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ABSTRACY OF THE INSCLOSURE

A fast acting fransistorized switch circuit incorporat-
ing 2 novel complemeniary PNP-MNPH configuration em-
ploying both rositive and’ negative feedback. Upon  the
application cf 2 positive input pulse to the input ter:
minal, the positive feedback everrides and regen"ratwely
drxves a transistor inio saturation. Lipon the removal
of t‘le positive input pulse, the .negative feedback over-
rides and drives both iransistors isto the off condition
in which state the cirenit draws no power.

The invention described herein may be manufactured
anc used by or for the Government of the United States
of America for govemmantal purposes without the pay-
ment of any royalties thereon or therefor.

~ The present invention relates to a transzstor comple~
mentary regenerative switch, and more “perticularly re-
lates 10 a complemeniary regenerative switch character-
ized by a PNP-NPN conﬁgurauon having a positive feed-
back path and a negative feedback path. The posiiive
feedback is preseni during the appiication of a signal
input to the switch, and in which the positive feedback
ratm is greater tn:m the neg ative feedback thereby per-
ting regeneration.

T’ne present invention seeks to provide a complementary
regenerative switch consxstmg of PNP-NPN trapsistors,
the circit comprzsmg the switch being DC cousled
throughout, and in which the circuit of the switch con-
sumes no power when not being used, and comsumes
power only while 2 signal input is aiptelied'.her»to. The
advantage of this type of operat:tm is that it permits long
life of the circuit components. It is seen that the cirtuit
of the invention is unlike the Schemitt trigger, and the
present fnvention pmazdes a comp?em‘*ntary shaping cir-
cuit that turns itself off when the inpat is removed.

In the circuit of the regenerative switch of the inven-
tion, both transistors of the complementary shaping cir-
cujt are in the OFF state, When an input signal is ap-
plied fo the base of a first transistor, both the first and
the second transtsiors are twrnsd ON, and the second
transistor is driven into satura,tion, while the first tran-
sistor operates along its linear characteristic.:

An ob;ect therefore of the present invention is fo pro-
\’lde a circuit comprising 2 comn?ementary regenerative
switch so that zfter removal of an input signal from
ihe circuit, the circeit dutomatically turns itseif off there-
by dissipating no stand-by power. .

Another object of the present invention is to provide
a smtchmg circuit in which the comparatively smaller
output im; :»edan"e, as compared to the output impedance
of a conventiohal Schmitt trigger circuit,is present.

A further object and advantage of the invention is
io provide a switch circuit that accepis any undefined
voltage wave shape and produces from the output thereof
a square wave output, and is capable .of being produced
on a single chip molecular circuit,

" A further. advantage and pnmar, charactensuc of the
“circuit is that when the input wave shape is no ionger

.abulied to the circhit input, the circuit shuts itself off
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and draws no power whatsoever. This charaeteristic, of
course, Is important #s # is one means loward an ex~ .
Ircme!y long lifetime for the cirenit components,

The above and other objects and advantages of the
invention will become apparent upon faull cons;dca‘anen
of the following detailed descnwcm and accompanying
drawmgs in which:

FH3. 1 is an elecmca! schematxc circuft diagrasm of

¥ compiemcntary regenerative switch accor ding to the

preferred embodiment of the presemt invention; and .

FIG. 2 is a wave form didgram of the voltage inpufs
and oulputs that are cheracieristic of the compiemeniary
regenerative switch of FiG, 1.

Referring now to the drawings, there is shown 2 com-
plementary regencrative switch 18 having a pair of com-
picﬂemary transistors £d, i4, each transistor having an
emitter, coilector, and base, A positive terminal of a
direet current potential soufce is connected to 2 terminal
16, and this is connected directly to the emitter of the
PP transistor 14, and the negstive ferminal of the di-

- rect carrent potsmxa} source (not shown) is conpected
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to ground 18, The emitter of the WP transistor 12 Is
connected directly to ground by means of resistance 22,
and ‘a further resistance 24 is seen connected between the
emitter of transistor 12 and the collecfor of trapsistor
14. Also from the collector of trapsisior 14, there is an
R-C network including a resistance 28 having its cir-
cuit completed to the base of the transisior 12, and from
which an mput resistance 28, resistance 38, are used 1o
complete a cirenit to ground 18. From an intermediate
point of resistances 28, 38, an input signal is applied
through a cagac;t.mce 52 from a {erminal 34, The posi-
tive terminal 16 of the direst curreni polential source
is also connected through a resistance 36 to the base of
the transistor 14 and similarly to the collector of tran-
sistor 12. An ouiput signal or voltzge may. be derived .
from the switch circnit I8 by a terminal 38 which is
connected to the coilector of transistor £4.

In the operation of the ccmp}ememary regenerafive
switch, the wave forms of FIG. 2 are fllustrativé of the
operation and are descriptive of. the characteristics of
tha circuit. The transistors 12, 14 are in the QFF ¢on-
dition in the absence of a signal ipput being appled 1o
terminal 34, and simifarly there is mo pofential at the’

F output tevminal 38, as shown by the wave form diagrams,

in which the dutput is at a value 48 in the absence of
an mput, as shown. The base of each of the transistors
22, 14 is at ag;pmxxmateiy the same potential as fts re-
spective emitter, and thus both fransistors remain in the
OFF condition,
if there is' applied to the input terminal 34 a positive-
going pulse or wave form 42, then the base of tran-
sistor 12 becomes pos:txvc with respgct to its emitter, and
then the transistor is triggered fo a point in the linear
region of its charatteristic, producmg a voliage drop
across the capscitive-resistance reiwork including resist-
ance 26, and which alsp results i1 Jowering the potential
on the collector of tramsistor 12. which in turn lewers
the potential on the base of the PMP transistor 14. This
action pmduc&s inggermg of transistor 14 to it: ON
condition, since transistor 14 is guickly driven into s+tora-

tion by regeneration taking place as shall be dosibed

below, Sat.;ratmn of {ransistor 14 resul's in collecio- cur-
rent flow through resistances 22, 34 to raise the potential -
on' thé collector of the PNP .trznidsror 14 io E, as shown
by wave form 44, and js avaitatle at the cutput terminal
38, By mezans of ihe capac-u*nce resistance network, as

.exemplified in resistance 2w, he condition of transistor

14 produces a positive bias on the base .of the NPN tran-
sistor 12 which continues as long &s thé Jansistors 12, 14
are in their ON condition. In this state ¢ sonduction, the
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. ioadmg of trms!or 12 upon resistance 28 forccs the
positive, feedback ratio to be smalier than the negative
feeaback ratio of the czz'cuzt, and the circuit 18 cannot
remain in the OGP condition in the absence of a positive
pulss anpb»é to he nput ‘crmmax 34
As thc inpus signal a;mh i o tefmninal 34 goes negative

with respect to pamt 4% oh the input wave fom 42, then

the transistor ¥4 &s puled out of seturation when the input
wave form reaches point 8¢ of FIG. 2, and repeneration
takes place in the negative direction that quickly drives
the tramsistors OFF, that Is, transisior 24 is driven out of
saturation, and trensisior 12 is them in the OFF c_:andition:

The PHP-WEN cunfiguration of the switch has a posi-
tive feedback path and 2 mgau\ve fexdback path, the
positive feedback ratio being grealer and thersby per-
miting regeneration. The approximate positive feedback
ratio is

R
- Ryt R

and the negative feedback ratio is’

Ry
R:H‘Rz: )
The output impedance is typically Ry, /10.

Thus it is szen that while the mput voltage is applied
to 'the clrcu;t, the cirenit is regenerative, and that when
the signal is removed from terminal 34, the product of
the forward gain a2nd the backward gain is Jéss than unity.

The circuit turns ON when the input voltage is:

1 Ve '
W Eu=Te
Where V., is that voliage that causes the transistor 32

to turn ON if it were Isolated from the circuit, and G is
equal to:
(2) {RButRa)

Rp+ Byt Bou+ R

The circvit turns OFF when the voltage is:

Ge=1—

Eoff-E;(a+ Lo ~33) Vo1 +52)
'l
R +R .Et“Ec Vaent
L L 1 5 Bally
yS Rﬂ’ yd Rz& I‘ BR}}’ Rﬂ‘ RS}“"RS{

E==voltage at termninal 4.
The high frsque:ﬁcy response of the circuit 1€ is im-

proved where capaciior 60 is applied to the circuit, but

otherwiss it may be wonveniontly omitted,

Additions! embodiments of the ipvention in this specifi-
cation will ocewr to others
that the scape of the fnvention be Himited only by the
appended claims and not By the embodiment desciibed
hereinabove. Ascer&mc!y reference should b made 10
the foiiowmg claims in determining the full secpv of the
inveniion, .

What is clazmeﬁ is:

A commemeﬂtary regenerative switch for accepting

an undefined voitage waveshape having a positive excur-

sion and for delivering a square wave output, comprising

and therefore it is Intendad’
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an NPN transistor and a PNP iransxstar each having
emitter, base, and collector; said emitter of said PNP
transistor being comascied to a tie pemt, said tie point
adaptr:d to receive = voliage source; circuit means con-
necting the coliector of the NPN transistor to the base
of the PP transistor and for connecting the coliector of
the PNP transistor fo the emitter of the NPH tranﬂsinr,
each cirenii meshs including & resistance coupling to
uniike reference points; = first resistance newwork coupled

Petwsen an Inpot ferininal and the base of the NPN tran-

sistor; @ sezond resistance pétwork coupled between the
collector of the PIP traosistor and the base of the NPN
transistor; means for aﬁvivmg an Inpat szgx.a ‘1o said input

" terminal whsrﬁ'by doring positive excursion of said input
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of i.i NPH transistor in its linear
region is effected, which operation causes satoration of
the PNP transistor, said ssteration belag effecied by re-
gancraimu, and whereby vpon the fnpui signal being no
Tobger positive, the PRP transistor becomes unsaturated
and the transisiors are cach refurned to a ponconductive
condition by regenersion.

2. The invention of claim I wherein the non-conductwav
conditioa Is achigved upen removal of said input signal

3. The invention of ciaim I wherein a snnacziance is
connected across ihe second resistancs petwork fo- fme
prove the high ftoqmcy response of the switch,

4. The invention of claim f wherein 2 high condvet-
ance path is that circuit means between the ca!!ector of
the NPN transistor and the base of the PP transistof,

§. The invention of claim ¢ whergin said circuit means
connecting the coflactor of the PNP transistor to the emit-
ter of the NPN transisior includes a resistance.

6. A complementary regenerative switch for atcepting
an undefined voltage waveshape having a posmvr: excur-
sion and delivering a sguare wave ¢ulput, comprising an

 NPN transistor and 2 PNP transistor each haviog emitter, .

base, and collector; said emitter of said PNP transistor
being connected 0 a tie point, said tie point being adapted
to receive a voltage source; means connecting the collector
of the NPHW traosistor without an m‘pedamc meaps 1O
the base of the PNP wransistor; means for connecting the
collecior of the PWP traﬂsmfor to the base of the NPN
transistor fnclvding an RC network, esch of said connect-
ing means inchuding a resistance coupling from said con-

i necting means 1o i’nhke reference points; a first resistance

petwork coupied between an input terminal and the base
of the MFPN transistor; a second resistance network cou-
pled betwezn the collecior of the PNP transistor and the
emitter of the WPM fransistor; said mpu: terininal adspted
for applying an fmput sional through the first resistance
network whereby the NPN transasior, during zbe positive
excursion of the fnput signal, is conductive in its lnear
regicn and the PNP transistor is rendered saturated and
is held in saturation by the positive excursion of the input
signal by repeneraticn, and upon an absence of the input
stgnal the PNP transistor is po longer sstureted and the
transistors are then seturned fo a mn-condacme ‘condi-
tion by regeneration.

No references cited.

ARTHUR GAUSS, Primary Examiner.
J. ZAZWORSKY, Assistant Examiner.



