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Recitation 2: Equilibrium Electron and Hole

Concentration from Doping

Here 15 a hst of new things we learned vesterday:
1. Electroms: and Holes

2. Generation and Recombination

4. Thermal Equhbrium

4. Law of Mass Action

5. Dopang - (donors and acceptors) and charge neutrality
6. Intrinsic Semiconductor va. Extrinsie Semmiconductor

7. Majonty and Minonty carmers

1 Electrons and Holes

This refers to the “free” electrons and holes. They carry charges (electron -ve and hole we),
amd are responsible for electrnieal current in the semuconductor. Concentration of electron
(= n) and hole (= p) 15 measured in the unit of fem '3 or em ™ (per cubic centimeter).

Remember 1n 51 the atomie density 15 5 = 10*2 &m 3, very useful number

2  Generation and Recombination

Generation 15 one way to obtamn “free” e & h i sermaconductors. 1 electron-hole paar (1e

lh) 15 generated by brealing a bond. Recombination is the reverse process.

3 Thermal Equilibrium

A concept which will be used very often. Thermal equbibrium 1z defined as steady state
no extra energy source. Note that we have generation or recombination under thermal eqm-
ibrium. It & just that the two rates are equal and cancel each other, so the concentrations

of ¢ & h do not chanpge. n_o and p_o refer to concentrations i thermal equibbriom.

4 Law of Mass Action

At each temperature T, under thermal equbbriom:

g - Po constant = f(T) (only depends on temperature)

iy - P !I'ti:'[TF_:I (m; = intrinsic carrier concentration)
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This 15 like a chemical reaction:
Hz0 = H' +0H  [H'|[0H | = 10" {mol/L)*at Room T
bond = e +h' ﬂn-pu:ﬂii{_ﬂ:lﬂm‘{EHI_a:]iﬂt Room T
Mote n; has a temperature dependence:

 Ea
m = A- (T e 2T

A s a constant, T is in Kelvin, T(K) = 2734 T(°C), and kp — B.62 x IEJ'E’E‘I.-’I."I{. Fiis the
“Bandgap” energy of the semueonductor - 1t also corresponds to the ease of bond breakage.
For 51, B = 1.12eV.

Example 1

At room temperature, T = 30K, n; (300 K) =1 = 10'° o3, What is n; (500 °C) 7

ni(50°C) = m(TT3K)

_fa
ﬂi[_m ]{:] B T3 42 o Ejﬂl![_m:] = E_M .
m(300K) (ﬁ) X B 414 % —grm = 35 108
o 2kp(300)

Therefore, n;(TT3K) = 3.5 % 108 x n;(300 K) = 3.5 = 108 % 10 em 3 = 3.5 x 108 em 3

Something to observe:

At room temperature, n, — p, — 10"Wem 2 for Si. Atomic density is 5 x 1072 em 3. There-
10' 1

fore, only a tiny fraction of atoms -[5 - 1022 — FRVETILE =2 X lE]_“?{.}I lose an electron in

one of their 4 bonds. By heating up to 500°C, the concentration of free carmers goes up
~ 108 (1 million) times, but the percentage 1= stll quite low.
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5 Doping and Charge Neutrality

Doping

free electrons
= generated by As

n type dopants: As, P Sb

give out an electron easily

leave behind a positively charged ion
Denor concentration N, (cm)

a hole generated due to bond
breaking and e given to B

p type dopants: B

have one less electron, will grab one

easily from another place, become
negatively charged and thus generate a hole

Acceptor concentration N_(cm™)

Figure 1: Types of Doping

Charge neutrality

Although foreign atoms are introduced in 51, the overall semuconductor 15 charpe neutral.
Therefore, concentration of paative charges — concentration of negative charpes. The pos-
itive charges include holes (p) and donors (V). The negative charpes include electrons (n)
and acceptors (V).

Po+Ng—n, — N, =1



