study notes, ECE 3386 solid state devices,
Northeastern University, Boston

[Nasser M. Abbasil

1 993 Compiled on November 16, 2018 at 11:21am [public]

Questions on semiconductor course

1 Questions

Q)how do we know we are dealing with low injection or high injection? so that we can use
the correct approximations for low injection. equation (63) in book (page 51) in general case
to find U, then the book assumed there is low injection, and did some approximations, I need
to know when i can assume low injection in a problem.

A) when the injected minority carrier density is much lower than the majority carrier density,
example n, =~ ny,,

Q)what is difference between equation 66 page 52 and equation 61 page 94, since both are for
low injection and equal capture corss section for holes and electron?

A)equation 61 page 94 is used when we have an applied external volatge?

Q)what is the difference between equation 64, page 51 and equation 67, page 52 since both are
for low injection? it looks like equation 64 is when E; = E; while equation 67 is not.

Q) about problem 1 set 2, where is the 1/cosh term in the Igpcalculation?

Q1) why is low injection in an n-type semiconductor = n, > p,

Q) how do you decide to use short base diode or long base diode for finding the diffusion
capacitance?

_ AqLppno > . 1 [ w?
for long base C; = —5—e'r while for short base Cy = A (E)

WZ

2Dp) where Ig = Igp + Ig,

example, the diffusion capacitance of the Emitter-Base junction is ‘I,iT (

where A the area of the junction
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q electron charge

L, the diffusion length = /D, 1,

D, the diffusion constant

Vr = % = 0.0259 eV at room temp.

K is Blotzmann constant=1.38066 x 10723 J /K
q = 1.60218 x 1071°C

Q) how to find the electron effective mass m,, ?

Q)what is the transit time? 7;?and what is % = ;—;?

I think 7, =time required by hole to traverse the base=%

Q)is , under LOW level injection, the recombination life time 7, the same thing as 7,? is the
difference is that 7, is only when ¢, = 0,, = 7, ?

2 Defintions

: I
ecommon-base current gain o, = T*

eemitter efficiency y = %’, note: if %—2 > 1, like 5000, then y =1

ebase transport facotr ar = ﬁ—l’j

ooy the forward common-base current gain (page 132)

number of minority carries collected at emiiter
number of minority carries injected into base at the forward-biased collector-base jun

oo the reverse commmon-base current gain=
o, = yar

AIC . Oy

Alc yar ar
AIB - 1—0{0

. 2L2
if y very close to 1,5, = Toyar = Tomr = W

ecommon-emitter current gain f, =
e diffusion current

d
Jn = —q(carrie flow) = —q (—Dn—n)
dx

eEinstein relation relates mobility to diffusivity

b (KT)
n=\1—"—"]Hn
')

e electron concentration in thermal equilibrium

(%)
n = n;e\ X7

e 7, =the generation life time



e 7, =the life time of the excess minority carriers
o7, = mean free time, the average time between collisions

ewhen there is no doping (i.e. Ny = 0, Np = 0), then , assuming this is an n-type semiconduc-
tore, then
Mno = Pno = Ni
this means that
MnoPro = 1

when we have dopig added, then n, = n,, + Np and p, = p,, + N4 and assuming full ionization,
we have that

2
Nppn = n;

and
nn+NA :pn+ND

.1 _qre
e mobility p = ;==

em, the electron effective mass

eresistivity p = - where o is the conductivity.

e capture cross section = o, or o, describes the effectiveness of the center to capture an electron
and is a measure of how close the electron has come to the center to be captured. o, is in cm? |
so it is an area.

® vy,0, = this may be visualized as the volume swept out per unit time by an electron with
cross section oy,

oto find the built-in potional between 2 different doped materials, say p — n use this

KT (NAND)

Vi = — In [~
q n

1

e to find what is the width of the depletion region :

2€ 1 1
W= 7\/(N_D + FA) (Vbi - Vexternal)

€ = 1.0409 x 10712

265 _ 2x1.0409x107% _ 2¢,
¢ T 1.60218x10°° 12993546 \/7 = 3604.6

note that when forward bias, Veysernq is positive, and when revesrsed biased it is negative.
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example, for Wrp = ,/%\/(NLD + NLA) (Vpi — Vgg) and Weg = /%\/(NLD + NLA) (Vyi + V)

to find the extent of depletion region into only one side or the other use, example, given a
base-collector juntion with W width, we want to find how far this W goes into the base, use:

Wi ]VC W
base’part — ]\]C N,
the length into the collector is
W, = N w
collecter’part N, N

o n; = 1.45 x 10'%m™2 where n; is the intrinsic carrie density. it is the number of electrons
per unit volume in the conduction band and equal to number of holes in the valence band.
intrinsic semiconductor is one that contains relatively small amounts of impurities compared
to the thermaly generated electrons and holes.

e Fermi distribution function F(E) = %Ep) where k is Blotzmann constant, T is abs. temp.

l+e KT
in Kelvin and Er is the fermi level energ;el. the fermi level is the energy at which the probability

of occupation by electron is exactly .5

e about mobility, the KE energy of electron is given by

1, 3
Emnvth:EKT

where m, is the electron effective mass=?, and vy, is the electron average thermal velocity.

econductivity=(gnu, + qpp,) where p is the carrier mobility.

3 generation and recombination

when we have An = Ap <« Np we call this low level injection

3.1 Direct

this means no recombination centers exist.

when the light is on, at steady state,

G o=u=PrPe )
Tp
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when the light switched of, the excess carries die away at rate untill we get back to p,,

Pn(t) = pno + TpGLe_g

also we have

G=GL+Gy

befor we reach steady state, i.e just after the light shine is on,

dpn
dt

=G-L=Gy+Gy,
in steady state

GL=R-Gy=U

3.2 indirect recombination

this means there are recomination centers N;

under steady state, non-equilibrium (i.e. source that causes generation exist and is ON), we

have )
Uth0n0p Ny (p,,n,, - nl.)

O'p (pn + nie(EiK_TEt)) + oy (fln + nie(Eg(_TEi))

U=Ri—Rp = (2)

where
R, = (UnUth) nN; (1 - F(Et))
Ry = e,NiF (E;)

at thermal equilibrium, R, = R},

where e, is called the emission probability.

(E[*Ei)
€n = UtpOphie K

this shows that as E; goes away from E; and closer to the conduction band, there is more
probability of process R i.e. electron emmision from the center up to the conduction band.
see page 50 in book.

when we have low injection, so that n, > p, , and E; close to the center of the gap, U simplifies
to



U = vpop Ny (Pn = Pno)

compare this equation to equation (1) in the direct recombination, we see that

1
Utho-pNt

1, = life time of holes in n-type =

this is valid only under LOW LEVEL INJECTION and E; close to center of gap.

back to the general case, now assume that o, = 0, = 0, then U equation (2) becomes

U= 0:hoo Nt (prnn—n?) (3)

E;—E;
Pntnn+2n; cosh( KT’)

now, if we have LOW INJECTION, U simplied to

U=VthO'0Nt 1+( o Pn)n:((:Sh(Et_Ei) =Pn;f7n0

npo+pno

where 7, is the recombination life time

3.3 misc. notes about recombination and generation
1) when we have injection of excess carries, pn > n? this is called then RECOMBINATION, as
in FORWARD biased juntions.

2)when we have pn < n? this is then called GENERATION. this is as in REVERSE BIASED
junction

3)to find G let p, < n; and n, < n; in equation (3) we get

G:_U: 'UthO'gNtrli :ﬂ

E4—E; T,
Zcosh( T ’) 9

where 1 is the generation life time. the above ASSUMES o, = ), = 0, only.

T E;, — E;
—gZZCOSh( d l)
Tp KT

4)when a p* — n junction is forward biased, to find total current through it, we add the juntion
current to the recombination current.

J= ]p (xn) + Jn (_XP)
= (6% - 1)
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where
qDpPno N qDnnpo

Js = saturation current density=
Ly L,

the recombination current

w Wn,
Jrec = J qU dx = %ezw

0 Tr

where
1

T, = ————
0oVth Nt

so, total forward current in forward biased p-n junction under High Injection is
v
Jr=1s (eVT - 1) + Jrec

when the emitter is much more doped than teh base, ie. p,, > npand V. > % then we

approixmate

where 7 is called the ideality factor

5) in either generation or recombination, the most effective centers are those located near E;

4 p-njunction

. . d
e diffusion current = —quﬁ

edrift current = qu,pE
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