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As an undergraduate student at Caltech
from Sept 1967 till June 1969, at age 19 to 20, constant 50 Joag a8 AV is not 100 large. When they approach the barrier, these v,

H carriers will still find a downhdl potential and will all I down 10 the paide
I Ieamed Feynma" PhySICS from Pro" Feynman (I aV is lacger than the natural ;\v::r.m. difference V, the situation would .an;{ b
and Prof. Leighton at Pasadena' California USA. but we will not consider what happens at such high voltapes.) The net current / of s
. . positive carriers which flows across the junction is then the difference between the
Yoshiaki Daimon Hagiwara currents from the two sides .
1= Ife™*" 4T — 1) (14.19) |
34

The net current / of holes flows into the mtype region.  There the holes diffuse
into the body of the m-region, where they are eventually anaihilated by the majority 24
mtype carriers—ibe electrons. The ciectrons which are lost in this anaibilation
will be made up by a current of electrons from the external termingl of the m-type &
material
= When AV is zero, the net current in Eg. (14.14) i zev0. For posicive AV the
current increases rapidly with the applied voltage. For negative AV the cutrent
reverses in sign, but the exponential term soon becomes negligible and the negative
current never excoeds [—~which under our amsemptions is rather small This
back current /, is limited by the small density of the minority carriers on the a-gidé |
of the junction. D |

If you go through exactly the same analysis for the current of negative carriers
which flows actos the junction, first with no potential difference and then with a Fig. 14-10. The current frough «
toally apphied potential difference AV, you get again an equation just  fnction o5 o furcion of e volog
) for the net electron current. Since the total current is the sum of the  OC7% =
currents contnbuted by the two carriers, Eq. (14.14) sull
current provided we identify /, as the mavimum current which can flow for »
reversed voltage

The voltapecurrent characteribtic of Eq. (14.14) is shown in Fig. 14-10, It |

shows the typical bebavior of solid state diodes—such as those used in modern

computers.  We should remark that Eq. (14.14) is true only for small voltages.

For voltages comparable 1o or larger than the natutal internal voliage difference d \

¥, other effects come into play and the carréat no Jonger obeys the simple cquation o | —— = ‘ i
You may remember, incidentally, that we pot cxactly the same equation we ‘

have found here in Eq. (14.14) when we discussed the “mechanical rectifier™—the

ratchet and pawl—in Chapter 4 of Volume 1. We get the same equations in the ! !

two situations because the basic physical processes are quite similar
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Perhaps the most important appbeation of semiconductorns is in the transistor volages

The transistor consists of two semiconductor junctions very close together. iy
operation is based in part on the same principles that we just described for the
semconductor diode—the rectifying junction. Suppose we make a litle bar of
germanium with three distingt regions, a ptype reghon, an atype region, and
another paype region, s shown in Fig 14-11(a). This combination is called &
poep transastor.  Each of the two junctions in the transistor will bebave much in
the way we have described in the hast section. In particular, there will be 2 potential
grachicnt at each junction having a certain potential drop from the a-type region 10
U R E S O N cach ptype region. If the two p-type regions have the same internal propertics,

I.. E C T the variation in potential 83 we go scross the crystal will be ax shown in the graph

of Fig. 14-11(b).

H0% ‘ Now let's imagine that we connect cach of the three regions 10 external voltage

ST N A 3 '
,“" " ora g sources as shown in part (8) of Fig. 14-12. We will refer all voltages to the terminal
connected 10 the keft-hand pregion 30 it will be, by definition, at 2e10 potentidl

We will call this terminal the emiitter. The atype region is called the Aase and it is !

14-6 The transistor
The f;/mw
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connected 10 a slightly negative potential, The right-hand ptype region is called H A

the collector, and is connected 10 a somewhat larger negative potential, Under ! !

these ciecumstances the vaniation of potential across the crystal will be as shown in | | o £

the praph of Fig. 14-12(b) -

Let's first soe what happens to the positive carriers, since it is primarily their Fig. 14-12. The potestiol distribe-
behavior which controls the operation of the pea-p tramistor, Since the emitter is  tion in on operating tronsistor,
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Hagiwara_Paper_for_Journal_of_Electronics_and_Signal_Processing

(a) Face-to-face Type (C1) Single MN+PP+M Junction type
o Metal Metal
e D> L ~20 % Efficiency
Voo A._-l- (C2) TANDEMZ!Double MN+PP+MN+PP+M Junction Type
— Metal Metal Metal
o0 N S
N P Pe ~30 % Efficiency

(C3) TANDEM B! Triple MN+PP+MN+PP+MN+PP+M Junction Type
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