6.012 Microelectronic Devices and Circuits
Formula Sheet for Exam One, Fall 2009

Parameter Values: Periodic Table:
g = 1.6x10™" Coul I v \Ys
g, = 8.854x107"* F/cm o . ~
&= 117, &;=10" Ficm B C. N
n[Si@RT]=~10" em™ Al Si P
kT /q=0.025V; (kT/q)In10=~0.06V Ga Ge As
1 wnt = 1X10_4 cm In Sn Sb
Drift/Diffusion: Electrostatics:
Drift velocity: s, ==u, E. dE(x 1
g " LD o) E@ =1 [ ptods
Conductivity: o =gq(u,n+w,p) d(x)
- JC - =E(x)  ¢(x)=-[ E(x)dx
Diffusion flux: F, =-D, p = , dx
X d¢(x) 1
—-€ = p(x X)=-—— x)dxdx
Einstein relation: —%= KT dx’ ) ) Eff )
w, 4
The Five Basic Equations:
Electron continuity : onixt) 1dJ.(x0) =g, (x,0)- [n(x, 1) p(x,t) - nf]r(T)
ot q ox
Hole continuity : Ip(x.1) + 1), (%1 =g, (x,0)- [n(x,t) - p(x,t) - nf]r(T)
ot qg ox

Electron current density : J,(x,t) =qu,n(x,t)E(x,t)+ gD, ﬂngx, D

Hole current density : J,(x5,0) = qu, p(x, 1) E(x,1) - gD, ﬁpgx,t)
X

JE(x,1) q
ox €

Poisson's equation : [p(x,t) -n(x,t)+ N;(x)-N, (x)]

Uniform doping, full ionization, TE

n-type, N, >>N_

kT . N
nﬂsz_N(lEND’ p0=ni2/no’ ¢n=_ln_D
q n
p-type, N, >>N,
kT .= N
pozNa_NdENA’ n0=ni2/po’ ¢P=__ln_A
q n
Uniform optical excitation, uniform doping
! ! ! ! n' ! !
n=n,+n p=pP,*p n=p E=g,(i)—(po+nu+n)nr
e D dn' n' . -1
Low level injection, n',p'<<p, +n, : —+——=g/(t) with 7 = (Po”)

dt

min



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: e 5 - Fe g, (x) L,=4/D,,
Minority carrier current density : J,(x) = gD, %
Majority carrier current density : J,(x) = Jp, - J,(x)
Electric field: E (x) = [Jh (x) + & Je(x)]
W, P, D,
Majority carrier excess: p'(x) =n'(x)+ 2%

Short base, infinite lifetime limit:

d’n'(x 1 1
dx(z e o e = )=~ —FffgL(x)dxdx

e

Minority carrier excess:

Non-uniformly doped semiconductor sample in thermal equilibrium

2
ddrp(zx) _4 {ni[e‘”’(x)/” _ e—q¢<X>/kT] - [Nd (x) —Na(x)]}
€
x q¢(x)/kT

n,(6) = n e p () = e O

. p(0n,(x)=n;

bepletion approximation for abrupt p-n junction:

0 for  x<-x,
N,,x,=Np,,x,
) —-gN,, for -x,<x<0
px) =
gN,, for O<x<x, kT NN,
0 for X, <X ¢,=¢,-9,= ?ln 2
W)= 2€Si(¢b_VAB)(NAp+NDn) ‘E ‘ 2q(¢b VAB) N4yNo,
AB/ — k| —
NApNDn " gSl (NAp + NDn)
N, N,,
Gpp(Vag) = _AqNApxp (VAB) =-A_|2q¢g (¢b - VAB)L
(N, + Ny, )
Ideal p-n junction diode i-v relation:
2 2 2 2
n(-x,) = ];Z_ieqvAB/kT, n'(-x,) = ”_i(eqvAB/kT _ 1); p(x,) = Leqm/kr, P(x)= n_i(eqvAB/kT 3 1)
Ap Ap Dn Dn
b b w, —X, if L >>w,
ii = Agn} h 4 < edVae/MT ] w =14 L tanh{(w -x )/L if L ~w
D i N N m,eff m m m m m m
W neff apW p.efr L, if L <<w,

GoNR pside = Aqfn'(x)dx, GoNR n-side = Aqu'(x)dx, Note: p'(x)=n'(x) in QNRs

W,



Small Signal Linear Equivalent Circuit for a p-n Diode
(n"-p doping assumed for C,)

diy, q Vg /KT ql
=) L gvmir . 9 C,=C, +C,.
84 . , KT * T d dp df
2 2
qesNV 4 ql [Wp_xp] ) [Wp—xp]
where C, (V,,)=A.|——>—, and C,(V,,)="2 =g 1, with 7,=~——"-
o Van) 2(¢, - Vis) aVan) =" 2D, Sata ! 2D,
Large siegnal B]JT Model in Forward Active Region (FAR):
(npn with base width modulation)
Iy (VBEaVCE) = Iy (quBE/kT - 1)
Ic (VBEaVBC) = Br iy (VBE’VCE)[l + )\‘VCE] = ﬁFIBs(quBE/kT - 1)[1 + )\’VCE]
with: I, = les _ Agn; D, D, B, = % __and A= 1
- I F , pp= , =
(ﬁF + 1) (ﬁp + 1) NpeWeor NapWp o (1 - aF) V,
1-6 1-6 w W
Also, a, = (1-8,) and B, z—( 1) with 8, = Dy Nup Yoy g 8y = —L
(1+5E) (515 + B) D, Npz Wi 2L,

When 6, =0 then o, =
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