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HiTherm Thermal Resistance vs. Pressure

Recently, GRAFTECH teamed with a leading manufacturer of high-end servers to measure the specific thermal resistance of HiTherm Thermal Interface versus pressure.  The results of those efforts are displayed on the graph below.   

Testing parameters:
· Test range:  



5 psi to 150 psi

· Out of Flatness of test blocks:  
1 micron  (<1 mil out of flat)
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data summary

		

				Testing		Out of		Test		Interface		Interface		Intel		Predicted		Thermal

				Location		Flatness		Pressure		Thermal		Thermal		Additional		Intel		Conductivity

						microns		psi		Resistance		Resistance		Resistances		Performance		W/mK

										Ccm2/W		Cin2/W		Ccm2/W

										1205																Hitherm

				IBM		2		32.4		0.6603		0.102		0.12		0.780		1.92		8.00		46.7		48.5		0.3018

				IBM		2		58.6		0.4993		0.077		0.12		0.619		2.54		10.00		58.3		47.5		0.2956

				IBM		2		111.699		0.3746		0.058		0.12		0.495		3.39		14.50		84.6		34		0.2116

				IBM		2		186.2		0.3034		0.047		0.12		0.423		4.19		22.00		128.3		27.5		0.1711

				IBM		2		255.1		0.2641		0.041		0.12		0.384		4.81		29.50		172.0		27		0.1680

				IBM		2		337.2		0.2015		0.031		0.12		0.322		6.30		39.00		227.4		15.5		0.0964

				IBM		2		496.4		0.1460		0.023		0.12		0.266		8.70		57.00		332.4		12.5		0.0778

				IBM		2		664.7		0.1099		0.017		0.12		0.230		11.56		70.00		408.2		10		0.0622

				IBM		2		857.7		0.1120		0.017		0.12		0.232		11.34		83.00		484.0		13		0.0809

				IBM		2		1036.3185		0.1015		0.016		0.12		0.222		12.51		94.00		548.2		12		0.0747

																				117.50		685.2		12		0.0747

										0.065		0.01						19.69		156.00		909.7		10		0.0622

																				180.00		1049.7		8.5		0.0529

				Graftech		~ 125		70		0.484		0.075		0.12		0.604		2.62

				Graftech		~ 125		400		0.148		0.023		0.12		0.268		8.56

				Intel Target		?		?		0.28						0.04

								Pressure				Thermal Interface Resistance (20 microns)		Intel System Resistance (20 microns)		Thermal Interface Resistance (125 microns)		Intel System Resistance (125 microns)

								4.7				0.6603		0.780

								8.5				0.4993		0.619

								16.2				0.3746		0.495

								27				0.3034		0.423

								37				0.2641		0.384

								48.9				0.2015		0.322

								72				0.1460		0.266

								96.4				0.1099		0.230

								124.4				0.1120		0.232

								150.3				0.1015		0.222

								70								0.484		0.604

								400								0.148		0.268





Ct IBM Data 1205 Only

		4.7

		8.5

		16.2

		27

		37

		48.9

		72

		96.4

		124.4

		150.3



Out of Flatness = 1 micron

Interface Pressure psi

Thermal Resistance cm2C/W

Variation of Thermal Resistance with Interface Pressure

0.6603

0.4993

0.3746

0.3034

0.2641

0.2015

0.146

0.1099

0.112

0.1015



Ct IBM Data  Hitherm only

		46.6527363184

		58.315920398

		84.5580845771

		128.2950248756

		172.0319651741

		227.4320895522

		332.4007462687

		408.2114427861

		484.0221393035

		548.1696517413

		685.2120646766

		909.728358209

		1049.6865671642



Out of Flatness = 1 micron

Hitherm

Interface Pressure psi

Thermal Resistance cm2C/W

Variation of Thermal Resistance with Interface Pressure

0.3017777778

0.2955555556

0.2115555556

0.1711111111

0.168

0.0964444444

0.0777777778

0.0622222222

0.0808888889

0.0746666667

0.0746666667

0.0622222222

0.0528888889



Ct IBM Data  1205 +  Hitherm

		32.4065				46.6527363184

		58.6075				58.315920398

		111.699				84.5580845771

		186.165				128.2950248756

		255.115				172.0319651741

		337.1655				227.4320895522

		496.44				332.4007462687

		664.678				408.2114427861

		857.738				484.0221393035

		1036.3185				548.1696517413

						685.2120646766

						909.728358209

						1049.6865671642



1205

Hitherm

Interface Pressure (kPa)

Thermal Resistance (cm2-C/W)

Variation of Thermal Resistance with Interface Pressure

0.6603

0.3017777778

0.4993

0.2955555556

0.3746

0.2115555556

0.3034

0.1711111111

0.2641

0.168

0.2015

0.0964444444

0.146

0.0777777778

0.1099

0.0622222222

0.112

0.0808888889

0.1015

0.0746666667

0.0746666667

0.0622222222

0.0528888889



Ct IBM Data inc Intel  

		32.4065				70

		58.6075

		111.699

		186.165

		255.115

		337.1655

		496.44

		664.678

		857.738

		1036.3185



Intel TIM Mean + 3sigma target = 0.28cm2C/W

Out of Flatness = 2 microns

Thermal Resistance Contribution

Out of Flatness ~ 125 micron

Interface Pressure psi

Interface Resistance cm2C/W

Variation of 1205 Interface Resistance with Interface Pressure

0.6603

0.48387

0.4993

0.3746

0.3034

0.2641

0.2015

0.146

0.1099

0.112

0.1015



Ct IBM Data  inc Intel System

		4.7		4.7

		8.5		8.5

		16.2		16.2

		27		27

		37		37

		48.9		48.9

		72		72

		96.4		96.4

		124.4		124.4

		150.3		150.3



Intel TIM Mean + 3sigma target = 0.28cm2C/W

Out of Flatness = 20 microns

Note - these are single datapoints and not + 3 sigma

Intel System Mean + 3sigma target = 0.40cm2C/W

Thermal Interface Resistance (20 microns)

Intel System Resistance (20 microns)

Interface Pressure psi

Thermal Resistance cm2C/W

Variation of 1205 Thermal Resistance with Interface Pressure

0.6603

0.7803

0.4993

0.6193

0.3746

0.4946

0.3034

0.4234

0.2641

0.3841

0.2015

0.3215

0.146

0.266

0.1099

0.2299

0.112

0.232

0.1015

0.2215



Ct IBM + Graf Data  inc Intel

		4.7		4.7						4.7		4.7

		8.5		8.5						8.5		8.5

		16.2		16.2						16.2		16.2

		27		27						27		27

		37		37						37		37

		48.9		48.9						48.9		48.9

		72		72						72		72

		96.4		96.4						96.4		96.4

		124.4		124.4						124.4		124.4

		150.3		150.3						150.3		150.3

										70		70

										400		400



Intel TIM Mean + 3sigma target = 0.28cm2C/W

Note - these are single datapoints and not + 3 sigma

Intel System Mean  + 3sigma target = 0.40cm2C/W

Marti's Data ~ 125 micron flatness

Thermal Interface Resistance (20 microns)

Intel System Resistance (20 microns)

Thermal Interface Resistance (125 microns)

Intel System Resistance (125 microns)

Interface Pressure psi

Thermal Resistance cm2C/W

Variation of 1205 Thermal Resistance with Interface Pressure

0.6603

0.7803

0.4993

0.6193

0.3746

0.4946

0.3034

0.4234

0.2641

0.3841

0.2015

0.3215

0.146

0.266

0.1099

0.2299

0.112

0.232

0.1015

0.2215

0.48387

0.60387

0.1483868

0.2683868




