
10. Appendix E - Continuous Equations

10.1 Auxiliary Equations
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Poynting Vectors:
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Stimulated emission energy levels:
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Shockley-Hall-Reed:
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10.2 Rate Equations
Poisson’s Equation: ∇ • − =D( ) ( )x xρ 0

Electron Rate Equation: ∇ • − =( ( ) ) ( )Jn x q U xtot 0

Hole Rate Equation: ∇ • + =( ( ) ) ( )Jp x q U xtot 0
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10.3 Vector Equations
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10.4 Boundary Conditions
Electrical:

φ( )0 = Vl φ φ( )L Vr= +0

η ηc c( ) ( )0 00= η ηc cL L( ) ( )= 0

η ηv v( ) ( )0 00= η ηv vL L( ) ( )= 0

Thermal:

T Tn L( ) ( )0 0= T L T Ln L( ) ( )=

T Tp L( ) ( )0 0= T L T Lp L( ) ( )=

− ∇ + =
∇ + =

=

=

κ κ κ
κ κ κ

( ) ( )

( ) ( )

0 0
0

T T T

L T T L T
L x l L l l

L x L r L r r
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10.5 Normalization Constants

Table 11 - Normalization constants for Si and GaAs

Value Symbol Si Value GaAs Value
Charge (C) q 1.602x10-19 1.602x10-19

Temperature (K) T0 300 300
Concentration (cm-3) n N T N Tc v0 0 0= ( ) ( ) 2.268x1019 1.813x1018

Potential (V) VT
kT
q= 0 0.02586 0.02586

Permitivity (F cm-1) ∈0 8.854x10-14 8.854x10-14

Length (cm) x V
qn

T
0

0

0
= ∈ 2.510x10-8 8.876x10-8

Mobility (cm2 V-1 s-1) µ 0 1 1
Time (s) t x

V T0
0
2

0
= µ

2.437x10-14 3.047x10-13

Recombination Rate
(cm-3 s-1)

U n
t0

0

0
= 9.306x1032 5.953x1030

Thermal Conductivity
(W K-1 cm-1)

κ 0
0 0

2

0 0
= qV n x

T t
T 8.0966x10-6 6.477x10-7

Field (V cm-1) ε0 = V
x

T

0
1.030x106 2.913x105

Current (A cm-2) J 0 0 0= q nµ ε0 3.743x106 8.465x104

Energy (eV) E0 0.02586 0.02586
Intensity (eV cm-2 s-1) I E x n

t0
0 0 0

0
= 6.041x1023 1.367x1022


