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(71) We. WESTERN ELECTRIC Co:M:-
PANY, INCORPORATED, of 195,, Broadway, 
Ne'W York City. New York State, United 
States of Am.erica, a Corporation organised 

S and- existing under the laws of the State 
· of New York, United States of America, 

do hereby declare the invention for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per-. 

10 formed, to be particularly. deScribed in and 
· by the following statement:-

. This invention relates to memory appara-·. 
tus. ·· · · 

In many computers and other systems a 
lS· need exists for large· information capacity 

semiconductor memories in which informa­
tion · can · be temporarily stored and then 
retrieved within a useful period of time. 

. In view of . this, it is desirable that each 
20 individual memory cell of the array .require 

· as little semiconductor area for its imple­
mentation as ·possible and contain as few 
terminals as possible, It is also necessary 
to con~ider the semiconductor area required 

25 for the peripheral circuitry associated with 
the memory. .. 

In . the publication Electronics of March 
1, 1971, an article entitled "Bipolar Memory 
Cells Strike Back in War with MOS" on 

30 page 19, and the copending G.B. applica­
tion No. 60,662/71 serial no. 1358 190). 
a two-terminal memory cell comprising a 
single· junction:· transistor is described. The 
described structure requires a fairly sniall 

35 semiconductor· area for its implementation 
•· and contains only two terminals. but re­

quires avalanche breakdown of one of the 
junctions of the transistor. In addition, the 
readout signal from the cell is a transient 

40 response that destroys the information 
. . . stored · in the cell. · 

The copending G.B. . application No. 
55,826/72 (serial no. 1393 264) describes 
a se:iniCon.ductor· memory array .eom~:_; 

45 a plurality of ititerconnected two-te · · 
· .· · memory ~lls, each comprising an ~ and 

a·. PNP. tra.nSistor. · While this memocy ·cell 
has many desirable electrical · charac~ris­
ti.cs · and does not utilize avalanche break­
down, it still produces a· transient output 50 
signal. that destroys. the information stored 
in the cell. Because of· the transient . out- · 
put signal, fairly sophisticated· detection cir­
cuits, which require ·considerable semi­
eonductor area, are utilized to form a SS 
workable·. memory system. . 
· A memory cell of relatively small size ... 
which does not utilize avalanche breakdown 
or have destructive tra.nSient readout would 
be very desirable for use. in large informa- 60 
tion capacity ·semiconductor memories. 

According to this invention memory ap~ 
paratus includes a plurality of memory 
cells each for storing binary information 
and each· including first and· second ter- 6S 
minals, a junction bipolar transiStor ai1d a 
field effect transistor, the emitter of said 
bipolar transistor and the source · of said 
field effect transistor . comprising said first 
and second ·terminals respectively, the base 70 
of said bipolar tra.nSistor being coupled to 
the drain of said field effect transistor, the 
colle~tor of said bipolar tran$istor being 
coupled to the gate of· said field. effect tran­
sistor, capacitance being .provided .. at s~d 75 
gate, and an asymmetrically conductive 
path between· said second tetminal and said 
gate for selectively coupling said capaci­
tance to said second terminal, said appara-
tus being such that, in operation, binary 80 
information stored in said cells is non-des­
tructively readable. 

Said field effect tra.nSistor may be of tlie 
junction type and said path . may be the 
solll'ce-gate .. junction thereof. Said bipolar 85 
transi_stor may be of the NPN-type and said 
j'Unction field ·effect transistor may • be of 
the P-c~el · cype. Alternatively, 11~d bi• 
polar. transistor may be of the PNP-type 
and said junction field effect transistor may 90 
1;>e of the N-channel type. · 
· ·said field "effect transistor may be an 
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insulated gate field effect transistor and said preferred embodiment of the inner structure 
path, may comprise an asymmetrically con- of cell 12 of FIG. ·I. As illustrated, t:hC cell '""~ 
ductive device.coupled. between the source comprises a·· P~channel JFET 30 ·and an V 
and the gate thereof. · . -'-'' · · NPN junction _transistor 32. The gate and 

5 First and second control~a\1S"may be drain of the JFET 30 are respectively 7&. 
coupled to the first and second terminals of coupled to the collector and the base of .. · 
each .said cell respectively. Said first and NPN transistor 32. The common node· of ··' 
second control means may each comprise the . gate and the collector is denoted as 
voltage pulse circuits. "34". The common node of the drain and 

10 Said first and second .control means may the base is denoted as "35". The emitter 75 
be adapted to cooperate for selectively (i) of NPN tran.Sistor 32 constitutes terminal 
forward biasing said path of a selected . cell 14 and the source of JFET 30 constitutes 
while inhibiting conduction of the bipolar·· terminal 16 of the memory cell. Capacitance 
transistor of said selected cell in order to C represents the equivalent parasitic capa-

15 establish a first potential level, · representa~ citance .associated . with the gate of JFET 80 
tive of one binary value, at 'the gate of the 30 and the oollector of NPN transistor 32. 
field effect transistor. of said selected cell. The typical operation . of , the memory cell 

· (ii) forward biasing said path of a selected of FIG. 2 can be easily seen from the volt­
cell while·· causing conduction of the bi~ age and current graphs of FIGS .. 3, 4. S : 

20 polar transistor of said selected cell in and 6. FIGS 3 and 4 illustrate the poten- SS 
order to establish . a second potential. level, tials which are a function of time.: applied 
representative of the other binary value, at to terminals·J6 and 14 by the·.word line 
the gate of the field effect transistor of control circuits 22 through word line 18, 
said selected cell, and (iii) causing the and the digit line · control circuits 24~ . , 

25 binary value represented by a said first or through digit line 20. respectively. FIG. 5, 90 
a said second potential ·level in a· selected illustrates the corresponding pQtentj,!l). of the 
eell to be non~destructively read out. . node 34 as a function of time. FIG. 6 illus­

Means may be coupled tc>the first ter- trates the current :flowing. through tran­
minal of each said cell for detecting con~ sistor 32 as a function of time. In order to 

30 duction · of the bipolar transistor of each simplify the discussion of the operation of 95 
said cell. · · a single memory cell, the dashed-line wave-

The invention will . now be described forms of FIGS. 3. 4 and 6 will be ignored 
with reference to the accompanying draw- for the present. They will be discussed later 
ings in which: · in connection with the memory array of 

35 · FIG. 1 illustrates in block . circuit form FIG~ 1. . · . . 100 
a memory system embodying the invention; As illustrated in FIGS. 3 and 4 at T = 

FIG. 2 illustrates a schematic circuit of ts.- the terminals 14 and 16 are held at a 
·. · · a memory cell suitable for use iti the mem- reference potential which is typically 

ory system of FIG. 1; . ground potential. FIG. 5 illustrates that the 
40 FIGS. 3 and 4 graphically illustrate the potential of node 34 is assumed to be at a tOS 

potentials applied to the terminals of the potential close to the reference potential 
memory cell of FIG. 2 as a function of which is defined at a ''O" level. Typically 
time; and .· · . · the "O" potential is 0.2 volt FIG. 6 illus-

FIGS. S and 6 illustrate the correspond- trates that there is no conduction in tran· 
45 ing potential of the gate of the. JFET as a sistor 32 at T = ft-· 110-

function of time and conduction through In order. to write a "l" into cell 12, a · 
the NPN transistor as a functi6n of time. positive polarity voltage pulse; the · ampli­

The basic elements of a word-organised tude of which is greater than the· pinchoff 
· memory system 10, of Fig. 1 ineludes a voltage of JFET 30. is applied to node 16 

SO plurality of individual memory cells 12 ar• by the word line control circuits 22 through 115 
ranged in a two-diniensional· array of N word line 18: between T · = ts and tc. At 
rows and M columns to form a memory the same time a po8itive polarity voltage 
haVing MXN memory cells. Each ·of the pulse of approximately the sa:me amplitude 
memQl'Y cells 12, which has nv~ ter~s. as that applied to node 16 is applied to 

55 1.4_ lill)d 16, i~ capable o!. sto~ _bit m- terminal 14 by digit line ci:>ntrol :circuits 24 120 
formation for a useful penod ·of tilile. Ter· through digit line 20. The voltage pulse 
minitl 16 is ·connected to a word line · 1s applied to terminal 16 ca1lses. the source 

- and terminal 14 is connected. to a· digit lin,e gate junction of JFET 30 to. be. forward~ 
20. All of the word lilies 18 :are connected bia.Sed and consequently for node 34 to be ·. ; 

60 fo · woi:d line voltage control" circi:tlts 22 ·and charged to a Value close to · that· of ·the 12S 
all of the digit lines 20 are connected to amplitude of the applied pulse. This value 
digit - line voltage control circuits 24 and is defined as a "1". The voltal!e pulse 
conduction detectors 26. applied to terminal 14 prevents NPN tran-

Referring to Fig. 2, the cell shown inside sistor 32 from conducting. Tynically the 
65 the broken line rectangle 12 comprises a amplitude of the write pulse applied to ter· 130 

:..; 
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·~ m.inal 16 is +s volts and a "1" potential 
· : ·level is 4.6 volts. · 
'\...i At T --: i. the word line voltage and the 

digit line voltage both return to the refer-
5 ence potential. Capacitance C maintains the 

potential. on node· 34 at app~oximately the 
potential attained . during the. period from 
T = t.i to f.&. 

At T = ts a positive polarity read voltage 
l.O pulse .is applied to terminal 16 while ter­

minal 14 is. held at the reference potential. 
The amplitude of this read pulse is less 
than that of the write pulse. Typically the 
am,plitude of the read pulse is + 1 volt. . If 

iS the cell stores a "1" the source gate poten­
tial is above _the pinchoft voltage and con­
sequently ·neither the JFET . or the NPN 
transistor turns on. As is illustrated in FIG. 
6. during the time from T = te to ta. there 

"2.~ is; substantially no flow of current through 
-· NPN transistor . 3'.2. This c.orresponds. to the 

existence of a "l" stored in memory cell 12. 
It is to :t>e noted that at T = ts+ the ·poten­
tial'. of node 34 remains at the "l" level. '25: ThiS ·means that the readout of a "l" has 

. not . destroyed the stored "1 ". 
In order to write a "O" into a cell which 

stores a "1 ". the same pulse applied to 
terminal 16 to write a "l" .into the cell is 

.30 again applied; but terminal 14 is now held 
at the reference potential. This causes the 

· sour<:e. gate j~ction of JFET 30 to be for­
ward biased. and the gate potential to be 
above the pinchoff voltage. thereby causing 

35 conduction: in JFET 30 and transistor 32. 
Transistor 32 conducts in a saturation mode. 
and. · therefore. the collector (node 34) 
potential is at just a few tenths of a volt 

0 
above the reference potential. This means. 

4 as is illustrated in FIG. S at T = ts+. that 
the potential of node 34 is typically +0;2 
of a volt. which is defined as a "O" level. 
Capacitance C maintains this potential 
after the ~ite pulse subsides ~d until 

45 another read pulse is applied to the cell. 
· In order to read out the "O" now stored 

in. the cell. a positive polarity voltage pulse 
is. applied to terminal 16 between T ::;:: t11 
and tu- This pulse is substantially the same 

.SO as the· read pulse applied during T = ts 
and te. During the time from ·T = tn tQ t19, 

terminal 14 is held at the reference . poten­
tial ·As •a consequence of the potentials ap­
plied to terminals 14 and 16 · and the fact 

55 that node 34 is at the "O" level there . is 
steady. state d.c. conduction established in 
transistor 32 in the time. period between 
T = t1i and tii, as is illustrated in FIG. 6. 
This conduction is indicative of a "O" stored 

~ in the cell. It is to be noted that at T = 
tu+ the poteptial of node 34 is still at the 

· "O'' potential. This means that . ~e readout 
of a "O". like the readout of a "1 ". does 
not destroy the i~ofll1ation stored in the 

(;5 cell. Typically. the· time duration between 

. . '· ··~-: .. 
". ,. . . . : ; ... -~ 

T = tx and T = ts.+i. .where.I L.. x L.. 11:. 
is 20 nanoseconds. ..• . . .·. · . . ; . 
As-~ been discussed. the reading• out 

of stored information from .a memory cell 
does: not dtStroy .the inforin;ltion st~red· in _70 
the cell. In. addition. the readout of a "O'~ 
causes d.c. current to :ftow between the word 
line and the digit line .. The existence of this 
d.c. readout malces. possible. the use of. rel&,­
tively simple detection . circuits .. ·· Conse- 75. 
quently. these . detection . c4'cuits . can · be 
fabricated in a relatively small area of sili­
con. thereby making the total ·.memory 
system relatively compact. · · 

The memory cell of FIG.- 2 may be fabri~. 80 
cated in approximately 3 mils ~quaie· ;af · 
semiconductor area. Startjn.g with . a· p-type 
semiconductive substrate, an (n +)-type 
buried layer is selectively deposited into·the 
substrate. A p-type epitaxial .. layer is then 85 
grown and converted t() silicon·. dioxid~ ex~. ··. 
cept in the ·area overlying the (n+ )-type 
dillusion. Two separate (n+ )-type difiusions-
are, then mil,Cle into the remaining p-type 
epitaxial layer. A,contact made to ·the p~. 9.Q 
type epitaxial layer serves · as the s9urcc ·· : .. 
terminal of the cell and a contact made. to 
one of the two n + diffusions in the P..t:YJ>e 
epitaxial layer serves as· the emitter ter~ 
minal. ·The ·second n+ · diffusion serves: as 9~ 
the collector and gate . of the memory cell 
while the portion of. the epitaxial layer be­
tween the ·two (n+)-type diffusiOn.s serves 
as the drain and base. The capacitance. a8so­
ciated· with· the . gate and . collector . is en- 100 · 
hanced by the {n +)-type buried layer. · 
- One major advantage of ·the memory cell 
of FIG. ·2 is that the physical size of the 
cell can be reduced without any loss in 
output.signal. This is_ because charge stored lOS 
in C of FIG. 2 does not become part • of 

· the outpu~ signal as is true in other dynamic 
memory eells. . · · . . . :-

In. order to utilize the cell of ~l"IG. 2 in 
a word organised memory. like the memory 110 
of FIG. l, ·several minor changes are made 
in the waveforms of FIGS. 3 and 4. -The 
dashed line voltage pulses of FIG. :3 applied 
between the times T = ti and ta and T = 
t, and ts are similar to th~ read pulses · ap- 115 
plied between T = ts and te and T = tn 
and tlZ' These dashed line· pulses,: like the 
read pulses. cause information stored .. in th~ 
cells to be read out and detected. Prior ·to. 
writing into a selected ¢ell ~f a . partic~ 120 
word line. it is necessary to ~w what · 
information is stored in all of the cells 
coupled to that word line. such that during 
the time information is: written into. the 
selected cell, information stored in these l2S 
cells may be maintained. . ." · - · 

Normally the : digit line potentials .. '1'e: left 
at· the reference potential except:. duririg· th~ 
time a "t" is written into a, particular :cell. 
I( it is, determined. aftei" the -applie&µoij. 9f 130 

. . . . ' -- -. 

. ··. ~~ .. .; . ~· .... - - ~-~ .. ·~ ~ 
. ~i·· .... .=: . • ••. : • '!' ~ ·"i" 
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the first dashed: line read pulse of FIQ. 3 said capacitance · to said seoond terminal. 
that a cell coupled to the same wotd line said apparatus being such that, in ope:ration •. :~ ) 
as the selected cell c<>ntains a· !'1 ", then the binary information stored in said cells is -....:: 

. _ digit line control circuits< c:a~~ a voltage non~destructively readable. .. 
5 pUlse to be applied to the digit line corres- 2. Memory apparatus as claimed in 70 

ponding to that cell during'the time (T = Claim I wherein said field ·effect transistor 
t.a to ~) a ~'l" is written info the seleete4. is of the junction type and said path is the 
cell . in order to ensure that the "l" stored source-gate junction thereof. 
in this other cell is maintained. If this other 3. ·Memory apparatus as claimed in 

IO cen · contains a "O'', then the corresponding claim 2 wherein· ~aid bipolar transistor is of 75-
djgit line po~ntial is kept at the reference the NPN-type and said junction field e:ffe~ 
potential to ensure that the stored "O" is transistor is : of the P-channel type. 
maintained. . · . · . .· ··. 4. Memory apparatus as claimed ··in 

. . The dashed line voltage pulse of FIG. 4 claiin 2 wherein said bipolar trattsisto:r is . 
15 which appears· between T = · ts and t.. is of the PNP-type and said junction field 8() 

utilized to ensure that proper "l''s are effect tra.nsistor is of the N-channel type. 
inaintained. in memozy cells coµpled to the 5. Me:inoi'y apparatus as claimed in 
word line coi:respondmg to the 'selected cell claim l, •wherein said field effect transistor 

. ().uring the ti;trie informatio11 is written· into is an insulated gate field effect transistor . 
20 the selected cell.- If it were not for this pulse and said path comprises an asymmetrically SS 

and like pulses' applied to the other digit conductive device coupled between the 
lines,· there could· be an initial ·relatively source and the gate thereof. 
large · flow of Curren.t froin the word Ii:ne· · 6. Memory apparatiis as claimed in 
circuits which could tend to load down the any ·one· preceding claim including first ancl . 

25 word. line circuits and lower the· amplitlide second control ·means coupled to ·the fust 90' 
of ·the write voltage pul8e, thereby decreas- and second terminals of each said cell re• 
ing .. the· potentials_ of the ~'l"s ·· stored· ill spectively. _ . 
memory cells Coupled to the selected word · · 7. Memory • apparatus as claimed fu 
line. .. claim. 6· wherein· said first and second ·con-· 

30 As is illustrated in FIG. 6, there is sub- trol means each comprises voltage pulse 9S 
staD.iliuly · no current flow ·in the selected circriits. .. .. • 
cell between T -= ts and kif the dashed 8. Memory apparatus as. claimed · in 
puls~ ·of FIG. 4 is utilized. Thia . is to be claim 6 or 7 wherein said first and· seOOild 
contrasted with the d.c. type of current ftow control means are adapted to cooperate for . 

3S illustrated during the same period of time selectively (i) forward biasing said path :of 100 
if the dashed pulse of FIG. 4 is not utilized. a selected cell while inhibiting·. conduction 
· Various In.Qdifieations are possible for of the bipolar transistor of said selected cell 

example, an N-channel JFET and a PNP in order to establish a first potential level, 
transistor may··· be substituted for the P- representative of one binary ·value, at the . 

·40 channel JFET and the NPN transistor p~- gate of the field effect transistor of said 105 
vid~ the relevant voltage8 are reversed. Still selected cell,: (ii) forward biasing ·said path 
further, an insulated .gate field, effeet tran- of a selected cell while causing conduction 
sistor with . a diode ooupled between the of the . bipolar transistor of said selected 

. .. source and gate could be substituted for the cell in order to establish a second potential . 
·· 45 JFET, the anode of the diode being coupled level, representative of the other binacy 11() 

to the source an<\ the cathode being coupled value. at the gate· of the field effect tran-
to the gate. . · · sistor of said selected cell, and (iii) causing 

the binary value represented by a·. said first 
WHAT WE CI,.AIM IS:,..,... or a said sec()nd potential.level in a selected 

so · 1. Memory apparatus including a plura- cell to be non-de~tructively read out. 115 
lity of memory ~J,Is each. for storing biliary 9; Memory apl>aratus ·as claimed in 
mformation and each including·first and sro. claim. 8 including means coupled fo the :first 
ond terminals, a jlJJ].ction bipqlar tra.Dsisior terminal of each said cell for detecting con-
and a. field effect transistor. the emitter of QUction of the bipolar ttansisfor of each 

SS said bipolar tr~is.tor and the source of said cell. · · 120 
said field effect trim.sistor compriSing ·said · 10. Me:inory apparatus adapted and ar-
:firs,t and second terminals . respectively, the ranged. to .· 9perate su~stantially as herein 
base of sai4 bipolar,- transistor being described. with reference to the accompany-

. coupled to the .drain of said field. effect tran- ilig _drawingsc.· .· ·s ... T. B·U .. CKL. EY·, 
60 sistor, the collector of . said bipolar tran• 

sistor being _coupleci to. the··. gate. of said Chartered Patent _Agen_t, 
:field e1fect transistor~ capacitance ·being pro- 5, . Mornington Road, · 
vided.. ·_a( _said _gate~·. aii<l .Iµ]. asynimetrieally Wo~ord Oreen, 

, . coilduCtive path . between.' ·said ·second ter~ . Ess~x. · · _ 
6S mmal. aiid said gate. far selectively coupling Agent for the ·Applicants. -------
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