2. Theory and Chorneteristics of Tunnel Diede.

A cumnon P-H Junction diads has an impurity coneon-
traticn of cbout 1 part in 105. With this omount of doping the
width ol the dopieticn layer, which constitutces ~ potential -
bharrier at the junction, is of the order of 5 microns {5 X lD_dam.).
This potenticl barrior restroins the Flow of earriers from the
side of the Junction where they constltute majority earricrs to
the side where they constltete ninerity ecarricers. If the concen-
tretion of impurity atoms is grently inercesed, soy to 1 part in
103, then the device charrctoristics are completely chonged. This
now dindoe was announceirin 1958 by Esoaki, wnc also gave the corrzct
theereticr]l cxplanstion for its voli-ampere eharocteristic, vwhich
is depicted in Fig, 2.1. The widih of the junetion barricr veorics
inverscly as the squarc root of izpurity concenitraticn and theree
fore is reduced from 5 migronz to sbout lOGG A f:llifl_'5 eny ). This
thicknoss iz only nbout one - fiftieth the wave length of » visible
light, Classicelly, 2o partiele must have an enerpy =i laastEEEET_EE
the hoight of o petentinl btmrrier if it 18 to move from one side
of the barrier to the other, Howevery, for borricrs ns thin as theoso
catinated ~bove in the Esakidiode, quantum-nechaniss digtates that
there is o large probability that an clectron will penetzato
through the barrier. The quantun mechanierl behawidr 1a referred
to a3 "Murmelling", and hence this hige inpurity Jdensity P-H

Juneticn deviecs cre enlled "Punnel diocdean,
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Pig. 2,1 V - 1 Chorocteristic of tunncl diede.

The devies is nn exesllBnt conductor in the reverse
direction {P sidc of junction nepntive with Tespect to the ¥ sido).
it the peak current IP corresnonding Yo the voeltoge ?? the slcpe
dv/dl of thc charmcteristic: is zero. If ¥ is increased beyond
?p, then the current decresscs. hs o consequence the dynonmic
conductance g = dI/dV is negetive, The tunnol diode exhilits o
negntive resistance characteristic between the pesk current Ip
and the oininuwn value 1?' cnlled the valley current. At the
valley valtage"?v at which I = Iv the conductance is omnin zérce,
ond beyond this j:int the rosistanee beocomes and remains nositive.
At the so galled pezk forward voltoge ?F the current again recchcoo
the wvalue IP. For lnrper voltages thoe current inerecsos beyond
thig wvalue, This portion of the cherncteristic heyond ?v is
caused by the injection current in ar ordinory P-N junciion diode.
The renainder of the choracteristic is o rosult of the tunnelling

phenogencn in the highly doped diode.



For currcnts wiose voluaes aro betwoen IV ang IP the
curve 1s triple - waluad, hecouse ench current can be cbiznined
2% three different appliocd woltames, It is this nultivalued

feature which pakes the tunnel dicde usefu) in pulse znd digital

circuitry.

Note that while tho characteristic is ~ multivalued

N 1
funetion of currcnt, it is o single voluad funciicr of voltage,
Ench valuz of V gorrespends to one -nd only onc current. Haonee,

the tunnel dicde is acdd to be woltoyre controlled.
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Fiz. 2,2 Model of tunncl diode for smell zignnl

aperaticon

The stondord woadel for snrll signel operazticn in the
negative resistonce region is sheown in Fig. 2,2, the nesctive
resistance (- Rn}has = mininws ot the polnt of inflegtion between
IP nnd Iv' The serics resistanco HS is tho ohnie registonco.
The series inductonco Ls depends upen the lond and tho gpoonetry

of the dicdc pockopge. The junctien eopoeitonece {(depends upon
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the bies and is usuelly mensured ot the velley point. )

The principol interest in the tuneel dicds is its
application ns o very hich spueed switch., Since tunnelling tnkos
place at the speed of light, the tronsient rosponse is lioited
only by totnl shunt enpncitonce (junction plus strey wiring co-
pacitance] and penk Ariving curront, Switching times of the
crder of a nonosceond are recscneoble, ond times 2 low g B0

pleco-sgcont have been obinined,

2.2 The doeterninaticn of tunnel dicde chorocoteristic,

The mest goiwion counercizlly availablo funnel diode
are nade from germanium, crlliw prsenide nnd silicen. The loter
is dafficult to manufuaeture with o high rrtic of peck to valley
gurrent IPXIV. The $ypicoel tunnel diede prraneters: sve Showniin
Pig, 2.3

Se Gaks si
/1
Py 8 15 3,50 ]
o v 0,055 0,15 0.065
-
VOV 0.35 0,50 0,42
i Vp v 0,50 1.10 .70

Figs. 2.3 Typicel tunncl diode par-neters

The statie charscteristic of these devicos is shown in
Flgq 2;4 and Flgn 2;5



e Th e BTLENT

00g AW/ A ooy oog oo o
YT
I T e N R 20
m A
.
- EEEEE T
m [ - v __ H. __
| w n M | -
|
| |
._ “ //./ 8
_ LN \ |
__r ! V. o




ETLERL .
AW A

|

oY 0ofg cO0Z oo

Gt .o YBATG .
' L 1874 odoy oy oy




This curve is obtoined by verying voltope supply ¥ oand

resist“ncc R in the circuit (Suu Fige 2.6}, The series resistance

E + Hs is cho-soen to 1iz

15 chu~gen to 1lizit the

respect o the noximun current I

of negotive resistonco,
thon the absoluts woalus

of (= Ro)for the I 3712 :

goation are 125 chms nnd
ragteristic (Strtic) is

aeross the tunnol diodae

1% the current. The shunt resistonce RL
volionre neross the funncl dicde with
PI
the sbaclute value of RL nust be less
of - Rn {i.c. HL 41 l— Rn#}. The wolue
ond IW 3713 tunnel diodes uwnder investi-
118 chms zrospeetively. The cntize chn-
chtrined Ly nonsuring the voltage ?D
=nd the current Id through the tunnel

dicde,  One gets the current Id ensily by subtrocting I from I,

Sec Fig, 2.6
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Fig. 2.6 Circuit used to detornmine the static .

chormetcristic of o~ tunnel diodo.

In oxpder to obtnin the portion

1o
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The advantopss of the tunrel disde are low cost, low
neisae, simplielty, high syeed, ceavirenmontel immunity, ~nd low
power, The disnfvontosces of the diode nre its low cut-put
voltape ewing ond tao fret thot 14 iz o twe terainsd device.
Becouse of the 11tcr'¥;;EE;E, thuere is no isoleticn betwoon in-
vut nnd satput ond this icads to z2er-icus cireuit deosipgn Aiffi-
culties. Hemce, o tronsistor (an esscntinlly urdlnternl device)
ig usually preferred for fregucencics below ~bout 1 GHz cr for
switeching tinme longer then severcl nanosccond., The tunnel diode
con bo cenbined with the freonsistor to gonerate signal pulse
with sufficient onplitude to operate other cleetronie circuits

in the counting system.
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