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TB BINISTOR AS AN ELECTRONIC SWITCHING ELEMENT 

INTRODUCTION 

During the past several years a nimiber of four-layer semi- 

conductor devices have been developed. Most of these have no become 

useful circuit elements of great utility to the circuit designer. 

The binistor, a fairly recent addition to the three-junction category 

of semiconductor devices, has yet to receive the great attention 

given others of this group. It is the intent of this paper to ex- 

plore some of the features of the binistor particularly with regard 

to its application as a level-sensing switching device. 

In electrical circuits switching is defined as the act of 

making, breaking or changing the connections in a circuit. Hovever, 

in electronic circuits this may be further modified to include the 

act of changing an electronic device from minim.mi conduction to full 

conduction and. vice versa. Unlike the electro-mechanical switching 

of contacts, electron device switching does not always result in an 

extremely high conductance in the ON state or in an extremely high 

resistance in the OFF state but frequently something less than these 

ideal limits. This latter condition is particularly true of semicon- 

ductors such as the binistor and is quite ari important consideration 

when analyzing their switching performance. 

Nearly all electron devices can perform the switching func- 

tion under the proper circuit conditions so that examples of electron 



device switching are very numerous indeed. Even the simple diode may 

cause switching by reversing the polarity of voltage across its ter- 

ainals. With other electron-tube types such as triodes, pentodes, 

and. pentagrid-converters switching can readily be achieved without 

polarity reversal across the switching electrodes. Both vacuum and 

gas electron tubes of these configurations are used. for switching but 

the vacuum versions offer much easier control of the switch OFF 

function. 

Siconductor devices, like their electron tube counterparts, 

can readily perfoi the switching function. The four layer, or tri- 

junction, devices previously cited in this paper have the character- 

istic of having two stable states, OW or OFF. This makes them 

Ideally suited for switching applications. 

The binistor like other members of this tn-junction category 

of silicon devices ideally functions as a switch. Unlike diodes, the 

binistor readily performs the switching function with a constant 

polarity across its switching electrodes. The switching, both ON and 

OFF, is readily controlled by action of the other two electrodes. 

This characteristic is partieu.1.arly desirable for a switching device 

and the ease with which this switching control can be achieved in the 

binistor is unique smong the four-layer devices. 

The binistor, like the other contemporary tn-junction 

semiconductor device a , I s basically fabricated fri si licou with im- 

purities added in discrete sections to form P-N junctions. From a 

practical point of view, the binistor is an NPN silicon transistor 
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which has had. a P trpe layer attached to its collector.1 This extra 

layer permits operation as a direct-connected two-transistor device 

with interesting circuit possibilities. As a circuit device the 

binistor has been initially promoted for application in various types 

of binary logic circuits. Typical suggested applications are: flip- 

flop, counter, ring counter, shift reioter, and coincident memory.1 

[,jJ 

Like any new electronic device, the binistor has a number of 

characteristics that might be explored and developed into practical 

circuit applications. This paper proposes to show that the binistor 

may be turned OFF and ON at the base without base-current reversal. 

It is also proposed to demonstrate that this characteristic may be 

utilized in circuits to serve several useful system functions. 

It is the intent of this report to develop switching with the 

binistor in a logical step-by-step manner. The development will be- 

gin with a detailed physical and electrical description of the 

binistor. This, in turn, will be followed by a presentation of the 

various methods for switching the binistor with particular emphasis 

on the more desirable ones. Then the base switching control will be 

developed into a voltage 1eve1-snsing circuit featuring turn ON and. 

OFF without base-polarity reversal. Necb in order is to be an ex- 

planation of the importance and usefulness of the voltage level- 

sensing circuit. This will be followed by a detailed analysis of 



the circuit perfontance using the type of binistor currently avail- 

able. Finally, several diverse applications are to be demonstrated 

for this bitiistor switching circuit. 

TilE BIISTOR AS A CIiUIT ELENT 

As stated previously the binistor is essentially an IPN sili- 

con transistor with a P-type silicon layer attached to the collector. 

This new electrode is called the injector and is the basis for the 

unique operation of this device. Figure la shows a graphical assem- 

bly of the junctions in the bin.istor. The currently accepted graphic 

symbol for the unit is illustrated in Figure lb) 

A model, or equivalent circuit, has been derived for the bi- 

nistor that demonstrates most of the electrical features of the 

device)' This equivalent circuit consists of an NPN and a PNP 

transistor directly coupled as shown in Figure 2. In this equivalent 

circuit the NPI'I section AH represents the basIc transistor from 

which the binistor ira made and. the PNP section "B" represents the 

action of the P-type layer added to the collector. For convenience, 

these two equivalent transistor sections will be treated as if they 

were separate transistors. The gains of the two equivalent transis- 

tors in this model circuit differ widely in that the NPN unit typically 

has a beta of 60 to 100 whereas the typical beta for the PNP section 

Is around two. 

It may be seen from FIgure 2 that whenever any injector cur- 

rent flows, the base current in the NPN section 'tA" will be increased 



5 

Figure 1. Physical diagram (a) and suggested circuit symbol (b) for the 
binistor. 
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by the product of that injector current times the alpha (IaB) of the 

PNP section The collector current I of the UPN section 

will be increa8ed. by the product of this base current and its beta 

(cYIA). This increased collector current will not disturb circuit 

stability unless the collect potential is free to fall as would be 

the situation with a collector load resistor. Any drop In collector 

potential would increase I thus again increasing the collector cur- 

rent of transistor "A" which in turn drops the collector potential 

more. This cycle of events continues until the PN transistor is 

driven into saturation and is held there until the voltage at the 

Injector that created the first Injector current is removed. The 

turn-on action just described is in effect a negative resistance re- 

suiting from positive feed back between the collector of the "A't 

transistor and its o',m base through the base collector circuit of 

transistor "B" It should be noted that this negative resistance 

action is dependent upon external voltages and impedances. It has 

been seen that the injector circuit current not only can turn the NPN 

transistor completely on but will hold or latch it there until re- 

leased by removing the injector current momentarily. 

The direction and couosition of the current flow in the var- 

ìous branches of the equivalent circuit are shown in Figure 2 . Leak- 

age currents have not been shown in the turn ON state for their coin- 

bined. value is typically less than 1 microaznpere for the usual 

temperatures of operation and may therefore be neglected. Using these 

currents, an equation has been derived to show the relationship 
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between the collector and. injector currents. Appen&Lx I exhibits 

the steps of this derivation and. equation (5) therein corresponds to 

equation (i) as shown here. 

I czBaAl 
(1) C 

1-cr 
J A 

A typical value for the collector-to-injector current ratio 

in equation (i) is about thirty. However, this is not constant and 

varies over a considerable rance even with one binistor. The injector 

current in this expression is that value which will just support the 

collector current I for "turn on" and "latch" as previously described. 

This value of injector current is called critical and. hereafter in 

this report will be referred to as I. cnt for simplicity. The im- 

portance of cnt and the ratio is that for any value of 

there is a minimum value of I, below which binistor action will not 

be attained; however, values above this give proper perfonxnnnce. 

SWITCHING WITH TEE BINISTOR 

There are a number of basic methods that may be used in 

switching the binistor ON and OFF.1 fact, each of the four bi- 

nistor electrodes is capable of performing the bilateral switching 

function independently. Figure 3 illustrates the basic circuit for 

obtaining binistor switching action. This circuit may be used to 

demonstrate these methods. 



Figure 3. A basic circuit for bistable operation of the binistor. 
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If the collector voltage E is lowered below the injectof 

voltage the injector-collector junction becomes forward biased. 

This action starts the injector current and whea that current reaches 

the critical value switch ON occurs almost instantaneously as de- 

scribed. in the previous section. Turn OFF ay be accomplished by 

raising E from saturation to a value slightly above E1 which re- 

verse biases the injector-collector junction thus cutting off the 

injector current. Switch OFF at this point would be essentially in- 

stantaneous . Switching wth the collector electrode reqaires power, 

and a voltage swing greater than the output s1al, to accomplish 

the turn OFF action; therefore, this method oÎ control is not too 

likely to be used. 

Turn ON with the injector can be eaGily accomplished by rais- 

Ing slightly above Ecc This forward biases the injector-collector 

junction and switch ON occurs almost instantaneously as described for 

the collector control. Turn OFF is performed by lowering E. below 

the saturated value of E . This reverse biases the injector-collector 
C 

junction thus cutting off the injector current and. abruptly turning 

OFF the binistor. Switching control with the injector constmies little 

power but the turn OFF function requires a voltage swing slightly 

greater than the output signal.1 Injector control does offer advan- 

tages that are useful in practical circuits. 

In the previously described control methods the base circuit 

was not used but control through this circuit is of considerable irs- 

portance. Control by the base can be achieved by several possible 
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bias arrangements for the collector and. injector but for simplicity 

it will be assumed that the collector and injector bias sources as 

shown in Figure 3 are connaon. If the base source voltage EBB 

creased positively fron zero to around 0.6 volt, nomal base current 

will start to flow causing a considerable increase in collector cur- 

rent because of current amplification. This sudden increase In col- 

lector current I will cause a voltage drop across which will 

cause forward bias of the injector-collector junction with very little 

initial base current. When the collector voltage E has fallen far 

enough below the Injector voltage E so that the forward current 

reaches the value of I cnt for that particular collector current, 

complete turn ON by regenerative action will occur. Turn OFF may be 

accomplished at the base by merely reversing the base polarity mome- 

tarily. Later lt will be shown that under the proper circuit con&L- 

tions the base voltage need be merely reduced slightly to achieve 

turn OFF. Switching control at the base may be accomplished with 

extremely little power or voltage change which is of consIderable 

importance in many circuits.1 

Switch OH can be effected at the emitter merely by lowering 

it (negative) below the base by about 0.6 volt until the 'base current 

is sufficient for the regenerative action described for base turn ON. 

Tarn OFF at the emitter Is accomplished by raising Its potential 

slightly above (positive) that of the base momentarily. ]ànitter con- 

trol involves supplying considerably more current than the base 

switching but the voltage changes are about the same. 
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CRITICAL SWITCHING CONS IDERATIONS 

The previous discussion has sho.m how the positive current 

feed.back action of the injector circuit is actuated by external bi- 

nistor electrode combinations and potentials into switch ON, switch 

OFF, end. latching functions. This basically is all there is to the 

switching action. However, where the signal levels and circuit de- 

sign are critical there are other features of the binistor that 

should be considered. 

Frequently in application notes and. recommended circuits, the 

Injector circuit is clamped to some fixed voltage midway between the 

1,14. 
collector source voltage and the collector saturation potential. 

For some applications of the binistor this may not be desirable for 

it is a compromise value and favors neither switch ON or OFF. A 

value of E. (injector voltage) equal to or even slightly more positive 

than the collector bias voltage E is ideal for switch ON. For 

switch OFF the ideal value for E. is about equal to the collector 

saturation voltage. Obviously, both of these criteria could not be 

served from one fixed voltage. However, by making the injector bias 

voltage equal to E, the best tuni ON condition is met. By 

taking advantage of the fact that E follows the collector voltage 

into saturation during turn ON, it would only be necessary to tern- 

porarily detain at the saturation value to satisfy the criteria 

for switch OFF. A circuit that develops this very concept will be 

discussed later in this paper. 
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Equation (i) was introduced previously to show a mathematiccil 

relationship between the injector and collector currents at sdtch 

ON. It was then stated that this current relationship I/l cnt was 

not constant but varied over a considerable range. Figure Ii. displays 

two curves 0±' I cnt versus collector current. One of these, as 

marked, is the average characteristic of a large number of 3N56 and 

3N57 type binistors and the other is the curve for binistor 

which was used in various laboratory tests. The values of I cnt 

show a distinct rise at both high and low collector currents because 

the alphas of the equivalent P1P and. NPN transistors decrease at 

these extremes. The NPI alpha CXA contributes the most to these 

variations because its value is the more nearly unity. 

The importance of the curves in Figure Ii. may be best shovn 

by analyzing a switch ON situation. Using the general circuit in 

Figure 14rn, let it be asuaed that the injector and collector bias volt- 

ages are tied together and that the control Is by the base circuit. 

If then, the base voltage EB is increased to start the normal base 

current, the collector current be increased by beta times 

the base current. The increasing collector current will cause Ec to 

drop until the injector-collector junction is forward biased and 

has increased to the critical value for the collector current then 

flowing. At this point the binistor regenerative action will occur 

througi the simulate]. PNP transistor and the binistor will turn on 

fully. 
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For purposes of conrparison, point (a) on the average charac- 

teristics of Figure Ii. might be the I crit_I condition at the in- 

stant of turn ON and point (b) the condition at saturation. The 

point (b) does not mean that this is the new for the circuit but 

merely that it is the minimimi value of I required for a stable latch 

at this value of I The actual value of in the circuit depends 

upon the value of R. and may be above or below the value at (b). As 

the value of R the binistor load is reduced, the starting point 

shifts down the curve toward the right (a') and point (b) shifts up 

the curve toward the right to become (b'). Conversely, if is in- 

creased In value, point (a) shifts up the curve toward the left to 

(a") and point (b) shifts down the curve toward the left to (b" 

If circuit considerations require operation near critical 

values of I,, then low values of R generally result In en I cnt 

for saturation that is greater than the I cnt at turn ON. This 

situation favors turn OFF when base control is used because the 

higher 
I 

cnt is at saturation, the easier it is to reduce the corn- 

bined holding current ( + a I ) at the base of the equivalent NPN 

transistor below that required for latching by decreasing I. toward 

zero. 

With base control, turn ON is accomplished quite ea8ily but 

turn OFF frequently requires that the base current be reversed. This 

situation is generally only true when operating with values of 

much greater than the critical value. Figure 5 shows the relation- 

ship between I cnt and the base current required for turn OFF with 
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Figure 4.. Critical injector current (t cnt) as a function of 
collector current. 
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various values of R It should be noted that for low values of R 
C C 

(load resistance) such as 1000 oluns, turn 0FF can be accomplished 

with positive values of base current. This affirms the observations 

made on Figure 1. ien evaluating the effect on turn 0FF of using 

lower values of R 
C 

Jhen switching of the binistor is accomplished by base or 

eriitter control the simple relationship of equation (i) does not coin- 

pletely hold. The NPN base current is not simply (i aB) but 

(Ib 
+ 

I. a3) as introduced in a previous section. When switch 0FF 

is to be accomplished at the base or emitter, the only part of this 

expression that can be altered is the base current. Should the 

quantity in the latter expression become too large, a reduction 

or even a reversal of base current may not be sufficient to cause 

turn 0FF. Experimental proof of this can be found in Figure 5 where 

switch 0FF does not occur for any load if the base current must be 

made more than 0.8 milliampere negative. 

A LEVEL-SEISING SWflHING CIRCUIT 

The need to sense a pre-determined voltage level and to react 

in some special way to this is a very conon problem in electronics. 

A particular application of this general problem is the level-sensing 

switching circuit. This device reacts to the pre-deterimined voltage 

level by causing an abrupt change in its output voltage which may be 

a switch ON or 0FF. There are numerous applications of this type of 
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device where the need to respond to a rising or a falling voltage 

level by an appropriate switching action is all that is required. 

However, the level-sensing switch as envisioned here switches on 

both rising and falling voltages but changes state in opposite direc- 

tions for each of those conditions. 

One of the most common examples of a level-sensing switch is 

the Schmitt trigger which has found a multitude of applications in 

modern electronics. Although developed first as an electron-tube 

circuit, the Schmitt trigger is now very commonly used in the tran- 

sistorized form. The electron-tube version of the basic trigger dr- 

cuit is shown in Figure 6a and. the transistorized one in Figure 6b. 

Except for differences in the resistance and. voltage values these two 

circuits are virtually the seine and their performances are very sim- 

ilar. It is interesting to note that the Schmitt trigger is also 

known by such names as: regenerative amplitude-comparison circuit, 

squaring circuit, cathode-coupled binary, zero-crossing detector, and 

voltage-sampling circuit. These latter naines are descriptive of the 

circuit function and. are indicative of the varied uses for the device. 

It should be noted from the circuits in Figure 6 that the 

Schmitt trigger is basically a cathode or emitter-coupled one-shot 

inultivibrator. In its normal function the circuit has two stable 

states, one in which vt (or Q1) is in saturation and vt2 (or ) is 

cut-off and the second in which their respective states are reversed. 

The circuit switches abruptly from one state to the other under the 

control of the input voltage e111. The input voltage levels at which 



Figure 6a. A basic electron tube Schmitt trigger. 

Figure 6b. A basic transistor Schmitt trigger. 
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these sudden changes of' state occur are commonly called switching or 

triggering levels.2 In the transistorized circuit, Figure 6b, one 

of the switching levels will occur as ein increases in a negative 

direction frani zero. The second switching point will occur as e1 

is then decreased in a positive direction toward zero. The electron- 

tube circuit performs much as described for the transistor circuit 

except that the starting point for is usul1y a negative voltage 

and is decreased in a positive direc ion toward zero for the first 

switching point. The second switching point is reached by then in- 

creasing ein more negatively toward the starting point. 

One of the very important characteristics of' the two Schmitt 

trigger switching levels is the magnitude of their voltage differ- 

ence. This voltage differential is defined as the hysteresis volt- 

age.2 In sonic circuit applications lt is highly desirable to have a 

minimiza hysteresis between the switching levels and in others a 

moderate amount can be tolerated. 

A BINISTOR LEVEL-SENSING SWITCHING CIRCUIT 

The previous description and discussion of the Scbinitt trig- 

ger was introduced to illustrate the basIc characteristics of a good 

level-sensing switching circuit. It was this came Scbmitt trigger 

that was used as a guide In developing a binistor circuit of similar 

characteristics. The binistor level-sensing switching circuit is 

similar only in some details with the transistorized Schmitt trigger. 
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While the voltage and impedance levels are of the seine magnitude as 

the transistorized Schmitt trigger, the mechanism for switching is 

considerably different. 

Often a circuit designer will look for a simpler way to per- 

form a given function and lt was with such an objective in mind that 

the following binistor circuits were developed. These circuits are 

to perform like a Schmitt trigger but are to do so with less compon- 

ents and active elements. 

As emphasized earlier in this report, the most ideal condì- 

tions for binistor switch ON and OFF using either base or emitter 

control, require that the injector have different levels for each 

condition. For switch ON the injector voltage should. be near the 

collector bias potential and for switch OFF the injector voltage 

should be near the collector saturation potential. With these re- 

quirements as a guide, the circuit of Figure 7 was developed to 

switch with a low value of hysteresis voltage at the base. In this 

circuit the switch ON condition is optimized by connecting and. 

to the same bias source. The switch OFF condition requires the more 

complex circuit consisting of C , CR,,, and. R2. 
je 

The function of this latter circuit can best be understood 

by considering several steps in a complete cycle. Immediately pre- 

ceding switch ON C is charged to approximately (io volts). 

At switch ON Cje discharges through the parallel combination of 

and CR2 (reverse leakage) In series with the injector-to-emitter 

electrodes of the binistor. This discharge terminates when the 



Figure 7. A binistor low-frequency level-sensing switching circuit. 
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capacitor voltage reaches the value of E (slightly greater than E) 

with the bin.istor collector circuit in saturation. When the base 

current decreases due to a fall in the collector voltage rises 

slightly reversing the injector-coflector junction polarity because 

E. is held. momentarily at the capacitor voltage. This action vir- 

tua1Jy cuts off I and causes inmiedi.ate switch OFF of the binistor. 

In the period iìmnedi.ately following switch OFF Cje charges through 

and to the 10-volt level again. Because the charge and dis- 

charge tine constants for Cje are of considerable maitude, the high- 

frequency performance of this circuit is drastically limited. Lab- 

oratory tests have shown that the circuit of Figure 7 performs quite 

well from dc to 1200 cycles per second however. 

A sine-wave input signal ïs shown in Figure 7 with an ideal- 

ized square-wave out. This illustrates why this type of circuit is 

sometimes called a squaring circuit. The circuit of Figure 7 performs 

well with input signals of all wave forms and by critical selection 

of exhibits very small hysteresis. 

While the circuit of Figure 7 performs the basic functions 

of a level-sensing switching circuit, it has serious frequency Unii- 

tations and is more complex than might be desired. A study of the 

binistor characteristics, and particularly of Figure 5, reveal that 

it should be possible to achieve turn 0FF at the base without polar- 

ity reversal or the delaying action of Cje As emphasized in a pre- 

vious section, Figure 5 indicates that lower values of RL aid. turn 

0FF at the base. Figure 8 shows the more simple binistor level- 



Figure 8. The binistor level-sensing switching circuit. 
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sensing switch. It will be noted that AL has been reduced further 

to 560 ohms, CR and. have been eliminated and that Cje has been 

reduced or entirely eliminated. 

While the circuit of Figure 8 has nearly ideal simplicity, 

the selection of some of its parameters is decidedly complex. The 

subject of selecting values for RL has already been covered in some 

detail and the resulting conclusion is that lower values are best. 

The circuit actually failed to perform well with collector loads 

greater than 1500 ohms but functions properly with values of RL as 

low as )+70 ohms. The resistance of injector resistor R is the most 

difficult of all to specify. The value of R. is related to the cnt- 

ical value of injector current required. for both switch ON and switch 

0FF. Fortunately, hen low values of RL are used, a single value of 

will meet both switching conditions quite adequately. However, 

selecting R for best performance with all typical binistors whose 

critical injector currents vary considerably (0.il. to 0.5 millianpere 

for 10 mIlliamperes I) remains a difficult problem. It is an easy 

matter to adjust R for best performance with any individual binistor 

so the obvious suggestion is that R should. be a variable resistor 

(about 100 thousand ohms for the 3N 56 and 3N 57) to be readjusted 

when binistors are changed. The values of R ranged from about 20 to 

91 thousand ohms during a series of laboratory tests using a range 

of binistors. Experiments have shown that Cje can be eliminated on 

the more sensitive binistora (i cnt low) but an added capacitor of 

100 to 300 picofarads is desirable for more universal application. 
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Fortunately, the values of R1 and. CR1 are not critical at all to the 

level sensing-swLtch performance but are incorporated for protection 

of the binistor against large swings of the input voltage. This in-. 

formation on the current limiting resistor R1 and clamping diode CR1 

also applies to the circuit of Figure 7 and. other previous circuits 

where they are used. 

CIRCUIT PEHFOR1kCE 

The performance of en electronic circuit, such as that in 

Figure 8, is best demonstrated by an oscilloscope presentation of 

its input-output waveforms. A series of escilloscope photographs 

(Figures 9 to 12) has been prepared to show the effects of varying 

input conditions. Basically, two serles of tests were conducted on 

the blnistor level-sensing switching circuit, one using triangular 

input signals and the other using sine-wave input signals. These two 

were selected to demonstrate that circuit performance is independent 

of input-signal wave shape. In each of these groups of tests several 

angles of conduction are shown at each selected test frequency. The 

input signal in each test is the shown alternating-current (ac) wave 

superimposed. upon a small variable direct-current (dc) level. This 

dc level is precisely controlled so that the ac penetration of the 

turn-on threshold level of the binistor 'oase circuit may be accurately 

set and thus establish the conduction angle. These tests were per- 

formed at several different frequencies to illustrate the effect on 

the output wave shape. The triangular-wave input frequencies were 
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restricted to 1200 cycles per second (cps) because of limitations in 

the function generator employed. 

Figures 9 and. 10 show the performance of the switching circuit 

with a rectangular input signa]. of 200 millivolts. Input signal fre- 

quencies of 60 and 1200 cps have been used with demonstrated conduc- 

tion angles of narrow, medium, and wide for each frequency. The 

control of intermediate conduction angles is extremely smooth (dc 

control must also be smooth) with the triangular signals. In each 

of the sub-sections of Figures 9 and. 10 the lower waveform is the 

input signal and. the upper waveform the output signal. The output 

signal has been inverted in each picture to show more clearly the 

conduction period of the binistor relative to the input signal. 

The ideal output waveform from a switching circuit is usually 

a square wave, but Figures 9 and 10 show that the simple binistor 

switch circuit produces a somewhat distorted square-wave output. Be- 

cause of the output inversion In the pictures, the upper part of the 

output waveform represents the collector-to-emitter saturation con- 

dition and. the lower part the coflector cut-off condition. Relatively 

high saturation resistance in the currently available binistors 

(3N 6 and. 3N 57) explains the small variations in the saturation 

level because of changes in the base current caused. by the ac part 

of the input signal. The small variations in the cut-off portion of 

the output signal result because the collector voltage must fall some 

finite value (usually 0.5 to 1.5 volts) before the injector current 

I reaches the critical value for regenerative switch ON. It should 



Figure . input-output waveforms for Uhe circufl of Figure c. 

(a) 

Output (inverted) 5v/em 

Input (60 cps) 0.2v/cm 

(b) 

Output (inverted) 5v/cm 

Input (60 cps) 0.2v/cm 
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(c) 

5v/cm Output (inverted) 

0.2v/cm input (60 pri 

(d) 

5v/cm Output (inverted 

0.2v/cm Input 
( 120 eps) 
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Figure 10. Input-output waveforms for the circuit of Figure 8. 

(a) 

Output (inverted) 

Input (1200 cps 

(b) 

utput inverted) 

Lput ( 1200 cps) 

5v /c'm 

0.2v/cm 

5v/cm 

0.2v/cm 
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be noted In Figures 9 and 10 that there is very little change in the 

output wave shape between the frequencies of 60 and. 1200 cps. how- 

ever, there is aoiae change ïn output wave shape between the three 

conduction angles; this is caused by saturation and turn ON effects 

explained previously. 

The input-output wavefornie of Figuree U and. 12 are for sine- 
wave input signals of 200 millivolts amplitude superimposed on the 

adjustable dc level. For these tests input signal frequencies of 

60, 600, 6000, ana. 60,000 were employed. Also for each of these 

frequencies conduction anales of approximately 90° and. 180° are dis- 

played. The conduction angle adjustment with the sine-wave Input 

signal was somewhat more difficult than reported for the triangular 

wave In a prior paragraph. Again, in this group of photographs, the 

lower waveform is the input, the upper waveform Is the output for each 

subsection of the figures, and the output is Inverted. 

The upper frequency limit In this group of tests is set by 

the binistor switching circuit performance rather than by a signal 

generator limitation. An inspection of the output waveforms In 

Figures 11cl and. 12d. Ll1 show how much the output waveform has dis- 

torted. at 60 kilocycles. The output waveform Is losing its square- 

ness and the fall time is becoming an appreciable part of the 

conduction period. It will be noted that coupling from the output 

back to the input becomes more pronounced at 60 kilocycles. Higher 

frequencies of operation may be attainable but output waveform dis- 

tortion and. circuit stability will become an Increasing problem using 

binïstors currently obtainable. 



Figure 11. Input-output waveforni br the 'ircuit of FIgure 8. 

(a) 

Output (inverted) 5v/cm 

input (60 cps) 0.2v/cm 

(b) 

Output (inverted) 5v/cm 

Input (600 cps) 0.2v/cm 

(e) 

5v/cm Output. (inverted) 

0.2v/cm Input (6 kC) 

(ci) 

5v/cm Output (inver'd) 

0.2v/cm Input (60 ke) 



Figure 12. Input-output waveforms for the circuit of Figure 8. 

(a) 

Output (inverted) 5v/cm 

Input (6o cps) 0.2v/cm 

(b) 

Output (inverted) 5v/cm 

Input (600 cps) 0.2v/cm 

(e) 

5v/cm Output (inverted) 

0.2v/cm Input (6 kc) 

(d) 

5v/cm Output (inverted) 

0.2v/cm Input (60 kc 
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As explained in an etrlier section, in many applications of 

the sensing-switch circuit it is desirable to have a minimum hyster- 

esis voltae. How well the binistor circuit of Figure 8 performs in 

this regard can be determined. from the wavefoms of Figures 9 and 10. 

Because the ac portion of the input signal is only 200 millivolts 

peak-to-peak, it is obvious that the input voltage hysteresis must 

be less than that value for a complete switching cycle to appear at 

the output. For a closer estimate of the probable hysteresis, it is 

necessary to exsmine the relationship between the peak of the tri- 

anula.r input wave and the output pulse. For no hysteresis the out- 

put pulse must be perfectly centered. about the peak of the triangular 

input signal. The narrov output pulses of Figure 9a and. 9d. best show 

this relationship. These pictures would indicate a probable hyster- 

esis of no more than 10 to 20 millivolts which is very good indeed. 

Even with a 100 millivolt triangular-wave input signal the hysteresis 

is very low but electric circuit "noise" pick-up due to long test 

leads begins to cause instability. Such stray signal induction, if 

of suíficient aniplitud.e, triggers this circuit and should therefore 

be eliminated or minimized in the input signal. 

Several qualitative tests were conducted on the binistor level- 

sensing switch to determine the effects of moderate teurperature changes 

on circuit performance. These tests are quite important because 

Is critically set for low hysteresis and good circuit performance. 

With an increase temperature from about 25° to 6° Centigrade the 

base to emitter turn ON threshold decreased from 0.69 volt to 0.65 
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volt arid, the critical value of increaßed. from 71,000 to 75,000 

ohms. Lower temperature tests were not made but it is not antici- 

pated that the changes in these two parameters would. be any greater 

for a comparable decrease in temperature. In circuits reqairing a 

fairly wide range of temperature operation, the turn ON threshold. 

changes could be corrected by a d.iode or thermistor-compensation net- 

work in the base-emitter circuit. The changes in cnt and conse- 

quently are very small (about 5% for 140°C change as per exemple 

cited) and may not need compensation. In applications wiere the en- 

vironmental temperature change is expected to be only moderate, 

reasonable stability cari, be achieved. without conrpensatlon. 

CIRCUIT APPLICATIONS 

The binistor level-sensing switching circuit with its high 

sensitivity, low hysteresis capability, reasonable stability, and 

circuit simplicity should find many applications. A few of the more 

obvious uses, plus one that is perhaps a little unusual, will be dis- 

cussed in the paragraphs to follow. 

In computer and data processing systems it is sometimes de- 

sired to abstract a square wave directly from a precisely controlled 

sine-wave signal. The binistor circuit of Figure 8 can perform this 

function readily in the saine manner that it has functioned in the 

laboratory tests. The greatest advantage in this use is the extreme 

simplicity of the conversion circuit. An additional feature is that 
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the input d.c level adJustnient can be used to shift the phase relation- 

ship between the sine wave and. leading edge of the output square wave, 

both plus and minus 900. One disadvantage Is that this circuit does 

not have the time-proven stability that might be desired for some of 

these applications. 

when square-wave pulses are transmitted over long communica- 

tion circuits they are frequently distorted to the point where they 

no longer resemble s. square wave. The receiving equipment does not 

always function well with this deteriorated waveform and some means 

to restore the original square wave Is desired. Because of Its lo 

hysteresis the binistor level-sensing switch circuit is very adapt- 

able to this service. Figure 13 shows a system sketch of a possible 

square-wave restorer circuit using the basic binistor circuit of 

Figure 8. The use of a noise filter between the signal source and. 

the restorer circuit is highly desirable because the binistor circuit 

would switch on the larger noise impulses. Proper adjustment of the 

dc level at the binistor circuit input is necessary for faithful 

restoration of the original signal. 

A simple but effective use of the binistor switching circuit 

is shown in Figure lii.. This represents a circuit function frequently 

desired in control circuits. This is a true level-sensing switching 

circuit in that R is adjusted to switch ON Q1, at some predetermined 

positive level of Ein and switch off i 
immediately below that. when 

is switched ON, 
2 

is also turned ON thus energizing relay K1. 

Therefore, the relay (R) is always energized. when Ejn is above the 
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Figure 13. A square-wave restoring circuit. 
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critical value of E1 and. always de-energized. then below that value 

except for a very small hysteresiB. The PNP transistor Q provides 

desired Isolation between the binistor circuit and the inductive re- 

lay coil. The latter circuit element would disrupt the normal opera- 

tion of the binistor switch circuit during the negative resistance 

switching. Even with two active semiconductors and eight other dr- 

cuit elements this circuit is simpler than others used In practice 

to give the saine perfonnance. 

By far the more complex of the binistor switching circuit 

applications Is that shown in Figure 15. Here the binistor switching 

circuit performs the function of the main control and synchronizing 

element in an unusual type of' regulated power upy3 Basically, 

the circuit regulates by turning ON power transistor Q through a con- 

trolled. portion of each cycle with a variable-width, negative square- 

wave at its base. Transistor Q is used as the element to compare 

a reference voltage across CB with a portion of the output voltage 

E0 at the rotating arm ol' i3 The difference sensed then controls 

the current flow through R and consequently the amplitude of E5. The 

dc voltage E5 is then superimposed. upon the an voltage e1 ' the base 

circuit of Q,. The instantaneous level of E5 controls the turn ON 

threshold penetration of Q1 by the positive peaks of the ac signal. 

Duration of this penetration then controls the width of the negative 

square wave at the output of Q1. This negative square wave signal 

Is then amplified by A1 and applied to the base of Q2 for control of 

its angle of conduction. This short explanation of the power supply 



Figure 15. A regulated power supply with binistor control. 
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operation was given only to show the role of the binistor leve 1- 

sensing owitchin circuit in its functioning. For more detailed in- 

formation on the power supply, see part 8, pasea 29 to 31, of the 

reference.3 It is well to note that the binistor circuit performs 

much in the seme manner here as in the circuit of Figure 8 except 

that the base circuit dc voltage in controlled dynamically by the 

output voltnge-sensing transistor (.. 

ECOiIENDATIO FOR FtJflIER WORK 

In an investigation of this nature it is seldczn possible to 

pursue every detail without digressing from the main topic. In this 

particular situation, several observations have been made that might 

justify further investigation. I 

One enomenon of particular interest Is shown in Figure 16 

where the output waveforms consist of a series of narrow pulses ond 

the duration of each series corresponds to the output pulse widths 

of previous teste . The circuit of Figure 8 may be made to produce 

these pulses by merely increasing the value of R In this circuit 

slightly beyond that necessary for minimtnn hysteresis. The distance 

between Individual pulses in the output waveform of Figure 16 may be 

increased by Increasing the value of Cje the circuit of Figure 3. 

This latter observation leads to the possible explanation that the 

multiple pulsing is due to I being adequate for turn ON but made- 

quate for latching at the ON value of I The ON pulse Is completed 
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even though the second condition is unßtable tecause of the high 

speed of the negative resistance action at turn ON. The values of 

Cje and. determine how fast increases to the critical value for 

the next ON pulse to start. Further investigation is needed before 

the true explanation is assured. Also, this multiple pulsing effect 

could. have some practical application. 

In the Circuit Performance section the output vaveform for 

the circuit of Figure 8 vas observed not to be an ideal square wave. 

For many applications this may be adequate but for those requiring 

a truer waveform some means must be found to minimize the turn ON 

and saturation anomalies . One scheme for improving the output wave 

shape has been tried and. the results may be found in Figure 17. In 

this oscilloscope presentation of the output waveform is definitely 

improved over those seen in Figures 9 through 12. The cut-off region 

is much flatter and the saturation region seems improved for this 

modified circuit. The change required to achieve this performance 

vas relatively simple. The circuit of Figure 8 was modified by add.- 

ing two silicon rectifier diodes (polarized for forward conduction) 

between the top 01' RL and the positive 10-volt bias source. In addi- 

tion, a 560-ohm resistor was connected between the top of RL and the 

negative side of the bias supply to establish a mininnmi current flow 

through the diodes and maintain a relatively constant drop of 1.5 

volts across then. This voltage drop makes the injector bias source 

more positive than the collector by 1.5 volts and thus virtually 

eliminates the turn ON drop observed in the basic circuit analysis. 



Figure 16. Input-output waveform for the circuit of Figure 8 
with R. larger than the normal value. 

Output (inverted) 5v/cm 

Input (i kc) 0.2v/cm 

Figure 17. Input-out waveform for the circuit of Figure 8 
with diode correction network. 

Output (inverted) 

0utput (i kc) 

5v/cm 

0.2v/cm 



A single diode with a drop of 0.75 volt was also tried in the saine 

type of circuit but the iniprovenient was riot quite as satisfactory. 

This represents only one method to achieve improved, output wave shape. 

No doubt there are other schemes that could give equal or perhaps 

better results. 

The matter of temperature stability vas only covered lightly 

in the section on Circuit Performance. quantitative data on the 

actual limits of performance in the basic level-sensing circuit would 

be highly desirable. .An investigation into the methods for tempera- 

ture compensation with this circuit should also be of great interest. 

A discuasion on recommendations for further work would not 

be complete without considering binistor improvements. It is only 

necessary to reflect upon some of the circuit performance limitations 

to appreciate what some of these parameters should be. The output 

square wave was distorted in the saturation region because of high 

saturation resistance. Therefore, a reduction of the collector to 

emitter saturation resistance would be highly desirable. Test results 

on the binistor level-sensing switch circuit seems to indicate an 

upper frequency limitation of about 60 kilocycles per second. While 

this may be satisfactory for many applications, an increased fre- 

quency capability in the binistor would be advantageous. The problem 

of adjusting for a fairly wide range of I cnt suggests the need 

for building binistors with closer tolerance in the critical injector 

current parameter. 
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CONC liE IONS 

It has been the objective of this report to deìaonstrate the 

swltcMng characteristics of a binistor and more particularly Its 

capacity for performing as a level-sensing sLtch e1enent. In this 

latter role it has been compared. with the Schmitt trigrer, a widely 

used circuit In modern electronic assemblies and systems. The bi- 

n.istor level-sensing switching circuit performance compares favorably 

with that of the Scbmitt trigger up to about 50 kilocycles per second. 

Within that frequency range the level-sensing hysteresis appears to 

be somewhat narrower with the binistor circuit. Circuit efficiency 

also favors the binistor level-sensing circuit both in a smaller 

number of components and In lower current consumption. The binistor 

conducts only during the ON period whereas one transistor always con- 

ducts in the Schmitt trigger. 

As noted In the previous paragraph, the binistor level-sensing 

switching circuit is less complex than the Schmitt trigger. The bi- 

nistor circuit as typified by FIgure 8, is comprised of only one 

active element, two resistors, and one capacitor. Resistor R1 and 

diode CR1 are for protective purposes and not essential to the circuit 

operation. The transistorizeà. version of the Schmitt trigger on the 

other hand has two active elements, five resistors, and. one capacitor. 

This simple basic Schmitt circuit is not capable of the low hysteresis 

operation poasible with the binistor circuit. 

The bin.istor circuit of Figure 8 has demonstrated reasonable 

repeatability with all 3N 6 end 3N 57 binistors except that R should 
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be variable to acconmioclate fairly large variations in cnt among 

the units. However, this Is not objectionable because the value of 

need. not be changed usually except when Installing a new binator. 

The value of Cje is somethat critical 'with low sensitivity binistors 

but a mean value of 100 to 200 picofarads should be satisfactory for 

all good binistors es they are currently selected. Obviously, if 

at some future tine, binistors are specified with a narrower limit 

in cnt these two adjustments will become less critical. Çuafl- 

tative tests Indicate that the binistor circuit stability is not 

particuJ..arly sensitive to temperature change but wide changea ob- 

viously would cause difficulties if some compensation Is not employed. 

The frequency limitations as demonstrated in this report are 

not particularly serious for many uses. There are, of course, appli- 

cations where performance to i megacycle per second or more would be 

desired. This could not be achieved without Improvement In the bi- 

niator for the present circuit is operating quite close to the 

binistor switching speed limit. 

Current literature concerning the binistor stresses large 

signal switching applications mainly for loGIc and. data-handling uses. 

However, this level-sensing switching circuit is a small-signal de- 

vice and. Its possible uses may be found in all fields of electronics. 

Thus the binistor ñaich has been initially restricted in application 

enters an area of expanding uses. This report will have served a 

worthy purpose If it has awakened the circuit designer to the poten- 

tial of the binistor as useful circuit element. 
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