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N§ T transistor (MET). MET' devices are now- coim-

" mercially available, such as “the" Fairchild
Semiconductor “device" No.* uC1134 - and

#C9996. It is 'underétood,"hqweveij;' that " an :

MET: ¢an be- made by connecting: the: bases 45

-and eollectors of discrete transistors in parallél;
Such a device' is ‘considered ‘an”MET  for the .
purposes of this':specification " aind. claims: - Tt

- would be highly &

esirable: to' utjlize such'a’ . -
solid state transistor dévice ‘as-a’ signal storage’ 50
device for. logic ‘Circuitsand - data’ processing:
syst'cms_ 2:" P ) :-=‘;j-- 'f ~_' :_‘ . .;::;._'.--- ‘

An object of thils jnvention ‘is to providé <
a -novel and improved, ' i _
and processing of signal information. -~ 55
‘Another. object;of . this invention:is to pro-
s, Vide -a- movel solid. state. memory device -
utilizing 'multi-emit_te;;_;.transistq;s, : i

_ Briefly,: the " signal storage: and :processing
- apparatus ‘of the ‘invention comprises first and. 60
second ' MET’s. ‘as : hereinbefore - defined -each
having ‘at ‘least first, “second and “third emitter
electrodes; a base electrode -and. a collector:
electrode; a first source ‘of drive signal having -
two steady states; viz:'a first and second state, 65.
coupled. to- the first “emitters of ‘both said
MET’s; a second sotirce of drive signals having
two steady states viz. a first and second state,
conpled: 16 :the second emitters of iboth said

T°s;" a’ pair of data input signal sources 70
led - respectively - to . each of the third

ters of both said MET’s; means coupling i
base of each MET to the collector of the
y it “MET whereby astorage circuit:is:formed

ful for different’types. -and- 4 sense output Circuit- whose inputs are 75
nd: towards ‘miniaturization - coupled to: both said : first ‘and ‘second drive

opment ‘of integrated cir- * signal sources and to ‘the" collector of one of i
ules. One new st the MET’s, whereby:the sense output:circuit
r s enabled to receive data from said one:MET

means for the storage

]
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the collector of transistor 113). the third having first, second and third
emtter elec- 15 emtter electrode 132, the base el ectrode 132a, trodes, a
- - -the coll ector el ectrode 126 of MET
124, trode, said third MET being coupled to one 75 together with-:
“transistor-136 conprise a differ- of said first and second METs, and tmo
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tial elements of the invention;
FIGURE 4 is a schematic diagram repre~
senting four memory cells of this invention,

- connected in a mamx to store separate data

- "bits; and
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FIGURE 5 is a schematic circuit d1agram '

of an alternative readout circiit, utilizing a

plurality of multi-emitter transistors providing -
an output to & common buffered sense output.

Similar numerals refer rco similar elemcnts
throughout the drawing.-

With reference to FIG. 1, the solid state
memoty element or bistable storage device
of this invention comprises a pair of cross-
coupled: multi-emitter transistors 10 and 12.
The transistor pair. may be formed. by planar
efpitaxial ‘processes and -may constituté an
integrated umit. Any number of .such units
may: be joined by the technique of diffusion
into 3 wafer. The MET 10 has three distinct
emitter or common electrodes 14, 16, and 18,
a base output - electrode 20, and: a collector or

‘output electrode . 22,. the electrodes being

arranged in NPN fashion. Similarly, the MET
12 has three emitter electrodes 24, 26 and
28, a basé¢ 30 and a collector electrode 32,
also in an NPN' arrangement. The base of the
MET 10 is coupled through a resistance 34
to the output electrode or collector 32 of the

MET 12; and the base of the MET 12 is

coupled: through a resistance 36 to the collector

22: of the MET 10. The collectors 22 and 32
are also connected through load . resistors 38

and 40 respectively to-a source of positive
potential 42, which provides collector voltage
to. the NPN transistors. - -

Prive signal ‘sources X and Y are coupled._

tespectively to like emitters 18 and 28, and:
corresponding: emitters 16 and 26. The matrix

drive signal sources X and Y- must be simul-

taneously in the active state in order for any
incoming: data signal to be registered in ‘the
memory. :device. ' Fhe active state is defined

as the most . pesitive voltage state of the two.
allowable: bmary states. This is generally +1.0

. volts or more, with the inactive or binary

60

Zero - state: bemg near 0.0 volts with a 0.5:
volts maximum. If MET’s 10 and 12 are

fabricated, as illustrated, as NPN transistors,
these devices will be in their active state upon-

application. to the base of a positive voltage;.

~if the devices, on the other hand, are PNP

polarity, they will be in their active state
upon apphcatmn of a negative voltage.

voltage of approximately zero on the colléctor
electrode of MET12 when MET12 is -con-
ducting, is defined as binary “1%. Conversely
the less positive voltage of approximately zero

first and siefmmblv Eﬁ voltigé Faecafittheatollectarr ent  swi t ch
'H”eﬁ'f“’ @%r@%‘%i nS| st ors
om~ o

on: the co]lector electrode of METI10 when -

MET10 is conducting and . consequently the

most positive voltage on the. collector elec- -
trode of MET12, is defined as binary “0”.

Thus when the Data 1 signal to the emitter
14 is turned off, so that the emitter 14 is

85

nonconducting, and the Data 0 signal is turned .

en so that emitter 24 conducts, a binary -1-is
stored in the memory device. Conversely, if
the Data O portion .of the device is inactive
and the Data 1 portion is energlzed a bmary
0is regxstered :

In operation, the .memory cell is accessed- -
for write (or read) by coincident trigger volt~ -

_ages applied to- signal sources X and Y. It
- will be assumed that binary “1” js stored in
the device, that is MET10 is. non-conducung
and MET12 is  conducting. If .it-is now

required to store binary “0”, Data 1 signal - -

will be turned on and Data “0” signal will
be tumed off. On the coincident occurrence
of the. X and 'Y drive signals therefore,
. MET10. will: start to conduct and the conduc-

tion' of MET12 will. decrease, these. effects’
being enhanced by. the coupling circuits be-.

tween the collector electrodes and. base elec-

trodes. The rapid changeover of the device - -

therefore occurs in the well known manner

90

.-_'Q",.
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and binary “0” is stored by the: conduction
-of MET10 and the non-conduction of MET12..

10

It will be understood that if binary “1” is -

stored and & binary -“1 signal is applied on

and the same applies if. both data inputs: are

in the inactive state on' the occurrénce of the
dnve -signals. Thls is the non-destructive read~
out- feature. .

-Fig, 2A illustrates a representatlve sense
output «circuit that may be utilized in con-
junction with the binary storage device of
_Fig.-1. To achieve readout, the stored signal

is a.pphed to:the base of the MET 44 through

an input- terminal 46 and resistor 48. Input '125_ '
collector -of MET 12.in Fig. 1. The binary =~ - :
complement " or inverted output, .collector elec~ .

tetminal: 46 of MET 44 is coupled to the

the occurrence: of the drive signals,. there will .
‘be-no. change in the condition of the device - s
115 -

120

trode 32 of MET12 rather than collector elec-

trode 22 of MET?10 is used to drive the sense

output circuit since the sense output circuit
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which. has its ‘emitter: 62 coupled "to- ground
through g bias Tesistor: 64.' The-readout signal
is amplified by a transistor® 66 having its base
¢onnected: ‘t6:- the emitter . 62. "The . signal is
charitieled - fromi “collector of - transistot 66
‘the” data signal that is
passed” through an-ernitter :68 of the transistor
44, to a sense outpat’ circuit for further pro-
cessirig . - display: *The - cireuit: including
emitter 6 acts ‘as-a clamp; and . prevents the:
transistor 66 from. saturatmg ‘In the network
whierein the three: ‘transistors 44, 60-and 66 are
arranged essentially in a Darlington type cir-
cuit; the drive current requitement from the
‘binary ' storage: -device is exu'emely low, such-
that: the sense .output: circuit. functions very
well with ‘very low beta’ transistors, Further-
more, with the inventive c1rcmt, ‘@ substantial
s¢ immunity is -realized.
Fig. 2B’ depicts: an alternative embodiment
of a readout’ ci ait; which: “is “advantageous
in- that the &ircuit presents a load to the binary
storage device' only whien the binary is in the
Tow state; ie., the low output resistance state
of ‘the Bindry. T.he cifcuit of Fig. 2B includes
a unidirectiohal conducting device or diode 70,
cotpled“to’ &' source’ of potential 72 through
@ resistor 74, The ‘collector 76 of ‘transistor 78
the source 72 through
g “emitters 82.and 84 are
Hed: the' sources of: drive signals
X-and: ving coricurrent active signals
80 that data from ithe
may be: sensed - during the: readout” process.
“Whei: the X and: Y- drive sources are in the
active state; then emitter 86 passés the output
sigral : ‘derived. from'the: binary ‘storage device
to transistor 88, which has has emitter 90

7. cotipled to the: base: of ‘transistor ‘94 of refer-

55
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enice potentiali ‘A’ trafisistor 94, with ‘its base
coupled to the emitter 90y channéls the signal
to a sense output or readout circuit. Con-
comitantly, the binary output is conducted
through-a’ clampmg ethitter 96 directly to the
readout circuit.-Resistor'98'is coupled between
the junction iof emitter:96 andithe readout
circuit, and the power’ supply 72. Both sensing
circuits of FIGSZ: and: 2B are characterized

by 1mproved n01se immunity -and -low dnve- '8
_ __requxrements

the binary stage. -

In FIG. 3,"a logic: diagram “illustrates’ the'
operation of ’the signal storage and readout
system including the memory device of FIG. .

‘bindry 'storage device -
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i B GO R ©sidaet 608 € therd AliedANDOgutes 100 and ‘102 are in-

hibited,. precludin: ssage of. @ signal
to:the latch 1 iching " circiit- 104
stores and ho_lds the Bmary mfommmn “bit,

W bt .
For readout,'thex nd Y dmes are: apphed
thar, allows . the signal

stmed in the 104 to pass 't &
sense: ‘outpit.

Ifshould,ben -whenﬂmXandY
drive sigmals " at¢ jed 'to the AND gate
106, Data: 1 and ‘in ‘the inactive state

or logic' zeros ‘act gitte: the effect of appli~
cation of drive: signals: X-and’Y to' the Storage
input. With both X and Y drives in the active

fgmﬁﬁﬂaﬂﬁﬁ%ﬁ 35 above

er el ectrode,
and said
j ¥ One
art will
swi t ch.
and

nore

e A4S of claim

80
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state, hence AND: gate 106 emabled, the'sense -

output receives’ the ored ugual for further

FIG 4 depucfs én arrangement o‘f four-inter-
' ory f@sﬂﬂ'um KE mﬂ

ing separate bits: of infor
device is subject to “be “activated By its: own
intersection of X -and. Y- matrix drive limes,
whert in the active ‘state; ‘Thus; device 107
responds to the: X, and-¥, drives, device 108
responds to the X, ‘and-¥; drives and- so' on:
Each of the storage® elemients is also tied to.
data input sources D, and'D; to stote & binary:
bit when activated by the X and Y active
state signals, Fhe clements. may be triggered
sequentially by koiown. -address -systems by

activation, for mstance, of the X, drive line:

and: by successive activation ‘of drive lines Y,
and Y3y or concurréntly:in parallel;. such as in
rows .ot columns; - for:
taneous activation of dnve I' nes Xl, Y1 -and:

FIG. 5is dlrecte,—.to another sense: autput
circuit:. affardmg,h; : speed: operation, whétein
a sensmg hreshold voltage is employed. {The.
s establishied: at dny
by resistances: 11k - and:
to-the:collector voltage
supply and 10 the common base circuit of &

instance by the: simul-

1'-00
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pair: of ’NPN; transistors:- 113 and 114. Fhese -

transistors: 113 and 114 act as a current: soutce
to mamtam the current to the cutput ciréuit

includes: a diode 116

'recewes the . stored ~signal from the binary
ﬂmumdthwmawwrﬂn}{mﬁﬁYnmuw

-~ terminal 118" ‘which-

125

130
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of said transistor,
.pr.ocessing-appar-

of said third MET and said WHAT WE CLAI M
said input term na
neans hPI ng adapted to _connect said Uanqtsjor
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1. A signal

at us

st orage and

m conpri si ng:

addi ti onal METs 45
ot her input signals,

second and.
el ectrodes,
for
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and processi
substanti al |

10

15

35

a collector
el ectrodes from

and said current source to

resrstance 130, the sénsed
thiohgh a ghifdi emtter 432
MET 124 and fed to the emitter 134 of an
output transistor 136, The emitter - electrode
134 of transistor 136 is coupled both to a third
emitter. 132 of MET 124 and to.the current
source comprising transistors 113 and 114 (via
the collector: of - transistor . 113). The third
emitter electrode 132, the base electrode 132a,

“and the collector. electrode 126 -of MET ‘124,

together with transistor 136 comprise a differ-
ential current- switch. The output signal may
be channeled to.a sense output. or to a utiliza-
tion circuit, which may be.a readout ‘display
for example. Terminal 138 may be used to

¢connect any number of multi-emitter transistor -

circuits 124a—n to tespective binary storage

devices f;,—n, ‘for readout through a.common

differential - current switch: . comprising ~ tran-
sistor- 136-and the current. source (transxstors
113 and 114).. -

The solid state memory element and: read-

out apparatus-.of this invention- affords non-
destructive readout, high speed and high level
output - SIgnalS -Increased packing density ‘at
fow cost .is made possible: and " associated

circuitry is’ relatively simple and .inexperisive. .

While the specifi¢ embodimient chooses for the
above detailed description of the invention and
drawings described a ‘three emitter MET -as

~ used in:a two dimensional -matrix; one skilled

30
-coupledtothcﬁrstenuttersofbothsald

in the art will appreciate that matrices having
niore than two diménsions may -be employed
In such matrices MET’s havmg more than
threeemrttersareused S

WHAT WE CLAIM I1S:—

atus comprising:-
first - and. second MET’s as herembefore

"defined each having at least first, second and

third emitter - electrodes, a base electrode, and
collector eléctrode; .

a first source of drive s1gna1 ha.vmg! two
steady states, viz. a first and a second state,

MET’s, S
: a-second” source of dnve slgual havmg two

55 steadystates,wz a.ﬁrstandasecondstate

coupléd to the- second ennttels of botlr satd
MET’s; .. -

- a-pair -of data mput s1gna.l sources coupled
respecttvely ‘to -each of the’ thu'd emrtters of

B .Z both. sald MET’s,

‘Leamington Spa: Printed for Her Malesty’s Smtlonery Office ‘by the Courier. Press—1967 o S
Published at The- Patent Oﬂice. 25 Southampton Buildmgs, London, w.C 2. from wluch coples may be obtamed. .
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when both said first and second dnve s1guals :

are: in the first state, -

2.- The signal storage and prooessmg ap-_-
paranisofclaamlﬁlrﬂlercharacterlzedby-
said sénse output. circuit having a third MET- - .. .
having - first,: second “and . third -emitter elec-: - = -

recei ving
| east first,
and current souree serve as third enitter
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trodes, -a base-eléctrode. and a collector elee—_ e

trode, said- third MET ‘being coupled to’ one.
- of said first and second MET’s, and two .of
sdid emitters of said third MET being respec—

tively coupled to sa1d ﬁrst and second SQUICES
of drive signals. .

. 3. The signal. storage and prooossmg anpar -

atus of claim 2 further characterized. by said

third - MET bemg -coupled  through ' its base
electrode to one of satd first - and seeond-
METs. = )

4. The signal storage and proeessmg appar

atus of- «claim: 3 furthet characterized: by .said
sense -output circuit “including -an -additional
transistor having. emitter; base ‘and collector

éléctrodes-said . emitter . electrode of said. tian-~

sistor- being -coupled to a third émitter . elec- -

trode of 'said third MET, and 4 current source

coupled. to 'said "emitter of said transistor and

to said third emitter of said third MET where-
by said third emitter electrode, said-base elec-
trode, -and. ‘said -.collector electrode of . said

third MET ‘together withsaid ‘transistoi" com-'

pnse a dlﬂerennal ciirrent  switch; -
5. The signal storagé-and’ proeessmg appar

atus of claim. 4 further characterized by an

input terminal -means coupled -between  said

. third “emitter “of said third MET and- said-
" emitter. of said transistor;’ said  input terminal
- 1. A signal storage and- procesang appar '

nieans befng adapted to connect said transistor

and ‘said current source to additional MET’s o
receiving -other -input signals, whereby the

saine ‘transistor. and current source serve as

- part--of & differential .current .switch for. a
phurality: of emntter eleetrodes from dlﬁerent_

MET’s.

6. A signal storage and processmg apparams:
substantially as described w:th reference to the

accom-panymg dramngs
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Ely Pl ace,
Q‘ot h said MET' s

coupled to the second emtters of both said

a pair of data input signal

respeet i vel y. to eacszﬁu(r)?efklmnm mu‘"lllmul of
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Char ter ed
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first two emitters 120 and 122, respec-
uvely, of MET 124 so that MET 12¢ becomes
conducting. With the collector 126 of the MET
124 tied to a suitable voltage sci—ce 128
through a load resistance 130, the sensed
signal is passed through a third em&ter 132
of MET 124 and fed to the emitter 134 of an
output transistor 136. The emitter 2iectrode
134 of transistor 136 is coupled both o a third
emitter 132 of MET 124 and to the current
source comprising transistors 113 and 114 (via
the collector of transistor 113). The third
emitter electrode 132, the base elecm\ie 132a,
and the collector electrode 126 of MET 124,
together with transistor 136 comprise a differ-
ential current switch. The output sigmal may
be channeled to a sense output or to a utiliza-
tion circuit, which may be a readour display
for example. Terminal 138 may be used to
connect any number of multi-emitter transistor
circuits 124a—n to respective binarv storage
devices n,—n, for readout through a common
differential current switch comprising tran-
sistor 136 and the current source (transistors
113 and 114).

The solid state memory element acd read-
out apparatus of this invention afferds non-
destructive readout, high speed and high level
output signals. Increased packing densxty at
low cost is made possible and associated
circuitry is relatively simple and inexpensive.
While the specific embodiment cheoses for the
above detailed description of the invention and
drawings described a three emitter MET as
used in a two dimensional matrix, one skilled
in the art will appreciate that matrices baving
more than two dimensions may be employed.
In such matrices MET’s having more than
three emitters are used.

WHAT WE CLAIM IS:—

1. A signal storage and processing appar-
atus comprising: ,

first and second MET’s as hercinbefore

defined each having at least first, second and

third emitter electrodes, a
collector electrode;

a first source of drive signal having two
steady states, viz. a first and a secord state,
coupled to the first emitters of both said
MET’s;

base elctrode, and

a second source of drive signal having two’
- steady states, viz. a first and a second state’

coupled to the second emitters of both said
MET’s;

a pair of data input signal sources coupled
respectively to each of the third emirters of

" both said MET’s;

hotle METS whardby lae
storage circuit is formed; aﬁll

a sense output circuit whose inputs are
coupled to both said first and second drive
signals and to the collector of one of said
MET’s, whereby said sense output circuit is
enabled to receive data from said one MET
when both said first and second drive signals
are in the first state.

2. The signal storage and processing ap-
paratus of claim 1 further characterized by
said sense output circuit having a third MET
having first, second and third emitter elec-
trodes, a base electrode and a collector elec-
trode, said third MET being coupled to one
of said first and second MET’s, and two of
said emitters of said third MET being respec-
tively coupled to said first and second sources

of drive signals.

- 3. The signal storage and processing appar-
atus of claim 2 further characterized by said
third MET being coupled through its base
electrode to one of said first and second
MET’s.

'4. The signal storage and processing appar-
atus of claim 3 further characterized by said
sense output circuit including an additional
transistor having emitter, base and collector
electrodes said emitter electrode of said tran-
sistor being coupled to a third emitter elec-
trode of said third MET, and a current source
coupled to said emitter of said transistor and
to said third emitter of said third MET where-
by said third emitter electrode, said base elec-
trode, and said collector electrode of said
thu-d MET, together with said transistor com-
prise a differential current switch.

-5, The signal storage and processing appar-
atus of claim 4 further characterized by an
input terminal means coupled between said
third emitter of said third MET and said
emitter of said transistor, said input terminal
means being adapted to connect said transistor
and said current source to additional MET’s
receiving other input signals, whereby the

.same trapsistor and current source serve as

part of a differential current switch for a
plurality of emitter electrodes from different
MET’s.

6. A signal storage and processing apparatus
substantially as described with reference to the
accompanymg drawings.
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