10. Appendix E - Continuous Equations

10.1 Auxiliary Equations
Effective Density of States:
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Tunneling Probability:
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Carrier Concentrations:

Free Carriers (Bulk):  n(x) = N:Fy,(h.) pP(x) = N,F,(h,)

Bound Carriers (QW):

E,

EWn —
Ny = NcquO(hc - qun ) Py = quwFO(hv © kT,

() = (9 P00 =l (0] Pag

Free Carriers (QW-Boltzmann):

QP

)

=0



3 Ec,top

9650 Noqu - Scioe
n, (x) = N (x)gi ) qu P

Ev top

506 Ny, Sl
P (x) = N(@? Tl g
&

ﬁ/zL

Carrier Energy Density:

Free Carriers (Bulk): u = n(% (T Felt) 4 Ec)

Bound Carriers (QW):
Enqw ¢ -
= a?(T e ns g g2
n2d 2de o?% E;anwg nqw Cﬂ
Fr BT g0
= P € w - -
2 é 0?]‘/ Ek,;qu pgw Vﬂ

500 = s U0 =l (I Uy

Total Charge:

r(x) =a(p(x) - N(x) + N5(x) - NA(x))

lonized Doping Concentration:
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Charge Neutral Planck Potentials:
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Charge Neutral Potential:

f(X) =-KkT,h(0)+c(0)- c(x)+KkT h_,(x)
Built-in Potential:

f,=-KT h_(0)+c(0)- c(L)+KkT h_(L)
Equilibrium Planck Potentials:
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Intrinsic Carrier Concentration:
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Complex Refractive Index and Impedance
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Electromagnetic Fields:
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Poynting Vectors:
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Stimulated emission energy levels:

Bulk: E E = *m; —(hu g - Ey)

QW: En,stim - Ec = *rn; * (hU stim © EgQW) + Eqwn

Local gain:

g(hu ) =a (hu stim)[ f (En,stim) - f (Ep,stim)]

Richardson Constant:
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Carrier Recombination/Generation Rates:
Spontaneous band-to band:
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Shockley-Hall-Reed:
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External Optical Generation:
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Stimulated Emission:
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Total photon emission rates:
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Distributed mirror loss and photon lifetime:
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Carrier Energy Loss Rates:
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Total Carrier Energy Loss.
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Effective Environment Therma Conductivity:
K (x) =k () -2«
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10.2 Rate Equations
Poisson’'s Equation: N-D(X)- r(x)=0
Electron Rate Equation: N-(J,(x)/g)- U, (x)=0

Hole Rate Equation:

el
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Photon Rate Equation: Ugm+bU,, - S/t ,, =0
Electron Energy Rate Equation N - S*(x) +W ™ (x) =0
Hole Energy Rate Equation N- S2(x) +W*(x) =0
L attice Energy Rate Equation N-S_(X)- W, (x)=0

Tota Energy Rate Equation (for T=Tp=T\x=T):

R+ (S (X) +S,(X) +S,(X) + W + W - WS =0

10.3 Vector Equations
Displacement:

p(x) =- T (X)NFf (X)
Drift-Diffusion Current:
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Thermionic Emission Current:
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Tunneling Current:
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Lattice Energy Flux:
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Drift Diffusion Energy Flux:
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10.4 Boundary Conditions
Electrical:

f(0)=V,
h.(0) =h(0)
h,(0) =h,,(0)
Thermal:
T.(0=T.(0

T,(0=T.(0)
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ho(L) =h (L)

h,(L)=h,(L)

T.(L) =T.(L)

T,(L) =T(L)
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10.5 Normalization Constants

Table 11 - Normalization constants for Si and GaAs

175

Value Symbol Si Value GaAs Value
Charge (C) q 1.602x10™" 1.602x10™"
Temperature (K) To 300 300
Concentration (cm”®) | n_ = [N_(T,)N,(T,) 2.268x10"™ 1.813x10"
Potential (V) v, = 0.02586 0.02586
Permitivity (F cm™) T, 8.854x10™ 8.854x10™
Length (cm) . = [TV 2.510x10°® 8.876x10°
0 ano
Mobility (cm? V' s%) m, 1 1
Time (s t, = 4 2.437x10°" 3.047x10"
Recombination Rate U,=2 9.306x10* 5.953x10%
(cm®s?) ’
Thermal Conductivity K, = Voo 8.0966x10° 6.477x10”
(W K-l Cm-l) Toto
Field (V cm™) e,=" 1.030x10° 2.913x10°
Current (A cm®) J, =qmn,&, 3.743x10° 8.465x10"
Energy (eV) Eo 0.02586 0.02586
Intensity (eV cm?s?) — Eoxoo 6.041x10% 1.367x10%




