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The solution to this peculiar situation is to introduce scattering; in this first
C ﬁssion, we shall use a very simple form of scattering. Let us suppose that
mef‘eleetron starts to accelerate and then is scattered after a certain time. Let us
s0 suppose that this scattering process, being statistical in nature, completely
randomises the electron’s k; in other words, the electron ‘forgets’ everything
aboilt its motion before the event. The electron wﬂl then start to accelerate
again until it scatters once more.
Let us look at the average value of k that might be expected after a scattering
nt. As the scattering events are random, the electron is as likely to have
itive & as it is to have negative k lmmedxately after scattering; statistically
é_ifter averaging many events) the average. value of k after scattering will
close to 0. Thus, the average outcome of the scattering is to ‘reset’ the
ctron back to its initial state. The effect of the subsequent restricted periods
acceleration will be to give the electron a net, finite average velocity in the
mmal direction of motion. This is represented by the pomt on the velocity

As the electron has now acquired a finite average veloc1ty, it is carrying a
urrent in response to the field €. Therefore, with the introduction of scattering,
'e__ material has become a conductor of electncxty The scattering events
qprevent the electron moving very far up the band, so that it never accesses
Z'the troublesome regions where v and m* reverse. :



Partially filled band without scattering
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Partially filled band with scattering time t
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A nearly-filled band
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In a full band : all pairs of states (R, - R)are filledand Yk=0 .

If an electron of wavevector k. is missing, ZR = _Re Alternatively speaking,

a hole of wavevector [{h is produced and k, = —k, -

Setting the energy of the top of valence band is zero,

the lower in the band the missing electron lies,
the higher the energy of the system.

K The band is symmetric :

e (k) =, (-k,) =-¢,(k,)

1 1 ( X
Vh:%v—k'hghzg_vk'e _ge):Ve
The group velocity of the hole is the as

that of the electron.




How does a hole move?

d - 1 -
i dte = (—e)EE - %VR g, (K,)x Bj the equation of a motion for an electron
Applying to a missing electron : creation of a hole
hd;tk = (- )(E+1V £ (kh)xéj h%_(+e)(E+;V e, (K, )x j

the equation of a motion for a hole

exactly the equation of motion for a particle of positive charge
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EE?JAE: As: ~2.1x10%cm?3; Sh: ~5.7 x10%m3;
Bi: ~2.7x10Ycm3; Cu: ~ 8.45 x10%°cm-3
HPHZE: Bi: //c 127 x10%(Q-cm); Lc 100 x106(Q-cm)
Sb: //c 29.3x10°(Q2-cm); 1c 38.4 x10°(Q2-cm)
Cu: 1.55x10°%Q-cm); Al: 2.5 x10°%(Q-cm)
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