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SEMICONDUCTOR INTEGRATED CIRCUIT AND

DATA PROCESSING SYSTEM
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BACKGROUND OF TﬁE INVENTION

The present invention relates to a
semiconductor integrated circuit in which memories are
integrated. Particularly, it relates to a semiconductor

integrated circuit in which a logic circuit such as a

)]

CPU (central processing unit) is integrated with
large-capacity memory in one chip. For example, it
relates to a useful technigue adapted for embedded DRAM
which is integrated with a CPU and a first level cache
memory in one and the same chip.

Today, a semiconductor integrated circuit in
which a large-scale logic circuit is integrated with a
large-capacity memory in one chip 1s provided. In such
a semiconductor integrated circuit, the number of bus
bits for connecting the memory and the logic circuit to
each other can be increased easily, for example, to 128
in order to enhance data throughput between the memory
and the logic circuit. Accordingly, there is an
advantage in that data can be transferred at a high
speed while electric power consumption required for data
input/output is suppressed compared with the case where
input/output pins outside the chip are driven.

Multi~bank DRAM (Dynamic Random Access Memory)

can be used as the large-capacity memory. In the multi-
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bank DRAM, a sense amplifier is provided in accordance
with every memory bank, so that data once latched by the
sense amplifier on the basis of a word line selecting
operation can be output successively at a high speed by
a2 simple means for changing-over a column switch.
Accordingly, data access to continuous addresses in one
and the same page (one and the same word line address)
can be made relatively speedily. Data access to
different pages (at page-miss) is, however, made slow
because of bit line precharge, or the like.

Further, in the multi-bank DRAM, page-miss can
be hidden under a predetermined condition. That is,
when a read or write command is generated to operate a
certain memory bank and another memory bank is to be
used next, an activation command can be given to the
next memory bank in advance to make a word line
selecting operation precedently. Of course, for this
reason, the CPU must make access to the addresses
sequentially. It is, however, substantially impossible
to define this entirely by a CPU operation program, or
the like.

In semiconductor integrated circuits, there is
also that in which a cache memory integrated with a
large-capacity memory and a large-scale logic circuit
such as a CPU, or the like. In the semiconductor
integrated circuit of this type, the difference in
operating speed between the large-capacity memory and
the CPU is relaxed by the cache memory so that data can
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be processed at a high speed by the CPU. That is, among
data stored in the large-capacity memory, a part of data
used recently by the CPU and data in its vicinity are
held in the high-speed cache memory. The data
processing speed is enhanced when the memory access of
the CPU is hit to the cache memory. However, when a
miss occurs once, access to the large-capacity memory is
made. As a result, data processing speed of the CPU is
limited.

An example of literature on the multi-bank
DRAM is JP-A-10-65124 corresponding to U.S. patent
application No. 08/813900 filed March 7, 1997 and U.S.
patent application No. 09/188367 filed Nov. 10, 1998, a
continuation application of application No. 08/813300,
the whole disclosure of which is incorporated herein by
reference.

As described above, even in the multi-bank
DRAM, page-miss is not always hidden in accordance with
a sequence of access addresses. Even in the case where
a cache memory is provided for the multi-bank DRAM, the
situation is quite the same if cache-miss occurs.
Therefore, the necessity of improving the access speed
to the multi-bank memory more greatly has been found by

the inventor.

SUMMARY OF THE INVENTION
A first object of the present invention is to

enhance the speed of first access to a multi-bank
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memory, that is, the speed of read access different in
word line from the previous access.

A second object of the present invention is to
prevent lowering of the operating efficiency of a multi-
bank memory having a plurality of banks which are able
to operate parallelly when both cache entry replace and
write back are caused by cache-miss of a cache memory
provided for the multi-bank memory. That is, address
information corresponding to an index address in an
address signal is made identical between an operation in
which data in a cache line to be written back are
written in a multi-bank memory and an operation in which
new cache entry data to be written in the same cache
line as described above are read from the multi-bank
memory. When information of the index address is mapped
in memory bank selection address information, data
having the index addresses arranged as one and the same
address are arranged in one and the same memory bank.
Accordingly, both a read operation for replacing the
cache line with new one and a write operation for write
back must be performed on one and the same memory bank.
Accordingly, the two operations'cannot be performed
efficiently by use of different memory banks.

A third object of the present invention is to
make non-blocking multi-access possible in a
semiconductor integrated circuit having a plurality of
multi-bank memory macro structures in which a plurality

of access requests without conflict among the memory
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macro structures are allowed so that one access does not
block another access.

A fourth object of the present invention is to
enhance the efficiency of data rewrite to a multi-bank
DRAM having a cache line with every word line. That is,
the inventor has found that, when the cache line is
provided as a rewrite unit, there is no necessity of
performing read modify write to apply write data after
storage information read out to a bit line by a word
line selecting operation is latched by a sense
amplifier, in the same manner as in a general DRAM.

The foregoing and other objects and novel
features of the present invention will become clear from
the following description and the accompanying drawings.

Main features in emboaiments of the present

invention contain the following features.

<1> Next Address Self-Prefetching

A multi-bank memory macro structure is used
and data are held in a sense amplifier in every memory
bank. When access is hit to the data held in the sense
amplifier, data latched by the sense amplifier are
output so that the speed of first access to the memory
macro structure can be made high. That is, every memory
bank is made to function as a sense amplifier cache. To
enhance the hit ratio of the sense amplifier cache (the
ratio of hit on the data of the sense amplifier) more

greatly, after access to one memory bank, the next
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This invention relates to optical fibre cables, and especially to cables
t hat have relatively low fibre counts. Such cabl es are
wi dely enpl oyed by telecons utilities for routing optical fibres to
Lﬂg|V|dual bui | di ngs or groups of building%L and may be directly buried in
address (obtained by addition of a predetermined offset)
is self-prefetched so that data in the self-prefetching
address is preread by a sense amplifier in another
memory bank. The next address is used as a subject of
5 self-prefetching on the basis of an empirical rule that
CPU operation programs or a group of processing data are
basically mapped on linear addresses.
A semiconductor integrated circuit for
achieving the aforementioned next address self-
10 prefetching comprises memory macro structures SMa to
5Md, and an access controller 4. Each of the memory
macro structures has a plurality of memory banks BANKI
to BANK4 having bank addresses allocated thereto
respectively. Each of the memory banks has a sense
15 amplifier 53 for latching storage information read out
to a bit line BL from a memory cell in a word line WL
selected on the basis of a row address signal R-ADD.
The bit line is selected on the basis of a column
address signal YsO to ¥s7. The selected bit line is
20 connected to a data line GBL of the memory macro
structure. The access controller includes an
address/command generating unit 44 for generating the
address/command and being able to operate for every
memory bank, a hit/miss judgment unit 43 for enabling
25 data already latched by the sense amplifier to be output
to the data line in response to an access request after
the data latching, and an address self-prefetching unit

42 for self-prefetching an access address having a
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5 ground, buried inside ducting in the ground, and/or suspended between

towers or posts. Exanples of such cables are given in GB-A-2, 215,081,
US- A4, 199, 225 and in EP- A- 293, 075. The invention is particularly
concerned with optical cables which conprise a single strength nmenber
extendi ng al ong the cable, and extruded pla%tics sheat h that envel opes

the strength nmenber and contains a single tubular passage in
predetermined offset to an external access address after

access control of the memory macro structure to the

external access address so that data in the self-

prefetching address is preread from a corresponding
5 memory cell of the memory macro structure.

The self-prefetching address must be an
address in a memory bank different from a subject of
access just before the self-prefetching address. If the
two addresses are in one and the same memory bank, the

10 function of a sense amplifier cache cannot be used for
the preceding access. For this reason, the access
address having a predetermined offset to the external
access address is provided as an address for designating
2 memory bank different from the memory bank designated

i6 by the external access address. From a different point
of view, the address signal generated by the
address/command generating unit is formed so that a bank
address signal BO to B3 is mapped on the high order side
of a column address signal CO to C2, a row address

20 signal RO to R7 is mapped on the high order side of the
bank address signal, and the predetermined offset is 2
to the power i from the least significant bit of the
column address signal when 1 is the number of bits in
the column address signal.

25 The hit/miss judgment unit for the sense
amplifier cache function can be formed so as to have
comparators 432A and 432B for detecting coincidence/

anticoincidence between the external access address and
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10 which is |oosely housed at | east one optical fibre, the strength nenber

bei ng eccentric within the sheath. Such an optical cable is disclosed
in EP-A-240,165. That opti cal cabl e, however, is designed so that the
cable has a neutral axis that extends through t he passage to define a

line of zero stress when the cable is bent®Fongitudinally.

the storage information access address held in the sense
amplifier. The address/command generating unit can be
formed so as to give an instruction to the memory macro
structure designated by the external access address to

5 select the memory bank, the word line and the bit line
in response to anticoincidence detected by the
comparator and give an instruction to the memory macro
structure designated by the external access address to
stop the word line selecting operation and select the

10 memory bank and the bit line in response to coincidence

detected by the comparator.

<2> Address Alignment Control for Second Level Cache
When the CPU 1 is connected to the access

controller 4 and a set associative type first level

15 cache memory 2 is connected both to the CPU and to the
access controller, the access controller and the memory
macro structures can be provided as a second level cache
memory 6 based on the sense amplifier cache function
thereof. Those as a whole may be configured as a multi-

20 chip data processing system. There is some case where
both replace of the cache line concerning cache-miss
with new one and write back of the cache line are
required because of cache-miss of the first level cache
memory. In this case, index addresses for the first

25 level cache memory are made identical to each other
between an operation in which data in the cache line

concerning the cache-miss of the first level cache
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The present invention is characterised in that the strength nmenber and the
15 tubul ar passage are arranged on opposite sides of the cable axis and
t he tubul ar passage and the sheath extend helically around the

strength menber. 10

memory are written back to the second level cache memory
and an operation in which cache entry data to be
substituted for the cache line concerning the cache-miss
are read from the second level cache memory. If memory

5 bank address information for the second level cache
memory is the same as index address information for the
first level cache memory, data in index addresses
identical to each other are arranged in one and the same
memory bank on the second level cache memory.

10 Accordingly, both a read operation for replacing the
cache line with new one and a write operation for write
back must be performed for one and the same memory bank.
Accordingly, the two operations cannot be performed
efficiently by use of different memory banks.

15 Therefore, an address alignment control unit
41 is provided in the access controller for changing the
bit alignment of an access address signal supplied from
the outside to output the changed bit alignment to the
memory macro structure. For example, the address

20 alignment control unit is provided to allocate the
alignment of an address signal supplied from the CPU and
different from the alignment of a plurality of address
bits allocated to the index address of the first level
cache memory to the bank address of the memory bank. As

25 a result, cache entry replacement caused by cache-miss
of the first level cache memory can be performed without
lowering of the operating efficiency of the multi-bank

memnory.
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From another point of view, the address
alignment control unit is provided to change at least
the whole or a part of the alignment of address
information contained in an address signal provided from
the CPU, which is used as the index address of the first
level cache memory to allocate the changed alignment to
the bank address of the memory bank. For example, the
address alignment control unit is provided so that a
part of address information contained in an address
signal supplied from the CPU and used as an index
address of the first level cache memory and a part of
address information used as a tag address are replaced
with each other to allocate the address information to
the bank address of the memory bank.

As another example of address alignment by the
address alignment control unit, at least low order 2
bits of the tag address of the first level cache memory

contained in the address signal supplied from the CPU

can be allocated to an address for designating the

memory bank and/or an address for designating the memory
macro structure. Alternatively, at least low order 2
bits of the index address of the first level cache
memory contained in the address signal supplied from the
CPU can be allocated to an address for designating the
memory bank and/or an address for designating the memory
macro structure. Further, at least low order 2 bits of
the index address of the first level cache memory

contained in the address signal supplied from the CPU
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The tubul ar passage and the strength nmenmber will not

however, be
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can be allocated to the column address signal.

The address alignment control unit may contain
a switch circuit 411 for making the alignment change of
address information variable, and a control register 410
for latching control information for determining the
switch state of the switch circuit. Access to the
control register can be performed by the CPU. The
difference in address alignment appears as the
difference in frequency of designation of one and the
same memory bank with respect to continuous addresses.
If the frequency of selection of one and the same memory
bank with respect to index addresses close to each other
is high at the time of cache line replacing, the hit
ratio of information due to the sense amplifier cache
function becomes lower as access address are closer to
each other. If the frequency of selection of different
memory banks with respect to index addresses close to
each other is high at the time of cache line replacing,
the hit ratio of information due to the sense amplifier
cache function becomes higher as access address are
closer to each other. Which is selected advantageously
depends on the address mapping of data/command. One of
the two can be selected in accordance with an
application system.

If the simplification of configuration is put
first, wiring having address alignment fixed by a metal
option can be used as the address alignment control

unit.
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exactly symretrical Iy arranged about the axis due to the differing sizes
and/ or properties thereof The strength nenber and the passage are laid
up helically, either in the formof a continuous helix in which the
|l ay has only a single direction, or in 5 which the lay of the helix
alters along the length of the cable (so calied "Sz stranding”). In
fact, when the strength nenber and the tubul ar passage are |aid up,
<3> Write without Data Readout in Second Level Cache
Memory constituted by DRAM Macro- Structures
For writing data in DRAM, generally, data is
5 once read from a memory cell to a sense amplifier and
then a part of data is rewritten. That is, read modify
write is performed. When the sense amplifier cache
function of the DRAM macro structures is used as a
second level cache memory, there is no necessity of
10 performing read modify write because data are managed by
word lines. Therefore, for writing, transfer of write
data from a write amplifier to a bit line is started at
the same time or just after rising of a word line
without the read operation of the sense amplifier, so
15 that one-word-line's data are written at a high speed.
The cache memory for achieving the
aforementioned write without data readout comprises DRAM
macro structures 5Ma to 5Md, and an access controller 4.
Each of the DRAM macro structures has a plurality of
20 memory banks BANK1 to BANK4 having bank addresses
allocated thereto respectively. Each of the memory
banks has a sense amplifier 53 for latching storage
information read out to a bit line from a memory cell in
a word line WL selected on the basis of a row address
25 signal R-ADD. The bit line BL is selected on the basis
of a column address signal C~ADD. The selected bit line

is connected to a data line GBL of the corresponding

DRAM macro structure. The access controller includes an

This Sheet Has Been Replaced

A8 4]t (RRR [ R (AR
BRRENER




the strength nenber tends to be substantially straight due to its greater

stiffness, so

that the passage and the sheath tend to extend helically

around the strength nmenber. Layi ng the passageway helically has the

advant age of

i mproved | ow tenperature 10 performance of the cable as

conpared with a straight [ay. Wen a cabl e th the strength menber
and passageway parallel, is coiled and subjected to | ow
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address/command generating unit 44 for generating the
address/command and being able to operate for every
memory bank, and a hit/miss judgment unit 43 for making
it possible to output data already latched by the sense
amplifier to the data line in response to an access
request after the data latching. Each of the memory
banks has a first operation mode for activating the
sense amplifier at first timing after selection of the
word line, and a second operation mode for activating
the sense amplifier at second timing slower than the
first timing after selection of the word line. The
first operation mode is a write without data readout
mode. The second operation mode is a refresh mode. A
data processing system can be configured by using the
aforementioned cache memory as a second level cache
memory and by using a first level cache memory and a CPU

.for the second level cache memory.

<4> Parallel Access to Non-conflicting Memory Macro
Structures
In a semiconductor integrated circuit in which

a plurality of multi-bank memory macro structures are
integrated, non-blocking multi-access can be provided
for a plurality of access requests without conflict
among memory macro structures so that one access does
not block another access. The memory 6 for achieving
this access comprises an access controller 4 having a

first access port PT1l and a second access port PTZ2, and
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tenperatures, the radius of the passageway can be caused to decrease due to
t he assymmetric geonetry of the cable, with the result that the excess
fibre length in the passageway can increase significantly and cause
attenuation of the signal due to 15 m cr Qbendi ng of the fibres. To avoid
this effect the cable can have the tube oscPil ated or helically

stranded over the_ strength nenber, the helical pitch of this oscillation
a plurality of memory macro structures 5Ma to 5SMd

connected to the access controller through data lines
9DBa to 9DBd respectively. Each of the memory macro
structures has a plurality of memory banks BANKl to
5 BANK4 having bank addresses allocated thereto
respectively. Each of the memory banks has a sense
amplifier 53 for latching storage information read out
to a bit line BL from a memory cell in a word line WL
selected on the basis of a row address signal R-ADD.
10 The bit line is selected on the basis of a column
address signal C-ADD. The selected bit line is
connected to a data line GBL of the memory macro
structure. The access controller includes selectors
450R, 451R, 452W and 453W for selecting a memory macro
15 structure accessed through the first access port and a
memory macro structure accessed through the second
access port, an access priority judgment unit 40
permitting parallel access through the two access ports
when both the access through the first access port and
20 access through the second access port use different
memory macro structures respectively, an address/command
generating unit 44 for generating the address/command
and being able to operate for every memory bank in the
memory macro structure to be accessed, and a hit/miss
25 judgment unit 43 for making it possible to output data
latched by the sense amplifier to the data line in
response to an access request after the data latching.

For conflicting memory macro priority control,
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being just sufficient to prevent the tube |aying substantially on the

i nsi de ofthe strength nenber when the cable is coiled. The anount of
oscillation will usually be at | east 270 degrees and preferably
several rotations in both directions. 20 The strength nenber

shoul d be capabl e of w thstandi ng not onlyl?énsile

the access priority judgment unit can be formed so that
the operation of an access port having higher priority
determined in advance is performed preferentially when
both the access through the first access port and access

5 through the second access port use one and the same
memory macro structure.

Further, the first access port and/or second
access port can have an SRAM interface function.
Latency from address input to data output changes in

10 accordance with the state of access. To cope with this,
an SRAM interface which is able to output a wait signal,
or the like, in a period from address input to data
output is used in the first and second access ports more
simply than an interface having fixed latency.

15 A data processing system using the memory 6
comprises the memory 6, a combination of a first address
bus 6AB and a first data bus 10DB connected tc the first
access port of the memory, a combination of a second
address bus 11AB and a second data bus 11DB connected to

20 the second access port of the memory, a CPU 1 connected
both to the first address bus and to the first data bus,
and a bus interface circuit 3 connected both to the
second address bus and to the second data bus.

Alternatively, a data processing system using

25 the memory comprises the memory 6, a combination of a
first address bus 6AB and a first data bus 10DB
connected to the first access port of the memory, a

combination of a second address bus 11AB and second data
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forces but also, at |least to sone extent, conpressive forces, and so for

exanpl e yarns that are not resin bonded should not be enpl oyed al one.
The strength nmenber should be capabl e of wi thstanding contraction of
t he sheath during processing, for exanple as it cools after

extrusion, and/or if the sheath materi al 69§§tallises, and any 25

contraction of the sheath during service due to changes in tenperature.
Preferred bus 11DB connected to the second access port of the

memory, a combination of a CPU 1 and a first level cache
memory 2 connected both to the first address bus and to
the first data bus, and a bus master 7 connected both to
3] the second address bus and to the second data bus,
wherein the memory is used as a second level cache

memory for the first level cache memory.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of an LSI

10 integrating DRAM and CPU (system LSI) as an example of a
semiconductor integrated circuit according to the
present invention;

Fig. 2 is a block diagram showing an example
of one of DRAM macro structures in Fig. 1;

18 Fig. 3 is a circuit diagram showing an example
of configuration of connection of DRAM banks to global
bit lines;

Fig. 4 is a block diagram showing an example
of an access optimizer;

20 Fig. 5 is a block diagram showing an example
of basic configuration of a first level cache memory;

Fig. 6 is a block diagram showing the logical
configuration of a sense amplifier cache function using
a plurality of DRAM macro structures so as to be able to

25 compare with the first level cache memory;

Fig. 7 is a timing chart showing an example of

an address self-prefetching operation;
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materials for formng the strength nenber include glass reinforced plastics
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Fig. 8 is a block diagram showing an example
of a hit/miss judgment unit when address self-
prefetching is taken into account.

Fig. 9 is an explanatory view showing an
example of the correlation between an output address
signal supplied from the CPU to the first level cache
memory without address alignment of an address alignment
control unit and an output address signal supplied from
the access optimizer to the DRAM macro structures;

Fig. 10 is an explanatory view showing a first
example of correlation between an output address signal
of the CPU obtained by address alignment of the address
alignment control unit and an output address signal of
the access optimizer;

Fig. 11 is an explanatory view showing a
second example of correlation between an output address
signal of the CPU obtained by address alignment of the
address alignment control unit and an output address
signal of the access optimizer;

Fig. 12 is a block diagram showing an example
of the address alignment control unit;

Fig. 13 is an explanatory view showing a
sequence of DRAM banks subjected to the word line
selecting operation in the case where address spaces of
the CPU are accessed sequentially when address alignment
control is not performed as shown in Fig. 9;

Fig. 14 is an explanatory view showing a

sequence of DRAM banks subjected to the word line
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selecting operation in the case where address spaces of
the CPU are accessed sequentially when address alignment
control is performed as shown in Fig. 10;

Fig. 15 is an explanatory view showing a
sequence of DRAM banks subjected to the word line
selecting operation in the case where address spaces of
the CPU are accessed sequentially when address alignment
control is performed as shown in Fig. 11;

Fig. 16 is a block diagram showing an example
of a data buffer circuit:;

Fig. 17 is a flow chart showing an example of
a procedure for access priority judgment and for
controlling an access operation based on the access
priority judgment in the case where access conflict
occurs in one and the same DRAM macro structure:;

Figs. 18A to 18D are timing charts showing
some examples of operation timing of the DRAM macro
structures in accordance with a result of the access
priority judgment;

Fig. 19 is a block diagram schematically
showing another example of the system LSI in terms of
non-blocking multi-access to non-conflicting DRAM macro
structures;

Fig. 20 is a timing chart showing an
operational example of a direct burst write mode which
is an example of a write without data readout mode;

Fig. 21 is a timing chart showing an

operational example of a refresh mode; and
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Fig. 22 is a timing chart showing a
comparative example of operation timing on the
assumption that read modify write is applied also to

one~word-line's writing.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
<System LSI>

Fig. 1 shows an LSI integrating DRAM and CPU
(referred to as system LSI) which is an example of a
semiconductor integrated circuit according to the
present invention. The system LSI shown in Fig. 1 is
not limited specifically. A CPU 1 as an example of a
large-scale logic circuit, a first level cache memory 2,
an interface circuit 3 for external bus, an access
optimizer 4 and a plurality of DRAM macro structures
(multi-bank DRAMs) 5Ma to 5Md as an example of a large-
capacity memory are integrated in one chip such as a
monocrystalline silicon chip by a CMOS (Complementary
Metal Oxide Semiconductor) producing technique. The
DRAM macro structures 5Ma to 5Md are constituted by
multi-bank DRAMs which have a plurality of DRAM banks
(memory banks) respectively. The DRAM banks are
provided with shared global bit lines. Each of the DRAM
banks has a sense amplifier cache function using a sense
amplifier as a cache. For access hit to data in the
sense amplifier, data can be output at a high speed
without any word line selecting operation. Both the

hit/miss judgment for the sense amplifier cache and the
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control of the DRAM macro structures 5Ma to 5Md are
performed by the access optimizer 4.

The CPU 1 is not limited specifically. But,
for example, a so—-called 32-bit CPU may be used. The
data processing unit of the CPU is made 32 bits as a
general rule. Further, the CPU 1 can manage a 4-Gbyte
address space on the basis of a 32-bit address signal
though it is not limited specifically.

The CPU 1 and the first level cache memory 2
are connected to each other by a 32-bit internal data
bus 6DB and a 32-bit internal address bus 6AB. The
first level cache memory 2 and the interface circuit 3
for external bus are connected to each other by.a 32-bit
internal data bus 7DB and a 32-bit internal address bus
7AB. The interface circuit 3 for external bus is
connected to the outside through a 32-bit external data
bus 8DB and a 32-bit external address bus 8AB.
Incidentally, control signal buses are not shown in Fig.
1.

The DRAM macro structures 5Ma to S5Md are
mapped in the address space of the CPU 1. The DRAM
macro structures are used as a second level cache memory
due to the sense amplifier cache function thereof. The
DRAM macro structures 5Ma to 5Md input/output data
from/to the access optimizer 4 through 128-bit memory
data buses 9DBa to 9DBd. The access optimizer 4
supplies an address signal, a command, or the like, to a

corresponding DRAM macro structure through a bus SACB.
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The sheath may be fornmed from any appropriate plastics material, for

exanpl e from pol yvinyl chloride, |ow, nmediumor high density
pol yet hyl ene, pol yuret hane, pol ypr opyl ene, pol yam des, pol yesters or
conbi nati ons thereof For exanple, a dual-wall sheath may be enpl oyed

whi ch may conprise a pol yethyl ene inner |a§%r t hat occupi es
The access optimizer 4 is connected both to

the CPU 1 and to the first level cache memory 2 through
a first access port PT1l. The access optimizer 4 further
has a second access port PT2 for connecting the access

5 optimizer 4 to the outside of the system LSI through the
external bus interface circuit 3. The first access port
PT1 receives an address signal from the CPU 1 through
the address bus 6AB. Data input/output between the
first access port PT1l and the first level cache memory 2

10 is performed through a 128-bit data bus 10DB. The
second access port PT2 is connected to the external bus
interface circuit 3 through a 32-bit address bus 11AB
and a 32-bit data bus 11DB.

When the CPU 1 in the system LSI outputs an

15 address signal to the address bus 6AB to perform read
access, the first level cache memory 2 starts a cache
memory operation such as hit/miss judgment, or the like,
in response to the read access. Concurrently, also the
access optimizer 4 starts sense amplifier cache hit/miss

20 judgment, or the like. The first level cache memory 2
is a small-capacity high-speed memory made of SRAM
(Static Random Access Memory). Each of the DRAM macro
structures 5Ma to 5Md is a large-capacity low-access-
speed memory compared with the first level cache memory

25 2. Accordingly, the cache hit/miss judgment for the
first level cache memory 2 always precedes that for the
DRAM macro structures. If the first level cache memory

2 is in a cache~hit state, the output of read data from
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5 nost of the volune and has a nylon 12 outer |ayer to give the sheath
| nproved properties such as termte resistance. If necessary or
desirable, the materials nmay include one or nore additives e.qg.
fillers, crosslinking agents, antioxidants,_ultraviolet stablizers, flane
retardants, pignents, fungicides and the li%Re.

the DRAM macro structures 5Ma to 5Md by the access
optimizer 4 is suppressed and necessary data are given
from the first level cache memory 2 to the CPU 1 through
the data bus 6DB. If the first level cache memory 2 is
5 in a cache-miss state, necessary data are given from the
DRAM macro structures 5Ma to 5Md to the CPU 1 through
the data bus 10DB and the first level cache memory 2.
In this occasion, the data given from the DRAM macro
structures 5Ma to 5Md to the first level cache memory 2
10 is composed of 128 bits. The first level cache memory 2
extracts 32 bits by use of the low order side of the
address signal and gives the 32 bits to the CPU 1. At
the same time, the first level cache memory 2 writes the
aforementioned 128-bit data in a cache line concerning
15 cache-miss to thereby perform cache-fill of the cache
line. When the cache line in this condition holds data
effective for write back, an operation of writing data
of the cache line back to a corresponding address of the
DRAM macro structures 5Ma to 5Md is performed before
20 cache-fill.

In the cése of write access by the CPU 1, data
is written in the cache memory 2 1f the first level
cache memory 2 is in a cache~-hit state. If the first
level cache memory 2 is in a cache-miss state, data is

25 written in a corresponding address of the DRAM macro
structures 5Ma to 5Md. Data write to the DRAM macro
structures 5Ma to 5Md is performed through the bus 10DB.

Data transfer between each of the DRAM macro
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The tubul ar passage may, in one formof cable according to the invention,
be 10 defined by a hollow tube that is envel oped by the sheath. In this
form of cable the holl ow tube may be forned about the fibre or fibres
and laid up with the strength nmenber before t he sheath is extruded
over the combination. However, in an alterdtive formof cable, it
structures 5Ma to 5Md embedded in the system LSI and the
outside of the LSI is performed through the external bus
interface circuit 3 and the buses 11DB and 11AB. Access
control in this condition can be performed by a not-
5 shown DMAC (Direct Memory Access Controller) disposed in
the outside of the LSI, or the like.
In the system LSI, the cache memory 2 is
disposed between the CPU 1 as a large-scale logic
circuit and the DRAM macro structures 5Ma to 5Md as a
10 large-capacity memory. Accordingly, the difference
between the operating speed of the large-capacity memory
5Ma to 5Md and the operating speed of the CPU 1 is
relaxed by the cache memory 2 so that high-speed data
processing of the CPU 1 is realized. Further, to
15 enhance data throughput between the DRAM macro struc-
tures 5Ma to 5Md and the first level cache memory 2, the
number of bits in the data bus 10DB for connecting the

two is increased, for example, to 128 so that high-speed

data transfer 1s realized.

20 <DRAM Macro Structures>
Fig. 2 shows an example of one 5Ma of the DRAM
macro structures. In Fig. 2, one DRAM macro structure
5Ma has, for example, 4 DRAM banks BANKl to BANK4. Each
of the DRAM banks BANK1l to BANK4 has a memory cell array
25 50, a row/column decoder 51, a column selector 32, a
sense amplifier array 53, and a timing generator 54.

The memory cell array 50 has a large number of dynamic
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IS possible to dispense with the tube, and to formthe holl ow tubul ar

passage directly in the sheath as it is extruded. This formof cable
may, for exanple, be manufactured by 15 extrudi ng the sheath about the
strength menber and a delivery tube through which the optical fibre

i s passed, the delivery tube in effect forPng part of the extrusion head
for t he sheat h.
memory cells arranged as a matrix. The selection
terminal of each memory cell is connected to a word line
WL. The data input/output terminal of each memory cell
is connected to a local bit line BL. The local bit
5 lines BL correspond to 1024 bits in total. Sense
amplifiers are provided so as to correspond to the bits
of the local bit lines BL. The sense amplifiers as a
whole are generally called a sense amplifier array 53.
The column switch circuit 52 selects the 128-bit local

10 bit line BL from the 1024-bit local bit lines BL on the
basis of a column address signal. The 128-bit local bit
line selected by the column switch circuit 52 is
connected to a 128-bit global bit line GBL. A word line
selection signal and a selection signal for the column

15 switch circuit are generated by the row/column decoder
51. The 128-bit global bit line GBL is connected to the
data bus 9DBa through main amplifiers which are provided
by bits. The main amplifiers are generally called a
main amplifier array 55.

20 Each of the DRAM banks BANK1l to BANK4 is
supplied with a bank selection signal B-ADD, a row
address signal R-ADD, a column address signal C-ADD, a
column command CC, a row command CR, a write-enable
signal WE, etc. from the access optimizer 4 through the

25 address/command bus SACB.

Although there is no specific limitation, the
aforementioned signals are supplied through signal lines

common to the DRAM banks BANK1l to BANK4. The bank
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The cable according to the invention may be ternmnated in a relatively
sinpl e ~manner at a subscriber entry enclosure, joint enclosure or
ot her location. The cable is 20 preferably term nated by: '

-26-
selection signal B-ADD is a decode signal of a 2-bit
bank address signal and a selection signal peculiar to
each of the DRAM banks BANK1l to BANK4. Accordingly, one
DRAM bank is selected on the basis of a 2-bit bank

5 address signal. When one of the DRAM banks BANK1l to
BANK4 is selected on the basis of a corresponding bank
selection signal, the selected DRAM bank is enabled to
operate. In the DRAM bank enabled to operate, the other
input signals R-ADD, C-ADD, CC, RC, WE, etc. are made

10 significant.

The timing generator 54 is enabled to accept
the row command CR and the column command CC when one of
the DRAM banks is selected on the basis of the bank
selection signal B-ADD. The row command CR has the same

15 function as an RAS (row address strobe) signal of a
standard DRAM. When the row command CR is enabled, the
row address signal R-ADD is fetched and decoded to
perform the word line selecting operation. Data read
from memory cells in one word line to the bit line by

20 the word line selecting operation are latched by sense
amplifiers in the sense amplifier array 53. The column
command CC has the same function as a CAS (column
address strobe) signal of a standard DRAM. When the
column command CC is enabled, the column address signal

25 C-ADD is fetched and decoded so that the bit line
selecting operation is performed by the column switch
array 52. The 128-bit local bit line BL selected by the

bit line selecting operation is connected to the global

This Sheet Has Been Replaced

L

[E—

AT



(1) cutting the sheath circunferentially with a single cut which
cuts or scores any tube located in the sheath that defines the or each
t ubul ar passage;

2T
bit line GBL. Although there is no specific limitation,
the timing generator 54 fetches the row address signal
on the basis of the row command CR and, at the same
time, fetches the write- enable signal WE to thereby
5 determine an internal sequence for read and write
operations.

When a column access operation is performed in
a certain DRAM bank in the DRAM macro structure 5Ma,
another DRAM bank can be selected to generate a row

10 command to thereby perform a row access operation
concurrently with the column access operation.
Accordingly, when the column access to the certain DRAM
bank is terminated, the other DRAM bank subjected to the
row access concurrently with the column access to the

15 certain DRAM bank can be subjected to the column access
immediately. Accordingly, page-miss can be hidden
apparently.

The other DRAM macro structures 5Mb to 5Md
have the same configuration as the DRAM macro structure

20 S5Ma.

Fig. 3 shows an example of configuration of
connection between the DRAM bank and the global bit
line. A pair of complementary bit lines BL<O0, 0> and
BLB<0, 0> are representatively shown in Fig. 3. In Fig.

25 3, the reference characters M1l and M2 designate column
switch MOS transistors respectively; M3 and M4,
precharge MOS transistors respectively:; and M5, an

egualize MOS transistor. A static latch-form circuit
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(i) breaking or kinking the strength member by bending; and 25
(ii1) removing the sheath to expose the or each optical fibre.

Tpus it is possible to dispense with separate operations such as the steps
0
28 -

composed of MOS transistors M6 to M9 is a sense
amplifier. A high potential side operating electric
source ¢ P such as a power-supply voltage is supplied to
the common source of p-channel MOS transistors M7 and

5 M9. A low potential side operating electric source¢N
such as a ground voltage of the circuit is supplied to
the common source of n-channel MOS transistors M6 and
M8. The memory cell is of a one-transistor type
constituted by a series circuit composed of an n-channel

10 selection MOS transistor M10 and a capacitor Cs. The
word line WL is connected to the gate of the selection
MOS transistor M10. HVC is a precharge potential which,
for example, exhibits an intermediate voltage between
the power-supply voltage and the ground voltage of the

15 circuit. ¢PC is a precharge signal. When the level of
the precharge signal is made high, not only the levels
of the complementary bit lines are equalized to each
other but also the precharge voltage HVP is supplied to
the complementary bit lines.

20 Though not shown, the configuration of the
other complementary bit lines is substantially the same
as that of the complementary bit lines BL<O0,0> and
BLB<0,0>. Although there is no specific limitation, the
column address signal is composed of 3 bits, and the

25 column selection signal as a decode signal of the column
address signal is composed of 8 bits ¥YsO to Ys7. Eight
pairs of complementary bit lines BI<0, 0>, BLB<0,0> to

' BL<0, 7>, BLB<O,7> are connected to a pair of global bit
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cutting individual tubes holding the optical fibres that are required with
conventi onal

-29.

lines GBLO and GBLBO through 8 pairs of column switch
MOS transistors M1 and M2 switching-controlled on the
basis of the column selection signal YsO to ¥s7. 1In
this manner, 1024 (128 X 8) complementary bit lines

5] BL<0, 0>, BLB<O0,0> to BL<127,7>, BLB<127,7> in total are
connected to 128 pairs of global bit lines GBLO, GBLBO
to GBL127, GBLB127 successively in 8 pairs.
Accordingly, the level of one of the column selection
signal ¥Ys0 to ¥s7 is switched to be high as a selection

10 level in accordance with a result of decoding of the
column address signal C-ADD. As a result, 128 pairs of
complementary bit lines are connected to 128 pairs of

global bit lines GBLO, GBLBO to GBL127, GBLB127.

<Access Optimizer>
15 Fig. 4 shows an example of the access
optimizer. The access optimizer 4 has an access
priority judgment unit 40, an address alignment control
unit 41, an address self-prefetching unit 42, a hit/miss
judgment uvnit 43, an address/command generating unit 44,
20 a data buffer circuit 45, and a controller 46.

The data buffer circuit 45 has selectors for
selecting one of the data buses 9DBa to 9DBd to connect
the data bus 10DB with the data buffer to the selected
data bus and for selecting one of the data buses 9DBa to

25 9DBd to connect the data bus 11DB with the data buffer
to the selected data bus, respectively.

The access priority judgment unit 40 permits
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parallel access through the first and second access
ports PT1 and PT2 when access through the first access
port PT1l and access through the second access port PT2
use different DRAM macro structures. When access
through the first access port PTl and access through the
second access port PT2 use one and the same DRAM macro
structure, the access priority judgment unit 40 performs
control so that high-priority one of the access ports
determined in advance is operated preferentially.

The address/command generating unit 44 is a
circuit for operating for every DRAM bank to generate a
command/address signal to the address command bus SACB.
That is, the address/command generating unit 44
generates the bank selection signal B-ADD, the row
address signal R-ADD, the column address signal C-ADD,
the row command CR, the column command CC, the write-
enable signal WE, etc.

The address alignment control unit 41 is a
circuit for changing the bit alignment of the access
address signal supplied from the outside of the access
optimizer 4 and subjected to the access priority
judgment to thereby make it possible to supply the
signal to the DRAM macro structures 5Ma to 5Md through
the address/command generating unit 44.

The address/command self-prefetching unit 42
is a circuit for self-prefetching an access address
having a predetermined offset to an external access

address after DRAM macro access control with respect to
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optical cables. Wien termnating the cable, the strength nenber can be
term nat ed by cl anping the sheath of the cable at the encl osure, and
spare fibre nay be stored within the encl osure as an organi zed coi
but w thout the protective |oose tube as in normal practice, or the
spare fibre may be stored outside the encl'dSure as a coil of the cable. The
cable 5 wll normally include one or nore stripping threads or rip-cords
in order to enbbhtecexhernal access address so that data in the self-

prefetched address can be preread from the memory cells

of the DRAM macro structures to the sense amplifiers

through the address/command generating unit 44.

5 The hit/miss judgment unit 43 is a circuit for
judging whether an access request is hit to data already
latched by the sense amplifier array 53 or not. 1In
other words, this is a hit/miss judgment means for
achieving a sense amplifier cache. This means holds the

10 previous access address and judges whether the previous
access address and the current access address are in one
and the same word line or whether the self-prefetched
address and the current access address are in one and
the same word line. A result of the judgment that the

15 two addresses are in one and the same word line
indicates a hit state of the sense amplifier cache. In
this case, the hit/miss judgment unit 43 makes the
address/command generating unit 44 prevent generation of
the row command CR while making the same generate the

20 column command CC immediately so that data already
latched by the sense amplifier array can be read out.
The controller 46 controls the access optimizer 4 as a
whole.
The access optimizer 4 achieves (1)
25 enhancement of the hit ratio of the sense amplifier
cache by next address self-prefetching, (2) preventing

the lowering of the operating efficiency of the multi-

bank DRAM when cache entry replacement is performed
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sheath and any tube to be renoved. For exanple, one thread may be | ocated

al ong the strength nenber and anot her thread may be | ocated between
a tube containing the fibres and the sheath.
-32-

because of cache-miss of the set associative type first
level cache memory, and (3) making non-blocking multi-
access possible so that one access does not block
another access in a plurality of access requests without
5 conflict between the access request from the CPU to the
DRAM macro structures and the access request from the
outside to the DRAM macro structures. Further, the DRAM
banks BANK1 to BANK4 perform write without data readout
to thereby enhance the efficiency of rewriting of data
10 with respect to the DRAM macro structure using the sense
amplifier cache with the memory cell group in every word
line as a cache line. The contents of (1) to (4) will

be described below in detail.

<Enhancement of the Hit Ratio of the Sense Amplifier

15 Cache by Next Address Self-prefetching>

Fig. 5 shows an example of basic configuration

of the first level cache memory 2. Though not limited
specifically, the first level cache memory 2 is of a set
associative type and has 4 ways WAYO to WAY3. Though

20 not limited specifically, each of the ways WAYO to WAY3
has a memory cell array for forming 256 cache lines at
maximum. The memory cell array is constituted by an
address array 20 and a data array 21. One cache line
contains a cache tag CTAG holding an address tag ATAG

25 such as physical page number, or the like, a validity
bit V, a not-shown dirty bit, and corresponding 16-byte

data LWO to LW3. The cache tag CTAG, the validity bit V
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Some degree of adhesion between the strength nenber and the sheath is
desirable 10 for stable |l ong-term performance of the cable, in order to
prevent retraction of the sheath frompulling the sheath, tube (if
present) and fibres back al ong the strength_nenber and causi ng
ni cr obendi ng | osses due to the increase iM% xcess length of the fibre over
t he | ength of the sheath. An interference fit is usually obtained by
defining the ppgge§§e dirty bit are stored in the address array 20.
The data LWO to LW3 are stored in the data array 21.
The validity bit V expresses whether effective data are
contained in the cache line or not. The logical value
5 ®1" of the validity bit V means validness, while the
logical value "0" of the validity bit V means
invalidness. The dirty bit is used when the cache
memory 2 is used in a write back mode. When write
occurs in the write back mode, the dirty bit takes the
10 logical wvalue "1". Anticoincidence between data in a
corresponding entry and data in the external memory (3Ma
to 5Md) can be found by the dirty bit. The dirty bit is
initialized to the logical value *0" by power-on
resetting.
15 The address signal output from the CPU 1 (If
the CPU 1 supports virtual addresses, the address signal
is a physical address signal. If not, the address
signal is a logical address signal.) has 32 bits AQ0 to
A31 as described above. The 32 bits A0 to A3l are used
20 as byte addresses. Though not limited specifically, the
bits A21 to A3l are regarded as an address tag ATAG.
The 8 bits A4 to All are regarded as an index address
INDEX for selecting a cache line from each way.
Although address decoders for the address array 20 and
25 the data array 21 are not shown in Fig. 5, the index
address INDEX is supplied to the address decoders so

that a corresponding cache line is selected.

The cache tag CTAG in the cache line (in each
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conditions so that the sheath contracts tightly over the strength nenber,
mechani cal | ocking may facilitate this by using a roughened

degree of 15

surface on the strength menber .
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of the ways WAY0 to WAY3) selected on the basis of the
index address INDEX is compared with the address tag
ATAG in the access address by each of the comparators 22
to 25. When the cache tag CTAG coincides with the
address tag ATAG such as a physical page number so that
the validity bit V takes the logical value "1", the
output signal from a corresponding one of the
comparators 22 to 25 takes the logical wvalue "1". The
output signal from the corresponding one of the
comparators 22 to 25 is supplied to a corresponding data
array 21. When the signal takes the logical wvalue "1%,
32-byte cache line data indexed by the data array 21 are
selected. The selected cache line data are selected by
the selector 26 on the basis of 2 bits A2 and A3.
Logical ORing of the signals output from the comparators
22 to 25 is used as a hit/miss signal HIT of the cache
memory 2.

Fig. 6 shows the logical configuration of the
sense amplifier cache function of the four DRAM macro
structures 5Ma to 5Md in comparison with the first level
cache memory 2. The least significant 4 bits in the
address signal supplied to the DRAM macro structures 5Ma
to 5Md are substantially meaningless. This is because
data to be column-selected contain 128 bits and it is a
data size of 4 bits as byte address. Three bits CO to
C2 are used as a coclumn selection signal C-ADD. Two
bits MSO and MS1 on the high order side are used as a

macro address signal for selecting one of the DRAM macro
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Al'so, it is possible for the sheath to adhere to the tube since the sheath
I S not separated fromthe tube in the term nati on nmethod accordi ng
to the invention. However, i f conventional term nation nethods are
used in which the sheath is separated fromthe 20 tube and a spare length
of fibre is stored within the tube at the-&hclosure, then adhesion

bet ween the tube and sheath is preferably reduced by agpropriate choi ce of
materials or Structures 5Ma to 5Md. Four bits BO to B3 on the

further high order side are used as a bank address
signal for selecting one of the DRAM banks. Assume now
that there are 16 DRAM banks. Eight bits RO to R7 on

5 the further high order side are used as a row address
signal R-ADD. It is a matter of course that the address
comparison in the sense amplifier cache is different
from that in the set associative cache memory. The
previous access address by every DRAM bank is held in

10 the hit/miss judgment unit 43. A row address in the
previous access address held in the aforementioned
manner is shown as SACTAG in Fig. 6. The hit/miss
judgment unit 43 compares a row address signal in the
current access address with the row address SACTAG in

15 the previous access address. When the row addresses
coincide with each other, a hit state is given so that
data already latched by the sense amplifier are selected
on the basis of the column address signal by the
address/command generating unit 44.

20 As is obvious from the above description, the
speed of first access to the DRAM macro structures can
be enhanced in the case where data are held in each of
the sense amplifiers of the DRAM bank by use of multi-
bank DRAM macro structures 5Ma to 5Md so that data

25 latched by the sense amplifier are output when access
hits the held data. That is, each of the memory banks
can be made to function as a sense amplifier cache.

To improve the hit ratio (the hit ratio to
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by the use of agents to reduce the adhesion. Two forns of
optical cable according to the invention will now be described by
way of exanple with reference to the acconpanyi ng drawi ngs in which:

-36-
data in the sense amplifier) of the sense amplifier
cache more greatly, the next address {(obtained by
addition of a predetermined offset) is self-prefetched
by the address self-prefetching unit 42 after the

5 external access, so that data in the self-prefetched
address are preread by the sense amplifier in another
memory bank. The reason why a subject of self-
prefetching is the next address is based on an empirical
rule that operating programs of the CPU 1 or a group of

10 processing data are basically mapped on linear
addresses. This is for the purpose of facilitating
cache-hit of the sense amplifier cache with respect to
the aforementioned access.

The self-prefetching address must be an

15 address in a memory bank different from the subject of
previous access. If the two addresses are in one and
the same memory bénk, the function of the sense
amplifier cache cannot be used for the previous access.
Therefore, the access address having a predetermined

20 offset to the external access address is set as an
address for designating a memory bank different from
that designated by the external access address.

At least a part from the least significant bit

to MS1 in the bit alignment of the address signal of

25 Fig. 6 supplied to the DRAM macro structures 5Ma to 5Md
is made identical with that in the address signal output
from the CPU 1. Accordingly, in the case where the

address signal output from the CPU 1 is incremented
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Figure 1 is a schematic cross-section through one form of

cabl e according to the I nvention that enploys a
| oose tube in which the fibres are | ocated; and
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successively, the DRAM macro structure is changed to a
new one whenever the word line selection state is
switched. Accordingly, the predetermined offset given
by the address self-prefetching unit 42 is made 2 to the
power i (273=8) from the least significant bit of the
column address signal when i (=3) is the number of bits
in the column address signal.

Fig. 7 shows an example of the timing chart of
the address self-prefetching operation. Assume that the
access address by the CPU 1 is ADDl1. Assume that a new
word line selecting operation is carried out on the
other hand. For example, after 6 cycles from the
access, data D1 corresponding to the access address ADD1
is read out. In the period of 6 cycles, the address
self-prefetching unit 42 adds 8 to the address ADD1l to
generate an address ADD2 in its inside, instructs the
address/command generating unit 44 to perform a row
operation, instructs a DRAM bank of a DRAM macro
structure corresponding to the self-prefetched address
signal to perform a word line selecting operation and
makes the sense amplifier latch data in the selected
word line. If 8 is added to the access address signal
as described above, the resulting access address ADD2
always shift to another DRAM macro structure.
Accordingly, the operation of the memory bank based on
the access address ADD1 is not disturbed. Accordingly,
if the next access address by the CPU 1 is ADD2, the

address/command generating unit 44 selects latch
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information of the sense amplifier directly on the basis
of the column address signal contained in the address
ADD2 without the word line selecting operation based on
the address ADD2 to thereby output data D2 to the

5 outside.

Fig. 8 shows an example of the hit/miss
judgment unit 43 in the case where the aforementioned
address self-prefetching is taken into account. The
hit/miss judgment unit 43 has an address decoder 430, a

10 register 431, and comparators 432A and 432B. The
register 431 has address storage regions peculiar to
DRAM banks, respectively, of the DRAM macro structures
5Ma to 5Md. The previous access address signal in a
corresponding memory bank is held in the address storage

15 region. The address decoder 430 receives an address
signal from the address alignment control unit 41 and an
address signal from the address self-prefetching unit 42
and decodes a 2-bit macro address signal and a 4-bit
bank address signal contained in the input address

20 signals respectively. BAn address storage region
corresponding to the DRAM bank of the DRAM macro
structure to be subjected to access is selected by use
of the decode signals. In the selected address storage
region, address information already held is first output

25 and then updated to current access address information.
When the address information already held is output, the
comparator 432A compares the address signal given from

the register 431 with the address signal given from the
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address alignment control unit 41 and the comparator
432B compares the address signal given from the register
431 with the address signal given from the address self-
prefetching unit 42. 1If the comparison results in
coincidence in higher order address information than the
column address signal, sense amplifier cache hit signals
433A and 433B are enabled and given to the
address/command generating unit 44.

The address/command generating unit 44 makes a
judgment by the state of the sense amplifier cache hit
signals 433A and 433B as to whether a row command CR is
generated to the access address at this point of time or
not. That is, the address/command generating unit 44
instructs the DRAM macro structure designated by the
access address to perform an operation of selecting the
memory bank, the word line and the bit line in response
to detection of.anticoincidence based on the signals
433A and 433B and instructs the DRAM macro structure
designated by the access address to stop the word line
selecting operation and perform an operation of
selecting the memory bank and.the bit line in response
to detection of coincidence based on the signals 433A

and 433B.

<Address Alignment Control for Second Level Cache>
Fig. S shows correlation between an address
signal (an output address signal of the CPU 1) supplied

to the first level cache memory 2 and an address signal
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Referring to the acconpanying draw ngs, figure 1 shows one formof cable
according to the invention. In this formof cable a glass reinforced
pl astics strength 5 menber 1 and a hollow plastics tube 2 are laid up

with alternating directions of lay to 10

(an output address signal of the access optimizer)
supplied to the DRAM macro structures 5Ma to SMd in the
condition that address alignment control is not
performed by the address alignment control unit 41.

5] The access optimizer 4 and the DRAM macro
structures 5Ma to 5Md can be located as a second level
cache memory 6 by the sense amplifier cache functiocn
thereof.

When cache read-miss occurs in the first level

10 cache memory 2, there is some case where both replace-
ment of the cache line and write back of data in the
cache line must be performed. In this case, the index
address information portion of the write back
destination address and the index address information

i5 portion of the read address of cache data to be replaced
are equalized to each other. This is obvious from the
index operation in a set associative type cache memory.
The two addresses are different from each other in the
address tag portion.

20 As is obvious from the address alignment in
Fig. 9, in this occasion, CPU addresses having equal
index addresses INDEX are identical in address bits A4
to All. Except the most significant bit B3 of the bank
address signal, column address signal bits CO0 to C2,

25 macro address signal bits MSO and MS1 and part BO to B2
of the bank selection signal are allocated to the
address bits A4 to All respectively. If the most

significant bit Al2 of address tag information ATAG for
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produce a SZ stranded configuration in which the strength nenber is
substantially straight and the plastics tube revol ves about the
strength nmenber in alternating directions. The tube 2
contains four optical fibres 3 that are Iggfply housed in the tube so
the write back destination address and the most
significant bit Al2 of address tag information ATAG for
the read address of cache data to be replaced coincide
with each other, write access to DRAM macro structures
5 for write back and read access from DRAM macro struc-
tures for replacement are performed on one and the same
DRAM bank in one and the same DRAM macro structure. The
probability of coincidence in one bit Al2 is relatively
high. If such a condition occurs, two access operations
10 cannot be performed efficiently by use of different
memory banks in the DRAM macro structures. If one
access operation does not terminate in one DRAM bank,
the other access operation cannot be performed. If
different DRAM banks to be operated are used, a read
15 operation is performed in one DRAM bank and at the same
time at least a row command CR can be supplied to the
other DRAM bank to perform a word line selecting
operation concurrently.
Therefore, the address alignment contrel unit
20 41 is provided. The address alignment control unit 41
changes the bit alignment of the access address signal
supplied from the outside so that the changed signal can
be supplied to the DRAM macro structures 5Ma to 5Md.
Fig. 10 shows a first example of correlation
25 between an output address signal of the CPU 1 obtained
by address alignment of the address alignment control
unit 41 and an output address signal of the optimizer 4.

In the example shown in Fig. 10, address bits Al2 to AlS
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that the length of the fibres in the tube exceeds the | ength of the tube by
a smal | annunt, 10 e.g. up to 0.1%of the length of the tube, (often
called the "strain margin") in order to allow the cable to stretch
when subjected to tensile forces wthout exertlng any stress on t he
fibres. In addition, the tube 2 may contai'*a water resistant gel 4 in
order to prevent m gration of noisture along the cable and al so, if
necessary, to aseperdanyl pwtBOri®fBl lnf the bank address signal and

address bits A9 to All are made part RO to R2 of the row
address signal. The other alignment is the same as in
Fig. 8. Fig. 11 shows a second example of address

5 alignment. In the example shown in Fig. 11, address
bits Al2 to Al4 are made part Bl to B3 of the bank
address signal and address bits Al0 and All are made
part RO and Rl of the row address signal. The other
alignment is the same as in Fig. 9. 1In each of Figs. 10

10 and 11, a part of address information contained in the
address signal supplied from the CPU 1 and used as an
index address INDEX of the first level cache memory 2
and a part of address information contained in the
address signal supplied from the CPU 1 and used as a tag

15 address ATAG are replaced with each other so as to be
allocated to the bank address of the memory bank.

Accordingly, when both replacement and write

back of the cache entry are to be performed because of
cache-miss of the first level cache memory 2, the two

20 memory operations can be performed in different DRAM
banks respectively. With respect to different DRAM
banks contained in one DRAM macro structure, when a
column operation is performed in one DRAM bank, a row
command CR can be supplied to the other DRAM bank

25 concurrently with the column operation in one DRAM bank
so that a word line selecting and sense amplifier
latching operation is performed precedently.

Bccordingly, when a column access operation is performed
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fibres 3 within the tube if the cable is subjected to vibration. The tube 2
may be fornmed 15 by met hods known per se, for exanple by extruding

pl astics nmaterial to forma tube around an optical fibre delivery
tube through which the optical fibre or fibres are passed. One

met hod of forming such a tube is described¥n GB application No. 2,186, 520A
| f necessary, a gel delivery tube may be | ocated within the fibre

delivery tube amdfa|wrife operation for write back is performed in one
DRAM bank, a row command CR can be supplied to the other
DRAM bank so that a word line selecting and sense
amplifier latching operation in a read operation for
5 replacement is performed precedently. Accordingly,

after the write operation for write back, the column
selecting and output operation in the read operation for
replacement can be performed immediately. Accordingly,
the speed of a penalty operation caused by cache-miss of

16 the first level cache memory 2 can be enhanced.

Fig. 12 shows an example of the address
alignment control unit 41. The address alignment
control unit 41 has a switch circuit 411 for changing
the alignment of an input address signal to output the

15 changed alignment, and a control register 410 for
latching control information for determining the
switching state of the switch circuit 411. The control
register 410 is formed so as to be able to be accessed
by the CPU 1. Accordingly, one of the address

20 alignments shown in Figs. 10 and 11 can be selected
optionally.

The difference between the address alignments
appears as the difference in frequency of designation of
one and the same memory bank for continuous addresses.

25 Figs. 13 to 15 show sequences of DRAM banks subjected to
the word line selecting operation when the address
spaces of the CPU 1 are accessed successively. Each of

the four DRAM macro structures 5Ma to 5Md has 16 DRAM
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pl astics tube so fornmed with a gel downstream of the point at which the
fibre delivery 20 tube ends. The tube nay be stretched slightly as it is

wound onto a drum so that when it is later allowed to rel ax,
contraction of the tube will cause the optical fibres to be |oosely
housed t herei n. -44-

banks. In the case of Fig. 13 corresponding to Fig. ©
without address alignment control, all the 64 DRAM banks
are switched successively and the selection of the word
line is switched successively (the case of continuous 64
8 banks). In the case of Fig. 14 corresponding to Fig. 10
showing a first example of address alignment control,
the selection of the word line is switched while 4 DRAM
banks are switched cyclically (the case of continuous 4
banks). In the case of Fig. 15 corresponding to Fig. 11
10 showing a second example of address alignment control,
the selection of the word line is switched while 8 DRAM
banks are switched cyclically (the case of continuous 8
banks) .
If the fregquency in selection of one and the
15 same memory bank in index addresses close to each other
in replacement of a cache line is high, the hit ratio by
the sense amplifier cache function decreases as
information access addresses are closer to each other.
If the frequency in selection of different memory banks
20 in index addresses close to each other in replacement of
a cache line is high, the hit ratio by the sense
amplifier cache function increases as information access
addresses are closer to each other. Which is selected
more advantageously depends on address mapping of data
25 and commands. Selection can be made in accordance with
an application system.
Wiring in which address alignment is fixed by

metal option can be used as the address alignment
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When the tube 3 and the strength nenber 1 are laid up, a sheath 5 is

ext ruded onto the laid up tube and strength nenber so that no voids
exi st between the tube and 25 strength nmenber or between either of the
tube and strength nenber and the sheath. | addition, the cable is

formed so that the tube 2 and the sheath db6 no adhere to one

control unit 41. The selection of address alignment
cannot be made in any stage but a stage of production
process or planning. The circuit configuration for

address alignment control can be, however, simplified.

5 <Parallel Access to Non-conflicting DRAM Macro

Structures>
Fig. 16 shows an example of the data buffer

circuit 45. The data buffer circuit 45 has a
combination of a read data buffer 454R and a write data

10 buffer 454W connected to the data bus 10DB of the first
port PT1l, a combination of a read data buffer 455R and a
write data buffer 455W connected to the data bus 11DB of
the second port PT2, and selectors 450R, 451R, 452W and
453W. The selector 450R selects one of the DRAM macro

i5 structures 5Ma to 5Md and connects the selected DRAM
macro structure to the read data buffer 454R. The
selector 451R selects one of the DRAM macro structures
5Ma to 5Md and connects the selected DRAM macro
structure to the read data buffer 455R. The selector

20 452W selects one of the DRAM macro structures 5Ma to 5Md
and connects the selected DRAM macro structure to the
write data buffer 454W. The selector 453W selects one
of the DRAM macro structures 5Ma to 5Md and connects the
selected DRAM macro structure to the write data buffer

25 455W. The selection signals of the selectors 450R,
451R, 452W and 453W are output from the controller 46.

Each of the output of the read data buffer
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another to any significant extent. This may be achi eved by appropriate

choi ce of

materials, for exanple by form ng one of the conponents

froma pol yester such as
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454R and the input of the write data buffer 454W is
conposed of 128 bits. On the other hand, each of the
read data buffer 455R and the write data buffer 455W
includes a data aligner, so that the bus 11DB side
interface is of a 32-bit type whereas the selector
451R/453W side interface is of a 128-bit type.

When access through the first access port PT1
and access through the second access port PTZ2 use
different DRAM macro structures respectively, the access
priority judgment unit 40 permits parallel access
through the two access ports.

Such non-conflicting access to DRAM macro
structures is judged on the basis of comparison between
a macro address signal contained in an address signal
supplied from the bus 6AB and a macro address signal
contained in an address signal supplied from the bus
11AB. A result of the judgment is given to the
controller 46, so that the controller 46 performs
selection control of the selectors 450R, 451R, 452W and
453W on the basis of the macro address signals supplied
from the two buses.

When access through the first access port PT1
and access through the second access port PT2 use one
and the same DRAM macro structure, the access priority
judgment unit 40 gives priority to the operation of
higher-priority access port determined in advance.

Fig. 17 shows an example of a procedure for

access priority judgment and access control using the
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access priority judgment in the case where access
conflict occurs in use of one and the same DRAM macro
structure.

An access priority port is designated by an
access priority setting register. With respect to an
address input, a judgment is made as to whether the
input source is the priority port or not (S1l). If
access is through the priority port, a judgment is made
as to whether there is any waiting priority access or
not (S2). Waiting is made until the priority access
terminates (S3). Then, the hit/miss judgment unit 43
makes a hit/miss judgment of the sense amplifier cache
(S4). If there is cache-miss, word line selection as a
row address operation and row access for latching the
sense amplifier are performed (S5). Then, column access
such as a column selecting operation, or the like, is
performed (S6). Thus, data are output (S7). If cache-
miss is detected in the step S4, the situation of the
procedure skips over the row access step (S5) to the
column access step (S6) and the data output step (S7).
If there is no priority access in the step S1, a
judgment is made as to whether there is access conflict
with priority access or not (S8). 1If there is access
conflict, waiting is made until priority access
concerning the conflict terminates (S9). Then, the
situation of the procedure goes to the step S4.

Figs. 18A to 18D show some examples of

operation timing of DRAM macro structures on the basis
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pol ybutyl ene terephthal ate, and the other from pol yethyl ene, or by coating

the tube with a material that wll prevent bonding of the sheath to
it. The sheath 5 nmay have a substantially circular cross-section as
shown in the drawing although it may |nstead have a flattened, e.g.

elliptical, cross-section.
of the result of the access priority judgment. Assume
now the condition that address signals aA0 and aAl are
supplied from the CPU 1 through the bus 6AB and address

signals aB0 to aB3 are supplied from the outside through

e

the bus 11AB as shown in Fig. 18A.

Fig. 18B shows the case where there is no
access conflict in DRAM macro structure as a subject of
access, that is, the case where access occurs in
different DRAM macro structures. In this case, the two
10 DRAM macro structures as a subject of accesé operate

concurrently and independently. Fig. 18C shows the case
where there is access conflict in DRAM macro structure
as a subject of access and the case where access
priority is given to the address input aB, that is, the
15 case where access occurs in one and the same DRAM macro
structure. With respect to the first access request,
the addresses aA0 and aBO conflict with each other.
Access to the address aA conflicts with the other
priority access from the beginning. Accordingly, access
20 to the address aA is put in a wait state until all
operations for the address aB terminate. Fig. 18D shows
the caée where there is access conflict in DRAM macro
structure as a subject of access and the case where
access priority is given to the address input aA, that
25 is, the case where access occurs in one and the same
DRAM macro structure. In this case, cache-miss occurs
in the first access aA0. In the period of replacement

or cache~-fill of a cache entry for the cache-miss, the

This Sheet Has Been Replaced

T

it




5 In addition, a stripping thread (not shown) is provided
bet ween the tube and the sheath and al so between the strength nenber
and t he sheat h.

-390 -
preceding data dBO and dBl are read out because access
to the addresses aBO and aBl does not conflict with
access to the address aA. Access to data dAO0 and access
to data dAl following the data dAO and concerning cache-
5 hit have priority to access to addresses aB2 and aB3.

Waiting for access to the data dB2 and dB3 is made until
access to the data dAl terminates.

From the above description, in a system LSI in
which a plurality of DRAM macro structures are embedded,

10 non-blocking multi-access can be performed for a
plurality of access requests without access conflict in
the DRAM macro structures so that one access does not
block the other access. When, for example, access from
the outside is performed by control of a DMAC not shown,

15 access to a DRAM macro structure by the CPU 1 is
permitted within a range in which the operation of the
CPU 1 is not stopped and in which there is no obstacle
to access from the outside. This contributes to
enhancement of data processing efficiency.

20 From a point of view of the non-blocking
multi-access without access conflict in DRAM macro
structures, the system LSI can be configured as shown in
Fig. 19. The DMAC 7 is connected to the second port
PT2. Data input/output of the first port PT1l is set as

25 32 bits. The first level cache memory 2 is not
constituted by a unified cache memory but separated into
an instruction cache memory 2I and a data cache memory

2D. Although no path but data paths is shown in Fig.

This Sheet Has Been Replaced

AN




In order to term nate the cable, a single circunferential cut is nade
around t he cabl e at an appropriate point and in so doing nicking the
tube 2. Before or after the circunferential cut is made, the sheath
is renoved fromthe strength nmenber, and t 10 tube 2 by nmeans of the
stripping threads, and the tube 2 is then'slid off the fibres. In

19, address paths will be able to be inferred from Fig.
1 easily.
Incidentally, functional blocks in the

S configuration of Fig. 19 may be provided as LSIs
respectively so that a data processing system can be
configured by multi-chips. Further, in the afore-
mentioned access method, there is some case where
latency from the address input of the access optimizer

i0 to the data output is not constant in accordance with
the access conditions. In this case, an SRAM interface
may be used as the interface for the access ports PT1
and PT2 so that the system can be connected to an
existing system easily even in the case where the system

15 is used in combination with the existing system. For
this purpose, the access optimizer 4 may be formed so as
to output a wait signal in a period of from the address

input to the data output.

<Write without Data Readout in Second Level Cache Memory

20 composed of DRAM macro structufes>
Write without data readout in DRAM banks in

DRAM macro structures provided specially as a second

level cache memory in a system LSI will be described

below. Generally, when data are to be written in DRAM,
25 data are once read out from memory cells to sense

amplifiers and a part of data is then rewritten. That

is, read modify write is performed. When the sense
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addition, the strength nenber 1 is manually broken at a predetern ned
di stance fromthe end of the sheath 5. The cable is now ready to be
cl anped at the joint or subscriber term nation encl osure and the

optical fibres jointed. 51

amplifier cache function of the DRAM macro structures is
used as a second level cache memory, there is no
necessity of performing read modify write because data
are managed by word lines. Therefore, for write, an

5 operation of reading data to the sense amplifiers is not
performed and write data are transferred from the main
amplifiers to the bit lines at the same time or just
after rising of the word line. In this manner, one-
word-line's data are written at a high speed.

16 With respect to the data write mode, the DRAM
bank timing generator 54 for achieving the afore-
mentioned write without data readout has a first
operation mode (write without data readout mode) for
activating the sense amplifier at first timing after

15 selection of the word line, and a second operation mode
(refresh mode) for activating the sense amplifier at
second timing slower than the first timing after
selection of the word line. Though not limited
specifically, the first operation mode is set by

20 asserting the column command CC just after asserting the
write-enable signal WE and the row command CR. In the
first operation mode, the column address signal is
provided together with the column command CC. Though
not limited specifically, the second operation mode is

25 set by negating the write-enable signal WE and asserting
the row command CR. In the second operation mode, the
refresh address (row address) is provided together with

the row command CR. Column access is unnecessary for
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Figure 2 shows an alternative form of cable according to the invention.
This form 15 of cable is as described with reference to figure 1 with the

exception that a tubul ar passage 2' for the fibres is formed directly
in the sheath 5 as it is extruded. This form of cable is term nated
in exactly the same manner as the cable shown in figure 1 with the

exception that there is no tube 2 that needs to be nicked when the sheath
is the refreshing operation.

Fig. 20 shows an example of an operation
timing chart in a direct burst write mode as an example
of the write without data readout mode. Just after a

& word line WL is selected at time t0, electric sources ¢
N and ¢P for sense amplifiers are switched on so that
the sense amplifiers are activated. Further, first 128~
bit write data DO are input from the global bit line GBL
to the 128-bit local bit line BL through the column

10 switch circuit 52 on the basis of the column selection
signal Ys0. The input 128-bit write data D0 are latched
by corresponding 128 sense amplifiers. The potential
condition of a corresponding local bit line BL is
determined in accordance with the latched data.

15 Thereafter, the same write operation as described above
is continued in a period of from time tl to time tl127.
Finally, data are written in 1024-bit memory cells with
respect to one word line.

Fig. 21 shows an example of an operation

20 timing chart in the refresh mode. In the refreshing
operation, read modify write must be performed from the
nature of the cperation for refreshing storage
information. Accordingly, a precharging operation
terminates at time t00. A word line selecting operation

25 is performed at time t0l. After a differential voltage
based on electric charge information supplied from
memory cells to the local bit line BL by the word line

selecting operation becomes large to a certain degree,
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circunferentially cut.
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- 53 -
the sense amplifiers are activated at time t02.
Information stored in the memory cells is latched by the
sense amplifiers at time tl. As a result, the local bit
line BL is driven so that information stored in the
memory cells are refreshed on the basis of the electric
charge information. 1In this operation, a timing margin
is taken in a period of from time t00 to time tOl.

If not only data write by word line but also a
write operation for a part of one-word-line’s memory
cells are supported, read modify write is required as
well as the refreshing operation. This is because data
in other memory cells than memory cells as a subject of
write must not be destroyed even in the case where a
word line is selected. If read modify write is used for
one-word-line's writing, the same timing margin as in
the refreshing operation is added to the access time as
shown in Fig. 22. As a result, the write time becomes
long compared with Fig. 20.

Although the present invention provided by the
inventor has been described specifically on the basis of
embodiments thereof, it is a matter of course that the
invention is not limited thereto but may change
variously without departing from the gist thereof.

For example, the number of DRAM macro
structures and the number of DRAM banks contained in
every DRAM macro structure are not limited to the
aforementioned example and can be changed suitably.

Further, the kind and number of circuit or function
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modules contained in the semiconductor integrated
circuit represented by the system LSI are not limited to
the aforementioned example. An address conversion
buffer may be contained or a DSP may be embedded.
Although the above description has been made upon the
case where DRAM macro structures and DRAM banks are used
as an example of the large-capacity mémory, the memory
macro structures and the memory banks are not limited to
the DRAM type except embodiments concerning write
without data readout. For example, SRAM (Static Random
Access Memory), or the like, may be used as the large-
capacity memory. Further, embodiments concerning
address self-prefetching and non-blocking multi-access
are not limited to the form of specific use of the
memory macro structures as a second level cache in which
data are managed by word lines. It is a matter of
course that the invention can be applied also to the
case where the memory macro structures are used as a
main memory simply.

The effects obtained by the aforementioned
embodiments will be described in brief.

That 1is, the hit ratio of the sense amplifier
cache can be enhanced by the next address self-
prefetching.

When replacement of a cache entry is performed
because of cache-miss of a set associative type first
level cache memory, the lowering of the operating

efficiency of multi-bank DRAM can be prevented.
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7 C ai ns: 1. An optical cable which conprises a single
strength nenber (1) extending

-55 -
The speed of first access for a multi-bank
memory can be enhanced.
For a plurality of access requests in the case

where an access request from the CPU to the memory macro

Cre

structures and an access request from the outside to the
memory macro structures do not conflict with each other,
non-blocking multi-access can be made so that one access
does not block the other access.

Data rewriting for a multi-bank DRAM using a
10 cache line as a word line unit can be performed more

efficiently.
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al ong the cable, an extruded plastics sheath (5) that envel opes the

strengt h nmenber and contains a single tubular passage (2,2")-.in.which
is loosely housed at |east one 5 optical fibre (4), t T
(1) being eccentric within the sheath (5), 6 characd Hgaﬁﬁ

strength nenber (1) and the tubul ar passage’(2,2') are = ¢ arfén

opposite sides of the cable axis and the tubul ar passage (2,2') and t‘
WHAT IS CLAIMED IS:

1. A semiconductor integrated circuit comprising
memory macro structures, and an access controller,

wherein each of said memory macro structures
includes a plurality of memory banks having bank
addresses allocated to said memory banks respectively,
each of said memory banks containing a word line to be
selected on the basis of a row address signal, a bit
line to be selected on the basis of a column address
signal so as to be connected to a data line of said
memory macro structure, a memory cell provided at a
point of intersection between said word line and said
bit line, and a sense amplifier for latching storage
information read out from said memory cell, and

wherein said access controller includes an
address/command generating unit for operating for every
memory bank, a hit/miss judgment unit for enabling data
already latched by said sense amplifier to be output to
said data line in response to an access request coming
after data latching, and an address self-prefetching
unit for self-prefetching an access address having a
predetermined offset to an extefnal access address after
access control of said memory macro structure is
effected with respect to said external access address so
that data in said self-prefetched address is preread
from said memory cells of said memory macro structure by
said sense amplifier.

2. A semiconductor integrated circuit according
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sheath 5 extend helically around the strength nenber. S 20
as clainmed in claiml, wherein the direction of lay of the_ st
menber (1) and the passage (2,2') alters along the Iengthﬁ

-57- L

to Claim 1,

wherein said address signal output from said
address/command generating unit is formed so that a bank
address signal and a row address signal are mapped on a
high order bit side of a column address signal and on a
high order bit side of the bank address signal,
respectively, and

wherein said predetermined coffset is 2 to the
power 1 from the least significant bit of said column
address signal when i is the number of bits in said
column address signal.
3. A semiconductor integrated circuit according
to Claim 2, wherein said access address having said
predetermined offset to said external access address is
provided as an address for designating a memory bank
different from a memory bank designated by said external
access address.
4. A semiconductor integrated circuit according
to Claim 3,

wherein said hit/miss judgment unit has a
comparator for detecting coincidence/anticoincidence
between said external access address and an access
address for storage information held in said sense
amplifier, and

wherein sald address/command generating unit
instructs said memory macro structure designated by said
external access address to select a memory bank, a word

line and a bit line in response to anticoincidence



3. A cable as clained inclaiml or claim2, wherein the tubul ar passage

(2,2") contain T A cable as clainmed in any one of
claims 1 to 3, mher;‘gwﬂﬁ [;; &m@mlgnenber (1) has sufficient strength
agai nst conpressive T L s and coggraction of the

detected by said comparator and instructs said memory

macro structure designated by said external access
address to suppress the word line selecting operation to
select a memory bank and a bit line in response to
coincidence detected by said comparator.
5. A semiconductor integrated circuit according
to Claim 4,

wherein said hit/miss judgment unit further
has an address register for registering information of
said storage information access address held in said
sense amplifier in accordance with every memory bank,
and

wherein said comparator compares said access
address information registered in said address register
with a current access address and gives a result of the
comparison to said address/command generating unit.
6. A semiconductor integrated circuit according
to Claim 1, further
comprising a CPU connected to said access controller,
and a first level cache memory connected to said CPU and
said access controller,

said access controller including an address-
alignment control unit for allocating an alignment
contained in an address signal supplied from said CPU
and different from an alignment of a plurality of
address bits allocated to an index address of said first
level cache memory to a bank address of said memory
bank.
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15 sheath (5) during processing and due to thernal contraction. 5.
A cable as claimed in anE one of clains 1 to 4, wherein the strength nenber

Ejnmﬁgglj%lﬁﬁﬁ lrel nforced plastics or a netal.

7. A semiconductor integrated circuit according

-59.

to Claim 1, further comprising a CPU connected to said
access controller, and a first level cache memory
connected to said CPU and said access controller, said
access controller being provided so that at least low
order 2 bits of a tag address of said first level cache
memory in an address signal supplied from said CPU are
allocated to at least one of an address for designating
said memory bank and an address for designating said
memory macro structure.

8. A semiconductor integrated circuit according
to Claim 1, further comprising a CPU connected to said
access controller, and a first level cache memory
connected both to said CPU and to said access
controller, said access controller being provided so
that at least low order 2 bits of an index address of
said first level cache memory in an address signal
supplied from said CPU are allocated to at least one of
an address for designating said memory bank and an
address for designating said memory macro structure.

9. A semiconductor integrated circuit according
to Claim 1, further comprising a CPU connected to said
access controller, and a first level cache memory
connected to said CPU and said access controller, said
access controller being provided so that at least low
order 2 bits of an index address of said first level
cache memory in an address signal supplied from said CPU

are allocated to a column address signal.
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6. A cabl e- a-cl ai-ned

passage
sheath (5).

whi ch |ncludeswdheLo

sheat h.

il

strippingaﬁhreads to enabl e renoval

10. A semiconductor integrated circuit according

to Claim 4,

wherein saild memory cells are dynamic memory cells, and

wherein commands supplied from said access

controller contain a first command for instructing said

memory macro structure to select said word line, and a
second command for instructing said mémory macro
structure to select said bit line.
11. A data processing system comprising,

a CPU,

a first level cache memory connected to said

CPU, and

a second level cache memory connected both to

said first level cache memory and to said CPU and
provided for said first level cache memory,

wherein said second level cache memory
includes memory macro structures, and an access
controller,

wherein each of said memory macro structures
includes a plurality of memory banks having bank
addresses allocated to said memory banks respectively,
each of said memory banks containing a word line to be
selected on the basis of a row address signal, a bit
line to be selected on the basis of a column address
signal so as to be connected to a data line of said
memory macro structure, a memory cell provided at a
point of intersection between said word line and said

bit line, and a sense amplifier for latching storage
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8. A nmethod of term nating an optical cable conprising a S|ngle strength
menber (1) extending along the cable, an extrude eath (5)
t hat envel opes the strength nmenber and contains g %@ ﬁ ‘L
passage (2,2') in which is loosely 25 housed at | east

(4), the strength nenber (1) being eccentr t" within

information read out from said memory cell, and

wherein said access controller has an
address/command generating unit for operating for every
memory bank, a hit/miss judgment unit for enabling data
already latched by said sense amplifier to be output to
said data line in response to an access request coming
after data latching, and an address alignment control
unit for changing bit alignment of an access address
signal supplied from the outside of said access
controller and supplying said access address signal with
the changed bit alignment to said memory macro
structure.
12. A data processing system according to Claim
11, wherein said address alignment control unit is
provided so that an alignment contained in an address
signal supplied from said CPU and different from the
alignment of a plurality of address bits allocated to an
index address of said first level cache memory is
allocated to said bank addresses.
13. A data processing system according to Claim
11, wherein said address alignment control unit is
provided so that at least a part of alignment of address
information contained in an address signal supplied from
said CPU and used as an index address of said first
level cache memory is changed so as to be allocated to
bank addresses of said memory banks.
14, A data processing system according to Claim

13, wherein said address alignment control unit is
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provided so that a part of address information contained
in an address signal supplied from said CPU and used as
an index address of said first level cache memory and a
part of address information contained in the address
signal supplied from said CPU and used as a tag address
are replaced with each other so as to be allocated to
bank addresses of said memory banks.

15. A data processing system according to Claim
14, wherein said address alignment control unit has a
switch circuit for making the alignment change of
address information variable, and a control register for
latching control information for determining a switch
state of said switch circuit, said control register
being enabled to be accessed by said CPU.

16. A data processing system according to Claim

wherein said hit/miss judgment unit has a
comparator for detecting coincidence/anticoincidence
between an access address supplied from the outside and
an access address of storage information held in said
sense amplifier, and

wherein said address/command generating unit
instructs said memory macro structure designated by an
external access address to select a memory bank, a word
line and a bit line in response to anticoincidence
detected by said comparator while said address/command
generating unit instructs said memory macro structure

designated by an external access address to stop the
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word line selecting operation and select a memory bank
and a bit line in response to coincidence detected by
said comparator.
17. A cache memory comprising DRAM macro
structures, and an access controller,

wherein each of said DRAM macro structures
includes a plurality of memory banks having bank
addresses allocated thereto respectively, each of said
memory banks containing a word line to be selected on
the basis of a row address signal, a bit line to be
selected on the basis of a column address signal so as
to be connected to a data line of said DRAM macro
structure, a memory cell provided at a point of
intersection between said word line and said bit line,
and a sense amplifier for latching storage information
read out from said memory cell,

wherein saild access controller includes an
address/command generating unit for operating for every
memory bank, and a hit/miss judgment unit for enabling
data already latched by said sense amplifier to be
output to said data line in response to an access
request coming after data latching, and

wherein each of said memory banks has a first
operation mode for activating said sense amplifier at
first timing after selection of said word line, and a
second operation mode for activating said sense
amplifier at second timing later than said first timing

after the selection of said word line.
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18. A cache memory according to Claim 17,
wherein said first operation mode is a write without
data readout mode,
and

wherein said second operation mode is a
refresh mode.
19. A cache memory according to Claim 17, wherein
said cache memory is used in a data processing system
having a first level cache memory connected to a CPU so
that said cache memory is enabled to operate as a second
level cache memory for said first level cache memory.
20. A semiconductor integrated circuit comprising
an access controller including a first access port and a
second access port, and a plurality of memory macro
structures connected to said access controller through a
data line peculiar to said access controller,

wherein each of said memory macro structures
includes a plurality of memory banks having bank
addresses allocated to said memory banks respectively,
each of said memory banks containing a word line to be
selected on the basis of a row address signal, a bit
line to be selected on the basis of a column address
signal so as to be connected to & data line of said
memory macro structure, a memory cell provided at a
point of intersection between said word line and said
bit line, and a sense amplifier for latching storage
information read out from said memory cells, and

wherein said access controller includes
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selectors capable of selecting a memory macro structure
to be accessed through said first access port and a
memory macro structure to be accessed through said
second access port respectively, an access priority
judgment unit which permits parallel access through said
first and second access ports when access through said
first access port and access through said second access
port use different memory macro structures, an
address/command generating unit for operating for every
memory bank with respect to saidl memory macro structure
to be accessed, and a hit/miss judgment unit for
enabling data already latched by said sense amplifier to
be output to said data line in response to an access
request coming after data latching.

21. A semiconductor integrated circuit according
to Claim 20, wherein said access priority judgment unit
gives priority to operation of one of the access ports
having higher priority determined in advance when access
through said first access port and access through said
second access port use one and the same memory macro
structure.

22. A semiconductor integrated circuit according
to Claim 21, wherein at least one of said first and
second access ports is provided with an SRAM interface
function.

23. A semiconductor integrated circuit according
to Claim 20, wherein, in a data processing system having

a CPU, a first address bus; a first data bus, a bus
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interface circuit, a second address bus, and a second
data bus, said first access port is enabled to be
connected to said CPU through said first address bus and
said first data bus and said second access port is
enabled to be connected to said bus interface circuit
through said second address bus and said second data
bus.
24, A semiconductor integrated circuit according
to Claim 20,

wherein, in a data processing system having a
CPU, a first level cache memory, a first address bus, a
first data bus, a bus master, a second address bus, and
a second data bus, said first access port is enabled to
be connected to said CPU and said first level cache
memory through said first address bus and said first
data bus and said second access port is enabled to be
connected to said bus master through said second address
bus and said second data bus, and

wherein said semiconductor integrated circuit
is enabled to operate as said second level cache memory

for said first level cache memory.



