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(57) ABSTRACT

It 1s an object of the present invention to provide a semi-
conductor 1ntegrated circuit having a chip layout that
reduces line length to achieve faster processing. A cache
comprises a TAG memory module and a cache data memory
module. The cache data memory module 1s divided 1nto first
and second cache data memory modules which are disposed
on both sides of the TAG memory module, and mput/output
circuits of a data TLB are opposed to the input/output circuit
of the TAG memory module and the input/output circuits of
the first and second cache data memory modules across a bus
arca to reduce the line length to achieve faster processing.
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FIG. 6
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SEMICONDUCTOR INTEGRATED CIRCUIT

FILED OF THE INVENTION

[0001] The present invention relates to a semiconductor
integrated circuit and in particular to a one-chip large-scale
integrated circuit having cache capability.

BACKGROUND OF THE INVENTION

0002] A one-chip large-scale integrated circuit (LLSI) con-
taining a 32-bit microcomputer for controlling devices has
been developed for built-in applications in the fields of
digital and network appliances.

10003] In the following description, the microprocessor
part of the LSI will be called “microcomputer core.”

[0004] In the field of network appliances, memory pro-
tection are becoming more important as the size of programs
for implementing computer processing services are becom-
ing larger and the programming environment are changing
due to the installation of closed program modules or the
installation by downloading program modules.

|0005] Therefore a microcomputer core includes a
memory management unit (MMU) using a Translation
Look-aside Buffer (TLB) as will be described below 1n order
to support the implementation of memory protection capa-
bility. In the MMU implementation, the parallel execution of
a cache access and a TLB search operation 1s accomplished
in one machine-cycle by optimizing circuitry.

[0006] The basic operation of a cache will be described
below.

10007] FIG. 5 shows busses of the cache of a microcom-
puter core. While the cache 1s divided into an instruction
cache 1 and a data cache 2 for processing an instruction
access and a data access 1n parallel, the operations of these
caches are the same. The operation of the data cache 2 will
be described herein as an example.

[0008] The flow of an address signal for a memory access
1s as follows.

[0009] A central processing unit (CPU) core 3 accesses the

data cache 2 through a bus interface (hereinafter called
“BCIF”) 4.

[0010] During a read operation, a virtual address output
from the CPU core 3 1s input 1nto a data TLLB 5 through the
BCIF 4.

[0011] If a physical address corresponding to the virtual
address 1s 1n the data TLB 5, the data TLB 5 outputs the

physical address 6 and a hit signal as a hit/miss signal 7.
Otherwise, 1t outputs a miss signal.

[0012] If the hit signal is output from the TLB 35, the
physical address output from the TLB § 1s compared with
tags (cache memory indices) in the data cache 2. If there is
a match, the data corresponding to the physical address 1s

output onto a data bus and the data and the hit signal 1s 1nput

into the CPU core 3 through the BCIF 4. The size of the
output from the data cache 2 1s 64 bats 1f it 1s data, or 32 bits
if 1t 1s an instruction.

[0013] The steps of a write operation are the same until the
output of a hit signal from the data cache 2. After that,
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instead of outputting data onto the bus, data which has been
output from the CPU core 3 onto the bus precedently is
written 1nto the data cache 2.

0014] The cache operation will be detailed below.

0015] FIG. 6 shows a configuration of the data TLB 5 and
the data cache 2.

[0016] A virtual address output from an address generator
8 1n the CPU core 3 1s input into the data TLB 5 through the
BCIF 4.

[0017] The virtual address is compared with tags at TAG
Sa. If there 1s a physical address corresponding to the virtual
address, the high-order address of the physical address and
a hit signal 1s output. Otherwise, a miss signal 1s output. If
the physical address corresponds to protected memory, an
exception signal 1s output and no data 1s output from the data
cache 2.

[0018] On the other hand, because the low-order address
of the virtual address 1s the same as that of the physical
address, the low-order address 1s also input into the data
cache 2 at the same time.

[0019] The data cache 2 has a TAG memory module 9 and

cache data memory module 10. If there 1s an address
corresponding to the low-order address in the TAG memory
module 9 of the data cache 2, the high-order address of the
physical address corresponding to the lower address 1s
output.

[0020] If a hit signal is output from the data TLB §, the
high-order address of the physical address output from the
data TLB 5 1s compared with the TAG memory module 9 of
the data cache 2 at 2a.

[0021] If there is a match, data corresponding to the
address 1s output from the cache data memory module 10
onto the data bus and a hit signal 1s provided to the CPU core

3.

[0022] If no hit signal is output from the data TLB 5, or no
hit signal 1s output from the data cache 2, a miss signal 1s
output to the CPU core 3.

[0023] If an exception signal is output from the data TLB
5, no data 1s output from the data cache 2, mstead, exception
management 1S performed by the CPU core 3.

[10024] The steps for a write operation are the same as the
steps described above until the output of the hit signal from
the data cache 2. After the hit signal 1s output, instead of
outputting data onto the bus, data which has been output
from the CPU core 3 onto the bus precedently 1s written into
the data cache 2. If an exception signal 1s output from the
data TLLB 5, data 1s not written into the data cache 2. Instead,
exception management 1s performed by the CPU core 3.

[10025] In this way, part of the virtual address-physical
address translation at the data TLB 5 and part of the match
finding 1n the cache control are performed concurrently in
order to increase the speed of cache operations.

[0026] Thus the cache operations can be performed within
one cycle. Access latency can be reduced by eliminating the
accesses to main memory using the cache memory espe-
cially when an arithmetic operation which requires memory
read/write operations 1s performed 1n a number of cycles.
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10027] FIG. 7 shows access timing during cache read
operation. If a miss signal 1s output, operation in the cycle
halts at that point. FI1G. 8 shows access timing during a
cache write operation (when exception management is OK).
FIG. 9 shows access timing during a cache write operation
(when exception management is NG).

[0028] The operation time is the sum of time required for
“TLB TAG comparison”, “TLB data read”, “cache TAG
comparison”, “cache hit signal output”, and “cache data

output.”

[0029] In order to achieve faster operation (reduce the

amount of time by one machine cycle, or one cycle clock),
the amount of time required for each of these steps should
be reduced.

DISCLOSURE OF THE INVENTION

0030]

0031] While only a data cache will be illustrated and

described below as an example, the same applied to an
instruction cache as mentioned earlier.

[0032] A TLB bus input 11 connects a TLB TAG module
12 comprising a TLB TAG 12a and 1ts I/O 125 1n a data TLB
S5 with the BCIF 4 mentioned earlier. The TLB TAG 12 1s

memory containing address translation data.

[0033] The TLB data memory module 14 of the data TLB
S5 comprises a TLB buffer 14a and its I/O 14b. The TAG
memory module 9 of the data cache 2 comprises a cache
TAG 9a and its I/O 9b. The cache TAG 9a 1s memory
containing cache indices.

[0034] The I/O 14b of the TLB module 14 and the I/O 95
of the TAG memory module 9 1s connected by a TLB bus
output line 13.

FIG. 10 shows a chip layout of a prior art.

[0035] A cache data memory module 10, which is memory
containing cache data, comprises cache data memory 10a
and an I/O 10b. A hit signal of the TAG memory module 9
1s mnput 1n the 1/0 105 of the cache data memory module 10
from the I/O 9b of the TAG memory module 9.

[0036] A cache bus 15 connects to a CPU core 3 through
the BCIF 4 and connects to an external bus 17 through a bus
control unit (BCU) 16 shown in FIG. 5.

[0037] In the prior-art chip layout, the modules 12, 14 of
the data TLLB 5§ and the modules 9, 10 of the data cache 2 are

designed as separated modules and the wiring between the
modules 1s provided subsequently, entailing a long line
length.

[0038] Generally, a wiring delay 1s expressed by 0.4*R*C
(where, R 1s wire resistance and C is wire capacitance) and
a longer line length will provide larger R and C.

[0039] The propagation delay time between the TLB and
the cache TAG, or the propagation delay time through the
“data read” line length to the cache TAG to the cache data

memory module, that 1s, the “cache hit signal output” line
length, prevents faster operation.

[0040] In particular, assuming that the width of the TLB
data memory module 14 1s L, the width of the TAG memory
module 9 1s 2L, the width of the cache data memory module

101s 4L, and the width of the bus area 18 1s A, the line length
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of the TLB bus output 13, that 1s, the maximum length of the
TLB bus data read line will substantially be:

T1=A+L+A+A+L +21+A=4A+41..

[0041] The object of the present invention is to provide a
semiconductor integrated circuit with a chip layout that
allows faster processing by reducing the line length com-
pared with prior-art chip layouts.

[0042] Because virtual addresses are used as the addresses
of recent central processing units, address translation 1is
required between a virtual address and the real address of
cache memory or main memory. Therefore a translation
table becomes larger as address space expands. Typically,
the table 1s organized hierarchically. Because 1t takes much
time to retrieve a real table by referencing the hierarchically
organized table, a table called a TLB (hereinafter called
“TLLB”) which has an association capability is provided
parallel with the hierarchical table to retrieve the real
address faster. Thus the TLB should allow address transla-
fion to be performed at high speed as well as with high
accuracy by means of small-sized circuitry.

[0043] Even though line width, line spacing, line length
and line thickness have decreased as semiconductor inte-
orated circuits have become miniaturized, data cannot be
output faster because, assuming that the same line material
1s used and the scaling factor 1s “S”, the wire resistance R
will increase by a factor of S and the wire capacitance will
decrease by a factor of S, resulting in the same delay product

of R*C.

[0044] There 1s another problem. Letting the capacitance
of the layer under the wiring be Cb, the capacitance between
lines be Cs, and the wire resistance be R, the wiring delay
of the output of the data memory module 1s expressed by
R(Cb+2xCs). However, when the main output and an adja-
cent signal output change 1n opposite directions, the adjacent
capacitance Cs seems to be two times larger. Therefore the
maximum delay will be R(Cb+2x2xCs), which is slower
than normal states. Furthermore, if delay time 1s reduced by
providing a larger driver to increase the instantaneous cur-
rent of a transistor, a supply voltage drop may occur when
all data busses undergo changes. The voltage drop increases
the delay. In addition, 1f signals on lines in layers below and
above a data bus make a transition while the bus 1s 1n hold
state, its output value may be inverted, which cannot be
controlled by the resistance in the hold state of the bus.

[0045] It 1s an object of the present invention to provide a
semiconductor integrated circuit that allows substrate noise
and noise from other signal lines which affect a data bus to
be reduced and faster data output operation to be achieved.

SUMMARY OF THE INVENTION

[0046] A semiconductor integrated circuit according to
claim 1 of the present invention includes a cache capability
provided by a Translation Look-aside Buffer (TLB) and a
cache, wherein the cache comprises a TAG memory module
and a cache data memory module, the cache data memory
module 1s divided into first and second cache data memory
modules which are disposed on both sides of the TAG
memory module; and mput/output circuits of the TLB are
opposed to an input/output circuit of the TAG memory
module and input/output circuits of the first and second
cache data memory modules across a bus area.
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[0047] A semiconductor integrated circuit set forth in
claim 2 of the present invention 1s the one according to claim
1, wherein each of the TAG memory module and the first
and second cache data memory modules 1s further divided

into two and the divided modules are disposed on both sides
of the TLB.

[0048] A semiconductor integrated circuit set forth in
claim 3 of the present 1nvention includes a cache capability
provided by a translation look-aside buffer (TLB) and a
cache, wherein the TLB comprises a TLB tag module storing
address change data and a TLB data memory module storing
Translation Look-aside data; the cache comprises a TAG
memory module storing cache memory 1ndex data and a
cache data memory module storing cache data; the TAG
memory module 1s divided into a plurality of modules and
the cache data memory module 1s divided into a plurality of
modules; the divided TAG memory modules are disposed on
both sides of a longitudinal arrangement direction of the
TLB tag module and the TLB data memory module with the
TLB tag module and TLB data memory module being
sandwiched therebetween; and the divided cache data
memory modules are grouped into two and disposed on both
sides of said divided TAG memory modules.

[0049] A semiconductor integrated circuit set forth in
claim 4 of the present invention 1s the one according to claim
3, wherein the mnput/output circuits of one of the two groups
of caches disposed on both sides of the longitudinal arrange-
ment direction of the TLB tag modules and the TLB data
memory modules with said TLB tag modules (12-1, 12-2)
and TLB data memory modules (14) being sandwiched

therebetween are opposed to the input/output circuits of the
TLB.

[0050] A semiconductor integrated circuit as set forth in
claim 5 of the present invention includes cache memory
comprising a plurality of data memory modules, wherein
first and second power supply lines are provided 1n a layer
under output signal lines connected to the output of the data
memory module section, and the first and second power
supply lines intersect said output signal lines at a right angle
and are alternately and repeatedly provided.

[0051] A semiconductor integrated circuit set forth in
claim 6 of the present invention 1s the one according to claim
5, wherein the first and second power supply lines are
provided 1n a layer above the output signal lines, and the first
and second power supply lines intersect said output signal
line at a right angle and are alternately and repeatedly
provided.

[0052] A semiconductor integrated circuit set forth in
claim 7 of the present invention 1s the one according to claim
5 or 6, wherein a power-supply potential 1s provided to the
first power supply line, a ground potential 1s provided to the
second power supply line, a P-channel MOS ftransistor is
provided 1n a layer under the first power supply line, a gate
of the P-channel MOS transistor 1s connected to the second
power supply line, a draimn and a source of the P-channel
MOS transistor are connected to the first power supply line,
an N-channel MOS ftransistor 1s provided 1n a layer under
said second power supply line, a gate of the N-channel MOS
transistor 1s connected to the first power supply line, and a
drain and a source of the N-channel MOS transistor are
connected to the second power supply line.

[0053] A semiconductor integrated circuit set forth in
claim 8 of the present invention 1s the one according to any
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of claims 5 to 7, wherein no other signal line 1n a layer above
or below or adjacent to the output signal lines 1s provided in
parallel to all or any part of the output signal lines.

[0054] A semiconductor integrated circuit set forth in
claim 9 1s the one according claim 8, wherein the first or
second power supply line 1s provided 1n parallel to all or part
of the output signal line between the output signal line and
another signal line.

[0055] A semiconductor integrated circuit set forth in
claim 10 1s the one according to any of claims 5 to 9
comprising a plurality of outputs as the output of the data
memory module, wherein the outputs comprise pairs of

non-inverse and inverse signals, and each set of signal lines
connected to each pair of the pairs of non-inverse and
inverse outputs are provided between the first and second
power supply lines.

[0056] A semiconductor integrated circuit set forth in
claim 11 1s the one according to any of claims 5 to 10,
wherein the output from the data module 1s output to the
output signal lines through a first sense amplifier.

[0057] A semiconductor integrated circuit set forth in
claim 12 1s the one according to claim 11, wherein a given
signal 1s selected from the plurality of data module outputs
and output through a second sense amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] FIG. 1 shows a chip layout of a cache in a one-chip
LSI according to a first embodiment of the present inven-
tion;

[0059] FIG. 2 shows a chip layout of a cache in a one-chip
LSI according to a second embodiment of the present
mvention;

[0060] FIG. 3 shows a chip layout of the cache according
to the second embodiment;

[0061] FIG. 4 shows a chip layout of a cache in a one-chip
LSI according to a third embodiment of the present inven-
tion;

[10062] FIG. 5 shows a block diagram of busses associated
with a cache 1n a one-chip LSI according to a prior art;

[0063] FIG. 6 shows a block diagram of the cache accord-
ing to the prior art;

10064] FIG. 7 shows an access timing diagram of the read
system of the cache according to the prior art;

[10065] FIG. 8 shows an access timing diagram of the write
system of the cache according to the prior art when excep-
tion decision 1s OK;

[0066] FIG. 9 shows an access timing diagram of the write
system of the cache according to the prior art when excep-
tion decision 1s NG;

[10067] FIG. 10 shows a chip layout of the cache in the

one-chip LSI according to the prior art;

[0068] FIG. 11 shows a block diagram of a semiconductor
integrated circuit according to a fourth embodiment of the
present 1nvention;
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10069] FIG. 12 shows a timing chart of the semiconductor
integrated circuit according to the fourth embodiment of the
present mvention;

[0070] FIG. 13 shows a physical layout of a data buss in
the semiconductor device of the fourth embodiment:;

10071] FIG. 14 shows a wiring diagram in the layer under
the physical layout of the data bus in the semiconductor
device of the fourth embodiment; and

10072] FIG. 15 shows a block diagram of a semiconductor
integrated circuit according to another embodiment of the
present mvention.

DESCRIPTION OF THE EMBODIMENTS

[0073] Embodiments of the present invention will be
described below with reference to FIGS. 1 to 4 and FIGS. 11

to 15.

[0074] In FIGS. 1 to 3 showing a layout of modules of the
embodiments, the actual distance between blocks 1s negli-
oible 1n calculating line lengths.

0075] First Embodiment

0076] FIG. 1 shows a first embodiment in which line
length 1s reduced by making changes to a prior-art chip
layout shown in FIG. 10 as will be described below. The
chip layout of this embodiment will be described herein with
respect to a data cache 2 shown 1n FIG. § as an example.

[0077] In the chip layout shown in FIG. 1, a data cache 2
comprises a TAG memory module 9 and a cache data
memory module 10 and the cache data memory module 10
1s divided 1nto first and second cache data memory modules
10-1, 10-2, which are disposed on both sides of the TAG
memory module 9.

|0078] The first cache data memory module 10-1 com-
prises first cache data memory 194 and an 1I/O circuit 195b.
The second cache data memory module 10-2 comprises
second cache data memory 204 and an I/0 circuit 205.

[0079] Input/output circuits 12b, 14b of a data TLB 5 are
opposed to the I/O circuit 95 of the TAG memory module
and the I/O circuits 195, 206 of the first and second cache

data memory 10-1, 10-2 across a bus area 18.

[0080] The width of each of the first and second cache data

memory modules 10-1, 10-2 1s 2L, which 1s provided by
dividing the cache data memory having a width of 4L shown
in FI1G. 10 into two. The width of the bus area 18 1s A and
one side of the TAG memory module 9 1s 2L, as in F1G. 10.

[0081] The center of the width of the TLB data memory
module 14 1s aligned with the center of the width of the TAG
memory module 9 as indicated by the center line 61,
therefore the maximum value of the length T1 of the TLB
bus output wiring for reading TLB bus data in this chip
layout will be approximately the sum of the length “(1/2)L”
from the right most end to the center of the TLB buifer 144,
the length “L” from the center to the left most end of the first
cache data memory 19a and the bus width “A”, (3/2)L+A.
The value is less than T1 (the maximum value)=4L+4A in
the prior-art layout shown i FI1G. 10.

[0082] Line length T2 of cache hit signal output will be
considered below.
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[0083] A cache hit signal is output from the both ends of
the I/O circuit 9b of the TAG memory module 9. T2 (the
maximum value) is 4L in the prior-art layout shown in FIG.
10, whereas T4 (the maximum value) is approximately 2L in
the first embodiment shown 1in FIG. 1, which 1s a half of the
value 1n the prior-art layout.

[0084] While the chip layout of the data cache 2 has been
described as an example out of the two caches, the mnstruc-
tion cache 1 and the data cache 2 for processing an instruc-
tion access and a data access 1n parallel, the above descrip-
tion similarly applies to the chip layout of the instruction
cache 1.

[0085] Second Embodiment

[0086] Signal propagation time may become problemati-
cally large 1f the height “v”, of the first and second cache
data memory 19a, 20a 1n the first embodiment 1s increased
as the storage capacity of the data cache 2 increases. In a
second embodiment shown 1n FIGS. 2 and 3, each of the
first and second cache data memory modules 10-1, 10-2 in
the first embodiment shown 1n FIG. 1 is further divided mto
two to provide a first, second, third, and fourth cache data
memory modules 10-1, 10-2, 10-3, and 10-4 having a width
of 2L and a height of v/2. The first and second cache data
memory modules 10-1, 10-2 are positioned on one side of a
data TLB 5 and the third and fourth cache data memory
modules 10-3, 10-4 arec positioned on the other side of the
data TLB 5. In addition, the data TLB 5 comprises a TLB
TAG module 12 and a TLB data module 14. The TLB data
memory module 12 1s formed so as to have a width of 2L and
a height of L/2. The TLB TAG module 12 1s divided 1nto first
and second TLB TAG modules 12-1 and 12-2 having a width
of 2L and a height of L./2 and the first and second TLB TAG
modules 12-1, 12-2 are positioned on both sides of the TLB
data memory module 14.

[0087] The line length T1 (the maximum length) of the
TLB data read line to the first cache TAG 9-1 1s approxi-
mately the sum of the length “L” from the right most end to
the center of the TLB data module 14, the length “L” from
the center to left most end of the first cache TAG 9-1, and
the bus width “A”: T1=2L+A 1n FIG. 2. In FIG. 3, TLLB data
read line length T1 (the maximum length) to the second
cache TAG 92 is approximately T1=(5/2)L+2A. The line
length T2 (the maximum length) of the cache hit signal
output 1s 2L, which 1s the same as that of the first embodi-
ment shown 1n FIG. 1.

|0088] The line length T1 of the TLLB data read line to the
second cache TAG 9-2 is equal to (5/2)L+2A, which is
longer than that of the first embodiment shown 1n FIG. 1.
However, 1f cache data read time affected by the height of
the cache data memory 1s dominant, the layout shown in

FI1G. 3 will be chosen.
0089] Third Embodiment

0090] FIG. 4 shows a specific example of a chip layout
in which the address length 1s 32 bits, data length 1s 128 bats,
the number of entries in a TLB 1s 32, and the number of
entries 128 1n a cache 1s 128. The number of entries herein
represents the number of registered data items that 1s com-
pared with 1nput data.

[0091] The width of first and second TLB TAG modules
12-1, 12-2 1s approximately 300 um, the width of a TLB
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buffer 14 1s approximately 200 um, and the height of the
both 1s 300 ym 1n a prior-art layout, whereas the width of
cach of the first and second TLB TAG modules 12-1, 12-2
1s approximately 300 um, the width of the TLB buifer 14 is
approximately 500 um, ant the height of the both 1s approxi-
mately 150 um 1n the layout of the third embodiment.

[0092] The width of each of first and second cache TAGs
9-1, 9-2 1s approximately 400 um, the height of them 1s
about 700 um. The width of prior-art cache data memory 1s
approximately 1600 um. Cache data memory of the present
invention 1s horizontally divided into two, therefore each of
first, second, third, and fourth cache data memory modules
10-1 to 10-4 has a width of approximately 800 yum and a
height of approximately 700 um. The width of a bus area 1s
approximately 100 ym.

[0093] It is assumed that the height and width of a TLB
TAG and TLB DATA block are L, the width of a cache TAG
memory module 1s 2L, the width of a cache DATA memory
module is 4L, and the width of a bus area is A (for 32 lines
in this embodiment).

[0094] Fourth Embodiment

[0095] Because virtual addresses are used in a recent
central processing unit, address translation 1s required
between a virtual address used 1n the CPU and a real address
used 1n cache memory and main memory. Therefore, the size
of a translation table 1s increased as address space 1ncreases.
Typically, the translation table 1s organized hierarchically.
Because 1t takes much time to retrieve a real address by
referencing the hierarchical table, a table called “TLB” that
has an association capability 1s provided 1n parallel with the
hierarchical table to retrieve a real address at high speed. Not
only should the TLB perform address translation at high
speed, they also should perform the address translation with
high accuracy by using a small-sized circuit.

[0096] Two association systems, called full associative
and set associative systems, are used for the TLB. The
former requires that an input address be compared with all
data stored 1n the TLB to find a match, and if there 1s a
match, a signal indicating the match and the matching data
are output. In the latter set associative system, candidates
addresses which may expected to be a match are selected
and compared with the input address. If there 1s matching
data, a signal indicating the match and a real address
corresponding to the matching address are output. A set
assoclative system which groups the candidates into n
groups 1s called the n-way set associative system.

10097] FIG. 11 shows one example of a semiconductor
integrated circuit according to the present invention. A

physical layout of a 4-way set associative cache and a TLB
1s shown 1n FIG. 11.

[0098] Reference number 31 indicates a data memory
module of cache memory and reference number 32 indicates
a tag section of the cache memory. Four sets of a data
memory module and a tag section, one set for each way, are
provided. Reference number 33 indicates the TLB.

[0099] The TLB 33 is positioned in the middle and inputs/

outputs for signals of the data memory module 31 and the
tag section 32 of the cache memory are positioned so as to
be adjacent to or opposed to each other. A data bus 50 1s
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provided between the circuits of the ways and 1solated from
external signals so that the data bus wiring length 1s reduced.

[0100] A physical address translated at the TLLB 33 is input
to a comparator 35 1n the tag section of each way over an
address line 34. The comparator 35 of each way compares
the physical address with data 1n each TLB and, 1f there 1s
matching data, outputs a hit signal. For example, if there 1s
a match 1 way0, a hit signal 1s output through a buifer 36.
A signal of a matched memory cell 41 1n the data memory
module 31 of the cache 1s amplified by a sense amplifier 40.
Signals Bit and /Bit of the memory cell 41 are a pair of
non-mverse and mverse signals and provided onto the data
bus 50 through N-channel MOS transistors 42, 43 which are
brought into conduction by a hit signal output from the
buffer 36, and provided through N-channel MOS transistors
44, 45 which are brought mto conduction by an OR signal,
wayhitO1, of a hit signal from way0O or way1, then amplified
by a sense amplifier 51 activated by an OR signal, way-
h1t0123, of way0, wayl, way2, or way3, and finally output
to the outside of the cache through a buffer 38.

[0101] As shown in FIG. 15, the signal may be output
through a sense amplifier instead of the buftfer 38. The sense
amplifiers of the data memory module 31 may be reduced
and only the sense amplifier 51 may be used. A non-inverse
signal output from the sense amplifier 51 may be 1nput into
the set mput of an RS flip-flop and an 1nverse signal output
from the sense amplifier 51 may be mnput into the reset input
of the RS flip-flop to prevent incorrect data due to a
malfunction of the sense amplifier to be output to the
outside.

10102] FIG. 12 shows a timing chart when an comparison
result signal of the comparator 35 1s activated after data in
the tag section 32 that matches the physical address output
from the TLB 33 1s found. The horizontal axis indicates
transient time and the vertical axis indicates voltage repre-
senting transitions on each signal line. If the physical
address matches data 1n a way, signal Bit and reverse signal
/Bit output from way0 change. When the hit signal of the
comparator 35 goes high, the N-channel MOS transistors 42,
43 connected to the output of the comparator 35 1s brought
into conduction and the output signal of the sense amplifier
40 1s provided onto the data bus 50. Because the data bus 1s
pulled up to VDD, 1t remains VDD 1if the output signal of the
sense amplifier 40 1s high or its signal amplitude drops by
approximately 100 mV toward VSS if the output signal of
the sense amplifier 40 1s low. OR signal wayhitO1 of the hit
signal of way0 and way1l brings the N-channel MOS tran-
sistors 44, 45 mto conduction and the signal is provided to
the sense amplifier 51. OR signal wayhit0123 of the hit
signal of way0, wayl, way2, or way3 causes the sense
amplifier 51 for the data bus to operate and the amphtude of
the signal becomes adequately large to drive the buifer 38
and the data 1s output through the buifer 38.

[0103] With the configuration described above a low
amplitude of the signal on the data bus 50 suffices, no
tri-state butfer 1s required, and the signal propagates faster.
In addition, because signals traveling on adjacent busses
remains VDD or make transition toward VSS, the ampli-
tudes of the signals do not change in opposite directions,
therefore the capacity between the busses does not 1ncrease,
reducing the delay time.

10104] While the four-way set associative cache and the
TLB are used in this embodiment, a physical arrangement in
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which one-way cache which 1s divided into four data
memory modules may be used. In such an arrangement, each
hit signal of the way represents a hit signal output from each
of the data memory modules.

10105] FIG. 13 shows the details of the data bus shown in
FIG. 11. Because lines 103, 104 for data output from the
cache memory are sandwiched between signal lines 102,
105 for opposite signal data output, noise from the other
signals affecting the data output lines 1s reduced.

10106] The signal lines 102, 105 are connected to a power
supply line 100 and a grounding line 101 1n the underlying
layer through contacts 110, 111. In the underlying layer, the
power supply line 100 and the grounding line 101 are
provided alternately so as to intersect the data output lines
103, 104 at a right angle, thereby reducing the effect of noise
from the underlying layer on the data output lines.

10107] FIG. 14 shows the details of the underlying layer
for explaining a method for reinforcing shielding. The drain
112 and the source 113 of a P-channel MOS transistor 52 are
connected to a power supply line 100 through a contact 110.
The gate 111 of the transistor 52 1s connected to a grounding
line 101 through a contact 120. The drain 54 and the source
55 of an N-channel MOS transistor 33 are connected to the
orounding line 101 through contacts 56, 57, and 58 and the
cgate 59 1s connected to the power supply line 100 through a
contact 60. The stability of the potentials of the power
supply line and the grounding line 1s reinforced by the gate
capacity of the MOS ftransistors.

[0108] A mesh of power the supply lines and the ground-
ing lines arranged as described above allows the effect of
noise from the underlying lines on the data output lines to be
minimized. By providing the power supply lines and the
crounding lines alternately, voltage drops can be reduced.

0109] Advantages of the Invention

0110] As described above, in the semiconductor inte-
orated circuit including a cache capability provided by a
TLB and a cache according to the present invention, the
cache comprises a cache TAG, cache data memory and the
cache memory 1s divided into first and second cache data
memory, which 1s disposed on both sides of the cache TAG,
and the mput/output circuit of the data TLB and the mput/
output circuit of the cache TAG are provided so as to be
opposed to the 1nput/output circuits of the first and second
cache data memory across a bus area, thereby allowing
wiring length to be reduced compared with a prior-art circuit
to achieve a one chip LSI that provides faster processing
speed.

[0111] While in the above-described embodiment the sig-
nal lines 102, 105 are connected to the power supply line 100
and the grounding line 101 in the underlying layer through
the contacts 110, 111, the signal lines 102, 105 may be
omitted or may not be connected to the power supply line
100 and the grounding line 101. Instead, the effect of noise
from the underlying layer can be decreased by providing the
power supply line 100 and the grounding line 101 in a layer
below the data output lines 103, 104.

[0112] Furthermore, in a set associative cache having a
plurality of ways, noise from the substrate or other signal
lines which affects data busses can be minimized, and a

voltage drop can be reduced by alternately providing power

Oct. 16, 2003

supply lines and grounding lines. In addition, data can be
output from the cache at higher speed by outputting the data
through a sense amplifier without using a buffer for the
output.

1. A semiconductor integrated circuit including a cache
capability provided by a Translation Look-aside Buifer
(TLB) and a cache, wherein

said cache comprises a cache memory index (TAG)
memory module and a cache data memory module, said
cache data memory module being divided into first and
second cache data memory modules which are disposed
on both sides of said TAG memory module; and

input/output circuits of said TLB are opposed to an
input/output circuit of said TAG memory module and
input/output circuits of said first and second cache data
memory modules across a bus area.
2. The semiconductor integrated circuit according to
claim 1, wherein

cach of saxd TAG memory module and said first and
second cache data memory modules 1s further divided
into two and said divided modules are disposed on both
sides of the TLB.
3. A semiconductor mtegrated circuit including a cache
capability provided by a translation look-aside buffer (TLB)
and a cache, wherein

said TLB comprises a TLB TAG module storing address
change data and a TLB data memory module storing,
Translation Look-aside data;

said cache comprises a TAG memory module storing
cache memory index data and a cache data memory
module storing cache data;

sald TAG memory module 1s divided into a plurality of
modules and said cache data memory module 1s divided
into a plurality of modules;

said divided TAG memory modules are disposed on both

sides of a longitudinal arrangement direction of the
TLB TAG module and the TLB data memory module
with the TLB TAG module and the TLB data memory

module being sandwiched therebetween; and

said divided cache data memory modules are grouped 1nto
two and disposed on both sides of said divided TAG
memory modules.

4. The semiconductor integrated circuit according to
claim 3, wherein the input/output circuits of one of the two
groups of caches are opposed to the input/output circuits of
the TLB, said input/output circuits being disposed on both
sides of a longitudinal arrangement direction of the TLB
TAG modules and the TLB data memory modules with the
TLB TAG modules and the TLB data memory modules
being sandwiched therebetween.

5. A semiconductor mtegrated circuit including cache
memory comprising a plurality of data memory modules,
wherelin

first and second power supply lines are provided 1n a layer
under output signal lines connected to the output of the
data memory module section, and

said first and second power supply lines intersect said
output signal lines at a right angle and are alternately
and repeatedly provided.
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6. The semiconductor integrated circuit according to
claim 5, wherein said first and second power supply lines are
provided 1n a layer above said output signal lines, and said
first and second power supply lines intersect said output
signal lines at a right angle and are alternately and repeatedly
provided.

7. The semiconductor integrated circuit according to
claim 5 or 6, wherein a power-supply potential 1s provided
to said first power supply line, a ground potential 1s provided
to said second power supply line, a P-channel MOS ftran-
sistor 1s provided 1n a layer under said first power supply
line, a gate of said P-channel MOS transistor 1s connected to
said second power supply line, a drain and a source of said
P-channel MOS transistor are connected to said first power
supply line, an N-channel MOS ftransistor 1s provided 1n a
layer under said second power supply line, a gate of said
N-channel MOS ftransistor 1s connected to said first power
supply line, and a drain and a source of said N-channel MOS
transistor are connected to said second power supply line.

8. The semiconductor integrated circuit according to any
of claims 5 to 7, wherein no other signal line 1s provided 1n
parallel to all or part of said output signal lines 1n a layer
above or below or adjacent to said output signal lines.
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9. The semiconductor integrated circuit according claim
8, wherein said first or second power supply line 1s provided
in parallel to all or part of said output signal line between
said output signal line and another signal line.

10. The semiconductor integrated circuit according to any
of claims 5 to 9, wherein said semiconductor integrated
circuit has a plurality of outputs as the output of said data
memory module, said outputs comprise pairs of non-inverse
and 1nverse signals, and each set of signal lines connected to
cach pair of said pairs of non-inverse and 1nverse outputs 1s
provided between said first and second power supply lines.

11. The semiconductor mtegrated circuit according to any
of claims 5 to 10, wherein the output from said data module
1s output to said output signal lines through a first sense
amplifier.

12. The semiconductor integrated circuit according to
claim 11, wherein a given signal 1s selected from the
plurality of data module outputs and output through a second
sense amplifier.
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