observed that if the concentration of impurity atoms is greatly incre
1000 times or more), its characteristics are completely changed Tms gn{es ok
f diode known as tunnel diode. It was invented in 1958 by Dr. Leo Esaki. That is v
is also known as Esaki diode. | s
Jormally doped PN jlgnction, the impurity concentration (i.e., doping level) is of very small
,, about one part in 10° atoms). With this amount of doping, the width of depletion layer is of
.¢ of one micron (which is equal to 10™° m). This constitutes a potential barrier at the junction,
trols the flow of charge carriers (i.c., electrons and holes) across the junction. The charge
cannot cross-over the potential barrier, unless they acquire sufficient energy to overcome it.
sever, when impurity concentration is increased (say about one part in 10° atoms), the width of
’ wnlayer reduces to about 10 nanometer (where one nanometer = 10~"m). Under such conditions,
‘ arge carriers will penetrate through the junction at the speed of light, even though they do not
ja?:vé enough energy to overcome the potential barrier. As a result of this, a large to overcome the
- ential barrier. As a result of this, a large forward current is produced, even if the applied forward

wage is much less than 0.3 V.
* The phenomenon of penetrating the charge carriers, directly through the potential barrier,

i,asteadof climbing over it, is called tunneling. That is why,
hly doped PN junction devices are called tunnel diodes. i 3 ‘D 7,

odes are usually made of germanium (Ge) or gallium- or
e (GaAs).
Gans R
7 shows two commonly used symbols for a tunnel Tk
tunnel di i
iodes should be handled with a great care, Fig. 13.7. Symbols for tunnel

are low power devices and can be easily damaged diodes
¢ electricity. -

Characteristics of a Tunnel Diode

/-1 characteristics of a tunnel diode. From the characteristic curve, we see |
». oltage is _increased from zero, the current increases very rapidly, till it
10wn as peak current (/) as indicated by the point A. The corresponc
icated by peak voltage (V). The value of this voltage is ty
allium arsenide tunnel diode.




Sl WA
i "v ,4'4"‘!"‘ i St
: th:ti
= R TIER B s (k.
1 \ ! o
? 0 V1 VP v2 vv e, 3 :
beyond these 5 ___ Forward voltage ——»
/ Ve (mV) e
»] diode is -
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de negative with - i

s N-side), it acts like an excellent conductor, Z.e., the reverse current i
\ voltage. It is indicated by the curve OD in the figure. Following
nt points of the characteristics of a tunnel diode. 94
| the peak point A and valley point B. the current decreases with the
oltage. Therefore, the tunnel diode possess a negative resistance in this region :
in the figure. This feature makes the tunnel diode useful in high frequency
" For currents, whose values are between I,, and I, the curve is triple valued. It

ch current can be obtained at three different applied voltages. It is indicated in

by the voltages V), V, and V; for the current /. This multivalued feature makes th

 diode useful in pulse and digital circuits.
' The portion BC of the characteristic is similar to that of a forw
PN junction.

The shaded region in the figure indicates t
b the device.

ard-characteristic ofa

he region in which the tunnelling

el Diode Parameters :
bod important parameters of a tunnel diode namely negative resistance and
 the WBy current (i.e., Ip/1,)). These parameters are discussed in more ¢
e It-is the resistance of a tunnel diode which it offers when oper
region. The negative resistance is given by the relation,
I
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je Equivalent Circuit

s a small signal equivalent circuit

. Tt consists of a series resistance g
W ; | o AV
> (L), the junction capacitance (C) 1-
ve resistance (— Ry). The series resistance l
ance due to leads, contacts and 0.35t0 100

. tor material. Its typical value may range
1 to 5 ohms. The series inductance is due to
enoths, Its typical value may range from 0.1 to

fuﬂction capacitance is due to diffusion
e and the applied voltage. Its typical value
e from 0.35 to 100 pF as shown in Fig. 13.9.

Tunnel Diode Applications ERL:
e tunnel diodes exhibit a specific characteristic called negative resistance. They have
ses of inductance and capacitance. These features make them useful in a number of a
below:

an ultra high-speed switching device. It is possible due to the tunneli
ich takes place at the speed of light. The switching time is of the order of 1

 memory storage device. It is possible due to the triple valued of
e.en Iyand [, | :

ave oscillator at frequencies in the order of 10 GHz. Itis possible due!
| ctance and capacitance of the device. ‘ o
or. It is possible due to negative resistance of the ¢




