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SEMICONDUCTOR PHYSICS

: h
Electron Momentum: p = mv = fik = 9 Planck: E = hv = fiw
L i i iy : , L
Kinetic: E = Emv2 W e k* (34) Effective mass: m* = PE/d

Total electron energy = P.E. + K.E. = E_ + E(k)

1

Fermi-Dirac e~ distribution: f(E) = m

Equilibrium:  ny = j fIE)N(E)dE = NAE,) = N EENT (3_15)
E, :

2mmt kT 2mm¥ kT
7] el
1

32
) (3-16), (3-20)

po= N1 = fIE)] = NeEENT (3-19)

n = Ne EEWT b = N o(E-EJKT (3 91y

32
ni= VNN, e 527 = 2(27;I§T> (g iles 0F 18 284, (326)

ng = nieEr=EVKT

= .o B~ BYkT (B8-25) " ngpo = ni  (3-24)

Equilibrium:
: Po

e —(E,-F)kT _ (F,— E)/kT
n = Ne = ne
Steady state: N ‘

p= N‘,e’(F'“E*)/kT b n,-e(E'_WkT (4—15).
B(x) = —% = % % (4-26)
Poisson: djix) = —% - f’%x-) ~Lp-n+ Ny =N (5-14)
e :T_* Comlil P ﬁ?&éﬁ/v—,{ Z \fg ((lll?:hfliﬁe;?dsg,c;zzir?ted vel.)

1 ;
Drift current density: j =J; = g(np, + pp,)é. = 0%, (3-43)

(3-3)

= B BT e 2 B, (3210)

np = nleF=FT (5_38)

(Fig. 6-9)

1,(5) = quan(x)8(x) + g, P10

Conducti i
onduction Current: drift diffusion  (4-23)
5 d

56) = quyp(a)e(a) ~ b, )

jlolal = Jconduction o ']displaccmenl i jn + ‘]p + Cfikv
dr
Continuity: plx, 1) — @ ik ﬂ ~ S_p @ Ll o
a1 a1 g a1, w Tge 5 @3

2
For steady state diffusjon; 2% - 9% _ & d%p g

Diffusion length: [ = \/p~

p-n JUNCTIONS

Equilibrium: Vo=Hln&=lenL gln il
R e e

pp n
SE o= VT 2¢(Vo - VYV /N + 12
Pom C s [M <‘ | e
| 9 NN, il
One-sided abruptp*-n; x . = ﬂ = N,W?
b I ks W 529 Y- %
. B mE) = p, = Pl ) slagy
8p(x,) = Ap,e /b = Pa(eVT — 1ygmnit, (5-31b)

; D
Ideal diode: | = A(——" + D, V/kT
: q Lpp” L np (eq = 1) = Io(eqv/kr &1 1) (5_]36)

n

. I = J)'(e?"/mT _ 4
Non-ideal: ’ )
(n=1t02) S
With light: Iop = qAgo(L, + L, + W) (8-1)



*

@ i €= l@\ 5-55
apacitance: =y (5-55)

q N(lNu ]]/2 = €A

S 7)) M B e TR
d a

Junction Depletion: C; = EA{ZG( W

Stored charge

exp. hole dist: Q, = qAJ dp(x,)dx, = gA Ap,,J e hdx, = gAL,Ap, (5-39)
0 0
L D B
I(x, = 0) = e gA = Ap, = gA - p,(e T — 1) (5-40)
Tp Tp L,
dl _ qAL,p, d q
dage . Lty qV/’\f = -67
05 ® R e B R
Ot dQ,(t
Long p™-n: i(t) = ﬁ + Q_,,() (5-47)
T dt
MOS-n CHANNEL
' €; D € 2 CiC!i
B S Wy et (g
Ox1d\e G 4 Depletion: C, o MOS: C EEC ( )
Q Q
Threshold: Vy= @, — = — =2 + 26, (6-38)
[N
Flat band
: kT N, 2e,ﬂbs]‘/2
! i = =7 =y 2 =i 6-30
Inversion: &, (inv.) = 2dr = 2 " In = (6-15) w { il ( )
8 Ci Cdebye
Q= —qN,W, = =2eqN,4p)? (6-32)  AtVe: Cpp =
sk G
kT \fz
Debye screening length: L, = :2 (G200 et i= e (6-40)
g9 Po
V2eqgN,
Substrate bias: AVy = gq (=Vg)* (nchannel) (6-63)

il o 2 V2egN,
Iy = 7 (Vo = Vg = 2¢r = 3Vp)Vpp — BT

i

. VT)V[) T 4VIJ] (649)

Saturation: /p(sat.) = $1.C; i (Vg — Vy) = Z
alp Ip(sat) 7z

8m = 3—% ) g,,,(sat) i aVG I }an (Vc, L VT)

For short L: o = ZC{Vg = Vy)v, (6-60)

avg kT

Subthreshold slope: = m T
: D

p’nC VD (Sat )

(6-54)

@@ )
—in10|1 + ——1
. n [ C } (6-66)

(6-53)

BJT-p-n-p
Ig, = qA&<Ap ctnh il Apc csch Wb) (7-18) GapL s i
Ep = E T g = s
i LP LP 5 LP ApC = Pn (eq\{c,,,/AT 7 1)
D w w
Ic= qAL—::(ApE csch L_b — Apcctnh L_:>
Iy = A&[(A + Apo)t hW”} 719»
B=4q 5 PE Pc) tan 7r {7-19)
i csch W,/L w Wi
B=-5= —-—b/ L = sech—2=1- <_b> (7-26)
Ig, ctnhW,/L, Ly 21
(Base transport factor)
IE L" np'g W W 4 el
Hel < s p n tanh ::| i |:1 b”"“’"} » (7_25)
Ig, + Ig, Lip,iy L LEp,n]
(Emitter injection efficiency)
iC iC B’Y iC
—=PBy=a (7-3 - = = = 7-6 £ Sl philg 0
T (=) By Sl

(Common base gain) (Common emitter gain)

[(VI) + 2¢>F)m s (2¢F)3/2]} (6‘50)

(7-8) .



