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TITLE OF THE INVENTION
SEMICONDUCTOR MEMORY HAVING AN OVERLAID BU%/84;§CTURE
_BACKGROUND OF THE INVENTION
The present invention relates to a semiconductor
memory having an overlaid bus structure and a control
circuit for the same.

Recent demands for reduction in the-number of

. parts of apparatuses associated with a trend toward

 portable apparatuses, reduction in power consumption,

and higher spéed and expanded bit widths for improved
data transfer efficiency have resulted in an increased
need for the sé—called memories combined wiﬁh logic
ﬁherein memories of various capacities and configura-
tions are combined with logic systems performing
various kinds of data processing into a single IC chip.

In most cases, a bus for exchanging data between a

- memory portion and a logic portion has a constant width,

e.g., 64 or 128 bits. In order to satisfy various
requirements of such systems mixed with a logic portion
or the like; it is desirable that a memory portion is
configured to have a data bus width which remains
unchanged irrespective'of changes in an address
configuration or memory capacity.

ih order to satisfy such a need, memory systems
having an overlaid 5us structure have been proposed.

FIG. 16 shows a circuit configuratioﬁ of memory

cell arrays of a memory system having an overlaid bus
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structure and a peripheral portion of the same. FIG. 16
focuses on three memory cell arrays among a plurality
of memory cell arrays which constitute a memory system.
The memory system shown in FIG. 16 employs a shared
sense amplifier system in which a sense amplifier is
shared by memory cells in adjoining memory cell arrays.
The memory systém is formed by memory cell arrays
MCAi-1, MCAi, and MCAi+l, data line pairs DATAO through |
DATA255 shared by the memory cell arrays, sense

amplifiers S/A and S/Al through S/A4, column switches

.CSW, CSW1, and CSW2, and a decoder circuit DEC. Each

memory cell array has 256 lines and 1024 columns and
has 1024 bit line pairs and 256 word lines which are
not shown. FIG. 16 shows only bit lines pairs BL and

BL1 through BL4. The sense amplifiers S§/A and S/Al

'thrqugh S/A4 are shared by adjoining memory cell arrays.

For example, the sense amplifier S/Al is shared by the
memory cell arrays MCAi and MCAi-1, and the sense
amplifier S/A2 is shared by the memory cell arrays MCAi
and MCAi+l.

éLl through BL4 of the memory cell arfay MCAi are
connected to sense amplifiers S/Al through S/A4,
respectively. The sense amplifiers S/Al and S/A3 are
connected to the data line pair DATAQ thfough the
columns switch CSW1l, and the Sense amplifiers S/A2 and
S/A4 are connected to the data line pair DATAO through

the column switch CSW2. Therefore, the four sense



rot at abl e magnetic recording nedia, such as thin film 5 magneti c

i sks. The invention has particular applicability to a high
density magnetic recordi ng nmedi um whi ch exhibits high coercivity
and coerciVvity squareness at arelatively low Mt.

Background Art 10 - Thin filn1nagneti§ recordi ng di sks and di sk
drives are conventionally enployed far storing | arge anounts of
data in magneti zable form Data are wwitten onto and read froma

rapidly rotating recardi ng di sk by nea
amplifiers S/Al through S/A4 of the memory cell array

MCAl can be connected to the pair of data lines DATAQ.
That is, each memory cell array has a common data line
pair for every four bit lines. Although not shown,

5 since a memory cell array has 1024 bit line pairs,
there are 1024/4 = 256 pairs of data lines DATA. The
operation of this memory system will be described below
with reference to an example wherein data on the memory
cell array MCAi are read on the data line pairs DATAQ

10 through DATA255.

Accordihg to a row address, the decoder circuit
DEC selects one word line of the desired memory cell
array MCAi. The data on the bit line pairs BL1 through
BL4 designated by the selected word line are trans-

15 mitted to the sense amplifiers S/Al through S/A4 to
activate MCAi. Further, when the sense operation of the
sense amplifiers.S/Alithrough S/A4 is complete, the

decoder circuit DEC controls turning on/off of the
column switches CSW1 and CSW2 according to a column

20 address to transmit.the data sensed and held by one of
the sense amplifiers S/Al through S/A4 to the data line
pair DATAO. Thus, the data in the memory cell selected
according to the column address on the word line
selected according to the row address are transmitted

25 to the data line pair DATAO. .Since data are similarly
transmitted to the data line pairs DATAl through

DATA255, data are transmitted to 256 pairs of data



a nabnetic head transducer assenbly that flies closely 15 over the

surface of the disk. The escal ating requi rements for high
areal recording density and increasingly smaller disk drives inpose
i ncreasingly demandi ng requirenments on thin filmnmagnetic recording
media in terns of coercivity, remanence coercivity 20 squar eness,

| ow medi um noi se and narrow track recording 4 - per f or mance.

Consi derabl e effort has been spent in recent years to produce
magneti c recordi ng nedia havin hi gher recording densities and
satisfying such deingslii total. requirenents, particularly for

| ongi tudi nal recording. 25 A conventional |ongitudinal recording
mediumi s FIG. 17 shows a configuration of a memory system

with a data bus having a width of 128 1I/0 as an example
of a memory system utilizing the above-described
5 overlaid structute.
The memory system is formed by.two blocks 1701 and
1702 which are each formed by sixteen memory cell
arrays MCAQO through MCA1l5 and MCAl6 through MCA31l,
respectively. Each of the memory cell arrays has 256
10 Yows aﬁd 1024 columns, which means that the total
capacity of the memory system is 8 megabit.
| There are groups of data lines 1704 and 1705 each
consisting of 256 data lines which can be connected to
the memory cell arrays MCAO through MCA1l5 and MCA16
15 through MCA31, respectively, in the direction of the
bit lines of the memory cell arrays; The groups of data
lines 1704 and 1705 are connected to column decoders
1706 and 1707, respectively. A decoder circuit 1703
is provided between the blocks 1701 and 1702 and is
20 shared by those blocks to control the selection of word
lines and column switches in each of the blocks
simultaneously.
The decoder circuit 1703 selects arbitrary woxrd
lines of, for example, the memory cell afrays MCAS and
25 MCA21 according to a row address input thereto. The-
data on the selected word lines are transmitted to the

sense amplifier to be sensed (memory cell arrays MCAS
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and MCA21 are activated). Next, the decoder circuit

1703 selects the sense amplifier according to a column

address input thereto to transmit the data to the
groups of data lines 1704 and 1705. The groups of data
lines 1704 and 1705 are connected to the column |
decodérs 1706 and 1707, respectively. The column

decoders 1706 and 1707 select 64 data lines from among

the respective 256 data lines and connect them to data

buses 1708 and 1709, reépectively.

As described above, there are upper and lower data
buses of 64 I/0 ea¢h which provide an overall bus width
of 128 1/0.

The capacity of a memory system having such a
structure can be 'increased or decreased by increasing
or decreasing the number of memory cell arrays MCA.
However, this will not increase or decrease the number
of the data lines. It is therefore possible to always
maintain a constant data bus width.

A description will now be made on a case wherein
data are read from the memory cell arrays MCAl3 and
MCA29 after the data_in the memory .cell arrays.MCAS and
MCA 21 are read.

First, the data in the memory cell arrays MCA5 and
MCA2]1 are read according to the procedure described
above. Next, the decoder circuit resets and.precharges
the memory cell arrays MCA5 and MCA21 which have been

in an activated state. Then, the decoder circuit 1703



typically an alum num (Al)-alloy, such as an al um num magnesi um
(Al-My)-alloy, plated with a | ayer of anorphous ni ckel - phosphor ous
(NiP). Alternative substrates include glass and gl ass-ceramc
materials and graphites. 5 Substrate 10 typically contai.ns
sequentially deposited thereon a chromum (Cr) or Cr-alloy

underl ayer 11, a cobalt (Co)-base-al Iy magnetic |ayer 12, a
protective carbon overcoat 13 and a“l ubricant topcoat 14. -Cr
under| ayer 11, Co-base alloy nagnetic |ayer 12 and 10 protective carbon
overcoat 13 are t?%l%%#$yaaééb§ﬁfﬁdwbyd ines ofphecMeRgrie Sfdilgdasrays

conventional Al-alloy_ substrate .is_grovided with a Ni.P plating,
primarily to i ncr¥GAL3+and MCA29 according to a row address input

thereto. The data on the selected word lines are
transmitted to the sense amplifier to be sensed (memory

5 cell arrays MCAl3 and MCA29 are activated). Nekt, the
decoder circuit 1703 selects the sense amplifier
according to a column address input thereto to transmit
the data to the groups of data lines 1704 and 1705.

The data on the groups of data lines 1704 and 1705

10 are input to the column decoders 1706 and 1707,
respectively. The column decoders 1706 and 1707 select
64 data lines from among the respective 256 data lines
and connect them to data buses 1708 and 1709,
respectively.

15 | As described above, the memory cell arrays are
activated and precharged according to the row addresses
decoded by the decoder circuit 1703. Therefore, the
operation of reading the data in the different memory
cell arrays proceeds in a sequence such that the memory

20 cell arrays MCA5 and MCA21 are activated; the data are
read from the same; the memory cell arrays MCAS and
MCA21 are reset and précharged; the memory cell arrays
MCA1l3 and MCA29 are activated; and then the data are
read from the same. Thus, the operations of activating,

25 resetting and precharging a memory cell are required
each time it is read.

Further, in the above-described example, one each



hardness of the Al substrate, serving as a suitable - surface for

polishing to provide the requisite surface 15 roughness or texture,
which is substantially reproduced on the di sk surface.

In recent years, considerable effort has been expended to achi eve
hi gh areal recording density. Anong t he recogni zed significant
factors affecting recording 20 density - &re- magnetic remmnence (M),
coercivity, coercivity squareness (S*), signal/noise ratio, and
flying height, which is the distance at which a read/ wite head

fl oats above themeporyl sgldi scrayPdispractivated dpprtdvec idpaks abHl bvand

i ncreased areal recording _density L .
1702 simultaneously. However, it is possible to

‘activate a élurality of memory cell arrays simultane-
ously by adjusting the numbers of bits of addresses
5 input to a word line selection poftion and a column

switch selection portion (which are not shown) in the
decoder circuit 1703. For example, if one of the bits
of an input row address is used for controlling a
column switch along with a column address instead of

10 being used for selecting a word line, two memory cell
arrays are activated in each of the blocks 1701 and
1702. In this case, the memory cell arrays MCAO, MCAS8,
MCAal6, and MCA24 are activated simultaneously and,
similarly, the memory cell arrays MCAS5, MCAl1l3, MCA21,

15 and MCA29 are activated simultaneously.

Thus, when two memory cell arrays are simultane-

ously activated in each of the blocks 1701 and 1702,
the operation of reading the data in the memory cell
arrays MCAl3 and MCA29 after reading the data in the

20 -memory cell arrays MCAS5 and MCA21 as described above
proceeds in a sequence such that the memory-éell arrays
MCAS, MCAl3, MCA21,-and MCA29 are activated; data are
read from the memory cell arrays MCAS and MCAl3 are
read; and then data are read from the memory cell

25 arrays MCAl1l3 and MCA29. Thus, the resetting and
precharging of the memory cells can be omitted.

Even in such a case, however, there are



25 for longitudinal recording involve the use of dual

fmagnetic |l ayers separated by a non-magnetic layer as in Teng et
al., US Patent No. 5,462,796, and the use of a gradi ent magnetic
| ayer interposed between two magnetic | ayers as in Lal et al., US.
Patent No. 5,432,012. 30 The achi evenent of a magnetic recording
medi um having an areal density of-2 igabits (G)/in[err] on a
prototype 3.5 inch dianeter hard disk drive was reportedly
attributed to devel opnents in nmagnetic head, recordi ng nmedi um

posi ti oni ng and gxpddteomuigesticonigmations evhmwnegescel Fuaanays bhasl .
"l nvestigation of 2 Go/in[err] Magnetic Recording at a Track

Density of 17 kTman be activated simultaneously, and the activation,
resetting, and precharging are required for an
operation of reading data from memory cell arrays which

5 are not activated simultaneously (e.g., MCAS5, MCA21 and
MCA3 and MCAl9). |
As described above, in a conventional memory
system of the overlaid type, memory cell arrays must be
activated, reset, and precharged when data are read
‘10 therefrom, which has placed a limit on efforts for
increasing the speed of data reading operations.
BRIEF SUMMARY OF THE INVENTION
It is an object of the present invention to
provide an overlaid type memory system in which any
15 reduction in the speed of reading from different memory
cell arrays associated with activation, resetting, énd
precharging of the same is avoided by activating each
of the memory cell arrays independently of other-memory
cell arrays and by maintaining each of the memory cell
20 arrays in an activated state.
The object of the present invention is achieved by
the cénfigurations described below.
- According to a first aspect of the present
invention, there is provided a semiconductor memory
25 comprising: |
a plurality of memory'cell arrays including a

plurality of memory cells;
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a plurality of sense amplifiers;

a plurality of data lines connected to the
plurality of sense amplifiers; and

a plurality of array control portions differently
provided in association with each of the plurality of

memory cell arrays for transmitting data in any of the .

memory cells of the memory cell arrays to the sense

amplifiers and for transmitting data in any of the
sense amplifiers to the data lines.

According to a second aspect of the present
invention, there is provided a semiconductor memory
comprising:

a first memory cell array having a first bit line
pair;

a second memory cell array having a second bit
line pair and a third bit line pair;

a third memory cell array having a fourth bit line
pair; |

a first sense amplifier disposed between the first
and second memory cell arrays;

a second sense amplifier disposed between the
second and third memory cell arrays;

a first array selection switch for controlling
connection between the first bit line pair and the
first sense amplifier;

a second array selection switch for controlling

connection between the second bit line pair and the



1991, pp. 5280-5285. The magnetic recordi ng nmedi um reported by
Futanoto et al. conprises a glass substrate, and sequentially
formed thereon a chrom um underlayer, a 5 first magnetic |ayer
conprising cobalt, chrom um pl ati num and silicon, which is
magnetically isotropic with |ower saturation magnetization (M),
a second magnetical |y isotropic“cobﬁ]t Fayer containing chrom um
and plati num deposited on the first magnetic layer with 10 hi gher Ms, and
a carbon overcoat . The goal of achieving .a rigid disk
magnet i c figsdr densaanrifigtng an areal recording density of

about 10 Go/in[err], however, has remajned elusive. It has .
_ a third array selection switch for controlling

connection between the third bit line pair and the
second sense amplifier;

5 a fourth array selection switch for controlling
connection between the fourth bit line pair and the
second sense amplifier;

_ é pair of data lines shared by the first, second,
and third memory cell arrays;

10 a first column switch for controlling connection
between the first sense amplifier and the pair of data
lines;

a second column switch for controlling connection
between the second sense amplifier and the pair of data

15 lines;

a first afray control portion provided in
association with the first memory cell array for
controlling the turning on/off of the first array
selection switch and the first column switch;-.

20 a second array control portion provided in
association with'the_second memory cell array for
controlling the turning on/off of the secoﬁd and third
array selection switches and the first and second
column switches; and

25 a third array control portion provided in
association with the third memory cell.array for

controlling the turning on/off of the fourth array



been reported that informed speculation with respect to 15 advances in

rRedi a technology is required to achieve the goal of 10 Gb/in[err]
recordi ng density. Mirdock "Roadnap for 10 Goit/in[err] Media:
Chal | enges, " | EEE Transactions on Magnetics, Vol. 28, No. 5,

Sept enber 1992, pp. 3078-3083. The concl usi on expressed by Mirdock
I's that revolutionary 20 | mpr ovenents wH I7 kel y be required.

Al t hough several - candi date nedi a systens in existence show proni se,
it was -concl uded that nmuch work remains before they can be
practical . selectiqy fWhigheaand ¢%®e$e%%ﬂ¢a¢%}ﬁmal§UlgF§closed by 25

Kodama, Japanese Patent 5-114128 and Tsubgi, Japanese
According to a third aspect of the present

invention, there is provided a semiconductor memory
comprising:
5 three or more memory cell arrays having different
" bank addresses; -
a plurality of data lines connected to each of the
three or more memory cell arrays;
an array control portion provided in association
10 with each of the three or more memory cell arrays; and
a supply méans for supplying array control signals
for controlling the memory cell arrays to the array
control portions, each of the plurality of array
control portions transmitting data on an arbitrary word

15 . line of the memory cell array associated with an array
control signal supplied by the supply means to a sense
amplifier, transmitting arbitrary data in the sense
amplifier to the data lines thereafter, and precharging
the sense amplifier thereafter.

20 According to a fourth aspect of the present
invention, there is provided a semiconducﬁor memory
comprising: .

two or more blocks including three or more memory
cell arrays having different bank addresses, a

.25 plurality of data lines connected to each of the three

or more memory cell arrays, and an array control

portion provided in association with each of the three



Pateht 5-109041, wherein the magnetic | ayers exhibit di fferent

coercivities. Dual |ayer magnetic recording medi um are al so

di scl osed by Mrita et al., U S. Patent 4,642,270, Chezel et al.
U.S. Patent No. 3,508,887, 30 Eggenberger et al., U S. Patent No.
3,047,423 and Nakashima et al., U S._ Patent No. 4,622,273, the

| atter directed to a recording nemlﬂﬂ3or‘perpendicular

magneti zati on. Accordingly, there exists a need for a
magneti c 35 recordi ng nmedi um having an areal recording density in

excess of 2 Gb/iffemdre MeMPEE gLk mroayGo/anderr] range,

a supply means for supplying array control signals
for controlling the memory cell arrays to the array
control_portions, each of the array control portions

S5 transmitting data on an arbitrary word line of the
memory cell array associated with an array control
signal supplied by the supply means to a sense
amplifier, transmitting arbitrary data in the sense
amplifier to the data lines thereafter, and precharging

10 the sense amplifier thereafter.

According to a fifth aspect of the present
invention, there is provided a semiconductor memory
comprising:

two or more first blocks including three or more

15 memory cell arrays having different bank addresses and
a plurality of data lines connected to each of the
three or more memory cell arrays;

two or more second blocks including an array
control portion provided in association the two or more

20 first blocks and two or more memory cell arrays having
tﬁe same bank address as the two or ﬁore first banks;
and |

a supply means for supplying an array control
signal for controlling the memory cell arrays to the

25 array control portions, each of the array control
portions transmitting data on an arbitrary word line

of the memory cell array associated with an array
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control signal supplied by the supply means to a sense
amplifier, transmitting arbitrary data in the sense
amplifier to the data lines thereafter, and precharging
the sense amplifier thereafter.

According to a sixth aspect of the present
invention, there is provided a semiconductor memory
comprising:

two or more first blocks including three or more
memory cell arrays having different bank addresses and
a plurality of data lines connected to each of the
three or more memory cell arrays;

at least a second block including an array
control portion provided in association with the two or
more first blocks and each of two or more memory cell
arrays having the same bank address as the two or more
first blocks and a supply means for supplying an array
control signal for controlling the memory cell arrays
to the array control portions, each of the array
control portions transmitting data on an arbitrary word
line of the memory cell array associated with an array
control signal supplied by the supply means to a sense
amplifier, transmitting arbitrary data in the sense
amplifier to the data lines thereafter, and precharging
the sense amplifier thereafter.

Additional object and advantages of the invention
will be set forth in the description which follows, and

in part will be obvious from the description, or may be



(nagﬁetic remanence x thickness), which can be enpl oyed for hard

di sk drives using GWR (gi ant magnetoresi stance) 5 heads.

Di scl osure of the Invention An obj ect of the present invention
is a magnetic recording medium exhibiting a high area

recordi ng density, high coercivity and coercivity squareness, and
10 alow Mt. A further obj%ect-of the present invention
is a magneti ¢ recordi ng medi um having an areal density of

learned by practice of the invention. The object and
- advantages of the invention may be realized and
obtained.by means of the instrumentalities and
combinations particularly pointed out in the appended

5 claims. _

BRIEF DESCRIPTION.OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently preferred embodiments of the

10 invention, and together with the general description
given above and the detailed description of the
preferred embodiﬁents given below, serve to explain the
principles of the invention.

FIG. 1 illustrates a basic configuration around

15 memory cell arrays of a semiconductor memory according
to the present invention;

FIG. 2 illustrates a circuit configuration of
an array control porﬁion of a semiconductor memory
according to the present invention;

20 FIGS. 3A and 3B illustrate circuit configurations
of the array selection decoder of the array control
portion shown in FIG. 2;

FIGS. 4A through 4D illustrate circuit configura-
tions of the word line deéoder of the array control

25 portion shown in FIG. 2;

FIGS. 5A through 5C illustrate circuit configufa-

tions of the word lihe column switch selection control



aboui 3 to about. 20 Gb/in[err], high coercivity and

coercivity squareness, and a low Mt. 15 Addi ti onal objects and
other features of the invention will be set forth in part in the
description which follows and in part will becone apparent to those
having ordinary skill in the art upon exam nation of the fol |l ow ng
or may be learned fromthe practice of thhe 26 - invention. The objects
and advant ages.of the invention may be realized and obtai ned as
particul arly pointed out in the appended cl ai ns.

Accordi ng to-the BREsER 9hvidhe i arcay eonbrehdpergt ion showgndnofFfer 8bj ects

are achieved in part qy a magnetic . L . ]
IG. 6 illustrates a circuit configuration around

memory cell arrays of a semiconductor memory according
to the present invention;

5 FIG. 7 illustrates a configuration of a memory
system according to a first embodiment of the present
invention{

FIG. 8 illustrates é configuration of a memory
system according to a second embodiment of the present

10 invention;

FIG. 9 illustrates a configuration of a memory
system according to a third embodiment of the present
invention;

FIG. 10 illustrates a configuration of a memory

15 system according td a fourth embodiment 6f the present
invention;

FIG. 11 illustrates a configuration of a memory
system according to a fifth embodiment of the present
invention;

20 FIG. 12 illustrates a configuration of a memory
system according to a sixth embodiment of'the present
invention; |

FIG. 13 illustrates a configuration of a memory
system according to a seventh embodiment of the present

25 invention;

FIG. 14 illustrates an example of timing at which

a memory system according to the present invention is



25 recordi ng nmedi um conprising: a non-magnetic substrate; a

& or Cr-alloy underlayer fornmed on the substrate; and a plurality’
of magnetic | ayers sequentially fornmed on the Cr or Cr-alloy

under| ayer; wherein, the magnetic recordi ng nmedi um has an areal
density of about 3 to about 30 20 Gb/inferr] and exhibits an Mt of
about 0.30 to about 0.60 . nenu/cnferrHG. = Anot her aspect
of the present invention is a ~ magnetic recordi ng medi um conpri si ng:
a non-magnetic substrate; a C or Cr-alloy underlayer formed on the
35 subst r at @pexaftieds tasympimanousdptsr, which is magnetically

FIG. 15 illustrateé a configuration of a memory
system according to an eighth embodiment of the present
invention;

5 FIG. 16 illustrates a basic configuration around
memory cell arrays of a conventional semiconductor
memory; and

FIG. 17 illustrates a configuration of a conven-
tional memory system.

10 | DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates a circuit configuration of
memory cell arrays and of a memory system of a
semiconductor memory according to the present invention
and a peripheral portion of the same. FIG. 1 focuses on

15 three memory cell arrays among a plurality of memory
cell arrays which constitute the memory system. The
memory system shown in FIG. 1 employs a shared sense
amplifier system in which a sense amplifier is shared
by memory cells in adjbining memory cell arrays.

20 This memory system is formed by memory cell arrays
MCAi-1, MCAi, and MCAi+l, array control portions'
CTRLi-1, CTRLi, and CTRLi+l provided at respective
memory cell arrays, 256 data line pairs DATAO through
DATA255 shared by the memoxry cell arrays, array

25 selection switches ASW and ASW1 through ASW4, sense
amplifiers S/A and S/Al through S/A4, and column

switches CSW, CSW1l, and CSW2. Each of the memory cell



WO 97/ 34295

PCT/ US96/ 20157

5 ani sotropic, formed on the O or Cr-alloy underlayer; and
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arrays MCAi, MCAi-1, and MCAi+l1l has 1024 bit line pairs
and 256 word lines. FIG. 1 shows only bit lines pairs
BL and BL1 through BL4. The sense amplifiers S/A and
S/Al through S/A4 are shared by adjoininé memory cell
arrays. For example, the sense amplifiers S/Al and S/A3
are shared by the memory cell arrays MCAi and MCAi-1,
and the sense amplifiers S/A2 and S/A4 are shared by
the memory cell arrays MCAi and MCAi+1.

The bit line pairs BL1l through BL4 of the memory
cell array MCAi are respectively connected to sense
amplifiers S/Al through S/A4 via the array selection
switches ASW1l through ASW4. The sense amplifiers S/Al
and S/A3 are connected to the data line pair DATAQ
through the columns switch CSWl, and the sense amplifi-
ers 5/A2 and S/A4 are connected to the data line pair
DATAQ through the column switch CSW2. Therefore, the
four sense amplifiers S/Al through S/A4 of the memory
cell array MCAl can be connected to the pair of data
lines DATAO. That is, each memory,bell array has a
common data line pair for every four bit lines.
Although not shohn; since a memory cell arfay has
1024 bit line pairs, theré are 1024/4 = 256 pairs of

data lines DATA. This system is different from the

- memory system shown in FIG. 16 in that an array control

portion is provided for each of the memory cell arrays
and in that the bit lines are connected to the sense

amplifiers through the array selection switches. The



formed directly on the first magnetic | ayer; wherein, the magneti c
rrecordi ng nmedi um has an areal recording density 5 of about 3 to about
20 Gb/in[err] and exhibits an Mt of about 0.30 to about 0.60
menu/cnferr]. A further aspect of the present inventionis a
magneti c recordi ng medi um conpri si ng: a non-magnetic substrate; a
Cr or Cr-alloy underlayer formed on the 0. 18 sobstrate; a first magnetic
| ayer conprising a cobalt- base al |l oy contai ning chrom um and
tantal um which is : magnetical ly anisotropic, fornmed on the C or
Cr-al | oy qpeiatiprerof divl s menaTKl SKEfIRN |vc1-13aylé¢ ¢eppribedgbglow

cobal t-base all oy containing chrom um platinumand
with reference to an example whereln data on the memory

cell array MCAi are read on the data line pairs DATAO
through DATA255.

5 ' It is determined whether the memory cell array can
be activated or not from a bank address included in an
array control signal and signals BZi-1 and BZi+l
transmitted by the array control portions CTRLi-1 and
CTRLi+l1 of the adjacent memory cell arrays MCAi-1 and

10 MCAi+l indicating whether or not the respective memory
cell arrays have been activated. Specifically, the
memory cell array MCAi can be activated if the bank
address included in the array control signal goincides
with the bank address of the memory cell array MCAi and

15 the memory cell arrays MCAi-1 and MCAi+l1 have not been
activated. If it is determined that the memory cell
array MCAi can be activated, the array control portion
CTRLi selects an arbitrary word line of the memory cell
array MCAi. Further, when this word line is suffi-

20 ciently boosted, the array contiol portion CTRLi
transmits a signal SENi for turning the array selection
switches ASW1 through ASW4 on. Upon receipt of the
signal SENi, the array selection switches ASW1 through
ASW4 perform such that the bit line pairs BL1 through

25 BL4 of the memory cell array MCAi are connected to the
sense amplifiers S/Al through S/A4. The data on the bit

line pairs BL1l, BL2, BL3, and BL4 designated by the



<

15 tantalum ~which.is magnetically isotropic, forned

directly on the first nmagnetic |ayer; wherein the magneti c
recordi ng medi um has an areal recording density of about 3 to about
20 Gob/in[err] and exhibits an Mt of about 0.30 to about 0.60
menu/cnferr]. 20 A further aspect of the present inventionis a
magneti c recordi ng nedi um conpri si ng: a no¥ magnetic substrate; a
Cr or Cr-alloy underlayer forned on the substrate; a first magnetic
| ayer, which is magnetically anirsotropic, formed on the C or

Cr-al | oy under| aysrlecterb word lkigudrarerdgransneittgdrto vbihiehséssengnetically
| sotropic, formed directly on the first nagnetic |layer; a first

amplifiers S/Al through S/A4 to activate the memory
cell array MCAi. When the sense operation of the sense
amplifiers S/Al through S/A4 is complete, the array
5 control portion CTRLi transmits signals CSSil and CSSi2
to control the tufning on/off of the column switches
CSW1l and CSW2 and transmits the data held in one of the
sense amplifiers S/Al through S/A4 to the data line
pair DATAO. Thus, the data on the selected bit lines on
10 the selected word line are transferred to the data line
pair DATAO at specified timing. Since data are
similarly transmitted to the data line pairs DATAl
through DATA255, data are transmitted to 256 data line
pairs in total. When a plurality of memory cell arrays
‘15 are activated simultaneously, again, the data held in
only one of the sense amplifiers S/A are transmitted to
a data line pair through control over fhe turning
on/off of a column switch;
Next, FIG. 2 illustrates a circuit configuration
20 of the array control portion CTRLi.
The array control portion CTRLi is formed by
an array selection decoder 201, a word line control
portion 202, a sense control portion 203, a word line
decoder 204, and a column switch selection control
25 portion 205. An array control signal is a signal which
is commonly supplied to all array control portions and

which includes a bank address, a row address, a column



chrom umor chromumalloy internediate |ayer formed on

t he second

ragnetic |layer; a third magnetic |ayer, which IS magnetically

ani sotropic, fornmed on the first 30 intermedi ate |ayer; and a fourth
magnetic | ayer, which is magnetically isotropic, formed directly on
the third magnetic | ayer; wherein the_magnetic recordi ng nedi um has

an areal recording density of about 3 to-abodf 20 Gb/in[err]

exhibits an Mt of about 0.30 to about 0.60 nmemu/cnferr].

and

address, and various timing signals. Upon receipt of

all or part of the bank addresses included in an array

control signal, the arréy selection decoder 201

determines whether the relevant memory cell array can

5 be selected or not and, if yes, transmits a signal BNKi

to the word 1line control portion 202 and the sense

control portion 203 at timing which allows the memory

cell array to be activated. In response to the signal

BNKi, the word line control portion 202 transmits a-

10 signal BZi indicating the relevant memory cell array

has been activated to the array control portions of the

two memory cell arrays adjacent thereto and transmits

signals /RDPRC (“/” symbolizes an inverted signal) and

RDACT to the word line decoder 204 for controlling the

15. word line decoder. On the other hand, in response to

the signal BNKi, the sense control portion 203

transmits a signal CENBi to the column switch selection

control portion 205 after a period required for the

word line the selected word line to be completely

20 activated after the transmission of the signals /RDPRC

and RDACT by the word line decoder 204 to indicate that

data are now ready for transfer out of the cell array

and also transmits a signal SEN or BEQ to the sense

amplifier to control equalization of the sense

25 amplifier and the bit line. Signals for controlling the

operational sequence are exchanged between the word

line control portion 202 and the sense control portion
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Anot her aspect of the present invention is a

magneti ¢ recordi ng medi um conpri si ng: a non-magnetic substrat e;
Cr or Cr-alloy underlayer forned on the substrate; a first magnetic
| ayer, which is magnetically 5 ani sotropic, formed on the Cr or
Cr-all oy underl ayer; a - 21 -

10

15

20

25

203. The word line decoder 204 decodes a row address
upon receipt of. the signals /RDPRC and RDACT and
transmits a signal for selecting an arbitrary word line.
The column switch selection control portion 205
receives a bank address and a signal CEBi transmitted
by the sense control portion 203 and, if the relevant
memory cell array has been selected and is in a state
wherein data are held in the sense amplifier, i.e.,

the so-called activated state, it decodes a column
address at timing for switching the column switches and
transmits signals to turn the column switches on and
off.

FIG. 3A shows the array selection decoder 201 in
detail. BO through B3 are 4-bit bank addresses and are
paired with respective inverted signals /B0 through /B3,
and either of them is input to a NAND gate 30la.
Therefore, there are sixteen patterns of input to the
NAND date 301a, which means that sixteen bank addresses
can be decoded. Specifically, the input signals to the
NAND gate 30la of the array control portion associated
with the memory cell array having the bank address
corresponding to an externally supplied bank address
are all “H“, and the NAND gates 30la transmit “L”. If
the signals BZi+l and BZi-1 are both “L”, a NOR gate
302a becomes “H”, and a signal Matchi rises. The
signals Bzi+l and BZi-1 are signals transmitted by the

adjacent memory cell arrays on both sides which becomes

a



second magnetic layer, which is magnetically isotropic, f or med

directly on the first nmagnetic |ayer; a first chrom um or
chromumall oy intermedi ate | ayer formed on t he second magnetic

| ayer; a third magnetic |ayer, which 10 is magnetically anisotropic,
formed' on the first Intermedi ate |ayer; a fourth nmagnetic |ayer
which is magnetically isotropic, ford@d directly on the third
magnetic | ayer; a second chrom um or chrom unmall oy i nterl ayer
formed on the fourth nmagnetic layer; a fifth 15 magnetic |ayer, which
is magnetical |y atHsotff dpie, ménormedcell arrays hédree sbeemdachiveatedi at e

| ayer; and a. sixth magnetic | ayer, which is magnetically

i sotropic, fornmedidgechs present embodiment employs the shared sense
| system wherein a sense amplifier is shared by adjoining
memory cell arrays, the array control portion CTRLi can
5 not activate the memory cell array even if the bank
address is input if either of the adjoining cell arrays
on both sides thereof has been activaﬁed. Thus, the
signal Matchi becomes “H” when the bank address of the
relevant memory cell array is input and the adjacent
10 memory cell arrays on both sides thereof have not been
activated.
A signal ACT is a signal indicating timing at
which a memory cell array included in an array control
signal is to ‘be activated. Further, a signal PRC is a
15 sighal indicating timing at which a memory cell array
included in an array control signal is put in a |
precharge state. These signals are pulse signals which
becomes “H” for a predetermined period. NANDs 303a
through 306a ferm a flipflop circuit which transmits
20 a signal BNKi which directly controls the word line
control portion 202 and the sense control portion 203.
The signal BNKi becomes “H” at the time when the signal
ACT rises with the signal Matchi at “H”. At this time,
the memory cell array starts a series of sense
25 operations. Further, the signal BNKi becomes “L” at
timing et the time when the eignal PRC rises with the

signal Matchi at “H”. AT this time, the memory cell



on the fifth magnetic |layer; wherein the nagnetic recordi ng

nedi um has an areal recording density of about 20 3 to about 20
Gb/in[err] and exhibits an Mt of about 0.30 to about 0. 60
menu/cnferr]. Addi ti onal objects and advantages of the present
i nvention wll beconme readily apparent to those skilled in this art
fromthe follow ng detailed description, =25 23 -wherei n enbodi nents of the
i nvention are descri bed, sinply by way of illustration of the
best node contenpl ated for carrying out the invention. As will be

real i zed, the inwemtaprstartspabierids hapreghiaxiye fepenations. At time

enbodi nents, and its several details are capable of .
other than the above-described two times, since the

state of the flipflop circuit formed by the NANDs 303a
through 306a is-maintained, the state of the signal
5 BNKi is also maintained.

FIG. 3A illustrates a circuit configuratioh of the
array selection decoder wherein one memory cell array
is activated at a time in a block consisting of sixteen
memory cell arrays. FIG. 3B illustrates a circuit

10 configuration of the array selection decoder wherein
two memory cell arrays are activated simultaneously.

When two memory cell arrays are activated
simultaneously in a block, two of the sixteen array
control portions are activated. Therefore, there

15 are eight patterns of input to NAND gates 301b.
Specifically, the input signals to the NAND gates 301b
of two array control portions associated with the
memory cell arrays having a bank address partially
corresponding to an externally suppliéd-bank address

20 are all “H”. Thus, with the array selection decoder
shown in FIG. 3B, two array control portions perform
activation or precharging of the memory cell arrays
associated therewith simultaneously.

FIGS. 4A through 4D illustrate the word line

25 decoder 204 in detail. FIG. 4A shows a circuit for
predecoding a word line drive signal. FIG. 4B shows

a row address signal conversion circuit. FIG. 4C shows



>

30 nodi fications in various obvious respects, all wthout

departing fromthe invention. Accordingly, the draw ngs and
description are to be regarded as illustrative in nat ure, and not
as restrictive.

- 24 -

a converted signal decoding circuit. FIG. 4D shows a
word line drive signal genefation circuit. A row
address is decoded by these four-circuifs. The
operation of these circuits will be described in detail.
5 The circuit for predecoding a word line drive
signal shown in FIG. 4A is formed by a P4channel'.
transistor 401 and N-channel transistors 402, 403, and
404 connected in series between a word line drive
voltage Vboot and a ground potential and a latch
10 circuit 405 constituted by an inverter and transmits
a word line drive signal WLDR (0;3) and an inverted
signal /WLDR (0;3) of the same.
First, when the signal /RDPRC is “L”, the
transistor 401 is turned on, and the connection point
15 between the transistors 401 and 402 is precharged. Next,
when this signal becomes “H” to turn the transistor 401
off, the transistor 404 is turned on at the time when
the signal RDACT whiqh is subjected to transition in
the form of a pulse becomes “H” to decode row addresses
20 RAO and RAl. The decoded row addresses RAQ0 and RA1l are
transmitted after being_converted into the Qord line
drive signal WLDR (0;3) and the inverted signal /WLDR
(0;3) of the same. RAO and RAl are two bits of a row
address. RAO and RAl are paired with inverted signals
25 /RA0 and /RAl, respectively, and either of them is
input to each of the N-channel transistors 402 and 403.

Further, the signal RDACT is a signal which is “H” in
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7 Brief Description of Draw ngs Fig. 1 schematically
depicts a conventional nagnetic recordi ng medi um structure.

Fig. 2 schematically depicts a nagnetic recording 5 medi umin
accordance with an enbodi nent of the present I-nventi on.

Fig. 3 schematically depicts a magnetic Tec@dding medi um in
accordance wi th anot her enbodi ment- of the present invention.

the period when the corresponding memory cell array is
activated. Therefore, the word line decoder 204 decodes
a row address only at the time when the memory cell
array associated therewith is activated.

5 : The row address signal convérsion circuit shown in
FIG. 4B is formed by a NAND gate 406 to which two bits
each of row addresses afe input and an inverter. For
example, RA2 and RA3 are paired with their inverted
signals /RA2 and /RA3, and either of them is input to-

10 the NAND gate 406 which in turn transmits a signal PXA
(0;3) through the inverter. Similarly, a signal PXB
(0;3) is generated in accordance with row addresses RA4
and RA5, -and a signal PXC (0;3) is.generated in
accordance with row addresses RA6 and RA7.

15 The conversion signal decode circuit shown in
FIG. 4C is a circuit which further decodes the signals
PXA (0;3), PXB (0;3), and PXC (0;3) obtained by the
conversion at the row address signal conversion circuit
shown in FIG. 4B. This circuit is formed by a P-channel

20 transistor 407 and N-channel transistors 408, 409, 410,
and 411 connected in series between the word line drive
voltage Vbobt and the ground potential and a latch
circuit 412 constituted by an inverter and transmits
an inverted signal /RDC (0;63) of a word line decode

25 signal. Each of the transistors 408, 409, and 410
receives any one of the signals PXA (0;3), PXB (0;3),

and PXC (0;3) at its gate input and performs decoding



>

10 Fig. 4 schematically depicts a magnetic recording

nedi umin accordance with yet another enbodi nent of the pr esent

i nventi on. Fig. 5 represents a superinposed hysteresis curve
and switching field distribution (SFD) of dual nagnetic 15 | ayers in
accordance with the present invention. _ Fig. 6 is a graph
showi ng the coercivity dependence - of2@ duoal | ayer magnetic
recordi ng medi um of the present i nvention on the total Mt of the
magnetic | ayers. Fig. 7 is a graph show ng the dependence of
S* and 20 t hepeSFix iodn thionitllat tagieat of dyhe mlmmoforhe Fig. 2

enbodi nrent on the total Mt.
predecodlng a word line drive signal shown in FIG. 4A.

The word line drive signal generation circuit
shown in FIG. 4D is formed by a P—channel transistor

5 413 and N-channel transistors 414 and 415 and is

“connected to word lines of memory cell arrays at its
output. The output signals WLDR (0;3) and /WLDR (0;3)
of the circuit for. predecoding a word line drive signal
shown in FIG. 4A and the output signals /RDC (0;63) of

10 the converted signal decode circuit shown in FIG. 4C.
control the turning on/off of the transistors 413, 414,
and 415. Then, “H” is transmitted to the selected woxrd
line, and the ground potential is transmitted to other
word lines.

15 The circuitry of the system driving the word lines
and sense amplifiers is as described above. A cell
array selected according to a bank address is driven by
a closed circuif in that array. Therefore, a memory
cell array forming a part of a block can be controlled

20 ' irrespective of the state of other memory cell arrays.
Further, the activated state of a memory cell array is
maintained until the memory cell array is put in a
precharged state.

FIGS. 5A through 5C illustrate the column switch

25 selection control portion 205 in detail. The coiumn
switch selection control portion controls a switching

system for connecting data lines and sense amplifiers



Description for the Invention ' The present invention provides a

nagneti c recordi ng medi um having a high areal recording density,
for 25 | ongi tudi nal recording, in the range of about 3 Go/in[err] to
about 20 Go/in2, having a high coercivity and S*, at a. relatively
|l ow Mt. Such high areal recording density in conjunction wth
desirable nmagnetic properties is - 23chieved by the strategic use
of dual magnetic |layers. 30 In accordance with the present

i nvention, a nmagnetic recording nmediumis fornmed conprising at

| east one pair

10

15

20

25

to allow exchange of data with an activated cell array.
FIG. 5A shows a switch control signal generation
circuit. FIG. 5B shows a column address predecode
circuit. FIG. 5C shows a column address decode circuit.
In the switch control signal generation circuit
shown in FIG. 5A, B0 through B3 designate 4-bit bank
addresses and are paired with respective invefted
signals /B0 through /B3, and-either of them is input to

a NAND gate 501. Specifically, if an externally

supplied bank address coincides with the bank address

of a memory cell array set in an array control poxrtion,
the input signals to the NAND gate 501 of the array
control portion are all “H”, and the NAND gate 501
transmits “L”. A signal CENBi is a signal transmitted
by the sense control portion 203 and which becomes “H”
if the corresponding memory cell array has completed

a sense operation and data are held in the sense
amplifier. A signal ACC is a signal which determines
timing for controlling column switches. The switch
control signal generation circuit put a signal SWONi in
a “H” state at the time when the activation signal ACC
becomes “H” if the bank address of the corrésponding
memory cell has been input and that memory cell has
been activated. At thié time, the column switch of the
corresponding memory cell array is enabled. If the bank
address of the corresponding memory cell array has not

been input, the signal SWONi becomes “L”, and the



of sequentially forned magnetic |ayers. In one enbodi nent ,
a C or Cr-alloy underlayer is deposited on a non-magnetic
substrate, a first magnetic |ayer, which 35 is magnetically
anisotropic, is deposited on the Cr or '

- 28 -

column switch of this memory cell array does not
operate. If the corresponding memory cell array is in
the precharge state, the signal CENBi becomes “L”. 1In
this case, the signal SWONi also becomes “L”, and the
5 ‘column switch of this memory cell array does not
operate.
The column address predecode circuit shown in
FIG. 5B is formed by a NAND gate 502 to which two bits
of a column address are input and an inverter. CA2 and
10 CA3 are paired with inverted signals /CA2 and /CA3,
respectively, and either of them is input to a NAND
gate 502 which transmits a signal YA (0;3) through the
inverter. |
In the column address decode circuit shown in
15 -FIG. 5C, an OR gate 503 receives the input of the
signal SWONi transmitted by the switch control signal
generation circuit and signals SWONi-1 transmitted by
the switch control signal generation circuits of the
adjacent array control portions on both sides thereof.
20 The output of this OR gate 503 and the output signal YA
(0;1) of the column address predecode circuit shown in
FIG. 5B are input to a NAND gate 504 which in turn
transmits a signal CSS (0;1) through the inverter.
Similarly, a signal CSS (2;3) is generated. This signal
25 CSs (0;3) is a signal for controlling the turning
on/off of four column switches.

"Each memory cell -array has four column switch



magneti c

recor dioaptneddisignah lines.  Further, since the present
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8 Cr-all oy underl ayer, and a second nagnetic |ayer, which -
is magnetically isotropic, is forned directly on the first magnetic:
| ayer. Each magnetic |ayer of the magneti c recordi ng medi um of
‘the present invention can 5 typically be deposited at a thickness of
about 5A to- about 200A and, together29the first and second magnetic
| ayers constituting a first pair of magnetic |ayers exhi bi t a
substantial ly single coercivity. Advant ageously, the

10

15

20

25

invention employs the shared sense system wherein
a sense amplifier is shared by adjacent memory cell
arrafs on both sides thereof, two of the column switch
control signal lines are shared by a memory cell array
associated therewith and the memory cell array
preceding the same and are controlled by the signal CSS
(0;1), and the remaining two lines are shared by the
memory cell array aésociated and the memory cell
sucéeeding the same and are controlled by the signal
CSS (2;3). When either the memory cell array concerned
or one of the adjaceﬁt memory cell array controls the
column switch in response to the signal SWONi which
becomes “H” when the column switch of the memory cell
array concerned is controlled or the signal SWONi-1
which becomes “H” when the column switch of the
adjacent memory cell array is controlled, the signal
CSS (0;1) decodes the signal YA (0;1) and transmits the
column switch control signal CSS (0;1). Similarly, when
either the memory cell.array concerned or the other
adjacent memory cell array controls the column switch,
the column switch control signal CSS (2;3) decodes the
signal YA (2;3) and transmits the column switch control
signal CSS (2;:;3).

If all bits of a bank address are input to the
switch control signal generation circuit shown in

FIG. 57, even if a plurality of memory cell arrays are



10 accordance wth the present invention exhibits an Mt of

about 0.30 to about 0.60 nenu/cnierr], such as about 0.40 to about
0.50 nenmu/cnjerr] for an areal recording density of about 5 to
about 10 Go/in[err]. The present invention easily ~ provides a
magneti c recordi ng medi um having an areal 15 recordi ng density of about
10 Go/in[err], an Mt of about 0-40 #nu/cnierr], a coercivity in
excess of about 3, 000 Cersteds, and an S* of about 0.70 to about

0. 95. The reason underlying the achievenent of a high

areal recordi ng dersivgtedi ghheoeebunm t wibchss  candbéowofdrolleft by obg
virtue of enploying dual nmagnetic layers in accordance with the

present inventiorfemoxpHicikhbwarray. This is because memory cell arrays

that form a block have different addresses.
While the array control operation has been

5 described with reference to FIGS. 3A through 5C, a
detailed descfiption will now be made with reference
to FIG. 6 on an operation wherein a sense amplifier and
a column switch are controlled by various signals
transmitted by an arfay'control portion to read data

10 from a memory cell array. FIG. 6 is a detailed version
of FIG. 1.

The memory cell array MCAi has 1024 bit line pairs
such as BL1 and /BL1. Although not showﬁ, 128 memory
cells are actually cennected to each of these bit lines

15  and, therefore, 256 memory cells are connected to one
‘bit line pair, i.e., one sense amplifier. The sense
amplifiers S/Al through S/A4 are shared by adjacent
memory cell arrays on both sides thereof, and the
turning on/off of array selection gates Ql, 02, Q3, Q4,

20 QS5, @6, Q7, Q8, ..., Ql6 determines the memory cell
array to which each sense ampiifier is' connected. For
example, if the memory cell array MCAi is selected, the
array selection switch control signal SENi becomes “H”
to turn the array selection gates Q1, Q2, Q3, Q4, Q5,

25 Q6, Q7, and Q8 on and to connect the bit liﬁes BL1,
/BLl1, BL2, /BL2, BL3, /BL3, BL4, and /BL4 to the sense

amplifiers S/Al, S/A2, S/A3, and S/A4. At this time,



I's believed, however, that such a high areal recording density and

advant ageous nmagnetic properties are attributed to enploying a
pair of magnetic alloy |ayers 25 conprising a nagnetically isotropic
| ayer deposited directly on a magnetically anisotropic |ayer,
wherein the pair of magnetic |ayers, together exhibit a
substantially coercivity. A state of3kmgretic anisotropy is

consi dered. to exist when the orientation ratio, i.e., rati o of the
30 circunferential coercivity to radial coercivity,

greater than 1. sincstthe meémemyneeldt arzaysoligAitd and MCAldéngreem@a to

exi st when the orientation ratio i s about
selected, the array selection switch control signals

SENi-1 and SENi+l are “L”, and the array selection
gates Q9, 010, Q11, Q12, 013, Ql4, Q15, and Q16 are off.
5 Thus, the bit line pairs and sense amplifiers of the
selected memory cell array are connected to'drive_the
sense amplifiers.
A restore/equalize portion R/E has the function of
reading the H level of the bit lines properly to allow
10 sufficient charge to be rewritten in the cell and also
equalizing the bit line pairs during precharging to
generate a reference potential during a sense operation.
This portion is controlled by a signal BEQ output by a
sense control eircuit. |
15 The data defined in the sense amplifiers S/Al,
S)AZ, S/A3, and S/A4 are selected by column switches
017, 018, Q19, Q20, Q21, 022, 023, and Q24 and are
connected to a pair of data lines DATA to be
transferred.
20 A description will now be made on a case wherein a
pair of data on the bit lines BL1l, /BLl, BL2, /BL2, BL3,
/BL3, BL4, and /BL4 of the memory cell array MCAi are
transferredlto the data lines DATA. The memory cell
array is'selected( ahd an arbitrary wofd-line in the
25 memory cell array MCAi is selected, although not shown.
Since the memory cell array MCAi is selected, the array

selection switch control signal SENi becomes “H” to



The magnetic |ayers of the present invention can be 35 formed of
conventional nmagnetic materials, such as Co- base alloys. In an
enbodi ment of the present invention, WO 97/ 34295

PCT/ US96/ 20157
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turn the array selection gates Q1, Q2, Q3, Q4, Q5, Q6,
Q7, and Q8 on and to connect the bit lines BL1 and /BL1
to the sense amplifiers S/Al. 'Similarly, the bit lines
BL2 and /BL2 are connected to the sense amplifier S/A2;

5 bit lines BL3 and /BL3 are connected to the sense
amplifier S/A3; and the bit lines BL4 and /BL4 are
connected to the sense amplifier S/A4. At this time,
since the memory cell arrays MCAi-l and MCAi+l are not
selected, the array selection switch control signals

10 SENi~1 and SENi+l are “L”, and the array selection
gates Q9, Q10, Q11, Q12, Q13, Q14, Q15, and Ql6 are off.
When a sense amplifier S/A completes sensing, the
column switch control signals CSS (0;1) and CSS (2;3)
are transmitted. If the data on the bit lines BL1 and

15 /BL1 afe selected from a column address, a signal CSSO0
becomes “H” and signals CSS1, CSS2, and CSS3 become “L”.
When the column switch control signal CSS0 becomes “H”,
the transistors Q17 and Q19 forming a column switch
is turned on to select the data held in the sense

20 amplifier S/Al and to transfer it to the data.line
pair DATA. At this time, since the column switch
control signals CSS1, CSS2, and CSS3 are “L”, the
transistors Q18, Q19, 020, Q21, 022, 023, and Q24 are
off. Thus, the switches can be controlled to take out

25 arbitrary data in the.memory cell array onto the data
lines.

A description will now be made with reference to



the first magnetic layer, which exhibits magnetic ani sot r opy,

conpri ses cobalt, or an alloy of cobalt, chrom um and t ant al um
(CoCrTa). The second magnetic | ayer, which exhibits nagnetic

| sotropy, conprises a 5 cobal t-base all oy | ayer, such as

cobal t -chrom um pl ati num alloy (CoCrPt) or a .

cobal t-chrom um pl ati numtant al um - al3dy CoCrPtTa).

According to present invention, an underlayer is provi ded between
the substrate and the first nmagnetic 10 | ayer. The underl ayer can

conprise O or atdre altawingshon a method of controlling a memory system
according to the present invention by referring to an
actual configuration of the same as an example.
FIG. 7 shows a configuration of a memory system
5 with a data bus having a width of 128 I/0 as a first
| example of the present invention. Like the conventibnal
memory system shown in FIG. 16, this memory system is
formed by two blocks 701 and 702 which are respectively
formed by sixteen each.memory cell arrays MCAO through
10 MCA15 and MCA16 through MCA31 having different bank
addresses. Each of the memory cell arrays has 256 rows
and 1024 columns, which means that the total capacity
of the memory system is 8 megabit.
‘The blocks 701 and 702 respectively include groups
15 of data lines 704 and 705 each consisfing of 256 data
lines which can be connected to the sixteen each memory
cell arrays MCAO through MCAl5 and MCAlG through MCA31,
respectively, in the direction of the bit lines of the
memory cell arrays. The groups of data lines 704 and
20 705 are connected to column decoders 706 and 707,
respectively. Each of the memory cell_arrays includes
an array control portion 703 to which a common array
control signal is supplied, although not shown.
Opposite memory cell arrays belonging to the blocks 701
25 and 702 have the same bank address.
When the bank address of a memory cell array

associated with a array control portion 703 coincides



as chrom umvanadium (CrV), or chromumtitanium (CTi),

oxygen-doped chromum (Crgerr]), tungsten (W or a Wall oy. Any of
vari ous substrates conventionally enployed in produci ng magnetic
recordi ng nedia can be enployed in the 15 magneti c recordi ng nmedi a of

t he present invention. Such conventi onal substrates include

Ni P-pl ated Al -all oys, gl ass, gl ass-c anic naterials and carbon
substrat es, e.g., electrically conductive graphite. d ass-ceranic

materials are typically formed by heat treating the 20

surface to form

a thin crystalli aeidH aydank aghlhrgdas included tirerdon. afXayteonbioy
conductive graphites are desirable for higher coercivities. In an
enbodi ment of theﬁgu@@enwhe array control portion 703 activates the

memory cell array associated therewith in accordance

with the bank address and row addresses. For example,

S5 when the bank address of the memory cell arrays MCAS

and MCA21 is input, the array control portions of the

memory cell arrays MCAS5 and MCA 21 select arbitrary .

word lines of the memory cell arrays MCA5 and MCA21 and

control array selection switches to connect the bit

10 - lines of the memory cell arrays MCAS5S and MCA2]1 to the

sense amplifier. The data on the selected word lines

are transmitted to the sense amplifier to be sensed

(the memory cell arrays MCA5 and MCA21 are activated).

Next, when the bank address of a memory cell array

15 -~ associated with a array control portion 703 coincides

with a bank address included in the array control

signal, the array control portion 703 reads the data in

the memory cell array associated therewith in

‘accordance with the bank address and column addresses.

20 For example, .when the bank address of the memory cell

arrays MCAS and MCA21 is input, the array control

portions of the memory cell arrays MCA5 and MCA 21 turn

arbitrary column switches of the memory cell arrays

MCAS5 and MCA21 on and off to transmit the data sensed

25 in the sense amplifier to the data lines 704 and 70S5.

The signals on the data lines 704 and 705 are input to

the column decoders 706 and 707, respectively. The



Y

invention, a NNP-plated Al-My alloy is utilized as the Ssubstrate.

25 The nmagnetic recording nedium of the present

i nvention typically conprises a carbon overcoat on the magneti c

| ayers, and a |ubricant topcoat on the carbon over coat . The Cr or
Cr-all oy underl ayer, nagnetic . layers, and carbon overcoat can
be applied 1in a 30 conventional maAner35 as-by any of various
sputtering t echni ques enpl oyed in the production of nagnetic
“recordi ng nedi a. In a conventional magnetic recording nmedi um
such as t kel witepideicedidns 0B ahd (107 eeleditviddy datm chings rfamtes

among the respective 256 data lines and connect them to
data buses 708 and 709, respectively.
As described above, there are upper and lower data
5 buses of 64 I/0 each which provide an overall bus width
of 128 I1/0.
A description will now be made on a case wherein
data are read from the memory cell arrays MCAl3 and
MCA29 after the data in the memory cell arrays MCAS and
-iO . MCA 21 are read.
First, the data in the memory cell arrays MCAS5 and
MCA21 are read according to the procedure described
above. Thereafter, the memory cell arrays MCA5 and
MCA21 are maintained in an activated state until those
15 memory cell arrays are précharged. Next, regardless pf
the activated state of the memory cell arrays MCA5 and
MCA21, array control portions 703 activate memory cell
arrays associated therewith according to the array
control signal. The array control portions of the
20 memory cell arrays MCA1l3 and MCA29 activate those
memory cell arrays in accordance with the bank address
of the Memory cell arrays MCAl3 and MCA29. Now, the
memory system has four activated memory cell arrays
MCAS, MCAl13, MCA21, and MCA29. Next, the array control
25 portions 703 reads the data in the memory cell arrays
associated therewith according to the array control

signal. Specifically, the array control portions of the



~

35 a maximumin the vicinity of an Mt of 0.8 to 1.1
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memory cell érrays MCAl13 and MCA29 performs control
such that the data in the memory cell arrays MCA1l3 and
MCA29 are read. At this time, since the bank address of
the memory cell arrays MCA5 and MCA21 is not input to
the array control portions, no data is transmitted from
the memory cell arrays MCAS5 and MCA21.

Thus, the array control portion provided at each
memory cell array controls the corresponding memory
cell array regardless of the state of other memory cell
arrays. Therefore, the operation of reading the data in
the different memory cell arrays proceeds in a sequence
such that the memory cell arrays MCA5 and MCA21l are
activated; the data are read from the same; the memory
cell arrays MCAl1l3 and MCA31 are activated; and then the
data are read from the same. This eliminates the need
for an operation of precharging the memory cell arrays
MCAS5 and MCA21.

When the reading of the data in the memory cell
arrays MCA5 and MCA21 is followed by the reading of the
data in MCA1l3 and MCA29 and then by further reading of
the data in the memory cell arrays MCAS and MCAZl, the
memory cell arrays MCA5 and MCA21 are already in an. |
activated state at the second reading.

Thus, the array control portion provided at each
memory cell array can.maintain the activated state of
the memory cell array until it is precharged. Therefore,

the operation of the second reading proceeds in



W

maxi mum coercivity and S* decrease sharply and are si nply not

hi gh enough for magnetic recording with an areal recording density
in excess of 3 G/in[err]. 1In accordance wth the present '
i nvention, a magnhetic 5 recording mediumw th an areal recording
density of about 3 to about 20 Go/inferr] is achieved having high
coercivity and S* at a relatively | M t- of about 0.30 to about
0.60 nenmu/cnjerr], such as about 0.40 to about 0.50 nmenu/cnierr]

for an areal density of about 5 to about 10 Gb/in[err]. 10 In

order to achieve ahisfiguenssg sisithat the jmemory cehbcassayy MEAHrantlde a

magneti c recordig&:nedium .
A21 are activated; the data are read from the same;

the memory cell arrays MCAl1l3 and MCA29 are activated;
the data are read from the same;_and the data in the

5 memory cell arrays MCAS and MCA21 are read. This
eliminates the need for an operétion of activating the
memory cell arrays MCASIand MCA21 for the second time
and therefore makes it possible to increase the speed
of the data reading operation.

10 As described above, the memory system according to
the first embodiment of the present invention allows
memory cell arrays which are not adjacent to each other
to be freely activated and therefore makes it possible
to reduce the number of activating and precharging

15 - operations compared to conventional memdry systems.

Further, it is possible to activate a plurality of
memory cell arfays in the same block simultaneously by
inputting a part of the bits of a bank address to the
array selection decoder circuit of an array control

20 portion. In this case, the array selection decoder
circuit of an array control porfion will have the
configuration shown in FIG. 3B.

For example, two memory cell arrays are simultane-
ously activated in each of the blocks 701 and 702.

25 . Specifically, the mémory cell arrays MCAO, MCA8, MCAl6,
and MCA24 are simultaneously activated. Other combina-

tions of memory cell arrays are also possible.



exhibiting a low Mt. |In accordance with the present I nvention, a

ragneti c recordi ng nmedium exhibiting a relatively low Mt with high
coercivity is provided, 15 t hereby enabling areal densities from3 to
20 Gb/in[err] as shown in Table 1 bel ow.

TABLE 1 Areal Density 20 (Go/in[err]) 3
5 10 20 - 38 -

When a part of bank addresses included in an array
control signal coincides with a part of the bank
addresses of memory cell arrays, the'array control
portions 703 concerned activates the memory cell arrays

5 associated therewith in accordance with the part of
bank addresses and column addresses. For example, when
a part of the bank addresses of the memory cell arrays
MCA5, MCAl3, MCA21, and MCA29 is input, the array
control portions of the memory cell arrays MCAS, MCAl3,

-10 MCA21, and MCA29 select arbitrary word lines of the
memory cell arrays MCAS, MCAl3, MCAZl,-and MCA29 and
control array selection switches to connect the bit
lines of the memory cell arrays MCAS5, MCAl3, MCA21l, and
MCA29 to the sense amplifiers. The data on the selected

15 word lines are transmitted to the sense amplifiers to
be sensed (the memory cell arrays MCAS5, MCAl3, MCA21,
and MCA29 are activated). Next, when a bank address
included in an array control signal coincides with the
bank address of a memory cell array, the array control

20 portion 703 associated therewith reads the data in the
memory cell array associatéd therewith in accordance
with the bank address and column addresses. For example,
when the bank address of the memory cell arrays MCAS
and MCA21 is input, the array control portibns of the.

25 memory cell arrays MCA5 and MCA 21 turn arbitrary
column switches of the memory cell arrays MCA5 and

MCA21 on and off to transmit the data sensed in the
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M t ~ (memu/cnferr]) 0.6 0.5 0.4 0.3 25

A magnetic recording nmediumin accordance with one enbodi nent of
the present invention is depicted in Fig. 2 and conprises substrate
20, such as N P-plated Al -M, ' an underl ayer 21, such as O or a
Cr-all oy underl ayer, having a suitabl e thickness, such as about
look to about 30 2000A. A pair of magn¥ic- layers is provided on
under | ayer 21 and conprises a first nagnetic |ayer 22, “which is

magneti cal ly anisotropic, such as a CoCrTa
' sense amplifier to the data lines 704 and 705. The data

on the data lines 704 and 705 are input to the column
decoders circuits 706 and 707, respectively. The column
decoders 706 and 707 select 64 data lines from among

5 the respective 256 data lines and connect them to data
buses 708 and 709,'respective1y. Thus, the data in the
memory cell arrays MCA5 and MCA21 are read. At this
time, siﬁcé the bank address of the memory cell arrays
MCA13 and MCA29 is not input, the data in MCA13 and

10 MCAl1l9 are not transmitted.

Further, it is possible to activate memory cell
arrays which are not adjacent to each other, e.g., the
memory cell arrays MCAO, MCA8, MCAl6, and MCA24 with
the memory cell arrays MCA5, MCAl13, MCA21, and MCA29

15 maintained ih an activated state.

Since the memory cell arrays MCAQ0 through MCAlS
share the da;a lines 704 and the memory cell arrays
MCA1l6 through MCA31l share the data lines 705, each of
the blocks 701 and 702 has 256 data lines. Each of the

20 column decoders 706 and 707 selects 64 data lines from
among the 256 data lines and connects them to the data
bus 708. As a result, the two blocks prévide 128 data
buses in total. The numbers of the data lines selected
by the column decoders 706 and 707-are determined by

25 the numbers of I/0 buffer circuits of the data lines
provided in the circuit blocks of the column décoders

706 and 707. Specifically, an increase in the width of



i

all oy, and a second magnetic |ayer 23, which is magnetical ly

Fsotropic, such as a CoCrPtTa all oy, 35 deposited directly on first
magnetic |ayer 22. A carbon overcoat 24 and a lubricant topcoat 25
are sequentially deposited on the second nmagnetic |ayer 23. The
car bon 40

the data buses output by the column decoders 706 and
707 will result in an increase in the number of the I/0
buffer circuits provided for the respective outputs,
which increases the area occupied by the I/0 buffer
S circuits. Conversely, a decrease in the width of the

data buses output by the column decoders 706 and 707
will result in a decrease in the number of the I/0
buffer circuits provided fqr the respective outputs,
which decréases the area occupied by the I/O buffer

10 circuits.

The number of the memory cell arrays activated
simultaneously is determined by the setting of a
refresh cycle and a column depth, i.e., the number of
the columns. When two memory cell arrays are simultane-

15 ously activated in each of the blocks, the refresh
cycle and the column depth will be as follows.. Since
four memory cell arrays aré refreshed simultaneously,
the time required for activating all of the memory cell
arrays is equal to the time required for activating

20 eight memory cell arrays each having 256 rows. That is,
the refresh cycle is 256 X 8 = 2048.

Since two memory cell érrays are simultaneously
activated in the same block, eight pairs of bit lines
are connected to one data line. A column switch CSW

25 selects one of the eight bit pairs and.connects it to
data lines. Further, a:column decoder selects one of

four pairs'of data lines and connect it to a data bus.
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overcoat is deposited at a suitable thickness, such as about 75A to
about 200A. The | ubricant topcoat is deposited at a suitable

t hi ckness, such as about 10A to about 30A. Magnetic | ayers 22 and
23 each have a 5 t hi ckness of about 5A to about 200A. The pair of
magnetic layers 22 and 23, together- e&&%hibits a substantially
single coercivity. I n anot her enbodi nent of the present

‘invention, a
Therefore, the number of the bit line pairs connected

to one 1/0 of the daﬁa bus is 8 X 4 = 32, which means
a column depth of 32. In this case, there is provided
a system of 2048 rows X 32 columns X 128 I/0.

5 As described above, by changing the number of
memory cell arrays activated simultaneously, the
configuraﬁion of rows and columns. per I/0 can be
changed. For example, when four memory cell arrays are
simultaneously activated, the refresh cycle is 256 X

10 4 = 1024, which means a column depth of 64. 1In this
case, there is provided a system of 1024 rows X
64 columns X 128 I/0.
Nekt, as a second embodiment of the invention,
FIG. 8 illustrates a configuration of a memory system
15 with a data bus having a width of 128 I/0O like the
first embodiment. This memory system is formed by four
blbcks 801 through 804 which are respectively formed by
groups each consisting of eight memory cell arrays MCAO
through MCA7, MCA8 through MCAl15, MCAl6 through MCA23,
20 and ﬁCA24_-through MCA31 having different bank addresses.
Each memory cell array has 256 rows X 1024 columns, and
the total capacity of the memory system is 8 megabit.
The blocks 801, 802, 803, and B804 respectively
include groups'of data lines 810, 812, 814, and 816 in
25 the direction of the bit lines. The memory cell arrays
MCAOQ through MCA7, MCA8 through MCAl1l5, MCAl6 through

MCA23, and MCA24 through MCA31 of the respective blocks



second pair of magnetic layers is deposited over the 10 . first pair of

magnetic layers with a & or Cr-alloy I nternmedi ate | ayer

t her ebet ween. Each pair of magnetic | ayers conprises a magnhetically
i sotropic |ayer deposited directly on a nmagnetically anisotropic

| ayer. One such an enbodi mrent is schematically depicted in Fig. 3
and 15 conprises substrate 30, typiéglly“NiP-plated Al - M,
under | ayer 31, such as a C or Cr-alloy, first nagnetic | ayer 32,
which is magnetically anisotropic, such as Ta, forned on
under | ayer 31, aﬁ’dmsé@o niggted ¢o the grompsr of3 da%llclﬁl?% Gnedizal 1y

I sotropic, such as 20 CoCrPtTa formed directl E first magnetic
|l ayer 32. In 814, and 816, respectively. Each of the groups includes

256 data lines. The data lines 810, 812, 814, and 816
are connected to column decoders 806, 807, 808, and 809.
5 Each of the memory cell arrays includes an array

control.portion 805 to which a common array control
signal is sﬁpplied, although not shown. Opposite memory
cell arrays belonging to an upper block and a lower
block have the same bank éddress. Further, memory cell

10 arrays in positional correspondence between laterally
adjoining blocks have the same bank address.

Since the array contrbl portions 805 operate
similarly to the array control portions in the above-
described first embodiment, this second embodiment also

15 allows memory cell arrayé which are not adjacent to
each other in each block to be sequentially activated.
Further, an activated state can be maintained. It is
therefore possible as in the first embodiment to reduce
the numbef of activating and precharging operations

20 during reading from different memory cell arrays.

The refresh cycle of the memory system of the
present embodiment is 256 X 8 = 2048. The column depth
is 4 X 8 = 32. In this case, there is provided a
system of 2048 rows X 32 columns X 128 I/0 which is

- 25 equivalent to that obtained in the first embodiment by
activating one memory cell array at a time in a single

block.
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accordance wth the Fig. 3 enbodi nent, an i nt er medi at e | ayer 34,
such as C or a C alloy layer, is forned on the first pair of dual
magnetic |ayers 32 and 33. The t hi ckness of the C internediate
| ayer 34 can range from 25 about 5A to about 100A. A second pair of
magnetic | ayers Is then fornmed on internediate | ayer 34 and
conpri ses third magnetic layer- 333 which is nmagnetically
ani sotropic, such as a CoCrTa alloy, and a fourth ~ magnetic |ayer
36, which is magnetically isotropic, such 30 as CoCrPtTa, forned
directly on third nmagrithe present 3gubodiment /grovnidées &ilygigherntatancate a
carbon overcoat 37. and | ubricant topcoat 38 are provided
sequential |y overthafe available with the first embodiment because the
length of the data lines is reduced. Further, the
number of memory cell arrays connected to the data
5 lines is reduced, which reduces the charging and
discharging of electrical charge due to stray
capacitance to advantageously decrease the drive
current. |
In a memory system according to the present
10 invention, the choice between the configuration of
1024 rows X 64 columns X 128 I/0 according to the first
embodiment and the configuration of 2048 rows X
.32 columns X 128 I/0 according to the second embodiment
depends on how to exchange data between the system and
15 logic outside the memory. In a DRAM, sense amplifier
access time is generally shorter for the columns than
the rows.
For example, if requests from logic outside a
memory can be satisfied by switching columns, the
20 configuration of 1024 rows X 64 columns X 128 I/O is
.preferably.chosen for such a memory system to reduce
the number of rows selected at a time. On the contrary,
if frequent word line switching is required to satisfy
requests from logic outside a memory, the configuration
25 of 2048 rows X 32 columns X 128 I/0 is preferably

chosen for such a memory system to increase the number

of rows selected at a time. As described above, in the



magnetic | ayers. Each magnetic layer 32, 33, 35 and 36, of the
Fig. 35 3 enbodi nent can have a thickness of about 5A to about
200A. First magnetic layer 32 and second rfragnetic | ayer

- 44 -

case of a memory system combined with logic, a more
adequate memory system must be chosen in accordaﬁce
with requests from the logic or the like outside the
memory. |

5 A description will now be made on third and
fourth embodiments of the invention which are
modifications of the memory systems according to the
first and second embodiments, respectively to increase
the total capacity to 9 megabit. FIGS. 9 and 10 show

10 a configuration of a memory cell system according to
the third embodiment which corresponds to the first
embodiment. Two each memory cell arrays, i.e., MCAl6
and MCAl7 and MCA34 and MCA35 are respectively added to
upper and lower blocks 901 and 902 according to the

15 first embodiment, four memory cell arrays being added
in total. The third embodiment is different from the
first embodiment in the positions of cell arrays
activated simultaneously. According to the first
embodiment, as shown in FIG. 7, simultaneous activation

20 of the memory cell arrays takes place in each of banks,
e.g.{ a bank consisting'of MCAO0, MCA8, MCAl6, and MCA24,
a.bank consisting of MCAl, MCA9, MCAl7, and MCA2S5,
a bank consisting'of MCA2, MCA1lOQ, MCA18, and MCA26,
a bank consisting of MCA3, MCAll, MCAl19, and MCA27,

25 a bank consisting of MCA4, MCAl2, MCA20, and MCA28,
a bank consisting of MCAS, MCA13, MCA21, and MCA29,

a bank consisting of MCA6, MCAl4, MCA22, and MCA30, and
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12 33 together exhibit a substantially single coercivity,
and third nmagnetic |layer 35 and fourth magnetic |ayer 36 t oget her
al so exhibit a substantially single coercivity. The thi ckness of
under| ayer 31, carbon overcoat 37 and 5 | ubri cant topcoat 38 can be
the sanme as the thickness of t he-cord%®sponding layer in the Fig. 2
enbodi ment-. In the enbodi nent conprising two pairs of magnetic
| ayers, as depicted in Fig. 3, Cr interlayer 34 tends to reduce
medi a noi se and & bamwearsigthngerbMCihi MEA1S5, MCA23, and MCA31.
Meanwhile, according to the third eﬁbodiment, as shown
in FIG. 9, activation takes place in each of a bank
consisting'of MCAO, MCA9, MCAl18, and MCA27, a bank
5 consisting of MCAl, MCAl10, MCAl9, and MCA28, a bank
consisting of MCA2, MCAll, MCA20, and MCA29, a bank
consisting of MCA3, MCAl12, MCA2l1l, and MCA30, a bank
consisting of MCA4, MCAl3, MCA22, and MCA31l, a bank
consisting of MCAS, MCA14, MCA23, and MCA32, a bank
10 consisting of MCAG, MCAlS,.MCA24, and MCA33, a bank
consisting of MCA7, MCAl6, MCA25, and MCA36, and a bank
consisting of MCA8, MCAl7, MCA26, and MCA3S5.
Since one memory ceil array has 256 rows and 1024
columns, two memory cell arrays provide a capacity of
15 0.5 megabit. It is therefore physically possible to add
memory cell arrays MCAl6 and MCA34 to blocks 901 and
902, respectively, to configure a memory cell array
having a total capacity of 8.5 megabit. Since upper
and lower blocks of the present embodiment operate
20 similarly at the same time, only the operation of the
upper block 901 ﬁill be_described. If the added memory
cell arrays have the same address as that of fhe memory
cell arrays MCAQ, MCA8, and MCAl6, three memory cell
arrays are activated only when such bank address is
25 specified, and two memory cells are activated when a

different bank address is specified. When three memory

cell ‘arrays are activated, the column switch selects



10 magnetic | ayers, 35 and 36, tends to increase coercivity and

S, If S is too low, the read-back signal and overwite
performance will suffer. |If S* is too high, medi a noi se i ncreases.
By providing internediate | ayer 34 and the second pair of magnetic
| ayers 35 and 36, 15 medi a performance i s optim zed. In
anot her enbodi nent of the present invention,46 - three pairs of
magnetic layers are provided with i nternmedi ate | ayers deposited

t her ebet ween. Such an enbodi nent is schematically depicted in

Fig. 4 and 20 onecprizdsisubbie paidd, and pteaheéytdi Ptptat theAakg, and
under |l ayer 41, typically C or a Cr-alloy. The first
' line. Meanwhile, when two memory cell arrays are
activated, the column switch sélects one of ‘8 bit line
pairs and connects it to the data line. Thus, the
5 column depth (the number of cblumns) varies from bank
address to bank address. Similarly, if a new bank
address is set for the added memory cell array MCAl6,
activation of one memory cell array takes place only
when such a bank address is specified, and two memory
10 cells are activated if a different bank address is
specified. In this case, the column depth again varies
from bank address to bank address. Thus, the column
depth varies if there is no consistency in the number
of memofy cell arrays simultaneously activated. This
15 results in non-uniformity of an address space, i.e.,
the column depth varies depending on the memory cell
array activated. It is therefore necessary to increase
or decrease the number of memory cell arrays using the
number of the memory cell arrays activated simultane-
20 ously in a block as a unit. This is the reason for the
fact that the minimqm addition to the total capacity of
8 megabit of the first embodiment results in a memory
system having a total capacity of 9 megabit.
FIG. 10 shows a configuration of a memory cell
25 system according to the fourth embodiment which
corresponds to the second embodiment. One new memory

cell array is added to each of the blocks 801, 802, 803,



pair of magnetic |ayer conprises first magnetic |ayer 42, which is

magnetical |l y ani sotropic, such as CoCrTa, and second nagnetic

| ayer 43, which is magnetically 25 i sotropic, such CoCrPtTa,
deposited directly on first magnetic |ayer 42. Afirst internediate
| ayer 44, such as C or a Cr-alloy, is provided on second magnetic

| ayer 43. A second pair of- méghetic layers is then
sequentially deposited conprising third magnetic |ayer 30 45, which is
magneti cal Iy ani sotropic, such as CoCrTa, and fourth magnetic | ayer.
46, which is magretd 804 wf the sedaot rebad i, ak. €olr FoTR, mempogi t ed
directly on third magnetic | ayer 45. A second internediate | ayer
47, such cell arrays MCA8, MCAl7, MCA26, and MCA35 are added in

total. Since it is necessary to increase or decrease
.the number of memory cell arrays using the number of
5 the memory cell arrays activated simultaneously in a
block as a unit as described above, one memory cell
array may be added to each of the blocks in this case.
As apparent from the third and fourth embbdiments,
a cénstant I/0 width can be always maintained even if
10 the number of memory cell arrays is increased. Further,
although not shown, a constant 1I/0 width can be always
maintained according to the above-described rule even
if the number of memory cell arrays is decreased.
More practical embodiments of the present
15 invention will now be described. In the embodiments
described below, the arfay control portions are shared
by upper and lower memory cell arrays to activate'the
upper and lower cell afrays as in pairs instead of
providing the array control portions independently for
20 each cell array. In this case, although fiexibility of
control is reduced because a control circuit is shared
by two cell arrays, design flexibility is increased in
terms of the suf%ace area of the chip.
FIG. 11 shows a structure of a memory system
25 having 128 I/0 and a memory capacity of 9 megabit as
a fifth embodiment of the present invention. This

memory system is formed by four blocks 1101 through



as C or Cr-base alloy, is deposited on fourth nmagnetic 35 - layer 46.
A third pair of magnetic layers is then deposited and conpri ses
fifth magnetic |ayer 48, which is WO 97/ 34295
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1104 which are each.formed by nine memory cell arrays
MCAO0 through MCAB, MCA9 through MCAl7, MCAl8 through
MCA26, and MCA27 through MCA35, respectively, having
different bank addresses. Each of the memory cell
arrays has 256 rows and 1024 columns, which means that
the total capacity of.the memory syétem is 9 megabit.

In the four blocks 1101, 1102, 1103, and 1104,
there are groups of data lines 1111, 1113, 1115, and
1117 each consisting of 256 data lines which can be
connected to the memory cell. arrays MCA0 through MCAS8,
MCAS through MCA17,- MCAl18 through MCA26, and MCA27
through MCA35, respectively, in the direction of the
bit lines of the memory cell arrays. The groups of data
liﬁes 1111, 1113, 1115, and 1117 are connected to
column- decoders 1107, 1108, 1109, and 1110. Further,
upper and lower memory cell arrays respectively include
array control portions 1105 and 1106 to which a common
array control signal is supplied. Memory cell arrays in .
positional correspondence between laterally.adjoining
blocks have the same bank address.

Since the array control portions 1105 basically
operate similarly to the array control portions in the
above-described first embpdiment, this fifth embodiment
also allows memory cell arrays in laterally aligned
blocks which are not adjacent to each other to be
sequentially activated. Further, an activated state can

be maintained. It is therefore possible as in the first



13 magneti cal Iy anisotropic, such as CoCrTa, and sixth

ragnetic | ayer 49, which is magnetically isotropic, such as .
CoCr Pt Ta, deposited directly on the fifth nmagnetic | ayer 48. As in
the Fig. 2 and Fig. 3 enbodinents, a 5 - carbon overcoat 50 and

| ubricant topcoat 51 can be appl i ed. The thi ckness of
each magnetic |ayer, 42, 43, 45, -46,4NU8 and 49, can range from
about 5A to about 200A First magnetic |ayer 42 and second nagnetic
| ayer 43, 10 toget her exhibit a substantially single coercivity; third

embodiment to reduce the number of activating and
precharging operations during reading from different
memory cell arrays.

FIG. 12 shows a structure of a memory system

5 having 64 I/0 and a memory capacity of 8 megabit as a
sixth embodiment of the present invention. This memory
system is formed by four blocks 1201 through 1204 which
are each formed by eight memory cell arrays MCAQ
through MCA7, MCA8 through MCA1S, MCAiG through MCA23,

10 and MCA24 through MCA3l, respectively, having different
bank addresses. Each of the memory cell arrays has 256
rows and 1024 columns, which means that the total
capacity of the memory system is 8 megabit. 1205 and
1206 designate array control portions.

15 : Two blocks 1201 and 1202 and two blocks 1203 and
1204 share data buses BaAS1 and BaS2 having a data width
of 32 1/0, respeétively. Therefore, there is a data bus
of 64 1/0 as a whole. For example, let us assume that
a bank consisting of MCAl, MCAé, MCA5, and MCA7 and a

20 bank consisting of MCA17, MCA 19, MCA21, and MCA23 are
activated when data of 32 I/0 are taken out from each
of the blocks 1201land 1203. Then, memory cell arrays
MCA9, MCAll, MCAl13, MCAl5, MCA25, MCA27, MCA29, and
MCA31 are also activated simultaneously. However, the

25 columns switches of the blocks 1202 and 1204 aré all
turned off, and no data transfer takes place.

Conversely, when data are taken out from the blocks
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magneti c Iayef 45 and fourth magnetic | ayer 46, together, al so

exhibit a substantially single coercivity; and fifth magnetic | ayer
48 and sixth magnetic |ayer 49 al so: exhibit a substantially single
coercivity. The thickness 15 of each:-internediate |ayer 44 and 47 can
range from about 5A to about | 00A. The thickness of underlayer 41,
car bon overcoat 50 and |ubricant topddht 51 can be the sane as

t he thickness of the corresponding layer in the Fig. 2 enbodi nment .
20 The dual layer structure of the present invention is

bel i eved to enabll®ZhensbtlR0dveral lofofarthe exdlumc@wiitghes of theldnkdeks of
about 3 to about 20 Gb/in[err]. Each pair of

1201 and 1203 are turned off. The block from which data
are to be transmitted is determined depending on the
column address. That is, the memory cell arrays

5 corresponding to the.blocks 1201 and 1202 and the
blocks 1203 and 1204 have bank addreéses which are.
different from each other in one high order bit.
Further, all bits of the bank addreésés excluding the
one high order bit are input to an array selection

10 decoder 201, and all bits of the bank addresses are
input to a column selection control portion 205.

.For example, if the memory cell arrays MCAl, MCA3,

MCAS5, MCA7, MCAl17, MCA 19, MCA21, MCA23, MCA9, MCAll,
MCA13, MCAl5, MCA25, MCA27, MCA29, and MCA31l shaded in

15 FIG. 12 are activated simultaneously, this means that
one half of the entire memory cell arrays are activated
simultaneously. Therefore, the address configuration
per one I/0 of this memory system is 256 X 2 = 512 rows,
and 32 X 4 X 2 = 256 bolumns because the memory cell

20 arrays on the upper and lower blocks which are:
simultaneously activated correspond to one bit of the
column address. The number of bits required for each
address is nine for the row address and eight for the
column address, which result in a difference of one bit.

25 Thus, the difference between the row and column address
configurations can be small.

FIG. 13 illustrates a configuration of a memory
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magnetic | ayers conprises a magnetically isotropic |ayer deposi ted

directly on a magnetically anisotropic |layer, 25 each having a suitable
t hi ckness, such as about 5A to about 200A, so that each pair of
magnetic | ayers exhibits a substantially single coercivity. As
shown in Fig. 5, t he dual layer structure of the present invention
exhibits a substantially single coercivity a&lshown by 30 t he

superi nposed hysteresis curve and SFD as neasured on a vibrating
sanpl e magnet oneter (VSM . - EXAMPLE

system in which'memory cell arrays are operated
asynchronously as é seventh embodiment of the present
invention. Hereinafter; a combination'of a plurality of
memory cell arrays is referred to as “bank”. For
5 example, memory cell arrays MCAO0O and MCA9 forms a bank
B0, and eighteen banks, i.e., Bl through Bl17 are formed
in total similarly. Those banks have different bank
addresses. The configuration inside the dotted line
1300 is substantially the same as that shown in FIG. 11.
10 For example, let us assume that the banks B2, BS,
and Bl6 are activated asynchronously. This is because
the memory cell arrays which have béen activated by
array control portions are kept in an activated state
until precharged. In a block 1301, since one bank Bl6
15 has been activated, data of 64 1/0 are transferred
from this bank B16. This bank has a configuration of
64 I/0 X 256 rows X 32 columns. Meanwhile, in a block
1302, since two banks B2 and B5 have been activated,
data of 64 I/O are transferred from either of the two
20 banks B2 and B5. The bank to transmit data is
determined by the specification of the bank at the time
of the access to the data. Even if a plurality of banks
have been activated in one block, data are transferred
from only one bank at one access. As described above,
25 data of 64 I/O are transferred from each of the blocks
1301 and 1302, i.e., data of 128 I/0 are transferred in

total. At this time, among the array control signals
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A magnetic recordi ng nmedi um corresponding to the enbodi nent depi cted
Pn Fig. 2 was prepared having a first 35 magnetic | ayer of CoCrTa and a
second magnetic | ayer of
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supplied to array control portions of the memory cell
arrays in the blocks 1301 and 1302, only the signal for
indicating timing is shared by the blocks, and the
address signal is different between the blocks 1301

5 and 1302.

A description will now be made on a case wherein
a bank B18 consisting of memofy cell arrafs MCA36 and
MCA37 and a bank B1l9 consisting of memory cell arrays
MCA 38 and MCA39 are respectively added to the blocks

10 1302 and 1301 to expand the memory capacity. According
to the present invention, each bank has a bank address,
and one bank specified by a bank address transmits data
even if a plurality of banks have been activated in one
block. Therefore, the memory capacity.can be expanded

15 on a bank-by-bank-basis.

FIG. 14 shows relationship between various signals
for bank access for the memory system described in the
seventh embodiment. FIG. 14 shows the relationship
between the signal ACT for activating a memory cell

20 array, the signal PRC for precharging an array, and the
signal ACC for determining timing for controlling a
column switch as described above and a bank addréss,

a column address, and output data transmitted. The
letters BO, Bl, B2, aﬁd B3 on the timing chart indicate

25 that those signals are transmitted to designate
respective banks. A signal ACT 1401 for activating the -

bank Bl is transmitted with the bank B0 activated,  and
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14 CoCr Pt Ta deposited directly thereon. The substrate

conprised a textured Ni P-plated Al-My. A C underl ayer was deposited
on the textured substrate. The graph depicted in Fig. 6 shows the
coercivity dependence on the 5 total Mt of the first and second
magnetic |ayers measured with a ¥YSM2&d & remanent nonent

magnet onet er (RW) along the circunferential direction of the disk.
It should be apparent that the coercivity of the dual | ayer medi um

is at |east 3,000tiGerkamksBl desigmaeedfby. 8 bank address 1405 is also

activated. Next, a signal PRC1402 for precharging the
bank B0 is transmitted, and the bank BO designated by
the bank address 1406 is put in a precharge state.

5 Further, a signal ACT1403 for activating the bank B2 is
transmitted, and the bank B2 designated by a bank
address 1407 is activated. Subsequently, a signal
ACT1404 for activating the bank B3 is transmitted, and
the bank B3 designated by a bank address 1408 is

10 activated. An example of data access in such cases is
shown below.

The shaded areas of the bank addresses indicate

periods in which the addresses are invalid. When a
predetermined period has passed after assertion of the

15 - signal ACC, data at the specified column address are
output from the specified bank. For example, when a
signal ACC1409 for activating the column switch of the
bank B0 is transmitted with the bank B0 activated, the
column switch specified by the column address of the

20 . bank B0 specified by a bank address 1415 is controlled

| to transmit output data 1421 at a predeteimined time

interval. Next, when a signal ACC1410 for confrolling
the column switch of the bank Bl is transmitted, since
the bank Bl has already been activated, the column

25 switch specified by the column address of the bank Bl
specified by a bank address 1416 is controlled to

transmit output data 1422 at a predetermined time
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10 to 0.6 nenu/cnjerr]. ' The graph in Fig. 7 shows the

dependence of S* and the SFD of the dual |ayer nagnetic recording
medi um enbodi ment of the present invention depicted in Fig. 2 on

the total Mt, nmeasured with a VSM along the 15. circunferenti al
direction of the disk. It is apparent that S* is suitably high even
at an Mt of 0.3 nenmu/cnferr]. . -  FhAus,~in accordance with the
present invention, a magneti c recording mediumis provided having an
areal recording density of about 3 to about 20 Go/in[err], high 20

coercivity of at imtervalsoMNextstwhirn aypigral ACHLYEl for conBropding

Cersteds, and high S*, typically about 0.70 to ] .
the column switch of the bank B2 is transmitted, since

the bank B2 has already been activated, the column
switch specified by £he column address of the bank B2
5 specified by a bank address 1417 is controlled to
transmit output data 1423 at a predetermined time
interval. When a signal ACC1412 for controlling the
column switch of the bank Bl again is transmitted,
since the bank Bl has been kept in an activated state
10 and has not been precharged, the column switch
specified by the column address of the bank Bl
specified by a bank address 1418 is controlled to
transmit output data 1424 at a predetermined time
interval. When a signal ACC1413 for controlling the
15 column switch of the bank B2 is transmitted again,
since the bank B2 has been kept in an activated state
and has not been precharged, again, output data 1425
are transmitted at a predetermined time interval. In
this example, if there is limitation on activation of
20 arrays between the banks by the shared sense system,
either the bank Bl or B2 does not output data when
those banks are formed by, for example, adjoining
arrays because they are not activated simultaneously.
While seyeral memory cell arrays remain in an
25 activated state simultaﬁeously as described above, the
following procedure is performed each time data in

different memory cell arrays are accessed, selecting
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0.95, Magnetic recording nedia in accordance with the pr esent

rFnvention can be advant ageously enpl oyed for hard di sk drives using
GWVR heads. The magnetic recording 25 medi a of the present invention
are not limted to any particul ar substrate material, underl ayer,

I nterl ayer, protective overcoat or_lubricant |layer, or to any
particul ar magnetic all oy. CthS%errain enbodi nents of the

i nvention and but a 30 few exanples of its versatility are shown and
descri bed in the present invention. It is to be understood that

the invention

10

15

20

"~ 25

i@ack phbtke mgmexe cehl 2¥rays: dewR¥mining whebhernhhPons
and environnents and i s capabl e of chanpges

cell array can be activated, and selecting the memory

cell array depending on the result of the determination.

This makes it possible to perform déta access only by
controlling the turning on/off of coiumn swifches,
thereby allowing the operating time to be shortened.
Further, by synchronizing the'signal ACC for
controlling column switches with, for example, the
clock of a CPU, exchange of.data between a memory
system and a logic circuit in a memory combined with
logic can be simplified.

A bank may be formed by any number of memory cell
arrays. FIG. 15 shows a case wherein a bank is formed
by four memory cell arrays. This memory system has a
total memory capacity of 8 megabit and is formed by 32
cell arrays of 256 K.. The system is formed by eight
banks as a whole and memory cell arrays are allocated
to banks Bl through B8. The allocation of the memory

cell arrays to the banks is limited by the fact that

adjacent memory cell arrays can not be allocated to the

same bank because a sense amplifier is shared by
adjacent memory cell arrays on both sides thereof.
Otherwise, allocation patterns can be freely chosen.
In this case, as in the seventh embodiment, a common
timing-signal and_différent address signals are .
supplied to blocks 1501 and 1502. In the block 1502,

the bank B8 is activated, and data of 64 I/0 are
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or nodifications
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Wi thin the scope of the inventive 35 concept as
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transferred from either of two pairs'of memory cell
arrays in accordance with a column address. In the
block 1501, the banks Bl and B3 are activated, and data
of 64 I/0 are transferred from a memory cell pair
selected in accordance with the bank specification by

a bank address and a column address.' In this case,

the address configuration of one bank is 64 I/O X

256 rows X 64 columns.

By maintaining a plurality of memory cell arrays
in an activated state simultaneously as described above,
the time required for data access can be shortened. 1In
the present embodiment, it is also possible to obtain
output data of 128 I/0 from the left end right blocks
by keeping only a timing signal for exchange of data
with memory cells in synchronization between the blocks
1501 and 1502.

The number of memory cell arrays used to form one
bank is determined by the desired number of column per
bahk. If one bank is formed by a pair of upper and
lower memory cell arrays, the memory capacity of a |
memory sfetem having a data width of 128 I/0 can be
increased and decreased on a megabit basis by adding
one pair each of memory cell arrays to both of the left
and right blocks. Therefore, for example, a memory
system of M megabit will have M pairs of memory cell
arrays at each of the blocks. Thus, the numbers of.roﬁs

and columns of an address configuration achievable in
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15 - CLAI M5 1. A magnetic

recor di ng nedi um conpri si ng: a non-magneti c substrate;
a chromiumor chrom umalloy underlayer forned on t he substrate; and
5 at | east one pair of nmagnetic |ayers sequentially
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" this memory system can be obtained as shown below.

Number of Rows L = 256 X M/m

Number of Columns C = 32 X m
where m represents the number of memory cell arrays

5 activated simultaneously inla block which is a divisor
of M (including 1 and excluding M).

The number of banks which can be configured in
this memory system for each block can be obtained as
shown below.

10 Number of Bank B = M/m
where M/m is true if B is equal to or greater than 4.
If B equal to or smaller than 3, no bank can be
configured because adjoining cell arrays can not be
activated simultaneously. Even if the number of banks

15 is M/m, the number of banks which can be activated
simultaneously is limited to M/2m or the maximum
integer which does not exceed the same. If the number
of memory cell arrays is increased within such
restrictions, the time required for data access can be

20 shortened.

While particular embodiments of the present
invention have been shown and described, it will be
obvious to those skilled in the art that changes and
modifications may be made without departing from this

25 invention in its broader aspects and, therefore, the
appended claims are to encompass within their scope all

such changes and modifications as fall within the true
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formed on the. chrom umor chrom umall oy underl ayer; wherein, the .
ragneti ¢ recordi ng nmedi um has an areal recordi ng density of about 3
to about 20 Go/in[err] and exhibits an Mt of about 0.30 to about
0. 60 nmemu/cnR, and 10 the pair of magnetic |ayers conprises a
magnetical ly isotropic layer formed on a magnetically anisotropic
| ayer. 2. The nmagnetic reeor dithg medi um according to claim
1, which has an areal recording density of about 3 to about 10
G/in[err] and exhibits an Mt of about 0.40 to

spirit and scope of this invention.

Additional advantages and modifiéations will
readily occur to thoég_skilled in the art. Therefore,
the invention in its broader aspects is not limited to

5 the specific details and representative embodiments
shown and described herein. Accordinély, various
modifications may be made without departing from the
spirit or scope of the general inventive concept aé

defined by the appended claims and their equivalent.
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about O. 3. The magnetic recordi ng nmedi um

accordin 2, which has an areal recording density of about
5to mm ’ ’ ’I n[err] and exhibits an Mt of about 0.40 to
about - 0 4. The magnetic recordi ng nedi um

according to claim 1, suitable for |ongitudinal recording.

CLAIMS
1. A semiconductor memory comprising:
a plurality of memory cell arrays including a
plurality of memory cells;

5 a plurality of sense amplifiers;

a plurality of data lines connected to said
plurality of sense amplifiers; énd

an array control portions provided at each of said
plurality of memory cell arrays, said array control

10 portion transmitting data in any of the memory cells of
said memory cell array to said sense amplifier and
transmitting data in any of said sense amplifiers to
said data lines.

2. .An apparatus according to claim 1, wherein said

15 plurality of memory cell arrays have different bank
addresses and.wherein said array control portions
control a memory cell array associated therewith when
a bank address input thereto is equal to the bank
address of said memory cell array.

20 3. An apparatus according to claim 2, wherein said
array control portion controls said sense amplifier
such that said sense amplifier is maintained in a data
transmission mode during a period after the data ih
said memory ceil are transmitted to said sense

25 amplifier until the data in said sense amplifier are
reset.

4. A semiconductor memory cemprising:
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5. The mﬁ&%nedi um according to claim 1, wherein the
first a second magn ayers together exhibit a substantially
single a& ﬂ”ml 6. The nmagnetic recordi ng medi um

accordi "”H’I"wll 5, wherein the first and second nmagnetic | ayers
each have kness of about 5A tosgbout 200A.

..a first memory cell array having a first bit line
pair;

a second memory cell array having a second bit
line pair and a third bit line pair;

5 a third memory cell array having a fourth bit line
" pair;

a first sense amplifier disposed between said
first and second memory cell arrays;

a second sense amplifier disposed between said

10 second and third memory cell arrays;

a first array selection switch for controlling
connection between said first bit line pair and said
first sense amplifier;

a second'array selection switch for controlling

15 ° connection between said second bit line pair and said
first sense amplifier;

a third array selection switch for controlling
connection bereen said third bit line pair and said
second sense amplifier;

20 .a fourth array selection switch for controlling
connection between said fourth bit line pair and said
second sense amplifier;

a pair of data lines shared by said first, second,
and third memory cell arrays;

25 | a first column s&itch for controiling connection
between said first sense amplifier and said pair of

data lines;



16

O AR O 0

10

15

20

25

- 61 -

a second column switch for controlling connection
between said second sense amplifier and said pair of
data lines} |

a first array control portion provided at said
first memory cell array for controlling the turning
on/off of said first array selection switch and said
first column switch; |

a second array control portion provided at said
second memory cell array for controlling the turning
on/off of said second and third array selection
switches and said first and sé&ond column switches; and

a third array control portion provided at said
third memory cell array for controlling the turning
on/off of said fourth array selection éwitch and said
second column switch.

5. An apparatus accdrding to claim 4, wherein said
second array control portion transmits a signal to said
first and third array control portions indicating
whether or not the data in said second memory cell
array are being transmitted to said first and second
sense amplifiers, receives a signal from said first
array control portion indicating whether or not the
data in said first memory cell arfay are being
transmitted to said first sense amplifier,_and receives
a signal from said third array control portion
indicating whether or not the data in said third memory

cell array are being transmitted to said second sense



7. T

g medium according to claimb5, wherein each of the

first and second nagnetic |ayers conprises cobalt. 8. The magnetic
recorfuﬁ ﬂumuu"uﬂ[ﬁﬂ ding to claim7, wherein the first magnetic |ayer
consi f cobalt. 9. The magnetic recording medi um
accordlng to cl®irh 7* wherein the first nagngélc | ayer conprises a cobalt-

10

15
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25

‘amplifier.

6. An apparatus according to claim 4, wherein said
first, second, and third memory cell arrays have
different bank addresses and wherein said first, second,.
and third array contrpl portions control a memory cell
array associated therewith when a bank address input
thereto is equal to the bank address of said memory
cell array.

7. An apparatus according to claim 6, wherein said

second array control portion performs control such that

the transmission of data to said first and second sense

amplifiers is maintained during a period after data on
said second and third bit lines are transmitted to said
first sense amplifier until the data in said first and
sense amplifier are reset.

8. An apparatus according to claim 6, wherein if
the data in said first or second memory cell array are
not being transmitted to said first or second sense
amplifier, said second array control portion transmits
the data in said second memory cell array the sense
amplifier. |

9. An apparatus according to ciaim 6, wherein a
common array control signal is supplied to said first,
second, and third array control portions, and wherein
said array control signal said bank addresses, row
addresses, column addresses, and a signal indicating

timing for reading data from the memory cell arrays.



bas [Se—attey—contai ni ng chrom um and tantal um 10. The nmgnetic
rec ’m nmedi um according to claim9, wherein the second nagnetic | ayer

H"iﬂ"ﬂl#,ﬂase al l oy containing chroni um and pl ati num 11.
The ng medi um according to claim9, wherein the second
magnetic I'ay&r tonmprises a cobalt-base aI I oy cont ai ni ng chrom um platinum
and tantal um 63
10. A semiconductor'memory comprisings:
three or more memory cell arrays having bank
addresses different from each other;
a plurality of data lines connected to each of
5 said memory cell arrays; and
an array control portion provided at each of said
memory cell arrays, said array control portions
transmitting the data on a predetermined bit line on
the memory cell array associated therewith to a sense
10 amplifier based on an array control signal, trans-
mitting predetermined data in said sense amplifier to
said data lines thereafter, and precharging said sense
amplifier thereafter.
11. An apparatus according to claim 10, wherein
15 said memory cell'array performs control such that the
data are held in said sense amplifier during a period
after the data on the predetermined bit line of said
memory cell array associated therewith are transmitted
to said sense amplifier until said sense amplifier is
20 precharged.
12. An apparatus according to claim 11, wherein
said array control signal includes a bank address, a
row address, and a column address and wherein said
array control portion connects a bit line of thé memory
25 cell array associated therewith to a sense amplifier
based on a part of said bank address and said row

address to transmit the data in the memory cells to
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12. The magnetic recording nediumaccording to claim 1, wherein the

Subst rate —conprises Tmickel - phosphorous pl ated alun1nun1 a
nlckel d al um num base alloy, a glass or a glass ceramc
naterl mm !mmy !l e magnetic recording nedium according to claim 12,

further

bon overcoat on the gfcond magnetic | ayer and a

| ubricant topcoat on the carbon overcoat -
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25

said sense amplifier and thereafter connects said sense
amplifier to Said.data line based on said bank address
and column address to transmit the data in said sense
amplifier to said data line.

13. An apparatus according to claim 11, wherein

said array control signal includes a bank address, a

row address, and a column address and wherein if said

- bank address coincides with at léast a part of the bank

address of a memory cell, said array contrdl portion
connects a bit line of the memory cell array associated
therewith tb a sense amplifier based on the row address
to transmit the data in the memory cell to said sense
amplifier'and, thereafter, if said bank address
coincides with the bank address of the bank address,
connects said sense amplifier to said data line based
on the column address to transmit the data in said
sense amplifie: to said data line.

14. An apparatus according to claim 11, wherein
said array control signal includes a signal indicating
timing for activating a memory cell array, a signal

indicating timing for putting a memory cell array in

a precharge state, and a signal indicating timing for

transmitting the data in said sense amplifier to said
data line and wherein said array control pdrtion
connects the bit line of the memory cell array'
associated therewith to said sense amplifier to

transmit the data in the memory cells to said sense



14 —The—ﬁagﬁe%+e—4egng|ng medi um according to claim1, which exhibits a

rcivit excess of about 2,500 oersteds and a coercivity squareness of

shou [ ﬂllflf?lﬂﬂﬂlil 1P P
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amplifier based on signals transmitted by the array
| control portions adjacent thereto indicating that said
memory cell array has been activated or not and said
signal indicating timing for activating A memory cell
5 array, connects said sense émplifier to said data line
to transmit the data in said sense amplifier to said
data line based on said signal indicating timing for
transmitting the data in said sense amplifier to the
data line thereafter, and puts the memory cell array
10 associated therewith in a precharge state based on said
timing signal for putting a memory cell array in a
precharge state thereafter.
15. An apparatus according to claim 11, wherein
said array control signal includes a bank address, a
15 row address, a column address, a signal indicating
timiﬁg for activating a memory cell array, a.signal
indicating timing for putting a memory cell array in
a precharge state, and a signal indicating timing for
transmitting the data in said sense amplifier to said
20 - data line and wherein said array control portion
connects the bit line of'thg memory cell érray
-associated therewith to said sense amplifier to
transmit the data in the memory cells to said sense
amplifier. based on signals transmitted by the control
25 portions adjacent thereto indicating that said memory
cell array has been activated or not, at least a part

of said bank address, said row address, and said timing
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17 ——_15. The mmgnetic recording nmedium according to claim
14, which exhibits a coercivity of about 3,000 to
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signal for activating a memory cell array, connects
said sense amplifier to said data line to transmit the
data in said sense amplifier to said data line based on
said bank address and column address and said timing
5 signal for transmitting the data in said sense
amplifier to the data line thereafter, and puts the
memory cell array associated therewith in a precharge
state based on said bank address and said timing signal
for putting a memory cell array in a precharge state
.10 thereafter.
16. A semiconductor memory comprising:
" at least two blocks, each of said blocks
including:
at least three memory cell arrays having bank
15 addresses different from each other;
a plurality of data lines ;onnected to each of
said meméry cell arrays; and
" an array control portion provided at each of said
memory cell arrays for.controlling said memory cell
20 arrays in accordance with an array control signal;'said
array control'portion transmitting data in the memory
cell array associated therewith to based on said array
control signal.
17. A semiconductor memory comprising:
25 at least two blocks, each of said blocks
including: |

at least three memory cell arrays having bank
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about 3,500 Cersteds 16. The magnetic recordi ng nedi um

according to claim1, further conprising: a first chrom um
or chromn di ate | ayer on the second nagnetic |ayer; 5
a thi nTI“MﬁMIT“II”IIEjl which 1is nagnetically ani sot r opi c,

formed on*ttfe fir&t Pnternediate | ayer; and a fourth magnetic

| ayer, which is magnetically i sotropi c®7formed directly on the third

magnetic | ayer.

addresses different from each other;
a plurality of data lines connected to each of
said memory cell arrays; and
array control portions provided between said
5 blocks for controlling memory cell arrays in each of
said blocks in accordance with an array control signal,
said ‘array control portion transmitting the data in the |
- memory cell arrays in each of said blocks to said data
lines based on said array control signal.
10 18. A semiconductor memory comprising:
at least two blocks, each of said blocks
-including:
atlleast three memory cell arrays having bank
addresses different.from each other;
15 a plurality of data lines connected to each of
said memory cell arrays; and
array control portions provided between said
blocks for controlling memory cell arrays in each of
said blocks in accordance with an array control signal,
20 said array control portion transmitting the data in the -
memory cell arrays in one of said blocks to said data
lines based on said array control signal.
19. An apparatus according to claim 16, wherein
said array control signal is common to all of said
25 blocks.
20. An apparatus according to claim 16, further

comprising:
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17. TFhe—wagnetic recordi ng nedium according to clafn116 further

tonprisin a chrom um underl ayer fornmed on the non-nmagnetic
subst rﬂ"ﬁ"ﬂl"'"""m,”m carbon overcoat forned on the fourth magnetic
Iayer | ubricant topcoat forned on the carbon overcoat.
The gnbt|% r'ecar di ng nedlun1accord|ng to claim 16, wherein:
the first and second nagnetic | ayers - -
a sense amplifier provided at said memory cell
arrays for amplifying data on bit lines. .
21. An apparatus according to claim 17, wherein
said array control portions connect selected bit lines
5 of said memory cell arrays associated therewith to said
sense amplifier to transmit the data on said bit lines
to said sense amplifier, said sense amplifier holding
said dafa until it is precharged.
22. An apparatus according to claim 20, wherein
10 said array control signal includes a timing signal
indicating timing at which the data in said sense
amplifier are transmitted to said data lines, said
timing signal being synchronized between all of said
array control portions.
15 23. An apparatus according to claim i?, further
comprising:
data buses provided for each of said blocks in
a quantity smaller than thé number of the data lines in
each of said blocks; and
20 decoders provided at each of said blocks for
selecting a data line to be connected to said data bus
from amdng said data lines.
24. An apparatus according to claim 16, further
comprising: |
25 data buses shared by said blocks in a quantity
smaller than the number of the data lines in each of

said blocks; and



t oget her—exhibit—a substantially single coercivity; and the third

and fourth magnetic | ayers together exhibit a 5 substantially single
coerci VM"M(H[II“"""II””"L The magnetic recordi ng medi um according to
claim1l second third and fourth magneti c

| ayers each‘hale % thi ckness of about 5A to about 200A.

20. The nmagnetic recordi ng medi um accordi ngffo -

a decoder provided at each of said blocks for
seiecting a data line to be connected to said data bus
from among said data lines.

25. An apparatus according to claim 19, wherein
5 each of said blocks includes a column decoder for
selecting said data lines.
.26. An apparatus according to claim 19, wherein
said first biock includes a column decoder for

selecting said data lines.



claim11l, further conprising:
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SEMICONDUCTOR MEMORY HAVING AN OVERLAID BUS STRUCTURE
ABSTRACT OF THE DISCLOSURE

A plurality of sense amplifiers are provided
between.a plurality of memory cell arrays having a
plurality of memory cells. These sense amplifiers are
5 . connected to bit lines of the respective memory cell
arrays by array selection switches. Each of the sense
amplifiers is connected to data lines by column
switches. An array control portion is provided at each
of the memory cell arrays. Thié array control portion
10 selectively controls the array selection switches and
column switches to transmit the data in an'arbitrary
memory cell in a memory cell array to the data lines

through the sense amplifier.

FIG. 1
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claim 16, further conpri sing: a second chrom um or

chrom umal l oy i nternedi ate | ayer fornmed on the fourth nmagnetic
| ayer; 5 a fifth magnetic layer, which is magnetically

ani sotropic, fornmed on the second internediate |ayer; and a
sixth magnetic layer, which 1is nagqgﬁycally | sotropic, forned
~directly on'the fifth nmagnetic |ayer. 23. The magnetic
recordi ng medi um accordihg to claim?22, further conprising a
chrom um or chrom um al | oy under | ayer formed between the

non- magneti c substrate and
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first magnetic | ayer,

a carbon-overcoat forned on the 5 si xth

magnetic |l ayer and a |ubricant topcoat forned on t he carbon

over coat .
claim 22, wherein:

FIG.

FI1G.

F1G

24. The magnetic recordi ng nedi um accordi ng to
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19 the first and

second magnetic |ayers together
exhibit a substantially single coercivity;
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5 the third and fourth magnetic |ayers together

exhibit a substantially single coercivity; and fifth and sixth
magneti c | ayers together exhibit a substantially single coercivity.
25. The magnetic recordi ng nmedi um according to claim 24, wherein

the first, second, third, fourth, fiftézl7 and sixth magnetic |ayers
A to about 200A.

each have a thickness of about

FIG.




26. The magnetic recording nmedi um according to claim 20, further

conpri si ng: a second chrom um or chrom um alloy internedi ate
| ayer fornmed on the fourth magnetic layer; 5 a fifth magnetic
| ayer conprising a cobalt-base alloy containing chromum and
tantalum which is magnet i cal I)i ani sot ropi c, formed on the
second I nternmedi ate | ayer; and 1717 a sixth magnetic | ayer
conprising a cobalt-base 10 al l oy contai ning chrom um platinum and
tantal um which s magnetically isotropic, fornmed directly on the
fifth magnetic | ayer.
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27. The nmgnetic recording nedi um acco
conprising a chrom umor chrom um al | oy
t he non-nmagnetic substrate. and
overcoat formed on the 5 si xth mag
formed on t he carbon overcoat.
recordi ng medi um according to

i nternmedi ate | ayer has a

cl

8/17

claim 26, further
under | ayer fornmed between
the first nagnetic |ayer, a carbon
netic layer, and a |ubricant topcoat
28. The magnetic
aim 20, wherein the first
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i nt er nedi at e

and second
100A.
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first

29. The magnetic recordi ng nmedi um according to
each of the

wherein
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30. A disk drive system conprising a giant nagnetoréstrictive

recording head and the nagnetic recordi ng nmedi um according to
claim 1. 31. A mmgnetic recordi ng nmedi um conpri sing:
a non-magneti c substrate; an underl ayer fornmed on the
substrate; and at | east ggf.Pair of magnetic | ayers
sequentially 5 formed on the un }ayer; wherein, the magnetic _
recordi ng medi um has an areal recording density of about 3 to about
20 Qo/in[err] and exhibits an Mt of about 0.30 to about 0.60
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menu/cnferr], and the pair of magnetic |layers conprises a

magnetically isotropic |ayer formed on a magnetically 10 ani sotropic
| ayer. 32. The magnetic recordi ng medi um according to
claim 31, wherein the underl ayer conprises chromum a

chrom umal |l oy, oxygen-doped chromum tungsten or a

t ungst en-al | oy. 12717
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