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SPECIFICATION 

SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

TECHNICAL FIELD 

The present invention relates to a semiconductor 

integrated circuit device comprising highly integrated 

memories such as DRAM (Dynamic Random Access Memory) 

devices, more particularly to an effective technique 

applicable to a fast accessing method for highly integrated 

memories. 

BACKGROUND ART 

In recent years, high integration of LSI (Large Scaled 

Integrated Circuit) devices has come to be possible along 

with the progress of semiconductor manufacturing 

techni_ques. This has aiso made it possible to integrate both 

large-capacity memories and large scaled logic circuits 

together on one semiconductor chip. In the case of such a 

semiconductor chip, it is easy to increase the number of data 

I/O lines thereby to improve the data through-put between 

memory and logic circµit. This also makes it possible to 

reduce the power consumption of data I/O operations more and 

transfer data faster than in a .case in which I/O pins 

provided outside the semiconductor chip are driven. The 
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advantages of such a semiconductor chip are thus expected 

to be used more and more in the future. 

There is a semiconductor chip in which a large 

capacity memory, a large scaled logic circuit, and a fast 

operation cache memory are put together. This semiconductor 

chip is intended to use the cache memory for reducing the 

difference of the operation speed between the large capacity 

memory and the large scaled logic circuit. Such a 

semic6nductor chip is described, for example, in "Toru 

Shimizu, et al., "A Multimedia 32b RISC Microprocessor with 

l6Mb DRAM", 1966 IEEE International Solid-State Circuits 
. . 

Conference, Digest of Technical Papers pp.216-217 

(hereafter, to be ref erred to as the prior art technique 1) ". 

According to this prior art technique.!,. a 32-bit 

-microprocessor, a 2MB DRAM, and a 2KB cache memory are· 

connected to each other through a 128-bit wide internal bus. 

When 128-bit data is transferred, the operation is ended in 

five cycles between the microprocessor and the DRAM and in 

one cycle bet~een the microprocessor and the cache memory. 

Consequently, while the cache memory is hit, the number of 

data transfer cycles can be reduced to 1/5. 

DISCLOSURE OF THE INVENTION 

For a memory to be mounted on a semiconductor chip 

realized, for example, by the prior art technique 1, various 
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functions such as continuous reading function, cache 

function, access control function, etc. are indispensable. 

The capacity of the semiconductor chip must also be changed 

according to how the semiconductor chip is used. However, 

both large capacity memory and cache memory use many analog 

circuits in a fast operation required portion respectively. 

When the function and capacity of a memory are to be changed, 

therefore, the design of the memory itself must be updated 

significantly even for a minor change. 

Furthermore, in the case of a semiconductor chip 

realized, fo·r example, by the prior art technique 1, it is 

very important to make the TAT (Turn Around Time) shorter 

between decision of the specifications and finish of the 

product. In order to satisfy this requirement, therefore, 

the three requirements of enhanced functions, easiness to 

change the capac~ ty, and a sho·rter . TAT must be achieved 

together. 

Furthermore, when a cache memory is used for fast 

memory accesses on such a semiconductor chip, a problem 

arises as follows. While the cache memory is hit, the fast · 

memory access is assured. Once a miss occurs, however, the 

main memory is accessed~ which takes a longer time. ·This 

causes the operation o·f the CPU (Central Processing Unit) 

to be limited dominantly. 
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Generally, a DRAM can be accessed fast comparatively 

if consecutive addresses are accessed in a single page of 

the DRAM. If another different page is accessed (a page miss 

occurs), however, the access becomes slow due to the 

pre-charging of the object, etc., which are indispensable 

in such a case. There is a method proposed for solving such 

a problem using a· multi-bank structure, thereby hiding such 

a DRAM page miss. This method is disclosed in the previous 

application(Japanese Patent Application No.08-301538 

(filed on November 13, 1996)) by some inventors of this 

application. 

The method disclosed in the previous ap~lication 

described above, however, cannot avoid such a page miss when 

in random memory accesses. 

Under such the circums.tances, it is an object' of the·.· 

present invention to make it easier to design a memory macro 

provided with various functions and a variable capacity, 

which is integrated in a large scaled logic e.ircuit such as 

a microprocessor and an image processor. ·· 

It is another object of the present invention to 

provide a memory that can be interfaced easily with a large 

scaled logic circuit such as a microprocessor and ari image 

processor. 
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It is further another object of the present invention 

to provide a memory that can reduce penalties such as page 

miss, etc. 

Above, other, -and further objects, as well as new 

features of the present invention will be apparent from the 

description and accompanying drawings in this application. 

Hereunder, some representative items of the present 

invention disclosed in this application will be described 

briefry. 

In order to compose a memory macro {MM) to be mounted 

in a semiconductor integrated circuit device (chip), a data 

base (1) is prepared .. The data base (1) com~rises such 

function blocks as memory bank modules (10, 11, and 12), a 

main amplifier module (13), a power supply module (14), a 

controller module (15), etc. Each function block prepared 

for the data base ( 1) is composed so as to allow power supply 

and signal lines to be connected automatically when the 

function block is just disposed adjacent to others. This 

will make it P?Ssible to easily design a memory macro 

provided with various functions and a variable capacity only 

by changing the types and number of function blocks for 

composing a large capac1ty memory and a cache memory 

respectively. 

The controller (BKCONTH) in the memory bank module 

(11) is provided with an address comparing function (COMP), 
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thereby composing the memory macro (MM3) . This will make 

it possible to compose a memory macro that can be accessed 

fast without providing any controller outside the memory 

macro itself when accesses are made to a single page. 

The memory macro (MM4) is composed of a plurality of 

memory bank modules (11) and a controller (17) for 

controlling the memory bank modules. The controller module 

(17) is composed so as to manage both address and data by 

adding an ID (identification) to each of .both address and 

data so as to be correspond each other. This will make it 

possible to change the address input order and the data 

output order, thereby outputting earlier-prep_ared data 

earlier even when the address is entered after the 

corresponding data if a page .miss occurs, so that the memory 

access becomes faster. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig .1 is a configuration of a memory macro and how the 

memory macro is composed. 

F1g.2 is a configuration of" a DRAM bank module. 

Fig.3 is a configuration of a controller of .the DRAM 

bank module. 

Fig.4 shows waveforms of the operation of the DRAM 

bank module. 
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Fig. 5 is an example of the connection between the DRAM 

bank module and an SRAM bank module. 

Fig.6 is a configuration of a cache bank module. 

Fig. 7 is a block diagram of a hit/miss judging circuit 

and a controlling circuit included in the cache bank module. 

Fig.8 shows waveforms of the operation of the cache 

bank module when the operation is judged as a hit.· 

Fig.9 shows waveforms of the operation of the cache 

bank module when the operation is judged as a miss. 

Fig .10 is a block diagram of a main amplifier module. 

Fig.11 is a block diagram of a power supply circuit 

module. 

Fig .12 is an example of the connection between a write 

data buffe~ module and the main amplifier module •. 

Fig .13 is a block diagram of a memory macro (the first 

memory macro example) that uses a DRJ.U{ bank module. 

Fig.14 is a block diagram of a bank controlling 

circuit module. 

Fig.15 shows waveforms of the first example of the· 

memory macro. 

Fig.16 shows an example of the first address 

assignment example of the memory macro. 

Fig.17 shows waveforms of the operation of a memo+y 

macro (the second memory macro example) that uses an SRAM 

bank module. 
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Fig .18 is a block diagram of a memory macro (the third 

memory macro example) that uses a cache bank module. 

Fig.19 is a block diagram of a cache controller. 

Fig.20 shows waveforms of the operation of a memory 

macro in the third example. 

Fig. 21 shows an address assignment example of a memory 

macro in the third example. 

Fig. 22 shows the latency of a memory macro in the third 

exampre. 

Fig.23.is a block diagram of a memory macro (in the 

fourth example) that is provided with an access sequence 

controller with ID. 

Fig.24 is a block diagram of the access- sequence 

controller·with ID. 

Fig. 25 shows waveforms of the operation of the memory 

macro in the third example. 

Fig.26 shows waveforms of the operation of the cache 

bank module in the third example of the memory macro. 

Fig.27 is. -a block diagram of the access sequence 

controller with ID in another example. 

Fig .. 28 is a flowchart for issuing the address ID 

signal AID when the address signal ADDIN is entered. 

Fig.29 is a flowchart for.issuing the data ID signal 

DID when data is output. 

Fig.30 is a block diagram of a table MM-TABLE. 
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Fig. 31 is a block diagram of a multi-processor system. 

Fig.32 is a flowchart for issuing the address ID 

signal AID when the address signal ADDIN is entered. 

Fig.33 is a flowchart for issuing the data ID signal 

DID when data is output. 

Fig.34 is a block diagram of a table M-TABLE. 

Fig.35 is a flowchart for controlling the processor 

using the address ID signal. 

Fig.36 is a flowchart for contr~lling the processor 

using the data ID signal. 

Fig.37 is a block diagram of a table CPU-TABLE. 

BEST MODE FOR CARRYING OUT THE INVENTION 

(Configuration of a Memory Macro and How to Compose the Same) · 

Fig .1 shows a configuration of the memory macro of the 

present invention and how to compose the memory macro. A 

central processing unit CPU,. which is an example of a large 

scaled logic circuit and a memory macro MM, which is an 

example of a large capacity memory, are integra~ed on a 

semiconductor integrated circuit device CHIP formed on a 

semiconductor substrate (on a chip) . The semiconductor 

integrated circuit device CHIP is manufactured with, for 

example, the CMOS (Complementary Metal Oxide Semiconductor) 

processing tec~nique and sealed in a plastic package with 

a resin molding technique, etc. According to the size and 
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type of such a logic circuit to be integrated with the memory 

macro MM just like this chip, the capacity and speed required 

for the memory macro MM are varied largely, but the designing 

of the memory macro MM must be finished quickly. 

A data base l for composing the memory macro MM is 

provided with function blocks (modules) realizing various 

functions. In other words, on the data base 1 are integrated 

a DRAM bank module 10 that uses DRAM (Dynamic Random Memory) 

memory cells consisting of one transistor and one capacitor 

respectively; a cache bank module 11 formed with the DRAM 

bank module 10 provided with a hit/miss judging function; 

an SRAM bank module 12 that uses SRAM (Static R~ndom Access 

Memory) memory cells consisting of four or s·ix transistors 

respectively; ~main amplifier module 13 for exchanging data 

between a memory bank (DRAM bank 10, a cache bank 11, .an SRAM 
. . 

bank, ·etc.) and a device provided outside the memory macro 

MM; a power supply circuit module 14 for supplying power to 

each of the modules composing the memory macro MM; a bank 

controller module 15; a cache controller module 16; an 

access sequence controller module with ID 17; a write data 

buffer module 18, etc. 

Those function blocks are disposed side by side so 

that tne necessary power supply" and signal lines, as well 

as data input/output lines of those function blocks are 

connected automatically. 
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Memory macros MM varied in both capacity and function 

respectively can thus be composed quickly, since the data 

base 1 is prepared as described above. 

In addition, it is no need to modify any memory access 

request devices nor design any interface circuits newly, 

since an interface circuit used between memory and memory 

access request device is prepared in.the object memory 

macro. The memories included in the memory macro are, for 

exampre, a bank controller module 15, a cache controller 

module 16, an ID attached access sequence controller module 

17, a write data buffer module 18, etc. 

In order to compose such a memory macro _MM provided 

with predetermined functions, therefore, it is only needed 

to select necessary function blocks from the data base 1 and . . . 

just dispose those function ~locks. Hereunder, each of the 

memory macros MMl, MM2, MM3, and MM4 shown in Fig .1 will be 

descr~bed briefly. 

(1) Memory·macro MMl 

The memory macro MMl comprises a DRAM bank module 10, 

a main amplifier module 1.3, a power supply circuit module 

14, a bank controller module 15, and a write data buffer 

· module 18 selected respectively from the data base 1. Those 

function blocks are designed so as.to be wired automatically 

as needed when they are disposed side by side. If those 
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function blocks are disposed as shown in Fig.1, therefore, 

the memory macro MMl that uses DRAM will be composed easily. 

For example, the positions of the power supply lines 

of the DRAM bank module 10, the main amplifier module· 13, 

the power supply circuit module 14 are all common to their 

function block, so that the power supply lines of those 

function blocks can be connected automatically when they are 

just disposed as predetermined as shown in Fig.I. 

'!'he data input/output lines of those function blocks 

are also connected via a qlobal bit line GBL (also referred 

to as a common bit line and a common data line) respectively 

disposed at a predetermined position for easier .connection. 

Such line connections will be described below more in 

detail. 

Since such the commonality in those wiring positions 

makes it easier to add and modify each of those function 

blocks, it is also easy to change, for example, the capacity 

of a memory. In Fig. l, if the memory capacity of a DRAM bank 

module ~O used for the memory macro MMl is 256K bits, the 

total capacity of the memory macro MMl becomes lM bits. If 

a memory macro of 2M bits in capacity is needed, therefore, 

the memory macro can be.composed with 8 DRAM bank modules 

10. If only a memory capacity of 512K bits is needed for 

an object memory macro, only two DRAM bank modules 10 are 

needed. 
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The memory macro MMl comprises three types of modules 

(the DRAM bank module 10, the power supply module 14, and 

the main amplifier module 13) such way, so the configuration 

of the memory macro MMl can be minimized, thereby its memory 

capacity is changed easily. Such the memory macro 

configuration will thus be suitable for a memory of a large 

capacity and a minimized area. 

(2) Memory macro MM2 

The memory macro MM2 comprises a DRAM bank module 10, 

an SR.AM bank module 12, a main amplifier module 13, a power 

supply circuit module 14, a bank controller module 15, and 

a write data buffer module 18 selected respecti v.ely from the 

·data base 1. 

Since the operation of the SRAM bank module 12 is fast, 

it is possible to compose a large capacity memory provided 

with a cache function using the SRAM bank module 12. Since 

the S~ po.rtion to be accessed fast comparatively and the 

DRAM portion to be accessed rather slowly are integrated in · 

different address ranges, the SRAM portion is composed so 

as to function as a so-called cache, which is to be accessed 

fast. If the memory capacity is to be increased, it is only 

needed to increase the number of the DRAM bank modules 10. 

If the cache capacity ·is reduced, thereby reducing the 

necessary chip area, therefore, it is oniy needed to reduce 

the two SRAM bank modules 12 only to one. The memory macro 
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MM2 is provided with such a cache function and the capacity 

of the cache can thus be changed easily. 

(3) Memory macro MM3 

The memory macro MM3 is a memory macro provided with 

a cache function. The memory macro MM3 comprises a cache 

bank module 11, a main amplifier module 13, a power supply 

module 14, a cache controller module 16, and a write data 

buffer module 18 selected respectively from the data base 

1. 

The memory macro MM3 controls the cache bank module 

11 using the cache controller module 16, thereby realizing 

the cache function. In other words, when data exist in the 

Same WOrd line (the Same page) I the data c'an be aCC9SS'ed 

fast!!r. 

Just like the DRAM bank module 10, the cache bank 

module 11 is a memory bank module using DRAM memory cells. 

The cache bank module 11 can thus be said to be a kind of 

a DRAM memory bank provided with a hit/miss judging circuit 

incorporated in its .bank, and it uses a sense amplifier block 

SA as a cache memory. With this hit/miss judging circuit 

incorporated in its bank, the cache controller module 16 can 

be reduced in size. The cache bank module 11 will therefore 

be suitable especially for a small capacity memory macro for 

which a cache function is indispensable. When compared with 

the memory macro MM2 composed of the DRAM bank module 10 and 
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the SRAM bank module 12, this memory macro MM3 provided with 

a cache function can be composed at a smaller chip area. The 

memory macro MM3 provided with such a cache function will 

thus be integrated with a newly designed arithmetic circuit 

very suitably, thereby avoiding integration of an existing 

system provided with a cache function on a chip. 

(4) Memory macro MM4 

This memory macro MM4 is provided with a cache 

function and comprises a cache bank module 11, a main 

amplifier module 13, a power supply circuit module 14, an 

access sequence controller module with ID 17, and a write 

data buffer module 18 selected ~espectively f~om the data 

base·l. 

The memory macro MM4 issues identification 

information. (ID) for each entered address so that the .ID is 

output together with the corresponding data. Recei vin~ the 

_ID, the central processing unit CPU can know the 

correspondence between received address and data. This 

processing will be described later more in detail .. The 

memory macro MM4 changes address input order and data output· 

order, thereby outputting first-prepared data first. This 

processing makes it possible to transfer data effectively 

even when a hit-miss occurs in the cache (when datum is not 

found in the same line) . 
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As described above for the memory macros MMl, MM2, 

MM3, and MM4, it is possible to compose a memory macro 

provided with predetermined functions and a predetermined 

capacity by combining various function blocks prepared in 

the memory macro composing _data base 1 beforehand according 

to the target application, as well as by changing the number 

of those function blocks. It is also possible to prepare 

various function blocks in the data base 1 in addition to 

those-described above. Hereunder, some representative 

function blocks for composing such a memory macro will be 

described in detaii. 

<<DRAM bank module>> 

Fig. 2 shows a block diagram of this DRAM bank module -

10. The DRAM bank module 10 comprises a memory cell array 

CA, a sense .amplifier block SA, a Y .decoder·Yo, an X decoder 
-

AD, a controller BKCONT, power supplyi~g line nodes PL, word 

lines WD, and a global bit line GBL. 

The memory cell array CA comprises a plurality of word 

lines WD, a plurality of bi_t line pairs, and a plurality of 

dynamic memory cells (DRAM memory cells) disposed at each 

intersection point of those word lines and bit line pairs. 

Each memory cell comprises a transistor and a capacity. Each 

bit line pair. is connected to the sense amplifier block SA. 

Although not illustrated in Fig.2, the sense 

amplifier block SA includes a pre-charging circuit for 
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reducing the voltage of each bit line pair to a half of the 

supply voltage, an equalizing circuit for equalizing the 

potential among the bit line pairs, and sense amplifiers for 

amplifying the potential of a bit line pair respectively. 

Although not illustrated in Fig.2, the Y decoder 

includes a column switch (Y switch) for selecting the output 

of the sense amplifier block SA and a decoding circuit for 

generating a selection signal for controlling the column 

switcn. The decoding circuit receives part (Y address) of 

the address signal ADD. 

The X decoder AD receives part (X address) of the 

address signal ADD, which is decoded so as to select a word 

line WD. 

Fig_. 3 shows. a block diagram of the controller BKCONT ~ 

The controller BKCONT comprises a timing generating circuit 

TIM, an X-related control circuit XCONT, and a Y-related 

control circuit YCONT. The control signal CBANK includes 

.the clock signal CK, the bank selection signal BS, the 

read/write selection signal RW, the refresh request signal 

REF, etc. The timing generating circuit TIM receives the 

clock signal CLK, the bank selection signal BS, the 

read/write selection signal RW, etc., thereby generating 

timing signals necessary for the X-related control circuit 

XCONT and the Y-related control circuit YCONT. The timing 

generating circuit TIM also generates the ready signal ROY 
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for notifying each extern13:l device that data is ready to be 

read/written or a refresh cycle is ended. The X-related and 

Y-related control circuits XCONT and YCONT are composed so 

as to generate control signals XSIG and YSIG necessary for 

internal operations of the DRAM bank module 10 respectively. 

At least, some of the power supply lines connected 

to the power supplying line node and the global bit line GBL 

are disposed so as to pass through the memory cell array CA. 

-Fig.4 shows a timing chart for reading data stored 

in predetermined memory cells from the DRAM bank module 10. 

The address signal ADD and the control signal CB.ANK are 

decoded, thereby an address entered through ~he address 

signal line ADD from external is decoded by ·the X decoder,. 
" . 

then one. word line WD is selected (set to the "HIGH" level) 

w~en aata is read .from the object bank. Of the DRAM memory 

cells in the memory cell array CA, the signal is read from 

the memory cell selected by the word line WD, then amplified 

and held by a selected predetermined sense amp.lif ier. in the 

sense amplifier block SA. In addition, the ready signal ROY 

is set to the "HIGH" level. Of the data read by the selected 

sense amplifier in the sense amplifier block SA, the data 

selected by the Y decode·r YD is output to external from the 

DRAM bank module 10 via the global bit line GBL. 

Writing of data is also carried out in the same way·. 

The signal entered from a device provided outside a memory 

··-
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bank is transmitted to the sense amplifier block SA via the 

global bit line_GBL, then a word line WD corresponding to 

the entered address is driven so that the data is written 

in the object memory cell. 

Writing of data into memory cells is also done, just 

like the read operation shown in Fig.4, for the selected 

sense amplifier in a sense amplifier block SA which hold data 

read from memory cells activated by the selection of a word 

line WD. The write data obtained through the global bit line 

GBL is then transmitted to a selected predetermined sense 

amplifier selected by the ~ decoder YD, thereby the data is 

written into the corresponding memory cells. 

The controller BKCONT controls such a series of the 

above·operations according to the signal received through 

the control signal line CBANK. 

The global bit line GBL for entering/outputting data 

is disposed at a predetermined place so as to be connected 
. . 

to another DRAM bank module 10 and another main amplifier 

module 13 automatically disposed adjacently. 

The power supplying line node PL is disposed at a 

predetermined place so as to supply an external power to a 

predetermined circuit in a bank, as well as to another 

function modules disposed adjacently to its elf. Since the 

global bit line GBL and the power supplying line node PL are 

disposed at common places to all the function modules such 



(~'> . . . . 
•. · .. 
"'..,;/ 

-20-

way, function modules can be wired automatically when they 

are just disposed adjacently to each other. This makes it 

possible to compose a memory macro quickly. 

Especially, such a standardized disposition of 

function modules makes it possible to minimize the chip area 

for a larger memory capacity, since DRAM memory cells are 

used for the DRAM bank module 10. Especially when an 

arithmetic circuit and a memory are integrated on a chip, 

such tbe DRAM bank module 10 that uses DRAM memory cells 

excellent in integral properties will be most suitable, 

since an increase of the chip area cannot be avoided in such 

a case. 

<<SRAM bank module>> 

This SR.AM bank module 12 can be composed in the same 

way as the DRAM bank module 10. In the case of this SR.AM 

bank module 12, however, SRAM memory cells are used for the 

memory cell array CA. An SRAM memory cell comprises four 

or six transistors. Since each memory cell can be driven 

by itself, the sense amplifiers in each sense amplifier 

block SA is omissible. In addition, since the size of each 

mem~ry cell differs· between the DRAM memory module 10 and 

the SRAM bank module 12, it is difficult to dispose both of 

the bank modules 10 and 12 in alignment to the pitches of 

the common global bit lines GBL. This problem can be 

avoided, ·however, by disposing SRAM memory. cells SMC in 
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alignment to the pitches of the global bit lines GBL. Fig. 5 

shows an example of such the connection between the DRAM bank 

module 10 and the SRAM bank module 12. 

In the DRAM bank module 10 shown in Fig. 5 are shown 

only the memory cell array CA, sense amplifier blocks SA, 

and Y switches WSW. The memory cell array CA compris~s a 

plurality of word lines WL, a plurality of bit line pairs 

DL and DLB, and.DRAM memory cells DMC disposed at each 

intersection point of those word lines and bit line pairs 

respectively. A sense amplifier block SA is provided for 

each bit line pair DL and DLB. A global bit line pair GBL 

and GBLB is disposed for four bit line pairs_DL and DLB 

respectively. In other words, a Y switch YSW- makes it 

possible to connect one of the four bit line pairs DL and 

DLB selectively to one qlobal bit line pair GBL. and GBLB. 

· Signals from the four signal lines for controlling such a 

Y switch YSW are output from the Y decoder YD. 

In the SR.AM bank module 12 shown in Fig.5 are shown 

only the memory cell array CA, sense amplifier blocks SA, 

and Y switches YSW. The memory cell array CA comprises a 

plurality of word lines WL, a plurality of bit line pairs 

DL and DLB, and SR.AM memory cells SMC disposed at each 

intersection point of -those word lines and bit line pairs 

respectively. A sense amplifier block SSA is provided for 

each bit line pair DL and DLB. Those sense amplifier blocks 
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SSA may be omissible. A global bit line pair GBL and GBLB 

is disposed for two bit line pairs DL and DLB respectively. 

In other words, a Y switch YSW makes it possible to connect 

one of the two bit line pairs DL and DLB selectively to one 

global bit line pair GBL and GBLB. Signals from the two 
' 

signal lines for controlling such a Y switch YSW are output 

fro:qi, the Y decoder YD. 

As shown in Fig.5, the number of bit line pairs DL 

and DL13 connected to a global bit line pair GBL and GBLB in 

·the SRAM bank module 12 is less than that in the DRAM bank . 

module 10. Thus, this difference of number between the 

modules 10 and 12 is adjusted.so that the SRAM.bank module 
. . 

12 that uses larger memory cells can be connected. to the 

"global bit line pairs GBL and GBLB.at the same pitches as 

those of the DRAM bank module 10. 

Al though the memory capacity is the same between both 

bank ~odules 10 and 12, the necessary chip area becomes 

larger in the SRAM bank module 12 than in the DRAM bank module . 

10. However, the operation of the SRAM bank module 12 is 

faster than that of the DRAM bank module 10. If the memory 

capacity of the SRAM bank module 12 is reduced (for example, 

if the capacity is reduced to 1/ 4) , the necessary chip area 

becomes almost the same as that of the DRAM bank module 10. 

Consequently, the effect for usi.ng the SRAM bank module 12 

will be more apparent when used for composing a memory macro 
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if the operation speed of the object memory macro is 

considered most important, as well as if the memory macro 

is to be used as a cache memory. 

<<Cache Bank Module>> 

Fig. 6 shows a block diagram of this cache bank module 

11. This cache bank module 11 comprises a memory cell array 

CA, a sense amplifier block SA, a Y decoder YD, an X decoder 

AD, a controller BKCONT, a power supplying line node PL, word 

lines-WO, a global bit line GBL, and a hit/miss judging 

circuit HM. The configurations of the items in the cache 

bank module 11 are the same as those of the DRAM bank module 

10 except for the hit/miss judging circuit HM and the 

.controller BKCONT. 

Fig.7 shows block diagrams of the hit/miss judging 

· circuit HM and the controller BKCONT. The hit/miss judging ·,.­

circuit HM comprises a register REG for holding the last 

accessed address and a comparator COMP for comparing a newly 

entered address with the address held in the register REG. 

The controller BKCONT comprises a timing generating circuit 

TIME, an X-related control circuit XCONT, and a Y-related 

control circuit YCONT. The control signal CBANKH includes 

the clock signal CLK., the band selection signal BS, the 

read/write selection signal RW, the refresh request signal 

REFS, the refresh interruption signal REFE, the busy signal 

BSY, etc. The timing generating circuit TIME receives the 
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clock signal CLK, the band selection signal BS, the 

read/write selection signal RW, the refresh request signal 

REFS, the busy signal BSY, etc., thereby generating timing 
. . 

signals necessary for the X-related and Y-related control 

circuits XCONT and YCONT. The timing generating circuit 

TIME also generates the ready signal RDY for notifying an 

external device that data is ready to be read or written and 

a refresh cycle is ended. The X-related and Y-related 

control. circuits XCONT and YCONT are composed respectively 

so as to generate control signals XSIGN and YSIGN necessary 

for internal operations of the cache bank module 11. 

Hereunder, the operations of the hit/miss judging 

circuit HM and the controller BKCONTH will be described. The 

bank selection signal BS is entered to the timing generating 

. circuit TIME. The timing generating circuit TIME judges 

whether or not an object bank is to be selected and sets the 

contro_l signal HMAC in a predetermined state according to 

the result of _the judgment. If the bank is judged to be 

selected, the control signal HMAC activates the comparator 

COMP. An address ADD is entered to both comparator COMP and 

register REG. The register REG then outputs the last 

accessed address held in itself to the comparator COMP. If 

the bank is judged not·to be selected, the control signal 

HMAC deactivates the comparator COMP. Thus, the address ADD 
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is not entered to any of the comparator COMP and the register 

REG. 

The comparator COMP compares a new address with an 

old address. If the new and old X addresses match, it is 

judged to be a hit and the hit signal HIT is set to the "HIGH" 

level. If the new and old X and Y addresses match such way, 

the hit signal HITC is set to the "HIGH" ·1evel. The new 

address entered to the register REG is thus held until it 

is conrirmed that the next address is entered and compared 

in the comparator COMP. The held address is used for the 

next hit judgment. 

The controller BKCONTH executes no normal accesses 

if the hit signal HIT is on the "HIGH" level. Instead, ·the 

controller BKCONTH sets the ready signal RDY to ~'HIGH" and 

outputs the data held by the sense amplifier block SA to the 

object global bit line GBL. At this time, the controller 

BKCON~H just selects an address according to the Y address. 

Then, the Y-related control circuit YCONT activates the Y 

decoder YD, so that the data held in the.sense amplifier 

block SA is output to.the object global bit line GBL. If 

the busy ~ignal BSY for indicating that the previous access 

to another memory bank is not ended yet is on the "HIGH" 

level, the data held in the sense amplifier block SA are not 

output to the global bit line GBL. 
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The controller BKCONTH executes no ordinary access 

if the hit.signal HITC output from the hit judging circuit 

HM is on the "HIGH" level. Instead, the controller BKCONTH 

sets the ready signal ROY to "HIGH" and outputs the data held 

by the main amplifier MA to the data input/output line MAOUT. 

If the busy signal BSY for indicating that the previous 

access to another memory bank is not ended yet is on the 

"HIGH" level, the data held in the main amplifier are not 

outpuf. to the data input/output line MOUT. 

If new and old addresses do not match, it is judged 

to be a miss and the hit signal HIT is set to the "LOW" level. 

- The controller BKCONTH then accesses a memory n,ormally. In 

other words, the last accessed word line is deactivated and 

the object bit line is pre-charged. A new wordfline is thus· 

activated so that the controller BKCONTH accesses an object 

memory. If data is read by the correspo~ding sense amplifier 

block. SA, the -ready signal RDY is set to "HIGH". 

Hereunder, description will be made for a case in 

which data stored in a predetermined memory cell is read from 

the cache bank module 11 as usually (for example, a case in 

which the first memory access request is issued after the 

predetermined memory cell is refreshed) . If data is to be 

read from an object bank just like the DRAM bank module 10 

as shown in Fig.4, an address entered through the address 

signal line ADD from external· is decoded by the address 
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decoder AD, then one of the word lines WD is selected. After 

this, the signal i~ the DRAM memory cell selected by the ~ord 

line WD in the memory cell array CA is read and amplified, 

then held by the sense amplifier block SA. At this time, 

the ready signal ROY is set to ·"HIGH". 

Then, the Y decoder YD selects some of the data held 

by the sense amplifier block SA and outputs the selected data 

to a device provided outside the cache bank module 11 through 

the g!obal bit line GBL. 

On the other hand, writing of data into memory cells 

is done ·as follows. The data obtained through a global bit 

line GBL is transmitted to a ~redetermined sense amplifier 

selected by the Y decoder. Before this writing, the se.nse 

amplifier holds the data.read from a memory ~ell activated 

due to the selection of a word line WD. 

· ·Next, description will be made. for a case in which 

data is read/written fast using the hit/miss judging 

function (for example, a case in which a refreshed memory 

. is accessed, then a memory access request is issued for the 

memory) . As shown in Fig. 8, an address entered from external 

through the address signal line ADD is entered to the X 

decoder. The ad~ress. is also entered to the hit/miss judging 

circuit HM at the same time. The hit/miss judging circuit 

HM compares the newly entered address with the last entered 

and held address. If those two addresses match, the hit 
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signal HIT is set to ~HIGH". Thus, it is judged that the 

object data is already read and held by the sense amplifier 

block SA according to the last entered address. The data 

held by the sense amplifier block SA is thus output to the 

global bit line GBL ·• If those twd addresses match such way, 

the result of the comparison is judged to be a hit and the 

operation of the X decoder AD is canceled through the 

controller BKCONTH, so that no data is read from any of the 

memory cells. 

In the same way, the write operation is executed as 

follows. If a ·newly entered address matches with the last 

entered and held one, the result is judged to be.a hit, which 

means that the-data corresponding to the predetermined 

address is already held by the sense ampl~f ier block SA. 

Accordingly;_the data obtained.from a global bit line GBL 

is· transmitted ·to a predetermined sen~e amplifier selected 

by the Y decoder YD without reading any data from the memory 

cell activated due to.the selection of a word line WL. 

The controller BKCONTH is also composed so as to set 

the ready signal ROY to "HIGH" and output the signal 

notifying the hit to a device provided outside the cache bank 

module 14. The controller BKCONTH controls such a series 

of operations according to the signal entered through 

CBANKH. 
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If the new and old addresses do not match, the result 

of the comparison is judged to be a miss and the cache 

function is disabled. Fig.9 shows a timing chart for such 

a case. If an address is entered and the comparison with 

the old address is judged to be a miss, the last accessed 

word line is deactivated and the bit line connected to the 

object sense amplifier block "SA is pre-charged. After this, 

the word line corresponding to the new address is activated, 

then t'he selected sense amplifier in the sense amplifier 

block SA is actuated so as to read data from the 

predetermined memory cell. If a write operation is judged 

to be a miss, the last accessed word line is .deactivated 
. . 

once,. then data is written in the predetermined memory cell. 

If the comparison b~tween new and old ·addresses is 

judged to be'·a hit when the cache bank module 14 is provided 
. . 

with a hit/miss judging circuit HM s~ch way, part of the 

read/~rite operation from/in a memory can be omitted so as 

to make accesses faster. 

Each glo·bal bit line GBL for inputting/outputting 

data is disposed at a predetermined place so as to be 

connected to another cache bank module 14 and another main 

amplifier module 13 dis.posed adjacently to itself. 

~he power supplying line node PL for supplying an 

external power to a predetermined circuit in a bank is 

disposed at a predetermined place so as to able to supply 
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the power to another function modules disposed adjacently 

to itself. Since the global bit line GBL and the power 

supplying line node PL are disposed at their standardized 

places in each function module such way, those modules can 

be wired automatically as needed when they are just disposed 

adjacently to other modules. This makes it possible to 

compose a memory macro quickly. If a small capacity memory 

macro provided with a cache function is to be composed, the 

cache bank module 11 can be used, thereby reducing the cache 

controller module 16 in size. An, this makes it possible 

to compose a memory macro at a smaller chip area. 

<<Main Amplifier Module>> 

Fig.10 shows a block diagram of this main amplifier 

·module 13. This main amplifier module 13 comprises a main 

amplifier MA, a controller MACONT for controlling the 

operation of the main amplifier MA, a~d a power supplying 

line·node PL. The main amplifi~r MA comprises.a main 

amplifier/output circuit MA&BUF and a write amplifier WA. 

The main amplifier/output circuit MA&BUF includes a pre­

charging circuit for pre-charging a pair of global bit lines 

GBL to the supply voltage, an equalizing circuit for 

equalizing the potential of the pair of global bit lines GBL 

to the same value, a sense amplifier block SA for amplifying 

the data of the pair of global bit lines GBL, a latching 

circuit for latching the output of the sense amplifier block 



(._. 

-31-

SA, and an output buffer circuit for outputting data to the 

data input/output line MAOUT. The write amplifier WA 

includes an input buffer circuit (write amplifier) for 

receiving data from the data input/output line MAOUT, and 

other items. 

The data entered from a memory bank through a global 

bit line GBL during a read operation is amplified by the 

sense amplifier provided in the main amplifier/output 

circuit MA&BUF, then latched in the latching circuit so as 

to be output to a device provided outside the memory macro . 

. When in a write operation, the data entered from a device 

provided outside the memory macro through the data 

input/output line MAOUT is output to the corresponding 

global bit .line GBL through the input buffer circuit 

provided in the write amplifier WA. 

The controller MA.CONT controls such a series of 

operations according to the control signal CMAM s.uch as the 

clock signal CLK, the read/write selection signal RW, the 

main amplifier control signal MACS1 etc. 

The main amplifier module 13 interfaces between a 

global bit line GBL and the· input/output line MAOUT 

connected to a device provided outside the memory macro such 

way. Since the main amplifier module 13 controls the object 

global bit line GBL such way, a memory macro can be composed 

. : ~ . 
· .. 
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with a memory capacity to be varied according to the change 

of the number of memory bank modules. 

<<Power Supply Circuit Module>> 

Fig.11 shows a block diagram of this power supply 

module 14. This power supply module 14 includes a voltage 

generating circuit VCHC, a voltage generating circuit VHFC, 

a voltage generating circuit VBBC, etc. The voltage 

generating circuit VCHC generates a voltage VCH (used as the 

word line voltage necessary for the X decoder AD) higher than 

the voltage VCC supplied front a device provided outside the 

memory macro. The voltage generating circuit VHFC generates 

a voltage VHF (a 1/2 voltage of .the voltage n~cessary for 

the pre-charging circuit provided in the. sense amplifier 

block SA) lower than t~e voltage VCC supplied. from a device 

provided outside the memory macro. The voltage generating 

circuit VBBC .generates a voltage vBB (used as the voltage 

~or the substrate provided in the memory cell array 

(back-bias voltage)) lower than the voltage VSS (ground 

potential) supplied from a device provided outside the 

memory macro. The voltages VCC, VSS, VCH, VHF, and VBB are 

supplied from the power supplying line node· PL to each 

corresponding module. 

If only the SR.AM bank module 12 is used, the power 

supply module 14 does not need the voltage generating 
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circuits VBBC, etc., which can thus be omissible from the 

module 14. 

<<Write Data Buffer Module>> 

Fig.12 shows an example of the connection between 

this write data buffer module 18 and the main amplifier 

module 13. The write data buffer module 18 is composed so 

as to store the same number of write data items as the number 

of memory banks temporarily. For example, the write buffer 

WB of ""the write data buffer module 18 comprises a memory 

array of 4 rows by 128 columns used for storing four write 

data items. Each memory cell MC comprises a storing element 

composed of both inputs and outputs of two inver~er circuits 

connected to each other and a CMOS transfer ·gate (composed 

of a P-channel MOS transistor and an N-channel MOS 

transistor .. connected to each other in parallel) . Each 

memory cell MC is connected to a pair of word lines 
. . 

BWL#i ~i=0-3) and a data line IO#j (j=0·-127) .. In order to 

minimi.ze the memory cell area,· memory cells MC are disposed 

at the pitches of the data input/output lines MAOUT of the 

.memory mac.ro MM4 • 

<<First Example of Memory Macro>> 

Fig .13 shows a block diagram of the memory macro MMl 

composed of memory banks B.ANK#O, B.ANK#l, BANK#2, and BANK#3 

(comprising a DRAM bank module 10 respectively), as well as 

a main amplifier module 13, a power supply module 14, a bank 
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controller module 15, and a write data buffer module 18. 

Function modules are disposed adjacently to those modules, 

thereby the power supplying line node PL and the global bit 

line GBL are disposed at predetermined places common to 

those modules so as to be wired a·utomatically to each other. 

The power supplying line node PLO provided in the 

power supply module 14 receives a power from a device 

-~ provided outside the memory macro. A power of each function 

module (the DRAM bank module 10 and the main amplifier module, 
' 

13) is supplied through the power supplying line node PL 

after its voltage is raised/fallen by the power supply 

module 14 as needed. Data is entered/output thrC?ugh a global 

bit line GBL disposed automatically when each DRAM bank 

module 10 and the main amplifier module 13 are disposed. 

The memory banks B.ANK#O, BANK#l, B.ANK#2, and BANK#3 

receive/output data from/to the main amplifier module 13 

throu~h the global bit line GBL. The main' amplifier module 

13 receives/outputs data from/to each device outside the 

memory macro MMl through the data input/output line MAOUT. 

Each of the memory banks BANK#O, BANK#l, BANK#2, and BANK#3 

is provided with a controller BKCONT, which controls the 

operation of its .corresponding memory bank independently of 

others. The address signal ADD and the control signal CBANK 

are entered to each of those memory banks. The signal CMAN 

controls the main amplifier module 13. 
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Fig.14 shows a block diagram of the bank controller 

module 15. This bank controller module 15 comprises a buffer 

memory FIFO, a buffer memory controller FIFOC, a bank 

decoder BANKDEC, a bank control signal generating circuit 

CBANKGEN#i(i=0-3), a refresh·controller REFC, a main 

amplifier control signal generating circ~i t CMAMC, a ready 

signal controller RDYC, etc. 

The buffer memory FIFO is provided with a function 

for btrffering the address signal ADDIN so as to cope with 

the address signal ADDIN entered in each clock cycle. If 

another memory bank is to be accessed,. the address signal 

ADD IN may be entered in each clock cycle. However, if the 

same memory bank is accessed continuously o·r again within 

three clock.cycles, it is impossible to access the memory 

bank immediately. Thus, the address signal corresponding .. . 

to a plurality of bus cycles ADDIN and the read/write 

sel~ct:;ion signal RW are stored temporarilY·: in the buffer 

memory FIFO. 

The buffer memory controller FIFOC is composed so as 

to control the buffer memory FIFO. 

The bank decoder BANKDEC is composed so as to decide 

the bank information included in the address signal ADDIN, 

thereby deciding the memory bank to which an access request 

is issued. After the ready signal RDY#i of the memory bank 
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set to ~HIGH" and the end of the accessing is notified, the 

bank decorder BANKDEC accesses the same memory bank again. 

The bank control signal generating circuit 

CBANKGEN#i(i=0-3) is composed so as to output the address 

signal ADD#i(i=0-3) to the objective memory bank, the 

control signal CBANK (bank selection signal BS#i, 

RW#i ( i=0-3) , etc.) and the write data buffer control signal 

CWDB#i (i=0-3) respectively when the next access is enabled. 

-The refresh controller REFC is composed so as to 

output the refresh request signal REF#i(i=0-3) to each 

memory bank. Receiving the refresh request signal 

REF#i ( i=0-3), ~ach memory bank generates a ref;-esh address 

in the controller BKCONT, thereby refreshing itself. 

Receiving the ready signal RDY#i(i=0-3) from each 

memory bank"; ~the ready signal controller· RDYC generates the 

ready signal· READY#i (i=0-3) for the internal operation of 

the c~ntroller and the ready signal READY to be output to 

a device provided outside the controller. A .memory access 

~equesting device such as the CPU, etc. is composed so as. 

not to issue a new memory access request if the device does 

not receive the ready signal READY within a predetermined 

period. Consequently, the buffer memory FIFO never 
I 

overflows. · 



-37-

The main amplifier control signal generating circuit 

CMAMC is composed so as to generate the main amplifier 

control signal CMAM. 

Hereunder, the internal operation of the memory macro 

MMl will be described. At first, an address is entered 

during a read operation as described with reference to 

Fig·. 2. Then, data is ·output from the selected memory bank 

and transmitted to the main amplifier MA through a global 

bit li1le GBL. The data in the main amplifier MA is output 

to external through the data input/output line MAOUT. On 

the contrary, when in a write operation, the data entered 

through the data input/output line MAOUT is output to the 

global bit ;Line GBL· through the .main ampli.fier MA, then 

transmitted' .to a predetermined memory bank. Operations such . 

as switching between reading .arid writing of data from/in the 

main amplifier MA are controlled using the control signal 

CMAM. 

Since a memory macro is composed with a method for 

controlling each memory bank separately usin·g the 

controller BKCONT provided for the memory bank 

independently and connecting the memory bank to the main 

amplifier module 14 through a common data I/O line (global 

bit line GBL), it is possible to increase/reduce the number 

of memory banks easily, as well as to c~ange the capacity 

of each memory macro easily. In addition, since the memory 
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macro uses a DRAM bank module 10 that uses DRAM memory cells, 

a large capacity memory macro can be composed in a small chip 

area. 

Each of the memory banks BANKltO, BANK#l, BANK#2, and 

BANK#3 ~ay use an SRAM bank module 12 instead of the DRAM 

bank module 10. If such an SRAM bank module 12 is used to 

obtain the same memory capacity, the necessary chip area of 

·the memory macro will be increased more than when the DRAM 

bank mt>dule 10 is used, but the operation speed of the memory 

macro will become faster. ·Such an SR.AM bank module will thus 

be suitable especially for a memory macro that must operate 

faster. 

Fig.15 shows a timing chart for reading data 

sequentially from all the memory banks BANK#O, BANK#l, 

BANK#2, and·BANK#3 in the memory macro MMl. 

The address .signal ADDIN is fetched by the bank 

controller 15 at the rising edge of the clock signal CLK and 

used to supply an address to the address signal line ADD of 

each memory (ADD#O, ADD#l, ADD#2, and ADD#3)·. Receiving the 

address signal ADD, each of those memory banks outputs the 

ready signal RDY#i for indicating that the bank memory is 

ready to read data three clock cycles later. The data read 

from each memory cell is output to the global bit line GBL, 

then output to the data I/O line MA.OUT at the rising edge 

of the clock signal CLK. Each arrow mark shows the 
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correspondence between an address input and a data output 

to the global bit line GBL. All the latency period for 

reading data is 5 clock cycles. 

Since memory banks are accessed sequentially as 

described above, data can be read continuously from those 

memory banks by hiding each access time. For example, if 

addresses are entered repetitively to different memory 

banks within a period between to and t3 as shown in Fig .15, 

it is possible to read all the data from the memory macro 

MMl continuously. If the same memory bank is to be accessed 

continuously, however, four clock cycles must be inserted 

between accesses. 

Generally, when a processor (e.g., ·a central 
. . 

processing unit: CPU) reads a plurality of data items, the 

addresses of those data items are consecutive. Thus, in 

order to read a plurality of data items fast when their 

addresses are consecutive such way, the addresses of the 

memory macro MMl should be assigned so that banks are 

accessed sequentially if consecutive addresses are entered 

continuously. 

Fig .16 shows an example for mapping the addresses of 

the memory macro MMl so as to access consecut-ive data items 

continuously therein. Arrow marks indicate the 

correspondence between the addr~ss space shown on the left 

side and the four memory banks BANK#O, BANK#l, BANK#2, and 
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BANKH3 shown on the right side in Fig.16. The DRAM bank 

module 10 in this case is assumed to have a capacity of 256K 

bits, so the total capacity of the memory macro MMl becomes 

lM bits. 

The addresses necessary for this memory macro MMl are 

as follows. At first, 2 bits are necessary for selecting 

each of the four banks. Then, if the number of sense 

amplifiers provided in a memory bank is 1024 and the number 

of the"° global bit lines GBL is 128, the necessary address 
. . . 

space will become 1024/128= 8 ways, which means 3 bits when 

each sense amplifier to be connected to a global bit line 

is to be selected. In addition, the number of memory cells 

provide~ in a memory bank is 256 ·X 1024 and if the number 

of memory cells is divided by the number of sense amplifiers 

1024, the result will become 256. Thus, the number of word 

lines is 256. An address space for se.lec:=ting one of those 

256 wo.rd lines is _thus 8 bi ts. The total of those addresses 

is thus 13 bits. Since the selection of a word line WD to 

which 8-bit address space is assigned also includes pre­

charging of a bit line, the operation of a sense amplifier 

block SA, ·the activation of a word line WO, etc., the time 

will become longer than that of other operations. This is 

why the addresses of the memory macro may be mapped so as 

to select a word line WD in another memory bank without 

selecting the currently accessed memory bank in order to 
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access tne addresse~ faster in order continuously if 

selection is made for a word line WD that needs much time 

for c_hanging addresses. Fig .16 shows an example for mapping 

the addresses of a memory macro such way. Of the thirteen 

digits of an address in total, eight digits for selecting 

a word line WD are assigned to the upper bi ts and three digits 

foi selecting the Y decoder YD are assigned to· the 

intermediate bits, and two digits for selecting a memory 

bank ~re assigned to the lower bits respectively. 

For example, the data corresponding to the address 

O, 000, 000, 000, 000 is read from the memory bank BANK#O. The 

next c:tddress O, 000, 000, 000, 001 indicates the data to be read 

· from the memory bank BANK#l, which follows the memory -bank 

BANK#O. Addresses are assigned sequentially such way so 

that t~e data in the address O, 000, 000, 000, 100 is read from 

the memory bank BANK#O. 

If the memory macro MMl whose addresses are mapped 

such way is accessed in ascending order of a~dress, then 

~nother memory bank, which is different from the currently 

accessed one, is accessed when a new word line is activated. 

Thus, the apparent preparing time including the pre- . 

charging of the object can be hidden, enabling continuous 

data reading. In the memory macro MMl whose addresses are 

mapped as shown in Fig.16, therefore, if consecutive 

.· 



A, 
t.;_~~·;.;1 

-42-

addresses are entered in order, all the bits will be read 

easily from the memory macro .MMl. 

The write operation is also done just like the read 

operation described above. The address signal ADDIN can be 

entered in every clock cycle. Consequently, write data is 

also transmitted to the memory macro MMl in every clock 

cycle. However, write data cannot always be written into 

an object memory bank immediately at this time. This is why 

write-data is stored in the write data buffer WDB 

temporarily. Write data is read from the write data buffer 

WDB and written into a memory bank when the memory bank is 

ready to receive data. This write operation is controlled 

according to the write buffer control signal.CWDB#i. In 

other words, orie of the word lines BWL of the write buffer 

WB is selected, then write data .is written into the word 

line. After this, when the subject memory bank is ready to 

receive data, a word line BWL is selected again and the write 

data is output to the data line 10. Then, the write amplifier 

enable signal WAE is activated and the write data output to 

the data line 10 is output to the global bit line GBL by the 

write amplifier provided in the main amplifier MA#i. 

<<Second Example of Memory Macro>> 

If an SR.AM bank module 12 is used as each memory bank 

in the memory macro MMl, the operation of the memory macro 

will become faster. Fig .17 shows a timing chart for reading 
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data from a memory macro composed of four SRAM bank modules 

12. Since only one clock cycle is needed for the latency 

in this case, data can be read faster than when DRAM bank 

modules 10 are used as memory banks. 

The memory macro MM2 may also be composed of four DRAM 

bank modules 10 and two SRAM bank modules 12 as shown in 

Fig .1. · ·rn this case, the operation of the memory macro MM2 

will become faster than that of a memory_macro, which uses 

six DR'.PiM bank modules 10. In addition, the necessary chip 

area of the memory macro MM2 can be_ reduced more than that· 

of a memory macro which uses six SR.AM bank modules 12. 

If a memory bank is composed of a combination of 

memory banks, each of which can be controlled independently, 

it would be.very easy to compose memory macros provided with 

functions and performances different from each other as. 

described above. If such various memory banks ~re prepared, 

each o_bj ect memory macro will b~ enhanced more in function. 

<<Third Example of Memory Macro>> 

Fig .18 shows a block diagram of the memory macro MM3 

provided with a cache function. The memory macro MM3 

comprises four ·memory banks BANKC#O, BANKC#l, BANKC#2, and 

BANKC#3, each of which is a cache bank module 11. The mmeory 

macro MM3 also includes a main amplifier module 13, a power 

supply module 14, a cache controller module 16, and a write 

data buffer module 18. 
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The cache function of the memory macro MM3 can hold 

the data read from a memory cell activated by a word line 

activated once in a sense amplifier temporarily so that the 

data held in the sense amplifier is output without 

activating the same word line again if the next accessed data 

is on the word line used for the last accessed data. 

Fig.19 shows a block diagram of the cache controller 

module 16. The cache controller module 16 comprises a buffer 

memory FIFOCA, a buffer memory controller FIFOCN, a bank 

decoder BANKDECC, a bank control s_ignal generating circuit 

CBANKGEC#i(i=0-3), a refresh controller REFCC, a main 

amplifier control signal generating circuit CM1\MCC, a ready 

signal controller RDYCC, etc. 

T_he. buffer memory FIFOCA is provided with.a function·. 

for buffering the· address signal ADDIN so· as to cope with 

the input of the address signal ADDIN ~n every clock cycle~­

When accessing a memory bank to be hit, the address signal 

ADDIN may be entered in every clock cycle. However, when 

accessing a memory bank not to be hit, it is impossible to 

access the memory bank immediately. Therefore, the buffer 

memory FIFO store·s the address signal ADDIN and the 

read/write selection signal RW temporarily. The addresses 

ADDIN and RW· correspond to a plurality of bus cycles. 

The buffer memory controller FIFOC is composed so as 

to control the buffer memory FIFOCA. 
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The bank decoder BANKDECC is composed so as to decode 

the bank information included in the address signal ADDIN 

and decide a memory bank to which an access request is 

issued. 

The bank control signal generating circuit 

CBANKGEC#i(i=0-3) is c0mposed so as to output the address 

signal·ADD#i(i=0-3) issued to a memory bank to which an 

access request is issued, as well as the control signal 

CB.ANKH (bank selection signal BS#i, the RW#i(i=0-3}, 

BSY#i (i=0-3), etc.} and the write data buffer control signal 

CWDB#i(i=0-3). 

The refresh controller REFCC is compos~d so as to 

output the refresh request signal REFS#i(i=0-3) and the 

re·fresh interruption signal REFE#.i ( i=0-3) to each memory 

bank. Receiving the refresh request signal REFS#i (i::;=0-3), 

the subject memory bank generates a refresh address in the· 

contrC?ller BKCONTH, thereby refreshing its elf. Receiving 

the refresh interruption signal REFE#i ( i=0-3) , the subject 

memory bank stops the refreshing.· If the refreshing is ended 

or paused, the controller BKCONTH outputs the ready signal 

RDY#i(i=0-3). 

The ready signal controller RDYCC, when receiving the 

ready signal RDY#i ( i=0-3) from a memory bank, generates the 

ready signal READY#i(i=0-3) to be used for the internal 

operation of the controller and the ready signal READY to 
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be output to a dev~ce outside the controller. If the ready 

signal READY is not entered within a predetermined period, 
. ' 

the subject memory access requesting device such as the CPU, 

etc. is prevented from issuing any more memory access. 

Consequently, the buffer memory FIFOCA never overflows. 

The main amplifier control signal generating circuit 

CMAMCC generates the main.amplifier control signal CMAM~ 

Next, the operation of the memory macro MM3 will be 

described. Fig.20 shows a timing chart for the operation 

of the memory macro MM3. If an address is entered to the 

cache controller module 16 through the address signal line 

ADDIN, the cache controller module 16 accesses the memory 

bank corresponding to the address. In the addressed mem<?rY 

bank, the hit/miss. judging circuit HM judges whether or not 

the .address matches with the last accessed address. If the 

. addresses match, it is judged that the ~bject data is already. 

read and held in the sense amplifier block SA according to 

the old address. The result of the judgment is thus notified 

to the cache controller module 16 through the ready signal 

line RDY#i. The cache controller module 16 then outputs the 

ready signal RDY#i to the object external device as the ready 

signal READY. 

The data held in· the sense amplifier block SA is thus 

selected by the Y decoder and output from the MAOUT through 

the global bit line GBL and the main amplifier MA. However, 
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this data output from the MAOUT through the global bit line 

GBL and the main amplifier MA is suspended until the main 

amplifier is notified of the busy signal BSYlti set to "LOW" 

and the end of the previous access to another memory bank. 

If the cache is hit such way (if the same page is 

accessed again), it is possible to omit both pre-charging 

of the data line and activation of the word line, etc., 

thereby making the operation faster than normal accessings. 

In addition, since part of the operation is omitted such way, 

the power consumption can also be suppressed. 

Since two clock .cycles can be used for the latency 

to output dat~ if a cache is.hit such way, it.is possible 

to operate the DRAM memory macro faster, although its chip 

area is small. . · 

If the addresses do not match, the memory is accessed 

normally after the word line is deactivated and the data line 

is pre-charged. 

As. described in the first memory macro example, if 

a processor (e.g., CPU) reads a plurality of data items, 

generally the addresses of those data items are often 

consecutive. In order to read the data from such consecutive 

addresses faster, therefore, addresses of the ·memory macro 

MM3 should be assigned so that thos.e addresses are accessed· 

in order of memory bank when consecutive addresses are 

entered. 
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Fig.21 shows an example for mapping the addresses of 

the memory macro MM3 so that data can be accessed 

continuously in the memory macro MM3. Arrow marks indicate 

the correspondence between the address space shown on the 

left side and the four memory banks BANK#O, BANK#l, BANK#2, 

and BANK#3 shown on the right side in Fig. 21 .. The DRAM bank 

module 10 in this case is assumed to have a capacity of.256K 

bits, so the total capacity of the memory macro MM3 becomes 

The addresses necessary for this memory macro MM3 are 

as follows. At first, 2 bits ar~ necessary for selecting 

each of the four banks. Then, if the number _of sense 

amplifiers provided in a memory bank is 1024 ·and the number: 

of the global bit lines GBL is 128, the necessary address 

space will become 1024/128= 8 ways, which means 3 bits if 

each sense amplifier to be connected ~o a global bit line 

is selected. In addition, the number of memory cells 

provided in a memory bank is 256 X 1024 and if the number 

of memory banks is divided by the number of sense amplifiers 

1024, the result is 256. Thus, the number of word lines will 

become 256. An address space for selecting one of those 256 

word lines is thus 8 bi ts. The total of those addresses is 

thus 13 bits. Since the selection of a word line WD to which 

8-bi t address space is assigned also includes pre-charging 

of a bit line, the operation of a sense amplifier block SA, 
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the activation of a word line WD, etc., the time will become 

longer than that of other operations. This is why.the 

addresses of the memory macro may be mapped so as to select 

a word line WD in another memory bank without selecting the 

currently accessed memory bank in order to access the 

addresses faster in order continuously if selection is made 

· for a word line WD that needs much time for changing 

addresses. 

-Fig. 21 shows an example for mapping the addresses of 

·a memory macro such way. Of the thirteen digits of an address 

in total, eight dig-its for selecting a word line WD are 

assigned to the upper bits and two digits for.selecting a 

memory bank are assigned to the intermediate bits, and three 

digits for:the selection by the Y decoder YD are ass~gned 

to the lower: bits respectively. 

For example, the data existin9 between addresses 

o,ooo,ooo,000,000 and o,ooo,000,000,111 is read from the 

memory bank B.ANKIO through a word line WD. The lower three 

bi ts are used to indicate the selection by the Y decoder YD. 

The lower fourth and fifth bits are used to select a bank. 

The data existing between the next addresses 

o,ooo,000,001,ooo and 0,000,000,001,111 exist on a word 

line WD in the next memory bank BANK#.1 which follows the 

memory bank BANK#O. Addresses are assigned cyclically such 

way, so that the data existing between the addresses 
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o,ooo,000,100,ooo and o,ooo,ooo,100,1i1 become again data 

on the word line WD of the memory bank BANK#O. 

If the memory macro MM3 whose addresses a-re mapped 

such way is accessed in order of address, then another memory· 

bank, which is different from the currently accessed one, 

is accessed when a new word line is activated. Thus, the 

app.arent preparing time including the pre-charging of the 

object item can be hidden, thereby it is possible to read 

data Continuously. In the memory macro MM3 whose addresses 

are mapped as shown in Fiq.16, therefore, if consecutive 

addresses are entered sequentially, all the bi ts can be read 

easily from the memory ma·cro MM3. According to _this method, 

the data· in the memory cells activated by ·a word line 

activated onc.e i"s read completely. It .is thus pos·sible to 

minimize the power consumption required for reading data 

from consecutive addresses. 

The write op_eration is also done just like the read 

operation described above. The address signal ADDIN can be 

entered in every clock cycle. Consequently, write data is 

also transmitted to the memory macro MM3 in every clock 

cycle. In this case, however, write data cannot always be 

written into each memory"bank immediately. This is why write 

data is stored in the write data buffer WDB tempo.rarily. The 

write data is read from the write data buffer WDB and written 

into a memory bank when the memory bank is ready to receive 
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data. This write operation is controlled according to the 

write buffer control signal CWDB#i. In other words, one of 

the word lines BWL of the write buffer WB is selected and 

write data is output to the word line. After this, when the 

subject memory bank is ready to :i:eceive data, a word line 

BWL is selected again and the write data is output to the 

data line 10. Then, the write amplifier enable signal WAE 

is activated and the write data output to the data line 10 

is then output to the global bit line GBL by the write 
. . 

·amplifier provided in the main amplifier MA#i. 

Since a cache hit miss (page hit miss) has occurred 

for the address entered in the period t4 shown in Fig. 20 and 

the memory bank BANK#O is accessed normally after the word 

lirie is deactivated once, then the data line is p:r:e-charged, 

·the· latency; value is increased to seven clock cycles.· If 

a· hit miss occurs while a sense amplifier block SA is used· 

as a cache such way, therefore, the memory is accessed 

normally after the word line is activated and the data line 

is pre-charged. Thus, such the operation comes to be 

confronted with a problem that the access time becomes 

longer than a case in which data is read normally without 

using the cache function. 

In addition, the memory banks corresponding to the 

addresses entered in the periods ts, t6, and t7 are hit 

respectively as shown in Fig.20 and the cache function can 
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be used to output data faster. In spite of this, since the 

cache function is disabled for the address entered in the 

period t4, the operation of the CPU for the data outputting 

corresponding to the addresses entered in and after the 

period tS is limited dominantly, thereby the cache function 

is not used effectively. In this example, a cache hit miss 

dis.ables the output of subsequent data, but the refresh 

operation of DRAM memory cells will also. cause a congestion 

of daca output sometimes. 

Fig.22 shows various latency values of the memory 

macro MM3. The latency values shown in Fig. 22 are· assumed 

between when the address signal ADDIN is entered and when 

data is output to the data I/O line MA.OUT. If the data held 

in the main amplifier MA is hit,. the data is output at a 

latency value 1 as shown with ·"Main". If the data held in. 

the sense amplifier block SA is hit, the data is output at 

a la.te~cy value 2 as shown with "Sense". If a memory bank 

is accessed no.rmally, the data is output at a latency value 

S as shown with "Ordinary". If a miss occurs, the data is 

output at a latency value 7 as shown with "Mishit''. If the 

subject DRAM is in a refresh cycle, the latency for reading 

data after the refreshment is ended takes various values as 

shown with "Ref.E". 

If it is impossible to read data until the end of the 

refreshment of a memory macro comprising DRAM memory banks 
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in a system enhanced for faster operations with the cache 

function, the system performance will be degraded 

significantly. To avoid such the problem, therefore, the 

refreshment of the memory macro may be started earlier. If 

a memory access request is issued during such a refreshment, 

the refreshment may be stopped once, then restarted after 

the· memory access request is processed. The latency for 

outputting data while the refreshment is stopped once such 

way wi1.l take a value as shown with "Ref.C" in Fig.22. If 

a memory macro is composed of DRAM memory banks and provided 

with.the cache-func:i:ion as described above, the memory macro 

must correspond to ~arious latency values. 

In addition, if a memory bank is accessed at various 

latency values, data output will often· be suspended 

.depend~ng on the address input order. For example, -if an 

address that hits a sense amplifier cache in another memory 

bank is entered just after an address entry to a memory pank 

that being refreshed; the data read from the cache of the 

sense amplifier block SA can usually be output earlier, but 

the data output must be suspended until the output of the 

data read according to the address entered earlier is ended. 

<<Fourth Example of Memory Macro>> 

Fig. 23 shows a block diagram. of this memory macro MM4 

that outputs address and data ID signals. This _memory macro 

MM4 is provided with ari access sequence controller module 
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with ID 17 instead of the cache controller module 16 pro~1ided 

for the memory macro MM3. The access sequence controller 

module with ID 17 outputs two ID signals as address ID signal 

AID and data ID signal DID, thereby outputting the data 

corresponding to a later-entered address earlier if it is 

enabled regardless of the address input order. This makes 

it possible to access memory banks faster. 

Hereunder, the operation of such the memory macro MM4 
-

will be described briefly. If an address is entered through 

the address signal line ADDIN, the access sequence 

controller module with ID 17 is instructed to decide an ID 

number corresponding to the entered address and outputs the 

ID number as the ·addres~ ID signal AID. The output ID number 

is held· by.the memory accessed processor until the data 

arrives. On the other hand, the access sequence controller 

module with ID 1 7 accesses the memory bank corresponding to 

the entered address, outputs the read data, and outputs the 

ID number assigned at the address inputting as the data ID 

signal DID. Receiving both data and ID number, the processor 

compares the ID number received from the access·sequence 

controller module with ID 17 when in accessing of the memory 

bank with the ID number received together with the data. If 

both ID numbers match, the processor makes.the address and 

the data be corresponded to each other. Since an address 

can be corresponded to data via an ID number such way, it 
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is no need to match the order of address input with the order 

of data output when in accessing of a memory bank, although 

it is indispensable in the prior art. As described above, 

even when memory accesses are done continuously at different 

latency values, which becomes a problem for composing a 

memory macro comprising DRAM memory banks and provided with 

the cache function, first-prepared data can be output first 

regardless of the order of address input, and data assigned 

to a larger latency value can be output later, since address 

and data can be corresponded through an ID number 

respectively. Consequently, memory banks can be accessed 

more effectively with such the c~rrespondenc~ between 

address and data through each ID number. 

Fig.24 shows_a block diagram of the access sequence 

controller.module with ID 17. The access sequence 

controller module with ID 17 comprises a latching circuit 

LTCH, _a bank decoding circuit BNKDEC, a bank control signal 

generating circuit CBNKG#i{i=0-3), a refresh controller 

RFRSHC, a main amplifier control signal generating circuit 

CMMC, an ID signal controller IDCNT, etc. 

The latching circuit LTCH fetches both address signal 

ADDIN and read/write selection signal RW at the rising edge 

of the clock signal CLK respectively. 

The bank decoding circuit BNKDEC decodes the bank 

information included in the add~ess signal ADDIN, thereby 
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deciding the memory bank to which an access request is 

issued. 

The bank control signal generating circuit 

CBNKG#i(i=0-3) outputs the address signal ADD#i(i=0-3) 

indicating the memory bank to which an access request is 

issued, as well as the control signal CBANKH (bank selection 

signal BS#i, RW#i(i=0-3), BSY#i(i=0-3), etc.), the bank 

request signal BR#i(i=0-3), and the write data buffer 

control signal CWDB#i(i=0-3). The bank request signal 

BR#i (i=0-3) is output unconditionally when a memory access 

request is issued, but the bank selection signal BS#i (i=0-3) 

is not output until accessing of an object me~ory bank is 

enabled.· 

The refresh controller RFRSHC outputs the refresh: 

request signal REFS#i(i=0-3) and the refresh interruption 

signal REFE#i(i=0-3) to each memory bank. Receiving the 

refresh request signal REFS#i(i=0-3), the subject memory 

bank generates a refresh address in the controller BKCONTH, 

thereby refreshing itself. If the refresh interruption 

signal REFE#i (i=0-3) is entered during a refresh operation, 

·the refreshing is paused. 

The ID signal controller IDCONT generates both 

address ID signal AID and data ID signal DID from the bank 

request signal BR#i(i=0-3) and the ready signal 

RDY#i (i=0-3). Since data can be entered/output in order of 
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entered address in/from the same memory bank, the memory 

bank number and the ID number can be corresponded to each 

other. Consequently, it is possible to judge which of the 

memory banks is accessed according to the bank request 

signal BR#i(i=0-3). It is thus possible to generate the 

address ID signal AID from the bank request signal 

BR#i (i=0-3). In a-ddition, it is possible to judge which of 

the memory banks is ready according to the ready signal 

RDYii[i=0-3) indicating that the subject memory bank is 

ready to output/receive data. It is thus possible to 

generate the data ID signal DID from the ready signal 

RDY#i (i=0-3) .. 

The main amplifier control signal generating circuit 

CMMC generates the main am~lifier control signal CMAM. 

Fig. 25 shows a timing chart for the operation of the 

memory macro MM4 that outputs both data and ID number as 

' described above. At first, four addresses a, b, c, and d 

(different bank addresses) are entered consecutively to the 

address signal· line ADDIN, .then four ID numbers, each 

c~rresponding to an entered address, are output as address 

ID signals AID. Those ID numbers are also output as the data 

ID signal DID when a read operation is ended and the data 

is output. 

For example, an ID number 1 is assigned to the address 

a entered firstly. If the address a corresponds to a memory 
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bank being refreshed, however, data A is output together 

with the data ID signal DID in the period t12. The address 

b to which an ID number 2 is assigned corresponds to the data 

already held in the sense amplifier block SA. The data is 

thus output at the latency value 2. The address c 

corresponds to the data output by pausing the refreshing 

temporarily and the address d corresponds to the data 

existing in the main amplifier MA and to be output from 

there: 

Since this example takes the correspondence between 

address and data using an ID number respectively such way, 

it is no need to match the order of address input with the 

order of data output. This example thus makes it possible 

to output first-prepared data first, thereby allowing 

memory banks to be accessed faster. · 

In addition, the address input timing and the data 

output timing will be overlapped depending on the address 

input timing. In such a case, it is considered that the data 

corresponding to the address entered first is in a higher 

emergency, so the data is output first. The busy signal 

BSY#i(i=0-3) is used to control this operation. 

For example, the operation is a memory access in which 

the data is output at a latency value of 7 as shown with 

"Mishit" in Fig.22. The data corresponding to the address 

e is output in the period tll. However, the period t12 in 
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which the data corresponding to the address f should be 

output is tl2, but the data output is overlapped with the 

data output corresponding to the address a. Consequently, 

since priority is given to the data corresponding to the 

address a, which is entered first, the latency value for the 

data output corresponding to the address f is increased by 

one. The data is thus output in the period t13. 

Fig.26 shows the internal operation of each memory 

bank. - In order to simplify the description, Fig.26 shows 

the operations of only two memory b·anks. At first, two 

addresses a and b are entered, so that two memory banks 

B.ANK#O and BANK#l are accessed. Since a cache hit miss 

occurs in the memory bank B.ANK#O, the word line WD is 

deactivated· once. The word line WD is activated again after 
.. '• 

th~ corresponding sense amplifier is pre-charged. Then, _the 

s·ense amplifier is actuated. 

: In the memory.bank BANK#!, the cache is hit. So, the 

signal HIT#! is output and the data B is output immediately 

to the global bit line GBL. After this, the operation of 

the sense amplifier in the memory bank BANK#O is completed 

and the data A is read and output to the global bit line GBL. 

The write operation is also done just like the above 

read operation. The address signal ADDIN can be entered in 

every clock cycle. Consequently, write data is transmitted 

to the memory macro MM4 in every clock cycle. However, the 
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write data cannot always be written into each memory bank 

immediately. To avoid such a problem, therefore, the write 

data is stored in the write data buffer WDB temporarily. The 

write data is then read from the write data buffer WDB and 

output to the object memory bank when the memory bank is 

ready to receive data. The write buffer control signal 

CWDB#i is used to control the operation. In other words, 

one of the word lines BWL of the write buffer WB is selected 

and the write data is written into the word line. After this, 

when the subject memory bank is ready to receive data, the 

word line BWL is selected again and the write data is output 

to the data line 10. Then, the write amplifier enable signal 

WAE is activated and the write data output to the data line 

10 is output·.to the global bit line GBL by the write amplifier 

provided in the main amplifier MA#i. At this time, the data 

ID signal DID is also output. 

<<Another Configuration of Access Sequence Controller 

Module with· ID>> 

Fiq.27 shows another block diagram of the access 

sequence controller module 17 with ID. This controller 17 

comprises an address submission/total control unit 17A, an 

ID controller l 7B, and a command submission part 17C. The 

address submission/total control unit 17A, when receiving 

the address signal ADDIN, instructs the ID controller 17B 

to output the address ID signal AID. The ID controller 178 
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references to a table (to be described later), thereby 

outputting an address ID as the address ID signal AID. In 

addition, the address submission/total control unit 17A 

requests the command submission part l 7C to issue a command 

to a memory bank corresponding to the entered address. The 

command submission part l 7C, which manages the state of each 

memory bank, issues instruct a timing for issuing the 

inputted address to·the address submission/total control 

part 1;A and simultaneously outputs a command. The command 

submission part 17C also outputs the control signal CMAM to· 

instruct the ID controller 17B to output a data ID so as to 

operate the main amplifier MA by deciding the order for 

outputting data from each memory bank. The ID control unit 

17B references·to a table thereby to output an address .ID 

as the data ID signal DID. The.address ID is issued for the 

address of the object data. 

Figs.28 and 29 show control flowcharts of the ID 

control unit 17B. A table MM-TABLE is used to hold the 

information (Valid: hereafter, to be referred to as an 

effective flag VALID) indicating that the ID number {ID 

No.), the address value (ADD), and the correspondence 

between them are all valid. Data is written/referenced· 

into/to this table MM-TABLE. A table management state 

machine TMSM controls those write and reference operations. 

Figs.28 and 29 show diagrammatic views of the information 
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flow among the central information unit (CPU), the memory 

bank BANKC»i, and the table 'MM-TABLE. 

Fig.28 shows a flowchart for issuing the address ID 

signal AID when the address signal ADD is entered. The 

address signal ADDIN (hereafter, to be represented as the 

address signal ADD) entered from the central processing unit 

(CPU} is output as the address signal ADD to the object 

memory bank BANKC#i. An ID number corresponding to the 

address signal ADD is thus decided. This ID number is 

returned as the address ID signal AID to the CPU. Hereafter, 

the operation flow shown in Fig.28 will become as follows 

in a concrete example. 

{l) The CPU transmits the address signal ADD{ADD=6} to the 

address submission/total control unit 17A. 

(2) The address submission/total control unit 17A outputs 

the address signal ADD(ADD=6) to the object memory bank 

BANKC#i. 

(3) The address submission/total control unit 17A transmits 

the address signal ADD(ADD=6) to the table MM-TABLE. 

(4) The address signal ADD(ADD=6) is written into a place 

of the table MM-TABLE, corresponding to the ID 

number(ID=#4), thereby the valid flag VALID is validated 

("Yes" is shown in Fig.28). 

{5) The address ID signal AID(AID=#4) assigned from the 

table MM-TABLE is read. 
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(6) The assigned address ID signal AID(AID=~4) is returned 

to the CPU. 

The CPU holds the value of the address ID signal 

AID (AID=:ft4) so as to know the correspondence between address 

and data by detecting matching of the value of the AID with 

the data ID signal DID added when object data is output. 

Fig.29 shows a flowchart for issuing the data ID 

signal DID when data is output. A signal indicating the data 

outpuf from tne memory bank BANKC#i is entered, then the 

address signal ADD with which the memory bank has been 

accessed is decoded. The ID number corresponding to the 

address signal ADD is checked. This ID number is returned 

to the CPU as the.data ID signal DID. Hereafter, the 

operation flow shown in Fig. 29 wil.l become as follows in. a 

concrete example. 

( 1) The ready signal RDY#i is returned from the memory bank 

BANKC~i that outputs data to the command submission part 

1 7C, thereby the address signal ADD (ADD=6) is obtained from 

the address latching circuit ADDLT#i that latches an access 

address in the address submission/total control unit 17A. 

(2) The address signal ADD(ADD=6) is entered to the table 

MM-TABLE. 

(3) The ID number corresponding to the address signal 

ADD{ADD=6} is searched in the table MM-TABLE. 
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(4) The data ID signal DID(DID=#4) is read from the table 

MM-TABLE. 

(5) The data ID signal DID(DID=#4) is output to· the CPU. 

Receiving data and the data ID signal DID(DID=#4), 

the CPU can know that this data corresponds to the address 

signal ADDIN(ADDIN=6) from the value of the address ID 

signal AID(AID=#4) received previously. 

The contents in the table MM-TABLE shown in Fig.28 

differ from the contents in the table MM-TABLE shown in 

Fig.29. In the table MM-TABLE shown in Fig.29, the valid 

flag VALID corresponding to ID No.#2 is invalidated ("No" 

is shown in Fig.29) and the address space ADD is. thus blank. 

This indicates that the data corresponding to the address. 

value 2 is already read out arid #2 is transmitted to the CPU 

as the value of the data ID signal DID. If the valid flag 

VAL~D is invalidated, a new address can be entered. In the 

table MM-TABLE shown·in Fig.29, the valid flag VALID 

corresponding· to ID No. #5 is validated and 1 is written in 

the address ADD. The difference between the above two cases 

indicates that the data corresponding to the value O of the 

address ADD is read out between when 6 is entered to an object 

memory macro as the value of the address ADD and when the 

data is output, theri 1 is entered as the value of the address 

ADD. 
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Fig.30 shows a block diagram of the table MM-TABLE. 

The table MM-TABLE comprises an associative memory CAM, etc. 

For example, if the control signal AW is set to the "HIGH" 

level, an association stopping circuit AINH stops 

association and an association memory word line selection 

circuit WSEL is actuated, thereby a word line for which the 

valid flag is invalidated is selected. In this state, the 

address ADD is entered to the associative memory CAM and held 

in it.- If an ID number is corresponded to the word line of 

the associative memory CAM beforehand, the selected word 

line is encoded by the encoding circuit ENDER, thereby the 

·address ID signal AID is obtained. If the co~trol signal. 

AW is set to the "LOW level, the association s~opping circ1:1it 

-AINH starts association, thereby the operation of the 

association memory word line selection circuit WSEL stops. 

rf the address ADD is entered to the associative memory CAM 

in this state, an association operation is started and the 

matching line of the row storing the corresponding address 

is set to the "HIGH" level. If an ID number is corresponded 

to the matching line of the associative memory CAM 

beforehand, the selected matching line is encoded by the 

encoding circuit ENDER, thereby the data ID signal DID is 

obtained. In addition, if the valid flag VALID is reset on 

the matching line of the associative memory CAM, the ID 
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number corresponding to the access-ended address can be 

invalidated. 

The ID number can be used such way to change the order 

of both address input and data output to/from a memory macro. 

Consequently, the data prepared first can be output first, 

thereby it is possible to compose a memory macro provided 

with a very effective cache function easily. 

<<Application to a Multiprocessor System>> 

The method that uses ID numbers as described above 

can also apply to a multiprocessor system. Fig.31 shows a 

block diagram. of such a multiprocessor system. In this 

example, two processors (CPU#l and CPU#2) shar~ one memory 

macro MM. This multiprocessor also includes an address bus 

ABUS, a data bus DBUS, an address ID signal line, a data .ID 

signal line DID, and a processor ID signal line PID that 

indicates a processor number. Each p~ocessor outputs the 

proce~sor ID signa~ PID, which notifies the memory macro MM 

of which of the processors has issued an address when the 

address is issued. The memory macro MM manages the value 

of the processor ID signal PIO together with the address 

value, so that the processor ID signal PIO is output again 

when data is output, thereby i.dentifying the object 

processor to which the data is to be transmitted. 

Fig.32 shows a flowchart for issuing the address ID 

signal AID and the processor ID signal PID from the memory 
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macro MM when an address is entered. This flowchart is the 

same as that shown in Fig.28 except for the management of 

the processor ID signal PID added to the table this time. 

Hereafter, the operation flow shown in Fig.32 will become 

as follows in a concrete example. 

{l) Both add.;-ess signal ADD {ADD=6) and processor ID signal 

PID(PID=O) are entered to the address submission/total 

control unit 17A from the CPU. 

(2) The address submission/total control unit l7A outputs 

the address signal ADD(AD0=6) to the object memory bank 

BANKC#i. 

(3) The address submission/total control unit 17A enters 

both address signal ADD(ADD=6} and processor ID signal 

PID(PID=O) to the table M-TABLE. 

( 4) Both address signal ADD (ADD=6} and processor ID signal. 

PID(PID=O} are written into places in the table M-TABLE, 

corre~ponding to the ID number ( ID=#4) , then the valid flag 

VALID is validated ("Yes" is shown in Fig.32)·. 

· (5) The address ID signal AID(AID=#4) assigned from the 

table M-TABLE is read out. 

(6) Both read-out address ID signal AID(AID=#4) and 

processor ID signal PID(PID=O) are.returned to the CPU. 

Fig.33 shows a flowchart for issuing both data ID 

signal DID and processor ID signal PIO when data· is output. 

This flowchart is the same as that shown in Fig.29 except 
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for the management of the processor ID signal PID added to 

the table this time. Hereafter, the above operation flow 

shown in Fig. 33 will become as follows in a concrete example. 

(1) The ready signal RDY#i is returned from the memory bank 

BANKC#i that outputs data to the command submission p·art 

l 7C, thereby the address signal ADD (ADD=6) is obtained from 

the address latching circuit ADDLT#i used to latch an access 

address in the address submission/total control unit 17A. 

(2) The address signal ADD(ADD=6) is entered to the table 

M-TABLE. 

(3) The ID number (ID=#4) corresponding to the address 

signal ADD (ADD=6) and the processor ID signal PIO (PID=O) are 

searched in the table M-TABLE. 

(4) The data ID signal DID(DID=#4) and the processor .rs 

signal PID(PID=O) are read out from the table M-TABLE. 

, (5} The data ID-signal DID(DID=#4) a~d the processor IS 

signal PID(PID=O) are output to the CPU. 

Fig.39 shows a ~lock diagram of the table M-TABLE. 

The table M-TABLE comprises an associative memory CAMM, a 

random access memory RAMM, etc~ For example, if the control 

signal AW is set to the "HIGH" level, the association 

stopping circuit AINH stops association and the association 

memory word line selection circuit WSEL is actuated, thereby 

a word line for which the valid flag is invalidated is 

selected. The control signal AW allows the matching 
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line/word line selection circuit WMSEL of the associative 

memory CAMM to select a word line and connect the word line 

to the wo~d line of the random access memory RAMM. The 

address signal ADD is entered to the associative memory CAMM 

and stored there in this state. '!'he processor ID signal PID 

is entered to the random access memory RAMM and stored there. 

If an ID number is corresponded to the word line of the 

associative memory CAMM beforehand, the selected word line 

can be encoded by the encoding circuit ENDER, thereby 

obtaining the address ID signal AID. If the control signal 

AW is set to the ~LOW" level, the association stopping 

circuit starts association and the associative. memory word 

line selection circuit WSEL stops its operation. ·The 

control signal AW allows the matching line/word line 

selection circuit WMSEL of the associative memory CAMM to 

select a matching line and connects th~ matching line to the 

word line of the random access memory RAMM. If the address 

signal ADD is entered to the associative memory in this 

state, an association operation is started and the matching 

line of the row storing the object address is set to the 

"HIGH" level. Consequently, the processor ID (PID) is read 

from the random access memory RAMM. If an ID number is 

corresponded to the matching line of the associative memory 

CAMM beforehand, the selected matching line can be encoded 

by the encoding circuit ENDER, thereby obtaining the data 
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ID signal DID. If the valid flag VALID is reset on the 

matching line of the associative memory CAMM, the ID number 

corresponding to the access-ended address can be 

invalidated. 

Figs.35 and 36 shows~£lowcharts for managing ID 

numbers in a processor. Fig. 35 shows a flowchart for reading 

the address ID signal AID. The CPU is also provided with 

a table CPU-TABLE that describes the correspondence between 

ID numbers and addresses just like the memory macro MM. The 

table management state machine CSMC references to the table 

CPU-TABLE thereby to indicate the correspondence between an 

ID number and an address. Hereafter, the op~ration flow 

shown in Fig. 35 wil:l become as follows in a concrete example·. 

(1) Both address ID signal AID(AID=#4) and processor ID 

signal PID(PID=O) are entered from the memory macro MM . 

. (2) If the processor ID signal PID (PID=O) indicates the ID 

of its own processor, the address signal ADD (ADD=6) and the 

address ID signai AID(AID=#4) are entered to the table 

CPU-TABLE. 

(3) The address signal ADD(ADD=6) and the address ID signal 

AID (AID=#4) are written into places in the table CPU-TABLE, 

corresponding to the ID num.ber(ID=#4), thereby the valid 

flag VALID is validated ("Yes" is shown in Fig.35). 
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Fig.36 shows a flowchart for reading the data ID 

signal DID. Hereafter, the operation flow shown in Fig.36 

will become as follows in a concrete example. 

( 1) Both data ID signal DID (DID=#4) and processor ID signal 

PID(PID=O) are entered to the memory macro MM. 

(2) If the processor ID signal PID(PID=O) indicates the ID 

of its own processor, the data ID signal DID{DID=#4} is 

entered to the table CPU-TABLE. 

( 3) The address signal ADD (ADD=6} corresponding to the data 

ID signal DIF(DID=#4) is searched in the table CPU-TABLE. 

(4) ~he address signal ADD(ADD=6) is read from the table 

CPU-TABLE. 

(5) The address signal ADD(ADD=6) is output. 

Fig. 37 shows a block diagram of. the table CPU-TABLE. 

The table CPU-TABLE comprises an associative memory CAMC, 

a random access memory RAMC, etc. For example, if the 

control signal AW is set to the "HIGH" level, the association·· 

stopping circuit AINH stops association and the a·s.sociation 

memory word line selection circuit WSEL is actuated, thereby 

a word line for which the valid flag is invalidated is 

selected. In addition, the control signal AW allows the 

matching line/word line selection circuit WMSEL of the · 

associative memory CAMC to select a word line and connects 

the word line to a word line of the random access memory RAMC. 

The address ID signal AID is entered to the associative 
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memory CAMC in this state and stored there. The address 

ADD is entered to the random access memory RAMC and stored 

there. If the control signal AW is set to the "LOW level, 

the association stopping circuit AINH starts association 

and the association memory word line selection circuit WSEL 

stops its operation. In addition, the control signal AW 

allows the matching line/word line selection circuit WMSEL 

of the associative memory CAMC to select a matching line and 

connects the matching line to a word line of the random 

access memory RAMC. If the data ID signal DID is entered 

to the associative memory CAMC in this state; an association 

operation is started and the matching line of the column in 

which the object ID-number is stored-is set to the "HIGH" 

.level.. Consequently, the· address AD.O is read from the random 

access memory RAMC. The ID number corresponding to the 

access-ended address can be invalidated by resetting the 

valid flag VALID on the matching line of the associative 

memory CAMC. 

Since the order to enter addresses·and the order to 

output data to/from·a memory macro can :Pe changed using ID 

numbers such way, the data prepared first can be output 

first. It is thus possible to compose a memory macro 

provided with an effective cache ~unction easily. In 

addition, the application of such a memory macro will make 
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it possible to compose a shared memory system using 

multiprocessor. 

The present invention having been described 

concretely with reference to some examples is not limited 

to those examples; it may be modified freely as long as the 

concept of the present invention is not overstepped. 

Some representative effects of the invention 

disclosed in this application will be described below 

brief!y. 

Concretely, memory macros are stored in a data base 

as function modules such as memory banks, main amplifiers, 

power supplies, controllers, etc. Such a me~ory macro 

provided with various functions Q..t: a variable memory 

capacity can be composed easily only by combining and 

disposing those function modules • 
. ~.-.... 

. controller functions are provided in each memory bank 

composing a· memory macro or in a controller for controlling 

the memory bank, although those functions are provided in 

or outside a large logic circuit such as a microprocessor 

and an image processor conventionally. It is thus easy for 

the present invention to design a large logic circuit such 

as a microprocessor and an image processor. 

Furthermore, a ·plurality of memory banks can be 

accessed continuously and the data prepared first can be 
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output first, so it is possible to reduce page miss and 
refresh penalty errors. 
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CLAIMS 

1. A semiconductor integrated circuit device having a memory 

on a semiconductor substrate, said memory comprising: 

a memory cell array; 

a sense amplifier block connected to said memory cell 

array; · 

a row decoder connected to said memory cell array; 

a column decoder connected to said sense amplifier 

block; .. and 

a eontroller for controlling said memory cell array, 

said row decoder, said column decoder, and said sense 

amplifier block, and 

wherein said controller holds an address in a memory 

cycle after another address is entered in the. next memory. 

cycle. 

2. A semiconductor integrated circuit device according to 

claim 1, wherein said controller further includes a 

·comparator and said comparator compares an address in a 

memory cycle with another ad<:fress in the next memory cycle. 

3. A semiconductor integrated circuit device according to 

claim 2, wherein said controller further includes an output 

circuit and said output circuit outputs a signal, which 
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., 

indicates readiness for data reading from said memory and 

data writing to said memory, to an outside of said memory. 

4. A semiconductor integrated circuit device according to 

claim 2, wherein said controller does not make data read from 

said memory array, but outputs the data stored in said sense 

amplifier block to an outside of said memory when a read 

operation is started and addresses compared in said 

comparator match. 

5. A semiconductor integrated circuit device according to 

claim 2, wherein said controller makes data re~d from said· 

memory array when a read operation is started and addresses 

_compared in said comparator do not match. 

6. A semiconductor integrated circuit device according to 

claim 1, wherein said semiconductor integrated circuit 

device includes said memory more than one. 

7. A semiconductor integrated circuit device according to 

claim 6, wherein each controller of said plurality of 

memories further includes a comparator and the comparator 

compares an address in· a memory cycle with another address 

in the next memory.cycle. 

tt1i1iliiOf 
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8. A semiconductor integrated circuit device according to 

claim 7, wherein said controller further includes an output 

circuit and said output circuit outputs a first signal, 

which indicates readiness for data reading from said memory 

and data writing to said memory, to an outside of said 

memory. 

9. A semiconductor integrated circuit device according to 

claim 13, wherein said controller makes the data held in said 

sense amplifier block output to an outside of said memory 

without reading data from said memory cell array when a read 

operation is started for one of said plurality of memories 
' ' 

and both addresses compared in said comparator match. 

10. A semiconductor integrated circuit device according to 

claim 8, wherein said controller makes data read from said 

memory cell array when a read operation is started for one 

of said plurality of memories and both addresses compared 

in said comparator do not match. 

11. A semiconductor integrated circuit device according to 

claim 8, further comprising a common bit connected to said 

plurality of memories, a read amplifier, and a write 

amplifier, both amplifiers connected to said common bit 

line. 

i11i1ii1Ef 
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12. A semiconductor integrated circuit device according to 

claim 11, further comprising a control unit and said control 

unit generates second signal to be issued to each of said 

plurality of memories according to said first signal issued 

from each of said plurality of memories. 

13. A semiconductor integrated circuit device according to 

claim i2, wherein each of said plurality of memories outputs 

data to said common bit line according to said second signal 

in a read operation. 

-14. ·A semiconductor integrated circuit device according to 

claim 13, wherein said control unit generates third signal 

for selecting one of.said plurality of memories. 

15. A· semiconductor integrated circuit device having a 

memory on a semiconductor substrate, said memory 

comprising: 

a memory cell array; 

a sense amplifier block connected to said memory cell 

array; 

a row decoder connected to said memory cell array; 

a column decoder connected to said sense amplifier 

block; and 

11iiiif 
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a controller for controlling said memory cell array, 

said row decoder, said column decoder, and said sense 

amplifier block, and 

wherein said controller further includes an output 

circuit and said output circuit outputs a first signal, 

which indicates. readiness for data reading from said memory 

and data writing to said memory, to an outside of said memory 

when an access requirement for said memory is occured. 

16. A semiconductor integrated circuit device according to 

claim 15, wherein said memory cell array comprises dynamic 

memory cells. 

17. A semiconductor integrated circuit device on a 

semiconductor subs tr·a te, comprising: 

a first memory and a second memory, each having a 

memor~ cell array, a sense amplifier block connected to said 

memory cell array, a row decoder connected to said memory 

cell array, a column decoder connected to said sense 

amplifier block, and a controller for controlling said 

memory cell array, said row decoder, said column decoder, 

and said sense amplifier block; and 

a control unit connected to said first and second 

memories, 
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wherein said control unit can read data from said 

first or second memory regardless of the order of memory 

accesses. 

18. A semiconductor integrated circuit device according to 

claim 17, wherein said control unit outputs an 

identification information corresponding to an input 

address when the input address is inputted and outputs said 

identification information when an information is read out 

according to the input address. 

19. A semiconductor ·integrated circuit, device according to 

claim 17, wherein said controller compares a newly entered 

address with an address correspondi~g to an information held 

in said sense amplifier block through a past memory access_ 

and outputs the information held in. said sense amplifier 

block without reading information from said memory cell 

array when both addresses match as a result of said 

comparison •. 

20. A semiconductor integrated circuit device according to 

claim 19, wherein said controller can notify the address 

matching to an outside of said memory. 

This Sheet Has Been Replaced 
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21. A semiconductor integrated circuit device according to 

claim 17, further comprising: 

a common bit line that can be connected to the sense 

amplifier block qf said first memory and the sense amplifier 

block of said second memory; and 

a first circuit module including an amplifier for 

amplifying the signal from said sense amplifier through said 

common bit line and a circuit for transmitting a signal to 

-said sense amplifier block through said common bit line. 

22. A semiconductor integrated circuit device according to 

claim 21, further comprising a second circuit module 

including a circuit for generating a voltage used for s~id 

first and second memories and said.first circuit module 

23. A semiconductor integrated circuit device according to 

claim.22, wherein said semiconductor integrated circuit 

device can change·the c~pacity of memory by changing the 

number of said first or second memory connected to said first 

or second circuit module. 

24. A semiconductor integrated circuit device according to 

claim 17, .further comprising an arithmetic circuit. 

11111iinr 
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25. A semiconductor integrated circuit device according to 

claim 17, wherein said memory cell array comprises DRAM 

memory cells. 


