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Bpzie Circuit of Tunpel Diode Disecrinminpator,

3.

31 Tunnel diode merostable circuit. Seg Fig. 3.1
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Fige %41 Tunnal dizde nensstoble eircuilt.

4 monestable clrcuit biased Ly the woltnge sourca V
which is sdjustced sc thnt the load line intarscets the dicde
characteristic o% one point con the pesitive resistnnee portion

gither ot high woltogs or low veltage. Sce Fig. 3.2 o,,b.
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n) Simplified circuit of Figz, 3.1



i LN Load line fr

| f.j'i | )(
e \

:'l_:'u' E Foa _t_ \______ E .___.:. —
G ."I _._"i"l' Vv vF w

AT

.

T
- -

- — — -

b] Switching operation

Fig, 3.2 HMenostable cperaticn of o tunnel dicde.

Suppose the operating voint ig. initigiiy;nj point 0
where v = Vo 2nd the disde current is i = Io,. & negative voltnge
pulse v is applied to rToise the lozd line so that it clears the

pezk at L. This trigger must hove o.time durction . adeguate to

F
mzllow the eurrent in the inductor I to change from Ic to IP.

The cperzting peint hoving vecn roised to 4, the circuit, of its
own accord, follows tho poth indicocted by the arrows, roturning

oventually to tie gterting point ot 0.

L cnleulation of the durntion T of the quasi - stablc
stete, whiech agreces with experiment sbout 10 percent, can be
ecsily carried cut if the tunnel diode characteristic is repre-
sented by the plece-wisc lihoar appromimation with o reascenable
fit if; | |

v = 0,75 ¥y A = Y+ 7V



Sece Fio, 3.3 I1f tho diodc resistance of tho porticn
prssing through the origin is exnlled Rl and if the second positive

resistoned region is designated by RE then
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k., = Vz/ Ip R, o= 'p = 'y
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Fig, 3.3 i linesr plece-wise aprroxination

To caleulete T, thoe tinme durntion frocm IP to I.IIIr W

reploce the deviee by o resistor B, in series with o boattery

2
- / . . .
V = Vv - IV-R2 ( oz 2igtnted by the wizoe - wiss lincar approxi-

raticn the eguivalent cirpuit is
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¥ig, 3.4 A lincor picec-wize approxinmotion cguivalent

circuit, :
! s
- = - = 1 - -
R, = R_+R,, vy = YoV Ty = V - LA,
at t = 0 1 = IP
t o= i = -Vny.’.I;
-R_ %
i o= =7 R;
OENLUKIVERS L
OHGKOKNIURIVERSITY
1]

T &y
since 4 docrcases o Iv at = T
. ) ; o
T = L 1n : ¥ + 1 f! ?

E, 3 f
= 1 ll ' b II
% n 1 v# + Ip RT . ﬂ? ;
T v v+ I TRy
/ ¥ A
=L n| 1+ IR ,/1+ILgR
L G o B YA G )
&y, ! v / T I
. £
LY K



20

but  In (1 + x) = x b
for X << 1’ - f o1 - '
1, T .%TI.1+IPnT 1 IVBTJ
’ v v
v y v
=L J1 -1, ) .
B V7T B
Y
= L /1 -1 1}
N SO,
: T J

The transition tine iz thoe time reguired e chanao

voltoge from ¥ teo Vge It is limited by the iphercnt juneticn
1S

eapacitance of the tunncl diode which can be calculsted by

F
Lor Ga - tunncl dicde v? - vP = 0.5 wolt.
EIP

3.2 Tunncl diode bistable circuif, Sco Fig. 3.5

Fig, 3.5 Tunnel fiosde bistnlle circuit.



With the load line sclocted as indiented in Fig. 3.6.
It hos two stzblo stotes 2t the noint cof intersection of the load
line with the pesitive resisionee porticns of the dovice

sharacteristic at 1 cnd 2

Fig. 3.6 Switching Opcraticon of tunnel diode bistable

circuit.

If the cireuit 1s 2t 1 and the signal source furnishes
a negative pulsc adaguate to roise the lo-d line abowe IP’ the
tronsition will oceuwr az indieated by on orrew, the cireuit willd
be ot 2, Similarly, o positive pulse zdequnte to drop the load
line bolow IV will reszt the circuit to 1. Thus the circuit hos
two permonent stoble stotes 2nd moy Le uscd to store hinory
inforanotien, The pulse repetiticn rate is geverned by the sun
of transition time ~nd tho »esett~ing time which is opproxiantely

equal to the delay tice in sceticn 3.1
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3,3 Tunnel diode -~ Transistor hybrid Circuis.

See Fin. 3.7
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Fiz, 3.7 Tunncl disde - tronsistor hybrid circuit.

A tunnel diede has twe gquantiities of great merit in
switchHing applicotions. It switelics cxbremely rapidly {with
switching time = 1 ns.) end resucnds to o pulse of very smoll

COETEY «

In comparison, o trensisior nay require s.pulse-of 10
tiges larger energy to gwitech one $v other state. iercover, 2
single tunnel diode may be used to consiruct o circuit with
two sfable stztes, whero twe transistors are required lor -

this purposc.

On the other hoand, o tronsister hzs the advantage over
the tunnel dicde that the transistor operntes nat approciably
higher voltages.' The voltoges ~nd veltage - changes cncountored
in tunnel diodes aors of the erdor of o Fow ftenths of » wolt, but
in transistor circuits these voltagee arce at least tens of volds.
ﬂdditibnally, the tuancl diode has the very disconcerting

Teature thot, having only twe termincels, the input and output
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perts ore not iscleted from one another. As a comsequence, in
circuits thot invelvs coscndes of tuanel diodes, it 1s difficult
to ensure that the signnl will ﬁroceod in one directicn only. It
is nct surprising thot cdvontages in combinotion of two devices

15 obtained.

A hasicfixedbins circuit of 2o tunncel dicde tronsistor

hybrid is shewn in Fi:, 3.8 with its composite chorncteristic.
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2, Basic ecircuilt b, Qomposite charzeoteriztic

Fig, 3.8Fixedbias tunncl dicde - transistor hybrid

discrininztor,.

The compesite charceteristic retoins the zonersl shope of
o tunncl dicde chorncheristic thus we moy adjust the lond lire for
211 types of ewitching fungticns =g in Fig. 3.7 but hewever, Fig.3.0a
# is proefered bocause of its siopliecity. The input pulse must b
large encngh to switch tho tunncl dicde and tho base emitter ol the
tronsistor nust be less than the high voltage portion ol the
tunnel diode to onsurc operating condition and to get fostor
switching tinc, or e¢lse the tronsistor would mot yet be turned on

oven when the tunnel diede is on the hich voltrpa,
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