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ExperimentsandAnalysisofNegativeResistance
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(Receivedon310ctober,1979)

Anegativeresistancecanbethoughtofasanenergysourcethatputselectricenergybackinto

thesystem. Ingeneralatwo-terminalactivenetworkasaswitchingcircuitexhibitsanegativeresistance

overaportionoftherangewhich isacrosstheenergy-storageelementterminal. Butavolt-ampere

characteristicovertheinput terminalsofswitchingcircuitalsoarisesanegative-resistance.

Inthispaper, theabovedriving-point impedanceexhibitingnegativeresistancecharacteristics

isanalyzedlogicallymakinguseoftheequivalentcircuitsandcheckedbytheexperiments.

1 ． Introduction

Therearebasicallytwotypesofnegativeresistancecharacteristicsadevice, oscillator, andmul-

tivibratormighthave. Theseareeithershort-circuitstable(N-type)oropencircuitstable(S-type).

Thephysicalmeaningofanegativeresistanceisthatineffecttheaboveresistancecancelsoutthe

resistancelossesofthecircuit. Oscillatorandmultivibratorhavethenegativeresistancewhichcannot

bephysicallyseparated,althoughthetunneldiodeandunijunctiontransistor,etc.arenegativeresistance

devices. Theobjecthereistodescribethecircuitanalysisandexperimental resultsofabistablemul-

tivibratorasaswitchingcircuit.

2． AnalysisofSwitchingCircuit

Inthecasesofthesaturationandcutoffstates, almostequivalentcircuitusingswitchesarein-

troducedintheanalysisofthetransistorcircuit, andweusetheequivalentcircuitwhichisdenoted

byrparameters intheactivestate. AsthetransistorTohshiba2SB-56isselected,whoseinputim-
pedanceishie=4KJ2,andcurrentgainishfe=80inourmeasurements.

WeseethatthiscircuitshowninFig. 1 istwostagesdirectcoupledamplifierofwhichthepart
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Fig. 1 TransistorSwitchingcircuit
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oftheoutputappliedtotheinputterminalsthroughthefeedbackresistanceRf. Viewedincertain

aspect, thecircuitcomposesabistablemultivibrator.

Asthefirststep,wewilldividethepermissiblecircuitstates intofiveregions, andthepossible
reglonsare :

RegionlTrlsaturatedandTr2off

Region2Trl activeandTr2off

Region3Bothtranstor intheiractiveregions
Region4TrlactiveandTr2 saturated

Region5Trl offandTr2saturated

(1)Regionl…Althoughhereequivalentcir-

circuitofFig.21ogicallybecomestheshortcircuit

andhencethecurrentgoesthroughinfinity,asthe

－M

R
Rぐ

transistorhasreallyanmputresistance, theequa-
tionofl, then, isgivenby

V+VB
I= （1－1）

R

FromEq. (1-1)wefindthatinthiszonethein-

putreSistanceoftheactivecircuithassomepo-』 j

sitivevalue.

(2)Region2……Fromthecircuit'snodal

equations,referringtoFig3,wehavethenextEqs.

I

I＋VB

Equivalentcircuit
forregion l

Fig．2

－咄

Vclb+Vc="IB,+鶚三一蓋L (2-1)Rc

=B[ ¥=,,+[ （2-2）
Rf+Rc

(e+1)IB1rc+ IB1rb =-vB1 (2-3)
vbl=VB+V I2-4)

Thebasecurrent isthenfoundtobe

IB=一上(V+VB)
r

where

r=(B+1)r@+rb

and

VB+V+Vc

＝_÷(VB+V)+』Rf+Rc

（2－5）

Rc
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Equivalentcircuit
forregion2

Fig．3

Thecurrentlisthen

,-e+R!¥R｡)V+e+W
Makingtheactualvaluessubstitutions inthe

Thecurrentlisfoundtobe.

1

)v｡+
Vc

+R｡/ ." ' Rf+Ro

aboveEq. (2-5)

*+L25(mA]I= （2-6）

Fromtheresults,weseethat3’15kj2positiveresistanceregioninthiscase. Astheconditionofthe

changefromregionltoregion2occurswhenVb, changesfromzerotonegativevalue, thelimitof

I
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theseregiontakesplaceatvぐ1=0.

ByEq. (2-1)

f+Ro=RE)'"-－三v+f_=_R!_9v｡ ０一
一

Ｍ
一
凡

voltageVisthen

γ-f{(m-=-E _g)V"_Zf} (2_7)
Bymakingsubstitutionoftheactualvalue,V=-3.07V,thecurrentisthenl=0．276mA. Nowwe

canfindout thevoltageVwhichisthetransfervoltagebysettingvb2=0.

，，2=VB-登王蓋lRB=。 （2-8）

FromtheaboveEq.

▽=舌|{是佳+Ro=R{)+Ro=R' --g}v｡-淵 (2-9)
l

Withtheactualvalue,V=-2.99V,andthecurrentiscalculatedbyEq. (2-6),andthereforel=0.3mA.
１
０
－

(3)Region3…ThenodalEqs. whichresultthecircuitofFig.4are

l VB

－佳十÷+古)，"+面'"＝‐－RB 一Vc

(3-1)

1 /1 1 1 B Vc

-*v"+&+t)､"---gv､,-f
（3-2）

Thebasevoltagevb2canbecalculatedbythe

abovetwosimultaneousequations, i.e. ,

’
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Fig．4 Equivalentcircuit
forregion3

Sincevbl=V+VB,wecanseethatvb2fallswhenVstepsupandviceversa.

Wefindouttheinputcurrentlusingtheprecedingequations :

｜警琴L患Ⅲ
p2Ro eVB

Il含十÷鼻Ⅸ圭雲R差ⅧI= ’ (3-4）

UsingEq. (3-4) ,then,Icanbeobtainedfromtheactualvalues,
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V
I=－－－13．79 (mA) （3-5）

0．212

Wecanseebytheaboveequationthat thenegativeresistancecomesoutat the input terminalsin

thiscase,whichis-212Q・ Next, theboundaryvoltagebetweentheregion3and4 isgivenbythe

conditionofvc2=0,thevalueofVis

R｡

¥_:E==)Vo~V"）v
eR｡Vc

倫言，－一一一一

RcRB 、 -,,戸RfRc
V= ｰ 〃▼

(=主上 壹P)+¥
R｡

）Rf

TheactualvaluescanbecalculatedbyusingEqs

V==-2．92(V)

I =and l =-0.02(mA)

(4)Region4…Tofindtheinputcurrent l

weonlyuseFig．5． Thecurrentlisthen

+f)v+er+f)v｡（壷十分v＋佳十 v‘I :=

（4-1）

Takingtheactualvaluesaswasusedpreviously,

I is

V
（4-2）I==す而言壬0.902

andequationtellsusthat theregion is inthe

positiveresistancezone.Asthechangepointfrom

region4to5isV=-VB,ifwesubstitute

V=-2．8VintoEq.(4-2),wefindl=0.

(5)Region5…Thecurrentlofthecircuit

ofFig. 6isfoundtobe

I=坐一(V+VB) (5-1)
Rf

Fromtheactualvalue

志+0.202I == （5-2）

andweseethattheregionhasthepositivevalue.

（3-6）

Thus

－Vc

(3-5), and(3-6)

r

＋VI1

Fig. 5 Equivalentcircuit for region4
－Vc

Rc

3. ExperimentalResultsandDiscussion ＋VB

Fig,6 Equivalentcircuit for region5

Inordertofindnegativeinputresistanceofswitchingcircuit,wemeasuredthevolt-amperecharac-

teristicsgivenattheinputterminalsofthecircuit. Theexperimental result isshowninFig. 7. Inthis

case, itisfOundintheexperimentalresultsthatsomeerrorstakeplaceinacertainregions, although

thetheoreticalvaluesandexperimentalvalueshaveagoodapproximation.

ThetwomostbasicsourcesOfexperimentalerrorsinthemeasurementsarisebecausebothinput

resistancehieandforwardcurrentgainhfearenotconstantbutwidelyvariableparametersbycollec･

torvoltageandenttercurrent

Intheprocessoftheanalysisofourswitchingcircuit,weregardbothofthemasthecolistant

parameters,namely,hie=4.0k"andhfe=80,respectively.

Seekingfortherelationbetweenhi｡orh!｡andemittercurrentexperimentally,weseethefollow･
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ingmatters ;thatis,firsthiechangesfrom5.75kj2

tOl．77kgwhentheemittercurrentvariesbet-

weenO.5mAand5.0mA.Then,thevariation

ofhie,asemittercurrentvariesfromO.1mAto

2.OmAisalmostfrom38to82.

Intheanalysisofsomehparameters, asmen-

tionedabove,weshouldnotdealwiththemas

constantor, rathertheyneedtobevariable. As

such,wecanunderstandthatexperimentalerrors

mainlycomeoutintherangesoftheactivestates.
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Fig.7 Thenegativeresistancechara,
givenattheinputterminalsof
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