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Material Properties and 
Formulas 

     

 

Physical Constants 
DESCRIPTION SYMBOL VALUE 
Elementary charge q 1.60⋅10-19 C 

Electron volt eV 1.60⋅10-19 J 

Boltzmann’s constant k 1.38⋅10-23 J/K = 8.62⋅10-5 eV/K 

Free electron mass m0 9.11⋅10-31 kg 

Permittivity of free space ε0 8.85⋅10-12 F/m 

Planck’s constant h 6.63⋅10-34 Js 

Reduced Planck’s constant (h/2π) ħ 1.05⋅10-34 Js 

Speed of light in vacuum c 3.00⋅108 m/s 

Thermal voltage at T=300 K kT/q 0.0259 V 

Wavelength of 1 eV photon λ 1.24⋅µm 
 

Unit Conversion 
QUANTITY SYMBOL VALUE/DIMENSION 
Micrometer, micron µm 1 µm = 104 Å = 103 nm = 10-4 cm 

Nanometer nm 1 nm = 10 Å = 10-3 µm = 10-7 cm 

Ångström Å 1 Å = 10-4 µm = 10-8 cm = 10-10 m 

Electric charge (Coulomb) C A⋅s 

Current (Ampere) A C/s 

Frequency (Hertz) Hz 1/s 

Energy (Joule) J N⋅m 

Power (Watt) W J/s 

Potential (Volt) V W/A 

Conductance (Siemens) S A/V 

Resistance (Ohm) Ω V/A 

Capacitance (Farad) F C/V 

 

 



 

 

 



Mathematical Formulas 
 

GAMMA FUNCTION 
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HYPERBOLIC FUNCTIONS 

sinh𝑥 =
𝑒𝑥 − 𝑒−𝑥

2
 cosh𝑥 =

𝑒𝑥 + 𝑒−𝑥
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MACLAURIN SERIES EXPANSIONS 

 

 

 

 

 
LINEAR DIFFERENTIAL EQUATIONS 

𝑦 = 𝑦ℎ𝑜𝑚 + 𝑦𝑝𝑎𝑟𝑡         ypart can be found by assuming a polynomial of the same degree as P(x) 

FIRST ORDER:            𝑑𝑦
𝑑𝑥

+ 𝑎𝑦 = 𝑃(x)                     𝑦ℎ𝑜𝑚 = 𝐴𝑒−𝑎𝑥 

SECOND ORDER:      𝑑
2𝑦

𝑑𝑥2
− 𝑎2𝑦 = 𝑃(𝑥)                     𝑦ℎ𝑜𝑚 = 𝐴𝑒−𝑎𝑥 + 𝐵𝑒𝑎𝑥 

 
  



Semiconductor Formulas 
Fermi-Dirac 
statistics 

𝑓(𝐸) =
1

1 + 𝑒
(𝐸−𝐸𝐹)
𝑘𝑇

 
k: Boltzmann’s constant [eV/K] 
T: Temperature [K] 
EF: Fermi Level [eV]  

Poisson’s 
equation 
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V: Potential [V] 
E: Electric field [V/cm] 
ρ: Charge density [C/cm3] 
εS: Semiconductor permittivity [F/cm] 

Continuity 
equation for 
electrons  
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n: Electron carrier concentration [cm-3] 
Jn: Electron current density [A/cm2] 
τn: Electron recombination lifetime [s] 
G: External electron generation rate [cm-3s-1] 

Continuity 
equation for 
holes  
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p: Hole carrier concentration [cm-3] 
Jp: Hole current density [A/cm2] 
τp: Hole recombination lifetime [s] 
G: External hole generation rate [cm-3s-1] 

Einstein 
relationship 

µ
q

kTD =
 

D: Diffusion coefficient of carriers[cm2/s] 
µ: Mobility of carriers[cm2/Vs] 

Diffusion 
Length τDL =

 

D: Diffusion coefficient of carriers[cm2/s] 
τ: Carrier recombination lifetime [s] 

MOS capacitor 
equations 

𝑉𝑔 = 𝑉𝑓𝑏 + 𝜙𝑠 + 𝑉𝑜𝑥 

Vg: Gate voltage [V] 
Vfb: Flatband voltage [V] 
φs: Surface potential [V] 
Vox: Voltage over oxide [V] 

𝑉𝑜𝑥 = −
𝑄𝑠𝑢𝑏
𝐶𝑜𝑥

 
Qsub: Charge in semiconductor [C/cm2] 
Cox: Oxide capacitance [F/cm2] 

NMOSFET 

𝑉𝑡 = 𝑉𝑡0 + (𝑚− 1)𝑉𝑠𝑏 

Vt: threshold voltage [V] 
Vt0: threshold voltage at zero Vsb [V] 
m: bulk-charge factor [ ] 
Vsb: Potential between source and bulk [V] 

𝑚 = 1 +
𝜀𝑠𝑇𝑜𝑥𝑒

𝜀𝑜𝑥𝑊𝑑𝑚𝑎𝑥
 

εs: Permittivity of semiconductor [F/cm] 
Toxe: Effective oxide thickness [cm] 
εox: Permittivity of oxide [F/cm] 
Wdmax: Maximum depletion layer width [cm] 

𝐼𝑑𝑠 =
𝑊
𝐿
𝐶𝑜𝑥𝑒𝜇𝑛𝑠(𝑉𝑔𝑠 − 𝑉𝑡 −

𝑚
2
𝑉𝑑𝑠)𝑉𝑑𝑠 

W: Gate width [cm] 
L: Gate length [cm] 
Coxe: Effective oxide capacitance [F/cm2] 
µns: Electron surface mobility [cm2/Vs] 
Vgs: Potential between gate and source [V] 
Vds: Potential between drain and source [V] 



Work function and Schottky barrier heights of metals and 
silicides to Si 

 

 

 

  



Egenskaper hos Si (T=300 K) 
 
QUANTITY SYMBOL VALUE/DIMENSION 
Bandgap Eg 1.12 eV, indirect 

Intrinsic carrier concentration ni 1010 cm-3 

Effectiv Density of states in EC Nc 2.8⋅1019 cm-3 

Effectiv Density of states in Ev Nv 1.0⋅1019 cm-3 

Electron effective mass mn/m0 0.26 

Hole effective mass mp/m0 0.39 

Electron/Hole thermal velocity 𝒗𝒕𝒉𝒆 /𝒗𝒕𝒉𝒉  2.3⋅107 / 1.7⋅107 cm/s 

Electron affinity χ 4.05 eV 

Relative permittivity εr 11.9 

Electric breakdown field ℇ𝒄𝒓𝒊𝒕 ~4⋅105 V/cm 

 

 

Si carrier lifetime τ in low, moderate and high quality Si crystals 

 



Si electron and hole mobility at T=300 K [cm2/Vs] 
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Si electron and hole mobility a various temperatures 

 

 



 

Egenskaper hos Ge (T=300 K) 
 

QUANTITY SYMBOL VALUE/DIMENSION 

Bandgap Eg 0.67 eV, indirect 

Intrinsic carrier concentration ni 2.4⋅1013 cm-3 

Effectiv Density of states in EC Nc 1.0⋅1019 cm-3 

Effectiv Density of states in Ev Nv 6.0⋅1018 cm-3 

Electron effective mass mn/m0 0.12 

Hole effective mass mp/m0 0.21 

Electron/Hole thermal velocity 𝒗𝒕𝒉𝒆 /𝒗𝒕𝒉𝒉  3.1⋅107 / 1.9⋅107 cm/s 

Electron affinity χ 4.0 eV 

Relative permittivity εr 16 

Electric breakdown field ℇ𝒄𝒓𝒊𝒕 ~ 2⋅105 V/cm 

 

Ge electron and hole mobility at T=300 K [cm2/Vs] 

 

 

  



 

Egenskaper hos GaAs (T=300 K) 
 
QUANTITY SYMBOL VALUE/DIMENSION 

Bandgap Eg 1.42 eV, direct 

Intrinsic carrier concentration ni 9⋅106 cm-3 

Effectiv Density of states in EC Nc 4.7⋅1017 cm-3 

Effectiv Density of states in Ev Nv 7.0⋅1018 cm-3 

Electron effective mass mn/m0 0.067 

Hole effective mass mp/m0 0.34 

Electron/Hole thermal velocity 𝒗𝒕𝒉𝒆 /𝒗𝒕𝒉𝒉  4.4⋅107 / 1.8⋅107 cm/s 

Electron affinity χ 4.07 eV 

Relative permittivity εr 13.1 

Electric breakdown field ℇ𝒄𝒓𝒊𝒕 ~8 105 V/cm 

 

GaAs electron and hole mobility at T=300 K [cm2/Vs] 

 

  



Egenskaper hos GaP (T=300 K) 
 
QUANTITY SYMBOL VALUE/DIMENSION 

Bandgap Eg 2.24 eV, indirect 

Intrinsic carrier concentration ni ~ 1 cm-3 

Effectiv Density of states in Ec Nc 1.8⋅1019 cm-3 

Effectiv Density of states in Ev Nv 1.9⋅1019 cm-3 

Electron effective mass mn/m0 0.30 

Hole effective mass mp/m0 0.71 

Electron/Hole thermal velocity 𝒗𝒕𝒉𝒆 /𝒗𝒕𝒉𝒉  2⋅107 / 1.3⋅107 cm/s 

Electron affinity χ 3.8 eV 

Relative permittivity εr 11.1 

Electric breakdown field ℇ𝒄𝒓𝒊𝒕 ~ 106 V/cm 

 

Egenskaper hos SiC (4H) (T=300 K) 
 
QUANTITY SYMBOL VALUE/DIMENSION 

Bandgap Eg 3.2 eV, indirect 

Intrinsic carrier concentration ni - 

Effectiv Density of states in EC Nc 1.7⋅1019 cm-3 

Effectiv Density of states in Ev Nv 2.5 ⋅1019 cm-3 

Electron effective mass mn/m0 0.39 

Hole effective mass mp/m0 0.82 

Electron/Hole thermal velocity 𝒗𝒕𝒉𝒆 /𝒗𝒕𝒉𝒉  1.9⋅107 / 1.2⋅107 cm/s 

Electron affinity χ 3.91 

Relative permittivity εr 10 

Electric breakdown field ℇ𝒄𝒓𝒊𝒕 2.2⋅106 V/cm 
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