Redistribution of charge carriers

* Note that as donors atoms and corresponding

intrinsic

donor electrons are added, there is a redistrib * ¢lectrons * _ _ _ _ _ _ &
. = AAAAAA C
of electrons among the available energy SRRLNY
A Ll IO L oL o oy oy . W |
states. /// ionised donors unionised donors
. . &
» A few of the donor electrons will fall into Fi
. few d
empty states in the valence band and e

some intrinsic holes

annihilate some of the intrinsic holes.

&y

» The minority carrier hole concentration
will therefore fall (see example on slide 11.9).

* Note: because of this redistribution, the numbeglectrons in the conduction band
is not simply equal to donor concentration plus intrireliectron concentration.
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Redistribution of charge carriers

intrinsic
electrons
Similarly for acceptor impuritie® —
. . . R ) a few intrinsic
reducing the concentration of intrinsic electons wil fal
into ionised
electrons: o:ceptor states Py
{
NN
++ +

Example: As last example, but germanium with = 5x10=3cnm® andN, = 0.
Assumen; = 2.4x103 cm®

Answer:

* Notice that if donor impurity concentration is riob different from intrinsic carrier
concentration then the thermal equilibrium majocgyrier electron concentration
influenced by the intrinsic concentration.
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- The semiconductor will eventually

[EXETER

The intrinsic carrier concentration,)is
a strong function of temperature (slide
8.9), so ag rises,n; will begin to

dominate (see equation opposite from

Electron concentration versus temperature

slide 11.8)
loose its extrinsic characteristics

e.g. (opposite) Si doped witN, =
5x10 cms.

At room temperature, all the impuritig
are ionised, hena®, = N,

Notice onset of freeze-out at Iolv
when none of the impurities are ionispd
i.e, ng= Ny - that is the concentration
electrons in the impurity band equals
the concentration of impurities.
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Compensated Semiconductors

Another Example: Calculate the thermal-equilibrium electron and hole

concentrations in a compensated semiconductorsi@ansilicon at T=300 K, with

Ny = 10' cnr® andN,=3x10% cn3. Assumen,=1.5x10%cm?.

Answer:

If we assume complete ionisation, and iflN; — N,) >>n;, then the majority
carrier electron concentration is approximately thedifference between the
acceptor and donor concentrations and hence

n?
nO

Po =

(Nd - Na)

Important noteAlways calculataminority carrier concentration fromyp,=n;2 once

the majority carrier concentration has been detgthiotherwise, for example, tw

numbers ~1% would be subtracted to obtain a number of ordér) 10
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Position of Fermi Level

* We know that the electron and hole concentratahr@sige as Fermi Energy level
moves across bandgap. Also, we know how the eleeind holes concentrations
depend on impurity concentrations. So we can deterthe Fermi Energy level &

a function of doping concentration and temperature.

» If we assume the Boltzmann approx is valid, thencan rearrange the equation f
nO (slide 8.6/10.5)
Ec— & =KgT In[NCJ
My

» For ann-type semiconductor at room temperature (comptaiesation) which is
doped withN4 >> n;, thenny = N N
— — C
Ec— & =kgT In[—J

d

* j.e. as donor concentration increases, the Fermi leegkscloser to conduction
band and hence the electron concentration in thinG@ases.
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Position of Fermi Level

* Note, that if the semiconductor is compensateeh tieplacéN, with thenet
effective donor concentratioNy — N,

. Example: Calculate position of Fermi Energy level with resip® the bottom of theg
conduction band in an n-type semiconductor. Camnssdicon at room temperatur
with Ny = 10"cn3, N, = 0 andn, = 1.5x106%n73

* Answer:

D

»  We also know that, = n; exp [(& — &)/kgT] from slide 10.6, so we can also writg

Er — & = KT In[:"j

» This equation can be used specifically for anpetgemiconductor wherg is given
by (N-N) . [N-n T from slide 11.8.
S

T2 2

* Note: if the net effective donor concentratiozéso (N,- N,) = 0, them, =n; and
& = & 1.e. a completely compensated material has the propegtian intrinsic

material.
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Position of Fermi Level

» Similarly for a p-type semiconductor,

Nv Assuming N
& —& =kgTIn| —- 300K and & —& =kgTIn| =
0 Na >> ni Na

» And in the same way as before, we derive an egfmesn terms if the intrinsic

Fermi energy level:
& —& =kgT In[poJ
n

+ i.e for a n-type material, > n; and the Fermi level is abowg, and for a p-type
material,p, > n; and the Fermi level is belogy

2 3 “Nd (((:)ms) 10'° 10! 1018

.. . g ot 10 10" ! 7 !

* We can plot the position of the Fermi o [ \ \ r 1 &
level as a function of doping
concentration: (Siat T = 300K) n-type

+ the intrinsic carrier concentration is agg« [~

strong function of temperature — therefore p-type
so is the Fermi energy level.
| | | |

|
1012 1013 101 1015 1016 1017
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Position of Fermi Level

* As the temperature increasas,

10— _ : _ increases, ang- moves closer to the
0s—créasing doping| o intrinsic level.
- congentrati@fonduction band
0.6 - =
- | N-10tar .
0 e Q\\Q{C\ » At high temperatures, the
5 02 semiconductor becomes more
«w [ Intrinsic level 1012 ~Jo¥ \ 1016, . e
1o - > o= intrinsic-like.
(,\I)L-o.z_ N AL =10k =
_o4lp-type %/m/

‘ =10 » Atvery low temperatures, freeze-qut
aal . occurs, the Fermi level goes abov¢
4"8[> FAlEe Shed ‘ the donor level for n-types, and

0

100 200 300 4000 500 600 below the acceptor level in p-typeg —
7'(/() the Boltzmann approximation is nd
longer valid, and the some of the

equations we've derived will no

longer apply.
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