50 SEMICONDUCTOR MATERIALS

A detailed study of trapping in silicon has been pet:formed by Hon}‘lt?eck
ind Haynes.! Their results show that in a particular p-type si blcog
kample there was a level of traps 0.57 ev below the conduction aph
these are called shallow traps) and a second l-evel of dee.p tr:?,ps wit
h.79 ev activation energy. These levels are illustrated in F1_g. 8?13.
The minority-carrier lifetime was 7, = 20 X 10-° sec, the relaxation tl.me
bf the shallow traps was measured to be 7. = 107 sec, and the relaxation

time of the deep traps was r. = 260 sec.

{

0
N 0.54 % 107 electrons per cm®
p<]
E 1.5 X 10%2 shallow traes_pe_r_tﬂn?_ ]
§ (.57 = e e we w G o
E Fermi level
w 072

=079 = == = """ 5 X 10°° deep traps per cm®

0.46 % 10'® holes per cm3

T T

-1l RS SR O B O AY, (VYA
Valence band

electron traps in a specimen of p-type silicon.
Phys. Rev., vol. 97, p. 316, Jan. 15, 1955.)

Fie. $-13. Density and relative energy of
(From J. A. Hornbeck and J. R. Haynes,

These three separate time constants were determined b.y measuring
the photoconductivity of the semiconducto.r as a function of tlme-!.
This method is illustrated in Fig. 8-14. First, the pstype sample is
uniformly illuminated with a light source S0 strong that the elect.ron
traps are saturated (completely filled with electrons). Then, at time
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t = 0, the light is abruptly removed, and the conductance is measured
while the sample returns to thermal equilibrium. The first change in
conductance shown in Fig. 8-14 (at ¢ =~ 20 X 10~¢ sec) is due to the
recombination of the untrapped excess carriers. The remaining excess
electrons are in traps and cannot contribute to the conductivity, but
there are an equal number of excess mobile holes which are needed to
balance the charge of the trapped electrons. Therefore, the conductance
of the sample does not return to its thermal-equilibrium value until the
excess holes are removed; this occurs when the electron traps are emptied
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F1c. 8-14. Resistance of a p-type silicon specimen, which has been illuminated with a
sirong light, as a function of the time from the instant when the light is abruptly
removed. (From J. A. Hornbeck and J. R. Haynes, Phys. Rev., vol. 97, p. 313, Jan.
13, 1955.) ‘

and the excess carriers recombine. The two other conductance changes

Ashbwn in Fig. 8-14 (at approximately 10—2 and 260 sec) correspond to the

emptying of shallow and deep electron traps, in that order.
Two different trapping levels have been identified in n-type silicon.!
There are some hole traps 0.45 ev above the valence band, with

7¢e = 4.5 X 1072 sec

The other level of hole traps is 0.72 ev above the valence band, with
7+ = 300 sec. The trap densities have varied from less than 2 X 10% to
approximately 10'® traps per cubic centimeter. These trap densities

! Haynes and Hornbeck, bid.



