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The factor in the resistance which takes into account the nature of the material is the resistivity.
Resistivity is the

« resistance of a unit cube of the material measured between the opposite faces of the cube

Material w% K gzr;fi:::\utr;) W\L
(ohm m) (per degree C, 1/°C) (1/0m)
Aluminum 2.65 x 108 3.8x10°3 3.77 x 107
Animal fat 14 x 1072
Animal muscle 0.35
Antimony 41.8 x 1078
Barium (0°C) 302x108
Beryllium 4.0x 108
Bismuth 115 x 10°8
Brass - 58% Cu 5.9x 108 1.5x 103
Brass - 63% Cu 71x10°8 15x10°3
Cadmium 7.4x10°8
Caesium (0°C) 18.8x 1078
Calcium (0°C) 3.11x108
Carbon (graphite)l) 3-60x107° -48x10%
Cast iron 100 x 1078
Cerium (0°C) 73x10°8
Chromel (alloy of chromium and aluminum) 0.58 x 1073
Chromium 13 x 10-8
Cobalt 9x108
Constantan 49 x 1078 3x10°° 0.20 x 107
Copper 1.724 x 108 429 x 1073 5.95 x 107
Dysprosium (0°C) 89 x 1078
Erbium (0°C) 81 x108
Eureka 0.1x1073
Europium (0°C) 89 x 1078
Gadolium 126 x 108
Gallium (1.1K) 13.6 x 108
Germanium?) 1-500x1073 -50 x 103
Glass 1 - 10000 x 109 1012
Gold 2.24 x 108
Graphite 800 x 1078 -2.0x 107
Hafnium (0.35K) 30.4 x 108
Holmium (0°C) 90 x 108
Indium (3.35K) 8x10°8
Iridium 53x10°8
Iron 9.71 x 108 6.41 x 103 1.03 x 107
Lanthanum (4.71K) 54 x 10-8
Lead 206 x108 0.45 x 107
Lithium 9.28 x 1078

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



http://www.engineeringtoolbox.com/
https://www.google.com/url?ct=abg&q=https://www.google.com/adsense/support/bin/request.py%3Fcontact%3Dabg_afc%26url%3Dhttp://www.engineeringtoolbox.com/resistivity-conductivity-d_418.html%26gl%3DUS%26hl%3Den%26client%3Dca-pub-3176996020956223%26ai0%3D&usg=AFQjCNFpqgTjJpDtd5FRDrIHR4u-i8prBw
https://googleads.g.doubleclick.net/pagead/ads?client=ca-pub-3176996020956223&output=html&h=15&slotname=1355130853&adk=4042787066&w=728&lmt=1439378152&ea=0&flash=13.0.0.289&url=http%3A%2F%2Fwww.engineeringtoolbox.com%2Fresistivity-conductivity-d_418.html&dt=1439409177467&bpp=6&bdt=225&shv=r20150806&cbv=r20150720&saldr=sa&correlator=6962692131482&frm=20&ga_vid=*&ga_sid=*&ga_hid=*&ga_fc=1&u_tz=-300&u_his=1&u_java=1&u_h=982&u_w=1745&u_ah=938&u_aw=1745&u_cd=24&u_nplug=0&u_nmime=0&dff=times%20new%20roman&dfs=14&biw=1726&bih=794&eid=575144605%2C317150304&rx=0&eae=4&fc=24&plat=1%3A13%2C8%3A12%2C9%3A12%2C16%3A32%2C17%3A32&brdim=0%2C145%2C-8%2C-8%2C1745%2C%2C1762%2C955%2C1745%2C794&vis=1&rsz=o%7Co%7C%7C&abl=NS&ppjl=t&pfx=0&srr=1&fu=16&bc=1&ifi=1&dtd=266&rl_rc=true&adsense_enabled=true&ad_type=text&oe=utf8&height=15&width=728&format=fpkc_al_lp&prev_fmts=728x15_0ads_al&kw_type=radlink&hl=en&kw0=Temperature&kw1=Water+Resistivity&kw2=Resistivity+Meter&kw3=Heat+Conductivity&okw=Temperature&rt=ChBVy6QZAA4xeQppi0N1AnIlEgtUZW1wZXJhdHVyZRoIwXSgQx9gJAooAVITCI-I7IWppMcCFUOraQodZlcLUg
https://googleads.g.doubleclick.net/pagead/ads?client=ca-pub-3176996020956223&output=html&h=15&slotname=1355130853&adk=4042787066&w=728&lmt=1439378152&ea=0&flash=13.0.0.289&url=http%3A%2F%2Fwww.engineeringtoolbox.com%2Fresistivity-conductivity-d_418.html&dt=1439409177467&bpp=6&bdt=225&shv=r20150806&cbv=r20150720&saldr=sa&correlator=6962692131482&frm=20&ga_vid=*&ga_sid=*&ga_hid=*&ga_fc=1&u_tz=-300&u_his=1&u_java=1&u_h=982&u_w=1745&u_ah=938&u_aw=1745&u_cd=24&u_nplug=0&u_nmime=0&dff=times%20new%20roman&dfs=14&biw=1726&bih=794&eid=575144605%2C317150304&rx=0&eae=4&fc=24&plat=1%3A13%2C8%3A12%2C9%3A12%2C16%3A32%2C17%3A32&brdim=0%2C145%2C-8%2C-8%2C1745%2C%2C1762%2C955%2C1745%2C794&vis=1&rsz=o%7Co%7C%7C&abl=NS&ppjl=t&pfx=0&srr=1&fu=16&bc=1&ifi=1&dtd=266&rl_rc=true&adsense_enabled=true&ad_type=text&oe=utf8&height=15&width=728&format=fpkc_al_lp&prev_fmts=728x15_0ads_al&kw_type=radlink&hl=en&kw0=Temperature&kw1=Water+Resistivity&kw2=Resistivity+Meter&kw3=Heat+Conductivity&okw=Water+Resistivity&rt=ChBVy6QZAA4xgwppi0N1AnIlEhFXYXRlciBSZXNpc3Rpdml0eRoId_HUMyDvj7woAVITCI-I7IWppMcCFUOraQodZlcLUg
https://googleads.g.doubleclick.net/pagead/ads?client=ca-pub-3176996020956223&output=html&h=15&slotname=1355130853&adk=4042787066&w=728&lmt=1439378152&ea=0&flash=13.0.0.289&url=http%3A%2F%2Fwww.engineeringtoolbox.com%2Fresistivity-conductivity-d_418.html&dt=1439409177467&bpp=6&bdt=225&shv=r20150806&cbv=r20150720&saldr=sa&correlator=6962692131482&frm=20&ga_vid=*&ga_sid=*&ga_hid=*&ga_fc=1&u_tz=-300&u_his=1&u_java=1&u_h=982&u_w=1745&u_ah=938&u_aw=1745&u_cd=24&u_nplug=0&u_nmime=0&dff=times%20new%20roman&dfs=14&biw=1726&bih=794&eid=575144605%2C317150304&rx=0&eae=4&fc=24&plat=1%3A13%2C8%3A12%2C9%3A12%2C16%3A32%2C17%3A32&brdim=0%2C145%2C-8%2C-8%2C1745%2C%2C1762%2C955%2C1745%2C794&vis=1&rsz=o%7Co%7C%7C&abl=NS&ppjl=t&pfx=0&srr=1&fu=16&bc=1&ifi=1&dtd=266&rl_rc=true&adsense_enabled=true&ad_type=text&oe=utf8&height=15&width=728&format=fpkc_al_lp&prev_fmts=728x15_0ads_al&kw_type=radlink&hl=en&kw0=Temperature&kw1=Water+Resistivity&kw2=Resistivity+Meter&kw3=Heat+Conductivity&okw=Resistivity+Meter&rt=ChBVy6QZAA4xhQppi0N1AnIlEhFSZXNpc3Rpdml0eSBNZXRlchoIFEiFcfQO63UoAVITCI-I7IWppMcCFUOraQodZlcLUg
https://googleads.g.doubleclick.net/pagead/ads?client=ca-pub-3176996020956223&output=html&h=15&slotname=1355130853&adk=4042787066&w=728&lmt=1439378152&ea=0&flash=13.0.0.289&url=http%3A%2F%2Fwww.engineeringtoolbox.com%2Fresistivity-conductivity-d_418.html&dt=1439409177467&bpp=6&bdt=225&shv=r20150806&cbv=r20150720&saldr=sa&correlator=6962692131482&frm=20&ga_vid=*&ga_sid=*&ga_hid=*&ga_fc=1&u_tz=-300&u_his=1&u_java=1&u_h=982&u_w=1745&u_ah=938&u_aw=1745&u_cd=24&u_nplug=0&u_nmime=0&dff=times%20new%20roman&dfs=14&biw=1726&bih=794&eid=575144605%2C317150304&rx=0&eae=4&fc=24&plat=1%3A13%2C8%3A12%2C9%3A12%2C16%3A32%2C17%3A32&brdim=0%2C145%2C-8%2C-8%2C1745%2C%2C1762%2C955%2C1745%2C794&vis=1&rsz=o%7Co%7C%7C&abl=NS&ppjl=t&pfx=0&srr=1&fu=16&bc=1&ifi=1&dtd=266&rl_rc=true&adsense_enabled=true&ad_type=text&oe=utf8&height=15&width=728&format=fpkc_al_lp&prev_fmts=728x15_0ads_al&kw_type=radlink&hl=en&kw0=Temperature&kw1=Water+Resistivity&kw2=Resistivity+Meter&kw3=Heat+Conductivity&okw=Heat+Conductivity&rt=ChBVy6QZAA4xhwppi0N1AnIlEhFIZWF0IENvbmR1Y3Rpdml0eRoIjjswPlRUvwQoAVITCI-I7IWppMcCFUOraQodZlcLUg
https://googleads.g.doubleclick.net/aclk?sa=l&ai=CUb-NGqTLVeG_FcmopgPi0oTYDPvvjtAGt-yy3QPAjbcBEAEgg8P1AWDJ1uWM5KTwE6ABqZav_wPIAQGoAwHIA8MEqgS9AU_QWm4jwbufv8TJHN-YhH-mORuoaonoMn0N65ojIbt4-PVAgIO51BCNoAfXi-V8PhxNKsahura3DYAm2TgKiaR9G63p0bT6cNF9nNHqYiVXq2QkOkiZiwP_d-j3C76hmXCZs57MXirdprQ71_JU5ecX85wo2MgzorHSVmRTsv-OEFXJNw6odj1dnN9YQHc2pd-sJe-wcbQjYmsCd6KHS5_Xu2HiO9Qet-lMJbDJ08p4FI9hb5_Q3XfWzK8PIoAHv-lQqAemvhvYBwE&num=1&sig=AOD64_3P927t_DxDOsV0kiRP5OaI2ihnGg&client=ca-pub-3176996020956223&adurl=http://www.omnicontrols.com/Landing_Jenway.aspx
https://googleads.g.doubleclick.net/aclk?sa=l&ai=CUb-NGqTLVeG_FcmopgPi0oTYDPvvjtAGt-yy3QPAjbcBEAEgg8P1AWDJ1uWM5KTwE6ABqZav_wPIAQGoAwHIA8MEqgS9AU_QWm4jwbufv8TJHN-YhH-mORuoaonoMn0N65ojIbt4-PVAgIO51BCNoAfXi-V8PhxNKsahura3DYAm2TgKiaR9G63p0bT6cNF9nNHqYiVXq2QkOkiZiwP_d-j3C76hmXCZs57MXirdprQ71_JU5ecX85wo2MgzorHSVmRTsv-OEFXJNw6odj1dnN9YQHc2pd-sJe-wcbQjYmsCd6KHS5_Xu2HiO9Qet-lMJbDJ08p4FI9hb5_Q3XfWzK8PIoAHv-lQqAemvhvYBwE&num=1&sig=AOD64_3P927t_DxDOsV0kiRP5OaI2ihnGg&client=ca-pub-3176996020956223&adurl=http://www.omnicontrols.com/Landing_Jenway.aspx
https://googleads.g.doubleclick.net/aclk?sa=l&ai=CUb-NGqTLVeG_FcmopgPi0oTYDPvvjtAGt-yy3QPAjbcBEAEgg8P1AWDJ1uWM5KTwE6ABqZav_wPIAQGoAwHIA8MEqgS9AU_QWm4jwbufv8TJHN-YhH-mORuoaonoMn0N65ojIbt4-PVAgIO51BCNoAfXi-V8PhxNKsahura3DYAm2TgKiaR9G63p0bT6cNF9nNHqYiVXq2QkOkiZiwP_d-j3C76hmXCZs57MXirdprQ71_JU5ecX85wo2MgzorHSVmRTsv-OEFXJNw6odj1dnN9YQHc2pd-sJe-wcbQjYmsCd6KHS5_Xu2HiO9Qet-lMJbDJ08p4FI9hb5_Q3XfWzK8PIoAHv-lQqAemvhvYBwE&num=1&sig=AOD64_3P927t_DxDOsV0kiRP5OaI2ihnGg&client=ca-pub-3176996020956223&adurl=http://www.omnicontrols.com/Landing_Jenway.aspx
aboals
Typewritten Text
   MIT EXHIBIT 2024
   Micron v. MIT
   IPR2015-01087

aboals
Rectangle

https://www.docketalarm.com/

Resistivity, Conductivity and Temperature Coefficients for some Common Materials

Magnesium 4.45x 1078
Manganese 185 x 108 1.0x 1075
Mercury 98.4 x 108 8.9x10°3 0.10 x 107
Mica 1x1013
Mild steel 15 x 1078 6.6 x 1073
Molybdenum 5.2x 108
Neodymium 61 x 108
Nichrome (alloy of nickel and chromium) 100 - 150 x 1078 0.40 x 103
Nickel 6.85 x 1078 6.41 x 1073
Nickeline 50 x 1078 2.3x10
Niobium (Columbium) 13 x 108
Osmium 9x108
Palladium 105 x 1078
Phosphorus 1x1012
Platinum 10.5 x 1078 3.93x 103 0.943 x 107
Plutonium 141.4 x 10°8
Polonium 40 x 1078
Potassium 7.01x108
Praseodymium 65 x 108
Promethium 50 x 1078
Protactinium (1.4K) 17.7x 1078
Quartz (fused) 7.5x 1017
Rhenium (1.7K) 17.2x 1078
Rhodium 46x108
Rubber - hard 1-100x 1013
Rubidium 115 x 108
Ruthenium (0.49K) 115 x 108
Samarium 91.4 x 108
Scandium 50.5 x 108
Selenium 12.0 x 108
silicon) 0.1-60 -70 x 1078
Silver 1.59 x 1078 6.1x10°3 6.29 x 107
Sodium 42x108
Soil, typical ground 102 - 10
Solder 15 x 1078
Stainless steel 10°
Strontium 12.3x10°8
Sulfur 1x10%7
Tantalum 12.4x 108
Terbium 113x10°8
Thallium (2.37K) 15 x 108
Thorium 18 x 1078
Thulium 67 x 108
Tin 11.0 x 108 42x1073
Titanium 43 x 108
Tungsten 5.65 x 108 45x103 1.79 x 107
Uranium 30 x 1078
Vanadium 25 x 1078
Water, distilled 10
Water, fresh 102
Water, salt 4
Ytterbium 27.7x108
Yttrium 55 x 108
Zinc 5.92 x 108 3.7x10°%
Zirconium (0.55K) 38.8x 1078

1 Note! - the resistivity depends strongly on the presence of impurities in the material.

2) Note! - the resistivity depends strongly on the temperature of the material. The table above is based on 20°C reference.

The electrical resistance of a wire is greater for a longer wire and less for a wire of larger cross sectional area. The resistance depend on the material of which it is made and can be expressed as:
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Resistivity, Conductivity and Temperature Coefficients for some Common Materials

R = resistance (ohm, Q)

p = resistivity coefficient (ohm m, Q m)
= length of wire (m)

A = cross sectional area of wire (mz)

The factor in the resistance which takes into account the nature of the material is the resistivity. Since it is temperature dependent, it can be used to calculate the resistance of a wire of given geometry at different
temperatures.

The inverse of resistivity is called conductivity and can be expressed as:
o=1/p 2)
where
o = conductivity (1/Q m)

Example - Resistance in an Aluminum Cable

Resistance of an aluminum cable with length 10 m and cross sectional area of 3 mm? can be calculated as

08 Q'm) (10 m) / (3 mm?2) (10°® m2/mm?2))

Resistance
The electrical resistance of a circuit component or device is defined as the ratio of the voltage applied to the electric current which flows through it:

R=V/I 3)
where

R = resistance (ohm)
V = voltage (V)

| = current (A)

Ohm's Law
If the resistance is constant over a considerable range of voltage, then Ohm's law,

1=V/R (4)
can be used to predict the behavior of the material.

Temperature Coefficient of Resistance
The electrical resistance increases with temperature. An intuitive approach to temperature dependence leads one to expect a fractional change in resistance which is proportional to the temperature change:

dR/Rg=adT (5)
where
dR = change in resistance (ohm)
Rg = standard resistance according reference tables (ohm)
a = temperature coefficient of resistance
dT = change in temperature (K)
(5) can be modified to:
dR =adT Rg (5b)
Example - Resistance of a Carbon resistor when changing Temperature

A carbon resistor with resistance 1 kQ is heated 100 °C. With a temperature coefficient -4.8 x 104 (1/°C) the resistance change can be calculated as
dR = (-4.8 x 10 1/°C) (100 °C) (1 kQ)
=-0.048 (k)
The resulting resistance for the resistor
R = (1 kQ) - (0.048 kQ)
=0.952 (kQ)
=952 (Q)
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