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SUMMARY

“he ainm o Uhe presernt work is to izvesulgete super

H

Sgenerative anmplification (S.i.4.) and detection using

turnel diode. he differept modes investigated are 3

1~ The lineer mode of the super regezerative

o

T the tunmel dioGe cheraeseristics. he gzin aund ithe

auplitude characieristics of the ampiifier were calculated.

“he case when the quench period is large (non lipeaT
mode of S.H.hs) wes Investigeted taking in consideration
the tunrel diode non linesrity and aprlying the Qua8i-

linecar methed Tor grnclisis.

=~ The operation of Tle ormplifie s o SUDET--
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TEHELLTaVIVE Leteetol was soudled
T L - e L A e L [ R - CONUEE N S
LA LDLE s ~Lu UENeCUYPr QOUv TTUT Y4 the s8lL Z8Cyor
WEE CeLculefed using v .etnod oOf calcoulsticns of

GGi e GOLECLOTS.

S- Experim wial Lovestigations of She super
cecoienctive gl lilier (nd Celec.or were carTied oub using

Ga 4s tummel diove £d ¢ te l: cireuil whose resoLant
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frequency 2 lMo,s. BExperinent.l resulis corfirms the

tourence of DOth suner regenerctive arplificetion zud
cetection in the liv-ar end won lincap nodes, the shape
of the oscillation burst was found to vary from mode to
another. lMoreover, the circuit was found to oseillate
ai certain velues of the bics voliage, and the oscillator
¢:n be frequency locked Lo &1y mmall exbernal sigral close

v0 the resonamt freguency, i.s. synchronizetion ocours-
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I-1l- General
Fundamentally(l), the tunnel Adiode is & Hwo-terminals
selicondictor device that displays an a-c (alvernating currsnt)

egative resistance over a portion of its current—-voltage

curves. This phenomenon occurs if the tunnel diode is biased

1o the forward direction. It is this a-c¢ negablve-resistance

AR

property of the tunnel Ziocde thet is axp

-

¢ited iz z rumber
oI clrcult arransecaents to Provide amplification, oscill avion,
swivezing, and memory functions extersively used iz electrorice.

Levices displays a=c negatiwve recisgtancs fre nct new o
ti:e Zield of electronics. This characteristic is foungd also
in thyratrons, Setrode vosuun Tubes, four-layer diodes, a

GLers. Howevenry oecauss the bunnsl diode is Sia- a sizple

O

‘evice, and a mtentiall - ‘n—ex_ erniive item, rmact crginscriln:

. s - S B =T . B ~ s [ A SR —~—
LESSITCN (25 Ded . L2l Ul0 vowalrd -—:CI‘UCF'.S:_I:L& veeto LLADCT O

el ATSUTIONZ. wE o2 TESAlT, Trlsr of eguaintiant SLing tunnel
- ~ am g e RO ~ s ~ ¥ 3 - D e ~ S
~-02&Z 2T3 Decolliaf LOTE Aunsrods and spe being o fstad on

frists) coiiercligl Larrser,

» ~G0 Zsakl. rliis the Wnnel dlode is ofban refercd
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Junction diode Fizs (1). The difference between the two is
in the amount of donor and acceptor irpurities added to the
senlconductor materials. The impurities added to the tunnel Giode

gemiconductor materials are o~ 1000 tinmes greater than those

uged In senmiconductor materials for the rectifying Junction
dicGe. Therefore, the s-n junction is formed from highly

dored p and n semiconductor materials.

1t is the heavy dopiu: of the tunnel diode se~i-
conductor materials which causes bthe phenomencn of a—c
nszative resistance that permits the use of the tunnal
diode as an amplifier, oscillator, super—-regercrative

-

Lolifier and regererative anplifisr 274 SWIECE «o. SHC.

o

arrangeent provide for various amounts oI

st outl anplification, depending on the power—haniling
ce_acigy of the particular wuanel diode.
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ntype

P.type

external e ad

Fig. (1)Heavily doped n- and p-type
semiconductor junction (single

crystal)

c.B.

Er
electrons

“f/f/f/ﬁ/’//’/m

Fig.{(2) Energy levels of tunnel diode.
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b~ Osecilletion
The tunnel diode may be used to convert direch
current energy into alternating—current, i.e. i% may be used
as an oscillabor. When functioning in this manper, the
tunnel d4iode absorps energy fromwa d—-¢ source, in conjunction
With a suiteble timing bank cirpeuit arrangsment, and generatcs .

22 a—¢ signal.

c— Modulaticn and Demodulavion

The tunnel, diode used in various eircuit arrsnse-—
dents can provide amplitude modulation (variztion in amplibuie
of an B~F signal)} or freguency modulation (veriavion in
freguency of an R.F. sizzal) democdulation (detaction) of
azilitude-modulated gsigasls o frequsncy~molulated signals

could be demoduldied usinz tinnel Licdes. oo

clinmouli%s ar:

4]
W

velol=suitad Jor minlatuls vrans.livers invended TOr Sno-g—
CELLe aZpl1ilCcaviOons.
i~ liscellsncous
IS ‘ T - wemy i Ty B
fhe tunnel diode zZay 2lsd be used te molly the

sitare of signal waveforms. Waveform shapins is vital in
Vio.0us btypes of ralar Gelcetyrewriter, couwputer, and

Televisiosn clrcults.
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I~%~ Advantages of Tunnel Diocdes

a8~ Bem:conductor devices and tunrel diocdes, have
comzon advantages over elactron-tubes, bthese are :—

(i) Greater power efficiency because no heatern element®
is invoived.

(3i) Fo, worm—up time required.

(1ii) Ionglife expecbancy because of their physical
rugZedness, eacn will withstand centrifugal “orce,
gravity, and impaet tests that would completaly
shatter an electron—tubsc.

(iv) Operation at low voliages that oDermit the use of
snaller circult componants.

() witrerely ¢ 2mall in size co pared t0 even miniabure

zlzetron~tibase.

- - e et | L P N, 3 Ty = ca g T o & e
especl._ly dgsirabll fol Use An portaclo eguipmont, o pomafy
P e oo - B I P = AT T -
LAB5L.L8, - arouacs {unisnncd asrcre’t, y B30 BETE.LLl1TES .

T - ~ - - R —n Aoy —e o
Cmoofhe bunnmel LloUe ...d the feollewing advanca-cs

(2, sich higher switcoing sveeis. Zresent tuncel Liodas

cLn Switch in one nsno second (1O sSeconi,, ths

Tunneling actlon tThit cscurs I o tannel dislis taxes
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piace tneoretically at nearly the speed of light.

Switching sreed is of perticular use in logic eircuiss
and high-speed conpusSers.

secause of this Tach, the tunnel diodes were exten—
sively apzlied ir this field. The transistor is

limited in switching

]

peed because of the lonz trensit

tize of current churge carriers througnh its base

ot

“he tunzel diode can onerate Through wide Temperavurs

arges withoutu aporeclable changes in its tur-e

3

cnaracteristics. This Troperty 1s due to the very

hzavy doplng o the sericonductor matemisl. Xxtreces
o kLeav Iror absclute zerc to 400°C (For Zaillitm

S e N R
;—Sen_‘.u.;;‘ [FRURAREE . :.._'_O.,.CSJ Lo 2207 ‘C:,A_tjl’:\t(;' ;:‘:‘;OLL;r::.

SLiSCTrOon—-ACl1le Dairs and 2voess elegbrons VO ingreslec

cosvating toereravorr of 10 tgTteriall;y Siacts
-US charactoristicg

- . -

i WLlis. QL2048 oun LT EDNELD Il sTIVvE_ S Loon
larger 20ses 0F nuclear reiiavior comparod bo the
traasistor befcre Lus chavacberistics ane clanied,
.-Gt 15 2ATTITIOLTEC TG T2 rneevy 20ping oF sexmi-
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