Semiconductor Midterm CheatSheet (chapterl—4)

e=1.602 x 10~17C
Boltzmann’s constant &k = 8.62 x 107%eV/K = 1.38 x 1072 J/K
ppm/ppb/ppt partpermillion/billion /trillion
Si Ge
E,(Si) = 1.1eV E,(Ge) =
5 x 10?2atoms/cm?
n; ~ 1.5 x 1019m—3 n; = 2.4 x 1083cm=3
n = 1350cm?/V-s, p, = 480cm?/V-s | w, = 3900cm?/V-s, p, = 1900cm?/V-s
three types of solids: Crytalline(silicon wafer), Polycrytalline(Poly-Si), Amorphous(glass)
Primitive Cell, Unit Cell,Miller Indices (hkl) Diamond Lattice, Zinc Blende Structure,

d

.67eV

éﬂ, atom,min 3
Wurtzite Structure. packing fraction = V“O‘;ngm =4 (iattic; Cons)tant‘;f;’m
LARGE BANDGAP
DIRECT ___~

3rd Generation

INDIRECT /2nd Generation

GaN, SiC, AIN

power devices,
high speed,

harsh environment

1st Generation Ga, As, In, P compound

e.g. GaAs, GaAsP, InP,

GaP, PbTe, HgCdTe
(Laser diodes, LEDs, infrared PDs)

Si (CMOS, most ICs, PDs)

Ge (PhotoDetecters)

Czochralski Growth (CZ) for Si:

_ Cs __ [impurity in solid] _ [number of atoms]
ka = C; ~ [impurity in liquid] ’MASS - (Avogadro s constant)

Liquid Encapsulated Czochralski Growth (LEC), Bridgman Growth (BR) for GaAs

(atomic mass)

Atom structure

Heisenberg Uncertainty Principle: (Ax)(Ap,) >

classical variable quantum operator

h/2, (AE)(At) > h/2 The probability sum
of finding a particle over the entire space
75 U Udedydz = 1. Average value (Q) =

z, f(x) )
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energy E

ffo U*Qop Vdxdydz, where Qop is defined as,

Schrédinger equation Ej (43— ) + E,(V) = Eioral(E), by
IS 0) 1V (@)(x)o o =

replacing p and E with
~ ()25

operators, we can derive

Quantum Numbers for ¥(r,0,¢) = R, (r)O ( )P, ()
n principal quantum number, shell 1,2,...
! | angular momentum quantum number, subshell | 0,1,...,n—1 (s,p,d, f,g,...)
magnetic quantum number, orientation B
mn of orbitals (within the subshells) 0,1, &(n — 1)
s electron spin j:%

Pauli exclusion principle No two electrons in an interacting system
with the same n, I, m,s. The only two electrons with same n, [, m must have opposite spins

10 Loti]o 1 2|0t Allowable states Allowable states
n 1 m s/h in subshell in complete shell
Atomic Is|2s2p [ 3s3p 3d|4asap
b H Namber ot srn o | o | = 2 —~ 2
1
Do ) I 2 0 0 = ) —N
- o1
i 2 e o ! ! 2 8
5 B 21 152 252 2p! 0 =3 6
6 C 2 2 152 252 ?
7 N 23 152 1 i;
8 o 3 : 1.:; 2:3 sp: I
0 e 7 15230 o 3 0 0 +1 2
1 Na ! N ! 1 -1 :%
G 21 352 3p1 0 1 6
14 s 2 2 352 3p2 2
5 P 23 352 3p3 1 41
oo 33 2 3ns
e 26 32 3p6 2 -2 + 18
19 K 1 4s! -1 i’;
20 Ca 2 A 0 w!
21 Sc 1 2 3d' 4s’ 2 10
2 T 2|2 3d2 452 1 1
23 v 3|2 ld? 452 =3
24 Cr 5 1 .\&f]' 4s! 2 w1
25 Mn 5 2 3d5 4s? -2
26 Fe 6 2 3d6 4s
27 Co 7 2 3d7 4s //
28 Ni 8|2 3d% 452
2% Ca 10 |1 3d10 45!
30 Zn 102 3d10 4,
31 Ga 10{21 3d10 452 4p!
32  Ge 10|22 3d10 452 4p2
._B /SM 0|23 ;th; hi :}’: ( (
3 B lo2 4 iy .1: 2 2 6 2 2
“ HE iy Silicon: 1s°2s°2p”3s™3p
.
Energy Band and Carriers
Octet Rule, LCAO(antisymmetric/anti-bonding, offoctive mass . I
. . . . =
parallel spin, high energy; symmetric/bonding); Jensity ofstates (57) 1 dtf_f 'c}ck
hybridization (Paoli exclusion principle, split en- ensity-ol-states (Si . conductivity
ergy levels — continuous energy bands) E-k di- geg’(;?etréc meat P ATONIC average
; m = 6(mym; - =2(=—+ =
agram: parabolic E = Qh +E, k= 27” (m7) (mym3) my 50 T mp)

Energy Levels and Concentrations

carrier concentrations =

nO—/ f(E

po—/o (1— f(E))N(E)AE = N,(1 — f(E,)) ~ Nye~(Fr-

(Fermi distribution)(available states density)

E)dE = N.f(E.) ~ Ne~(Fe=Er)/kT

Ey)/kT

—E,/2kT Er—E;)/kT

n; = vV N.Nye ng = n;el

intrinsic 9
nopo = N

excess carriers, quasi-Fermi level {

doped, equilibrium { Er)/kT

po = nieFi-

n = nie(anEi)/kT
(Ei—F,) /KT (for majority carriers F,,/F, ~ E;)
p=mner TP



Excess Carriers Drift and Diffusion

® L}::wuim on ) . :5 5,3 Trade — off: (at equilibrium) mean free time t
i oo =0 5‘ high N,,N, = mobility ,,, 1,
c _ Infrared Visible Ultraviolet . .
(a) - é L JOaAs oGP . hlgh o and low sy <U > —=1ianiilin E. —— 1 / & drift current denSIty ]X
3 In‘Sb (ic T CdSe (‘,dS SiC ZnS X, { X m X Conduc & lty o
E
\ J ,f lc\i)\ 2 'O,; - 1 ; 2 . 3 . 4 f“f ”V” electri;pforce accelerates ]x = q(n 1) —— p ‘up) gx = Géax collii:n decel:rates
degr\a;l;ion of intensity due to“absorption: I, = I,e "' df‘ i nqu L L 1 ; Bill T
absorption coefficient @ varies with wavelength A and the material R T _t p = _t T
w wr o
Fluorescence (direct recombination) most energy directly into photon, fast(10~1%)
Phosphorescence (indirect recombination) needs extra (deep) energy level between E,, I
gives smaller hv, slow(s); application: UV excites phospors to generate white light at steady state
instead of smooth spectrum 1
equilibrium no stimulate T e &, =0 8. = ﬁ]*‘%z =R ]
steady state can have stimulation inputs, stabilises after a long time A ;
/ ;“ using Hall effect to determine:
. . . 4 3 _ [ — tvpe: _
Recombination and Generation Balance SORAVE S ) [ Van<0 n=iype; Vs >0, p—type
A, B | using Hall effect to measure:
excess carrier concentrations dn(t) = Jp(t), initial values An = Ap. ) — /: po= 1 _1%.)._ L&
0 - /'~ v o= = =
low-level injection (linear) n-type p-type / y / Ry q &, qtVas
don(t - ’ Rwt  Vepwt
gt( ) = —a,(no + po)dn(t) on(t) = Anet/" // . ;‘ p= Tw - %Z’
minority carrier lifetime 7, = m Tn = (apmg) ™1 7 = (aypo) ™t ; &, | r *
= /e ‘ 0 Ky
Jop = o [(n0 + po)on(?) + on*(t)] 01 = 0p = gopTn /D e
photoconductive decay: '
Hall effect measures majority carrier mobility
o(t) = a[n(t)pn + p(t) ] L
Conduction band , Einstein relation:
“Li* (0033)  +P*(0.044) -As® (0.049) -Sb(0039) ; Ao = r +7r = qg(dn +9 ) i diffusion
. dc 1 5 ngP( nin p/j'p) q( Hn p’up) death rate coefficient 2 = E ~0.026V
03 electron §T018) Direct Recombination: of electrons _ ldn(y) . dn(x) o9
|4 | capture - - f /p t at equilibrium
dx or n/p type at eq
Y *Ni” (035) *$TT(037) net change = thermal generation — recombination
05 - Mn* (0.53) LAu” (0.54) dn(t doping (N,/N,) or
T . -z (035) on L ( ) _ arn? . arn(t)p(t) d(F,,/q) P .g( ] )
ombinaton e £ e 08 i sy 0138 T =1, ()1, ()=, (9 T 40, () T puting together
0 ] "l ap emporar? —_———_—— x x B B
8 trapping - Au* (035) = —a,[(ng + Sn(t) + on2(t dx g dx ) - different semiconductors
03 hole/Gapture -Zn (031) rl(n0 +po)on(t) ()] | > = drift (&) + diffusion (Vn/p)
+Cu” (0.24)
0 ANiT(0.22) acceptors B . dn dp
0 o steady state BHP G-t balance: minority carrer diffusion =qun+ gD, +qu,p—qD, " gradient of n/p,E,
“B~ (0.045) +Ga” (0.065) - Al” (0.057) ; . o currents can be significant dx dx
\ Valence band generation =recombination B it dp (x)

[equilibrium]G(T) =a,nopo = apn; dr 20 dx built — in field &(x)

[steady state]G(T) + gop =arnopo + o [(no + po)dn(t) 4+ on®(t)]
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