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MAGNETIC CORE DIGITAL CIRCUIT
Hewiit D. Crane, Palo Alto, David R. Bennicn, Loma
Mar, and Fred C. Heinzmann, Palo Alto, Calif., as-
signors to Burroughs Corperation, Detroit, Mich,, 2
corporation of Michigan o
Filed Dec. 30, 1957, Ser. No. 706,052 -

6 Claims. (CL 340—174)

This invention relates to binary information storage
and transfer apparatus, and more particularly, is con-
cerned with magnetic core pulse-operated circuits for stor-
ing and controlling the transfer of binary information.

In copending application Serial No. 704,511, filed De-
cember 23, 1957 in the name of Hewitt D. Crane, and as-
signed to the assignee of the present invention, there is

described an improved core register having a novel trans- -

fer circuit requiring no diodes or other impedance ele-
ments in the transfer loops between the magnetic core
devices in the register. Information is transferred from

one core device to another by means of pulses of pre-

determined current level. By meansof a biasing arrange-
ment on the core devices, as therein described, the range
over which this current level of the transfer pulse might
be varied - without materially. affecting the information
transfer is greatly extended, and certain other advantages
are also achieved. o

The present invention constitutes a further improve-
ment on the register therein described. Thus by the pres-
ent invention the range over which the current level of
the transfer pulse may vary is further extended. This in-

creased range is achieved by additional D.C. bias windings -

on the magnetic core elements. .
- In brief, the present invention is incorporated in a regis-
ter comprising at least two amnular cores of magnetic
material having high flux remanence. Means including
windings on the cores .are provided for saturating the flux
in one direction in both of the cores. Each core has. a
pair of apertures, the cores being coupled by a transfer
loop linking the cores through one of these apertures in
each core.. The loop consists of :a pair of windings, one
winding on each core, connected in parallel. Informa-
tion transfer is effected by applying a current pulse of
predetermined magnitude through the- two windings of
the transfer loop, the current level of the pulse being just
below the threshold current level required to switch flux
around either of the annular cores. ' ’
Bias windings are wound on the cores which are con-
nected in series with each other and in series with the
transfer loop so as to be energized by the transfer pulse.
According to the improvement of the present invention
a further bias winding is provided on each of the cores
which is energized from a D.C. source. The direction of
current through the additional bias windings is such as to
tend to switch flux in the same direction within the cores
as the transfer pulse. The D.C. bias permits the bias
produced by. the transfer pulse to be increased, thereby
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increasing the self-compensating effect of the bias pro- -

duced by the transfer pulse. - . .

For a more complete understanding of the invention,
reference should be had to the accompanying drawings,
wherein:

FIG. 1 shows a transfer circuit with the ‘addition of -
_counter bias; . ‘

FIG. 2 is'a graphical plot of flux switched in a cote as
a function of ampere-turns linking the core and is used
in explaining the operation of the circuit of FIG. 1; and

FIG. 3 is a schematic drawing of ‘a shifting register in-
corporating the features of the present invention.

‘As ‘described in more detail in the above mentioned
copending application, a binary register and transfer cir-
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cuit can be constructed using basic cote elements arranged

2

as shown in FIG. 1. This circuit includes a pair of mag-
netic annular cores 10 and 10’ made of Ferrite or similar
magnetic material having a “square” hysteresis charac-
teristic, i.c., a material having a high flux remanence.
A coupling loop 20 links the transmitting core 10 through
an output aperture 14 to the receiving core 10’ through
an input aperture 12’. Transfer of information stored in
the transmitter core 10 to the transmiiter core 10 is
effected by an advance current pulse by means of which
a current Iagy is applied to the transfer loop 20 in the
direction indicated by the arrow. The advance current
divides in the transfer loop into a current Ir passing
through the aperture 14 of the transmitting core 10 and
a current Iy passing through the aperture 12’ of the re-
ceiving core 19'.

It can be shown that with the flux in a given core ex-
tending in the same direction on either side of the aper-
ture linked by the transfer loop, the current in the loop
must exceed a certain threshold level before any of the
flux around the core can. be reversed or switched. This
is. shown by .curve A of FIG. 2, which shows the rela-
tionship between the flux switched in the core with in-
crease of ampere-turns in the portion of the transfer loop
linking the core. Ampere-turns must exceed a threshold
level T, before a substantial amount of flux is switched
in the core. :

However, if the flux on either side of the aperture ini-
tially extends in opposite directions, the current required
in the transfer loop to switch flux is greatly reduced.
This relation is shown by curve. B of FIG. 2, which shows
that the ampere-turns must only exceed a much lower
threshold level T; before flux is switched in the core.
The reason is that in the latter case, flux does not switch
around the core, but only switches locally around the
aperfure.

This property is used to effect the transfer between the
transmitting core and the receiving core. The advance
current Ingy is set at a level such that the ampere-turns
linking the two cores is below the threshold level Ty when
the cores are both cleared with all the flux in one direc-
tion, as indicated by the arrows in FIG. 1. Asa result
no flux is switched in either core by an advance current
pulse. However, if the transmitter flux is initially set
with the flux extending in opposite directions on either
side of the aperture 14, the ampere-turns linking the core
10 through the aperture 14 will exceed the lower thresh-
old level Ty when the advance pulse is applied to the
transfer loop 20. As a result the flux is switched by the
transfer pulse in the transmitter core 19. The switching

‘of flux around the aperture 14 increases the impedance

to the flow of current Iy, thereby increasing the portion
of the advance current Ig. As a result the ampere-turns
linking the receiver core 10’ is increased above the thresh-
old level Ty resulting in switching of flux in the core 10,
Tn this manner the flux configuration in the receiver core
10 is not modified or modified in response to an advance
current pulse, depending upon the initial flux condition
of the transmitter core 10.

As pointed out in the above-identified patent applica-
tion, bias windings may- be provided on both the trans-

‘mitter core 10 and the receiver core 10’, as indicated at

29 and 22’ respectively. The current through the bias
windings is in a direction to oppose the switching of flux
in the cores in response to the advance current pulse.
The effect is to increase the upper threshold level Ts,
thereby permitting the advance current to be greatly
increased. , )

As further pointed out heretofore in the above-men-
tioned patent application, the bias winding 22 and 22’ may
be connected in series with transfer loop 20 so as to be
energized by the advance current pulse. This has the

‘effect of providing a “moving threshold” with changes in
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level of the advance current, so as to provide a self-com-
pensating effect. Since the upper threshold T, depends
upon the amount of bias, any change in the advance cur-
rent changes the amount of bias and thereby moves the
threshold. If the threshold were not moving, an increase
in advance current might cause the tranmsfer to exceed
the threshold so as to produce a switching of flux in the
receiver core 10’ when it was not desired. - However, with
the threshold moving to'a higher level as the result of the
increase in bias with the increase in advarice current, a
greater increase in advance current is required before the
threshold level could be exceeded by the advance pulse.
. With the circuit arranged as thus far described the
ampere-turns in the bias windings on the transmitter
core must be less than half ‘the ampere-turns linking
the aperture 14. Otherwise, the ampere-turns of the bias
winding would exceed the threshold at which flux can be
switched around the core 10, However, since the am-
pere-turns of the bias winding is less than half that of
the transfer winding on the core 18, the circuit cannot be
fully compensating. It will be appreciated that if the
ampere-turns of the bias winding could be made more
nearly equal to the ampere-turns of the transfer winding
on the core 10, the circuit would be more completely
compensating with changes in the advance current level.
The reason is that the change in ampere-turns in the bias
winding produced by an increase of the advance current
would be substantially equal to the change in ampere-
turns produced in the transfer winding by the increase in
the advance current level. _

The present invention provides a means for increasing
the ampere-turns of the bias winding 22 so as to provide
an increased compensating effect. This is accomplished
by providing an additional winding 24 linking the core 10,
hereinafter referred to as a counterbias winding, to which
is applied a D.C. current. The current passes through
the counterbias winding 24 in a direction so as to aid
the switching of flux by the advance current as applied
to the transfer loop 20. By the same token the counter-
bias winding 24 opposes the bias winding 22. The maxi-
mum ampere-turns of the counterbias winding 24 is lim-
ited by the threshold level at which flux begins to switch
around the core 10. Since the counterbias winding op-
poses the action of the bias winding 22, the ampere-turns
of the bias winding 22 can be accordingly increased by
the same amount. Thus the ampere-turns in the bias
winding 22 can be substantially increased to the point
where it may be miade almost equal to the amipere-turns
linking the aperture 14. By permitting the ampere-turns
at the bias winding 22 to be increased, the counterbias
winding 24 has the effect of causing the threshold t6 move
more with changes in advance current level, thereby in-
creasing the compensating effect of the bias winding 22.

In the case of the receiver bias on the core 1€, the same
limitations are mot imposed on the ampere-tirns as are
imposed on the ampere-turns of the bias winding 22 of the
transmitting core 10, ie., that the ampere-turns should
be below the threshold ‘at which flux switches in the
core. The reason is that the réceiver core, unlike the
transmitter core, always starts in the cleared condition,
and hence it is immaterial wheilier the bias ampere-turns
exceeds the threshold so as to tend fo clear the core.
However, because of symmetry reasons, as where bi-
directional shiffing between the cores is contemplated, it
is desirable that the receiver bias winding and the trans-
mitter bias winding have the same number of turns.
For this reason and also for the reason that the receiver
core 10" on a subsequent. transfer in turn becomes the
transmitting core, a counterbias 24’ is provided on the

.core 1. This counterbias winding may be connected in

Series with the counterbias winding 24 on core 1¢ to a
single D.C. source., : :

A typical shift register circuif utilizing counterbias in
the maner described above for extending the current
range of the transfer pulses is shown in FIG, 3. The cir-
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cuit showa is suitable for storing and shifting two binary
bits and comprises four core elements 36, 32, 34, and 36.
While a two-bit register is shown in the figure, it will be
understood that any number of pairs of core elements may
be used in the register for the storage of additional binary
bits. The core elements 39 #nd 32 are finked by a frans-

fer loop 38 arnd the remiainiig cores are similarly Tinked

by transfer loops 48, 42, and 44. The transfer loop 44
may be coupled back fo the coreelerent 30 ag fudicated
by the dotted lifiés to ‘provide a closed loop shifting regis~
ter. Clearing wiiidings are provided on each of the cores
as indicated by the windings 46, 48, 50, and 52.
Clearing pulses and transfér pulses are derived from a

‘pulse source 56, the output of which is applied to a suit-

able delay line 58 having four output leads coupléd to-a
suitable driver circuit 60. ‘The first pulse -produced in
point of time from the output of the driver 60 in response
to a pulse from a soufce 56 is coupled through a con-
denser 62 to the clearing windings 48:and 52, whereby the
cores 32 and 36 are initially cleared.

The next pulse generated in point of time from the out-
put of the drivér circuit 66 in response to the pulse from
the sotirce 56 is cotpled to ‘the transfer loops 38:and
42. A transmitter bias winding ‘64 and a receiver bias
winding 66 on the cores 30 and 32 Tespectively are con-
nected in series with each other and with the transfer loop
38. Similarly a-transmitter bias winding 68 and a receiver
bias winding 70 are wound on the cores 34 and 36 respec-
tively. These bias windings are connected in series with
transfer loop 42. Each of these bias windings is ‘ener-
gized by the pulse coupled to the loops 38 ‘and 42.

The third pulse generated from the driver 6¢ in point
of time in response to the -pulse from the ‘source 56 is
coupled through a condenser 72 to the clearing windings
46 and 50 on the-cores 30 and 34 respectively.

The fourth pulse derived from the driver 6¢ in point of
time in response to the pulse from “the source 56 is

‘coupled to the transfer loops 40 and 44 in series. A trans-

mitter bias winding 74 on the core 32'and a réceiver bias
winding 76 on the core 34 are connected in series ‘with
each other and with the transfer loop 40. Similarly ‘a
transmitter bias winding 78 and-a receiver bias winding 80
are wound on the cores 36 and 3¢ respectively, and ‘are

‘connected in series with each other and with the transfer

loop 44. )

The clearing windings 46, 48, 50, and 52, are used to
provide counterbias by connecting them to a D.C. poten-
tial source 82 through choke windings 84 and 86. The
condensers 62-and 72 isolate the driver circuit 60 from
the D.C. source 82 and the chokes 84 and 86 provide a
high impedance to the transfer pulses so that the D.C.
source 82 does not'bypass the transfer pulses.

_~ In operation, following one pulse from the source 56,

the cores 32 and 36 are cleared by the first pulse from the
driver 60 ‘preparatory to receiving informition” trans-
ferred from the cores 30 and 34. Next, the transfet loops

38 and 42 adre ‘energized to transfer information to the
cores 32 and 36. Next; the cores 30 and 34 are cleared
‘preparatory to teceiving information from the cores 32

and'36. Finally, the transfer loops 40 and 44 are ener-
gized to transfer information to the cores’ 3¢ and 34,
thereby completing the shifting cycle.

It has been’ found that considerable improvemient in
operating range of the transfer current pulses is possible
using the counterbias technique as described above. By
using the cledring windings for applying the counterbias,
the counterbias can be added without complicating the

“winding problem and with the minimum of extra eéxternal

¢ircuitry. - While the addition of couriterbias requires an
extra source which also can drift, drift stabilization of a
D.C. source is relatively-easy compared to the problem of

_stabilizing the current of 2 pulse soutce, such as the driver

cirduit 60.
What is clMed’i-s:
1. Apparatus comprising at least two storage elements,
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_each element including an-annular core of magnetic ma-

terial having a substantially rectangular  hysteresis loop,

“the core having at least two apertures therethrough

which are of substantially smaller size than the central
opening formed by the annular shape .of the core, a
clearing winding linking the core through the central
opening thereof for saturating the core in respoanse to a
unidirectional current passed through the clearing wind-
ing, an-input winding linking the core through one of
said apertures, and an output winding linking the core
through the other of said apertures, the output winding

_of ong core being directly connected across the input wind-
“ing of the other core whereby the two windings are con-

nected in parallel to form a-closed conductive loop, means
for applying a transfer pulse across the two windings
in parallel,- the transfer pulse being of predetermined
magnitude to bring -the cores when saturated by the
clearing winding to substantially the threshold level at
which flux starts to reverse in the cores, whereby the
pulse does not materially alter the flux condition of the
cores when they are both saturated by the respective
clearing windings, first bias windings wound on the cores
and conmnected in series with each other and in series
with the transfer loop, the first bias windings being con-
nected so as to oppose the switching of flux in the cores
by the transfer puise, second bias windings wound on the
cores, and means for passing a continuous direct current
through each of the second bias windings in a direction
1o assist the switching of flux in the cores by the transfer
pulse.

2. Apparatus comprising at least two storage ele-
ments, each element including a magnetic core material
having a substantially rectangular hysteresis loop having
at least three openings therethrough, the openings sep-
arating the core into four separate core legs, the closed
flux path linking the first and second of the core legs
and the flux path linking the third and fourth of the
core legs being substantially shorter than any other flux
paths linking the respective legs of the core, an input
winding linking the core through a first one of said open-
ings and being wound on a first one of said legs, an
output winding linking the core through a second one
of said openings and being wound on a fourth one of
said legs, a clearing winding linking the core through a
third one of said openings and wound on a portion of the
core of larger cross-sectional area than any of said legs,
means for pulsing a unidirectional current through the
third winding of sufficient magnitude to saturate the flux
in each of said legs, the output winding of one core being
directly connected across the input winding of the other
core in parallel, whereby the two windings form a closed
loop conductive path, means for applying a transfer pulse
across the two windings in parallel, the transfer pulse
being of predetermined magnitude to bring the cores when
saturated by the clearing windings to the threshold level
at which flux starts to reverse in the cores, whereby the
pulse does not materially alter the flux condition of the
cores when they are both saturated by the respective
clearing windings, first bias windings wound on the cores
and connected in series with each other and in series
with the transfer loop, the first bias windings being con-

10

15

20

25

30

35

40

45

50

55

60

nected so as to oppose the switching of flux in the cores

by the transfer pulse, second bias windings wound on the
cores, and means for passing a continuous direct cuiTent
through each of the second bias windings in a direction
to assist the switching of flux in the cores by the transfer
pulse.

3. Apparatus comprising at least two storage elements,
each element including a magnetic core material having
a substantially rectangular hysteresis loop having at least
three openings therethrough, the openings separating the
core into four separate core legs, an input winding link-
ing the core through a first one of said openings and be-
ing wound on a first one of said legs, an output winding
linking the core through a second one of said openings

65
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. winding linking the .core

‘of said legs, the output

" first’ bias windings wound

6

and being wound on a second one of said legs, a clearing
through a third one of said
openings and wound -on aportion of the core of larger

cross-sectional area than any of. said legs, means for

" pulsing a unidirectional current through the third wind-

ing of sufficient magnitude to saturate the flux in each
_ inding of one core being di-
rectly connected across. the input winding of the other

- core in parallel, whereby the two windings form:a closed

Toop conductive path, means for applying a transfer pulse
across the two windings in parallel, the transfer pulse be-
ing of predetermined magnitude to bring the cores when

_saturated to the threshold level at which flux starts to

reverse in the cores, whereby the pulse does not ma-

terially alter the flux condition. of the cores when they

are both saturated by the respective clearing windings,
rs on the cores and connected
in series with each other and in series with the transfer
loop, the first bias windings being connected so as to
oppose the switching of flux in the cores by the transfer
pulse, second bias windings wound on the cores, and
means for passing a continuous direct current through
each of the second bias windings in a direction to assist
the switching of flux in the cores by the transfer puise.

4. Apparatus for storing and transferring binary in-
formation comprising at least two magnetic cores hav-
ing a substantially rectangular hysteresis loop, each of
the cores being annular in shape and having at least one
input aperture and one output aperture extending through
the core material, the apertures being of smaller size
than the opening formed by the annular core, an input
winding linking the input aperture of the first core, an
output winding linking the output aperture of the second
core, a bidirectionally conductive transfer loop includ-
ing a winding linking the output aperture of the first
core and a winding linking the output aperture of the
second core, the windings being directly connected in par-
allel to form the loop, means for applying a transfer pulse
across the loop between the two windings whereby a
current is provided simultaneously through the two wind-
ings, the current dividing between the two loops accord-
ing to the respective impedances of the two windings,
first bias windings wound on the cores and connected in
series with each other and in series with the transfer
loop, the first bias windings being connected so as fo op-
pose the switching of flux in the cores by the transfer
pulse, second bias windings wound on the cores, and
means for passing a continuous ‘direct current through
each of the second bias windings in a direction to assist
the switching of flux in the cores by the transfer pulse.

5. Apparatus for storing and transferring binary infor-
mation comprising at least two annular magnetic cores
having a substantially rectangular hysteresis loop defining
a closed magnetic flux path, each of the cores having at
least two small apertures extending through the core ma-
terial, each small aperture dividing the flux path in the
core into two sections, a bidirectionally conductive trans-
fer loop including two windings in parallel, the windings
respectively linking one aperture in each of the two cores,
means for applying a transfer pulse across the two wind-
ings in parallel, the magnitude of the pulse being such
as to produce a current in each of the windings that is
slightly less than the threshold current level required to
switch flux in the associated cores when all the flux is
set in one direction around the annular cores, first bias
windings wound on the cores and connected in series
with each other and in series with the transfer loop, the
first bias windings being connected so as to oppose the
switching of flux in the cores by the transfer pulse, sec-
ond bias windings wound on the cores, and means for
passing a continuous direct current through each of the
second bias windings in a direction to assist the switching
of flux in the cores by the transfer pulse.

6. A magnetic shift register including at least two core
elements of magnetic material having a substantially rec-




~tangular hysteresis loop; each core element having a large
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~aperture-defining a relatively long flux ‘path-and a pair
-of-small- apertures* defining relatively- short *flux paths,
"each -of 'the :small- apertures dividing the relatively long
“flux pidth- into ‘two' parallel’ branches, ‘a ‘closed bidirec-
:tionally conduetive loop including a first ' winding linking
“one of 'said-parallel-branches of a first one of the core
- elements through one of‘the small apertures and a sec-
ond- winding ‘linking one of said’ parallel branches of
a second one of ‘the core elements through' one of ‘the

small apertures,
“tively ‘long flux:

a first clearing winding linking the rela-
‘path -of ‘the first core element through

“‘the large: aperture, a ‘second clearing winding linking the
“relatively- long” flux-path of the second core element
“through the' large aperture, first and second ‘bias wind-
- ings linking" the relatively long flux path of the first core
~element, a-'shifting control circuit including means for
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“pulsing -a*transfer - current through “the  two apertures
~linked by the windings -of said-loop and simultaneously
- pulsing a current -through the ‘first bias-winding, -and
“'means “for’‘passing a continuous ‘unidirectional current
“through ‘the second" bias- winding in-a direction ‘to assist
“the - switching -of flux around the long fluxpath in re-
-.sponse to'the transfer current.
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