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The baeüe nreeÏlanås*ru pr*d.uef"ng .bhe weLL*hswr. shot no:l ee

ån a ÈujtneL étleüe is orat3.åned.., T¡.iuctr¿atLen no$.meu ffix,eli gle

themnuL n*år¡e* ehot not,sen f.trfcker rro$.eeu #rf,reg$ arråse, an.d.

*entaat noÍse as .çrssseia*ed is*tis i"esf.s,hsï's* di.odee, aed,

eesåoenðu.*tor.su ås briefl.p d.*,ssrflbed* Å renfew of the
eqraf.vaåen'b eårcu.åt a¡teI stebil"Lty eri,cer:l.en *f the tun$ei.
di-çrle åe alsa fnelr¿c1ed" I{nånü riÅe,ä,ståremente sf a germanåu:a

ù.an;r¿el" d:L*d,e ere perfarroed a* freq-ae:r*å*s of 3û and 6O

iäeå{aoytl-ee per gepoiriå fçs' tåte e+m,plete råT}g# of t}re frrivard
hJ"n,s regiono



?RE.FAÛE

In October 1957 Ï-,eo Fisã,kiu a Japanese physieis'L,

a.nl.orrnced the discov'ery of a nàTrow p*,r'L junction charaeter*

ized. by a negative eonduets.nee reglonl;* He noted that the
pnomalous negative conduciance was d.ue to a tunnelíng eurrent

now ealled the Esaki eurrent, Theoretieal r,,¡orlc dating bacle

to 1.929 has lndicated. the possibil-tty of a phenomeno¿r called
the n'tunneling effeet'ro .&e earLy as A954u P, .&ig='ai-n he.d

indfcated the posslbiiity of tunnel-lng occtr.rring åit high
tinpurity p-=n junctionsi

The generation of shot noiee 1n tu¡utel d.i-cd.es "rilas first
suggested by Chang and, rvas f'urther inves-bj-gated by Tieme:ra5,'/i

Tn the flrst chapter a brief introductåon is g1.lre:r of
the junetion curren'bs present ín -the 'ti:-Tmei- tliaa:e a:rcl h-o..v

they contnibute to the generation c,f shot r:o:lsc" The seeon¿L

ehapter disc'usses the i.ndivlch¿al. ju.n-ction {ruï'3.e.::lt$ :tn a

qualítative man:rer a:rd. the third chapte:* descr.j-bee ti:.e ma¿t--

nitude of tbe shot nolse eon.tri.buted by eaclt of t;he junetÍor.r

currents o

SLnce a refererrce noise i-s rectririred to faeil-i"Late ttre

nolse measltrements of the tunnel d.iodeu all of the for:.r'tir

chapter is devoted to a notse study 1rl eomponen.ts sueh ¿s

vacuufit dfodes and resistors, The fifth ehaptez' outl-ines

briefly the effect of the parasitic resi-stanee on the shot

noise measurement of the tu¿rnel diode, ûue to 'bhe dlffÍ*
culty 1n stabiLÍzlng the tunnel dlcde in the negative cÐrl-

åÈ The nr¡.mberal denotes the reference nu:aber as listed
in the biblÍography.
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raea'Ë'i¿s'år:.g t*ch-rrir;.ue* fer:' tltg trlnr¿eL dLueie :rcj-ee ne&,riîæ.r"eiiie¡:.-i;

tïG au,tj-åned." 'jlhe eåg3t*n and. l-aet aha3pter åne1ud"*s a clås*
cì:r.ssío:í¡ ef i;he y.eç,;]"-ts aind. eoneiu.si.onso

-tlire appendi.s ecv¡taine the *e*t cår*uj-t for tire ¡neê,Ðt¿i-s*

ment cf the ttrn:i¿ei då*åe et¿rrent*re3.tage ehararterå$tåe*
Ål-eo r:oitÌ;ai-ned år¿ th,e apire:rd.5,x *re the naåge figur€ ïïrêF*,e'r.r*ë*

røentg *rf *lte :'eeej"ver sye'he'mç whi.nlt mrere t¿*qed fçy 'che tqffine:-

cE"åeåe sroåee æeË".3î:,-r'eæepts, lF¡:e s'pecifica"tfsns e:f fite .*u:*:el-

qtåo¿Te å.1,fã9lg are al-so inc"l.uc,,*d i.n the append_i:r*

Fj:næ1"]-y, *?:.e eu'bh,sr '¡råeh,es t* eãiæeee h,:i.e æ-'r-æcere firsnke
'br: Frcfe$scr TÌ::r¡.ew"i; Fri'J¿ge* fcy"" hj.s ìrãr;*;r SleLpfr¡L suggegl.fiå*n*

rm.d '*i:.* Ð'n-Ìr-i¡e;:så-by' .rf ifnnj"tobn fcr :r.*s fj.i:.ancj;aÏ ass:Lçtsnee"
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per second a^nð therefore the shot nofee generated in vatìåtlln.

diodes ancl the the::rual noLee generated. ia earbore resístors

can be usecl as noåee staåclard.s" A. ].ow*aofse 3A megacycl-es

per seeond. reeeivíng system was a,vaiLabLeu facl"lltatlng

the nolse neasuremente at this frequ-eney' .å.Lsou the test

frequency at 30 negaeyeLes Tler seconcl ås Low etrolrgh eo that

the h¡¡neL ttåode ¿oLse üeasurenent error due to i.te t@'

eapael.tance fe neglíg'ible"

fhe bl,oek and echematLc diagrame for nofse neasure-
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a.y,d, ?o2 respeetf.veS.y" lbe noise sf.gfral" fs provid,ed by the

noiee generatore tbe seheloatic of r¡Ehieh is eirov¡n Èn fJ.g,æe

7 u7" l[he noåee generator was eonneeted to tiee p't'eanip]-ifier

with the shortest BoseibS-e leadeu thereby mlnimlzing the

Lead. fnduetance s,sld, etray piakup effect" P¡"eeau'tåone ïrrere

taken to prevent ar1y exter¡raL 50 negatycles ¡ler seeond

elgnal from enterj.a6: fnto the reeeirrlng eystem et the in'put*

The noise generator Íncl-udee a Low*¡rass fj.li;er Íeela'T;fng tb.e

dlode 5722 fron tbe power eu-pp3.y' Â. T-ow*paee fiiter con'*

sfsting of elenents t2c t, and I, ån figure ?"2 prevents

an¡r etray ,O megaeyel-e per eeeond ei.g¡taï frc¡rq enteråixg fn'bo

the lnput fron the trr¡neL d.Lsde biae eupp3-y.

In orcler to rnsLntaåa €llg eçLuaL loading of the ínprt

fmpeðance durL¡rg a set of aoíse neasurenenton i.t j-e necessarry

that the fnpedanee of the conponents plaeed across terrn'i,$als

X - * U" equalo fhis !s achleveð by the uee of the ]0 mega*
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cyelee per eeec¡itð cal-ibyp*tlng siÉt¡aå o þ" res:lstsrv' of eï"åt*

ahl-e åin'¡:eda:nce is ånseyi;erï år¿to the cåreu:iÈ aeyese the 'üetr-,

:aim.als X .- ï:å With 'L!:,e fll"srÉ.ent of 'bhe $.ôi"se geaere.{:ar

ewiteise{i. offu the calåbrating sågnal is appti.ed *a the

ås¿But ci.reuåt, $re nalue of the sig:aa3- ås of euffleien't
aagnltucle -i;ç rsyrd-m,Þ out ren;f åi:h.eyent nofee of th.e lnput s¡rs*

teur* At 'che -*ca.T¡,e 
'birue i.t rmret be ::emembered, n*t to exeeed

a *ågna1 Levei wf:åeb. rn¡auLd. cause seråous nenlfrrear effeots
vrhen 'bhe d'ye.arc-i-e ímBeda.nce ef th.e tun:se3. diad.æ f.e bei.ng

ad.Justed." T'he reeelrer t'ntpu'c ne'ber defLeetian .,[* åe nated."

ffae yeeåsts¡: aúross X * XI' i.e s?ov,r replac,ed 'by' *h,e Ì;reErne1

d;isd.e* iHaintaieJng the äane eal-ibra*ing mi.g:rial T"eveJ-u the

hías of the tr¿p¡:,eL d^åcde is -varied- usrtil the ËaÍle defleetåen

Ilu i.e e.ga,á:a ::'ea.d. s¡r th,e oir-'tg-rrt æete:** ifhe cl¡¡rranle åaped.*

ênûe ûf i;he -br,rs:.el d.íocr.r+ Í* tlaen eqrea). tc t}le S..ilrpr3SE¡¡çs of
t]:,e reeig$;or" 'Ihs re'gÊr'se 'p3'o*edr.e::'*: r,vp,$ x3.t'ä r¿gea si.T?ee a

tac'íahle high freqrren.*y x'esistcc' u;'s,s ¿ro't ava.ÍLabl,,E* For
i;he ::ega*åve eonduetåJ-'qse reg!-on 'b}:e proeedure i.s rsL:LgÍrt3.y'

ur*C-ff-'lee1. i¡esai:ise of 'bl:re .g'cakril-izf-rtg ;eeerist(3:: iesed ír¿ nsiral-l-ei

ly:-*;l: tho 'h¡¡ineL d.iod.e"

niihe ne:Lee genera*ed- by ti;e tu*lx.eï cl:lr¡d,e arid th.e resi"e*

ri;çrs v'a.vi.es n¡i-th teinperatr¿r.eï *r3?seq.ue¡ri;3"y a:: acclrrarSe teru*

p*r'a'br:.re ne€lÊ-r¿eeæen'b at the ingnr.'h slf the pi:eampL:l:fier ís
requfredu Ïi¡.e to the p:roxí:nåty of the eonpr:r:.ents *c tire
preanpli-:f5.eru 'ÏÏeeir 'üempe:*ati;-re l,?i¡as s.tlove itorÐ terapera'ln¿reo

Th.e foLlor¡ång p::Ûeedr.lre ,fireis used. "to de'l;erråËe Èi:,er teupe::a'lar.re

o:l ti:re Gorì.ponenrüg ssfineeted acress X "* d'.n Å tu:meL cliode
*î..'*"*:-**'

. ¡+fhc ty-Sç-ef t.*ei.çteirs '¿seä -hirrou$rsrt u¡eye S*Ë5 r,"¡a-{;rs,r:arkçn r: *npelsi'*i. c-'ûn
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'3v..3:Ttl{r:ü*'¡oi"'i;zg:e crincastËrå-*4-bi"* *1å:r.'reË gLv.r*n år¿ :fåË;i¿33Ë ¿,tr*Ë *f
'll:e ¡,nl9peïi'J¿nu ït:" 'hlråg niäi:Ì:.ru'e -bri* ter::pe3re'tir3.ve af {;ir.æ *üs1*

Ëü$e$.t cci:ne**ed, ac;:+ss f: * .d cslu:i.fi- Tle es'baïriå$herl ç¡åtþLn

r-se,ËÕ::ã.Ì¡å+ a*ei?tråiïJ¡r gi"¡r.*e *he úÌ":-9,T.*n'"ç*r*3ltr;g* <ySsara*t*r:"*

i.Ê''ç.ici c'f 'cþe ü:i*å* çaråes *:¿i::*'ùæ;:'i;5.æ13,y f*r a sinej"l" eh*,ffigs

.r-¡ii "tenF*ratr:.rç 
r1

5'igu,se ?,'13' åe e i::h*'Lng:anli c1:ir'..rråri6 'bhe ftri:"lt; ey,s*.em

*f *";h.ç¡ 5t mega*3'tlea pe:* see*Rð- t*s* ffiet"¿'Ë'

'j1-'.* etiui.'ral"'tiat ¿:'*i,;* *J-r*ui* *f "c3r.e $-r:.-6n"rù eyeåe:r: åe

slt*"Eç* å:: figtrrÉ ?* 5"
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Ti;: :fågnee ?.5 :'.f; z"e-r:re,$en'ijs 'i:ire noíse ü,$:rtrf'c.utian anü fru
r"üp:r"e.$Ênt* 'i:F¿* åripei.*n*e æf t'he næeilfier* trlie i.impeé.ane*
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4't)

€ive a veßnltaa.È æea:r sqü-aìre cr.oåse e:r¿ryen'b of f."? aitd. a yesu-Lt*
l-t

an'h åmped-anee frro

Soiå.e _rqeasiråe,Se.æt *í-qt -tèg pqs.fuliÍse e -o"nq4qt?Jåce jrye$å og

T,Yith the ealåbratång eågRal swj''b¿hed sff a¡rd w:i.Èh the
'tæ:¡:te.!- ðioüe a* a sct bia,s ån the posí'tír¡Ê Gsll.denee reg"åen

eon¡nected aeross X * Xlo a d.ef3.ectåo:r. MU åe obtaåned on

tite eu-üpu.t metero fhe 'çuluaeL dåode ie thea repSaeed by the

re,$'l stor v,ihi*h '¡,¡ag pyevious3y detærinineü, 'bg harre an equa3.

d.pn,aruåe iiiapedartce l¡o'bhe'br¡¿r:*eL di.s*e at1;h.e set b:las vakaeo

Bhe fåi.ase:rt Ët-lp-ply of tire no:ì.ee clås*e ís th.en var:led r¡n"biL

a åef.l-eetåon IIU ie agaåu- ob'i;a-i-rr.ed." flire p3a"ce eu.rreæ-L' T^ of
-b?:,e :ãciåee díoc1e is aeeur.a-bely' nctecl"

.ü5.gures T,6 an.û- ?o-d show the schema.ti.c d.3-agrame *f tlze

tCIÌ:al rtoi.s{+ generateir e.-li "bh.e inLriat eis-euit of '[h-e arnplif:Lere

v,,á'ntr tir.e ccmp+nei:.ts çcrrirectei. a,*rcss -bh.e term.:inais X * f"

hm3:ed.
lnBut
cåreuit

\----\-**-/
neåse
dåsde

----"r'*-*/

resistss"

F-ig::re ?*6 ¡Toi-se eoheüÊ.tf e dåagranr of 'blze inpu"l:
cJ::crl.it coatai¡r:tng the cesietsr and.
th.e ¡:.sise d,iodeo
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Êy +-rr-beì;åtur.tir¿g eqr:-atrons 7"'Jr ?*4ã ?"5 and. ''inú i"nÈa

eqt¡.a'bl'.o3t ?o2! i"c åe foutid tha-b

zKriluq*lÊom* É è d s s * ü & ó f a @ È & B s ê o e ø & 4 s * s ft € Ê Ê 9 ?- T

Tih.e variahl-ee on 'che r:tgirt he.¡gd side sf the equaS- sågn. are

sr-*Ll^ lm.ol'un and hense T*n ruaJr be d.eter,.måned" The nalues fe:c

I** are sir.+vr¡r plo'Lted ir¿ fLgure 7 "8"

.&si^ge 9å8"*e**inåå-e¿:sg'L3e"Eges.

The i:,CIiss îtêaËi;ffeil.ents a'h 'tire peaic and valle¡" vo3.'Lagea

are pe:r,fÜr.neú ia rather å $Jìi:qr¿e l:J1ät'1t0.êr sin*e th.e in-pedartce of
'bhe tu.rrnel- dfode et 'i;hese -r'ias 

1¡cl--bageÊi ås, esseÐt:t¿Ì-}3r istgitt*
j,'i;e* Bhe tesi; nrooed-u::eo heíng simi.ia-r i¡t nal¡;::,l 'bo ti:e

pr"cced'ti.t'e uËed forhi:-e p.rsittve es:tct1"¿e'bfft.ee regio::.u i-e as

].OIJÕV[ñi¡

\ryt-hi: the calibra'ting eigtial sir',¡itehed n¡:r a:td. v¡ltir in

resiE'i;or PT- comree'b*d. aerose 'che teruinaLs of ,'{ * , * a'

r:eceíved. outpu-'[, ne'ber d-ef-Lee"uion þTË f's a'btaj-ncd*

tun:r-ei üiciåe is now pl-ace,å Ð,cvtss the te:rmfnais ,=f --

pa::a'å1ei- vd-th reeis'bç* Rl and- the 'ut¿::slel- d.jiotlc bj.r*s i-s Yar'Íed.

u::,-bÍl *tte sÐm.e çl.efl-ec-tian lliu is aga:?.a ob.ualneúo Fsr 1;hj.ss

'br,l¡:neL èisd-e ì¡lae -bhe imçreåareee â.ero$s the x'r'-rsj-s't3r llf Èu

"bire setre a,g the í¡rperianeÐ aorcËs the paral-'! el arr'a"¡"rç;enen'ì; cfl

the tat¡nei diode a¡:.d- reÊiistor R* o

fhe calj"bra*furp; signe)- is:ttb.e¡:i .swå*¿:hed <¡ff e.nrl rqi*h

'fhe

",å



Co'in¡:a.r'ison of Èhe theorçbi*ê.l and e;{.pe:r"i-mental- nties
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TÏTA?TER TÏTÏ

DTSCüSSTOTqÍï AND CÕNCtrÜSTOIüS

ÏO }ÏSEUSSTONS

Fågirre 7,8 ehor,vs the eoüpari.son of the theoretieal s^nd.

experime¡xtal equi.vaLe¡rt nolse filrreslt present in the tun¡re1

diode LN2939 at a frequeney of 5t megacyel-es per eeeond.o Tn

th,e 1ow biae regÍon the erJ.rves for the experirnentaL and 'bheo*

reticaL nolee almost eotnoid.e but J.a the vaT-3.ey re¿5lon the

experinentel noåee ie sr¿bstantial"ly g:reater thair the 'b?reo*

retLeal noiseo thfs iupl-$-es th.at eåther the e:{ress eurrent

ï* Frodueee tucre noåse than shot no:Lse or '¿het a reverse

tr¡¡neliag cu.rrent f! :.s present in thi.s regåan. fhe eal-eu--

Lated II, rvhich is based CIn tlre nCIåse ei.rruen"h.,i"n ffgure ?o8e

ås shovsn in fågirre 2n,8o It ås assumed 'bÏ¡a''i; f! te uneorrë*

Lated wlth th.e current Ïxo A.gourld.fe a¡rd van '\rlåei; eorl-

sådered. that a reverse ci-¡.rrent ff, is renfåkely*5 ïTowerrer,

it is possåb1e that the. eurren'b I* erJrfbfts mo¡:e than shot

noÍse as mentioned hy flem**f fiee adctitåonaL noiere ån the

vaLley region ås no'b eonsidereú to be frequeTlry d.epenilent

sfnae there is no fnclteatLos ihat th.e noi.se decreases ur:ith

frequency when coupanlng figuree 7"8 and ?oll2" å.t a la.rge

forward. bfes the theo:eetLeal a.:ed expr:rimental" noiee eurrente

appear to converge whleh indtca'tes that "uhe curuent I, Rro*

duces f'ulL shot noise on3.yu



60

trigu3e7*72shÛws.h}retheoretåca].arrd'experimental

noLee curves at a freqreency of 60 eegacyeres per eecond' The

experlmental noåse eurrent fs greater than the theoreticaJ" for

the complete fcrward blae ra,nge" Sínge the tenperature a.l'

whlchthenotsewasmea.guredlsgtrbetantial.l-ygreatertha.n

room temperaturen a tempera,ü].re error eorr].d, be presen,c dr,re te

thehandl'ingoftheeornFonentg.,Yh.egeneralshapegfthe
experinentalnoåsegurveieconslsteutr¡råththeexoerimental
noise curve Ín flgme ?*8:"

Thevaluesoftheparaslttcreeiete.yrceRue"nd'the

caPacttan'ee Ü ol ree brÄdtr¿e¡

neasurenent of Ru lnvolr¡es the negatlve bJ'asårrg of the ti¡nnel
of th.e tunnel dÍode not d-stermåneû" lhe

diode to currents far" exeeedi¡os the maxim¡-ci clu.Prels'r: ra'cå$g

of the clioite" .ån anple eieppÏ'y of ðiLoðes was not avatl-aÏ:l-e

andthereforen()mea.su.regerrteWerea,etempted''Theeapacå*

tance c eoulú not be rneasr.rred' sfizee a 1''3'¡f eigr"aj" lev'el' hrj'dge

lnst¡nrment was not avallable f'or the freqriertcies eonsåd'ered'

[he banðwlûth error ís almoet nouexlstent exeep'L fov a

sna].leffeetåuetotheôiodeeapacltaneeCoNoerrOreÉJI
be attrj.br¡terå to the non'lånear amplLfícai:1en of tlte system"

|[heerrordr¿e+;o.bheparaslticresistanceåsrelatívelylarge
for zero biag" Hgwever :ro eorrectíon 'rüas rnad'e beeau'ee of

thedifflcultyínperforrelngtheca]-eu.latj"one'Tftlreeal-
gu].ationehad.beenperforrnedanu¡nberofaperoximatíone

woulilhavebeenneeessaryoTheerrorduetotheparas..bie
reslstencelseonsid.eredneglå8.ib].eine}lregecneexcep,u



û1

reglcrt"

The peak eu:rree'b veriatio¡rs for veqging terup+raturee

ãås $hov#t i¿t frgure Â"2 cûu.reÊi?ond. very ciose].y'bo i;Þ.re'peak

e-ûruen-'ü van-atícrrå a$ ehor,æ. Õn pagÉ l$u referenee ?Ër.

gI* FTTH.['T{ER .í{FPTTCÂTTO$.$

flri"s theeås pr=oirid.es -blre grotn:.'.Lwork fçc' -F¿trrr.: tô:¡rr*

.poiten'i; noiee ueäÉnåremel¡*go fhe &cåse lieesu.re¡ezr-fr of a rütã--

reretåonaï diode wcuLcl- i"r¡=¡ol-çoe a d,¿reeÈ appli"*e.tien of -i:;he

''ces"b,s ou'h1åned åig ti::i"c "å?lesÍs" To airoid 'uenpera"bt¿re ercör

dr¿e to 'î;ii.e denåatåo:¡e çf the "te¡'r,pey'a-äræ"e a'i; the i-npre'b oä" 'i;lae

a¡urpl-f f:i ey fyøt* rrûu 'üeinpe:rat¿:-tËp e half rq¡avelengt:h "Lran.**

ici-seio:: 15"ne *oulcl p**sj.hly 'be u,eed at t:h.e Í*p-rt--b*

ïiï* ttF,r.iT,USïtiüS

IIa deerease irz 'bh.e ¿rçåse z"ead.inge 1,vere noted at 6û

r;iege.sycl)-c's per sectsLå, Ti; ee-ii theref.ore i:e esne.i-r¿ded th.a-b

tÏ¿c f:l:eq.uency cLepender¿'t :rç'í.se ûr.' e;(üe$s nûr.se cf the 'buarieL

d:i-ode wa,s absent at 9t inegacyeies per seeonrSo

-Fror¿ '&3ee gr"aph f-:a fågri.r:e 'Iuü ;i.t eaa -þe seen th.a.t 'bhe

ïEeasi;Lï'eë, equ.ivalen'b :roi*qe currert'b fn tl:e ïoiu biels reglon :i.s

îr'er;y rtearïy eqrral- to the tr;iJ-*r¿l.a,'ued equi.valent ncir*e eu-rres¡'L*

ûn -bhe beusfs of the pr"evícttsl-y' iaentíoited tkieorS" that cnL;r

tlre Eça"iri a:rd Zener *rerren'ts exist ås 'bhe lor¡"' bÍæ.s regionu Ít



6'¿.

+'p-i:' ?Je *û"ritli¿ded ti:,¿;i-* j;i'¿e 'ü'iry$ *irr-:re¡l*s Ël,u,â '€i'i*clrrr:f.u¿te,;{. ar:.q1.

e::rhi.l:it f';"i..l sh.ct ¿rcise

Fr"o¡c', the resi¿ll.fi,g ,lþ.ùaLx.ed in ffg:;res ?*g and *t niLZ åt
ca;ç. þe *ern.ciu-aed 'blta't; a g¡-ea.1;*r noås* -bha¡r fi¿1"3 çl:oi ¿rçj-se

d:.u,-ü r,e "blie rii.ig'rent r- is presu=:n't åit 'bh.e va,i],ey reg*-ano

j-n *be i::ågh irias x'egic.it the ¡seasrrred, aûj-se -i;e::.d.s t*
$ür?ìrergê t* ii;he *41*¡¿i-e-i;nct ¡r*i.ge" ii; ea-n 'thes,ef*rs he Ê*8.*

c-'t-u$ed th,a"u '';!:.e h*igh. h:r-æË eurue-¡r.-b Tn, cf the tain-ne-L diad.e

gene.*o"tes -irti"'r- sÏ:nt r:.çåse*
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.É"?FElrntä é.

i

TFtr üTi:ËPffi fii'f -rf*IfåG-E LEfTSFËE$,mfr'f

üæe of 'the Írrportant faetors f'or perfcrmíng nol_se

r:a.l-c'nl-atione ås'rhat an ag'*iara'be eura'en'b-vol'ï;age charaetey*

is*c** of the {r¡rue3. d.åoåe may 'lae eetabLfEhed-* Fígær-,e tl,L
sh.ßr'vs f;3re *i"rcaå'fu wh:i.eh :i.s 'ü.sed fcr t?¡e iaeä.Ëurement of 'ch.a

cu.rx'ertt*ttoltege shal"ae''úeulgtåc" 1ûenr,:r¿remesl.ts wiãye nraite for
temperatu.res varying rrp 'bu l-ff¡G *entå¿ead.e as $Ïi.ei'Ë,l in fígrare

.Ao äo ffl:-e '6eitrp*:ra-hnre*eCIn'brol-l-ecl ûveïÏ. :is sh.stË¿ iea få$Âr.& !t*3"

TLre qaTr¡.e of *ire rars:.stirr il* is jft1s\un tc f*u-r pJ-aee")

ÈetuJ,8.ty rã.t each 'rlerripÐli'4,'bnr-e fcr ¡chich the ci;r.re¡L-í;*vaItågü

*?re¡:ac'i;eråetic is aeaffia,-edu T¡ee prodtec'b KR.rr- ås ercjusted
'ba eç¡r.aa3 Ë*e sÈ:ere lí :ls scrrTiçi e,rrbåi:ra.ry vaJ-r:.e, -bc o?¡ta.È¡*, a-r---'s
sir-i.ta;l3e defleci;:Lra. oi?. {;he ruiercp;o¿eter"

ftt.e val'ae of -lU ie eal"*rdlateeî ae

lr- * Kl.¡. cétlaså{é4e4-Þcè6s+4.hÈâ rße Â.o--i
$ r- 

ó È s,*-â s,sás4 err?,c,+¿.Éú *ç.àÊ.ç.Þe *¿Ë p*É.il ê e â Ë

ll.he tu:r¡nel" diode cu.ryen't :iÊ sal*uia'bed. ece*rd.ing t"=l

'f;hr* expr+s*i.+n
-l' T + l.-- * -ï-* +!?+ÈÞ6âË.Ë.á{&È+aÉdÞúsed*Êú+*sã 3".2.J.Ð '* *R't' *ï *' e-!i. ît?+ÈÞ6âËË.á{&È+aódÞúsed*Êúð

$r-:-b ç'ci.ti¡.ti*r.6 equatÍ-o:l Á* -I^

ï* as,3 T.,= ai:e 'bhe

fh.e "iu-::r:te.L

ïÏ = (f + X] ïI *. Iï . þç?4,sør's¡*srG È&ú*éFr!û4d+4$qs Å"u'3

m-eter i'ead.i-ngs cn'bhe mÍc:roaçu¡.e'i:etrs*

d.igcie .r'*_i-tn#e 'i,rr. is c'b-ba:r_ne$- fr:eru tb-e

e:;.prensÍ.*:*

Ïi-* * -R..1-. f + i à ¡ a o h 4r' +.É Ë r. û .+ * & ü a q .È b 4. ê ç s û + h Þ + + + & Ê 4 r É .Éto4.l-¡ :., v
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¡-?PETü}TX B

FïtHTrTsn ift3sË ri.ß'üT?E

IO ]B'IFTffÏ'TTTT$ OF }ÍTÏËE FÏËÏNïE

It:.c¡ eenei.'i;årrj.t¡i *1i a #)rs'herg. used. fsr electrieal- $,eg.sr].u'ê*

inet&tË åe r¡-1i;ime.'be3.y J.åmi.*eed iry tl:e icsåse i'l't¿ctt¿a'üierrç llhgrelt
åi:, 'blte eerapor:.e:r-Lr of tþ.e sJrs*eruo Tn *he $ålse rf s reeeårer*

the ånh.ereÌx*û n*J se ef 'ttre systen is a.sÌr.aJ.-l-3r cler:enúent $Von
tT,re inç,ut stageæ ?¡*cat¿se nc*Lse en.be:råsg Ð-* *hese stages ¡reeei.ves

tl¡e grea-b'*e"ü a"*:p3.åf3.eattåoe* li'çise i.H receiqere ånæ1"uågs fl.ue*
-Lil"a"ùåoru nçíses nicrclph.o:aaeuo a*rrj. str.-ay pick*up ån j-eaðs"

F_Ltz.e:inra'bi*n noi.ero, exariipies o:!l r,.øl¿i.eh krave b¿ee¡r p¡entic"aed ear*
3ieru,Íi.ppe&'irs i.nrrqit¿tb.l-e ån a1-?- e3-es'ì;ronler eåreu.j.Èe"

Íilte æea..siår'e o:f noiee geæerated rni*.h,in ti:.e req:eåver eår*

*u1'bs :i.s 1üro¡'r:¡ arg tilae $.öise figurren ï*u j.s¡ deffned as tire
asaJ.Sabie eignpå to naåËe psr.,ren ra'bio at 'bhe input rtiviråed .by

the si.gna]. t* noårge f-rdlwe:r raÈåc-' a'b 'ühe o¿r*lruto Si:"e ¡:.oLee

:f;lgui:'+ ís erîTJre*Ëêd a"s

'l3å/i{Íå

lt * $Oli$r+ c I r & . 6 â È * õ * s 6r á + 4 d 1¡ e 4{ ù + d& e € F s á, ê s + È # * s I .s + o o ?J*3-

vhere Ë.¡ i.s tSre ix.pu'b etåg,*aï ÞüT"'e;rf FIf Íe the åupu;b aeise

l¡$1ïsc'i S* .i.s the oietp-rrt sLËflal psçreyË Tüo is the oq'bput nofss

jltìT'ê31^*



F,4

:iã * TåE¡lS'.rÏP"Er,tîiISTr û.,4: :iAfitEl-TelT. }l&i$E :'.sÏ,i'ERE

'Iir+ prariedjri:-"e usÉd fc:- dete::r¡¡-i:.ing tbie n*LE:s figu:.t'c åu

identåe¿L f*:* 'bi:.e 5ü ¡r.¡rd. 6ü n*ga,eyc3eæ pev ##rrtãiï rËteir"*n#

rsSrerlen.s* ürily th,e 5ü ttega*;'¡ci e per" Ê¡€.Êsr,.d, rec'.:ív:in.g systein"

i* ,+utl:i-aed 
"

lior ''!Ïre $.*åee fi.geere meatrtåïeraesrts '¡;1:-e re*i.r*tor 1Êt o:f

uehe aoÈ se ge:nera-ì;ùr i-$ fígure ?o,5 and. tlse resis'L*:re .lît anf,,
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