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. Sistors: .
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ductivity . type: said - first antt second tran-
having . their . conduction patlis
seriplly .connected: in a first branch: circuit
with their draifi§ connected: together: shid
third. and fourth: transistors having their
conductiort paths  setia]ly: connected in a

. second branch: circuit with théir. drains con-
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nécted tbgether: a conmection between the
gates of the first andsetond trankistors: a
condiectich: between: the gate8 of the third
anid: . foureth transistors: 4. connection be-

. twéen: . the': drains: of the: first and second
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transistors-fo’ a point. commbn to: the gates
of :the" thn'd ‘and fourth transistors; the’ fifth
transistor havmg its conduetion path' con-
nected between, a'. point conimon to the

. drains of' the :third: and fourth transistors

o

afid 4 point common to the gates of the
first' and: secorid transistors: a first input

. terminal: the sixth : transistor having: its

conduction pdth codhdcted betwéen said
- [Pricé 45, 68.]

preseht iriventiosh provides a:inehory 3tof-
age unit comprising first and second. ingu-
lated giite field effect: transistors each hav-
ing a-soufee; a drain and a gate;, first and
sevond. circuit brabches connettéd in 70
parallél to each other and deross u sourck
of operating potential, the fifst bratich in-
cluding the solires-drain path of the first
transistor and & load connected in séries
thetewith, the sebohd: brankh: including the 75
source~draisl: of the' sécond' trafisistor atid 4
joatk ‘conflected it series thekewith; viesns
cross-coupling' the' draing’ of - the first ahd
second: transistors to the- gates of the secoiid
did fitst’ tranyistors; respettively, in order 80
to: form: a’ bistdble vircuit, and an input ter-
minal: a third insulatéd gate field effect
transistor having: a source,. a drain and a
gaté: meanb conneoting the svuirce-drdin

path of the third .transistor between said 85

mput termmal and the g@tc of the ﬁi‘st
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Insulated gate field effect transistors have
characteristics which ‘render them - uset‘ul in
practicing. the present invention. -

Two known types of insulated gate field

effect tramsistors are the thin-film transistor

(TFT) and the metal-ox1de semtconductor
MOS): .

. In the memory storage umt of FIGURE
1,.a first insulated gate field effect transistor
10a of the n-type conductivity has its source
12a connected to. a point of  reference
potential, ‘indicated by - the conventiosial
symbol for circuit’ ground, and has its
drain 14a connected directly. to the ‘drain

" 24a of a second insulated gate field effect

55

transistor :20a of _D-type - conductivity. A.
junction "point. 44 is' common to the dfains
14a and 24a. The source 22a- of second
transistor 20a is connected to. a junction

- point '29. ‘A -current responsive device 28,

60

to be -described, is connected between junc-
tion point 29 and the positive terminal of a
source - 30 -of "V -volts operating potential,
which may ‘be, for example, a battery, hav-

" . ing- its -negdtive terminal igrounded. In a

like manner, the conduction paths of a

65 third msulated gate field effect transistor

xgowmtpralmt an jgh are cqth eoo
£ i

lle UfWéi - Source, 3 are
apphed between -second input tenmnal 38
and circuit ground. The' signal sources 36

105 -

and 40 normally supply voltages of ground .

potential ‘at the first and second input ter-
minals 32, 38.respectively, and are indivi-
dually: and- selectively operable to switch
the voltages at those terminals' to - +V
volts, the same value as the voltage pro-
vided by the bias source 30."

- "The - conductivity (inverse of resistance)
of the conduction path in an ehhancement
type insulated gate-field efféct- transistor is
low when. the gate and source have the
same value of voltage -The transistor then
is biased > and. only .a small 'leakage
current’ ﬂows between source and drain.
When thie gate voltage is more positive than
the source voltage in an n-type unit, or
more negative in a p-type unit, the tran-
sistor is biased “on,” and the conductivity
of the conduction path increases by an
amoint determined by the difference in

potential between: gate and ‘source. In the -

FIGURE "1 circuit, therefore; - fitrst tran-
sistor 10a is-biased “on™ and second tran-
sistor 20a is biased “off” when the voltage
at gates 16a and 26a has a: value of +V

110

s

120

125

130



i PSS R

Csixth t44rese{ mmgg%?;

1,121,526 the trasient period. exanpl e, dashed box 72-1 in
the first plane The gates 16a, 26a of the first and 70-1 may contain the
nmenory el ement for second transistors are at ground pot ent i a| stori ng t he

for aII

first bit of information in the during the read period rtue of th
. e
k[err] word, and dashed box 72n in plane 70n 5 "on" cdqrtdis n of the sixth

tr'?nsj[.stf)r 10::. gay contain the menory el ement for stog®, and the ground
potential applied at input- mggﬂmsn err] bit of infor T on3j
te‘r:mnal 32. Assune that it |s Ane.mL to]vvu.u ontin the klerr]

e —fThe—ottrer _TeENOTYy el enent s
sie?d’yYStatQ cubrént to@ MEHEORyacikdraeTipast shoyn m@oj,ted]@nef and 70n are.

the 3 1P
Om w&ﬁro% rthé: @isisfoys 18u randh @Qa fohthiswr fepres ertil pumT B
‘but i tcomditidn e dgqnder i £ 3 nﬁ%@f’zﬁ MseOf dr aw ng,

ci
st OrS se@& Bsfstotr % amth |B’ét t state and

]liﬂcﬁalt 4475andngma1db7Q1ary "0." No
crlsS g1$ih'§'nse Rbaﬁ@ 4Ovefly Sémdramg Strtbecafpw may agPedi fferent plied

o Ez%f‘tﬁrgdaﬁfmg;; e L
21 a?rOn stores the
”[erfdkb tl§§ﬁ” ?%gmm?éh% Eﬁiﬂiﬁtgguﬂﬁort 008, Lﬂ;eudsdirér%hdw sc;%ge % rent vord.
* 1 tﬁimmﬁ c capecitakpe of seqog : :
to be ffc fogaﬂmstra;saor i@aﬂ frent i s assumed

E%E@%ZB B to@g(?:r@ re

dxsaiaageplwﬁh th&]&smlﬂ[ﬂlﬂ atewntados 38 (FI GURE
59? I"ément's for

s o o hchiy BBl £ 0

tagsa:cat gtdﬂﬁdltT}ﬁthrﬁﬂsieai 32°is at
deqm t tha °‘t§t°n‘t§y stinme (Row
etw 5 "t he

rof ﬁ%pt ST HTB& m@&ﬁ'e&lueﬂséf 29%;%%30 l4c of the

nﬁﬂx%orﬁmompathmetaeentdneuw\or d source 40
eeé

t
FI GUREhe, tra@%%@ 10q) ags, 7 fB‘b softeN12a aag nﬁtp gdShown a
her ew%ﬁ‘fﬁ@’ BTN gonaﬁyn,tmtaﬂd ngitea&abf first tl‘u!BlStO[' dfq; Jan R@Rr@,o FI GURE 2).
array @kondt Brinsitors 104120048 204 | Bﬁcﬂn “how is in the
reset. esaﬁnaalb awlpgﬂlw ra;ggnu qe & state, and t he gates 16a
, 26a &'Ft S}sﬁﬁ lsf‘.r b tlh °§ecow5lentmamsmﬁ—y (eremexanesvatc egrto d poten-
4’i ﬁgﬁm &mm%s h]gﬁ fiipe- N tbam[er@mlstatem@n é?l od
;oqmngqmgitm?hdgon aae?éi d({g% t:s?ﬁﬁ%eim@?g é‘%ﬂf ¢ the
iC
CppFIGl?Eé??g W%ﬁ gﬁi cifgeiniVathers| | ne.  For - ( Row
25 MgB&on

]uﬁuud: s hsse a4@urrm rbeWS
all of vale oﬁ@pmro:gmably 56?5 \191‘%1
i
sﬂ]ﬁnn‘(

k[ err] baole f‘hﬁg‘e ‘%
h
sane wﬁ‘%n " ve, " thel Scufrem- mgy
ereiﬂaataapqﬂd dqersermedebmm st%PP
voI tagepbag t@rmltnge ayyeit

in 95. twb Qfa

groendcand sthey gpurce| 1
COoMoss tage cfhmlge senmnywb
RH0Z »gpuld have t

(i st sy 00 KR

o that it
ry elenments

S
e1s

40
45

55

vqbtpsd

mg a rge capacttanoe between
" ejther-of .the junctions 44 or 46 and circuit
ground. This is especially true in the case
of an array or group of memory elements
all. coupled to. a common voltage sensing
device. Since .this large load capacitance
would" have to. discharge and charge to the

full V volts, the effect of the capacitance
would be to slow down the switching speed

of the memory element, and the memory
cycle time. For the aforementioned reasons,
it would be preferable to employ a current
sensing technique to sense the state of the
memory- element or elements. ;. .

. Insulated gate field effect transrstors have
certain characteristics that may be taken
advantage of to achieve current sensing of
the memory- elements when the -transistors
are . connected in a . complementary sym-
metry arrangement An insulated. gate field
effect- transistor- has a first. capacitance be-

" tween its source and drain, :a second -capaci-

tance. between -its gate and source, and some
small. capacitance: between its gate and drain.
In FIGURE 1, it can be seen that. the capa-

* citance . between' the gate 165 and .source

12b.of-the third transistor 10b is in parallel
with the capacitance across the drain l4g

65 and source 12a of the first transistor 10a.

between junction 31 and ground Details of

_the - current -sensing techmique will be

clearer from the following detailed descrip-
tion of the memory element’s operation.
Assume that at a time t, the steady state
of the memory. element is such that the
voltage at junction 44 is at ground poten-
tial (Row A, FIGURE 2). This. voltage,
cross-coupled to gates 16b and 26b, biases
fourth transistor 20b “on,” and biases third
transistor 10b “off.” The voltage at jumc-
tion 46 is essentlally +V volts (Row B,
FIGURE 2). Word source 40 supplies a
voltage of ground potential at input ter-

110

115

minal 38 at this time (Row C, FIGURE 2). -

With +V volts at its drain 22c and zero
volts ais 1ts gate 26c, fifth transistor 20c is
biased “on” and presents a relatively low
1mpedanee .cross-coupling path between
junction. 46 and the gates 16a, 26a of the
first and second transistors 10a@ and 20a,
whereby the +V volts at junction 46 is
coupled to the latter gates.

With : +V. volts applied at these gates
16a, .26a, second trangistor 20a- is- blased
“off” first -transistor - 10z is biased “on,”
and the voltage at junction 44 is maintained
at ground potential. The memory element
may be considered .to be storing a binary

120

125

130
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is: pesxtwe relhtwe to- thie: voltage at either & with: the appl plication: of ‘a second” word

o apvwn D

the, “Soutce™ or “drain” i an: n-type- trag--
sistor: Aceond'mgly for- the' input condi-
tions in ‘this! erample; sixth transistor: 10¢
45 iv Bibsed “on” at t; ‘Since’ the
i¥ FV volts and’ the’ “tltmn” i§"af ground:
powentmll.
With: “sifeth: tranmstor I0c iv the “on™
condition;' the “thansistor- prov:des a low
50 impedance: path: between; the gates 164; 26a
of! the: first andi secondl tranisistors 19a and:
20u: and: the- input terniinal 32, THe: voltage:
* at gates: 162 'and 26o- rives from ground:
potenual to. +V volts as the source 12k
55 drain Mc “capacitance clarges and. capa-
citanises C; and’ €, charge' and discharge;
respectlvely When ‘the: +V volt: value 1s_
reached, sikth- trésistor . 10g turns <0
Howevet; iffthe _voltage at dtaini 14c shouldj‘
60 tend to. fall' i valbe, sugth transistor 10¢
would turn on again to maintain: the- dram-
T4c voltag& att +V volts.
‘When the: voliage ‘at' gates 16a, 264 is

‘changed: fiom - groiind’ potential’ to- +V

65 ‘volts at:t;, second-transistor- 20z’ turns “off,”

gate voltage‘ :

signal: 308" of -+V Volts' applied  at iiput
terminal 38 (Row. C, FIGURE 2). The
mermory efement responds to. thi: signal 50b
jir tHe same ianier it responded’ to' the first 1o
word! signall 30% sints*a “I™ if ‘stored" in: the'
element prior to- #. Briefly stited, fifth
t%nsasto_:; chl:‘ z’t\xrn(% “bﬁ; ” sixtht tgansmto‘::

tuggs: and’ applies groun ten-
il al:‘n%ﬁe' gates” 16a° ggd Zi%a of the first. LIS
and* secendj ifwns:stbrs 104 and 20g to turm
these: ~transistors ~ “off” and “on” respec-
tively. Al tHe voltage at’ junction 44 rises:
to +V volts (Row. A.. FIGURE 2) third’
trangistor 105" trms: “on,” ourth: transistor 120
b+ tiirns “off” dnd’ thier Yoltage at unctlon_
46 falls to’ gmund pot&ntial Row B

* FIGURE 2). During: the switching trar-

sient, capacltances G, and’ C,. cHarge,. thie
cliarge [} nt ﬂowmg, through the currefit’ 125
serisor’ 28 The-output of the sensor; 28 may,

be sampled" (by means not' shiown). dumig’
the— transwnt pa‘nod
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thé' charge on any of the capacitances
C,..,..C, and no .transient charge current
ﬂpws through the. current sensor 28: Hence,
no" output “signal is produqed by ‘the cur-
rént sensor 28..

.Tn summiary, the application of a word

sxgnal results .in a transient current flow
‘through' the current sensor only when the
memory .element is storing a binary “1” bit
of " ‘information. Accordmgly, an _ output
sigial from the sensor during the read

period indicates storage of a binary “1” bit.

The absence of an- output signal indicates

stotage of a- binary -“0” bit. Advantage is.

taken of this feature in the word-orgamzed
memoiy of FIGURE 3.

large number of memory planes, of which
only .the first and n** planes 70-1 and 70n
die shown for convenience. In general, the
pumber’ of planes. may be equal . to-the

6() number of bits in a word. Each plane has

85,

a.& group or array of memory elements. for

storing the information bits of like signifi-

catice of a laige number of words, and each
of the different bits of .a word. is stored in

a memory element in a different plane. For

The memory of FIGURE 3. -comprises a.

Each memory plane 70-1..70n has asso-
ciated therewith a separate current sensing
device 78-1..78n, illustrated in the drawing
as- a tunnel diode. The Junctlon points 29
of all of the memory elements in the first
plane 70-1 are connected together and: to
the cathade of a common tunnel -diode

78-1. Stated in another way, the sources

22a and 22b of the second and fourth tran-
sistors 20a and 20b of all memory, elements
in the first plane 70-1 are connected in
common to the cathode of the tunnel diode
78-1, the anode of which is connected to
the voltage source 30-1. The tunnel diode
78-1 is the current sensor 28 of FIGURE 1,
By this arrangement, the currents flowing in
all of the memory clements in the first
plane 70-1 flow also through the tunnel
diode 78-1. This current is very low in the
steady state, being the sum of the leakage
currents of - the various elements. The

105
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memory elements in the other- planes ‘are {25

similarly arranged.

A word of information is. read out of _

memory by applying a word signal of +V
volts to the word line of the desired word.
For example, the k* word is read out of’

130
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to a state of high voltage. The voltage then
appearing across the tunnel diode may be
400 to 800 mllllvolts, depending upon the
type of diode, and is read out at ‘the ter-

~minals 80-1, for example, and sampled

during "the read period. Any capacitance
across the output terminals 80-1 may be

. charged and discharged rapidly at this low

)
45

.50

value of voltage through the low impedance
of the tunnel diode, whereby the tunnel
diode does not slow down the switching
speed of the memory element.

- Alternatively, the tunnel diode could be
biased for bistable operation, whereby the

. ;- tunnel diode, once switched, remains in a

state of high voltage until reset (by means
not - shown). In this case, the tunne] diodes
can -serve the additional function of a
memory register. .

A memory system of the type lllustrated

"in FIGURE 3 and comprising memory

: 55
60

65

elements of the type as illustrated in
FIGURE 1 has several advantages worthy
of note. There is very little power dissi-

<= pation in the various memory ' elements

under steady state conditions. No output is
derived from a memory element which- is
storing a binary “0” when the word signal
is applied thereto. In a core memory, on

- the other hand, even a core which is storing
-a- binary “0” generates an output signal

when that core is interrogated, although the
output signal has a smaller amplitude than
is provided when the core is switched from

E nly 93
?wo p?;nei:?ggg?% %ﬁ ﬂo? Eh% m?n%ory
are illustrated -for convenience. Let it be
assumed that’ each plane has an m-by-m
array of memory ‘elements, the same as-in
the case of the FIGURE 3 arrangement:
There is provided a separate x input line
for each row of memory elements, for a
total of m row lines, and each x input line
is. common to all of the memory elements
in the same numbered row in all of the
planes. There is also a ‘separate y input
line for each column of memory elements
or a total of m, and each y input line. is
common to all of the memory elements in
the same numbered column in -all -of: the
planes. For example, let the ‘dashed box
90-1 in the first plane 84-1 contain' the
memory element at the intersection  of the
a'™ row and b™ column of the first plane
84-1. Let the dashed box.90n contain the
memory element at the intersection -of the
a® row and -b"™ column of plane 84n. As
shown “in the drawing, the x input line 88
is common to both of these elements, as is
the y input line 94. The total number of x
and y input lines is 2m, as contrasted to
the m® lines ‘required in the system of
FIGURE 3.

The information stored in a memory ele-
ment is read out when . signals are applied
on both of the x and 'y lines common to
that element.- A binary “1” bit of infor-
mation is written into a memory element
by energizing the information source for
the memory plane containing that element

.
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0 information stored: in‘the memory. element;,
both: the x and’ ¥ input sources. 102 and: '190;
must ‘supply. mput; signals: These mput
signals, which switch "the voltages at “ter-
minals. 38: and; 98; méspectively; from. ground.

45 potential'to +Vrvolts, bias off the fifth and
seventh. fransistors: 20c: andi 204" to. “open”™
the cross-coupling path. from. the. drains 146
and 24b. of; the third: and: fourth. transistors
to. the: gates. 16a, 26a of ‘the first and»

50 second: transistors. 'The: signals- supplied: By
sources 102 andi '100. also: bias' “on’™ the
si%th: énd eighth transistors 10¢, 10d, respec-
tively. A low impedance path. then. is: pro-
vided thmugh transisiors- 10c and: 10d: be-

55 fween. input terminali 32 and: the: gates 16a;
26a; of: the: first: and. sécond: transistors: to
teset: the memory elemeént” in: the manner
described in connection with the FIGURE
1: memory element: -

60  To.write. & binary. “1” bit: of: information

into. the: memory element. during: the- write
period, the information: Source: 96+ supplies
a. signal of + VI volts: at input: termihal 32
while the. x and: y: iput sourees. 102+ and

.65 100 are supplying. input- s1gna.ls off +V
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ing: theii- conduction: paths - senally con-
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fourth transistors having. their’ conduction
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common to the: gates 6f the first and second 120
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neeted “between said: first - ‘input, terminal
and ‘the gates of the first"and’ second: tran-
sistors; and:'a second: input teffindl: con- 120
nected toy the gates- of: sald ﬁfth and' sixth
trans1stors -
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information stored: in. the memory elemerit,
both: the, x and- y input soutces 102 and 100.
must supply input signals. These input
signals, which switch the voltages at ter-
minals 38 and 98, respectively, from. ground
potential to + V- volts, bias off the fifth. and.
seventh. transistors 20c and: 20d" to. “open”
the cross-coupling path from the drains 145
and 24b. of the third and: fourth transistors
to the gates. 16a, 26a  of the first and:
second' transistors. The signals supplied by
sources 102: and: 100 also bias “on™ the
sixth and eighth transistors 10¢, 10d, respec-
tively. A low impedance path then is pro-
vided through transistors 10c and. 10d be-
fween input terminal: 32 and the. gates 164,
26a of: the first and sécond: transistors to
reset the memory element in the manner
described in connection with the FIGURE
I memory element.

To write a. binary “1” bit of information

into. the memory element. during the write

period, the information source 96. supplies
a signal of <V volts. at input terminal' 32
while the x and y input sources 102- and
100: are supplying: input signals of +V

—_

ing their conduction paths serially cog-
nected: in- a first branch circuit with: their

drains connected together; said third and:

fourth transistors having their conduction
paths  serially connected in: a second
branch circuit with their- drains connected
together: a. connection: between the: gates of
the first and: second transistors; a connec-
tion. between. the gates of the. third and
fourth transistors: a connection between the
drains of the first and second transistors to
a4 point common to the gates of the third
and: fourth. transistors; the fifth transistor
Having. its conduction path comnected be-
tween a point common- to- the drains of the
third- and fourth transistors and a point
common to the gates of the first and second
transistors; a first input terminal; the sixth
transistor having its conduction path con-
nected between said first input terminal
and the gates of the first and second tran-
sistors; and a second input terminal con-

nected to- the gates of said fifth and' sixth
transigtors.
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2 A memory storage unit according: to .

Claim: 1, comprising a current sensor con-
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a plurality of signal input lines; means con- gate of the first
transistor; the gate of the necting the gates of all input transistors in
fourth™transi stor being adapted to receive thé Same group to the—contsol

| t ne asso- from a source of second control signals ciated with that
group; .and nmeans connect- substantially concurrent with said informa- 75
30 |ng t he source of each input transistor of a tion signals and said

firgt control signals; said grbld2% a different one of said %ignal where
t hé second é%ﬁtrOI SI nars_are efrjec-
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i n- cdeemid rtepnsisters,sandr & chigd dipnt Gk~ t tvedes e@@ndhltdr amnsmtor source-drainF$ft t he
App!’ Eiaal Wgts’téli'e 8 % theowtrntionpilk: 1GoRuptye gﬂh e&:l;gef:;g MVATTHEWS,
HADDANG & Llabermo &ﬁpﬂiﬁag%hﬁzﬁﬁ& cgu E\rc):hnag cb lﬁfs stantially
Chartgmqﬂ dPaiieioty deiRentss eacH meimosy fnana:bmﬁadxesecond transistors to the gates
31- ?3 iﬁ@af wtgtarsjw velglssglmd tghtg‘l%@%g of @emplfw%}sp Apig ) slyms%n nsror &spec-
Str % fice by The
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O fi cecte® Fo Beuinfiangoingna Bitir @buiqe-di‘amrpavmlof:hha:opl es may be

obt |g¢gd a like plurallty of control lmes, one fourth trans1stor being connected between 70
1 or each said groups of memory elements; the drain of the second tramsistor and the
a plurality of s1gna] inout lines; means con- gate of the first transistor; the gate of the
- mecting the gates of all input transistors in fourth transistor being adapted to receive
the same group to the control line asso- from a source of second control signals
ciated with that group; and means connect- Substantially concurrent with said informa- 75
30 ing the source of each input transistor of a tion signals and said first control signals;
-said ‘group to a different one of said signal where the second control signals are effec-
input lines. tive to render the source-drain path of said
"3. A memory storage unit comprising fourth transistor substantially non-conduc-
 first and second insulated gate field effect, tive, and where said source-drain path is 80
35 transistors each having a source, a drain conductive in the .absence of said second
and a gate, first and second circuit branches control signals.
connected in parallel to each other and 7. A memory storage umit substantially
across a source of operating potential, the as described with reference to the examples
first branch including the source-drain path shown in Figures 1 and 5, of the accom-
40 of the first transistor and a load connected panying drawings,
in series therewith, the second branch in-

cluding the source-drain of the second tran- For the Applicants:
sistor and a load commected in series there- MATTHEWS, HADDAN & CO.,
with, means cross-coupling the drains of Chartered Patent Agents, .
45 the first and second transistors to the gates 31-32 Bedford Street, %
' of the second and first transistors, respec- Strand, London W.C.2.

Printed for Her Majesty’s Statmnery Office by The Tweeddale Press Lid., Berwick-upon-Tweed, 1968
Published at the Patent Office, 25 Southampton Bl:lgl.ngs, Loadon, W.C.2, ‘from which copies may be

-

_

YO g



