ECE 305 Exam 3 Formula Sheet (Fall 2015)

You may remove these pages from the exam packet, and take them with you.

Physical Constants Silicon parameters (T = 300 K)
h/2mr = h = 1.055 x 1073*J-s N, =3.23x 10 cm™3
my = 9.109 x 10731 kg Ny, = 1.83 x 101° cm™3
kp =1.38x 10723 ]/K n; = 1.1 x10° cm™3
qg=1602x10"C K, =11.8
€o = 8.854 x 10712 F/m E; =112eV; y=4.03eV
*\3/2 —
Miller Indices: (hkl) {hki} [hKI] <hkl> Density of states g (E) = "2 —L2E-F0
Fermi function f(E) = m Intrinsic carrier concentration n; = \/N.N, e Fa/2kT
I . o1 (2mpkT)3/? 1 f2mykr\3/2
Equilibrium carrier densities: N = Z(W) Ny = Z( —2 )
ny = Nce(EF—EC)/kT — nie(EF—Ei)/kT Do = Nve(EV_EF)/kT = nie(EF_Ei)/kT
Space charge neutrality: p —n+ Nj — N; =0 Law of Mass Action: nyp, = n?

Non-equilibrium carriers: n = NoePNE/KT 1y = N, e Bv=FPI/KT  ppy = 2 (FN=FP)/KT

Conductivity/resistivity: o = 0,, + 0, = q(nu, + ppp) = 1/p

e Ef . d d K
Drift-diffusion current equations: |, = nqu,&, + qD, == niy, n Do M
dx dx Un q
_ dp _ dFp Dp kT
Jo =Pqip€x — qDp -~ = Plip — - W q
. . . a
Carrier conservation equations: 6—7; =+V- (%") + G, — R,
o _ _y. (f_p) _
Pl \Y . +G, — R,
Poisson’s equation: V-(e€)=p
SRH carrier recombination: R =AM/t, or R =Ap/t,
L . . . . dAn 0%An  An
Minority carrier diffusion equation: vl D, PR + G, Lpyn =+ Dnty
PN homojunction electrostatics: Vyi = ' in (%) £ _
q n; dx Ks€o

2K.€oVpi (Na+N N N 2qVyi { NgN
W= SObL(I:ND) xnz(N A )W xpz( D )W g(o)z qbl.( AD)
q ANp A*TNp Na+Np Ksep \Npg+Np
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PN diode current: An(0) = s—i(quA/kT - 1) Ap(0) = ;I‘_l (eaVa/kT _ 1)
A D

= qvVa/kT _ — Dn 1 p _ Dp i
Jo =Jo(ea/ = 1) J,=q (223 + 220 long)  J, = q(R2aE+ 2ER) (short
Non-ideal diodes: I = [,(ed(Va~IR)/KT _ 1) Jgen = —q =W
Photovoltaics: Voo = nTlen (]]STC) Jov = Jo(e®Va/kT —1) — ]
. Ip+1, Ks€oA Ks€oN
Small signal model: G, = IfT/q C;(Vg) = ZKsEEoVbL =A |2 Z‘im 4 Cp = Gty
\] aN 4
MS diode properties: qV;,; = |, — O] Opp =y +E; — Dy Py =Dy —x
_ ava/kT _ 1 — A*T2e-®B/kT A = amqm*kg A
I =Jo(e -1) Jo = e =—s = — m
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