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Ths invention relates to magnetic core circuit arrange-
ments and more particularly to improvements in magnetic
core shift register circuits. |

Multi-aperture core shift register circuits using one core
per stage of the shift register are known.
these circuits effectuate a transfer of flux from one stage

to the other when ONE binary bit is being transferred and

no fux transfer when a ZERO binary bit is being trans-
ferred. Therefore, the load which a transfer or drive cur-
rent source sees, varies with the information content with-
in tae shift register which is being shifted.

Another situation whichk can occur is due to the fact
that no output occurs from a shift register stage when
it is cleared from one of its two states of magnetic rem-
anence. Thus there is no way of knowing whether this
is as it Should be or whether the register has lost a binary
digit and an error has occurred.

An object of this invention is to provide an arrange-
ment for a shift register circuit wherein the load present-
ed to the transfer current source is constant, regardless
of the information within the shift register.

Another object of this invention is the provision of a
shift register circuit wherein the detection of the occur-
rence of an error can be achieved. |

Yet anotaer object of the present invention is the pro-
vision of an arrangement for a shift register circuit where-
in there is a flux transfer between stagés regardless of the
binary bit content of the stages.

Still another object of the present invention is the pro-
vision of a novel, and useful circuit arrangement for a
magnetic core shift register. |

Thec:e and other objects of the present invention may be
achieved in a magnetic core shift register circuit wherein
two cores are provided for each stage of the shift register.
These two cores respectively designated as the first and
S“COH& core, each has a set and a clear staté of magnstic
remanence. When the first core is in its set state of rem-
anence and the second core in its clear staté of rema-
neiice, the shift register stage répresents a ONE binary
digit. When the first and second cores are respectively
1n their clear and set states of magnetic remarnénce, then
the shiff register stage is storing a ZERO binaiy bit. A
transfer winding ccuples the two cores of a preceding
stage of the shift register to the two cores of a succeeding
stage of the shift register, in a manner so that, when the
preceding stage of the shifi register is cleared the two
cores to which the transfer winding is coupled are caused
to assume the states of remanence of the two cores bemg
cleared. In other words, the direction of current flow in-
duced i in the transfer winding is determined by the binary

bit which has been stored in the stage of the s‘nft register

which is being cleared. Thus, there is a transfer of ﬂLX
beiween stages regardless of the binary bit which is
uLOI‘Ed -

~ The novel features that are considered characteristic
of this invention are set forth with particularlty in the
ﬁpmnded claims. The invention itself, both as to its

organization and method of operation, as well as addi-
tional objects and advantages thereof, will best be under~

stood from the following descrlmeﬁ when read in con-
nection with the accompanying drawings, in which:

FIGURE 1 i1s a schematic-circnii diagram of an em-
badrnent of this imvention using two cores per stage
of the shift register.

In operation
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FIGURE 2 shows a specially shaped core which can
be used instead of the two cores in a stage of the shift
register. -

FIGURE 3 15 a schematic diagram of a shift register
comprised of the specially shaped cores; but which are
operated in accordance with the principles of the inven-
tion shown in FIGURE 1.

FIGURE 4 is a circuit diagram of the windings shown
in FIGURE 3.

Reference is now made to FIGURE 1 of the drawings.
which shows an embodiment of this invention. Four
shift register stages, respectively 11, 12, 13 and 14 are
shown. These are by way of 111ustrat1011 and not by
way of limitation of the size of the shift register which'
can be built embodymg the principles of this invention.
Stage 11 comprises two magnetic ferrite COIes, respec-
tively 31A, 11B. Stage 12 has two cores, respectively
12A, 12B. Stage 13 has two cores, respeciively 13A,
13B. And stage 14 has two cores, respectwely 14A, 14B.

All of the cores of the shift register have a central or
a main aperture and a transmit aperture. These are
respectively designated as 11AM and 11AT, for core
11A, 11BM and 11BT for core 11B, 12AM and 12AT
for core 12A, and 12BM and 12BT for core 1ZB. A
clear, odd core winding 28 is inductively coupled in se-
quence to all the cores in all the odd stages, 11, 13, of
the shift register by passing through the main aperiures
of these cores. A clear, odd, current pulse source 22.
applies current pulses when required to the winding 20
to drive the cores in the odd shift registers stages to their
clear states. A clear, even, wmding 24 . is inductively
coupled in sequence to all the . cores in all the even num-
bered stages of the shift regmter respectively 12 and
£4, by passing through the main apertures of these cores.
A clear, even pulse source 26 apphes current pulses to
the winding 24 when required. A prime winding 28 is
coupled to all the cores in the shiff register by passing in
sequence through the transmit apertures of each one of
these cores. A D.C. priming current is applied to this
winding from a prime winding current source 39.

The téerminolegy which will be employed herein, with
respect to the designation of the various states of mag-
nefic remanence which the magnetic cores assume,.is well
known in the magnetic core art. A magnetic core 1is
supposed to have at least two magnetic flux paths. around
its central aperture which are effectwely separated when-

A magnetic core is
said to be in its clear state when the magnetic flux in
both of these paths circulates around the ceniral aper-
ture in the same direction. A magnetic core is said fo
be in its set state when the directions of circulation of
the magnetic flux in these. two paths are opposite. A
magnetic core is said to be in its primed state when the
magnetic flux around the magnetic material surrounding
the transmit aperture has its direction reversed to the
direction it had when the magnetic core was placed in
its set state. As is well known, the purpose of the clear
windings is to restore the magnehc cores from whatever
state of remanence ﬂlﬁ‘}' were in, to the clear states., The
function of the prime winding current source and the
prime wmdmg 28 is to drive a magnetiec core which is
previously driven to its set state to its prime state. The
prime winding current has substantially no effect on a
maghnefic core which is in its c¢lear state.

Each one of the stages of the shift register is ccmpled
to the succeeding stage of the shift register by a transfer
windirig respectively 31, 32, and 33. There is an input
winding 34, which hads current applied to it from a data

input current source 3% for the purpose of entermg data
into the shift register. An output winding 38 is mupled
to the core in the last stage of the shift register.



. set state.

- of magnetic remanence.
ONE into the shift register stage 11, it is necessary that

R

In accordance with this invention a shift register stage

| 3_?195:11"? o

- is 1n the shift 1egzste1
‘a preceding shift register stage to the cores in a succeed-

is storing a ONE binary bit when one of the two cores

of that stage is in its clear state and the other is in its

~ The stage is storing a ZERO. binary bit when
- the states of rnaenene remanence of the two cores are
| 'mterehanged 'For the purpose of explaﬂatlea let it be.

~ ing shift register stage, is a |
~cuarrent induced 1n- the tran sfer winding flows in one

w1 N

e .
Ths..- drive, apphed Ly the cores in
a differential one. That is, the

lirection or the other throy 1gh said wradmg and in either

~ cass, because of the sense of the coupling to the cores.

 assumed that the stage of a shift register is storing a ONE
binary bit when the A core of that stage is in its set state

and the B core of that stage 1S in its clear state, -and stor-

ing a ZERG when the two cores have the "eerpreeai states
Thus, in order to enter a binary

~ the data input current.source 36 apply a current to the
input Wmdmg 34 which flows in a direction to drive core

11A to its set state, while ieavrlg core 118 in its clear
| ‘The input winding 34 is connected to the cores
- 11A and 21B with opposite winding sense and accord- .
| mgiy, a current having the direction of the arrows, which

is applied to the wrndlng 34 will set core MA and leave

state

~core 11B in the clear state.

The prime winding current from the source 35} is ap-
plied to the winding 28 and flows in a direction to cause

10 | | |
. preceding s*ages of the shifi register.

: terlds o drwe the cores teward therr opposite states of

ma g*letle remanence. The coupling -of the output wind-

‘ing on the last stage of the shift register is substantially |

ideri‘tif:al as the coupling of the transfer winding for the
As a result, the out- -

put of the shift register will be a current of one polarity

. for one of the binary digits and ef the oppostie pehrrty
- for the opposite binary digit.

a reversal ef the *nagrtefre ﬂu}; amurld the ir ansmrt aper— o

- ture i1AT.

~ Upon the appheaflon of a current pulse from fhe elear -
_,edd pulse source to the clear, odd winding 28,
netomotive forces are applied to both cores 11A and
The d_lILCtiO“’l of these forces however, is such that
~ core 11B is driven further into the clear state of satura-

11B.

. tion while, core 11A is drwen from the primed state of
remanence to the clear state of remancnce, As a resulf,

a current is induced in the transfer winding 331 which has -
~ a current flow direction such as to drive core 1ZA to its
 set state of magnehc remanence leaving core 12B un-
. affected. Core 12A is then primed by the operation of

the prime winding current source and prime winding.
- A current pulse applied from the clear-even pulse source
26 to the clear-even core winding 24 drives core 12A

mag-

- corner there-is a transmit aperture 4BBT.

‘In place of using two eeres sor each stage of the shrft_

_'_'regrster it 1s eossrble by using a specially shaped core to

- replace these two cores wrth the specially shaped core.
~FIGURE 2 shows the specially shaped core 490. = The
" derivation of this core from two cores of the shift rearstel |
~may be seen if, the two cores are brought together until
they e
. tures are placed at the four corners. -

eetrv.._,ly_ form a figure eight. The terminal aper-
This is the appear-

ance of the single core 48, There are two main apertures

therein respeetwel}r, 40AM and 408BM. In the upper leit
hand corner there is an input terminal aperture 40AL In

_the upper r
- aperture %AT In the lower right hand corner there is

right ‘hand corner there is an output. terminal

an input termin al aperture 4981 and in the lower left hand
The -two “07
sections of the figure eight can ep..._rcta mde endenﬂy n -
the manner of two mdepeﬂeent cores; for example, MA

- and EiB.

5
N

Referer_lee 1s now made to FIGURE 3 ef the drawrngs -_

wherein there may be seen a circuit diagram of a shift

register eompesed of the specially saaped cores which op-
erates in the manner described for the operation of the
shift register shown in FIGURE 1. The shift register has

~ four stages each mcladrng a figure eight core respectrvely .

~ to its clear state while leaving clear core. 12B substan- -

o t1ally unaffected ‘The result of this drive, is to induce |
~a current-in the transier wmdmg 32 which drives core
I3A to its set state leavmg core i3B substantlally un-

“affected.

' In the manner jusl desenbed by suceesszvely aetuatmg'

‘the clear-odd pulse source and the clear-even pulse source,

40

the ONE binary bit is. saeeessrvely advanced from shift -

register stage to shift register stage.- Assume now that

. the data mput current source 36 has applied current to the
- winding 34 which has a direction such as to drive core

11B to its set state while core 11A remains in its clear

- state. This operation occurs when it is desired to intro-
duce a ZERO into the first shift register- stage.

~ npetic core 1B is driven to its clear state.
‘the transfer winding 31 coupling to the transmit apertare
1iBT is such that, a reverse -current is caused to flow in

- that wmdlng in response to the clear-odd core drive ap-
- plied to the core 11B. The direction of current flow
- together with the sense of the transfer winding eeuplmg,' |

to the cores 12A and i2B is such that core 12B is driven

to its set state and the core 12A remains substantially un-
| The clear-even pulse source
~ applies a current pulse o the clear-even core winding 24 =

_..aﬁected in its clear state.

whereby, the ZERO representative conditions of the cores

. 12A and 12B are eﬁectwely transferred to the next shift ¢
"'regtster stage, comprising the cores 13A and i3B. -

Tt should be apparent that, regardless of whether a shift
remster stage is storing a ONE or a ZERQO binary digit;
there is always a transfer of flux from the preceding to
~ the succeeding shift register stages. -

Therefore; as far as
the clear-odd pulse source and clear-even pulse source

In re-
~ sponse to the clear-odd pulse source, this time the mag-
" The sense of

' 51, 52, 53, and 54.

_ ~ The core 51 includes two main aper-
tures, respectively 51AM, SiBM. -The upper section of

~ the core includes a transmit aperture 51AT. The lower
‘section of the core includes a transmit aperture 51BT.
~ The respective cores in the other sections of the shift

register, 52, 53, 54, all are 1dent1cal to the core in the shift
| eﬂrster stage 51 B
~In FIGURE 3 the aea.ual dlspOSI'EIOIl of the Wmdmgs

| necessary to operate the shift register are shown, but not

their interconnections. 'PIGURE 4 is a circuit diagram

of the windings only which are shown in FIGURE 3.

5O
 gether.

Both PIGURES 3 and fi Wﬂl therefore be described te--"-

A prunmg curreat source 6@ apnlles a prrmme eurrent- |

 toa priming winding 62 which extends between terminals

55

- of the shift register. .

&2a, 62b, 62c, and 62d, and to a holding winding 63

Whlch extends between terminals 63a, 630, 63c, and 63d.
The holding winding is mduetwely coupied to all cores
The priming winding is inductively

L 'eoupled to all the upper and lower sections of all of the
_cores in the shift register by passing through the transmit

€0

which are the drive sources for the shift register are con-:

- cerned, they will always see the same load, because they
- are always driving the same number of cores from their o
pnmed te t‘lerr clear states regardless of the data Whreh_-

75

apertures of these cores. An advance even current pulse
source 64 apphes a:fl*vazac:m'nr current to. an advance odd

even winding 66 which extends between terminals 66a,
- 66b, 66¢ and 66d. This winding is sueeesswely eeupled

to all of these even shift register stages and passes through .

the main apertures of the upper halves of the cores 52, 54,

in the even numbered shift register stages. As a result,

-in'response to a current pulse being applied to the _adsranee__
even core winding 66, both the upper and lower halves -
- of these_ cores are 51mu1tane0usly driven to therr clear._"'-

states. . | L |
“An advanee edd eurrent pulse seuree 68 apphes cur-

| ' rent, when required; to a winding 70 extending between.
- terminals 78a, 78b, 70c, and 704. This winding is cou-
- pled to ‘the cores in ‘the even: numbered shift register

stages and sueeesswely passes threugh ‘i:he mam apertue
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il the vpper Hilves of these cores and then through the

main apertures in the lower halves of these cores. The
affect of the application of a current pulse to the wmdmg
78 1is to szmultanennsly drive both upper and lower halves

‘of the cores in thé odd numberegd shift registér stages to
All the windings are connécted together
at their “d” terminals in accordance with the circuit of

their clear states.

FIGURE 4.

A transfer wmdmg, respectwely ?1 72 7.3 mductwely
couples each one of preceding stages of the slnft register

to the succeedmg stage of the shift register. The sense of

the coupling is of the transfer winding on a.core msade in
a manner so that the drive current. mduced in a. transfer

winding has a current flow difection to drive one half of

the core in the succeeding stage to-its clear state and the
other half to its set state.

its. transmit apertures 51IAT and’ 51BT with an 0pp031te
sense, and thereafter is. inductively coupled to the core
52 by passing down through its upper aperture 52AM

around the central bar and up through its. lIower main
aperture 52BM. Current kowing through the transfer

mndmg provides drives to the opposite states of rema-
nence to the magnetic material in the upper and lower sec-
tions of the core.

There are three different input arrangements shown
for establishing binary data in the first core 51. One
arrangement employs a wmdmg 76 which threads thmugh
the input aperture 51A1 and then around through the main
aperture’ SIBM. .. A current applied te the winding 76
can drive: the-.lewer. core sections surrounding the ai:'er;-
ture S1BM to.its clear state and the magnetic material of

the upper core section surrounding the aperfure S1AM to

its set state. Another winding 78, is- disposed in a com-
piementary manner to the winding 76. It passes through

A transfer mdmg, such as 71
is inductively coupled to the core 51 by passmg through"

6
core 521 in a state wherem it repregents a bmary ONE dlgit
Assume now that the core 51° was phced in its ZERO
representative state Then the magnetzc matenal sur-

- rounding the main aperture 51BM is in its prime state and.

10

15

the material surrounding the aperfure STAM is in its clear
state. The apphcatmn of a current drwe to the Wlndlﬂﬂ 56
serves to drive the core 51 to its.clear state in respornse to
which a voltage is induced in the transfer wmdmg 71.

The pelarlty of this Voltage is opposﬂe to the pﬁlarlty of

the voltage described as being induced in this winding
previously. Thus, a current will flow in the 0pp051te direc-
tion with the result that the core 52 will be driven to its
ZERO representatwe state Wnereln the maﬂnwc matenal_

~around the lower aperture 52BM is in its set st"i‘te and the

magnetic material around the aperture 52AM is in 1ts clear
Statu

It should be appreczated thaf ] in respmnse 10 succesawu
drives of the advance odd pulse source and advance even

. pulse source the states of the cores of the preceding stages

0

the input aperture 5iBI and then through the upper cen-

tral aperture SIAM. Current applied to its winding can
drive the magnetic material around the central aperture
S1BM to its set state and the magnetic material around
the aperture S1AM to its clear state. Therefore, the
windings 76 and 78 can be emploved to introduce a ONE
binary bit or a ZERO binary bit into the core 51. A
third winding 88, is inductively coupled to the core by
passing around the central leg of the core. A current
flow in one direction through the winding 89 will drive
the magnetic material around the aperture 51AM to its
ciear state and the magnetic material around the aper-
ture SIBM fo its set state. A current in the opposite di-
rection will reverse the set and clear states of the materials
around the apertures 531AM and 51BM.

As soon as the magnetic material of an upper or lower
magnetic core section is in its set state, then the primary
current drives the magnetic material around the trans-
mitting aperture in that section of the magnetic core, in a
direction so that the magnetic core section is in its primed
state. The purpose of the holding winding 63 is to pre-
vent the primary operation from affecting the other cores
or the other core section.

Assume that the magnetic core 51 has been set into a
ONE representative condition, which by way of example,
1s one in which the upper section of the core 51, or the
magnetic material surrounding the aperture SEAM is in
its set state and the lower section, or the magnetic ma-
terial surrounding the aperture S1BM is in its clear state.
The application of a current pulse to the winding 66
drives the magnetic material around the aperture 51AM to
its clear state, whereby a voltage is induced in the wind-
ing 71. In response to this voltage a current fliows which
applies a magnetomotive force to the magnetic material
surrounding the aperture 52AM to drive it fo its set state
of magnetic remanence, and applies a magnetomotive
force to the magnetic material surrounding the aperture
S2ZBM to drive this magnetic material toward its clear
state of magnetic remanence. Thereby, there is a flux
transfer from core 51 to core 52 in a manner to leave

4.0
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of the shift register are successwely transferred to the
cores of the succeeding stages of the shift register. Since
there is always a flux tmnsfer betweun stages, regardless
of tl he mfarmatmﬂ Whl(:h is stored in the shift register, the

.. load on the drive source is always constant.
.25

Using the figure elght shaped core in the shift regmtur
has many advantages., From the manufactﬁrnﬂ stand-
pmnt the advantage of handhnfr a smglﬁ: core per stage
instead of two cores per stage, simiplifies the handlmff
The ‘windings can be more easily 1naertedb
thmugn_ the cores, a mmple jig can hald these cores in
winding pomtmn as compared to the wmplem{y intro-
duced by the iwo core per bit arrangément shown in
FIGURE 1. Thus, besides the electrical advantages which
accrue as a result of this invention, a great nuinber of
mechanical advantages are also made available.

There has been accordingly described and shown hersin,
a novel, useful, shift register which simplifies the problem
of driving a shift register. Furthermore, in view of the
fact, that an output must always be received from the shift
register regardless of whether the cutput signals is a ONE
or a ZERQ, the user is always in positicn to know whether
or not an error has occurred. This is not possible where
an output signal is only received when only one type of
binary signal provides an output from the register. Final-
ly, a unique construction for a shift register is provided
wherein, the manufacturing of a shift register is consider-
ably simplified.

I claim:

1. A shift register comprising a plurahty of stages ar-

ranged In sequence, each of said stages comprising mag-

netic ferrite means, each said magnetic ferrite means com-
prising a magnetic ferrite core having first and second
adjacent input apertures separated by a ferrite cross mem-
ber to provide a substantially figure eight shaped core,
a first and second input aperture disposed at opposife cor-
ners of said figure eight shaped core, each said magnetic
ferrite means having two separable said clear states of
magnetic remanence, two separable set states of mag-
netic remanence, each said stage storing a one data bit
when said magnetic ferrite means is in a clear and set
state and stormg a zero data bit when sald magnetic fer-
rite means is reversed to a set and clear state, a separate
transter winding means coupling the magnetic ferrite
means in a pracedmg shift register stage to the magnetic
ferrite means in a succeeding shift register stage for trans-
ferring the respective clear and set states of magnetic
remanence of the magnetic ferrite means in a preceding
stage to the magnetic ferrite means in a succeeding stage,
egach said separate framsfer winding means comprising
a winding passing through the first and second output
apertures with a respective opposife coupling sense and
thereafter passing through one of said input apertures
around said ferrite cross member and then through the
other of said input apertures, first means for driving to

75 their two separable clear states of remanence the mag-
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‘netic ferrrte means in all alternate etages of aard ahrft )
- reglaters wherein the states of remanence are transferred
by the transfer wmdmg means to the magnetic ferrite.

means in the remaining shift register stages, and means
for driving the magnetic ferrite means 51multaneeualy in
all the remaining -shift register stages to their two separa-

3,195, 17
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- regleter fer tr ansferrmg the states of magnetre 1emanence
of the preceding body to the succeeding body in response

. to said preeedmcr body bemg drrve*'l by one of said clear

1

'_ “ble clear states of remanence to effectuate a transfer

- through eard transfer wrndmg means of the states of
 ‘magnetic remanence of said magnetic ferrite means to
-~ the magnetic ferrrte means 1n the alternate etages of the'

shift register.

2. A shift eemerrsrng a plurahty ef stages arranged in

- winding means..

3. A shift regrster as reerted in elarm 2 wherein said

| ﬁrat elear winding means includes a first winding which
first passes threugh one of the two input apertures of

- the bodies 1n alternate stages of said register and then
- passes: threugh the other of the two input apertures of

10

- sequence each of said stages comprising magnetic ferrite

body having two adjacent input apertures separated by

-~ a bar of ferrite material to provide a substantially figure
 eight shaped dewce, a first and second. input aperture
~ located at opposite corners of said ferrite body, the mag-

the bodies in alternate stages of said register with the

same relatwe ceﬁplmg sense, and said second clear wind-

ing means includes a second winding which first passes -
through one of the two input apertures of the bodies in the

~ remaining etages of said register and then passes through. |

15

netic material of said body surrounding each of said input

 apertures having two oepesrte states ef magnetic rema-

“nence, winding means coupled to the -magnetic {errlte_'

‘body of a first stage of said register for driving the mag-
netic materigl surrounding said two input apeltures to

predetermlned states of magnetle remanences, first clear

- winding means for driving to a predetermined one of the
- states of magnetic. remanence the ferrite magnetic' mate- <
~rial surrounding the two ad]aeent input apertures of

the other of the two input apertures of the bodies the
remammg stages of ~said reﬂrst 'y Wlth the same rehtwe |

| eeupllng SEense.

4. A shlft reﬂreter as remted 111 elalm 2 Whereln said

| each said transfer winding means. comprises a winding
20

which passes through each of the output apertures of
a preceding body to couple to said body with a relative
0pp031te sense at these apertures and then passes tarough

~each of the input apertures of ‘a succeeding body with a

05

bodies comprising -alternate stages of said register, sec-

ond clear winding means for drrvrng to said predeter-
mined one of the states of magnetic remanence the fer-
© rite magnetic material surrounding the two adjacent input

30

~ apertures of bodies comprising remaining stages of said

register, and a. separate transfer wmdrng between each
two stages means eeuphng the body of a precedmg stage

01. said refrrster to the body of a suceeedmg qtage of aard -

relatievly opposite sense to. eeuple to the ferrite magnetic
j_materral smroundrng these 1np11t apertures with a rela—
| tl‘iely Oppo'*-'lte sense. - |
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