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Physical Constants
DESCRIPTION SYMBOL VALUE
Elementary charge q 1.60-101° C
Electron volt eV 1.60-1019 ]
Boltzmann’s constant k 1.38:102 J/K = 8.62:105 eV/K
Free electron mass myo 9.11-1031 kg
Permittivity of free space €0 8.85:-102F/m
Planck’s constant h 6.63-10-* Js
Reduced Planck’s constant (h/2m) h 1.05-1034 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 A 1.24-um
Unit Conversion
QUANTITY SYMBOL VALUE/DIMENSION
Micrometer, micron pm Tum =10*A =10 nm = 104 cm
Nanometer nm Tnm=10A =103 um =107 cm
Angstrom A 1A=104um =108 cm =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) A% W/A
Conductance (Siemens) S A/V
Resistance (Ohm) Q V/A
Capacitance (Farad) c/v
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Mathematical Formulas

GAMMA FUNCTION [()=T2)=1TB)=2T4) =6

Tx”_le_xdle"(n) 1, 3 Jr 5. 3x
0 ="z rQ)="02 TQ=",

HYPERBOLIC FUNCTIONS

nh eX—e™* h e*+e7* tanh eX—e™*
sinhx = —— coshx = —— anhx =

2 2 eX 4+ e—X

b 2 b 2 h eX+e™*

sechx = —— cschx =—— cothx = ——

eX¥ +e™* eX¥ —e™* eX¥ —e ™™

MACLAURIN SERIES EXPANSIONS

e$=;§=1+x+§+§+--- for all «
sinha::n:‘)%:x—i—z—j—i—%j—i—--- for all =
coshng%ZI—i—;—j—i—%—i—--- for all

tanha =§%x2“4=$—%$3+1—25$5—m3:?+--- for || <g

LINEAR DIFFERENTIAL EQUATIONS
Y = Yhom + Ypart Vpart can be found by assuming a polynomial of the same degree as P(x)

FIRST ORDER: % +ay =Px) Yhom = Ae™

d?y 2 _ —ax ax
SECOND ORDER: 2 Ay = P(x) Vhom = Ae + Be




Semiconductor Formulas
k: Boltzmann’s constant [eV/K]

Fermi-Dirac _
statistics f(E) = (E—EF) T: Temperature [K]
I+e &7 Ep: Fermi Level [eV]
V: Potential [V]
Poisson’s d*v _dE_ p E: Electric field [V/cm]
equation 2 dx Es p: Chatge density [C/cm?]

gs: Semiconductor permittivity [F/cm]

n: Electron carrier concentration [cm3|

Contlflulty on 10J n N—Hn, Jn: Electron current density [A/cm?]
equation for =— - +G

clectrons a B q ox T, Ta: Electron recombination lifetime [s]

G: External electron generation rate [cm3s]
Continui p: Hole carrier concentration [cm]

Ontlflulty op 1 oJ p P—D, Jp: Hole current density [A/cm?]

equation for 87 = —*78 -——24G ol bination lifet
holes t q Ox z'p T,: Hole recombination lifetime [s]

G: External hole generation rate [cm3s-1]
Einstein D= kl P D: Diffusion coefficient of cartiers[cm?/s]
relationship q w: Mobility of cattiers[cm?2/Vs]
Diffusion =Dz D: Diffusion coefficient of cartiers[cm?/s]
Length B ¢ T: Carrier recombination lifetime [s]

V,: Gate voltage [V]

Vi,: Flatband voltage [V]
ds: Sutface potential [V]
Vox Voltage over oxide [V]

Vg = Vfb + s + Vox
MOS capacitor

equations
V. = Qsup Qqub: Charge in semiconductor [C/cm?]
T Cox Cox: Oxide capacitance [F/cm?|
Ve threshold voltage [V]
_ Vio: threshold voltage at zero Vi, [V]
Ve =Veo + (m = 1)V m: bulk-charge factor | |
V: Potential between source and bulk [V]
NMOSFET
& Permittivity of semiconductor [F/cm]
me14+ ETpxe Toxe: Effective oxide thickness [cm]
EoxWamax €ox: Permittivity of oxide [F/cm]

Wamax: Maximum depletion layer width [cm]

W: Gate width [cm]
L: Gate length [cm]
w m Coxe: Effective oxide capacitance [F/cm?]
las = L Coxelins(Vgs = Ve = EVdS)VdS uas: Blectron surface mobility [cm2/Vs]
Vg Potential between gate and source [V]

Vs Potential between drain and source [V]




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

Metal Mg Ti Cr W Mo Pd Au Pt
op, (V) 0.4 0.5 0.61 0.67 0.68 0.77 0.8 0.9
qbpq,, (V) 0.61 0.50 0.42 0.3

Work Function 37 4.3 45 4.6 4.6 ail 5.1 5.7
ym (V)

Silicide ErSip; HfSi MoSi, ZrSiy TiSi, CoSi, WSi, NiSi, Pd,Si PtSi

op.(V) 028 045 055 055 061 065 067 067 075 087
Opp (V) 055 055 049 045 043 043 035 023




Egenskaper hos Si (T=300 K)

QUANTITY SYMBOL VALUE/DIMENSION
Bandgap E, 1.12 eV, indirect
Intrinsic carrier concentration n; 1010 ¢cm-3

Effectiv Density of states in Ec N 2.81019 cm-3

Effectiv Density of states in Ey Ny 1.0-1019 cm-3

Electron effective mass m,/my 0.26

Hole effective mass my;,/my 0.39

Electron/Hole thermal velocity ve,/ vi‘h 2.3-107 / 1.7-10" cm/'s
Electron affinity X 4.05eV

Relative permittivity & 11.9

Electric breakdown field Ecrit ~4-105V/cm

Si carrier lifetime rin low, moderate and high quality Si crystals
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Si electron

and hole mobility at T=300 K [cm?®/Vs]
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Egenskaper hos Ge (T=300 K)

QUANTITY

Bandgap

Intrinsic carrier concentration
Effectiv Density of states in Ec
Effectiv Density of states in E,
Electron effective mass

Hole effective mass
Electron/Hole thermal velocity
Electron affinity

Relative permittivity

Electric breakdown field

SYMBOL
E,
n;
N.
N,
m,/my
mp/ my
ViR / Vi,
X
&

8crit

VALUE/DIMENSION

0.67 eV, indirect
2.4-1013 ¢cm-3

1.0-10" cm?

6.0-10'8 cm3

0.12

0.21

3.1-107 / 1.9-107 cm/s
4.0 eV

16

~2:105V/cm

Ge electron and hole mobility at T=300 K [cm?/Vs]
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Egenskaper hos GaAs (T=300 K)

QUANTITY

Bandgap

Intrinsic carrier concentration
Effectiv Density of states in Ec
Effectiv Density of states in E,
Electron effective mass

Hole effective mass
Electron/Hole thermal velocity
Electron affinity

Relative permittivity

Electric breakdown field

SYMBOL
E,
n;
N.
N,
m,/my
mp/ my
Ven/ Vi
X
&

8crit

VALUE/DIMENSION

1.42 eV, direct

9-106 cm™3

4.7-10Y7 cm?3

7.0-10%8 cm3

0.067

0.34

4.4-107 / 1.8:107 cm/s
4.07 eV

13.1

~8105V/cm

GaAs electron and hole mobility at T=300 K [cm?/Vs]
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Egenskaper hos GaP (T=300 K)

QUANTITY

Bandgap

Intrinsic carrier concentration
Effectiv Density of states in E.
Effectiv Density of states in Ey
Electron effective mass

Hole effective mass
Electron/Hole thermal velocity
Electron affinity

Relative permittivity

Electric breakdown field

Egenskaper hos SiC (4H) (T=300 K)

QUANTITY

Bandgap

Intrinsic carrier concentration
Effectiv Density of states in Ec
Effectiv Density of states in Ey
Electron effective mass

Hole effective mass
Electron/Hole thermal velocity
Electron affinity

Relative permittivity

Electric breakdown field

SYMBOL
E,
n;
N.
N,
m,/my
mp/ my
v/ Vi
X
&

8crit

SYMBOL
E,

n;

N,

N,
m,/my
mp/ my
ViR /v
X

&

8crit

VALUE/DIMENSION
2.24 eV, indirect
~1cm?3

1.8:10Y ¢cm3

1.9-101 cm™3

0.30

0.71

2-107 / 1.3-107 cm/s
3.8eV

111

~ 106 V/cm

VALUE/DIMENSION

3.2 eV, indirect

1.7-10 em3

2.5-10" cm3

0.39

0.82

1.9:107 / 1.2-107 em/s
3.91

10

2.2:106V/cm
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