6.012 Electronic Devices and Circuits

Formula Sheet for Hour Exam 1, Fall 2003

Parameter Values: Periodic Table:
g = 1.6x10"" Coul
e = 8.854x10"" Flem o M
e,= 117, &,210" Fiem B C
n[Si@RT] 210" cm™ Al Si
kT1q? 0.025V; (kT/q)In102 0.06V Ga Ge
lmn=1x10"* cm In Sn
Drift/Diffusion: Electrostatics:
Drift velocity: 5, =+m),E_ dE(x) _ rx)
.. dx
Conductivity: s =g(mn +m,p) df (x)
o ac - =E(x)
Diffusion flux: F,=-D —™ dx
Ox () _ )
Einstein relation : & = k—T dx’
m, 4q
The Five Basic Equations:
Electron concentration : on(x.1) - lﬁje(x’t) =
ot q Ox
Hole concentraton : Ipx.1) + l(?]h(x,t) =
ot qg Ox

Electron current density : J,(x,t) =gmn(x,t)E(x,t)+ gD,

Hole current density : J,(x,t) =gm,p(x,t)E(x,t)- gD,
OE(x,t) _

Poisson's equation :

Ox

Uniform doping, full ionization, TE

n-type, N, >>N,

noaNd-NaEND’ po:niz/no’ fn__ln

kT

q
p-type, N, >>N,
poaNa_NdENA’ nt):niz/po’ fp:-k_Tlnﬂ
q i
Uniform optical excitation, uniform doping
—_— ! f— 1 | — ' dn' —
n=n,+n P=p,*tp n'=p Z—gz(l)'
Low level injection, n',p'<<p, +n, : dan’ + L= g,(1)

dt t

min

Op(x,1)
O

> U ZI<

E(x) :é U(x)dx
fx)=- UE(x)dx

f(x)=- le LU,J’(x)dxdx

=g,(x,1)- [n(x,t) p(x,t)- nf]r(T)

g.(x,0)- [n(x,0) prn)- nf]H(D)
on(x,t)

Ll px,0)- n(x,0)+Nj(x)- N, ()]
e

(p,+n,+n)n'r

with t .2 (por)'1



Flow problems (uniformly doped quasineutral regions with quasi-static excitation and low
level injection; p-type example):

. . d’n'(x) n'(x) 1
Minority carrier excess: - =-—g L,=4/D,t
y dx2 Li De gL( ) e e e
Minority carrier current density : J,(x) 2 qDe%
x
Majority carrier current density : J,(x) = J,, - J,(x)
o 1 E D, )
Electric field : E (x) 2 ——[J,(x) - —J,(x),
qm.p, | D,
Majority carrier excess: p'(x) @ n'(x)+9%
qg dx

Non-uniformly doped semiconductor sample in thermal equilibrium

2
f
ddx(2X) — %{ ni[eqf(x)/kT e qf(x)/kT] _ [Nd (x)- N, (x)]}

n, () =ne M p () =ne T p (xn, (x) = n?

Depletion approximation for abrupt p-n junction:

0 for x<-x,
NApxp =Np,x,
rx) =l gN,, for -x,<x<0
x
O49N,, for 0<x<x, NN
@0 for x <x befn-fp:k_T]n%
n q ni
wv,,)= zeSi (fb B VAB) (NA/’ +ND”) ‘E ‘: 26[ (fb - VAB) NApNDn
TV N AT e )

N, N,
Gor(Vap) == AGN %, (v4) = - A\/zqesi (f,- vAB)W
Ap Dn

Ideal p-n junction diode i-v relation:

2 2 2 2
n, n. n. n.
n(-xp) = _lquAB/kT, nu(_xp) = _l(quAB/kT _ 1), p(xn) - _lquAB/kT’ pu(xn) — _l(quAB/kT _ 1)
Ap Ap Dn Dn
E D D e b Wy~ Xn if Lm >> W,
i, = Agn’l b+ ‘< — [quAB/kT —1] W = L L, tanh[(wm - xm)/Lm] it L ~w,

I NDan,eﬂ NApr,ejf °

o

L, it L <<w,
doxrpsiae =Aq W'Y, o = Aq W' (x)dx, Note: p'(x) n'(x) in QNRs

-H/p



