1
'band and (except. for the degenerate case) the
number of carriers decreases as exp(—qAV/kT)
where AV is the spacing between the Fermi level
and the band concerned, and ¢ is the electronic
charge. - As a consequence of the small number
of holes in the N¢ region and electrons in the P
region, very small currents flow across the bar-
rier and the reverse direction-has high resistance.
In diagram d of Fig. 11, the additional effect of
applying a voltage in the forward direction across
the Ne-P or left-hand barrier is shown. This is
the forward direction for this barrier, and elec-
trons tend to flow from Ne to P. 'This current
builds up exponentially with the voltage differ-
ence between Vi and V2. At the same time holes
flow from P to N.. However, for the structure
shown, the hole eurrent will be much smaller than
_ the electron current; the reason for this being
essentially that sirice more electrons are available
in Ne than holes in P as determined by the con-
figuration of the device, more electrons will flow
than holes for a given potential difference. The
electrons which flow to P will diffuse thermally in
P. Also they will drift in any field which is pres-
ent. As a result they will get over the maximum
in P and flow to N¢, and thence to electrode C.
It should be noted that there are several other
ways of reducing the hole current from P to Ne
Two of these are illustrated in Fig. 12. Diagrams
a and b of this flgure correspond to equilibrium
or zero current situations for the device under

consideration. Under these conditions the num-
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_ fact that there are two processes of couduction

4hrough the P region permits control to take place

it a way similar to that in the vacuum tube.

10

15

20

Before considering how the above description

~should be modified when neglected features are
-taken into account, consideration may be given

to the feature common to devices which amplity
alternating current power using a direct current
power supply. Such devices have an input and
an output circuit, and for purposes of discussion
may be regarded as four terminal devices. Into
the pair of input terminals there flows direct cur-
rent and alternating current power (Pue and
Puc) and into the output terminals there is g sim-
ilar flow (Poac and Poac) . - For a steady state con-
dition, the second law of thermodynamics re-
quires that the sum of all these powers is positive.

. For an amplifier, however, Poac+Piac_is negative,

meaning that the device gives out'alternating cur-
rent power. In a conventional circuit the power

. 1s taken out between plate and cathode and the
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ber of holes in region Ne is determined by the po- -

tential energy difference Ui. If the potential
difference is applied between Ne and P in the for-
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ward direction across the barrier as is shown in

Fig. 11D for example, then the concentration of
holes in Ne due to flow from P will tend to in-
crease exponentially with the voltage difference
Va—Vi. Similarly the concentration of electrons
flowing from N. to P will tend to increase expo-
nentially in the same way starting with a value
determined by Ui  Hence, if Uz is initially less
than Ui the tendency of electrons to flow from
N. to P will be greater than the tendency of holes
to flow from P to Ne. :

All of the cases: considered in Pigs. 11 and 12 .

are designed so as to produce this desirable dif-
ference between Uz and Ul
this is accomplished by having different concen-
trations of impurities. in Ne and P in such a way

that the net concentration of the electronsin Ne -
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. increased even though!

.a8 .the grid-pla

alternating current and voltage under operating
conditions are like those: ‘of..a ‘negative re-
sistance. That is; when: the plate -potential swing
is. negative, the plate current” swing ‘d. e, cur-
rent into the tube, or.’electrons out) 1s pos-
itive. The reason for: his;behavior is-that the
plate impedance-is’ relatlvel “high; - Hence, when
the grid swing is p . current is in-
creased over the dire ur"er_xt ‘value and remains
gative plate: swing oc-
. vered to the plate,
in: mug¢ the’ same way

curs.- Hengce; power car
‘The Nec<P barri

There is & steady: reverse ‘current; however. this is
‘relatively insensitive to plate potential. - The elec-
tron current due to the difference in potential be-
tween E and B, is ‘also’ relatively insensitive to
collector voltage since-once the electrons have
passed the maximum potential point in P they are
practically certain to be drawn to C.’  Hence the

“alternating current, across the Ne<P ‘barrier can
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In Figs. 11 and 12a
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. may. absorb input powWer.:

be made out of phase ‘with the voltage on C and
output power can be delivered. :

Next. there may be taken into account the fact
that there is actually a current ‘flowing to B which
This ‘current  arises
from several sources. Holes from N. will flow to
P and also some holes from P will flow to Ne. Both
of these currents ténd to lower the impedance of

"B and require more power: ‘to drive it.: “Also, since

is greater than the -concentration of holes in P. -
In Fig. 11 the electron concentration is so high -

that a degenerate situation exists whereas in Fig.
12q a non-degenerate situation is shown. In Fig.
12b this effect is further enhanced by using two
different semiconductors. The
used for Ne has a wider energy gap since it is
N-type. This increases the value of U: compared
to Uz in the-P region. For example the Ne zone
. may be ‘of N-type silicon and the other two zones
ol P a.nd ‘N-type germanium respectively.
I we idealize the structure for the moment and

S neglect any resistances.at the metal semiconduc-

tor contacts, and the hole current between P and
Ne, the comparison .between this device and a
vacuum tube becomes clear. In place of the grid,
_there is the P region, which can be charged in
respect to Ne by holes. This modulates the flow
of electrons from N. into P just as the charge
on the grid modulates the flow of electrons from
the cathode. The charging current to P, consist-
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semiconductor
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-‘B-1s ‘positive ‘some ‘electrons :entering :P- tend to

flow to the electrode B thus ¢ontributing still an-

- other source of power absorption. Holes and elec-

trons will also.combine in P-at an enhanced rate
compared: to thermal-equilibrium because both
the hole and-the electron concéntrations in P are
appreciably greater than normal. This requires
an additional hole current into P from'B. How-
ever, proper geometrical requirements can be met
so that these currents are sufficiently minimized
to permit substantial power amplification.

The reason for thisis that so long as the P layer
is not too thick, an appreciable fraction of the
electrons flowing from Ne.into.P will continue
to Ne. This means that the alternating current
components of current in.C will be comparable to
the alternating ciirrents in E and B. As will be
pointed out later, & proper condition adjacent
electrode C may actually lead to larger alternat-
ing current components in C than in either E or

- B. PFurthermore, the impedance between E and B
T is relatively low since the Ne-P junction is oper-

ing of holes, does not flow to Nc any more than -

does the charging current to the grid. Thus the

ated in the forward direction. Since power is I’'R,

75 and since the input and output currents are com-



