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ADVANCED MASS MEMORIES |

L. J. Schweg, M. E.
Nava] Surface Weapon: Cenler
white Qak, Silver Spring, Maryland 20910

Anderson, ¥. J. Liu and R. N. les

k=t ract

An overview of advanced mass memory technol-
ogies such as magnetic bubbles, charge coupled de-
vices, and the crosstie memory is presentéc com-
paring density, speed, power, and costs, The
newgst concept is the crosstie memory and the
latest developments are explained. In the cross-
tie memory information is stored in magneCic domain
walls rather than in demains and the walls are used
as shift register tracks. The crosstie memory can
be fabricated em a silicon chip or wafer with inte-
grated semiconductor drivers, decoders, detection
anplifiers and possibly a microprocessor.

[. Introductiorn

Mepories in use in computers today are based on
< chnologies which have been developed, refined and
used for about 25 years. Because of such refine-
ment bt has been very difficult for now memory
technologies to replace the old technologies cven
though for years there has been a well recognized
sccess gap and capacity gap. However this is no
longer the case because charge coupled devices are
sure to partially fill the access and capacity
gaps. Magnetic bubhles will also be used espe-
cially where nonvolatility is important. A thir?
vut less developed Technology called the crosstie
mepory shows promise te compete with Loth charge
coupled devices and bubbles. [In Figure | @ cost
Vs, access time plot s shown, The well estab-
lished technologies are hatched. The four new
technologies are shown within the access gap,
af the l:la.lr in Figure 1 i5 taken from .J. F.
Juliusszen.” The capacity gap is demonstrated in
Figure I where again some of the data is taken
from Jul jussen. With the proliferation of micro-
and minicomputers the technologies 1n the capacity
gap brcome more and more important. Also ds the
depand for larger advanced mass memory increases,
nonvolatility will become increasingly important.
This puts bubble memories and .ne crosstie memory
right ir line for price competitiveness in micro-
computer-based syscems.
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The gemeral characteristics uf large capacity
menory chips are compared in Table 1| The bubble
MEMOTY WSES 3 major-miner {oop organization and
requires sdditional chips for power and interfacing
The characteristics showh for the crosstie memory
represent a puess a8 to wha* such a chip might look
like when availahle. {he nther memories are pres-
ently available,

1. Demands on Advanced Mass Memory

A new technology which would fill the access gap
has many demands placed on it. 1t must be a compro-
mise betweon the slow, high density, low-cost bulk
store and the fast, rapdom access store. If the
best of botih types can he coebined, both types of
memary could he in large part replaced.

The demands on the technology can be broken down
to specify its desired embodiment. For greater
speed there can be ne mechanical parts. For high
density it should be a serial memory., For Fast
access it must have rpndom access to a block which
can be read serially at high speed. For low cost
the memory should be constructed using photolithe-
graphic processes. It should be nopvolatile to
prevent memory loss in case of power Ffallure, ta
MinRLIe power ConsSumpe ion, and to minimize errors
due to operation of the system. Battary require-
ments for 14 hour storage of a million bhits of
informat ion are rather forbidding even for charge
coupled devices. '

Crarge coupled devices have sufficient speed and
are sy U0 address but they are volarile. Bubble
memories are slow but nenvelatile. The crosstie

memory represenis an atyempt to provide fast access
with nonvolatility,

ITI. The Crosstie Memory

. The domain walls found in anisotropic permallay
films about 370 A thick have bistable states which

* This research was supported by the Naval Air Systems Command.

Copyrighl £ American [mativss of Aevonaul<s and
Astronsuiics, Ine,, 1977, All righis reserved

135


http://crossmark.crossref.org/dialog/?doi=10.2514%2F6.1977-1404&domain=pdf&date_stamp=2012-08-16

TABLE 1
General Characteristicy MOS  HAM cen Bubbles Crosstie
Access Time i00 msec 50 u= 4 ms 10 to 100 ys
Transfer Rato 2 Mbits/fsec || to 5 M bits/sec 100 K bits/sec 5-20 M blits/sec
Storage Capacaity/Chip &4 k hirs td K hits 92 K bits 128 K bits
Munvolatile o no yes YES
Power Megahit (W) 16k 10 10 5
Weight fMegabit (1h) 4 2 5 2
Decading on Chip yes yos na yes
make a memory possible.  Alse the wall stself can
~eF¥e 8s o shift register trach. The wall is known
a% 8 crosstie wall although it may Ar may not have L__rosirrve mee wau |
crossties depending on the magnitude and sense of
the last field applied. A qualitative descriptiom | Coofi-rewail |
of @ crogstie wall is shown in Figure 3. The Crogs- _
tic wall® can be considered 1o he made up of Néel [ racaint e wan ]
wall sections of opposite polarivy, Just as a do- B v TR ¥ E#I ;. '; ™
main wall is considered to be a boundary between R

domains, the crosstie and Bloch linc can he consid-
ered ton be houndaries between Néel walls of anpo-
site polarity. In other wards, the Blach line und
the crossti¢ are houndaries within a boundarv. Ir
is very helpful to think of crossties and Bloch
lines in this way because the hehavior i analogous
to the behavier of walls with respect to domains,
Sntice that the crosstie length ecaals the Néel
will width, The maximum number of crossties which
normally ocewsr in permallay with Hi [induced
anisotropy ficld) equal to 4 Oe is about B,(MH) per
inch or 3, 00) per cm. This number i= doubled for
an anisatrepy of I& Oc and the Néel wall becomes
NATTOWET .

The crosstie and Bloch line are differént in
that the Bloch 1ine has a coercive force of abuut
0.1 ne and the crosstic has 8 coercive forge of
ahour 3 Oc, The Alach line has a mobil ity of
AR N CmyUe-s0c.  This §s the highest aobility
meysured to date in magnetism,
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Fig. 3 The crosstic wall.

I¥. Static Stabiliry Conditions For Néel Walls

~ And Crosstic Walls

Ranges of ﬂahili!yb are shown in Figure 4 for
a 400 A& thick film., The hoxes represent Field
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Fig. 4 Static stability conditions for a 400 l
thick film.
ringes over which the walls are stable as a fupction
of field applied along the hard direction of the
Film. Suppose first thar we have o field of -0.6H
appliced 1o the film. Then the wall must be a nega-
Tive Ntel wall and ir wiil remain 8 negative Néel
wall as long a3 flelds hetween -0.7 H, and 0.12 H
are applicd Omce a fleld larger thak 0.12 H, is
applied, crossties will be nucleated and the #russ-
tie wall is stable as shown. To ohtain a positive
Wiel wall, a field larger than 0.4 B pust he ap-
plied. At this thickpess with no applied field the
wall can be crosstie, positive Néel, or nogative
Neel, depending on the magnitude of ipe last field
applied ard the state previous to the application
of that field.

V. Wall Stability ard Film Thickness

To study tie wall stability as a functlon of
thickness a filw was chosen which varied im thick-
ness from 200 K re 640 K along its 3-inch length.

The film anistropy varied from 4 Oe at 200 Lo
4.8 Oc at 640 K. This was taken into accoumt in
the normalization uwsed im Figure 5 where the field
applied along the hard direction is normalized to

Stability conditions for Néel and crosstie
wills 89 functions of thickeess are plotted.

To understand Figure 5 it is helpful te compare
Figure 4 with the values shown in Figure 5 at 400 A,
Note that the stability range for a crosstie wall is
independent of thickness, Between 300 A and 640 A
little variation was seen in the ficld required to
move and destroy the walls, The only parameter that
varies with thickngss is the crosstie nucleatiom
field. Above 480 A crossties are always present at
zero applied field.

Below 440 A& it is possitle for a negative Néel
wall to invert by the motion of a Bloch line which
can be rated at the film edge or at a defect.
Holow 400 A it bhecomes difficult to find the nuclea-
tion of crossties because of Bloch line motion, For
example, if we have a negative Néel wall and the
field is slowly changed from negative values to pos-
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Fig. 5 Static stability conditions as a funciion
of Film thickness,

ftive, at about 0. U5 "k several walls will reverse
palariey by Bloch ! ne moetion, Omly on those valls
where such revers-1 did net sccur can crosstics
eventually be nucleated. This results from the
fact that crosstie pucleation implies Bloch line
generation and at these fields reverssl by Bloch
line motion is favored. [In other words, as soon as
a crosstie and Bloch line are generated, the Bloch
line will move close to the neighboring crosstio.
Here Bloch line motion can be ohserved betwoen
crossties.,

It is easy, however, to generate periodic cross
ties about 4 um dpart if | to 5 nsec pulses are
used with films as thin as 30 The field re-
quired to generate croszstics is higher for short
pulses as shown in Figure 6, There is a danper in
mak.ag the above measurcments i€ a thick Birvter
solution (a scspension of fine magnetic particles|
is used. The Bloch line always move:s very rapidly
in the absence of a Ritter 5ulut§an as can be seen
using 4 magneto-optic technigue ~, whereas if a
Bitter zolution 1% used, it will move slowly moving
Bitter solution with tt at low field values., The
Bitter solution often has enough field associated
with it and responds sufficiently sioxly to move
the Hloch line back where kv came from after fast
pulses have heen used to move ir.

If & positive pulse [1-5 nsec! is applied to & +
Néel wall, nothing happens. If a =<imilar pulse i3
applicd to & -Neéel wall, periodic crossties appear.
This is illustrated in Figure 7.

Anﬂihilﬂllﬂn ¢F a crosstie-Bloch line pair can
pccuT if a pulse is of sufficient amplitude and
time duration for the neighboring Block line to
move Lo a crosstie, By using a 7 nsec pulse 3 Mo
in amplitude all pericdic crossties 4-5 um apart
are annihilated, since Bloch line mobiliey is
48,000 cn/le-sec,

The Bloch line is paturslly repelled by a cross-
tie and in zero applied field it will move abour 15
um to 25 ym fror 8 crosstie. If & | nsec pulse
Creates g now crosstie-Blech léne pair within the
old crosstie-Blech linc pair, the old Bloch line
Will he repelled by the new crosstic and aove alang
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Anmplitude of the pulsed magnetic field
required to generate crosstie as 4 fupction
of film thickness.
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the wall till it is abour 15 um away.

All of the above bohavier is analegous to shat
one wiald vapect in nucleating, enlarging, and anni-
hilating domain=. Tho Néel walls represent a siz-
able area compared to the Bloch line and crosstie
just as domain: nermally do comparcd to domain
wills.

VI. The Serrated Strip

Since domain walls are o he used as shift regis-
ter tracks, it is pecessary to locate them in pre-
determined positions. This fgnuhe done by using
thermal snnealing proccdures "' or By etching the
permal loy into serrated strips . The serrated
strip method simplifiss precedurcs so that conven-
tional mask alligners can be wied and & higher den-
sity of information (3 possible,

An epxample of serrated strips is shown in Figere
B, The strins are aligned along the easy axks of
the film it anisotropic Films are wsed.  Isotropic
(iins can he wsed also amd fhen thore is no prefered
direction for the serrated =trips and they can bend
dround cornersd.  Since the magnetization of perm-
alloy Films lies parallel to surfaces and edges in
itz lowest energy state and a high encrgy state
results when pol: » are fFormed at surfaces and edges,
the magnetizati -, rotates back to form two domains
afrer a Field is applied perpendicular =o the strip.

A fast magnetic pulsc (1-10 nsecy aleng the
onposite direction forms crosstics provided the
fila thickness is between about 300 and 450 A, The



crosst pes torm 8t the pecks of the strip as shown
The width of the strip neck is 10 pm
n the figur.. The Bloch lines are in potential
wolls in between the crosstie locations. The wall
torminates at the beginning and end of the strip as
desired, The width of the strip bas a large influ-
smee on th roperties of the crossties becawse of
demagnet iz, elds. The static properties ane
compared with the propertics observed in a large
unetehed film in Table 11, All these films were

350 |

in Figure 8.

thick.

Fig. &8 Serrated SITips 1 um wide at the neck,

TABLE LI

Arat e Magnetic P [‘.,‘.-jlii,' TLW L‘tjiﬂl'l.l It =0

Eloach
Type K1l Lrosstiv  Line Crosstie
o Placement  Nucleate  Movement Annihilate
IlJE‘ Field Fleld ULEIH_ Field
Unetvhed I+ 0.8 e .1 de .4 e
film
Serrated,
2hLm e 1.5 0 L.m [k f.h e
wWidth
Serratesl,
T 5 Ow 1.5 e th.l Oe 19.0 O
Widrh
I the unetched filn, which ¢can be considered an

infinite glane sheet, the Bloch line has a coorcive
force of about 1.1 e, In the serrated strips the
COC Iy force remains the same but the potenarial
wells and the demagnetizing cffects af the streip
ingpease the field required to foree a Bloch 1ine
inté & neighboring well or ajong the wall The
wignitude of the field required to move the Blach
Ling in different directions differs slightlv as
does the magnitude required o nucleate and annihi-
lute crosstie-Bloch line palrs when positive or
negative Fields are used. But these differences
are small and average values are shown in Tahle [,
If pulses are applied perpendicular to the steip
(ug or down in Fig. %), the field alrg the SLFIp
should he nearly zers or the wall will move up or
down in the serip.  In the absonce of fields
applied perpendicular to the strip a 2 Oe Ficld can
he applied along the strip before the wall will
move, This corcesponds to the normal coercive
force of the wall, the width of the strips, the

Ve
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angle of the teeth, and the si1ze of the serrations
madi fy the behavior of crossries and Bloch limes.
The edge effects of the strips can in some cases
averwhelm the film properties.

Vil., Time Metermined Propagation

In the ¢rosstie memory tho combination of a Bloch
line, negative Néel wall and a crosstie are consid-
ercd to he a "ene', the ahsence of this Bloch lipe-
crosstie paiv is considered to be a zero. With a
single conductor placed above and parallel to the
serrated strips it 1s possible to effect propaga-
tion in strips abnu}‘ls ua wide. This has been pre-
viously described, A small amplitude {3 O=)
negat iyve pulsc about I0 nsec lonpg was uséd to nove
the Eloch line to the next potential well, Then a
10 nsec pulse (15 O¢) positive pulse was applied to
relocate the crosstie. During the spplication of
the large positive pulse o new crosstie-Bloch 1ine
pair formed within the original Blech line-crosstie
pair and the trailing Bloch lipe-crosstie pair was
anniliblated. Thus the original Blech line and a
new <rotitie onded up one serratlon farther along
the =trip. This technlgue only worked for pulses
with amplltude and time duration within a few per-
cent, anmd attesipts Lo increase the margins of
operit 1on have been umsuccessful . Consoquently a
firld determined propagat bon techniygue has been
adopted.

VIlIl. Field [(etermiped Propagation

To explain the field determined propagation
schene it s helpful to make an annlopy, The Bloch
line and crosstie tehave in a magnetic field much
45 CUrrent carrying conductors as shows in Figuee 9.
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Fig. % A useful analogy.

Just as a current in a wire produces a cireular
magnet ic field about it which interacts with a uni-
form field to give rise to the Lorent:z force, so
gl=0 the circulation of the magnetization about a
Bloch line gives rise to a force in a uniform field,
The Bloch line and a current carrying conductor can
then be consldered as circulations in a uniform
potent1al flow with resulting forces. The cressele
can aiso be considered analogous to a current car-
rying conductor except that the current is smaller
and in the opposite divection from that of the Bloch
line. Also the crosstie has asuch more friction



shan the 2'orh limc. a2 T Op cosrcive forcs compared
to 0.1 Or for the Bloch line.

Previously we described the serrated strip as
hewving potential wells for the crossties and poten-
tial wells for the Bloch lines so that the cress-
ties were in stable positions as shown in Figure 8,
and the Bloch lines are in stable positlons in be-
tween the crosstie positions. We can just as well
describe the stahle positions in terms of 3 force
field or magnetic field as shown in Figure 10. The
equivalent magnetic field which is a function of
the strip geometry can be written as
2ax

i Oe. (1)
Motice that if the Blach lime was moved forward a
bit it would be pushed back by the magnetic field
s0 that the positions shown in Figure 10 are stable
pesitions. If the Bloch line and cresstie posi-
ticns were interchanged, they would be in unstable
positions, The value of A can be faslly measured
by applying a uniform field (dowm in Figure 10
until the Bloch line jumps to its next stable posi-
tion, The value of A is then equal te the applied
fieid.

H = A sin
L ]

In order to move the hlt to the next serration
two steps are required. First the Bloch lipe is
moved and then the crosstie. The ideal field com-
figuration for stepping the Bloch line is shownm in
Fig. 1L, Step I. Mext fields must be applled to
move the crosstie. The fields wsed for crosstie
movenent must be larger because of the greater ce-
ercive force of the crosstie, The ideal fields
for this operation are shown in Step Z of Fig. 11.
The positions of the Bloch line and croiztic shown
in Fig. 1l are stable positions to which they have
moved as a result of the applied fields. To exper-
imentally canfirrzthe validity of such an approagh
gold was plated to a thickness of about 3000 A
through a photomask and then the substrate was re-
masked and the permalloy was etched as shown inm
Fig. 12.

——

25
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Fig. 10 Equivalenc magnetic field of the seirated
strip.

The distance between scrrations was 8 pm and the
width of the strip at the necks was 15 um. The
narrow part of the plated gold conductor was & um
wide and the wide part of the conductor was 12 um
wide. A 1 mA current through the narrow-wide con-
ductor corresponds to about | O applied Field in
the marrow section and 0.5 Oc in the wide section,
The gold is thin enough 30 that the crosstie and
Bloch line can be seen through the gold using a
Bitter solution. Im addition te the currents
through the narrow-wide conductor a coil was used
so that by superimposing the uriform coil Ffietd
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Fig. 11 Ildeal stepping fields for the Blech line

and crosstie.

Fig. 12 Serrated strips with pnarrow-wide plated
conductors,

and the spatially wvarying fiecld the idealized
fields shown in Fig, 1l could pe simulated, Prop-
agation resulted as expected, A 20 mA current was
needed in the narrow-wide conductor to provide suf-
ficient field for crosstie movement. The field
difference resuiting from the 20 mA currest was
ahout 10 Qe at adjacent serrations. The parrow-
wide field can be approxipated hy a sipusoidal
field given by the equation

Hg = B + Bf3 =in nxft where (2]
in the experiment described B was egqual te 415 Oe
for crosstie movement and +4.5 0o for Blech line
movemont. The field dus to the coil was constant
wWwith respect to distance along the serrated strip
and can he described by the equation

H, = L. (3)
The four phases used to propagate one shift register
period (two serrations) are shown in Fig. 13 for A
strip having the dimensions shown in Filg. 12, The
plors show the fields, H , seen by the Bloch lipe
and crosstle as a functi of distance along the
strip where
i4)

T

H =!I=*HE*HC

In gach of the four phases the values of B and C
change hut the value of A remains the same and it

is taken to equal the field H_ which is the negative
uniform field required to move the Bloch lime along
the serrated <trip. It is thus a neasure of the
depth of the potential well in which the Bloch line
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mrasured negat bve nucleatibn Field using a uniform
field. The applied filelds H # H_ should mot
cxceed H- or crossties and Bfoch Tines can be
generated where "zerss” are supposed to be, Hp is
the positive uniform field required to move a H10ch
iine from its potential well and H_ is the field
needed to generate a new crosstie-Bloch line pair.
H™ is the unsform ficld required to annihilate
Bloch lines and crossties in the serrated strip.

The fields« of phases 1 and 3 are ldentical
cxcept that they are displaced by one serration
length, The same is true of phases 2 and 4. In
rhuse | the Bloch line moves to its stable posicion
as shown and cannot move beyvomd that point. In
phase ! the Bloch line is trapped again and cannot
move back toward the crosstie because of the local
negative fiold between them., Thus the crosstie is
forced to move,

The narrow-wide gold steip used in the above
experiment demonstrated the validity of the fleld
propagation technigue. However it is not the only
method that can be uted. For example, the wide
part of the narrow-wide conductor can he ¢liminaved
conpletely so that the current must go through the
permalloy. [oss carrent is then needed through
the strip but the resistance of the strip inCreazes
considerably and for strips about 256 bits long the
valtages are high enough to disspciate the water in
the Eitter solutbon and corrode the permalloy.
Howeyver 0 hydrocarbon based Bitter solution can be
wsed im this ca.e.

The most efficient method of applying the
required Fields womld result if the currenat could
e forced to go abowe the strip on one serratiom,
undér the strip on the next and <o on as shown in
(an of Fig. 14. MHere the hatched areas represent
an oxidized or insulating region in the film below
the permalloy. An nlrernative method 15 shown in

Fig. 14 [hy. ‘The thickness of the Films are
: 2 ' :
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Fig- Resultant fields due to the serrated strip

and applied fields.

Ereatly exaggerated to show the concept in the
drawing. Another method of ohtaining the over and
under current is showm kn Fig. 14 {c), Here a

metal film about 400 § thick underlies the pernalloy
with another metal film about 4000 & thick above

the pernalloy on every other serratiom., |f the
metal films are about 1D times more conductive than

I
PFERMALLOY
leb

Fig. 14 Methods of obtaining over and under current
paths.

the permalloy most of the current will pass below
or above the permalloy as desired. The techniques
described in Fig. 14 will allow the use of currents
of about 5 mA instead of the 20 mA used in the
narrow-wide comductor case. The currents in the
coil or stripline will also be smaller to achieve
the same propagation Fields as shewn in Fig. 13,

I1X. Geperatiom

Referring to Figure 12, it can be seen that the
serrated strip terminates om one end in an arrow-
head and on the other end ip a tail. Propagation
cvan he effected in either directiom, but the better
tochnique is to propagate from tail to head hecause
the large pulse required for annihilation is then
in the same direction as the field used to set the
wall in the serrated stvip initially. Therefore,
the information should be entered at the rall of
the strip, A crosstie forms where the wall termi-
nates on the tall and a Bloch line occurs néxt to
it. A locsl conductor is meeded at this lecation
to push the Bloch line into the next potential well
in case a "one" is desired or to prevemt such Bloch
line morion in case a "zero" is desired. Once the
Bloch line enters the next potential well, the prop-
agation conductor takes over and steps a "one™ along.

%, Detection

The cquation wqich describes the -agnﬁuruist.-
once effect in permzlloy films is given as

R=R,+1/248Rcos 2 [5)
where R = 1/2 (Ry+ Ry AR = Ry- R, and ¢ is the
amaller angle hetween the current ﬁlractim and the
nignetization, When the current i3 parallel to the
nagnetization, M, Hgls measured. When the current
is perpendicular_to M, Hiis measured, In permalloy
Films about 350 A thick Ryls 2% te 3% larger than Ry
It can be shown that the rate of change of R with
respect 1o 4 l: a maximum when ¢ = 45°. Therefare,
a sensitive sensor would be configured with the
current at 45° with respect to the nominal magnet-
ization direction.

Referring to Figure 15, the method of detection
ts illustrated, The currents used for propagation
are also used for detection. The current at the
end of the narrow-wide conductor enters the perm-
alloy and spreads out at about 45° into the aext
plated gold segment where it becomes confined again
50 that it can spread out again through the pern-
alloy. The arrows indicare the direction of the
mignetization when a positive or negative wall is
present at the detector. The positive Néel wall
corresponds to a "zero™ and in this case the current



Fig. 15 Bit stretching detector.

through the permalloy is nearly perpendicular to
the magnetization so the resistance of the perm-
alloy is low. The negative Neéel wall corresponds
to a "one” and in this case the current through the
pertalloy is nearly parallel to the magnetization
s0 the resistance of the permalloy iz high. The
change in resistance for each segmeént iz about 0.1
m\ for a 5 mA current and the total signal 15 the
numher of segments times 0,1 mv.

As the figure makes clear the bit is stretched
in the detector area. This is accomplished by pro-
viding smaller potential wells for the Bloch line
in the detector area. Also the curremt while in
the gold segments provides amagnetic field which
drives the Bloch line along the wall, The bit
stretching does take time however, because the
eurrent moving the Blech line must persist until
the Bloch line traverses the detector, Some com-
pronise can be made between shift rave amd detector
output if a fignal larger than 0.1 =V is needed or
desirable.

XI. Permalloy on Silicon

Experiments indicate that Permalloy can be
satisfactorily deposited on semiconductor grade
silicon., To produce films with rero pagnetostric-
tion the irom contemt of the Ni-Fe source must be
increased by 0.6% compared with the B82.8% Mi-17.2%
Fe source nommally used for glass substrates. By
fabricating the crosstie memory on silicon chips
or wafers the amplifiers for the detectors can he
fabricated en the spat so that most likely only a
fraction of a millivelt will be required at the
detector output. Also, the drive electronics and
decoding can be integrated so that the memory will
appear to the user as a convenient semiconductor
memory except that it will also be noavolatile,
The integration of the memory with a microprocessor
ls also an attractive possibility.

To be ecomomically attractive, it appears neces-
sary to provide circuitry om the silicon chip so
that several shift registers can share a commaon
sense amplifier and a common driver,

XIT. Features of The Crosstie Memory

The crosstie memory has the following features:
It has the pigh.speci of 020 M bl‘[ﬁ:;g-oh highzblt
density <10 =10 birs/in~ (1.5-15x10 biesfem™), it
is nonvolatile, it requires lietle power, N exter-
nal bias Ffields or colls are needed, it has silicon
wafer compatability, no single crystal magnetic
material is required, it has a temperature range
from -50 *o 100°C, and it uses present thin filn
technology .
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The advanced mass memorles now emerging and being
developed which wore originally concelved as "gap
filler" technologies will probably find their
greatest market in microcomputer-based systems,
Such systems are particularly important in avionics,
The EBAM memories on the other hand are expected to
find their place in land-based, large storage situa-
tions. As microcomputer-based systems becone pore
powerful , nonvolatility will become increasingly
important. A fast high demsity, nopvolatile memory
which is integrable with silicon technalogy appears
very desirable for future systems.
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