The total number or maximum number (Ne) of electrons that can occupy any principal quantum

number n is

Ne = 2n2
Quantum Sub-shells

The principal quantum shells, apart from the first, are split into sub-shells. Each principle quantum
shell contains a different number of sub-shells. The first energy level contains one sub-shell, the
second energy level contains two and so on. The sub-shells are distinguished by letters s, p, d, f,

and so on. The energy of electrons in the sub-shells increases in the order s<p <d <f.

The contents the subshells in each shell are shown in the table below.
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Quantum Shell of Electrons

N

6 2p

S 2 3s

M (n=3) 18 D 6 3p
d 10 3d

S 2 4s

D 6 4p

N (n=4) 32 d 10 4d
f 14 4f

Not every electron is constrained to forever occupy a certain shell or subshell of an atomic nucleus.
Although electrons tend to remain in their shells because of their force of attraction to the positively

charge nucleus, some of them acquire enough energy (e.g. from heating) to break away from their
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p = resistivity of the material, Q.m
[ = length, m

A = cross-sectional area, m?

The conductance, G, of the material, which is defined as the reciprocal of resistance, units

Siemens (S). This implies that conductivity, g, is the reciprocal of resistivity:

o=-
p

Thus the units of conductivity are 1/(2 . m ) or siemens/meter (S/m).

Recall that, J = Jn+Jp = NqnpnE + pquu,E
= (nqnitn + Pqpitp)E
= oE \)\4

the expression (nqn Un + Pqp up)ls equal to the conductﬁ aterlal It is evident
from the above equation that current density N@E duc

the applied electric field. O ?)
For an intrinsic s\ir‘(eNNorﬁn tﬁ&_’z; O“
P(e e n(qn + 4p)qE

and conductivity of an intrin5|c semiconductor is

r is directly proportional to

0; = n:q(qn + )
NB: In general the conductivity any semiconductor is computed as shown:

0 = NQqpln + PGplyp

Example 2
a) Compute the conductance and resistivity of the intrinsic silicon bar in Example 1.
b) Use the results of (a) to find the current in the bar when the 18 V potential difference
applied to it.

is
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I-V Characteristics of the P-N j i ‘ e E \
junction O

A graph between current and W@@Md across t@‘N%\%on is called characteristics of

the P-N junction \e\N
If the W&Vrent is to b@eag p05|t|ve (upwards) then the reverse current should be

below the horizontal axis, i.e. downwards or negative. Similarly, forward voltage is plotted to the
right of 0 and reverse voltage to the left of 0 i.e. in negative direction.

Forward Characteristics:
When the external voltage is zero, i.e., when the circuit is open, the potential barrier at the junction

does not allow the flow of current and, therefore, the circuit current is zero.

* Forward biased V-| characteristics

Ir (mA)
A fvoltage >V, the
current increases
abruptly

A small increase in V;
leads to a large increase
in the forward current I,.

>V (V]
V= 0.7VSi ¢V)
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long should the bar be in order for the current in it to be 1.2 mA when 9V is applied to its

ends?

15. Asilicon PN junction is from N material doped with 2.5 x 102! donors/m3 and P material

doped to have the same impurity density. Find the thermal voltage and barrier voltage at
40°C.

16. A silicon p-n junction has a saturation current of 1.8 x 107*A at 27°C. Assuming n = 1

find its current when it is forward bias voltage is 0.6V and 0.65V

References:

1. Bogart, Jr. T. F (1986), University of Southern Mississippi: Merrill Publishing Company

2. Boylestad. R and Nashelsky. L (2006), Electronic Devices and Circuit Theory, Ninth
Edition, Prentice Hall, ISBN: 0131189050.

3. Chapman. S. T (2005), Electric Machinery Fundamentals, Fourth Edi 6n@¥.McGraw-
Hill, ISBN: 0072465239

4. D.Neamen (2006), An Introduction to |ces 1st Ed. McGraw-Hill, USA

5. Ncs SC

Mehta V K (1994), Prl% fc r{w pany Ltd
Paynter R (-2 tory Electr @ \Q and Circuits: Electron Flow Version,

6.
?f@ul on, Pren? (i&@d 0131716395.
a a

8.

r. S .N (2012), Electronic devices and circuits, 3rd Ed. India.
Tokheim. R. L (2002), Digital Electronics: Principles and Applications, Student Text with
MultiSIM CD-ROM, Sixth Edition H, McGraw-Hill, ISBN: 0078309816.

laivahanan S and

34



