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COMPLETE SPECIFICATION 

Memory 
We, RADIO CORPORATION OF AMERICA, a 

corporation organised under the laws of the 
State of Delaware, United States of America, 
of 30 Rockefeller Plaza, City and State of 

5 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 i1: is to be per­
formed, to be particulM'ly described in. and 

10 by the following statement: -
This :invention relates to random-access 

memory arrays having magnetic storage cores 
such as ferrite magnetic cores. 

According to the invention there is provided 
15 a memory plane having a top side and a 

bottom side in which digit conductor pairs 
link pairs of magnetic storage cores on one 
side of the plane and other digit conductor 
pairs link magnetic storage cores on the other 

20 side of the plane, and word conductors link 
cores in corresponding columns on the two 
sides of the plane. 

Accoxding to the invention there is also 
provided a memory comprising an even plur-

25 ality of memory planes arranged one above 
the other in a stack, an:;l, each having a top 
side and a bottom side, each side including an 
array of memory elements arranged in digit 
pair rows and word columns, and digit con-

30 ductor pairs linking pairs of memory elements 
along corresponding rows on the top and 
bottom sides of all planes, wherein eaCh digit 
conductor has characteristic impedance termi­
nations connected at both ends, the digit con-

35 ductors on the top sides of the planes having 
terminations on one lateral side of the stack 
and the digit conductors on the bottom sides 
of the planes 'having terminations on the res­
pectively opposite lateral side of the stack, 

40 digit drivers and sense amplifiers coupled on 
said one 'lateraJ side coupled on said opposite 
lateral side of the stack to the midpoints of 
digit conductors of the bottom sides of the 
planes and digit conductol'S of the bottom 

[Price 4s. 6d.] 

sides of the planes, respectively, and word 45 
conductors each linking cores in correspondr-
ing columns on the top and bottom sides of 
each plane. 

A constructional form of the invention will 
now be described by way of example wi·th 50 
reference to the accompanying drawings in 
which:-

Figure 1 is a schematic representation of 
a "two-core per-bit" memory arrangement, 
according to the invention, which shows means 55 
for the storage of sixteen words of four bits 
each, and which is illustrative of arrangements 
for rhe storage of a much larger number of 
words each having a much larger number of 
~; . 00 

FIG. 2 is a wiring. diagram illustrating how 
the digit conductor pairs in a memory like 
that of FIG. 1 extend between memory planes 
wiith alternating staggered straight paths and 
crossed paths to equalize undesired coup- 65 
lings; 

FIG. 3 is a diagram illustrative of tlle 
course of digit conductoros on the top sides 
of the memory planes of a memory stack; 

FIG. 4 ds a diagram illustrative of the 70 
course of digit conductors on ithe bottom sides 
of the memory planes of a memory stack; and 

FIG. 5 is a plan view of one side o.f a 
memory p1ane ·showing the mechanical 
arrangement of memory elements and con- 75 
duct ors. 

Referring now in detail to FIG. 1, there 
is shown a memory stack having four memory 
planes, 9, 10, 11 and 12 each provided with 
an array of pairs 29 of memory elements 42, 80 
43 arranged in digit pair rows and word 
columns. (Memory elements, which are not 
visible in FIG. 1, are similarly arranged on 
the bottom sides o[ planes 9, 10, 11 and 
12.) Digit conductors 15, 16, 17 and 18 link 85 
memory elements along corresponding !Tows 
on the top sides of a•ll four planes. Each of 
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the two ends of each digit conductor is con­
nected through a respective terminating resis­
tor Z,,, 'having the characteristic impedance of 
the line, to a point of reference potential such 
as ground. 

The conductors 15 and 16 constitute a digit 
conductor pair, and the conductors 17 and 
18 constitute another digit conductor pair. 
The conductors of the digit conductor pairs 
extend between planes with alternating stag­
gered straight paths and crossed paths as illus­
trated more clearly in FIG. 2. 

The alternating straight and crossed paths 
of the conductors of one digit conductor pair 
are staggered in relation to the alternating 
straight and crossed paths of the conductors 
of the adjacent digit conductor pair. 

FIG. 2 is an unfolded wiring diagram illus.­
trating the digit conductor pair wiring scheme 
on the top surfaces of planes 9, 10, 11 and 12 
of FIG. 1 and as extended to four additional 
planes 7, 8, 13 and 14. The arrangement of 
the digit conductor pairs provides a desired 
equalization of coupled signals if there are 
four planes on each side of the midpoints M, 
or multiples of four planes. Only two planes 
on each side of the midpoints are shown in 
FIG. 1 in order to simplify the drawing in­
tended to illustrate the whole system. FIG. 
2 illustrates another extension of what is 
shown in FIG. 1 in that FIG. 2 shows addi­
tional digit conductors 19. The wiring pattern 
of digit conductors on the bottom sides of all 
planes i:R the complement of the pattern of 
top-side conductors shown in FIG. 2. 

A pair of conductors are shown as having 
straight paths 27 between planes, and a pair 
of conductors are shown as 'having crossed 
paths 28 between planes. It will be under­
stood that the planes 7 to 14 are referred to 
as units between which conductorn o.f digit 
conductor pairs extend with alternating stag­
gered straight and crossed pat'1.s, and that two 
units or "planes" may exist physically in 
one geometric plane. 

Returning to FIG. 1 the midpoint M of 
digit conductor 15 is connected to t'he output 
of a "l" digit driver 23 and 10 one input of 
a differential sense amplifier 20. The midpoint 
M of the other conductor 16 of the digit pair 
is connected to the output of a "0" digit 
driver 24 and to the other input of differen­
tial sense amplifier 20. The midpointis of the 
conductors of the digit conductor pair 17, 18 
are similarly connected to digit drivers 25 
and 26 and to a differential sense amplifier 
22. 

The digit conductor pairs on t'he top sur­
faces of alil of the planes 9, 10, 11 and 12, 
and the circuits to which they are connected, 
have now been described. The course of each 
digit conductor on the top surfaces of all 
planes is illustrated by the conductor 15 in 
FIG. 3. An additional similar and equa·l num­
ber of digit conductors are located on the bot-

tom surfaces of each of all of planes 9 to 12 
in t'he manner illustrated by the conductor 15' 
in FIG. 4. The digit conductor pairs on the 
top sides of all planes extend between planes 
on alternating sides cf the stack so that· the 
conductor pairs follow reotangnlar zigzag 
paths. The digit conductor pain·on the bottom 
sides of all planes extend between planes on 
different alternating sides of the stack so that 
the conductor pairs follow complementary rec­
tangular zigzag paths. 

It will be seen by comparing FIGS. 3 and 
4 that the digit conductors on the top sides 
of the planes have a midpoint M on the right 
side of the stack, and that the digit conduc­
torn on the bottom sides of the planes have 
a midpoint M on the left side of the stack. 
In FIG. 1, t'he digit conductors on the bot­
tom sides of the stack, and the circuits con­
nected thereto, bear the same reference 
numerals, with primes added, as are applied 
to corresponding elements associated with t'he 
top sides of the planes. 

Each of the planes 9, 10, 11 and 12 is 
provided wi1:h word conductors extending 
transversely of the digit conductors in a word 
or column direction, the word conductors on 
plane 9 being designated 38, 39, 40 and 41. 
Each word conductor links memory elements 
along a respective column of memory ele­
ments on both the top and bottom sides of the 
plane. The terminal ends of word conductors 
38 and 41 are coupled by respective coup­
lings 44 and 45 to word conductor ener­
gizing means including a read driver 46, a 
write driver 47, a switc'h 48 and a ~witch 49. 
The wcrd conductors 39 and 40 have ter­
minal ends on the opposite side of plane 9 
which are connected to couplings (not shown) 
~imilar to couplings 44 and 45. The scheme 
followed is one wherein the word conductor 
38 at one edge of the plane 9 has terminal 
edges on one side of the plane, the next follow­
ing two word conductors 39 and 40 have 
terminal ends on the other side of the plane, 
the next word conductor 41 and the follow­
ing one (not ~hown) have terminal ends on the 
first side of the plane, and so on, in groups of 
two, 'Until the remote edge of the plane is 
reached. The arrangement is one wherein half 
of the word conductors have terminal ends 
on one side of the plane and the other ha1f 
of the word conductors have terminal ends on 
the other side of the plane. 

The planes 10, 11 and 12 are similarly pro­
vided with individual word conductors. The 
word conductors 39' and 40' on plane 12 
have terminal ends connected through coup-
1lings 64 and 65 to a read driver 66, a write 
driver 67, a switch 68 and a switch 69. The 
switches 68 and 69, in addition to being 
connected to couplings 64 and 65, are also 
connected to couplings (not shown) of word 
conductors in corresponding locations on all 
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of the other planes, !including the word con­
ductors 39 and 40 of plane 9. Similarly, the 
switches 48 and 49, in addition to being con­
nected to couplings 44 and 45 associated with 

5 plane 9, are also connected to corresponding 
couplings (not shown) associated with planes 
10, 11 and 12. The read and write drivers 
(46 and 47) associated with a plane (9) are 
coupled to all of the wO'rd conductors (38, 

10 39, 40, 41) on !the respecllive plane (9). 
The wiring configurations described in con­

nection with FIGS. 1 to 4 are such as to 
provide a very high degree of wiring sym­
metry in t!he memory stack. The symmetry 

15 permits the achievement of many important 
electrical benefits and permits a mass pro­
duction of uniform individual memory planes 
conveniently adapted for cOJmection m the 
stack of memory planes. 

20 FIG. 5 illustrates one side of a memory 
plane 9 consisting -0f an insulating base 70 
supporting a plurality of pairs 29 of memory 
elements or cores 42, 43 arranged in digit 
pair rows and word columns. Each memory 

25 element 42 in a row ~s linked by a digit con­
ductor 15, and each memory element 43 
of ithe adjacent row is linked by the other digit 
conductor 16 of the digit conductor pair. 
The digit conductors may be printed con-

30 ductors lccated in part on the insulating sup­
port 70 and 'located in part on sides and 
aperture walls (in the case of ferritte cores) 
of fne memory elements. The word conduc­
tors, such as 38 to 41, may be wires threaded 

35 through the apertures of the aligned memory 
elements or cores. A pair 29 oif memory ele­
ments 42, 43 is used for the storage of one 
information bit. Each digi,t conductor pair 
(15, 16) links one of each pair of memory 

40 clements along a row, and each word conduc­
tor (38) links pairs of memory elements along 
a column. 

The insulating support 70 is provided with 
tenninals and t'hrcugh connections designed to 

45 facilitate the appropriate interconnection of 
conductors on both sides of aH planes of a 
stack. The bottom,l_of plane 9 is substantially 
the same as the top side shown in FIG. 
5. 

50 The memory of FIGS. 1 to 5 is made up of 
planes forming a stack having 1st, 2nd, 3rd 
and 4th 'sides. The mid-points of digit conduc­
tors on the top sides of all planes are coupled 
to digit drivers and sense amplifiers on the 

55 1st side of die stack. The midpoints of digit 
conductors on the bottom sides of all planes 
are coup1ed to digit drivers and sense ampli­
fiers on the opp-0site 2nd side of the stack. 
Half oif the word conductors on the top and 

60 bot·tom sides of each plane have terminations 
on a 3rd side of the stack, and the other half 
of the word conductors on die top and bottom 
sides of each plane have terminations on the 
opposite 4th side of the stack. 

65 The distribution of the electronic compo-

nents around the four sides of the stack per­
mits the memory elements to be very small 
and close together, and close to t!he electronic 
components, so as ito minimize propagation 
delays and to maximize tthe speed of opera- 70 
tion oif a read-write cycle. 

The operation of the memory in a read­
write cycle will now be described. If the 
•stored word to be read out is located afong 
word conduc-tor 38, the word is selected by 75 
energizing the word switch 48 and the word 
read driver 46 'to cause the coopling of a 
read pulse through coupling 44 to the word 
conductor 38. The read pulse switches the 
flux in one core of each of the four core 80 
pairs 29 on the top and bottom sides of the 
plane. This induces sense signals on a digit 
conductor of each of the four digit conductor 
pairs 15, 16; 17, 18; 15', 16'; and 17', 18'. 
The induced ,sense signals each include '1:WO 85 
portions which are propagated in opposite 
directions from the memory core along the 
respective digit conductor. The portion of the 
sense signal on one of digit conductor pairs 
15, 16 is propagated toward the terminations 90 
Z0 and is absorbed there rather than being 
reflected. The portion propagated in the ot'her 
direction reaches the corresponding input of 
differential sense amplifier 20 which recog­
nizes the information bit that was stored in 95 
location 29 to be a "1" or a "O". Similarly, 
sense amplifiers 22, 20' and 22' respond to 
sense signals from the other bit locations along 
the selected word conductor 38. 

To write information back into the word 
'location of word conductor 38, die switch 48 
is maintained energized while the write driver 
47 is energized. At the same time, the "l" 
digcit driver 23 or the "O" digit driver 24 is 
energized to write either a "l" or a "O" into 
the bit location 29. Simultaneously, one of the 
digit drivers of each of the other pairs 25, 
26; 23', 24'; 25', 26' of digit drivers is 
energized to write desired information bits 
into the other three bit locations of the word. 

During the reading of stored information 
bits along word conductor 38, a "l" sense 
signal is induced on one of digit conductors of 
the pair 15, 16, and a "0" sense signal is in­
duced on the other digit conductor of the 
pair. The sense amplifier 20 responds to the 
difference in amplitude of the two signals and 
provides a "l" or a "O" output depending 
on the polarity of the difference. It is im­
portant that die sense signals on ddgit con­
ductors 15, 16 are not coupled as crosstalk 
to and through the nearby digit conductors 
17, 18 to differential sense amplifier 22. 

The manner in which the aiternating stag­
F !S'traight and crossed paths of the digit 
conductors between planes minimizes the 
effects of crosstalk will be de~cribed wit!h 
references to the w:iring scheme of FIG. 2. 
The signals on the portions 72 of digit con-
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1,050,616 .. 
ductors 15, 16 on planes 9 and 10 are coupled 
as crosstalk in equal amounts to the corres­
ponding portion of digit conductors 17, 18 
because conductors 17, 18 are crossed between 

5 planes 9 and 10. The equal crosstalk signals 
on the digit conductor pair 17, 18 are balanced 
out or cancelled in the differential sense 
amplifier 22. The same is true regarding crnss­
talk from the portion 73 of digit conductor 

10 pair 15, 16 to the corresponding portion of 
digit conductor pair 17, 18 on planes 7 and 
8. 

l1hc reverse-direction crosstalk in portion 
72 is not equal, and does not cancel in sense 

15 amplifier 20. That is, sense signals on the 
portion 72 of digit conductors 17, 18 on planes 
9 and 10 results in unequal crosstalk signals 
on the corresponding portions of digit conduc­
tors 15, 16. This is so because conductor 15 

20 is always forther than conductor 16 from the 
conductor pair 17, 18. However, signals on 
the portion 73 of digit conductors 17, 18 on 
planes 7 and 8 results in opposite-polarity un­
equal crosstalk signals on the portion 73 of 

25 digit conductors 15, 16. This is because con­
ductor 16 is always further than conductor 15, 
in portion 7 3, from rlie conductor pair 17, 18. 
Therefore, equal crossitalk signals appea.r on 
conductors 15, 16 and are cancelled in the 

30 differential sense amplifier 20, when both of 
portions 72 and 73 are considered. Thi-s ex­
plains why four planes or sections, or mul­
tiples thereof, are needed between midpoints 
M and the terminations Z0 • 

35 The arrangement is one wherein the cross-
talks from one digit conductor to the two 
conductors of a nearby digit conductor pair 
are equal and are cancelled in tihe differen-
1ial sense amp'lifier. 

40 Another advantage of the digiit conductor 
wiring scheme of FIGS. 1 and 2 is that it 
•simplifies the design and construction of re­
flection-preventing terminations for the digit 
conductor pairs. The resulting <improved ter-

45 minations reduce the time following writing 
for digit pulse disturbances to die down suffi­
ciently to permit reading. 

WHAT WE CLAIM IS: -
1. A memory plane having a top side and 

50 a bottom side in which digit conductor pairs 
link pairs of magnetic storage cores on one 
side of the plane and ot'her digit conductor 
pairs link magnetic storage cores on the other 
1side of the plane, and word conductors link 

55 cores in corresponding columns on the two 
sides of the plane. 

2. A memory plane according to claim 1, 
in which each word conductor extends f.rom 
one edge of the plane to the opposite edge and 

60 then back across the opposite side of the 
plane to said one edge, linking the cores in 
its path across both sides of the plane. 

3. A memory plane according to claim 1 or 
2, in which the terminal ends of half the num-
ber of word conductors are located at one. 6~ 
edge of the plane and the terminal ends of tihe 
other half are located at the opposite edge of 
the plane. 

4. A memory comprising an even plurality 
of memory planes arranged one above the 70 
other in a stack, and each having a top side 
and a bottom side, each side including an array 
of memory elements arranged in digit pair 
rows and word columns, and digit conductor 
pairs linking pairs of memory elements along 75 
corresponding rows on the top and bottom 
sides of all planes, wherein each digit conduc-
tor has characteristic impedance terminations 
connected at both ends, the digit conductors 
on the top sides of the planes having termina- 80 
tions on one lateral side of the stack and the 
digit conductors on the bottom sides of the 
planes having iterminations on t'he respectively 
opposite ilateral side of the stack, digit drivers 
and sense amplifiers coupled on said one 85 
lateral side and coupled on said opposite 
lateral side of the stack to the midpoints of 
digit conductors of the top sides of the planes 
and digit conductors of the bottom sides of 
the planes, respectively, and word conductors 9Q 
each linking cores in corresponding colwnns 
on the top and bottom sides of each plane. 

5. A memory as claimed in claim 4, where­
in tihe conductors o.f the digit conductor pairs 
on each of the top and bottom sides of all 95 
planes extend between planes with alternating 
straight paths and crossed paths, the alter­
nating istraight and crossed paths of the con­
ductors of one digit conductor pair being 
staggered in relation to the alternating straight 100 
and crossed patihs of the conductors of the 
adjacent digit conductor pafr, the digit con­
ductor pairs on the top sides of all planes 
extend between planes on alternating lateral 
sides of the stack so that the conductor pairs 105 
follow rectangular zigzag paths, and the digit 
conductor pairs on the bottom sides of aJl 
planes extend between planes on different 
ahernating lateral sides of the stack so that 
the conductor pairs follow complementary ree- 110 
tangular zigzag paths. 

6. A memory as claimed in claims 4 or 
5, wherein half of said word conducto:rs have 
both terminal ends on a third lateral side of 
the stack, and the other half of said word 115 
conductors have b01:h terminal ends on the 
oppo,site four.th lateral side of the stack, and 
word conductor energizing means on said 
third and fourth lateral sides of the stack 
are coupled to the adjacent termina•l ends of 120 
said word conductors. 

7. A memory plane substantially as des­
cribed with reference to any one of Figures 
1 to 5 of the accompanying drawings. 
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ductors 15, 16 on planes 9 and 10 are coupled 3. A memory plane according to claim 1 or ;["·-..,, 
as crosstalk in equal amounts to the corres- 2, in which the terminal ends of ha1f the num- .z~-

ponding portion of digit conductors 17, 18 ber of word conductors are located a-t one;. 65 -
because conductors 17, 18 are crossed between edge of the plane and the terminal ends of die 

5 planes 9 and 10. The equal crosstalk signals other half are located at the opposite edge of 
on the digit conductor pair 17, 18 are balanced the plane. 
out er cancelled in the differential sense 4. A memory comprising an even plurality 
amplifier 22. The same is true regarding cross- of memory planes arranged one above the 70 
talk from the portion 73 of digit conductor other in a stack, and each having a top side 

10 pair 15, 16 to the corresponding portion of and a bottom side, each side including an array 
digit conductor pair 17, 18 on planes 7 and of memory elements arranged in digit pair 
8. rows and word columns, and digit conductor 

The reverse-direction crosstalk in portion pairs linking pairs of memory elements along 75 
72 is not equal, and does not cancel in sense corresponding rows on the top and bottom 

15 amplifier 20. That is, sense signals on the sides of all planes, wherein each digit conduc-
portion 72 of digit conductors 17, 18 on planes tor has characteristic impedance terminations 
9 and 10 results in unequal crosstalk signals connected at both ends, L11e digit conductors 
on the corresponding portions of digit conduc- on the top sides of the planes having termina- 80 
tors 15, 16. Thls is so because conductor 15 tions on one lateral side of the stack and the 

20 is always .further than conductor 16 from the digit conductors on the bottom sides of rthe 
conductor pair 17, 18. However, signals on planes having -terminations on t!he respectively ... 

.:.;.":·;: the portion 73 of digit conductors 17, 18 on opposite fateral side of the stack, digit drivers 
85 ·.·. 

planes 7 and 8 results in opposite-polarity un- and sense amplifiers coupled on said one 

25 
equal crosstalk signals on the portion 73 of lateral side and coopled on said opposite 
digit conductors 15, 16. This is because con- lateral side of the stack to the midpoints of ; 

ductor 16 is always further -than conductor 15, digit conductors of the top sides of -the planes 
in p-0nion 73, from the conductor pair 17, 18. and digit conductors of the bottom sides of 

9Q Therefore, equal crosstalk signals appear on the planes, respectively, and word conductors 

30 
conductors 15, 16 and are cancelled in the each linking cores in corresponding columns 
differential sense amplifier 20, when both of on the top and bottom sides of each plane. 
portions 72 and 73 are conside:ed. This ex-

5. A memory as claimed in claim 4, where-
plains why four planes or sections, ~r ~ul-

in t'he conductors of the digit conductor pairs 
tiples thereof, are needed between midpomts 

on each of the top and bottom sides of all 95 

35 
M and the terminations Z0 • planes extend between planes with alternating 

The arrangement is one wherein the cross-
straight paths and crossed paths, the alter-

talks from one digit conductor to the two 
nating straight and crossed paths of the con-

conductors of a nearby digit conductor pair 
duotors of one digit conductor pair being 

are equal and are cancelled in the differen-
staggered in relation to the alternating straight 100 

·tial sense amplifier. and crossed paths of the conductors of the 
40 Another advantage of the digit conductor 

adjacent digit conductor pair, the digit con-
wirina scheme of FIGS. 1 and 2 is that it 

ductor pairs on the top sides of all planes 
-simplifies the design an_d c?nstruction of .r~-

extend between planes on alternating late~al 
ftection-preventing termmanons for the digit 

sides of the stack so that the conductor pairs 105 

45 
conductor pairs. The r~sulting improved. t~r-

follow rectangular zigzag paths, an.d -the digit 
minations reduce the time followmg wnnng 

conductor pairs on the bottom sides of all 
for digit pulse disturbances to die down suffi-

planes extend between planes on different 
ciently to permit reading. alternating lateral sides of the stack so that 

WHAT WE CLAIM IS: - the conductor pairs follow complementary rec.. 110 
. . ~;'.::~·: 

1. A memory plane having a top side a?d tangular zigzag paths . ~-7.-· 

50 a bottom side in which digit conductor pairs 6. A memory as claimed in claims 4 or 

link pairs of magnetic storage . c?res on one 5 wherein half of said word conductars have 

side of the plane and other digit conductor b~th terminal ends on a third lateral side of 

pairs link magnetic storage cores on the o~er the stack, and the other half of said word 115 

side of the plane, and word conductors hnk conductors have both terminal ends on the 

55 cores in corresponding columns on the two opposite fourth lateral side of the stack, ~d 

sides of the plane. word conductor energizing means on said 

2. A memory plane according to claim 1, third and fourth lateral sides of the stack 

in which each word conductor extends from are coupled to the adjacent terminal ends of 120 

one edge of the plane to the ol:?posi~e edge and said word conductors. 
( 60 then back across t'he opposite side of the 7. A memory plane substantially a~ des-

plane to said one edge, linking the cores in cribed with reference to any one of Figures 

its path across both sides of the plane. 1 to 5 of the accompanying drawings. 
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8. A memory comprised cf stacked memory 
planes substantially as described with refer­
ence to Figures 1 to 5 of the drawings accom­
panying the specification. 
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