow a norm al system  shutdown. I f no therm al m anagem ent  act ion is 

taken, the silicon tem perature m ay exceed the operat ing lim its, causing THERMTRIP#  

to act ivate and shut  down the processor. Regardless of the system  design 

requirem ents or therm al solut ion abilit y, the Therm al Monitor feature m ust  st ill be 

enabled to ensure proper processor operat ion. 
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4 .2 .1 0  Dig i t a l  Th er m al  Sen so r  

Mult iple digital therm al sensors can be im plem ented within the package without  

adding a pair of signal pins per sensor as required with the therm al diode. The digital 

therm al sensor is easier to place in therm ally sensit ive locat ions of the processor than 

the therm al diode. This is achieved due to a sm aller foot  pr int  and decreased 

sensit ivit y to noise. Since the DTS is factory set  on a per-part  basis there is no need 

for the health m onitor components to be updated at  each processor fam ily. 

The processor uses the Digital Therm al Sensor (DTS)  as the on-die sensor to use for 

fan speed cont rol (FSC) . The DTS is m onitor ing the sam e sensor that  act ivates the 

TCC (see Sect ion 4.2.2) . Readings from  the DTS are relat ive to the act ivat ion of the 

TCC. The DTS value where TCC act ivat ion occurs is 0 (zero) . 

A TCONTROL value will be provided for use with DTS. The usage m odel for TCONTROL with 

the DTS as below:  

• I f the Digital therm al sensor reading is less than TCONTROL, the fan speed can be 

reduced. 

• I f the Digital therm al sensor reading is greater than or equal to TCONTROL, then 

TC m ust  be m aintained at  or below the Therm al Profile for the m easured power 

dissipat ion. 

The DTS TCONTROL value is factory configured and is writ ten into TOFFSET MSR. The BIOS 

can read the TOFFSET MSR and provide this value to the fan speed cont rol device. 

Figu r e 4 - 3 . TCONTROL f o r  Dig i t a l  Th er m al  Sen so r  

 

Not e:  The processor has only DTS and no therm al diode. The TCONTROL in the MSR is relevant  

only to the DTS. 



 

Th er m al  Man ag em en t  Log ic an d  Th er m al  Mon i t o r  Feat u r e 

 

 

38   Thermal and Mechanical Design Guidelines  

4 .2 .1 1  Plat f o r m  En v i r on m en t a l  Con t r o l  I n t er f ace ( PECI )  

The PECI  interface is a proprietary single wire bus between the processor and the 

chipset  or other health m onitor ing device. At  this t ime the digital therm al sensor is the 

only data being t ransm it ted. For an overview of the PECI  interface, see PECI  Feature 

Set  Overview. For addit ional inform at ion on the PECI , see the datasheet .  

The PECI  bus is available on pin G5 of the LGA 775 socket . I ntel chipsets beginning 

with the ICH8 have included PECI  host  cont roller. The PECI  interface and the 

Manageabilit y Engine are key elem ents to the I ntel®  Quiet  System  Technology ( I ntel®  

QST) , see Chapter 7 and t he I ntel®  Quiet  System  Technology Configurat ion and 

Tuning Manual.  

I ntel has worked with m any vendors that  provide fan speed cont rol devices to provide 

PECI  host  cont rollers. Consult  the local representat ive for your preferred vendor for 

their  product  plans and availabilit y. 

§ 
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5  Balan ced  Tech n o log y  Ex t en d ed  

( BTX)  Th er m al / Mech an ica l  

Desig n  I n f o r m at ion   

5 .1  Ov er v iew  o f  t h e BTX Ref er en ce Desig n  

The reference therm al m odule assem bly is a Type I I  BTX com pliant  design and is 

com pliant  with the reference BTX m otherboard keep-out  and height  recom m endat ions 

defined in Sect ion 6.6. 

The solut ion com es as an integrated assem bly. An isom et ric view of the assem bly is 

provided in Figure 5-4.  

5 .1 .1  Tar g et  Heat sin k  Per f o r m an ce  

Table 5–1 provides the target  heatsink perform ance for the processor with the BTX 

boundary condit ions. The results will be evaluated using the test  procedure described 

in Sect ion 5.2. 

The table also includes a TA assum pt ion of 35.5 ° C for the I ntel reference therm al 

solut ion at  the processor fan heatsink inlet  discussed in Sect ion 3.3. The analysis 

assum es a uniform  35 ° C external am bient  tem perature to the chassis of across the 
fan inlet , result ing in a tem perature r ise, TR, of 0.5 ° C. Meet ing TA and ΨCA targets can 

m axim ize processor perform ance ( refer to Sect ions 2.2, 2.4. and Chapter 4) . 

Minim izing TR can lead to im proved acoust ics. 

Tab le 5 – 1 . Balan ced  Tech n o logy  Ex t en ded  ( BTX)  Ty pe I I  Ref er en ce TMA Per f o r m an ce 

Pr ocesso r   

Th er m al  
Req u i r em en t s,  

Ψca 
( Mean  +  3 σ)  

T
A  

Assu m pt ion  
No t es 

I ntel Core™2 Duo processor E8000 

ser ies with 6 MB cache  
0.57 °C/ W 35.5 °C 1,2,3 

I ntel Core™2 Duo processor E7000 

ser ies with 3 MB cache / I ntel Pent ium ®  

dual-core processor E6000, E5000 ser ies 

with 2 MB cache /  Intel
®
 Celeron

®
  

processor E3000 series with 1 MB cache 

0.594 °C/ W 35.5 °C 1,2,3 

NOTES:   

1. Performance targets (Ψ ca) as measured with a live processor at  TDP. 

2. The difference in Ψ ca between the I ntel Core™2 Duo processor E8000 ser ies with  

6 MB cache, I ntel Core™2 Duo processor E7000 ser ies with 3 MB cache, I ntel Pent ium ®  

dual-core processor E6000, E5000 ser ies with 2 MB cache, and I ntel®  Celeron®  

processor E3000 ser ies is due to a slight  difference in the die size. 

3. This data is pre-silicon data, and subject  to change with the post silicon validate 

results. 
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5 .1 .2  Acou st ics 

To opt im ize acoust ic emission by the fan heatsink assem bly, the Type I I  reference 

design im plem ents a variable speed fan. A variable speed fan allows higher therm al 

perform ance at  higher fan inlet  tem peratures (TA)  and the appropriate therm al 

perform ance with im proved acoust ics at  lower fan inlet  tem peratures. Using the 

exam ple in Table 5–2 for the I ntel Core™2 Duo processor with 4 MB cache at  TC-MAX of 

60.1 ° C the required fan speed necessary to m eet  therm al specificat ions can be 

cont rolled by the fan inlet  tem perature and should com ply with requirem ents in  

Table 5–2. 

Tab le 5 – 2 . Acou st i c Tar get s 

Fan  Sp eed  
RPM 

Th er m ist o r  
Set  Po in t  

Acou st ic 
Th er m al  

Req u i r em en t s, Ψca 
No t es 

~  5300 
High 

TA ≥ 35 °C 
≤ 6.4 BA 0.38° C/ W 

Case 1:  

Thermal Design Power 

Maximum fan speed  

100%  PWM duty cycle 

~  2500 
Low 

TA =  23 °C 

No Target 

Defined 
0.56° C/ W 

Case 2 

Thermal Design Power 

System (PSU, HDD, TMA) 

Fan speed lim ited by the fan 

hub therm istor  

~  1400 
Low 

TA =  23 °C 
≤ 3.4 BA ~ 0.87° C/ W 

Case 3 

50%  Thermal Design Power 

TMA Only 

~  1400 
Low 

TA =  23 °C 
≤ 4.0 BA ~ 0.87° C/ W 

Case 3 

50%  Thermal Design Power 

System (PSU, HDD, TMA) 

NOTES:   

1. Acoust ic performance is defined in terms of measured sound power (LwA) as defined in 

I SO 9296 standard, and measured according to I SO 7779.  

2. Acoust ic test ing will be for the TMA only when installed in a BTX S2 chassis for Case 1 

and 3. 

3. Acoust ics test ing for Case 2 will be system level in the same a BTX S2 reference chassis 

and commercially available power supply. Acoust ic data for Case 2 will be provided in 

the validat ion report  but  this condit ion is not  a target  for the design. The acoust ic 

model is predict ing that  the power supply fan will be the acoust ic lim iter .  

4. The fan speeds (RPM) are est imates for  one of the two reference fans and will be 

adjusted to meet  thermal performance targets then acoust ic target  dur ing validat ion. 

The designer should ident ify the fan speed required to meet the effect ive fan curve 

shown in Sect ion 5.1.3. 

While the fan hub therm istor helps opt im ize acoust ics at  high processor workloads by 

adapt ing the m axim um  fan speed to support  the processor therm al profile, addit ional 

acoust ic im provements can be achieved at  lower processor workload by using the 

TCONTROL specificat ions described in Sect ion 2.2.4. I ntel’s recom m endat ion is to use the 

fan with 4 Wire PWM Cont rolled to im plem ent  fan speed cont rol capabilit y based the 

digital therm al sensor. Refer to Chapter 7 for further details.  

Not e:  Appendix F gives detailed fan perform ance for the I ntel reference therm al solut ions 

with 4 Wire PWM Cont rolled fan. 
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5 .1 .3  Ef f ect iv e Fan  Cu r v e 

The TMA m ust  fulfill the processor cooling requirem ents shown in Table 5–1 when it  is 

installed in a funct ional BTX system . When installed in a system , the TMA m ust  

operate against  the backpressure created by the chassis im pedance (due to vents, 

bezel, peripherals, and so forth)  and will operate at  lower net  air flow than if it  were 

tested outside of the system  on a bench top or open air  environm ent . Therefore, an 

allowance m ust  be m ade to accom m odate or predict  the reduct ion in Therm al Module 

perform ance due to the reduct ion in heatsink air flow from  chassis im pedance. For this 
reason, it  is required that  the Therm al Module sat isfy the prescribed ΨCA requirem ents 

when operat ing against  an im pedance that  is character ist ic for BTX plat form s.  

Because of the coupling between TMA therm al perform ance and system  im pedance, 

the designer should understand the TMA effect ive fan curve. This effect ive fan curve 

represents the perform ance of the fan com ponent  AND the im pedance of the stator, 

heatsink, duct , and flow part it ioning devices. The BTX system  integrator can evaluate 

a TMA based on t he effect ive fan curve of the assem bly and the air flow im pedance of 

their  target  system . 

Not e:  I t  is likely that  at  som e operat ing points the fans speed will be driven by the system  

airflow requirem ents and not  the processor therm al lim its. 

Figure 5-1 shows the effect ive fan curve for the reference design TMA. These curves 

are based on analysis. The boundary condit ions used are the S2 6.9L reference 

chassis, the reference TMA with the flow part it ioning device, ext rusion and an AVC 

Type I I  fan geom et ry. 

When select ing a fan for use in the TMA care should be taken that  sim ilar effect ive fan 

curves can be achieved. Final verificat ion requires the overlay of the Type I I  MASI  

curve to ensure therm al com pliance. 
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Figu r e 5 - 1 . Ef f ect i v e TMA Fan  Cu r v es w i t h  Ref er en ce Ex t r u sion  

 

5 .1 .4  Vo l t ag e Reg u la t o r  Th er m al  Man ag em en t  

The BTX TMA is integral to the cooling of the processor voltage regulator (VR) . The 

reference design TMA will include a flow part it ioning device to ensure an appropriate 

air flow balance between the TMA and the VR. I n validat ion the need for this 

com ponent  will be evaluated. 

The BTX therm al m anagem ent  st rategy relies on the Therm al Module to provide 

effect ive cooling for the voltage regulator (VR)  chipset  and system  m em ory 

com ponents on the m otherboard. The Therm al Module is required to have features 

that  allow for air flow to bypass the heatsink and flow over the VR region on both the 

pr im ary and secondary sides of the board. The following requirem ents apply to VR 

cooling. 

Tab le 5 – 3 . VR Ai r f l ow  Requ i r em en t s 

I t em  Tar g et  

Minimum VR bypass airf low for 

775_VR_CONFI G_06 processors 

2.4 CFM 

NOTES:   

1. This is the recommended airf low rate that  should be delivered to the VR when the VR 

power is at a maximum in order to support the 775_VR_CONFI G_06 processors at  TDP 

power dissipat ion and the chassis external environment  temperature is at  35 º C. Less 

air f low is necessary when the VR power is not at  a maximum or if the external ambient  

temperature is less than 35 º C. 

2. This recommended airf low rate is based on the requirements for the I ntel 965 Express 

Chipset  Fam ily. 
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5 .1 .5  Al t i t u d e 

The reference TMA will be evaluated at  sea level. However, m any com panies design 

products that  m ust  funct ion reliably at  high alt itude, t ypically 1,500 m  [ 5,000 ft ]  or 

m ore. Air-cooled tem perature calculat ions and m easurem ents at  sea level m ust  be 

adjusted to take into account  alt itude effects like variat ion in air  density and overall 

heat  capacity. This often leads to som e degradat ion in therm al solut ion performance 

com pared to what  is obtained at  sea level, with lower fan perform ance and higher 

surface tem peratures. The system  designer needs to account  for alt itude effects in the 

overall system  therm al design to m ake sure that  the T
C
 requirem ent  for the processor 

is m et  at  the targeted alt itude. 

5 .1 .6  Ref er en ce Heat sin k  Th er m al  Va l id at ion  

The I ntel reference heatsink will be validated within the specific boundary condit ions 

based on the m ethodology described Sect ion 5.2 , and using a therm al test  vehicle.  

Test ing is done in a BTX chassis at  am bient  lab temperature. The test  results, for a 
num ber of sam ples, will be reported in term s of a worst -case m ean +  3σ value for 

therm al character izat ion param eter using real processors (based on the therm al test  

vehicle correct ion factors) .  

5 .2  En v i r on m en t a l  Rel iab i l i t y  Test in g  

5 .2 .1  St r u ct u r a l  Rel iab i l i t y  Test in g  

St ructural reliabilit y tests consist  of unpackaged, system  - level vibrat ion and shock 

tests of a given therm al solut ion in the assem bled state. The therm al solut ion should 

m eet  the specified therm al perform ance targets after these tests are conducted;  

however, the test  condit ions out lined here m ay differ  from  your own system  

requirem ents. 

5 .2 .1 .1  Ran d om  Vib r at ion  Test  Pr ocedu r e 

Recom m ended perform ance requirem ent  for a system :  

• Durat ion:  10 m in/ axis, 3 axes 

• Frequency Range:  5 Hz to 500 Hz  

5 Hz @ .001 g2/ Hz to 20 Hz @ 0.01 g2/ Hz (slope up)  

20 Hz to 500 Hz @ 0.01 g2/ Hz ( flat )   

• Power Spect ral Density (PSD)  Profile:  2.2 G RMS  
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Figu r e 5 - 2 . Ran d om  Vib r at ion  PSD 

 

5 .2 .1 .2  Sh ock  Test  Pr ocedu r e 

Recom m ended perform ance requirem ent  for a system :  

• Quant it y:   2 drops for +  and -  direct ions in each of 3 perpendicular axes ( that  is, 

total 12 drops) . 

• Profile:   25 G t rapezoidal waveform   

225 in/ sec m inim um  velocity change. ( system s >  20 lbm )   

250 in/ sec m inim um  velocity change. ( system s <  20 lbm ) 

• Setup:   Mount  sam ple system  on tester. 

Figu r e 5 - 3 . Sh ock  Acceler at ion  Cu r v e 
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5 .2 .1 .2 .1  Recom m en d ed  Test  Seq u en ce 

Each test  sequence should start  with com ponents ( that  is, m otherboard, heatsink 

assem bly, and so forth)  that  have never  been previously subm it ted to any reliabilit y 

test ing.  

The test  sequence should always start  with a visual inspect ion after assem bly, and 

BIOS/ CPU/ Mem ory test  ( refer to Sect ion 6.3.3) .  

Prior to the m echanical shock & vibrat ion test , the units under test  should be 

precondit ioned for 72 hours at  45º  C. The purpose is to account  for load relaxat ion 

during burn- in stage. 

The st ress test  should be followed by a visual inspect ion and then BIOS/ CPU/ Mem ory 

test . 

5 .2 .1 .2 .2  Post - Test  Pass Cr i t e r ia  

The post - test  pass cr iter ia are:  

1. No significant  physical dam age to the heatsink at tach m echanism  ( including such 

item s as clip and m otherboard fasteners) . 

2. Heatsink m ust  rem ain at tached to the m otherboard.  

3. Heatsink rem ains seated and it s bot tom  rem ains m ated flat ly against  IHS surface. 

No visible gap between the heatsink base and processor IHS. No visible t ilt  of the 

heatsink with respect  to it s at tach m echanism . 

4. No signs of physical dam age on m otherboard surface due to im pact  of heatsink or 

heatsink at tach m echanism . 

5. No visible physical dam age to the processor package. 

6. Successful BIOS/ Processor/ m em ory test  of post - test  sam ples. 

7. Therm al com pliance test ing to demonst rate that  the case tem perature 

specificat ion can be m et . 

5 .2 .2  Pow er  Cy cl in g  

Therm al perform ance degradat ion due to TIM degradat ion is evaluated using power 

cycling test ing. The test  is defined by 7500 cycles for the case tem perature from room  

tem perature (~ 23º  C)  to the m axim um  case tem perature defined by the therm al 

profile at  TDP. A Therm al Test  Vehicle is used for this test . 
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5 .2 .3  Recom m en d ed  BI OS/ CPU/ Mem or y  Test  Pr oced u r es 

This test  is to ensure proper operat ion of the product  before and after environm ental 

st resses, with the therm al m echanical enabling com ponents assem bled. The test  shall 

be conducted on a fully operat ional m otherboard that  has not  been exposed to any 

bat tery of tests pr ior to the test  being considered.  

Test ing setup should include the following com ponents, properly assem bled and/ or 

connected:  

• Appropriate system  m otherboard 

• Processor 

• All enabling com ponents, including socket  and therm al solut ion parts 

• Power supply 

• Disk dr ive 

• Video card 

• DIMM 

• Keyboard 

• Monitor 

The pass cr iter ion is that  the system  under test  shall successfully com plete the 

checking of BIOS, basic processor funct ions and m em ory, without  any errors. 

5 .3  Mat er ia l  an d  Recy cl in g  Req u i r em en t s 

Material shall be resistant  to fungal growth. Exam ples of non- resistant  m aterials 

include cellulose m aterials, anim al and vegetable based adhesives, grease, oils, and 

m any hydrocarbons. Synthet ic m aterials such as PVC form ulat ions, certain 

polyurethane com posit ions (such as, polyester and som e polyethers) , plast ics that  

contain organic fillers of lam inat ing m aterials, paints, and varnishes also are 

suscept ible to fungal growth. I f m aterials are not  fungal growth resistant , then MIL-

STD-810E, Method 508.4 m ust  be perform ed to determ ine m aterial perform ance. 

Material used shall not  have deform at ion or degradat ion in a tem perature life test . 

Any plast ic com ponent  exceeding 25 gram s m ust  be recyclable per the European Blue 

Angel recycling standards.  
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5 .4  Saf et y  Req u i r em en t s 

Heatsink and at tachm ent  assem blies shall be consistent  with the m anufacture of units 

that  m eet  the safety standards:  

• UL Recognit ion-approved for flam m abilit y at  the system  level. All m echanical and 

therm al enabling com ponents m ust  be a m inim um  UL94V-2 approved.  

• CSA Cert ificat ion. All m echanical and therm al enabling com ponents m ust  have 

CSA cert ificat ion. 

• All com ponents ( in part icular the heatsink fins)  m ust  m eet  the test  requirements 

of UL1439 for sharp edges. 

• I f the I nternat ional Accessibilit y Probe specified in IEC 950 can access the moving 

parts of the fan, consider adding safety feature so that  there is no r isk of personal 

injury. 

5 .5  Geom et r ic En v elop e f o r  I n t e l ®  Refer en ce BTX 

Th er m al  Mod u le Assem b ly  

Figure 7-43 through Figure 7-47 in Appendix G provides the m otherboard keep-out  

inform at ion for the BTX therm al m echanical solut ions. Addit ional inform at ion on BTX 

design considerat ions can be found in the Balanced Technology Extended (BTX)  

System  Design Guide available at  ht tp: / / www.form factors.org. 

The m axim um  height  of the TMA above the m otherboard is 60.60 m m  [ 2.386 inches] , 

for com pliance with the m otherboard pr im ary side height  const raints defined in the 

BTX I nterface Specificat ion for Zone A, found at  ht tp: / / www.form factors.org.  

Figu r e 5 - 4 . I n t e l ®  Ty pe I I  TMA 6 5 W  Ref er en ce Design  

 

Developm ent  vendor inform at ion for the I ntel Type I I  TMA Reference Solut ion is 

provided in Appendix H. 

http://www.formfactors.org/�
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5 .6  Pr eload  an d  TMA St i f f n ess 

5 .6 .1  St r u ct u r a l  Desig n  St r a t eg y  

St ructural design st rategy for the I ntel Type I I  TMA is to m inim ize upward board 

deflect ion during shock to help protect  the LGA775 socket . 

BTX therm al solut ions use the SRM and TMA that  together resists local board 

curvature under the socket  and m inim ize, board deflect ion (Figure 5-5) . I n addit ion, a 

m oderate preload provides init ial downward deflect ion.  

Figu r e 5 - 5 . Upw ar d  Boar d  Def lect ion  Du r in g  Sh ock  

 

5 .6 .2  TMA Pr eload  v er se St i f f n ess 

The Therm al Module assem bly is required to provide a stat ic preload to ensure 

protect ion against  fat igue failure of socket  solder joint . The allowable preload range 

for BTX plat form s is provided in Table 5–4, but  the specific target  value is a funct ion 

of the Therm al Module effect ive st iffness. 

The solut ion space for the Therm al Module effect ive st iffness and applied preload 

com binat ions is shown by the shaded region of Figure 5-6. This solut ion space shows 

that  the Therm al Module assem bly m ust  have an effect ive st iffness that  is sufficient ly 

large such that  the m inim um  preload determ ined from  the relat ionship requirement  in 

Figure 5-6 does not  exceed the m axim um  allowed preload shown in Table 5–4. 

Furtherm ore, if the Therm al Module effect ive st iffness is so large that  the m inim um  

preload determ ined from  Figure 5-6 is below the m inim um  required value given in 

Table 5–4, then the Therm al Module should be re-designed to have a preload that  lies 

within the range given in Table 5–4, allowing for preload tolerances. 

Less cu r v at u r e in  r eg ion  

b et w een  SRM an d  TMA 

 

Sh ock  Load  
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Tab le 5 – 4 . Pr ocessor  Pr e load  Lim i t s  

Par am et er  Min im u m  Requ i r ed  
Max im u m  
Al low ed  

No t es 

Processor Preload 98 N [ 22 lbf]  222 N [ 50 lbf]  1 

NOTES:   

1. These values represent  upper and lower bounds for the processor preload. The nom inal 

preload design point  for the Thermal Module is based on a combinat ion of requirements 

of the TI M, ease of assembly and the Thermal Module effect ive st iffness. 

Figu r e 5 - 6 . Min im u m  Requ i r ed  Pr ocessor  Pr e load  t o  Th er m al  Modu le Assem b ly  St i f f n ess 

 

NOTES:   

1. The shaded region shown is the acceptable domain for Thermal Module assembly 

effect ive st iffness and processor preload combinat ions. The Thermal Module design 

should have a design preload and st iffness that  lies within this region. The design 

tolerance for the preload and TMA st iffness should also reside within this boundary. 

Note that  the lower and upper hor izontal boundar ies represent  the preload lim its 

provided in Table 5–4. The equat ion for the left  hand boundary is descr ibed in note 2. 

2. The equat ion for this sect ion of the preload-Thermal Module st iffness boundary is given 

by the following relat ionship:  Min Preload =  1.38E-3* k^ 2 – 1.18486k +  320.24753 for 

k <  300 N/ mm where k is the Thermal Module assembly effect ive st iffness. Note that  

this equat ion is only valid in the st iffness domain of 93N/ mm <  k <  282N/ mm. This 

equat ion would not  apply, for example, for TMA st iffness less than 93N/ mm. 

3. The target  st iffness for the 65W Type I I  TMA reference design is 484 N/ mm  

(2764 lb /  in) . 

Not e:  These preload and st iffness recom m endat ions are specific to the TMA m ount ing 

schem e that  m eets the BTX I nterface Specificat ion and Support  Retent ion Mechanism  

(SRM) Design Guide. For TMA m ount ing schem es that  use only the m otherboard 
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m ount ing hole posit ion for TMA at tach, the required preload is approxim ately 10–15N 

greater than the values st ipulated in Figure 5-6;  however, I ntel has not  conducted any 

validat ion test ing with this TMA m ount ing schem e. 

Figu r e 5 - 7 . Th er m al  Modu le At t ach  Po in t es an d  Du ct - t o - SRM I n t er f ace Feat u r es 

 

NOTES:   

1. For clar ity the motherboard is not  shown in this figure. I n an actual assembly, the 

capt ive 6x32 screws in the thermal module pass through the rear holes in the 

motherboard designated in the socket  keep- in Figure 7-43 through Figure 7-47 in 

Appendix G and screw into the SRM and chassis PEM features. 

2. This front  duct  ramp feature has both outer and inner lead- in that  allows the feature to 

slide easily into the SRM slot  and around the chassis PEM nut . Note that  the front  PEM 

nut  is part  of the chassis not  the SRM. 
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6  ATX Th er m al / Mech an ica l  

Desig n  I n f o r m at ion  

6 .1  ATX Ref er en ce Desig n  Req u i r em en t s 

This chapter will docum ent  the requirem ents for an act ive air-cooled design, with a fan 

installed at  the top of the heatsink. The thermal technology required for the processor.  

The I ntel Core™2 Duo processor E8000, E7000 series, I ntel Pent ium  dual-core 

processor E6000, E5000 series, and I ntel®  Celeron®  processor E3000 series require a 

therm al solut ion equivalent  to the E18764-001 reference design;  see Figure 6-1 for an 

exploded view of this reference design. 

Not e:  The part  num ber E18764-001 provided in this docum ent  is for reference only. The 

revision num ber -001 m ay be subject  to change without  not ice. 

The E18764-001 reference design takes advantage of an acoust ic im provem ent  to 

reduce the fan speed to show the acoust ic advantage ( it s acoust ic results show in the 

Table 6–2) . 

The E18764-001 reference design takes advantage of the cost  savings for the several 

features of the design including the reduced heatsink height , inserted alum inum  core 

and the new TI M m aterial (Dow Corning TC-1996 grease) , see Figure 6-2. The overall 

46 m m  height  therm al solut ion supports the unique and sm aller desktop PCs including 

sm all and ult ra sm all form  factors, down to the 5L size, see uATX SFF Guidance for 

addit ional details on uATX SFF design.  
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Figu r e 6 - 1 . E1 8 7 6 4 - 0 0 1  Ref er en ce Design  –  Ex p loded  View  

 

Figu r e 6 - 2 . Bo t t om  View  o f  Cop per  Cor e Ap p l ied  by  TC- 1 9 9 6  Gr ease 

 

The ATX m otherboard keep-out  and the height  recom m endat ions defined Sect ion 6.6 

rem ain the sam e for a therm al solut ion for the processor in the 775-Land LGA 

package.  

Not e:  I f this fan design is used in your product  and you will deliver it  to end use custom ers, 

you have the responsibilit y to determ ine an adequate level of protect ion (such as, 

protect ion barr iers, a cage, or an inter lock)  against  contact  with the energized fan by 

the user during user servicing. 

Not e:  Developm ent  vendor inform at ion for the reference design is provided in Appendix H. 
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6 .2  Val id at ion  Resu l t s f o r  Ref er en ce Desig n  

6 .2 .1  Heat sin k  Per f o r m an ce  

Table 6–1 provides the E18764-001 heatsink perform ance for the processors of I ntel 

Core™2 Duo processor E8000 series with 6 MB cache, I ntel Core™2 Duo processor 

E7000 series with 3 MB cache, I ntel Pent ium  dual-core processor E6000, E5000 series 

with 2 MB cache, and I ntel®  Celeron®  processor E3000 series with 1 MB cache. The 

results are based on the test  procedure described in Sect ion 6.2.4. 

The tables also include a TA assum pt ion of 40 ° C for t he I ntel reference therm al 

solut ion at  the processor fan heatsink inlet  discussed Sect ion 2.4.1.  

Tab le 6 – 1 . E1 8 7 6 4 - 0 0 1  Ref er en ce Heat sin k  Per fo r m an ce 

Pr ocesso r   

Tar g et  Th er m al  
Per f o r m an ce, 

Ψca 
( Mean  +  3 σ)  

T
A  

Assu m pt ion  
No t es 

I ntel Core™2 Duo processor E8000 

ser ies with 6 MB cache 
0.50 °C/ W 40 °C 1, 2 

I ntel Core™2 Duo processor E7000 

ser ies with 3 MB cache /  I ntel Pent ium  

dual-core processor E6000, E5000 

ser ies with 2 MB cache /  I ntel®  

Celeron®  processor E3000 series 

0.52 °C/ W 40 °C 1, 2 

NOTES:   

1. Performance targets (Ψ ca) as measured with a live processor at  TDP. 

2. The difference in Ψ ca between the I ntel Core™2 Duo processor E8000 ser ies with  

6 MB cache and I ntel Core™2 Duo processor E7000 ser ies with 3 MB cache, I ntel 

Pent ium  dual-core processor E6000, E5000 ser ies with 2 MB cache, and I ntel®  Celeron®  

processor E3000 ser ies with 1 MB cache is due to a slight  difference in the die size. 
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6 .2 .2  Acou st ics 

To opt im ize acoust ic emission by the fan heatsink assem bly, the reference design 

im plem ents a variable speed fan. A variable speed fan allows higher therm al 

perform ance at  higher fan inlet  tem peratures (TA)  and lower therm al perform ance with 

im proved acoust ics at  lower fan inlet  tem peratures. The required fan speed necessary 

to m eet  therm al specificat ions can be cont rolled by the fan inlet  tem perature and 

should com ply with requirem ents in Table 6–2.  

Tab le 6 – 2 . Acou st i c Resu l t s f o r  ATX Ref er en ce Heat sin k  ( E1 8 7 6 4 - 0 0 1 )  

Fan  
Sp eed  
RPM 

Th er m ist
o r  Set  
Po in t  

Acou st ic Th er m al  Req u i r em en t s, Ψca No t es 

3900 
High 

TA =  40 °C 
5.0 BA 

• 0.50° C/ W (Core™2 Duo processor E8000 ser ies 6 

MB)   

• 0.52° C/ W (Core™2 Duo processor E7000 ser ies 3 

MB, Pent ium  dual-core processor E6000, E5000 

ser ies 2 MB, and I ntel®  Celeron®  processor E3000 

ser ies with 1 MB) 

 

2000 
Low 

TA =  30 °C  
3.5 BA 

• 0.65° C/ W (Core™2 Duo processor E8000 ser ies 

with 6 MB)  

• 0.68 °C/ W (Core™2 Duo processor E7000 ser ies 3 

MB, Pent ium  dual-core processor E6000, E5000 

ser ies 2 MB, and I ntel®  Celeron®   processor E3000 

ser ies with 1 MB)  

Thermal Design 

Power, Fan 

speed lim ited 

by the fan hub 

therm istor 

NOTES:   

1. Acoust ic performance is defined in terms of measured sound power (LwA) as defined in 

I SO 9296 standard, and measured according to I SO 7779.  

While the fan hub therm istor helps opt im ize acoust ics at  high processor workloads by 

adapt ing the m axim um  fan speed to support  the processor therm al profile, addit ional 

acoust ic im provements can be achieved at  lower processor workload by using the 

TCONTROL specificat ions described in Sect ion 2.2.4. I ntel recom m endat ion is to use the 

fan with 4 Wire PWM Cont rolled to im plem ent  fan speed cont rol capabilit y based 

digital therm al sensor temperature. Refer to Chapter 7 for further details.  

Not e:  Appendix F gives detailed fan perform ance for the I ntel reference therm al solut ions 

with 4 Wire PWM Cont rolled fan. 

6 .2 .3  Al t i t u d e 

Many com panies design products that  m ust  funct ion reliably at  high alt itude, t ypically 

1,500 m  [ 5,000 ft ]  or m ore. Air-cooled tem perature calculat ions and m easurem ents at  

the test  site elevat ion m ust  be adjusted to take into account  alt itude effects like 

variat ion in air  density and overall heat  capacity. This often leads to som e degradat ion 

in therm al solut ion perform ance com pared to what  is obtained at  sea level, with lower 

fan perform ance and higher surface tem peratures. The system  designer needs to 

account  for alt itude effects in the overall system  therm al design to m ake sure that  the 

T
C
 requirem ent  for the processor is m et  at  the targeted alt itude. 



 

ATX Th er m al / Mech an ica l  Desig n  I n f o r m at ion  

 

 

Thermal and Mechanical Design Guidelines    55 

6 .2 .4  Heat sin k  Th er m al  Va l id at ion  

I ntel recom m ends evaluat ion of the heatsink within the specific boundary condit ions 

based on the m ethodology described Sect ion 6.3 , and using a therm al test  vehicle.  

Test ing is done on bench top test  boards at  am bient  lab tem perature. I n part icular, for 

the reference heatsink, the Plexiglas*  barrier is installed 81.28 m m  [ 3.2 in]  above the 

m otherboard ( refer to Sect ions 3.3 and 6.6) .  

The test  results, for a num ber of sam ples, are reported in term s of a worst -case m ean 

+  3σ value for therm al character izat ion param eter using real processors (based on the 

therm al test  vehicle correct ion factors) .  

Not e:  The above 81.28 m m  obstruct ion height  that  is used for test ing com plies with the 

recom m ended obst ruct ion height  of 88.9 m m  for the ATX form  factor. However, it  

would conflict  with system s in st r ict  com pliance with the ATX specificat ion which 

allows an obst ruct ion as low as 76.2 m m  above the m otherboard surface in Area A.  

6 .3  En v i r on m en t a l  Rel iab i l i t y  Test in g  

6 .3 .1  St r u ct u r a l  Rel iab i l i t y  Test in g  

St ructural reliabilit y tests consist  of unpackaged, board- level vibrat ion and shock tests 

of a given therm al solut ion in the assem bled state. The therm al solut ion should m eet  

the specified therm al perform ance targets after these tests are conducted;  however, 

the test  condit ions out lined here m ay differ from  your own system  requirem ents. 

6 .3 .1 .1  Ran d om  Vib r at ion  Test  Pr ocedu r e 

Durat ion:  10 m in/ axis, 3 axes 

Frequency Range:  5 Hz to 500 Hz  

Power Spect ral Density (PSD)  Profile:  3.13 G RMS  
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Figu r e 6 - 3 . Ran d om  Vib r at ion  PSD 

 

6 .3 .1 .2  Sh ock  Test  Pr ocedu r e 

Recom m ended perform ance requirem ent  for a m otherboard:  

• Quant it y:   3 drops for +  and -  direct ions in each of 3 perpendicular axes ( that  is, 

total 18 drops) . 

• Profile:   50 G t rapezoidal waveform , 170 in/ sec m inim um  velocity change. 

• Setup:   Mount  sam ple board on test  fixture. 

Figu r e 6 - 4 . Sh ock  Acceler at ion  Cu r v e 
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6 .3 .1 .2 .1  Recom m en d ed  Test  Seq u en ce 

Each test  sequence should start  with com ponents ( that  is, m otherboard, heatsink 

assem bly, and so forth)  that  have never  been previously subm it ted to any reliabilit y 

test ing.  

The test  sequence should always start  with a visual inspect ion after assem bly, and 

BIOS/ CPU/ Mem ory test  ( refer to Sect ion 6.3.3) .  

Prior to the m echanical shock & vibrat ion test , the units under test  should be 

precondit ioned for 72 hours at  45 º C. The purpose is to account  for load relaxat ion 

during burn- in stage. 

The st ress test  should be followed by a visual inspect ion and then BIOS/ CPU/ Mem ory 

test . 

6 .3 .1 .2 .2  Post - Test  Pass Cr i t e r ia  

The post - test  pass cr iter ia are:  

1. No significant  physical dam age to the heatsink at tach m echanism  ( including such 

item s as clip and m otherboard fasteners) . 

2. Heatsink m ust  rem ain at tached to the m otherboard.  

3. Heatsink rem ains seated and it s bot tom  rem ains m ated flat ly against  IHS surface. 

No visible gap between the heatsink base and processor IHS. No visible t ilt  of the 

heatsink with respect  to it s at tach m echanism . 

4. No signs of physical dam age on m otherboard surface due to im pact  of heatsink or 

heatsink at tach m echanism . 

5. No visible physical dam age to the processor package. 

6. Successful BIOS/ Processor/ m em ory test  of post - test  sam ples. 

7. Therm al com pliance test ing to demonst rate that  the case tem perature 

specificat ion can be m et . 

6 .3 .2  Pow er  Cy cl in g  

Therm al perform ance degradat ion due to TIM degradat ion is evaluated using power 

cycling test ing. The test  is defined by 7500 cycles for the case tem perature from room  

tem perature (~ 23 º C)  to the m axim um  case tem perature defined by the therm al 

profile at  TDP.  
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6 .3 .3  Recom m en d ed  BI OS/ CPU/ Mem or y  Test  Pr oced u r es 

This test  is to ensure proper operat ion of the product  before and after environm ental 

st resses, with the therm al m echanical enabling com ponents assem bled. The test  shall 

be conducted on a fully operat ional m otherboard that  has not  been exposed to any 

bat tery of tests pr ior to the test  being considered.  

Test ing setup should include the following com ponents, properly assem bled and/ or 

connected:  

• Appropriate system  m otherboard 

• Processor 

• All enabling com ponents, including socket  and therm al solut ion parts 

• Power supply 

• Disk dr ive 

• Video card 

• DIMM 

• Keyboard 

• Monitor 

The pass cr iter ion is that  the system  under test  shall successfully com plete the 

checking of BIOS, basic processor funct ions and m em ory, without  any errors. 

6 .4  Mat er ia l  an d  Recy cl in g  Req u i r em en t s 

Material shall be resistant  to fungal growth. Exam ples of non- resistant  m aterials 

include cellulose m aterials, anim al and vegetable based adhesives, grease, oils, and 

m any hydrocarbons. Synthet ic m aterials such as PVC form ulat ions, certain 

polyurethane com posit ions (such as, polyester and som e polyethers) , plast ics that  

contain organic fillers of lam inat ing m aterials, paints, and varnishes also are 

suscept ible to fungal growth. I f m aterials are not  fungal growth resistant , then MIL-

STD-810E, Method 508.4 m ust  be perform ed to determ ine m aterial perform ance. 

Material used shall not  have deform at ion or degradat ion in a tem perature life test . 

Any plast ic com ponent  exceeding 25 gram s m ust  be recyclable per the European Blue 

Angel recycling standards.  
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6 .5  Saf et y  Req u i r em en t s 

Heatsink and at tachm ent  assem blies shall be consistent  with the m anufacture of units 

that  m eet  the safety standards:  

• UL Recognit ion-approved for flam m abilit y at  the system  level. All m echanical and 

therm al enabling com ponents m ust  be a m inim um  UL94V-2 approved.  

• CSA Cert ificat ion. All m echanical and therm al enabling com ponents m ust  have 

CSA cert ificat ion. 

• All com ponents ( in part icular the heatsink fins)  m ust  m eet  the test  requirements 

of UL1439 for sharp edges. 

• I f the I nternat ional Accessibilit y Probe specified in IEC 950 can access the m oving 

parts of the fan, consider adding safety feature so that  there is no r isk of personal 

injury. 

6 .6  Geom et r ic En v elop e f o r  I n t e l ®  Refer en ce ATX 

Th er m al  Mech an ica l  Desig n  

Figure 7-40, Figure 7-41, and Figure 7-42 in Appendix G provides detailed reference 

ATX/μATX motherboard keep-out  inform at ion for the reference therm al/ m echanical 

enabling design. These drawings include height  rest r ict ions in the enabling component  

region.  

The m axim um  height  of the reference solut ion above the m otherboard is 71.12 m m  

[ 2.8 inches] , and is com pliant  with the m otherboard pr im ary side height  const raints 

defined in the ATX Specificat ion revision 2.1  and the m icroATX Motherboard I nterface 

Specificat ion revision 1.1  found at  ht tp: / / www.form factors.org. The reference solut ion 

requires a chassis obst ruct ion height  of at  least  81.28 m m  [ 3.2 inches] , m easured 

from  the top of the m otherboard ( refer to Sect ions 3.3 and 6.2.4) . This allows for 

appropriate fan inlet  air flow to ensure fan perform ance, and therefore overall cooling 

solut ion perform ance. This is com pliant  with the recom m endat ions found in both ATX 

Specificat ion V2.1 and m icroATX Motherboard I nterface Specificat ion V1.1 docum ents. 
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6 .7  Ref er en ce At t ach  Mech an ism  

6 .7 .1  St r u ct u r a l  Desig n  St r a t eg y  

St ructural design st rategy for the reference design is to m inim ize upward board 

deflect ion during shock to help protect  the LGA775 socket . 

The reference design uses a high clip st iffness that  resists local board curvature under 

the heatsink, and m inim izes, in part icular, upward board deflect ion (Figure 6-5) . I n 

addit ion, a m oderate preload provides init ial downward deflect ion.  

Figu r e 6 - 5 . Upw ar d  Boar d  Def lect ion  du r in g  Sh ock  

 

The target  m etal clip nom inal st iffness is 540 N/ m m  [ 3100 lb/ in] . The com bined target  

for reference clip and fasteners nom inal st iffness is 380 N/ m m  [ 2180 lb/ in] . The 

nom inal preload provided by the reference design is 191.3 N ±  44.5 N [ 43 lb ±  10 lb] . 

Not e:  I ntel reserves the r ight  to m ake changes and m odificat ions to the design as necessary 

to the reference design, in part icular the clip and fastener. 

Less cu r v at u r e in  

r eg ion  u n d er  st i f f  cl ip  

 

 

Sh ock  Load  
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6 .7 .2  Mech an ica l  I n t er f ace t o  t h e Ref er en ce At t ach  Mech an ism  

The at tach m echanism  com ponent  from  the reference design can be used by other 3 rd 

party cooling solut ions. The at tach m echanism  consists of:  

•  A m etal at tach clip that  interfaces with the heatsink core, see Appendix G,  

Figure 7-48 and Figure 7-49 for the com ponent  drawings. 

• Four plast ic fasteners, see Appendix G, Figure 7-50, Figure 7-51, Figure 7-52 and 

Figure 7-53 for the com ponent  drawings. 

The clip is assem bled to heatsink during copper core insert ion, and is m eant  to be 

t rapped between the core shoulder and the ext rusion as shown in Figure 6-6.  

Figu r e 6 - 6 . Ref er en ce Cl ip / Heat sin k  Assem b ly  

 

Core shoulder 

traps clip in place

Core shoulder 

traps clip in place

Clip 

 

The m echanical interface with the reference at tach m echanism  is defined in Figure 6-7 

and Figure 6-8. Com plying with the m echanical interface param eters is cr it ical to 

generat ing a heatsink preload com pliant  with the m inim um  preload requirement  given 

in Sect ion 2.1.2.2. 

Addit ional requirements for the reference at tach m echanism  (clip and fasteners)  

include:  

• Heatsink/ fan m ass ≤ 550 g ( that  is, total assem bly m ass, including clip and 

fasteners <  595 g 

• Whole assem bly center of gravity ≤ 25.4 m m , m easured from  the top of the IHS 

 Whole assem bly =  Heatsink +  Fan +  At tach clip +  Fasteners 
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Figu r e 6 - 7 . Cr i t i ca l  Par am et er s f o r  I n t er f acin g  t o  Ref er en ce Cl ip   
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Figu r e 6 - 8 . Cr i t i ca l  Cor e  Dim en sion   

 

§ 

R 0.40 mm max

R 0.40 mm max

Φ36.14 +/- 0.10 mm

Gap required to avoid  

core surface blemish 
during clip assembly. 

Recommend 0.3 mm min.

1.00 mm min

2.596 +/- 0.10 mm

Φ38.68 +/- 0.30 mm

1.00 +/- 0.10 mm

Core

NOTE: Dim ension f rom  t he bot t om  of  t he c l ip  t o  t he bot t om  of  t he 

heat s ink  c ore (or  base) should  be m et  t o  enable  t he requ i red 
load f rom  t he heat s ink  c l ip  (i .e ., 43 lb f nom ina l  +/- 10 lb f )
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7  I n t e l ®  Qu iet  Sy st em  

Tech n o log y  ( I n t e l ®  QST)  

I n the I ntel 965 Express Fam ily Chipset  a new cont rol algorithm  for fan speed cont rol 

is being int roduced. I t  is com posed of an I ntel Managem ent  Engine (ME)  in the 

Graphics Mem ory Cont roller Hub (GMCH) which executes the I ntel Quiet  System  

Technology ( I ntel QST)  algorithm  and the ICH8 containing the sensor bus and fan 

cont rol circuits. 

The ME provides integrated fan speed cont rol in lieu of the m echanism s available in a 

SIO or a stand-alone ASI C. The I ntel QST is t im e based as com pared to the linear or 

state cont rol used by the current  generat ion of FSC devices. 

A short  discussion of I ntel QST will follow along with therm al solut ion design 

recom m endat ions. For a com plete discussion of program m ing the I ntel QST in the ME 

Consult  the I ntel®  Quiet  System  Technology ( I ntel®  QST)  Configurat ion and Tuning 

Manual.   

Not e:  Fan speed cont rol algorithm s and I ntel QST in part icular rely on a therm al solut ion 

being com pliant  to the processor therm al profile. I t  is unlikely that  any fan speed 

cont rol algorithm  can com pensate for a non-com pliant  therm al solut ion. See Chapter 5 

and Chapter 6 for therm al solut ion requirem ents that  should be m et  before evaluat ing 

or configuring a system  with I ntel QST. 

7 .1  I n t e l ®  QST Alg or i t h m   

The object ive of I ntel QST is to m inim ize the system  acoust ics by m ore closely 

cont rolling the therm al sensors to the corresponding processor or chipset  device 

TCONTROL value. This is achieved by the use of a Proport ional- I ntegral-Derivat ive (PID)  

cont rol algorithm  and a Fan Output  Weight ing Mat r ix. The PID algorithm  takes into 

account  the difference between the current  tem perature and the target  (TCONTROL) , the 

rate of change and direct ion of change to m inim ize the required fan speed change. 

The Fan Output  Weight ing Mat r ix uses the effects of each fan on a therm al sensor to 

m inim ize the required fan speed changes. 

Figure 7-1 shows in a very sim ple m anner how Intel QST works. See the I ntel Quiet  

System  Technology ( I ntel®  QST)  Configurat ion and Tuning Manual for a detail 

discussion of the inputs and response. 
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Figu r e 7 - 1 . I n t e l ®  QST Ov er v iew  

 

7 .1 .1  Ou t p u t  W eig h t in g  Mat r ix  

I ntel QST provides an Output  Weight ing Mat r ix that  provides a m eans for a single 

therm al sensor to affect  the speed of m ult iple fans. An exam ple of how the m at r ix 

could be used is if a sensor located next  to the m em ory is sensit ive to changes in both 

the processor heatsink fan and a 2nd fan in the system. By placing a factor in t his 

m at r ix addit ional, the I ntel QST could com m and the processor therm al solut ion fan 

and this 2nd fan to both accelerate a sm all am ount . At  the system  level these two 

sm all changes can result  in a sm aller change in acoust ics than having a single fan 

respond to this sensor. 

7 .1 .2  Pr op o r t ion a l - I n t eg r a l - Der iv at iv e ( PI D)  

The use of Proport ional- I ntegral-Derivat ive (PID)  cont rol algorithm s allow the 

m agnitude of fan response to be determ ined based upon the difference between 

current  tem perature readings and specific tem perature targets. A m ajor advantage of 

a PID Algorithm  is the abilit y to cont rol the fans to achieve sensor tem peratures m uch 

closer to the TCONTROL.  

Figure 7-2 is an illust rat ion of the PID fan cont rol algorithm . As illust rated in the 

figure, when the actual tem perature is below the target  temperature, the fan will slow 

down. The current  FSC devices have a fixed tem perature versus PWM output  

relat ionship and m iss this opportunity to achieve addit ional acoust ic benefit s. As the 

actual tem perature starts ram ping up and approaches the target  temperature, the 

algorithm  will inst ruct  the fan to speed up gradually, but  will not  abrupt ly increase the 

fan speed to respond to the condit ion. I t  can allow an overshoot  over the target  

tem perature for a short  period of t ime while ram ping up the fan to br ing the actual 
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tem perature to the target  tem perature. As a result  of it s operat ion, the PID cont rol 

algorithm  can enable an acoust ic- fr iendly plat form . 

Figu r e 7 - 2 . PI D Con t r o l l er  Fu n dam en t a ls 

 

For a PID algorithm  to work lim it  temperatures are assigned for each tem perature 

sensor. For I ntel QST, the TCONTROL for the processor and chipset  are to be used as the 

lim it  tem perature. The ME will m easure the error, slope and rate of change using the 

equat ions below:   

• Proport ional Error (P)  =  TLI MI T – TACTUAL 

• I ntegral ( I )  =  Tim e averaged error 

• Derivative (D) = ΔTemp / ΔTime 

Three gain values are used to cont rol response of algorithm.  

• Kp =  proport ional gain 

• Ki =  I ntegral gain 

• Kd =  derivat ive gain 

The I ntel®  Quiet  System  Technology ( I ntel®  QST)  Configurat ion and Tuning Manual 

provides init ial values for the each of the gain constants. I n addit ion it  provides a 

m ethodology to tune these gain values based on system  response. 

Finally, the fan speed change will be calculated using the following form ula:   

 ΔPWM =  -P* (Kp)  – I * (Ki)  +  D* (Kd)  
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7 .2  Boar d  an d  Sy st em  I m p lem en t at ion  o f  I n t e l ®  QST 

To im plement  I ntel QST, t he board m ust  be configured as shown in Figure 7-3 and 

listed below:   

• ME system  (S0–S1)  with Cont roller Link connected and powered 

• DRAM with Channel A DIMM 0 installed and 2 MB reserved for I ntel QST FW 

execut ion 

• SPI  Flash with sufficient  space for the I ntel QST Firm ware 

• SST-based therm al sensors to provide board therm al data for I ntel QST algorithm s 

• I ntel QST firm ware 

Figu r e 7 - 3 . I n t e l ®  QST Plat f o r m  Requ i r em en t s 

 

Not e:  Sim ple Serial Transport  (SST)  is a single wire bus that  is included in the ICH8 to 

provide addit ional therm al and voltage sensing capabilit y to the I ntel Managem ent  

Engine (ME) . 
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Figure 7-4 shows the m ajor connect ions for a typical im plem entat ion that  can support  

processors with Digital therm al sensor or a therm al diode. I n this configurat ion a SST 

Therm al Sensor has been added to read the on-die therm al diode that  is in all of the 

processors in the 775- land LGA packages shipped before the I ntel Core™2 Duo 

processor. With the proper configurat ion inform at ion, the ME can accom m odate inputs 

from  PECI  or SST for the processor socket . Addit ional SST sensors can be added to 

m onitor system  therm al (see 0 for BTX recom m endat ions for placem ent ) .  

Figu r e 7 - 4 . Ex am p le Acou st i c Fan  Speed  Con t r o l  I m p lem en t at ion  

 

I ntel has engaged with a num ber of m ajor m anufacturers of therm al /  voltage sensors 

to provide devices for the SST bus. Contact  your  I ntel Field Sales representat ive for 

the current  list  of m anufacturers and visit  their  web sites or local sales representat ives 

for a part  suitable for your design. 
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7 .3  I n t e l ®  QST Con f ig u r at ion  an d  Tu n in g  

I nit ial configurat ion of the I ntel QST is the responsibilit y of the board m anufacturer. 

The SPI  flash should be program m ed with the hardware configurat ion of the 

m otherboard and init ial set t ings for fan cont rol, fan m onitoring, voltage and therm al 

m onitoring. This init ial data is generated using the I ntel provided Configurat ion Tool.  

At  the system  integrator, the Configurat ion Tool can be used again but  this t im e to 

tune the I ntel QST subsystem  to reflect  the shipping system  configurat ion. I n the 

tuning process the I ntel QST can be m odified to have the proper relat ionships between 

the installed fans and sensors in the shipping system. A Weight ing Mat r ix Ut ilit y and 

I ntel QST Log program  are planned to assist  in opt im izing the fan m anagem ent  and 

achieve acoust ic goal.  

Contact  your I ntel field sales representat ive for availabilit y of these tools. 

7 .4  Fan  Hu b  Th er m ist o r  an d  I n t e l ®  QST 

There is no closed loop cont rol between Intel QST and the therm istor;  however, they 

can work in tandem  to provide the m axim um  fan speed reduct ion. The BTX reference 

design includes a therm istor on the fan hub. This Var iable Speed Fan curve will 

determ ine the m axim um  fan speed as a funct ion of t he inlet  am bient  tem perature and 
by design provides a ΨCA sufficient  to m eet  the thermal profile of the processor. I ntel 

QST, by m easuring the processor Digital therm al sensor, will com m and the fan t o 

reduce speed below the VSF curve in response to processor workload. Conversely if 

the processor workload increases, the FSC will com mand the fan using the PWM duty 

cycle to accelerate the fan up to the lim it  im posed by the VSF curve. Care needs to be 

taken in BTX designs to ensure the fan speed at  the m inim um  operat ing speed 

provides sufficient  air  flow to support  the other system  com ponents. 

Figu r e 7 - 5 . Dig i t a l  Th er m al  Sen so r  an d  Th er m ist o r  
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Ap p en d ix  A  LGA7 7 5  Sock et  Heat sin k  

Load in g  

A.1  LGA7 7 5  Sock et  Heat sin k  Con sid er at ion s 

Heatsink clip load is t radit ionally used for:  

• Mechanical perform ance in m echanical shock and vibrat ion 

 Refer to Sect ion 6.7.1 for the inform at ion on the st ructural design st rategy for the 

reference design 

• Therm al interface performance 

 Required preload depends on TIM  

 Preload can be low for therm al grease 

I n addit ion to m echanical perform ance in shock and vibrat ion and TIM perform ance, 

LGA775 socket  requires a m inim um  heatsink preload to protect  against  fat igue failure 

of socket  solder joints. 

Solder ball tensile st ress is or iginally created when, after insert ing a processor into the 

socket , the LGA775 socket  load plate is actuated. I n addit ion, solder joint  shear st ress 

is caused by coefficient  of therm al expansion (CTE)  m ism atch induced shear loading. 

The solder joint  compressive axial force (Faxial)  induced by the heatsink preload helps 

to reduce the com bined joint  tensile and shear st ress.  

Overall, the heatsink required preload is the m inim um  preload needed to m eet  all of 

the above requirem ents—Mechanical shock and vibrat ion and TIM perform ance AND 

LGA775 socket  protect ion against  fat igue failure. 

A.2  Met r ic f o r  Heat sin k  Pr e load  f o r  ATX/ u ATX 
Desig n s Non - Com p l ian t  w i t h  I n t e l®  
Ref er en ce Desig n  

A.3  Heat sin k  Pr e load  Req u i r em en t  Lim i t a t ion s 

Heatsink preload by it self is not  an appropriate m et r ic for solder joint  force across 

various m echanical designs and does not  take into account  for exam ple (not  an 

exhaust ive list ) :  

•  Heatsink m ount ing hole span 

• Heatsink clip/ fastener assem bly st iffness and creep 

• Board st iffness and creep 

• Board st iffness is m odified by fixtures like backing plate, chassis at tach, and so 

forth. 
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Sim ulat ion shows that  the solder joint  force (Faxial)  is proport ional to the board 

deflect ion m easured along the socket  diagonal. The m atching of Faxial required to 

protect  the LGA775 socket  solder joint  in tem perature cycling is equivalent  to 

m atching a target  MB deflect ion. 

Therefore, the heatsink preload for LGA775 socket  solder joint  protect ion against  

fat igue failure can be m ore generally defined as the load required to create a target  

board downward deflect ion throughout  the life of the product   

This board deflect ion m et r ic provides guidance for m echanical designs that  differ from  

the reference design for ATX/ / µATX form  factor. 

A.3 .1  Mot h er b oar d  Def lect ion  Met r ic Def in i t ion  

Motherboard deflect ion is m easured along either diagonal ( refer to Figure 7-6) :  

d =  dm ax – (d1 +  d2) / 2 

d’ =  dm ax – (d’1 +  d’2) / 2 

Configurat ions in which the deflect ion is m easured are defined in the Table 7–1.  

To m easure board deflect ion, follow indust ry standard procedures (such as IPC)  for 

board deflect ion m easurem ent . Height  gauges and possibly dial gauges m ay also be 

used. 

Tab le 7 – 1 . Boar d  Def lect ion  Con f igu r at ion  Def in i t i on s 

Con f ig u r a t ion  
Par am et er  

Pr ocesso r  +  Sock et  
load  p la t e 

Heat sin k  Par am et er  Nam e 

d_ref yes no BOL deflect ion, no preload 

d_BOL yes yes BOL deflect ion with preload 

d_EOL yes yes EOL deflect ion 

NOTES:   

BOL:  Beginning of Life 

EOL:  End of Life 
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Figu r e 7 - 6 . Boar d  Def lect ion  Def in i t i on  

 

d1 

d2 

d’1 

d’2 

 

A.3 .2  Boar d  Def lect ion  Lim i t s 

Deflect ion lim its for the ATX/ µATX form  factor are:  

d_BOL – d_ref≥ 0.09 mm  and  d_EOL – d_ref ≥ 0.15 mm 

And 

d’_BOL – d’_ref≥ 0.09 mm  and  d_EOL’ – d_ref’ ≥ 0.15 mm 

NOTES:   

1. The heatsink preload must  remain within the stat ic load lim its defined in the processor 

datasheet  at  all t imes.  

2. Board deflect ion should not  exceed motherboard manufacturer specificat ions. 
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A.3 .3  Boar d  Def lect ion  Met r ic I m p lem en t at ion  Ex am p le 

This sect ion is for illust rat ion only, and relies on the following assum pt ions:  

• 72 m m  x 72 m m  hole pat tern of the reference design 

• Board st iffness =  900 lb/ in at  BOL, with degradat ion that  sim ulates board creep 

over t im e 

 Though these values are representat ive, they m ay change with selected m aterial 

and board m anufactur ing process. Check with your m otherboard vendor. 

• Clip st iffness assum ed constant  – No creep. 

Using Figure 7-7, the heatsink preload at  beginning of life is defined to com ply with 

d_EOL – d_ref =  0.15 m m  depending on clip st iffness assum pt ion. 

Note that  the BOL and EOL preload and board deflect ion differ. This is a result  of the 

creep phenom enon. The exam ple accounts for the creep expected to occur in the 

m otherboard. I t  assum es no creep to occur in the clip. However, there is a sm all 

am ount  of creep accounted for in the plast ic fasteners. This situat ion is som ewhat  

sim ilar to the reference design.  

The im pact  of the creep to the board deflect ion is a funct ion of the clip st iffness:  

• The relat ively com pliant  clips store st rain energy in the clip under the BOL preload 

condit ion and tend to generate increasing am ounts of board deflect ion as the 

m otherboard creeps under exposure to t im e and temperature.  

• I n cont rast , the st iffer clips stores very lit t le st rain energy, and therefore do not  

generate substant ial addit ional board deflect ion through life. 

NOTES:   

1. Board and clip creep modify board deflect ion over t ime and depends on board st iffness, 

clip st iffness, and selected mater ials. 

2. Designers must  define the BOL board deflect ion that  will lead to the correct  end of life 

board deflect ion. 
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Figu r e 7 - 7 . Ex am p le—Def in in g  Heat sin k  Pr e load  Meet in g  Boar d  Def lect ion  Lim i t  

  

A.3 .4  Ad d i t ion al  Con sid er at ion s 

I ntel recom m ends to design to { d_BOL -  d_ref =  0.15 m m }  at  BOL when EOL 

condit ions are not  known or difficult  to assess  

The following inform at ion is given for illust rat ion only. I t  is based on the reference 

keep-out , assum ing there is no fixture that  changes board st iffness:  

d_ref is expected to be 0.18 m m on average, and be as high as 0.22 m m 

As a result , the board should be able to deflect  0.37 m m  m inim um  at  BOL 

Addit ional deflect ion as high as 0.09 m m  m ay be necessary to account  for addit ional 

creep effects im pact ing the board/ clip/ fastener assem bly. As a result , designs could 

see as m uch as 0.50 m m  total downward board deflect ion under the socket . 

I n addit ion to board deflect ion, other elem ents need to be considered to define the 

space needed for the downward board total displacem ent  under load, like the potent ial 

interference of through-hole m ount  com ponent  pin tails of the board with a 

m echanical fixture on the back of the board. 

NOTES:   

1. The heatsink preload must  remain below the maximum load lim it  of the package at  all 

t imes (Refer to processor datasheet) . 

2. Board deflect ion should not  exceed motherboard manufacturer specificat ions. 
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A.3 .4 .1  Mot h er b oar d  St i f f en in g  Con sid er at ion s 

To protect  LGA775 socket  solder joint , designers need to dr ive their  m echanical design 

to:  

• Allow downward board deflect ion to put  the socket  balls in a desirable force state 

to protect  against  fat igue failure of socket  solder joint  ( refer to Sect ions A.3, 

A.3.1, and A.3.2. 

• Prevent  board upward bending during m echanical shock event .  

• Define load paths that  keep the dynam ic load applied to the package within 

specificat ions published in the processor datasheet . 

Lim it ing board deflect ion m ay be appropriate in som e situat ions like:  

• Board bending during shock 

• Board creep with high heatsink preload 

However, the load required to m eet  the board deflect ion recom mendat ion ( refer to 

Sect ion A.3.2)  with a very st iff board m ay lead to heatsink preloads exceeding 

package m axim um  load specificat ion. For exam ple, such a situat ion m ay occur when 

using a backing plate that  is flush with the board in the socket  area, and prevents the 

board to bend underneath the socket .  

A.4  Heat sin k  Select ion  Gu id e l in es 

Evaluate carefully heatsinks com ing with m otherboard st iffening devices ( like backing 

plates) , and conduct  board deflect ion assessm ents based on the board deflect ion 

m et r ic. 

Solut ions derived from  the reference design com ply with the reference heatsink 

preload, for exam ple:   

• The Boxed Processor  

• The reference design (E18764-001) 

I ntel will collaborate with vendors part icipat ing in it s third party test  house program  to 

evaluate third party solut ions. Vendor inform at ion now is available in I ntel Core™2 

Duo Processor Support  Com ponents webpage www.intel.com / go/ therm al_Core2Duo .  

 

 

 

§ 

http://www.intel.com/go/thermal_Core2Duo�
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Ap p en d ix  B  Heat sin k  Cl ip  Load  

Met r o log y  

B.1  Ov er v iew  

This appendix describes a procedure for m easuring the load applied by the 

heatsink/ clip/ fastener assem bly on a processor package.  

This procedure is recom m ended to verify the preload is within the design target  range 

for a design, and in different  situat ions. For exam ple:  

• Heatsink preload for the LGA775 socket  

• Quant ify preload degradat ion under bake condit ions. 

Not e:  This docum ent  reflects the current  m et rology used by I ntel. I ntel is cont inuously 

exploring new ways to im prove m et rology.  

B.2  Test  Pr ep ar at ion  

B.2 .1  Heat sin k  Pr ep ar at ion  

Three load cells are assembled into the base of the heatsink under test , in the area 

interfacing with the processor I ntegrated Heat  Spreader ( IHS) , using load cells 

equivalent  to those listed in Sect ion B.2.2.  

To install the load cells, machine a pocket  in the heatsink base, as shown in  

Figure 7-8 and Figure 7-9. The load cells should be dist r ibuted evenly, as close as 

possible to the pocket  walls. Apply wax around the circum ference of each load cell and 

the surface of the pocket  around each cell to maintain the load cells in place during 

the heatsink installat ion on the processor and m otherboard (Refer to  

Figure 7-9) .  

The depth of the pocket  depends on the height  of the load cell used for the test . I t  is 

necessary that  the load cells prot rude out  of the heatsink base. However, this 

prot rusion should be kept  m inim al, as it  will create addit ional load by art ificially raising 

the heatsink base. The m easurem ent  offset  depends on the whole assem bly st iffness 

( that  is, m otherboard, clip, fastener, and so forth) . For exam ple, the reference design 

clip and fasteners assem bly st iffness is around 380 N/ m m  [ 2180 lb/ in] . I n that  case, a 

prot rusion of 0.038 m m  [ 0.0015” ]  will create an ext ra load of 15 N [ 3.3 lb] .  

Figure 7-10 shows an exam ple using the reference design. 

Not e:  When opt im izing the heatsink pocket  depth, the variat ion of the load cell height  should 

also be taken into account  to m ake sure that  all load cells prot rude equally from the 

heatsink base. I t  m ay be useful to screen the load cells pr ior to installat ion to 

m inim ize variat ion. 
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Rem ar k s:  Al t er n at e Heat sin k  Sam p le Pr epar at ion  

As m ent ioned above, m aking sure that  the load cells have m inim um  prot rusion out  of 

the heatsink base is param ount  to m eaningful results. An alternate m ethod to make 

sure that  the test  setup will m easure loads representat ive of the non-m odified design 

is:  

• Machine the pocket  in the heat  sink base to a depth such that  the t ips of the load 

cells are just  flush with the heat  sink base 

• Then m achine back the heatsink base by around 0.25 m m  [ 0.01” ] , so that  the 

load cell t ips prot rude beyond the base. 

Proceeding this way, the or iginal stack height  of the heatsink assem bly should be 

preserved. This should not  affect  the st iffness of the heatsink significant ly. 

Figu r e 7 - 8 . Load  Cel l  I n st a l la t ion  in  Mach in ed  Heat sin k  Base Pock et  –  Bo t t om  View  
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Figu r e 7 - 9 . Load  Cel l  I n st a l la t ion  in  Mach in ed  Heat sin k  Base Pock et  –  Side View  

 

 

Figu r e 7 - 1 0 . Pr e load  Test  Con f igu r at ion  
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B.2 .2  Ty p ical  Test  Equ ip m en t  

For the heatsink clip load m easurem ent , use equivalent  test  equipm ent  to the one 

listed in Table 7–2. 

Tab le 7 – 2 . Ty p ica l  Test  Equ ip m en t   

I t em  Descr ip t ion  
Par t  Nu m b er  

( Mod el )  

Load cell 

Notes:  1, 5  

Honeywell* -Sensotec*  Model 13 subm iniature 

load cells, compression only  

Select  a load range depending on load level 

being tested. 

www.sensotec.com  

AL322BL 

Data Logger (or 

scanner)  

Notes:  2, 3, 4 

Vishay*  Measurements Group Model 6100 

scanner with a 6010A st rain card (one card 

required per channel) .  

Model 6100 

NOTES:   

1. Select  load range depending on expected load level. I t  is usually bet ter, whenever 

possible, to operate in the high end of the load cell capability. Check with your load cell 

vendor for fur ther informat ion. 

2. Since the load cells are calibrated in terms of mV/ V, a data logger or scanner is 

required to supply 5 volts DC excitat ion and read the mV response. An 

automated model will take the sensit iv ity calibrat ion of the load cells and convert  the 

mV output  into pounds.  

3. With the test  equipment  listed above, it  is possible to automate data recording and 

control with a 6101-PCI  card (GPI B) added to the scanner, allowing it  to be connected 

to a PC running LabVI EW*  or Vishay's St rainSmart*  software. 

4. I MPORTANT:  I n addit ion to just  a zeroing of the force reading at  no applied load, it  is 

important  to calibrate the load cells against  known loads. Load cells tend to dr ift . 

Contact  your load cell vendor for  calibrat ion tools and procedure informat ion.  

5. When measur ing loads under thermal st ress (bake for example) , load cell thermal 

capability must be checked, and the test setup must  integrate any hardware used along 

with the load cell. For example, the Model 13 load cells are temperature compensated 

up to 71 °C, as long as the compensat ion package (spliced into the load cell's wir ing)  is 

also placed in the temperature chamber. The load cells can handle up to 121 °C 

(operat ing) , but  their  uncertainty increases according to 0.02%  rdg/ °F. 

B.3  Test  Pr oced u r e Ex am p les 

The following sect ions provide two exam ples of load m easurem ent . However, this is 

not  m eant  to be used in m echanical shock and vibrat ion test ing. 

Any m echanical device used along with the heatsink at tach m echanism  will need to be 

included in the test  setup ( that  is, back plate, at tach to chassis, and so forth) .  

Prior to any test , m ake sure that  the load cell has been calibrated against  known 

loads, following load cell vendor’s inst ruct ions. 

http://www.sensotec.com/�


 

Heat sin k  Cl ip  Load  Met r o log y  

 

 

Thermal and Mechanical Design Guidelines    79 

B.3 .1  Tim e- Zer o , Room  Tem p er at u r e Pr e load  
Measu r em en t  
1. Pre-assem ble m echanical com ponents on the board as needed prior to m ount ing 

the m otherboard on an appropriate support  fixture that  replicate the board at tach 

to a target  chassis  

• For exam ple:  standard ATX board should sit  on ATX com pliant  stand-offs. I f 

the at tach m echanism  includes fixtures on the back side of the board, those 

m ust  be included, as the goal of the test  is to m easure the load provided by 

the actual heatsink m echanism .  

2. I nstall relevant  test  vehicle (TTV, processor)  in the socket .  

3. Assem ble the heatsink reworked with the load cells to m otherboard as shown for  

the reference design exam ple in Figure 7-10, and actuate at tach m echanism . 

4. Collect  cont inuous load cell data at  1 Hz for the durat ion of the test . A m inim um  

t im e to allow the load cell to set t le is generally specified by the load vendors 

(often of order of 3 m inutes) . The t im e zero reading should be taken at  the end of 

this set t ling t ime.  

5. Record the preload m easurem ent  ( total from  all three load cells)  at  the target  t im e 

and average the values over 10 seconds around this target  t im e as well, that  is, in 

the interval , for exam ple over [ target  t im e – 5 seconds ;  target  t im e  

+ 5 seconds] . 

B.3 .2  Pr eload  Deg r adat ion  u n d er  Bak e Con d i t ion s 

This sect ion describes an exam ple of test ing for potent ial clip load degradat ion under 

bake condit ions. 

1. Preheat  therm al cham ber to target  tem perature (45 º C or 85 º C for exam ple)  

2. Repeat  t im e-zero, room  tem perature preload m easurem ent 

3. Place unit  into preheated therm al cham ber for specified t im e  

4. Record cont inuous load cell data as follows:  

• Sam ple rate =  0.1 Hz for first  3 hrs 

• Sam ple rate =  0.01 Hz for the rem ainder of the bake test  

5. Rem ove assem bly from  therm al cham ber and set  into room  tem perature 

condit ions 

6. Record cont inuous load cell data for next  30 m inutes at  sam ple rate of 1 Hz. 

§ 
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Ap p en d ix  C Th er m al  I n t er f ace 

Man ag em en t  

To opt im ize a heatsink design, it  is im portant  to understand the im pact  of factors 

related to the interface between the processor and the heatsink base. Specifically, the 

bond line thickness, interface m aterial area, and interface m aterial therm al 

conduct ivit y should be m anaged to realize the m ost  effect ive therm al solut ion. 

C.1  Bon d  Lin e Man ag em en t  
Any gap between the processor integrated heat  spreader ( IHS)  and the heatsink base 

degrades therm al solut ion perform ance. The larger the gap between the two surfaces, 

the greater the therm al resistance. The thickness of the gap is determ ined by the 

flatness and roughness of both the heatsink base and the integrated heat  spreader, 

plus the thickness of the t herm al interface m aterial ( for exam ple therm al grease)  used 

between these two surfaces and the clam ping force applied by the heatsink at tach 

clip(s) . 

C.2  I n t er f ace Mat er ia l  Ar ea  
The size of the contact  area between the processor and the heatsink base will im pact  

the therm al resistance. There is, however, a point  of dim inishing returns. Unrest rained 

increm ental increases in therm al interface m aterial area do not  t ranslate to a 

m easurable im provem ent  in therm al perform ance.  

C.3  I n t er f ace Mat er ia l  Per f o r m an ce 
Two factors im pact  the perform ance of the interface m aterial between the processor 

and the heatsink base:  

• Therm al resistance of the m aterial 

• Wet t ing/ filling character ist ics of the m aterial 

Therm al resistance is a descript ion of the abilit y of the therm al interface m aterial to 

t ransfer heat  from  one sur face to another. The higher the therm al resistance, the less 

efficient  the interface m aterial is at  t ransferr ing heat . The therm al resistance of the 

interface m aterial has a significant  im pact  on the therm al perform ance of the overall 

therm al solut ion. The higher the therm al resistance, the larger the temperature drop 

is across the interface and the m ore efficient  the therm al solut ion (heatsink, fan)  m ust  

be to achieve the desired cooling. 

The wet t ing or filling character ist ic of the therm al interface m aterial is it s ability, 

under the load applied by the heatsink retent ion m echanism , to spread and fill the gap 

between the processor and the heatsink. Since air  is an ext rem ely poor therm al 

conductor, the m ore com pletely the interface m aterial fills the gaps, the lower the 

tem perature drops across the interface. I n this case, therm al interface m aterial area 

also becomes significant ;  the larger the desired therm al interface m aterial area, the 

higher the force required to spread the therm al interface m aterial. 
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Ap p en d ix  D  Case Tem p er at u r e 

Ref er en ce Met r o log y  

D.1  Ob j ect iv e an d  Scop e 

This appendix defines a reference procedure for at taching a therm ocouple to the IHS 

of a 775- land LGA package for TC m easurem ent . This procedure takes into account  the 

specific features of the 775- land LGA package and of the LGA775 socket  for which it  is 

intended. The recom m ended equipm ent  for the reference therm ocouple installat ion, 

including tools and part  numbers are also provided. I n addit ion a video Therm ocouple 

At tach Using Solder – Video CD-ROM is available that  shows the process in real t im e. 

The following supplier can do m achining the groove and at taching a therm ocouple to 

the IHS followed by the reference procedure. The supplier is listed the table below as 

a convenience to I ntel’s general custom ers and the list  m ay be subject  to change 

without  not ice. 

 

Su p p l ier  Con t act  Ph on e Em ai l  Ad d r ess 

THERM-X OF 

CALI FORNI A 

Ernesto  

B Valencia 

510-441-7566  

Ext . 242 

ernestov@therm-x.com 1837 Whipple Road, 

Hayward, Ca 94544 

D.2  Su p p or t in g  Test  Eq u ip m en t  

To apply the reference therm ocouple at tach procedure, it  is recom m ended to use the 

equipm ent  (or equivalent )  given in the table below. 

 

I t em  Descr ip t ion  Par t  Nu m b er  

Measu r em en t  an d  Ou t pu t  

Microscope  Olympus*  Light  m icroscope or equivalent SZ-40 

DMM Digital Mult i Meter for  resistance measurement  Fluke 79 Ser ies 

Thermal Meter Hand held thermocouple meter Mult iple Vendors 

So ld er  St at ion  ( see n ot e 1  f o r  o r d er in g  in f o r m at ion )  

Heater Block Heater assembly to reflow solder on I HS 30330 

Heater WATLOW120V 150W Firerod 0212G G1A38-

L12 

Transformer Super ior Powerstat  t ransformer 05F857 
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I t em  Descr ip t ion  Par t  Nu m b er  

Miscel lan eou s Har dw ar e 

Solder I ndium Corp. of America  

Alloy 57BI  /  42SN /  1AG 0.010 Diameter 

52124 

Flux I ndium Corp. of America 5RMA 

Loct ite*  498 

Adhesive 

Super glue w/ thermal character ist ics 49850 

Adhesive 

Accelerator  

Loct ite*  7452 for fast glue curing 18490 

Kapton*  Tape For holding thermocouple in place Not  Available 

Thermocouple Omega * ,36 gauge, “T”  Type  

(see note 2 for  order ing informat ion)  

OSK2K1280/ 5SR

TC-TT-T-36-72 

Cal ib r at ion  an d  Con t r o l  

I ce Point  Cell Omega* , stable 0 º C temperature source for 

calibrat ion and offset 

TRCI I I  

Hot  Point  Cell Omega * , temperature source to control and 

understand meter slope gain 

CL950-A-110 

NOTES:   

1. The Solder Stat ion consist ing of the Heater Block, Heater, Press and Transformer are 

available from Jemelco Engineer ing 480-804-9514 

2. This part  number is a custom part  with the specified insulat ion t r imming and packaging 

requirements necessary for  quality thermocouple at tachment , See Figure 7-11. Order 

from Omega Anthony Alvarez, Direct  phone (203) 359-7671,  

Direct fax (203)  968-7142, E-Mail:  aalvarez@omega.com 

Figu r e 7 - 1 1 . Om ega Th er m ocou p le 
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D.3  Th er m al  Cal ib r a t ion  an d  Con t r o ls 

I t  is recom m ended that  full and rout ine calibrat ion of tem perature m easurem ent  

equipm ent  be perform ed before at tem pt ing to perform  tem perature case 

m easurem ent . I ntel recom m ends checking the m eter probe set  against  known 

standards. This should be done at  0º  C (using ice bath or other stable temperature 

source)  and at  an elevated tem perature, around 80º  C (using an appropriate 

tem perature source) .  

Wire gauge and length also should be considered as som e less expensive 

m easurem ent  system s are heavily im pacted by im pedance. There are num erous 

resources available throughout  the indust ry to assist  with im plem entat ion of proper 

cont rols for therm al m easurem ents. 

NOTES:   

1. I t  is recom m ended to follow com pany standard procedures and wear safety 

item s like glasses for cut t ing the I HS and gloves for chem ical handling. 

2. Ask your  I ntel field sales representat ive if you need assistance to groove 

and/ or install a therm ocouple according to the reference process.  

D.4  I HS Gr oov e 

Cut  a groove in the package IHS;  see the drawings given in Figure 7-12 and  

Figure 7-13. The groove orientat ion in Figure 7-12 is toward the IHS notch to allow 

the therm ocouple wire to be routed under the socket  lid. This will protect  the 

therm ocouple from  get t ing dam aged or pinched when rem oving and installing the 

heatsink (see Figure 7-37) . 
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Figu r e 7 - 1 2 . 7 7 5 - LAND LGA Pack age Ref er en ce Gr oov e Dr aw in g  at  6  o ’c lock  Ex i t  
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Figu r e 7 - 1 3 . 7 7 5 - LAND LGA Pack age Ref er en ce Gr oov e Dr aw in g  at  3  o ’c lock  Ex i t  ( Old  Dr aw in g )  
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The orientat ion of the groove at  6 o’clock exit  relat ive to the package pin 1 indicator 

(gold t riangle in one corner of the package)  is shown in Figure 7-14 for the 775-Land 

LGA package I HS. 

Figu r e 7 - 1 4 . I HS Gr oov e at  6  o ’clock  Ex i t  on  t h e 7 7 5 - LAND LGA Pack age 

 

When the processor is installed in the LGA775 socket , the groove is parallel to the 

socket  load lever, and is toward the I HS notch as shown Figure 7-15. 

Figu r e 7 - 1 5 . I HS Gr oov e at  6  o ’clock  Ex i t  Or ien t at ion  Relat i v e t o  t h e LGA7 7 5  Sock et  

  

Select  a m achine shop that  is capable of holding drawing specified tolerances. IHS 

groove geom et ry is cr it ical for repeatable placem ent  of the therm ocouple bead, 

ensuring precise therm al m easurem ents. The specified dim ensions m inim ize the 

im pact  of the groove on the IHS under the socket  load. A larger groove m ay cause the 

IHS to warp under the socket  load such that  it  does not  represent  the performance of 

an ungrooved IHS on product ion packages.  

I nspect  parts for com pliance to specificat ions before accept ing from  m achine shop. 

Pin1 indicator 

 

IHS Groove 
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D.5  Th er m ocou p le At t ach  Pr oced u r e 

The procedure to at tach a therm ocouple with solder takes about  15 m inutes to 

com plete. Before proceeding turn on the solder block heater, as it  can take up t o  

30 m inutes to reach the target  temperature of 153 – 155 ° C. 

Not e:  To avoid dam age to the processor ensure the IHS tem perature does not  exceed  

155 ° C. 

As a com plem ent  to the writ ten procedure a video Therm ocouple At tach Using Solder 

– Video CD-ROM is available. 

D.5 .1  Th er m ocou p le Con d i t ion in g  an d  Pr ep ar at ion  
1. Use a calibrated therm ocouple as specified in Sect ions D.2 and D.3.  

2. Under a m icroscope verify the therm ocouple insulat ion m eets the qualit y 

requirem ents. The insulat ion should be about  1/ 16  inch (0.062 ±  0.030)  from  the 

end of the bead (Figure 7-16) . 

Figu r e 7 - 1 6 . I n spect ion  o f  I n su la t ion  on  Th er m ocou p le 

 

  

3. Measure the therm ocouple resistance by holding both contacts on the connector 

on one probe and the t ip of therm ocouple to the other probe of the DMM 

(m easurem ent  should be about  ~ 3.0 ohm s for 36-gauge type T therm ocouple) . 

4. St raighten the wire for about  38 m m  [ 1 ½  inch]  from  the bead. 
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5. Using the m icroscope and tweezers, bend the t ip of the therm ocouple at  

approxim ately 10 degree angle by about  0.8 m m  [ .030 inch]  from  the t ip  

(Figure 7-17) .  

Figu r e 7 - 1 7 . Ben d in g  t h e Tip  o f  t h e Th er m ocou p le 

 

  

D.5 .2  Th er m ocou p le At t ach m en t  t o  t h e I HS 
6. Clean groove and IHS with I sopropyl Alcohol ( IPA)  and a lint  free cloth rem oving 

all residues pr ior to therm ocouple at tachm ent . 

7. Place the therm ocouple wire inside the groove;  let t ing the exposed wire and bead 

extend about  1.5 m m  [ 0.030 inch]  past  the end of groove. Secure it  with Kapton*  

tape (Figure 7-18) . Clean the IHS with a swab and IPA. 

8. Verify under the m icroscope that  the therm ocouple wires are st raight  and parallel 

in the groove and that  the bead is st ill bent . 

Figu r e 7 - 1 8 . Secu r in g  Th er m ocou p le W i r es w i t h  Kap t on *  Tape Pr io r  t o  At t ach  
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9. Lift  the wire at  the m iddle of groove with tweezers and bend the front  of wire to 

place the therm ocouple in the groove ensuring the t ip is in contact  with the end 

and bot tom  of the groove in the I HS (Figure 7-19-A and B) . 

Figu r e 7 - 1 9 . Th er m ocou p le Bead  Placem en t  

 (A)     

   

(B)      

  

10. Place the package under the m icroscope to cont inue with process. I t  is also 

recom m ended to use a fixture ( like processor t ray or a plate)  to help holding the 

unit  in place for the rest  of the at tach process. 
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11. While st ill at  the m icroscope, press the wire down about  6m m  [ 0.125” ]  from  the 

therm ocouple bead using the tweezers or your finger . Place a piece of Kapton*  

tape to hold the wire inside the groove (Figure 7-20) . Refer to Figure 7-21 for 

detailed bead placement . 

Figu r e 7 - 2 0 . Posi t i on  Bead  on  t h e Gr oov e St ep  

   

Figu r e 7 - 2 1 . Det a i led  Th er m ocou p le Bead  Placem en t  

 

  

TC Wire with Insulation

IHS with Groove

TC Bead

Wire sect ion 

into the 

groove to 

prepare for 

final bead 
placem ent  

 Kapton*  

tape 
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Figu r e 7 - 2 2 . Th i r d  Tape I n st a l la t ion  

 

12. Place a 3 rd piece of tape at  the end of the step in the groove as shown in  

Figure 7-22. This tape will create a solder dam  to prevent  solder from  flowing into 

the larger IHS groove sect ion during the m elt ing process. 

13. Measure resistance from  therm ocouple end wires (hold both wires to a DMM 

probe)  to the IHS surface. This should be the sam e value as m easured during t he 

therm ocouple condit ioning Sect ion D.5.1.step 3 (Figure 7-23) . 

Figu r e 7 - 2 3 . Measu r in g  Resist an ce bet w een  Th er m ocou p le an d  I HS 

 

  



 

Case Tem p er at u r e Ref er en ce Met r o logy  

 

 

94   Thermal and Mechanical Design Guidelines  

14. Using a fine point  device, place a sm all am ount  of flux on the therm ocouple bead. 

Be careful not  to m ove the therm ocouple bead during this step (Figure 7-24) . 

Ensure t he flux rem ains in the bead area only. 

Figu r e 7 - 2 4 . Ap p ly in g  Flu x  t o  t h e Th er m ocou p le Bead  

 

  

15. Cut  two sm all pieces of solder 1/ 16 inch (0.065 inch /  1.5 m m ) from  the roll using 

tweezers to hold the solder while cut t ing with a fine blade (Figure 7-25) . 

Figu r e 7 - 2 5 . Cu t t in g  So lder  
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16. Place the two pieces of solder in parallel, direct ly over the therm ocouple bead 

(Figure 7-26) .  

Figu r e 7 - 2 6 . Posi t i on in g  So lder  on  I HS 

 

  

17. Measure the resistance from  the therm ocouple end wires again using the DMM 

( refer to Sect ion D.5.1.step 2)  to ensure the bead is st ill properly contact ing the 

IHS. 

D.5 .3  So ld er  Pr ocess 
18. Make sure the therm ocouple that  m onitors the Solder Block tem perature is 

posit ioned on the Heater block. Connect  the therm ocouple to a handheld m eter to 

m onitor the heater block tem perature  

19. Verify the tem perature of the Heater block stat ion has reached 155 ° C ± 5 ° C 

before you proceed. 

20. Connect  the therm ocouple for the device being soldered to a second hand held 

m eter to m onitor IHS tem perature during the solder process. 
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Figu r e 7 - 2 7 . So lder  St at ion  Set u p  

 

  

21. Rem ove the land side protect ive cover and place the device to be soldered in the 

solder stat ion. Make sure the therm ocouple wire for the device being soldered is 

exit ing the heater toward you. 

Not e:  Do n ot  touch the copper heater block at  any t im e as this is very hot .  
  

22. Move a m agnified lens light  close to the device in the solder status to get  a bet ter 

view when the solder begins to m elt .  

23. Lower the Heater block onto the IHS. Monitor the device IHS tem perature during 

this step to ensure the m axim um  I HS tem perature is not  exceeded. 

Not e:  The target  IHS tem perature during reflow is 150 ° C ± 3 ° C. At  no t im e should the IHS 

tem perature exceed 155 °C during the solder process as dam age to the device m ay 

occur. 
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24. You m ay need to m ove the solder back toward the groove as the IHS begins to 

heat . Use a fine t ip tweezers to push the solder into the end of the groove unt il a 

solder ball is built  up (Figure 7-28 and Figure 7-29) . 

Figu r e 7 - 2 8 . View  Th r ou gh  Len s at  So lder  St at ion  

 

Figu r e 7 - 2 9 . Mov in g  So lder  back  on t o  Th er m ocou p le Bead  
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25. Lift  the heater block and m agnified lens, using tweezers quickly rotate the device 

90 degrees clockwise. Using the back of the tweezers press down on the solder 

this will force out  the excess solder.  

Figu r e 7 - 3 0 . Rem ov in g  Ex cess So lder  

 

  

26. Allow the device to cool down. Blowing com pressed air  on the device can 

accelerate the cooling t im e. Monitor the device IHS tem perature with a handheld 

m eter unt il it  drops below 50 ° C before m oving it  to the m icroscope for the final 

steps. 

D.5 .4  Clean in g  an d  Com p let ion  o f  Th er m ocou p le 
I n st a l la t ion  
27. Rem ove the device from  the solder stat ion and cont inue to m onitor IHS 

Tem perature with a handheld m eter. Place the device under the m icroscope and 

rem ove the three pieces of Kapton*  tape with Tweezers, keeping the longest  for 

re-use. 

28. St raighten the wire and work the wire in to the groove. Bend the therm ocouple 

over the IHS. Replace the long piece of Kapton*  tape at  the edge of the IHS. 

Not e:  The wire needs to be st raight  so it  doesn’t  sit  above the IHS sur face at  anyt im e 

(Figure 7-31) . 
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Figu r e 7 - 3 1 . Th er m ocou p le p laced  in t o  g r oov e 

 

  

29. Using a blade carefully shave the excess solder above the IHS surface. Only shave 

in one direct ion unt il solder is flush with the groove surface (Figure 7-32) . 

Figu r e 7 - 3 2 . Rem ov in g  Ex cess So lder  

 

Not e:  Take usual precaut ions when using open blades  

30. Clean the sur face of the IHS with Alcohol and use com pressed air  to rem ove any 

rem aining contam inants. 
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31. Fill the rest  of the groove with Loct ite*  498 Adhesive. Verify under the m icroscope 

that  the therm ocouple wire is below the surface along the ent ire length of the IHS 

groove (Figure 7-33) . 

Figu r e 7 - 3 3 . Fi l l i n g  Gr oov e w i t h  Adh esiv e  

 

  

32. To speed up the curing process apply Loct ite*  Accelerator on top of the Adhesive 

and let  it  set  for a couple of m inutes (Figure 7-34) . 

Figu r e 7 - 3 4 . Ap p l i cat ion  o f  Acceler an t  
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Figu r e 7 - 3 5 . Rem ov in g  Ex cess Adh esiv e f r om  I HS 

 

  

33. Using a blade, carefully shave any adhesive that  is above the IHS surface  

(Figure 7-35) . The preferred m ethod is to shave from  the edge to the center of 

the IHS. 

Not e:  The adhesive shaving step should be perform ed while the adhesive is part ially cured, 

but  st ill soft . This will help to keep the adhesive surface flat  and sm ooth with no pit s 

or voids. I f there are voids in the adhesive, refill the voids with adhesive and shave a 

second t im e. 
  

34. Clean IHS surface with IPA and a wipe. 

35. Clean the LGA pads with I PA and a wipe. 

36. Replace the land side cover on the device. 

37. Perform  a final cont inuity t est . 

38. Wind the therm ocouple wire into loops and secure or if provided by the vendor 

back onto the plast ic roll. (Figure 7-36) . 

Figu r e 7 - 3 6 . Fin ish ed  Th er m ocou p le I n st a l la t ion  

 

  

39. Place the device in a t ray or bag unt il it ’s ready to be used for therm al test ing use. 
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D.6  Th er m ocou p le W ir e  Man ag em en t  

When installing the processor into the socket , the therm ocouple wire should route 

under the socket  lid, as Figure 7-37. This will keep the wire from  get t ing dam aged or 

pinched when rem oving and installing the heatsink.  

Not e:  When therm ocouple wires are dam aged, the result ing reading m aybe wrong. For 

exam ple, if there are any cuts into the wires insulat ion where the wires are pinched 

between the heatsink and the socket  lid when installing the heatsink, the 

therm ocouple wires can get  in contact  at  this locat ion. I n that  case, the reported 

tem perature would be the point  of the heatsink/ socket  lid area. This tem perature is 

usually m uch lower than the tem perature at  the center of the IHS. 

Prior to installing the heatsink, m ake sure that  the therm ocouple wires rem ain below 

the IHS top surface, by running a flat  blade on top of the I HS for exam ple. 

Figu r e 7 - 3 7 . Th er m ocou p le W i r e Man agem en t  

 

 

§ 
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Ap p en d ix  E Balan ced  Tech n o log y  

Ex t en d ed  ( BTX)  Sy st em  

Th er m al  Con sid er at ion s 

There are ant icipated system  operat ing condit ions in which the processor power m ay 

be low but  other system  com ponent  powers m ay be high. I f the only Fan Speed 

Cont rol (FSC)  circuit  input  for the Thermal Module Assem bly (TMA)  fan is from  the 

processor sensor then the fan speed and system  airflow is likely to be too low in this 

operat ing state. Therefore, it  is recom m ended that  a second FSC circuit  input  be 

acquired from  an am bient  tem perature m onitor locat ion within the system . 

The locat ion of the System  Monitor therm al sensor is best  determ ined through 

extensive system - level num erical therm al modeling or prototype therm al test ing. I n 

either case, the tem perature of cr it ical components or the air  tem perature near cr it ical 

com ponents should be assessed for a range of system  external tem peratures, 

com ponent  powers, and fan speed operat ing condit ions. The tem perature at  the 

selected locat ion for the System  Monitor Point  should be well correlated to the 

tem peratures at  or near cr it ical com ponents. For instance, it  m ay be useful to m onitor 

the tem perature near the PSU airflow inlet , near the graphics add- in card, or near 

m em ory. 

The final system  integrator is t ypically responsible for ensuring com pliance with the 

com ponent  temperature specificat ions at  all operat ing condit ions and, therefore, 

should be responsible for specifying the System  Monitor therm al sensor locat ion. 

However, it  is not  always possible for a board supplier – especially a channel board 

supplier – to know the system  into which a board will be installed. I t  is therefore 

im portant  for BTX board suppliers to select  a System  Monitor therm al sensor locat ion 

that  will funct ion properly in m ost  system s. 

A BTX system  should be designed such that  the TMA exhaust  is the pr im ary air flow 

st ream  that  cools the rest  of the system . The air flow passes through the chipset  

heatsink and it s tem perature will r ise as the m em ory cont roller chipset  power 

increases. Since chipset  power will increase when other subsystem s (such as, 

m em ory, graphics)  are act ive, a System  Monitor therm al sensor located in the exhaust  

air flow from  the chipset  heatsink is a reasonable locat ion. 

I t  is likely that  a therm al sensor that  is not  m ounted above the board and in the 

chipset  exhaust  air flow will reflect  board tem perature and not  am bient  tem perature. I t  

is therefore recom mended that  the Therm al sensor be elevated above the board. 
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The therm al sensor locat ion and elevat ion are reflected in the Flotherm  therm al m odel 

air flow illust rat ion and pictures (see Figure 7-38 and Figure 7-39) .The I ntel Boxed 

Boards in the BTX form  factor have im plem ented a System  Monitor therm al sensor. 

The following therm al sensor or it s equivalent  can be used for this funct ion:  

 

Part  Num ber:  C83274-002 

BizLink USA Technology, I nc. 

44911 Indust r ial Drive 

Frem ont , CA 94538 USA  

(510)252-0786 phone 

(510)252-1178 fax 

sales@bizlinktech.com  

Part  Num ber:  68801-0170 

Molex I ncorporated 

2222 Wellington Ct . 

Lisle, I L 60532  

1-800-78MOLEX phone 

1-630-969-1352 fax 

am erinfo@m olex.com   

Figu r e 7 - 3 8 . Sy st em  Ai r f l ow  I l l u st r a t ion  w i t h  Sy st em  Mon i t o r  Po in t  Ar ea I den t i f i ed  

 OM16791

Power Supply
Unit

Thermal
Module

MCHMemory

Graphics
Add-In Card

Monitor Point
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Figu r e 7 - 3 9 . Th er m al  sen so r  Locat ion  I l l u st r a t ion  
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Ap p en d ix  F Fan  Per f o r m an ce f o r  

Ref er en ce Desig n  

The fan power requirem ents for proper operat ion are listed in Table 7–3. 

Tab le 7 – 3 . Fan  Elect r i ca l  Per f o r m an ce Requ i r em en t s 

Req u i r em en t  Va lu e 

Maximum Average fan current draw 1.5 A 

Fan start -up current  draw  2.2 A 

Fan start -up current  draw maximum 

durat ion 

1.0 second 

Fan header voltage   12 V ±  5%  

Tachometer output     2 pulse per revolut ion 

Tachometer output  signal Open-collector (open-drain) 

PWM signal input  frequency 21 kHz to 28 kHz 

PWM signal pull up in fan 3.3 V ( recommended max)  

5.25 V (absolute max) 

PWM signal current  source I max =  5 mA 

(short  circuit  current )  

PWM signal maximum voltage for logic 

low 

VI L =  0.8 V 

PWM compliant  funct ion RPM must  be within spec for specified 

duty cycle 

I n addit ion to com ply with overall therm al requirem ents (Sect ions 5.1.1 and 6.2) , and 

the general environm ental reliabilit y requirem ents (Sect ions 5.2 and 6.3)  the fan 

should m eet  the following perform ance requirem ents:  

• Mechanical wear out  represents the highest  r isk reliabilit y param eter for fans. The 

capabilit y of the funct ional m echanical elem ents (ball bearing, shaft , and tower 

assem bly)  m ust  be dem onst rated to a m inim um  useful lifet ime of 57,000 hours. 

• I n addit ion to passing the environm ental reliabilit y tests described in Sect ions 5.2 

and 6.3, the fan m ust  dem onst rate adequate performance after 7,500 on/ off 

cycles with each cycle specified as 3 m inutes on, 2 m inutes off, at  a tem perature 

of 70 ° C. 

See the Fan Specificat ion for 4-wire PWM Cont rolled Fans for addit ional details on the 

fan specificat ion. 
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Ap p en d ix  G Mech an ica l  Dr aw in g s 

The following table lists the m echanical drawings included in this appendix. These 

drawings refer to the reference therm al m echanical enabling com ponents for the 

processor.  

Not e:  I ntel reserves the r ight  to m ake changes and m odificat ions to the design as 

necessary. 

 

Dr aw in g  Descr ip t ion  Pag e Nu m b er  

ATX/ µATX Motherboard Keep-out  Footpr int  Definit ion and Height  

Rest r ict ions for  Enabling Components -  Sheet  1 

110 

ATX/ µATX Motherboard Keep-out  Footpr int  Definit ion and Height  

Rest r ict ions for  Enabling Components -  Sheet  2 

111 

ATX/ µATX Motherboard Keep-out  Footpr int  Definit ion and Height  

Rest r ict ions for  Enabling Components -  Sheet  3 

112 

. BTX Thermal Module Keep Out  Volumetr ic – Sheet  1 113 

BTX Thermal Module Keep Out  Volumetr ic – Sheet  2 114 

. BTX Thermal Module Keep Out  Volumetr ic – Sheet  3 115 

BTX Thermal Module Keep Out  Volumetr ic – Sheet  4 116 

BTX Thermal Module Keep Out  Volumetr ic – Sheet  5 117 

ATX Reference Clip – Sheet  1 118 

ATX Reference Clip -  Sheet  2 119 

Reference Fastener -  Sheet  1 120 

Reference Fastener -  Sheet  2 121 

Reference Fastener -  Sheet  3  122 

Reference Fastener -  Sheet  4  123 

I ntel®  E18764-001 Reference Solut ion Assembly 124 
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Figu r e 7 - 4 0 . ATX/ µ ATX Mot h er boar d  Keep - ou t  Foo t p r in t  Def in i t i on  an d  Heigh t  Rest r i ct ion s f o r  En ab l in g  Com pon en t s -  Sh eet  1  
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LEGEND
SOCKET/THERMO/MECHANICAL COMPONENT KEEP-INS

10.0 MM MAX COMPONENT HEIGHT

2.5 MM MAX COMPONENT HEIGHT

6.0 MM MAX COMPONENT HEIGHT

25.0 MM MAX COMPONENT HEIGHT

1.8 MM MAX COMPONENT HEIGHT

BOARD ROUTING KEEP-OUT

SHEET 1 OF 3DO NOT SCALE DRAWINGSCALE: NONE

3C40819 D
REVDRAWING NUMBERCAGE CODESIZE

LGA775 microATX
COMPONENT KEEP-INS

TITLE

2200 MISSION COLLEGE BLVD.
P.O. BOX 58119
SANTA CLARA, CA 95052-8119

CORP.

RDEPARTMENT

N/A
FINISH:

N/A
MATERIAL:

DATEAPPROVED BY

DATEAPPROVED BY

DATECHECKED BY

DATEDESIGNED BY         UNLESS OTHERWISE SPECIFIED
     INTERPRET DIMENSIONS AND TOLERANCES 
     IN ACCORDANCE WITH ASME Y14.5M-1994
        DIMENSIONS ARE IN MILLIMETERS
 

THIRD ANGLE PROJECTION

    

REVISION HISTORY
ZONE REV DESCRIPTION DATE APPROVED

 

NOTES:
1. DIMENSIONS ARE IN MILLIMETERS.
2  GEOMETRIC CENTER OF CPU PACKAGE / SOCKET HOUSING CAVITY.

3. BOARD COMPONENET KEEP-INS AND MECHANICAL COMPONENET KEEP-OUTS 
   TO BE UTILIZED WITH SUFFICIENT ALLOWANCES FOR PLACEMENT AND SIZE TOLERANCES, 
   ASSEMBLY PROCESS ACCESS, AND DYNAMIC EXCURSIONS.
4. ASSUME SYMMETRY FOR UNDIMENSIONED CORNERS AND EDGES.

DETAIL A

BOARD PRIMARY SIDE

PACKAGE 
BOUNDARY

SOCKET BALL 1

SOCKET VOL
OUTLINE

SEE DETAIL A

SOCKET BALLS

PACKAGE LANDS

SOCKET BALL 1

SOCKET HOUSING
CAVITY

PACKAGE BOUNDARY

PIN 1
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Figu r e 7 - 4 1 . ATX/ µ ATX Mot h er boar d  Keep - ou t  Foo t p r in t  Def in i t i on  an d  Heigh t  Rest r i ct ion s f o r  En ab l in g  Com pon en t s -  Sh eet  2  
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THIS DRAWING CONTAINS INTEL CORPORAT ION CONFIDENTIAL INFORMATION. IT IS DISCLOSED IN CONFIDENCE AND ITS CONT ENTS
MAY NOT BE DISCLOSED, REPRODUCED, DI SPLAYED OR MODIFIED, WITHOUT THE PRI OR WRITTEN CONSENT OF INTEL CORPORAT ION.

4X 6.00 4X 10.00

LEGEND
COMPONENT KEEP-OUT

ROUTING KEEP-OUT

SHEET 2 OF 3DO NOT SCALE DRAWINGSCALE: NONE

2200 MISSION COLLEGE BLVD.
P.O. BOX 58119
SANTA CLARA, CA 95052-8119

CORP.

R

TMD
3C40819 D

REVDRAWING NUMBERCAGE CODESIZEDEPARTMENT

C40819 2 3
DWG. NO SHT. REV

SOCKET BALL 1

COMPONENT VOLUMETRIC
KEEP-INS

ROUTING KEEP-OUTS

SOCKET & PROCESSOR
VOLUMETRIC KEEP-IN OUTLINE

BOARD SECONDARY SIDE

SOCKET BALL 1
(FAR SIDE)

SOCKET & PROCESSOR
VOLUMETRIC KEEP-IN
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Figu r e 7 - 4 2 . ATX/ µ ATX Mot h er boar d  Keep - ou t  Foo t p r in t  Def in i t i on  an d  Heigh t  Rest r i ct ion s f o r  En ab l in g  Com pon en t s -  Sh eet  3  
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A

A

5.80

5.80

3.00

2.75

3.80

30.00

R49.44

R33.29

 28.15

27.25

3.00

19.25

37.00

29.00

32.85

24.50

49.00

2X
45  X 3.00

45  X 3.50

2.50

3.00

14.10

14.60

6.60

6.60

3.80

120.0

1.00

( )37.60

( )37.60

( )16.87

( )16.00

( )46.11

( )55.58
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2200 MISSION COLLEGE BLVD.
P.O. BOX 58119
SANTA CLARA, CA 95052-8119

CORP.

R

TMD
3C40819 D

REVDRAWING NUMBERCAGE CODESIZEDEPARTMENT

C40819 3 3
DWG. NO SHT. REV

LEVER MOTION SPACE
REQUIRED TO RELEASE

SOCKET LOAD PLATE

NOTES:
1  SOCKET CENTER PLANES ARE REFERENCED FROM GEOMETRIC

   CENTER OF SOCKET HOUSING CAVITY FOR CPU PACKAGE (ALIGNES
   WITH DATUM REFERENCE GIVEN FOR BOARD COMPONENT KEEP-INS).
2  SOCKET KEEP-IN VOLUME VERTICAL HEIGHT ESTABLISHES LIMIT OF SOCKET

   AND CPU PACKAGE ASSEMBLY IN THE SOCKET LOCKED DOWN POSITION.
   IT ENCOMPASSES SOCKET AND CPU PACKAGE DIMENSIONAL TOLERANCES
   AND DEFLECTION / SHAPE CHANGES DUE TO DSL LOAD. 
3. SOCKET KEEP-IN VOLUME ENCOMPASS THE SOCKET NOMINAL VOLUME
    AND ALLOWANCES FOR SIZE TOLERANCES.  THERMAL/MECHANICAL COMPONENT
   DEVELOPERS SHALL DESIGN TO THE OUTSIDE OF SOCKET KEEP IN VOLUME WITH
   CLEARANCE MARGINS.  SOCKET DEVELOPERS SHALL DESIGN TO THE INSIDE VOLUME.

SOCKET & PROCESSOR VOLUMETRIC KEEP-IN

TOP SIDE VIEW
BOTTOM SIDE VIEW

1 SOCKET HOUSING 1
CAVITY (CPU PACKAGE)

SOCKET BALL 1

LEVER MOTION SPACE
REQUIRED TO RELEASE

SOCKET LOAD PLACE
(FARSIDE)

SECTION  A-A
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Figu r e 7 - 4 3 . BTX Th er m al  Modu le Keep  Ou t  Vo lu m et r i c –  Sh eet  1  
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Figu r e 7 - 4 4 . BTX Th er m al  Modu le Keep  Ou t  Vo lu m et r i c –  Sh eet  2  
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Figu r e 7 - 4 5 . BTX Th er m al  Modu le Keep  Ou t  Vo lu m et r i c –  Sh eet  3  
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Figu r e 7 - 4 6 . BTX Th er m al  Modu le Keep  Ou t  Vo lu m et r i c –  Sh eet  4  
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Figu r e 7 - 4 7 . BTX Th er m al  Modu le Keep  Ou t  Vo lu m et r i c –  Sh eet  5  
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Figu r e 7 - 4 8 . ATX Ref er en ce Cl ip  –  Sh eet  1  
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SQ 53.5 0.2
2.106 .007[ ]

94.62
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C85609 1 BDWG. NO SHT. REV

DEPARTMENT R
 
CORP.

2200 MISSION COLLEGE BLVD.
P.O. BOX 58119
SANTA CLARA, CA 95052-8119TMD

 TITLE

RCFH4 HS CLIP, 35mm core

SIZE  DRAWING NUMBER REV

A1 C85609 B
SCALE: NONE DO NOT SCALE DRAWING SHEET 1  OF 2

UNLESS OTHERWISE SPECIFIED
INTERPRET DIMENSIONS AND TOLERANCES
IN ACCORDANCE WITH ASME Y14.5M-1994

DIMENSIONS ARE IN MILLIMETERS
ALL UNTOLERANCED LINEAR

DIMENSIONS ± 0.1
ANGLES ± 0.5

THIRD ANGLE PROJECTION

    

PARTS LIST

DESCRIPTIONPART NUMBERITEM NOQTY

CLIP, STEEL, STAMPEDC85609-001TOP

0.5 [.019] A B

7

7

0.5 [.019] A B

 
 NOTES:
 
1. THIS DRAWING TO BE USED IN CONJUNTION WITH SUPPLIED 3D
   DATABASE FILE. ALL DIMENSIONS AND TOLERANCES ON THIS
   DRAWING TAKE PRECEDENCE OVER SUPPLIED FILE AND ARE 
   APPLICABLE AT PART FREE, UNCONSTRAINED STATE UNLESS
   INDICATED OTHERWISE.
2. MATERIAL: 
     A) TYPE: AISI 1065 COLD DRAWN STEEL OR EQUIVALENT
        1.6MM THICKNESS 
     B) CRITICAL MECHANICAL MATERIAL PROPERTIES
        FOR EQUIVALENT MATERIAL SELECTION:
        ELASTIC MODULUS > 206.8 GPA [29,900 KSI]
        MIN TENSILE YIELD STRENGTH (ASTM D638) >  490 MPa [71KSI]
     C) MASS - 35.4 GRAMS (REF)  
3. SECONDARY OPERATIONS:
     A) FINISH: NICKEL PLATE REQUIRED AFTER FORMING
4. ALL DIMENSIONS AND TOLERANCES ARE SHOWN AFTER PLATING
5  PUNCH DIRECTION

6. BREAK ALL SHARP CORNERS AND BURRS
7  CRITICAL TO FUNCTION DIMENSION

8  COINING REQUIRED AS SPECIFIED
9. SECONDARY UNIT TOLERANCES SHOULD BE CALCULATED FROM PRIMARY
   UNITS TO AVOID ROUND OFF ERROR.5

7

REMOVE ALL BURRS OR SHARP EDGES AROUND PERIMETER OF PART.
SHARPNESS OF EDGES SUBJECT TO HANDLING ARE REQUIRED TO 
MEET THE UL1439 TEST. 

PERMANENTLY MARK PART
NUMBER AND REVISION LEVEL 
APPROXIMATELY WHERE SHOWN
XXXXXX-XXX REV XX

SEE DETAIL  A

SECTION  A-A

SEE DETAIL  C

SEE DETAIL  B

SEE DETAIL  A

SEE DETAIL  C

SEE DETAIL  B

D

D
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Figu r e 7 - 4 9 . ATX Ref er en ce Cl ip  -  Sh eet  2  
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CORP.
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SIZE  DRAWING NUMBER REV

A1 C85609 0
SCALE: 1 DO NOT SCALE DRAWING SHEET 2  OF 2

DETAIL  A
SCALE  10
TYPICAL 4 PLACES

0.1 [.003] A B

0.2 [.007] A B

DETAIL  C
SCALE  10
TYP 4 PLACES

DETAIL  B
SCALE  20

THIS POINT CORRESPONDS TO THE 39.6
DIMENSION ON SHEET 1 ZONE A7

0.4 [.015] A B
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SECTION  D-D
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Figu r e 7 - 5 0 . Ref er en ce Fast en er  -  Sh eet  1  
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Figu r e 7 - 5 1 . Ref er en ce Fast en er  -  Sh eet  2  
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Figu r e 7 - 5 2 . Ref er en ce Fast en er  -  Sh eet  3  
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Figu r e 7 - 5 3 . Ref er en ce Fast en er  -  Sh eet  4  
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Figu r e 7 - 5 4 . I n t e l ®  E1 8 7 6 4 - 0 0 1  Ref er en ce So lu t ion  Assem b ly   
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Ap p en d ix  H  I n t e l ®  En ab led  Ref er en ce 

So lu t ion  I n f o r m at ion  

This appendix includes supplier inform at ion for I ntel enabled vendors for E18764-001 

reference design and BTX reference design. The reference com ponent  designs are 

available for adopt ion by suppliers and heatsink integrators pending com plet ion of 

appropriate licensing cont racts. For m ore inform at ion on licensing, contact  the I ntel 

representat ive m ent ioned in Table 7–4. 

Tab le 7 – 4 . I n t e l ®  Rep r esen t at i v e Con t act  f o r  Li cen sin g  I n f o r m at i on  o f  BTX Ref er en ce 

Design  

Com p an y  Con t act  Ph on e Em ai l  

I ntel Corporat ion Tony De Leon (253)  371-9339 Tony.deleon@intel.com 

The following tables list  suppliers that  produce I ntel enabled reference com ponents. 

The part  num bers listed below ident ifies these reference com ponents. End-users are 

responsible for the verificat ion of the I ntel enabled com ponent  offer ings with the 

supplier. OEMs and System  Integrators are responsible for therm al, m echanical, and 

environm ental validat ion of these solut ions. 

Tab le 7 – 5 . E1 8 7 6 4 - 0 0 1  Ref er en ce Th er m al  So lu t ion  Pr ov ider s 

Su p p l ier  
Par t  

Descr ip t ion  
Su p p l ier   

P/ N 
Con t act  Ph on e Em ai l  

Foxconn*  

I ntel E18764-

001 Reference 

Solut ion 

1A0127K00

-T 

Jack Chen 

 

Wanchi 

Chen 

408-919-1121 

 

408-919-6135 

Jack.Chen@Foxconn.com   

 

Wanchi.Chen@Foxconn
.com   

Fuj ikura*  

I ntel E18764-

001 Reference 

Solut ion 

RPG-7029 
Yuj i 

Yasuda 
408-988-7478 yuj i@fuj ikura.com  

Nidec*  

I ntel E18764-

001 Reference 

Solut ion 

F09A-

12BS201AC

2H3(CX) 

Motokazu 

Nishimura 

 

Kar l 

Mat tson 

+ 81-75-935-

6480 

 

360-666-2445 

MOTOKAZU_NI SHI MURA

@notes.nidec.co.jp  

 

Kar l.Mat tson@Nidec.com  

Foxconn*  Fastener 

Base:  

C33389 

Cap:  

C33390 

Wanchi 

Chen 
408-919-6135 

Wanchi.Chen@Foxconn.co

m  

I TW 

Fastex*  
Fastener 

Base:  

C33389 

Cap:  

C33390 

Roger 

Knell 

773-  307-

9035 
rknell@itwfastex.com 

mailto:Tony.deleon@intel.com�
mailto:Jack.Chen@Foxconn.com�
mailto:Wanchi.Chen@Foxconn.com�
mailto:Wanchi.Chen@Foxconn.com�
mailto:yuji@fujikura.com�
mailto:MOTOKAZU_NISHIMURA@notes.nidec.co.jp�
mailto:MOTOKAZU_NISHIMURA@notes.nidec.co.jp�
mailto:Karl.Mattson@Nidec.com�
mailto:Wanchi.Chen@Foxconn.com�
mailto:Wanchi.Chen@Foxconn.com�
mailto:rknell@itwfastex.com�
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Not e:  These vendors and devices are listed by I ntel as a convenience to I ntel's general 

custom er base, but  I ntel does not  m ake any representat ions or warrant ies whatsoever 

regarding qualit y, reliability, funct ionalit y, or com pat ibilit y of these devices. This list  

and/ or these devices m ay be subject  to change without  not ice. 

Tab le 7 – 6 . BTX Ref er en ce Th er m al  So lu t ion  Pr ov ider s 

Su p p l ier  Par t  Descr ip t ion  
Par t  

Nu m b er  
Con t act  Ph on e No t es 

Mitac I nternat ional 

Corp 

Support and 

Retent ion Module 
_ Michael Tsai  

886-3-328-

9000 Ext .6545 
1 

AVC*  

(ASI A Vital 

Components Co., Ltd)  

Type I  Thermal 

Module Fan 

Assembly 

2004 

DB09238B

120084 
David Chao 

+ 886-2-

22996930 

Extension:  619 

2 

AVC*  

(ASI A Vital 

Components Co., Ltd)  

Type I I  Thermal 

Module Fan 

Assembly 

2004 

DB07038B

12UP001 
David Chao 

+ 886-2-

22996930 

Extension:  619 

3 

TBD 

Type I I  Thermal 

Module Fan 

Assembly 

65W 2006  

TBD TBD TBD 4 

CCI  

(Chaun-Choung 

Technology Corp.)  

Ext rusion TBD 

Harry Lin 

 

Monica Chih 

714-739-5797 

+ 886-2-

29952666 

Extension 131 

 

AVC 

(ASI A Vital 

Components Co., Ltd)  

Fan and Duct  TBD David Chao 

+ 886-2-

22996930 

Extension:  619 

 

NOTES:   

1. Part  numbers were not  available at  the t ime of release of this document . Contact  the 

company for part  number ident if icat ion pr ior  to the next revision of this document .  

2. The user should note that  for  the 2004 Type I  I ntel reference Thermal Module 

Assembly:  also meets 2005 Performance (130W) and Mainst ream (84W) as well as the 

2004 Performance (115W).  

3. The user should note that  for  the 2004 Type I I  I ntel reference Thermal Module 

Assembly:  meets the requirements for 115W 2004 Performance 775_VR_CONFI G_04 

and 95W 2005 Mainst ream 775_VR_CONFI G_05. 

4. The Type I I  TMA designed for 65W 2006 FMB has been opt im ized for acoust ics and 

cost . I t  is not  interchangeable with the 95W Type I I  reference design. 

Not e:  These vendors/ devices are listed by I ntel as a convenience to I ntel's general custom er 

base, but  I ntel does not  m ake any representat ions or warrant ies whatsoever regarding 

qualit y, reliabilit y, funct ionalit y, or com pat ibilit y of these devices. This list  and/ or 

these devices m ay be subject  to change without  not ice. 
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