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- versa.
functions normally have two states of magnetic rema--
'nence, one of which represents a zero and the other a

n1ted States Patent .fﬁce

1

| 3, 140 402 o
MAGNETIC CORE LOGIC CIRCUITS

o Deuglas C. Engeibart, Palo Alto, Caliif., assignor to AMP |
| _5 |

o Incorporated, Harrisburg, Pa.,, a cerporatlen of New

Jersey
| Filed Jan. 19, 1969 Ser. No 3,395
o 5 Clalms. (Cl 307—-—-88) :

~This 1r1vent10n relates to magnetlc—eore systems ef the |

 type wherein data is transferred by transferring the state
more

 of magnetic remanence of one core to anether and,

a _partrcula rly, to improvements therein. - . | |
- Magnetic cores made of magnetic ferrite material and
havmﬂr the general conﬁgm ation of a toroid with a central
main aperture and one or more smaller apertures in the
~ toroid ring are employed nowadays for many purposes,
 ‘such as for memory arrangement shift registers, as well = .

“as the performance of a 1og1cal operation.  In perform—

" ing logical operations, it is oftentimes desrrable to’ pro-
- vide a complementing eperatren

~wherein for example, a one is read as a zero, and vice
The magnetic cores usually employed for legrcal

This is an operatron

‘one. To perferm a complementmg operation, a mag-

 tive signal.

2 one representative signal.

~On object of the- present 'mventmn is to provrde ai; ::_'_
| eonﬁguratmn for a multiaperture- magnetic core which -
" enables a complementing operation to be performed

Another object of the preseat invention is to prt:mde”'-;3’5'5 ;

a magaetre—cere configuration whereby an. rmproved 10g1-

- '_ cal element is made available. -
~Yet another object of the present mventlon is 1o pre- |
5 vrde a novel and userul eenﬁgm atlen fca a multraperture_

mag onetic core.

"These and other eb]ects of the present mventron may-

3 140 402
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. .2- _
FIGURE 8 shows a core shaped in aceerdance Wlth. "

| 'thrs mventlen to afferd a plurahty of lnputs and/ or 0111:-' |

» puts; and

FIGURES 9, 10 and 11 shew alternatwe embedlments
_of the invention.

Referenee 18 new. made to FIGURES 1, 2 and 3,

" which are, respectively, a schematic diagram of a prior-

- art arrangement for transferring data between cores and

10

a representation of different magnetic-core output-wind-
ing coupling schemes. These are shown to assist in an

understanding and appreciation of the invention. A de-
“: tailed explanation of the interconnections between cores
-and the theory of operation thereof may be found in

_ articles such as “A High-Speed Logic System Using Mag-
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netic Elements and Connecting Wire Only,” by H. D.

Crane, in the Proceedings of the IL.R.E., vol. 47, pp. 63
‘through 73, January 1959, Accerdmgly, the exPlanatmn

 herein will be rather brief but sufficient to asmst in an
~ understanding of the invention. |

~ Two magnetic ferrite cores 10 12 are shown in
" FIGURE 1.

- of magnetic remanence.

Each of these cores wrll have two state_s
Each of these cores has a main

. aperture 10M, 12M, a receive, or input, aperture 10R,

05

netic core which is in 1its one state of magnetic rema-~
‘nence, upon readout, should indicate a zero-representa- -
‘The magnetic core which is-in its zero state
“of magnetic remanence, upon readout should provrde :

~12R, and a transmit aperture 10T, 12T, Each core has
) two states of magnetic remanence, one of which will be
referred to as the clear state and the other as the set
- state.
therein will be considered as circulating in a clockwise
. direction in the manner represented by the arrow on the -
30 core in FIGURE 1, or the arrows on the core in FIGURE -

2. It is to be noted that the flux is in the same direction
- on either side of the receive and transmit apertures of
~ the core at this time.

When a core is in the clear state, all the flux

When the core is in its set state
of magnetic remanence, there will be some flux in the
core which circulates in a counterclockwise direction, -
as well as some flux which circulates in a clockwise di-

~rection. However, the important point to be noted is
~ that, as represented in FIGURE 3 by the arrows on the

"be achieved by providing a special shapmg about the

terminal apertures of a multiaperture core, whereby

increased utility for per forming Iegrcal functions is achiev-

 ed. Such special shaping requires the addition of suff

Cl-'- |

45

" ‘ent magnetic-core material to the portion of the core sur- |

reundmg the terminal or output

~ nence in the magnetic material around the main aper-

~ ture of the core, whether or not the core has been drrven'
. to its set state. |

- The novel features that are consldered eharacterrstle
- of this invention are set forth with particularity in the
appended claims. The invention itself, both as to its

aperture to- enable
changes in the state of magnetic remanence in the material
“about that aperture, without affecting the state of rema-

- clear-pulse source 14 to a clear winding 16, which passes .
~ through the main aperture 10M of tke core 10. |
. clear-pulse source 15 can apply clear current to-a clear

50

9 0-_.‘_core,_' the flux in the material adjacent the receive and -
7 transmit apertures 1s respectively flowing in opposite di-
" rections.

data bit “zero” being stored therein; a core in its set

A core in its clear state will represent the
state will represent the data bit “one” being stored therein.

Tn FIGURE 1 the cores 19, 12 are driven to their clear
states by the application of a pulse of current from a

‘A second

winding 17, which passes through the main aperture 12M

~ of the core 12. A data selrrce-ls applies a pulse of
~  current to an input winding 19, which is inductively cou-
. pled to the core 10 by being passed through its receive

- 55
organization and method of operation, as well as addi-

tional objects and advantages thereof, will best be under-

~ - stood from the following descuptmn when read in con- -

nection with the accompanyrng drawmgs, in which:

~ FIGURE 1 is a schematic diagram of a known ar-'

- 60
“rangement of multiaperture cores shown to asslst in an *

- understanding of this invention;

- FIGURES 2 and 3 illustrate mUItraperture cores Wlth i

- reversed-output windings;

FIGURE 4 shows a circuit utrhzmg cores shaped 111"-"

accordance with this invention;
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FIGURES 5 and 6 illustrate cores shaped 1n aecord-_':_ | '

'ance with this 1nvent10n respeetwely in their set and -

_ ‘reset states; | | |
. FIGURE 7 shows a crrcmt and cores in accerdanee
h ;wuh this mventlon for obtalmng comple1 entary opera-

aperfure 10R.

exceeds a threshold value (representative of a one bit),

then the core.10 is driven from its clear state to its set
state.
“not exceed the threshold value (representative of a zero
-~ bit), then the core 19 will remain substantially unaffected.
- The threshold value of current is generally defined as the -

value which, if exceeded, will cause a flux reversal or
'change in the state of remanence in the material surround-
.ing the main aperture.
~coupled to the receive aperture I2R of the sueceedmg |
_ core by a transfer winding 20. | -

In order to transfer the state ‘of remanence of the
.core 10 to the core 12, a data-transfer source 22 1s con-
“nected through an advancing winding 24 to the center
~ of each side of the transfer winding 29. The data- transfer-'
source supplies a pulse of current. which is equal to twice
the threshold value.
source lelldES mto two equal parts at ﬁrst se that the

If the pulse of current from the data source does

The transmit aperture 10T 1is

‘The current from the. data—transfer

If this current from the data source
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value of current flowing through the portions of the
winding res;:ectively coupled to the transmit aperture 10T
and receive aperture 12R is only equal substantially to
the threshiold value.

If the magnetic core 16 is in the clear state at the
time the advancing winding 24 is excited from the data-
transfer source, then substantially no change occurs in
the magnetic state of the core 10. The reason is that
the only change that could occur in response to the
current in the transfer winding would be one which re-
versed flux around the main aperture. Since the current
amplitude is below the threshold value or critical level,
ﬂllS cannot occur, and thus the core is substantlally 1in-
affected. - Since the value of the current passing through
the receive aperture 12R of core 12 also is at the threshold
value, the magnetic state of core 12 is substantially un-
affected and its remains in its clear state.

Assume now that the data source 18 excites the input
- winding 19 with a current in excess of the threshold value.
This will drive the magnetic core 18 to its set state of
remanence, whereby it stores the digit “one.” The flux
orientation assumed is represented by the arrows on the
core shown in FIGURE 3. The application of current
at the threshold value to the transmit aperture 18T can
cause a flux reversal to take place about that aperture.
Less current is required to alter the state of remanence
of the core material around a transmit aperture than
around a main aperture. Thus when a core is in its set
- state, a flux reversal can be made to occur about the trans-
mit aperture with a current at the threshold value. Such
flux reversal induces a voltage in the winding 20 which
has the effect of steering more current from the advancing
winding 24 through the receive aperture than will pass
through the transmit aperture. This increase in cur-
rent eflectively exceeds the threshold value, as a result
of which a flux reversal occurs in core 12 about the main
aperture, whereupon core 12 is driven to its set state of
magnetic remanence. |

A data sink 26 is representative of another core or
circuit which will receive the binary bit which has been
entered into the core 12 from core 16. The data sink
26 1s coupled to the transmit aperture 12T through an
output winding 28. The mechanism for deriving the
data from the core 12 may be similar to the mechanism
just described for transferring data from core 1€ to
core 12.

- The data transfer that has been described thus far is
one wherein the output is identical with the input. How-
ever, tiere are many operations in performing logical
functions with magnetic cores wherein it is desired to
obtain an output which is the complement of the input.
Multiaperture cores of the type shown in FIGURE 1
cannot be used for this purpose. FIGURES 2 and 3
show the core 10 with the associated input winding 19
and one-half of the transfer winding 28. However, in
FIGURES 2 and 3 the transfer winding 20 is coupled to
the core 10 with a sense which is opposite to the coupling
shown in FIGURE 1. It will be appreciated that the
arrangement shown in FIGURE 1 is one for obtaining
output from the core 10 which is identical with the in-
- put. The purpose in reversing the output winding is to
attempt to obtain an output which is a complement of the
input. Assume that the core 19 is in its clear state, as
represented in FIGURE 2. The application of a current
having the threshold value to the winding 20 only at-
tempts to push the flux in the core in a direction in which
it already exists, namely, the direction of saturation, and
therefore has no eifect on the flux state of the core.
a result, no voltage 1s induced in the winding 29 to
steer current, and a zero i1s read out which is exactly
the situation as occurred in FIGURE 1 when the core

10 was in the clear state.

In FIGURE 3 a current having threshold value is
applied to the transfer winding 2§ with the core 19 in
the set state. Despite the fact that the core is in its set
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state, the current in the transfer winding will have sub-
stantially no effect on the core, in view of the fact that
the drive applied to the core drives the flux around the
transmit aperture in the direction in which it is already
placed by the drive of the core to the set state. Thus, a
complementary output is obtained when the core is in
its set state. However, since no complementary output
is obtained when the core is in iis clear state, the system
obviously cannot be used for providing complementary
outputs. It should be noted that reversing the winding
sense or reversing the direction of current flow in a trans-
fer winding are alternatives and will achieve the same

- results.

FIGURE 4 is a schematic diagram illustrating an em-
bodiment of the invention. Two magnetic ferrite cores
30, 32, which are shaped in accordance with this inven-
tion, each respectively have a receive aperture I0R, 32R,
a main aperture 30M, 32M, and a transmit aperture 30T,
32T. Considering now the cere 30, the ferrite material
between the respective receive and transmit apertures
JOR, 30T and the outer periphery of the core is respec-
tively designated as the receive outer leg 30RO and the
transmit outer leg 30TO. The ferrite material which is
between the receive aperture 36R and the main aperture
30M is designated as the receive inner leg 30RI. The
ferrite material between the fransmit aperture and the
main aperture 30M 1s designated as the transmit inner
leg 30TI. Similarly, for magnetic core 32, the receive
inner and outer legs are respectively designated as 3ZRI
and 32R0O. The transmit inner and outer legs are desig-
nated as 32TI and 32T0O. In accordance with this inven-
tion, the respective receive and transmit apertures or ter-
minal apertures of a core are not positioned so that the
cross-sectional area of the inner and outer legs on either
side thereof are equal to each other, as well as to the
cross-sectional area of the ferrite material where there is
no terminal aperture. Instead, more ferrite material is
molded on one side of the terminal aperture than on the
other, so that the cross-sectional area of the ferrite ma-
terial on one side of a terminal aperture is twice that on
the other side. Thus, the receive inner legs 39RY, 3ZRI
have cross-sectional areas twice that of the receive outer
legs 36RO, 32RO. The transmit inner legs 30TT, 32TI
have cross-sectional areas twice that of the transmit outer
legs 30TO, 32TO. As previously indicated, the purpose
of adding the additional material is to enable a change in
remanence to occur around the terminal aperture without
requiring or effectuating a change in remanence in the
material about the main aperture. In an application by
Douglas C. Engelbart for Improvement in Magnetic Flux
Transfer in Core Systems, Serial No. 849,776, filed Qcto-

. ber 30, 1959, and assigned to this assignee, there is shown
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an arrangement for broadening the operating tolerances
required for drive currents used to drive an arrangement
of cores, such as illustrated in FIGURE 1, by adding
magnetic material to the cross-sectional area adjacent the
receive aperture of the core. There, however, only suffi-
cient material was added to increase the cross-sectional
area an amount less than the cross-sectional area of the
toroidal ring at the location where there is no aperture.
The additional magnetic material there provided a clip-
ping action, where flux was subtracted from the flux made
available for driving a core. This invention, however,
distinguishes thereover, both in the arrangement for the
driving windings, as well as in the requirement that the
additional magnetic material be applied in a manner to

- position the transmit and/or receive apertures unsym-

metrically with respect to the cross-sectional area of the
material at that region, and, further, that the cross-sec-
tional areas of the regions of ferromagnetic material con-
stituting the inner and outer legs have at least a two-to-
one ratio.

Data from a data source 34 is applied to an input wind-
ing 36, which is coupled to the core 39. The input wind-
ing first threads through the aperture 30R and then back



- data from core 30 to core 32. o
| 46 is connected between the data-transfer source and the
~ centers of both sides of the transfer winding 38. A first

- to all three apertures of the core 38. o
- pulse source 52 applies clearing-pulse current to a second
- clear winding 54. This winding is 1e3pectrvely eeupled-_i |

to the apertures 32R, 32M, and 32T in the same sense.

-~ zero from the data source.

. twice the threshold value.

“The portren ‘that passes threugh the trans-

70 core 30.

| to the data source’ throufrh the mam aper...ure 30M A

6-:'

- the threahold value reqmred for re‘s.i'ersmﬂr flux about the

transfer winding 38 couples cores 30 and 32 for data

| transfer

data sink 42. This winding also threads down through

This winding passes first down through the
~ main aperture 30M, then up through the transmit aper-
 ture 30T, then down threugh the receive aperture 30R,
. and back through the main aperture 32M to form a-
“closed loop.  An output wrndrng 40 couples core 32 to a

‘main aperture. -
ing through the receive aperture 32R is in a dlreetlen_'
which tends to drive the magnetic material in the direc-
" tion in which it already is saturated; and thus there is no
- effect upon the flux condition existing around the receive
 aperture 32R.

The threshold wvalue ef_ current flow-

‘Again, although the current flowing in

- the winding 38 tends to reverse the flux about the main

the transmit aperture. 32T and then back to the data sink

through the main aperture 32ZM. A data-transfer source

10

44 provides current pulses to eﬁ"eetuate transfer of the

clear-pulse source 48 can apply a current for clearing

- the core 30 to a first clear winding $¢. Clear winding

.. 50 is coupled to core 30, first through the receive aper-
~ ture 30R,  then through the main. aperture 30M, and
- finally through the transmit aperture 30T. It should be

noied that the winding 56 is coupled in the same sense

‘The flux pattern within the cores 30 and 32, when they

- on the cores.

An advancing winding

f'_'

This. condition is assumed

~aperture 32M, it cannot accomplish this, since it does not
exceed the threshold value.
cluded that the core 32 remains in its clear state, and
- thus represeuts a zero when the core 30 represents a zero
" oris in its clear state, despite the apphcatlon of trans-
-_-fer current to the transfer winding 38. |

Aecordmgly, it may be con-

‘Let is now be assumed that a current pulse frem the

-- ._data source 34, representing a one, is applied to the in-

~ value.
- the receive aperture is already saturated in the direction
20
A second clear-
-~ main aperture 30M is reversed by this current.
- sponse to the reversal of flux through the ferrite materral -

sut winding 36. This current exceeds the threshold
However, since the magnetic material around

toward which it is bemg driven by the current in the in-
put winding 36, it is not affected. The flux around the

 ‘around the main aperture a Veltage is induced in the

25
‘are in their clear state, 1s represented by the arrows drawn =
| It is assumed that in the clear state the;_
. flux circulates about each one of the apertures in the core
" in a clockwise direction.

~ when the clear-pulse source 48 applies a pulse of current
to the clear winding 50. - Similarly, core 32 is driven to -
~its clear state by the application of a clear pulse from

'_the source 52 to the clear winding 54.  Let it be assumed

~ that the clear state of the core represents the storage of a

© zero data bit and the set state of the core represents the

‘storage of a one data bit.

1s - seught to be entered therein.

~apply a current to the winding 36 having a value which
- does not exceed the thr esheld value

The threshold

- value of current for the purpeaea of eperatrnﬂ COTES ef_-'_
the type shown in FIGURE 4 is one which, when ex-

ceeded, erl drive a core to its set state

tion desrgnated by the arrow’ ad]aeerlt the Wmdlng 306.

‘The flux about the receive aperture 30R will remain un-
- affected by current flow in view of the fact that the mag- o
~netic material is already saturated in the direction toward

35
| Aecerdmgly, it is not desired
to disturb the flux state of a core when a zero data bit

The dat'l source 34 will .

- therein.

transfer winding 38, in response to which current flows
This current ha_e a su: ﬁereat amplitude and is in
~a direction to cause a reversal of flux in the magnetic
. material around the transmit aperture 30T. The direc-
| f'_‘_troa of the current flow, in res ponse to this mduced volt-
30

age, is represented by the dotted arrow adjacent the

wmdrug 38. This current flow does not affect the flux
- in the core 32, since it flows in a direction to drive the
j__'ﬂu:{ in the material abeut the receive aperture 32R in

a direction in which that magnetic material is already
saturated. This current does not exceed the threshold

- value, and therefore it cannot reverse the flux condition
| 'in the material surrounding the main aperture 32M.

"FIGURE 5 is a representation of the magnetic core 30

" with arrows thereon illustrating the flux conditions when

40

50

.__WhICh it - 1s bﬂlﬂff drrven by the maﬂnetometwe force

caused by ‘this culrent
ture 30M is also not affected by the flow ef current in

‘The flux about the main aper-

not exceed the critical value required to be exceeded in

~order to reverse the flux direction about the main aper- -
o ACCOIdII’l“l}f the flux condition of core 30 remains
. aubatantlally unaffected by the transfer thereinto of the .-
It should also be noted that -
: the flux abeut the transmlt ape1tu1e 3@’1‘ also remame_ -
 unaffected. | o _—
- Assume now that 1t S desrred te transfer data from-
- core 30 to core 32. The data-transfer source 44 apphes

- ture..

| a value of current to the advance winding 46 which is
This current . _splits into- two_-- -

equal parts. -

~ mit aperture 32 has no effect on the flux. about this aper-

65

. ture, since the magnetic materzal there is saturated . m o7

~ the direction: toward which it is being driven by the cur-

~ rent flow in the transfer winding '38.  Although th1s’_'_-_'f
. current tries to reverse direction of flux about the main =

aperture 30M it cannet de so amce it dees uot exceed-

5

~ wise direction. -
‘circulates in a counterclockwise drreetlou, as dees the
. ﬂux about the transmit aperture 30T,

. Assume, now, that it is desired to transfer the state of
-the core 30 into the core 32. The data-transfer source
44 again applies a current pulse to the winding 46 which
equals the value of twice the critical, or threshold, value.
- This time the flux about the transit aperture 30T is re-
- versed, mduemg a voltage in the transfer winding 38,

“ture now exceeds the threshold value.

the core 30 is in the set state. - This is the state to which

it is driven by the application to the input winding 36
- of .a current in excess of the critical value.
-When not ex- -+
- ceeded, or when equaled, the ﬂux st ate of the eere Wﬂl_ |
~ be substantially unaffected. I e
- Assume now that it is desired to enter a zero frem the -
~data source 34 into the core 30. Current will be ap-

 plied to the winding 386, ‘having an amphtude equal to or .

less than the thresheld value, and will flow in the direc- =

about the receive aperture 30R still circulates in a clock-
The flux about the main aperture 30M

which causes the remainder of the current from the data- |

- transfer source to be steered through the receive aper-

‘ture 32R and the main aperture 32M. - The flux condi-
= tion of the ferrite material about the receive aperture
~ the wrudmg 36, since the amplitude of this current dees ~ "32R remains the same, since it is already saturated na
~direction toward which the current tends to drive.
~ever, the flux in the ferrrte material about the | main aper-

ture 32M is reversed, since the current ﬂewrug in the por-

- How-

tion of the winding 38 passing through this main aper-

At this trme core 30 in FIGURE 4 has the flux cond-

| - trens represented by the arrows in FIGURE 6. Here,
‘the flux about the receive aperture 30R in PIGURE 6

" cueulates in a clockwise direction;

the flux about the
marn aperture SGM crreulatee in a ceuntercleekwrse d1- o

In re-

The flux -

In response to
~ the flux reversal about the main aperture 32M, a current
- is induced in the output winding 49, which is in a direc-
65 tion to cause a flux reversal in the ferrite material about

_ the transmit aperture 32T. As a result, the core 32 is
. NOW ] in its set state, and the flux conditions existing there-
“in are as represented by arrows in FIGURE 5 on the .
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rection; and the flux about the transmit aperture 38T cir-

culates in a clockwise direction also.

As thus far described, it should be clear that the core

30 transfers to the core 32 whatever data has been
entered into the core 33. Thus, the data~handling ability
of the arrangement shown in FIGURE 4, as described, 1s
identical with the data-handiing ability of the arrange-
ment shown in FIGURE 1. The application of a clear
current pulse from the source 48 to the winding 3¢ only
causes a reversal of flux about the main aperture 39, so
that it now flows in a clockwise direction. This will
induce a voltage in the output winding 38, which causes
a current to flow in a direction opposite to that_ shown
by the dotted-line arrow. As far as the transmif aper-
ture 34T is concerned, the effects of this current are over-
ridden by the clear current in the winding 59, and there-
fore the flux in the material about the transmit aperture
39T is substantially unaifected.

The direction of this induced current flow is such as
to tend to reverse the direction of the flux about the
main aperture and the receive aperture 32M, 32R, re-
spectively, since the core 32 has been driven to ifs set
state. However, since a smaller magnetomotive force 18
required to reverse the flux about the receive aperture
32R than about the main aperture 32M, the flux reversal
occurs first about the receive aperture 32R. As a result,
the flux linkages forced into the coupling loop by the
clearing of core 39 are absorbed, at relatively low current,
by flux reversing about aperture 32R, and flux about no
other aperture of core 32 is disturbed. The magnetic
state of core 32 has been changed from the set state, as
shown in FIGURE 5 for core 39, oniy in that fiux
around the receive aperture is reversed. This new total
state of core 32 is called the reset state, but as far as
any following circuitry is concerned, core 32 appears still
to be in the set condition, and a readout can be derived
therefrom in the same manner as a readout was derived
from core 30. Thus, the core material about the receive
aperture serves the function of protecting a succeeding
core against the effects of clearing an immediately preced-
ing core to which it is coupled.

Upon the excitation of winding 4@ by the data sink
42 with a current equal to the threshold value, core 32
will be driven to the state shown 1in FIGURE 6, except
that the flux circulation about the aperture 32R is i a
counterclockwise direction as a result of the previous
clearing of the core 38. Upon the application of a clear
pulse from the source 52 to the clear winding 54, a flux
reversal will occur in the material about the receive aper-
ture 32R and about the main aperture 32M. The mate-
rial about the transmit aperture 32T is already in the state
toward which the clear-current drive tends to drive it
Voltages which are induced in the transfer winding 38 as
a result of the flux reversal occurring about the receive
aperture 3ZR and main aperture 32M oppose one an-
other, and the resultant is insufficient to affect the state
of the core 39.

In order to obtain a complementing operation with a
core made in accordance with this invention, it i1s merely
necessary to either reverse the sense of the transfer-wind-
ing coupling to the core 39, while maintaining the same
coupling sense on the succeeding core 32, or to maintain
the same coupling sense of the winding 38 on the core
30, while reversing the coupling sense to the winding 38
on the core 32, and also while reversing the current direc-
tion received from the data-transfer source. One is the
equivalent to the other.

FIGURE 7 shows a circuit in accordance with this int-
vention for obtaining complementary operation. Similar
functioning components in FIGURE 7 bear the same ref-
erence numerals as in FIGURE 4. Core 3% is driven by
the data source 34 through an input winding 36. Core
32 1s coupled to core 39 by a transfer winding 68, which
is coupled to the core 38 in the same sense and to the
core 32 in an opposite sense to the one shown in FIGURE
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tion.

¥
4. The output of core 32 is derived by a data sink cir-
cuit 42 coupled thereto by an output winding 48. A
data-transier current is derived from a source 62 and is
applied to an advancing winding 64. This advancing
winding is connected to the centers of the sides of the
transfer winding 68. The curreat from the data-transfer
source 62 ilows in the direction shown by the arrows
adjacent the winding 6§. It will be noted that this is
the opposite direction to the one assumed in FIGURE 4.
Assume at the outset that the cores 39 and 32 are in
their clear conditions. Current from the data-transfer
source 62, which is twice the threshold value, is applied
over the advance winding 64 to the transfer winding &9.
It will be noted that this current flows in a direction
opposite to that shown in FIGURE 4. This current
has no effect on the state of the flux which exists around
the main aperture 38M in the core 30, in view of the fact
that it tends to drive to saturation the core material
around the main aperture in the direction in which it is
already saturated. However, the flux in the material
around the transmit aperture 397 is switched or reversed
by this current. In response to such flux reversal, a voit-
age Is induced in the winding 69, which steers the remain-
mg current from the data-transfer source into the half
oi the winding 60, which is inductively coupled to the
core 32. This current has no effect on the receive aper-
ture 52R, since the material around this aperture is al-
ready saturated in the direction toward which the cur-
rent 1s attempting to switch flux. However, the flux is
switched around the main aperture. As a result of this,
current induced in the output winding 49 reverses the flux
around the transmit aperture 32T. It should be apparent
that the complement of the zero in the core 3 has been
transferred into the core 32. |
Assume now that the data source 34 has transferred
a one mto the core 39, whereby it is put in its set state.
The core 32 is in its clear state. A current is provided
by the data-transfer source in order to effectuate a trans-
ter of data between the core 3@ and 32. The current at
the threshold value, which flows down through the main
aperture 30M, cannot reverse the flux in the material
around the main aperture. The material around the
transmit aperture 39T is already saturated in the direc-
tion of the drive provided by the current. Therefore,
there is no alteration in the flux condition of core 30
Current at the threshold value cannot alter the state of the
flux in the material around the main aperture 32M, since
the amplitude of the current is too low. The material
around the receive aperture 32R already is saturated in
the direction of the drive of the current, and thus is not
affected. It will be appreciated, therefore, that the com-
plement of the one data bit in core 30 has been trans-
ferred into core 32. Therefore, with this invention, it is
possible to achieve both a complementing operation, and
also an operation in accordance with previously known
systems. It should be again emphasized that the com-
plementing operation can either be obtained by simple
expedient of reversing the sense of the winding used to
derive an output from a core made in accordance with
this invention, or by reversing the current flow in said
winding while maintaining the sense of the winding cou-
pling a succeeding core properly oriented so that the re-
versed current flow does not negate the operation desired.
Although the cores 30 and 32 have the outer leg larger
than the inner leg on both the receive and transmit sides,

- this is not a necessary condition for operating the embodi-

ment of the invention. It is within the scope of this in-
vention to provide a core with an outer leg cross-sectional
area larger than that of the inner leg. The core will op-
erate just as satisfactorily as the one that has been de-
scribed to provide the same, or complementing, opera-

Reference is now made to FIGURE 8, which shows a
shaped multiaperture core in accordance with this inven-
tton having five apertures, and the outer leg adjacent each



- one of the terminal apertures _
" The core 70 has a main aperture 70M and four terminal
- apertures, respectively, 72, 74, 76, 78. -Any one of these

four terminal apertures can be used as either an input or

" an output aperture, and as an output aperture can be used
- for providing the complementing operation. Each inner -
 leg 721, 741, 761, and 78I has one-halt the cross-sectional
area of each outer leg 72-0, 74-0, 76-O, and 78-O.
 The clear state of the core 70 is represented by the ar-
 rows on the core 70 in FIGURE 8. The flux circulates
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larger than the inner leg.

fthe_,' transmit aperturé, SO that both apertures can be

- used substantially independently., In ‘the cores shown
_ previously, the ratio of the areas was two-to-one because
~ only one unit of area was required to carry the flux cir-
culating around the main aperture while another unit of

~area carries the flux circulating around the output or in~

put aperture. This ratio is determined by the cross-

- sectional area of the material in the toroid ring portion

- of the core in which there is no aperture. Data insertion

10 in _ _
© Considering FIGURE 9, if the same output is desired

‘about the main aperture in a clockise direction, and no -
net flux circulates about the terminal apertures. The

“clear state is secured by the application of current from

a clear pulse source 80 to a clear winding 82, which is
‘coupled to the main aperture and to each terminal aper-

into the core 100 is as described previously.

~of a core as has been inserted therein, then current is
“made to flow in the winding 108 in the direction shown

by the solid-line arrow. This does not reverse the flux
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~ ture with a sense to secure the indicated. flux orientation

 upon the application of a clear current to said winding -

82, Data from a source 84 is applied to an input wind-
~ing 86, coupled, for example, to the aperture 74. -
It should be noted that for all embodiments of this

invention an input winding, as well as an output wind-
 ing, is wound around the leg on a core which has the -

largest cross-sectional area. In FIGURE 4, this is the -
~ inner leg, and in FIGURE 8, it is the outer leg. Output -
25
ture 78 as the transmit aperture, by way of example.

may be derived from the core 70, employing the aper-

saturation condition around the output aperture 100T
when the core 10¢ is in the clear state, The output that

~ is derived is identical with the input, Thus, current flow-

 ing in the direction mentioned does not reverse any flux

920

" The required readout current is provided by the data sink

88, which is coupled to the output aperture 78 with an _ | _ |
A o  flow is represented by the dotted line arrows. Since the
30

“output winding 90. -

. As indicated, an output may_"'-also be derived fr'o'm_
either or both of the apertures 72 and 76, in addition

. to aperture 78. . A data sink 92 is coupled to the aper-.

: ture 76 through the output winding 94. The excitation
. of this output winding 94 from the data sink 92, in ac-
- cordance with the explanation shown in FIGURE 7, can

- in the core 100 when it is in the clear state. When the
‘core 100 is in the set state, which is represented in FIG-
- URE 10 by the arrows on the core, then a flux reversal
“ can occur about the output aperture, whereby a voltage

" is induced in the output winding 108, which can be
~ employed for inserting a one in a subsequent core ap-
‘paratus, represented here by the data sink 106.

" When the complementing operation is destred, then

“current is applied to the output winding 108 in a direc-

tion opposite to the one shown. This direction of current

level of this current is at or below the threshold value,

it will not cause a reversal of flux about the main aper-
“ture 100M, but will cause a flux reversal about the out-

 put aperture 160T, even though the core 100 is in its
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be such as to derive a complementing output from the -

 core 70. Thus, the core may be driven to derive e_ither
- the same data bit as is stored therein, or its complement,

as required. As previously pointed out, the core 70 may
 be employed in the manner described for FIGURE 4
CorFIGURE7.
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FIGURE 9 shows a core shaped in accordance with -

~ this invention, whereby the input-shaping of the core 1s .
- identical with the type of input provided with the prior-
" art multiaperture cores, but the output is shaped in ac-.
- cordance with this invention. As a result an output can
" be derived from the core which is the same as the input

clear state. As a result, an output indicative of the com-
plement of the input is achieved. When the core 160
is in-its set state, as represented by FIGURE 10, then no

alteration of the flux conditions in the core result when

the output winding 108 is excited by the current. Thus

_the output is the complement of the one state of the
core. - e o
~FIGURE 11 shows an alternative shaping of the em-
bodiment of the invention to that shown in FIGURE 9.
~ ~This is the embodiment of the invention with the greater

cross-sectional area being in the outer leg. Thus, the

 or its complement. The core 160, shown in FIGURE S, ._
~ dicated, the reason for this is that the greater cross-sec-

has a main aperture 100M, a receive aperture 100R,

and a transmit aperture 100T. The inner and outer

o legs, respectively, 100RI and 100RO, -at the receive aper-
ture have the same cross-sectional area. - The sum of

 these two cross-sectional areas may be made equal to that

~ of the portion of the toroid ring in which there is no aper-
55 UV . | )

“ winding 118 is coupled through the main aperture and
" through the transmit aperture with a sense to achieve the
~ flux conditions shown for the clear state. The core 114

ture. The inner leg 100TI, at the transmit aperture, has

~ three times the cross-sectional area of the outer leg
" 100TO, which in turn has at least the cross-sectional area
- of either 100RI or 100RO. FExpressed: otherwise, the
~ cross-sectional area of 100TI equals at least 100RO+4

100RI+-100TO. A data source 102 1s coupled to . the

~ data sink 106 is coupled to the transmit aperture by an

a clear pulse source 112. The clear winding passes

 through the main aperture 100M and then through the
* transmit aperture 100T, with a sense to achieve a clear
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core 114 has a receive aperture 114R and a transmit aper-

ture 114T. The outer leg 114TO, at the transmit aper-
ture, has three times the cross-sectional area of the in-

ner leg 114T1, at the receive aperture. 'As previously in-

~tional area must carry not only the flux which circulates
. about the main aperture 114M, but also the flux which
circulates about the transmit aperture.

_ A clear pulse
source 116 applies current to a clear winding 118, to

- achieve the clear condition of the core wherein the flux

orientation is represented by the arrows. The clear

can be employed in the same manner previously de-

1 go Scribed for the core shown in FIGURE 9.
 receive aperture 100R by an input ‘winding 104. A

There has accordingly been shown and described here-

 da 1 € ~_ in a novel, useful shaping for magnetic cores which not
output winding 108. A clear winding 110 1s excited by _ |
 heretofore obtained, but also affords a complementing
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 condition, illustrated by the arrows on the core 100.

' The clear condition ‘is one in which the flux about the
main aperture circulates in a clockwise direction, as well .

as the flux about the transmit aperture.- The reason that

the inner leg 100TI is on the order of three times the

cross-sectional area of the outer leg 100TO is because

~ such inner leg must provide sufficient material to carry

- the flux which circulat_es around the core plus enough ad-
~ ditional material to carry the flux which circulates around

only makes available the same operation as has been

_ operation whereby the types of apparatus required in

logical-circuit arrangements for achieving complementing

is minimized and simplified.
- I claim: . I
1. The improvement in toroidal cores of the type made

7o Of magnetic material having two states of magnetic rem-

anence and having a main aperture and two terminal

~ apertures in the magnetic material on either side of said
. main aperture, said improvement comprising having a

© core with a leg of material on one side of a terminal

a'pe_rture e};t_ending'-uninte_rruptedly".f_wm the side of said



3,140,402

i3
aperture to the periphery of said core, said leg of mate-
rial having a cross-sectional area substantiaily equaling
the cross-sectional area of the remaining leg of material
adjacent said terminal aperture plus the cross-sectional
area of said toroidal core in a portion thereof in which
there is no terminal aperture.
- 2. An improved magnetic core made of magnetic mate-
rial having two states of magnetic remanence comprising
a substantially toroidal ring with a central main aper-
ture and with terminal apertures in said ring material
about said main aperture, the amount of magnetic mate-
rial which extends uninterruptedly between a terminal
aperture and an edge of said core in a cross section taken
on a straight line extending through the center of said
main aperture and the center of said terminal aperture,
exceeding the material in the remainder of the cross
- section along said line by at least the area of the cross
section taken through the part of said toroidal ring where
there 1s no terminal aperture.
- 3. An improved magnetic logical element comprising
a core made of magnetic material having two states of
magnetic remanence, said core having the shape of a
substantially toroidal ring with a ceantral main aperture
and a receive and transmit aperture in said ring, the region
around said transmit aperture being enlarged to contain
an amount of magnetic material around said transmit
aperture to provide independeat switching of said mate-
rial between said two states of magnetic remanence with-
out substantially affecting or being affected by the state
of remanence in a flux path about said main aperture,
an input winding coupled to said core through said receive
aperiure, a transfer winding coupled to said core through
said output aperture, and a clear winding coupled to said
core through said main aperture and said transmit aper-
ture with the same directional sense. |
4. An mmproved magnetic logical element comprising
a magnetic core having two states of magnetic remanence
comprising a substantially toroidal ring with a central
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main aperture, and a receive and transmit aperture in
sald ring, said core having sufficient extra material in
the regions including each of said receive and transmit
aperture portions to provide one leg of material on one
side of each of said receive or transmit apertures which
leg of material extends uninterruptedly between the side
of an aperture and the periphery of said core and which
has a cross-sectional area substantially equal to that of
the leg of material on the other side of said receive or
transmit apertures pius the cross-sectional area of said
ring in which there is no aperture. |

- 5. An improved magnetic logical element comprising

a magnetic core having two states of magnetic remanence
comprising a substantially toroidal ring with a central
main aperture, and a receive and transmit aperture in
sald ring, said core having sufficient extra material in
the regions including each of said receive and transmit
aperture portions to provide one leg of material on one
side of each of said receive or transmit apertures which
has a cross-sectional area substantially equal to that of
the leg of material on the other side of said receive or
transmit apertures plus the cross-sectional area of said
ring in which there is no aperture, an input winding for
said core passing through said receive aperture and around
the larger of the two legs of material adjacent said re-
ceive aperture, a transmit winding for said core passing
through said transmit aperture and around the larger
oi the two legs of material adjacent said transmit aper-
ture, and a clear winding inductively coupled to said
recelve, main, and transmit apertures with the same
coupling sense.
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