ECE-305: Key Equations (for exam 6)
Spring 2015, Mark Lundstrom, Purdue University

Physical constants: Silicon parameters (T = 300K)
h=1.055x10"* [J-s] N_=3.23x10" cm™

_ =31
I’l’lo —9.109X10 [kg] NV :1.83X1019 Cm—3

k, =1380x107 [J/K] n.=1x10" cm®
g=1.602x10" [C] K =118

€, =28.854x107" [F/m]

Miller Indices: (hkl) {hkl} [hkI] <hkl>

£\3/2
(mn) Z(E_EC) 1 f —E, 12k
DOS: gC(E): 77;2]/23 FF: f(E):He(EW n, = NCNVe Eo/2ksT
Equilibrium Carrier densities:
. 3/2

- 1 2mk,T -

n, = Nce(Ep E)/kyT m-3 Nc — Z[ ’Znhf ) m-3 ny =n, e(EF E;)/ksT
o'k T

- 1| 2m -

Py = NVe(EV ET 3 N, = Z[—;th ] m-3 P =ne” Frlfit

Space charge neutrality: p—-n+N,—-N,=0 Law of Mass Action: 7 p, = n2

Conductivity and resistivity: ¢ = (Gn + crp) = q(nun + p,up) =1/p

dF

Current equations: J =nu y ” J =nqu&_ +qD, % D /u =kT/q
X ! X
dF dp
— P — —
J, = pH,— = J,=pau,E . ~gD,~= D, [u,=kT/q
Recombination: SRH: R=An/t, m3s! or R=Ap/t, m3s?
Semiconductor Equations:
z;_n ==V ( L )-l‘ G,—R, Minority Carrier Diffusion Equation:
t —-q

ap J d0Ap ’Ap Ap
L-v.|2l+G,-R =D - 246
ot (] roor ot Poxt ot F

q
0=-V+(eZ)+p L=JDr,
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Non-equilibrium: £, — F (x),Fp (x) n,p, = ”,2 —np= nl.ze(F”_F”)/k”T

0 = N B EIT iy frhr

b =N e(EV—EF)/kRT S p=N e(E,,—Fp)/kBT
0

PN junction electrostatics:
Vbl_:kBTln(NDNAJ ﬁ:p(x)

2

n; dx K¢,
172
W{—ZKS“‘O(L*NDJVM} =y g =Dy E(0)=\/_2‘1be(7NDNA ]
q N,N, N,+N, N,+N, Ke, \N,+N,
Diode Current:
2 2
n; n
An O - 1 quA/kBT _1 A O — i quA/kuT _1
(O)= (e 1) ap(0)= (e )
> D n’ > D n’
I,=1, (quA’k’*T —1) I, = qA(D" n—’+—”n—’] (long) I,= qA( Do  Zyn ] (short)
Ln NA Lp ND WPNA Wn ND
s _ q(V-IRs)imksT __ n;
non-ideal 71, =1, (e 1) l,,=—qgA 2T, w
small signal: G, = Iy +1, C,(V,)= Ks&A — C,=G,,
kyT /q 2K €,
(Vbi - VA)
gN,
MS Diodes: gV, =|®,, - ®| O, =y+E,-®, @, =0,y
2
J=Jy(e™M —1)  J =ATe M A= 4”‘? b
MOS Capacitors:
W= /M em = lqu 95 \jem 0, = =N W (¢) = —[2q K £,N 6, Clem’
gN, K€,
Os(9
VG:VFB+¢S+A¢0)C:VFB+¢S_ S(S S) Cox:KOSO/XU VFB:q)ms/q_QF/Cox
2
C:L VT:_M+2¢F Qn:_cox(VG_VT)
1+ KOW (¢S) Cox

KS'xo

ECE-305 2 Spring 2015



MOSFETs:
1,=-WQ,(y=0)(v,(y=0))

=—MC (Vs =7, )Y,

n - ox GS T DS

Square Law theory:

IDZ%HHCOX[(VGS A /2](

VDS > VGS -

I =ZH,7COX(V -7, ) [V

I,=WC, v

>
GS T

=)

o

Bipolar transistors: (NPN, short emitter, base, and collector)

Ebers-Moll equations:

I. (VBE,VBC) =01, (quBE/kBT _ 1) — 1y (quBC/k,,T _ 1)

1 (VBE WV, ) I, (equE/kBT _ 1) —a (qu,,C/kBT B 1)

IEn 1
Ve=
IEn+I 1 pE%NAB
DnB WE NDE
1
OCT: Cn: >
En 1+1 %
2 LnB
o
B =
F l—(XF
_ B
F
1+ B,
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D : D B
IFO_qA( np " E M

Wy, N, W, N,
Iy = A(D"B n Dy nf
ro =4

Wy, N, W. Np.
Op =70y
aR - ’}/ROCT
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