Sem conduct or Menory Device for Block Access Applications FIELD OF THE

LAVENTLON- This—-hvention—telat s { olehli-8giai-8d—Ci LG

menori es enployed in block access applications . BACKGROUND OF THE

I NVENTI ON 10 Seni conductor menories are often enployed in systens with a
need to transfer blocks of information fromone |ocation o eri heral to
anot her t hWP&273¢rvi ng as tenporary storage | ocati ons. n@cf Bons of
such nenories effect system performance in terns of speed and efficiency.
For exanpl e, throughput of systens enploying prior art nenory is
substantially reduced when the systenm s peripheral or utilization devices
are restricted in accessing bl ocks of information fromthe nenory
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performance due to nenory design Wkiqi _agﬂin FIG 1 shows an application
specific nmenory according to U.S. £e §41,075, by DIl et al. where
the nenory is a sem conductor or IC device. Dill enploys a main nenory

arrayScoupled to a port and arranged in rows and colums, each row havi ng
t he sane FIEKDOFJH IMNENIIQN words. Additionally incorporated in the
sem conduct or mem)r‘gW row buffer registerwhich can transfer rows

i

dat a between tIfus Q?efﬂﬂ‘?s@dﬁte&'%@g& Quit SemIcoRaHTIRT "ﬁa?qneﬁcﬁm%{%%%@. ng
t he row in either serial or parallel node. Alimtation
of the ne%‘%‘&é?gggggb@é@%’%bed in DIl is that only one utilization device
can i ndependently use the second I/O port. Furthernore, witing of a

selected n-bit wide word sonetinmes referred to as partial wite or nasked

2 wite, BACKGROUNDOFUFHEINVENTIONr to a row of the main nmenory can not
be ach®eved by the nenory device proposed by Dill et al. In this nmenory
device the parSemmomw@r memoties ara ofterzemplpyedinsystemswithanees o Ws«fﬁﬁ te"

operati O%I\Mks O! xn Clm\ayt?oens fr(tagxeonset logahon or peripheral o another thereby serving as

temporary storage locations. Any limitations of such memories effect system
performance in terms of speed and efficiency. For example, throughput of systems
employing prior art memory is substantially reduced when the system’s peripheral or

P utilization devices are restricted in accessing blocks of information from the membly
concurrently. Discussion of prior art memory architectures in specific applications will
aid in understanding reasons for the reduction of system performance due to memory
design limitations.

20 FIG. 1 shows an appiication specific memory according to U.S. Patent #
4,541,075, by Diit et al. where the memory is a semiconductor or IC device. Dill employs
a main memory array coupled to a port and arranged in rows and columns, each row
having the same number of n-bit wide words. Additionally incorporated in the
semiconductor memory is a row buffer register which can transfer rows of data between
the main memory and a second Input/Output port for accessing the row buffer register
in either serial or paraliel mode. A limitation of the memory device described in Dill is that
only one utilization device can independently use the second 1/O port. Furthermore,

writing of a selected n-bit wide word sometimes referred to as partial write or masked



5 transferring the row fromthe main nenory to the row buffer register,
nodi fyi ng the row buffer—Tegi st er through the second 170 port, and™
transferring the row buffer register back to the row of the main nenory.
This "menory row read nodify wite" operation assunes that the data of the

sanme row i r\pht;?a%n menory was not changed between the repgr/asssnosiost ©
back. Note a ata corruption will occur if during a "nenory row read

nodify 10 wite" operation, part of the data in the main nenory row was
nodi fied through the first 1/0 port (th% port coupled to the nmain nenory).
This is a general limtation of the prior art and will be discussed in nore
detail below. A major limtation in providing access by nultiple

i ndependenwrite, tromzthsirow biifer registertoangw of the mainmemasy £an pet be achieved by n
device to a dedicated row buffer regi Stﬁ; | s _that & 5 c&ncurr nt. writg to
the sane rta memppdevigeprapesadbyiillehal. i thisfpemary device the pagial Wilte.can.be,
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use by a secon I'on devi ce. shows two bl ocks in"the main

menory whepggér rbGister #irbugtiithe®ecbh® FO pbreafd ragsferringshd fow butbéraregister baeck i n
the sane row of The main nmenory (row 2). Consider an application in which

the first twitherowbt the miinmemory. This frugembey rowread megify writed opeation@ssumas ough
the second 110 port and a second utilization device is usi gg t he second row

buf f er regthat the dataofifie saree oW 'rruthpmiﬁmm?%/m B‘Pttq’i‘éf‘ﬂﬁq tween; 28f
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second |/ Oypqidrt (thé pbit 8l1pIea t6!te maindmemany. THis isageneravlimitationnafitiye prioro t he
second row buffer register and starts 3 nodifying the second row buffer
regi ster tantangtwill be distussied indnprerdetailbelowzat i on device 1
A major iimitation in providing access by multiple independent utilization devices
through a dedicated port per utilization device to a dadi;:abed row buffer register is that
15 concurrent write to the same row of the main memory by two or more utilization devices
is not possible because partial write is not supported. F!(_a‘_-_. 2 shows an extension of the
memory device taught by Dili et al. including yet a third I/O port for accessing a second
row buffer independent of the first row buffer for use by a second utilization device. FIG.
3 shows two blocks in the main memory wherein the tail end of block 1 and beginning
20 of block 2 are in the same row of the main memory {row 2). Consider an application in
which the first utilization device is using the first row buffer register through the second
IO port and a second utilization device is using the second row buffer register through
the third I/0 port, and furthermore utilization device 1 is accessing block 1, and utilization
device 2 is accessing block 2. Now consider the following sequence of operations in this
25 example: utilization device 1 reads row 2 of the memory into the first row buffer register
and starts moditying the first row buffer register through the second I/O port, utilization

device 2 reads the same row of memory into the second row buffer register and starts



conpl etes nodi fyi ng the begi nning of the row buffer register which is part
of block 1 and wites it back to the rowof the nenory, utilization device

2 conpletes nodifying the tail end of the second row buffer register which
is part of the block 2 and wites it back to the row of the nmenory. It
shoul d be apparent that the [ast operation will then overwite the data of
bl ock 1 Wagsis2mes nodified by utilization device 1, andPCRUSHS®SHEt a
corruption. \Wile problens as di scussed above such as data corruption,etc.
can be avoided, 10 this is only achigved at the cost of liniting menmory
utilization by requiring that either the size of the block of data to be a
multiple of a row size (which nmay not al ways be possible) or waste portions
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present invention as taught in a related patent application"wth a title of

Sem conendbithe seoBYid/ rovehufier régisteMabich3s paagxeﬂﬁ blotk 2and witépipbaclato ons and
S/'N 20 would be in disc drives where there is a need for a cost effective
hi gh pehacrowmwae mmmdtshqm 9ppamntamabmerlgstuqmai@ndﬂlhﬂwmw to the

menory | t ripheral s ti fio evj ces. BRI EF SUVMMARY OF THE
| NVENTI %?ﬁ@ g Wﬁ&?ﬂﬁi@ﬁlﬁ bﬁ%@? £e !E?ri @PAsaupes d ABrory devi ce
havi ng ?&L‘?dr port accessing capability for increasing the efficiency and

t hroupu s?pstems in which it is enployed. Mre specifically, in

appl IOC at i onswhilé pRbigMSAS Abéidded BBEVe $1ithid data ¥nifioR 26 Bafi be avoided,

this is only achieved at the cost ot llmltlng memory utilization by requmng that either the
size of the block of datatobe a multiple of a row size (which may not always be possible)
or waste portions of the memory. o

Furthermore, multiple parallel-by-bit I/O ports each coupled to a utilization device

increases the number of pins of the memory device package, which increases cost of

. the memory device.

The semiconductor memory as taught by the present invention resolves
limitations of prior art memories to achieve higher system performance. An application
of the present invention as taught in a related patent application with a title of

2 Semiconductor Memory Device for Mass Storage Block Access Applications and S/N

, would be in disc drives where there is a need for a cost effective high

performance multiport memory for aliowing independent accesses to the memory by

multiple peripherals or utilization devices.

BRIEF SUMMARY OF THE INVENTION
The present invention includes a semiconductor memory device having multi-
port accessing capability for increasing the efficiency and throuput of systems in which

it is employed. More specifically, in applications where information needs to be



transferred in bl ocks of data, the sem conductor nenory device provides a
means for sinultaneousTy and i ndependently actessi ng—such bl ocks by—vartous —-—
utilization or peripheral devices |located externally to the nenory. An
object of this invention is to increase the effective transfer rate of a
sem: conduct Qyo hFsMey- Another object of this invention is tg-Q¥biies access
to random access nenory through first and second ports for increasing the
effective transfer rate of the nmenory device. 10 Yet another object of the
presSent invention is to separate sequenti‘al menory access by multiple

| ndependent utilization devices through the second port fromthe random
menory access through the first port. According to the present invention, a
sen conductransferestiniblakksiof datas thepsémiganduttormpmon deviceprovides ssiysansifor
performance in block oriented applications such as storage subsystem

Speci fi cal $'Tplﬁm%wmdﬁmmﬁﬁﬁc¢%|mh§'mrWﬁ@t'i‘Bk’? UilZtioR®f ed as a
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the data rgghisbiductdriembfy.i s obvious 20 to people of ordinary skill in the
art that static random access nenories can be enployed as the main nenory
wi t hout depar t iArptherwbjacs ef this inventioh is iie provideragoess to\andorh axpess memory
present invention, data froma row of the main nenory array can be

t r ansf er r dhrayghdirgtangsecend perts far ingreasing theeffeqtivg trepster rate of theraeamory
register file, each of which have the sane nunber of bits as in a row of

t he rrayj n‘iﬁ’(\'ﬁey array. 25 Furthernore any conbination of words within a

o rocy S SR e sk BTSSR et i L
contents odcce8s by FiMitsls itiehBAdEHteiliRitiohteviErs hroagh tePsedontPort frork the
random memory access through the first port.
According to the present invention, a semiconductor memory device is
s configured to provide improved system performance in block oriented applications such
as storage subsystem. Specifically, the present invention includes a main memory
configured as a dynamic randorn access memory array, combined with a secondary
memory having a data register file and a mask register file, a second parallel-by-bit
interface for random accesses to the data and mask register files, and circuit for
2 transferring data between the main memory array and the data register file. it is cbvious
to people of ordinary skill in the art that static random access memories can be
employed as the main memory without departing from the spirit of the invention.
According to the present invention, data from a row -of the main memory array can
be transferred on a column-by-column basis into a register of the data register file, each
of which have the same number of bits as in a row of the main memory array,
Furthermore any combination of words within a register of the data register file, can be
transferred into a row of the main memory array, wherein the combination of the words

is selected by the contents of corresponding register of the mask register file.



An inportant aspect of the present invention is that sequential accesses

are perfornmed_through the second jnterface and the data register file, and

furthernore random access to any word within the register files can be
performed through the second interface. Furthernore in order to minimze

t he accesses to the mask register file a sinultaneous wite operation, and
awite r ®O8638126ration to the register files are invent ATUBYs/0SI08 -
simul taneous wite operation when witing to a word of data register file a
predeterm ned pattern is sinultaneously witten to the corresponding word .
of the mask 10 register file. This pattern corresponds to selecting al

bits of the word when transferring with nask fromdata register file to the
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menory. réfdom agosss1orangWord wikil thefregistor filee TaRtbel piifinbd throligil e ndent
sequ&nti al addressing of each register of the register file I's I ncluded,
whi ch prsecontbintarfaseaddress to select a word within a register of the
register fil % during accesses to the register file through the second
interface. THE

dhermare in Arler tpminimize the pepesses 4o thesmask register fleat ures of t he
pr esent ' eTAIY I I re fully understood and. eci ated by those
skilled sﬁﬁ"'ﬁ%@# w%%eﬂegﬁii%r%w@nmgﬂ QReLatiqn tPgW FEP'%EF@P? 8t description
of a spggieniéd. i b h Wt | Inbd s yi ng
O o Spawlenea. SR ol SRR el #Aeh VAl e ok of i RRRREPREY 17,
di agr amagredetstrhined patterAR ditvitansdusly wiittertb the corfdapuhding word 6Fiké miask|
mul t1gort. DRAMs of prior art 5

register file. This pattern corresponds to selecting all bits of the word when transferring

with mask from data register file to the main memory. In the write reset operation a

second predetermined pattem is written to all the bits of the selected register of the

register files. The second predetermined pattern corresponds to a pattern deselecting

all the bits when transferring with mask from data register file to the main memory.

'3 In another embodiment of the present invention, independent sequential
addressing of each register of the register file is included, which provides the address to
select a word within a register of the register file during accesses to the register file
through the second interface.

20 These and other objects, advantages, aspects and features of the present

invention will be more fully understood and appreciated by those skilled in the art' upon
consideration of the following detailed description of a specific embodiment, presented

in conjunction with the accompanying drawings.

25



FIG 3 shows two bl ocks of data in the nmenory wherein a row of the nenory
partially is included™n both FIG4Ts a bl ock—dragram—show ng-the

architecture of a nmenory device in accordance with one enbodi ment of the
present invention. FIG 5 is a block diagramof yet another enbodi nent of

the:inventi qipdiayigd a 10 clock (CLK) port wherein the opempgihf ough
the second port are synchronized to the clock. FIG 6 is alﬁrocgéoci&%ram of

yet anot her enbodi ment of the invention using single port register file for
the secondary nmenmory FIG 7 is a block dia@ran1of yet anot her enbodi nent of
the invention having an 15 address counter for sequential addressing of
registers of the register file FIG 8 is a block diagram of yet another
enbodi mentBRIEF DESCRIRTIONS\OFGTHE DRAWINGSy a data register file
specifically for aﬁggééglions wherein each bl ock_consjsts of one or nore

conpl ete rows &Gt erhioak diagrameof @ multinee: PRAMOkOT @rtyi ng di agram for

t f [ b th ' ] 0 FIG 10
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di agr am ofparfdliy #s ineRided @#PB6MWAL | on of the secondary menory 7 FIG 11
illustrates the timng diagram of synchronous read and wite operations of

t he secondary IFH&DS is &BI66k HiaGraph SHRving | thblafdhitactBREG! & Menkdvp ABVIcR W
accordance with one embodiment of the present invention..

0 FIG. § is a block diagram of yet another embodiment of the invention having a
clock {CLK) port wherein the operations through the second port are synchronized to the
clock.

FIG. 6 is a block diagram of yet another embodiment of the invention using single
port register file for the secondary memory

s FIG. 7 is a block diagram of yet another embodiment of the invention having an
address counter for sequential addressing of registers of the register file

FI1G. 8 is a block diagram of yet another embodiment of the invention for having
only a data register file specifically for applications wherein each block consists of one
or more compiete rows of the main memory.

20 FI1G. 9 illustrates the timing diagram for transferring between the main memory
and the secondary memory

FIG. 10a illustrates the timing diagram of read and write operation of the
secondary memory

FIG. 10b illustrates the timing diagram of simultaneous write operation of the
secondary memory

FIG. 10c¢ illustrates the timing diagram of write reset operation of the secondary

memory



5 Cenerally, nmenory such as random access nenory(RAM or read-only nenory
(ROM is organized in rows and colums of _storage locatiqns. In.block
access applications, data transferred to and fromnenory is organi zed in

bl ocks of sequential data. In such applications, the present invention

I ncreases systemthroughput and efficiency by allow ng sinultaneous
accesseswogihmssane bl ock of nenory data by 10 ext er nalPCRRISSEOB\ t hout
corrupting data in adjacent blocks. An overall block diagram of the present
invention is depicted in Fig. 4. All pf the logic blocks shown in Fig. 4
reside in a sem conductor nmenory device 200. Menory device 200 includes a
menory array 202 having storage | ocations arranged in rows and colunns.

Al t hough ot s.and .si n _be u from
the eprri ¢ i 1 Wil B Sing dRaratn ot wnehilonlls itk ind wtimtdtS | 1O o
4 menor y tﬁ %h@ﬁﬁo 28K word DRAM Coupl ed - to nmenory array 202 t hr ough
transfer loglc IS a secondary nenory 221 with rows and col ums
of storage |PERAILEDDESCRIPTION OFASPECIFIC EMBODIMENTt he secondary nenory
is tshe sane as the width of a rowin the main nenory. Accesses to the

menory ar r ayGéfstally, enérhorysgbh as fihdom access menarg(RAN Porzé&d-ohlychemery
additionally used to transfer data between nmenory array 202 and secondary

menory (BQM) js erganired innowsiandccohamne gbstarageecatione Jniblegkascessiar y nenory
221. The f t f | ude dd _ 10 ta
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218.10 8 The nenory device 200 al so includes control logic circuit 209 for
gener at extgrnal devices without corrupting data in adjacent blocks. An overall block diagram of

the present invention is depicted in Fig. 4. All of the logic blocks shown in Fig. 4 reside
in a semiconductor memory device 200.
Memory device 200 includes a memory array 202 having storage locations
| arranged in rows and columns. Although other types and sizes can be utilized without
'3 departing from the spirit of the invention, in the specific emibodiment as depicted in Fig.
4 memory array 202 is a 128K word DRAM. Coupled to memory array 202 through
transfer logic 220, there isa secondary memory 221 with rows and columns of storage
locations wherein the width of each row of the secondary memory is the same as the
2 width of a row in the main memory. Accesses to the memory array 202 are through a
firstinterface 210-218 which is additionally used to transfer data between memory array
202 and secondary memory 221. A second interface 231-239 allows accessing
secondary memory 221.
The first interface includes an address (MAq.g) port 210, data input/output (MD,,.
7) ports 211, a row address (RAS) port 212, a column address strobe (CAS) port 213,
& an output enable (G) port 214, a write enable (W) port 215, a transfer operation select
(XFER) port 2186, a transfer with mask (XwM) port 217, and a transfer row address

(XRAy.3) port 218.



timng and control signals during accesses to main nenory 202, and for
transfers between the marm nmenory—202 and secomdary menory 221 in response.
to the input termnals 210-218. Address port 210 [err] is coupled to
address logic 203 located in nmenory device 200. Address |ogic 203 provi des
row,addr esSyj tion 259 to row decode | ogic 207 and cobgﬁ%&%%g SS

I nformati on 25 ?%@colunn decode | ogic 208. Further included in ne#gry
device 200 is a sense anplifier circuit 204 having a plurality of sense
anplifiers connected to each col um of §rray 202 and a data input/output 10
circuit 206 coupled to data input/output [err] port 211. The forgoing
architecture is common to many known dynam ¢ RAMs. The second interface
231- 239 of the Thenmemodedévies 200 aisodnclades condrot logit giecuit 208 fethgentsiratingat a

i nput/output [err] port 231, second row address [errL orts 238, second

col um addiming andrgontrgbsigrals duringraecesses tmain memons 264,angder trapsfetses 15 a
chip sele write enabl e a.second

out put .e n;%?té’ggégs)é)’rﬂ%ﬁ %?é@??y é&f gﬁ gk WW%E“%%%E’BQQ%%E’ HAKRUL oset
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control | ogefmofy 86ViEd 26@.9\&d?és§l69kr2ﬂd pro@das FRe a8areks irf8MEtIbA 259 B By 221
t hrough data i1 nput/output port 231. Row 20 decode circuit 225 selects a row
of the secdsoddejogie 207 andZdlutnn address inforiration258\te eoiunirdestderiogic 20BEnor y
221 and data input/output port 231, and row decode circuit 223 selects a

row of t heFutthesielydedia mamony devigg 200 isw senseamplifiercifruit 204having aplaralite t he
d 221. | nput/output circuit 226 i | ed t decod
oai o 225 SAEvRS amRUteraRanesie & padkeditmigl anay QORI e inaioiitas e
dat i ster i ; ' . ' Dat
fogister {oicuitzghoatin1d et ARUGbCHNR) o i 811 (1Y 1oRRida bickkgiifels ™0 °

regi ster fédmmaR%o hfanyknBlv OMANRCcode | ogi c bl ocks 223 and 225 t hrough
correspondi ng row sel ect

The second interface 231-239 of the memory device 200 includes a second
paraliel-by-bit data input/output (PDg.7) port 231, second row address (PRAg.3) ports
s 238, second column address (PCAg.g) ports 239. The second interface further inciudes
a chip select (PF5) port 233, a second write enable (PW) port 235, a second output
enable (PG) port 234, a function select (PSF) port 236, and a reset (PR) port 237.
The memory device 200 further includes a secondary memory 221 having a data
register file 222, and a mask register file 224, and a control logic circuit 229 for
20 controlling accesses to secondary memory 221 through data input/output port 231. Row
decode circuit 225 selects a row of the secondary memory 221 during transfers betwesn
the secondary memory 221 and data input/output port 231, and row decode circuit 223
selects a row of the secondary memory during transfer between main memory 202 and
the secondary memory 221. Input/output circuit 226 is coupled to column decode logic
228 and bidirectionally coupied to data I/O (PDg.7) port 231.
The data register file 222 has a plurality of rows of dual port registers. Data
register file 222 has two independent data I/O poris. Furthermore, data register file 222

is coupled to row decode logic blocks 223 and 225 through corresponding row select



ports located in data register file 222. Mask register file 224 is al so
configured as a dual _port register file including plurality of rows of dual

port registers and having its own two i ndependent data /7O ports.
Additionally, mask register file 224 is coupled to row decode | ogic bl ocks
223 and 225 through its corresponding row select ports. Address [err] port
210 i s coW@9%A2Me t he address | ogic 203. Qutputs of the poriussmsiosgi c 203 -
are coupled to the row decode circuit 207, and col umm decode circuit 208.
The output of row decode circuit meang 207 is coupled to the rows of the
main nmenory 202. The columm lines of the main nenory neans 202 are coupl ed
to the sense 10 anplifier circuit nmeans 204, transfer circuit 220, and data

110 of r i 153ed s taboten e 282 Wiak oot 224 daiorgovmmd s dial ot o
205 and PoRtfephiti e Adtbainbpifaieylor fov et duaf 66t reaiEtBtP A RERRAG BT BlRwE , oo 1 X
212- 217 indepen@eht datd I/Dpofts | Asditorially, Théask raéi_sfertﬁihezmu ebwaaﬂro\r}@%ala; rol

logi®& circuit 209 to other conponents within the nenory device

r epr esertogic biticks 223and 225 thrpugly its berrespanding roweseléct pog. 253, 254, 255, and
256. The output |lines 251- 256 represent the internal connections which are
necessary t oAddERssi(MAqighpor 210 ds coupledhto thp @ddrassiiogit 208 Quiputsoafithent of t he
present inventian

h f dd . 218 i | ed
P decAdBreRIglF 203 8re copplscla e fofeachie Grovit aut.ank %?Jr%w%c@';@irﬁgi:f Coupl ed
bor o o225 She 8ot offou! dicolB cfiffleahs 207 e Foublety oS ks Bl e @id ot e
to row gRemMeE 202 Thé é?lar?lﬁlin%?@f tR&'FridiH m@hoWeﬁﬁ&Qﬁ@a@fogEi'eH tSthe %e@g?oum ed

to rbw sel ect ports of the data register file 222, an row se ports

of the ramplifiecgjraitenedns 2042fdnsfBtircuit/220pand dataf I/ bircip208. Th@icggi of i | € 222
are coupled to transfer circuit 220, additional I/O ports of the data
regi st elcolymn-decode gireuit 20§ iscoupledde data IO airguit 246 Data VQgircuit means 206

is coupled to the first data input/output ports 211. Transfer circuit 220 is coupled
between main memory 202 and Secondary memory 221. '

s Control logic circuit 209 is coupled to ports 212-217 of the first interface. In FIG.
4 the coupling of the control logic circuit 209 to other components within the memory
device 200 is represented diagrammatically by the output line 251, 252, 253, 254, 255,
and 256. The output lines 251-256 represent the internal connections which are

necessary to describe the structure and operation of this embodiment of the present

invention.
20

The transfer row address (XRAq.3) port 218 is coupled to row decode circuit 223.
The output of the row decode circuit 223 is coupled to row select ports of the data
register file 222, and first row select ports of the mask register file 224.
Row address (PRA,. 3) port 238 is coupled to row decode circuit 225. The ouiput
2 of row decode circuit 225 is coupled to row select ports of the data register file 222, and
row select ports of the mask register file 224. '
Data I/0 ports of the data register' file 222 are coupled to transfer circuit 220,

additional 1/0 ports of the data register file 222 are coupled to data input/output circuit



10 226. Data |/ O ports of the mask register file 224 is coupled to transfer
circuit 220, additional T70O portS of the mask register file 224 are coupl ed
to data input/output circuit 226. 5 Colum address [err] ports 239 are
coupl ed to colum decode circuit 228. The output of columm decode circuit
228:i s couplwaosmdat a i nput/output circuit 226. Data input periBskiosfds’ CUi t
226 is coupled to data input/output ports 231. Control logic circuit 229 is
coupled to ports 233-237 of the second ipterface. In FIG 4 the coupling of
confrol logic circuit 229 to other conpa ents within the menory 10 device
200 is represented diagrammtically by the output line 261, 263, and 264.
The ‘output |ines 261, 263, and 264 represent the internal connections which

are necess2?6s Data Ospartsoef the mask register lile224 is soupled 4o transfenciecuit@20di nent  of
t he present , jnventjon. The follow ng d ription qf ,the operation of the
pr esgnt Si n%@?‘;/ﬂ%b R ‘Q“E%"laﬁgw%gﬂﬁgézgpﬂém’“@ﬁg&‘béa'?ﬁ%p@ﬁé‘%ﬁ?'m“‘t

I nvention wn in FIG 4 and the timng diagranms 15 shown in FIG 9, and
FIG 1@ a-c."Wen the signal on operation select (XFER) port 216 is

deasserted (| OQﬁﬂuﬂnﬁ‘éﬂdréHsgbgﬁg,%gPBﬁs 085 ar@ Boislee tdéoltme HtkcoHé Sirdlii 228, 1

212, sem conductor nenory 20 ates in a node in which the main nmenory

202 and t heheoaputisticpiummaecoda2ircaip2Siscoupiéd e damrimput/oatplit cincLit®26. Data
separately and 1 ndependently accessed through the 20 first and second

i nt er f acesinpatquiputi cirsliy 226 is coupiedhiordata inputputpst ports 881.nai n nenory 202 is
simlar to co rcially avail abl e DRA such T 128 from Texas
| nstruments In .OWMFPJ%@'%“%I IS Sﬂuﬁiag t%gglﬁ%ﬁé%ﬁ!i%?g@tschp%mtem. D16 is
asserted ( [ 10 . _f i ' . S
port 213, 68 0k RbGscsoRRef By Pctib 38 e bohplinded Wi imeH?,
whi ch_dat agdvicd mmgfr;ﬁbfe%gniéatwgmﬂaawepm ilgutding 283C268laing J89TTHy 221.
FIG 9 shows the timng diagramftor the transfer operation. Referring to
FIG 9, output lines 261, 263, and 264 represent the interal connections which are necessary

to describe the structure and operation of this embodiment of the present invention.

The foliowing description of the operation of the present inventions refers to the
specific embodiment of the present invention shown in FIG. 4 and the timing diagrams

shown in FIG. 9, and FIG. 10 a-c.

15

When the signal on operation select (XFER) port 216 is deasserted (logic level
high} on the falling edge of signal RAS on port 212, semiconductor memory 200
operates in a mode in which the main memory 202 and the secondary memory 221

20 operate independently and can be separately and independently accessed through the
first and second interfaces respectively. In this mode the operation of main memory 202
is similar to commercially available DRAMs such as TMS48C128 from Texas

- Instruments Inc. _

When the signal on the operation select (XFER) port 216 is asserted (logic level
low) on the falling edge of the signal on the RAS port 212, the semiconductor memory
200 operates in a transfer mode in which data is transferred between main memory 202
and secondary memory 221.

FIG. 9 shows the timing diagram for the transfer operation. Referring to FiG. 9,



11 the transfer operation is invoked by low |logic | evel signal on XFER port -
—=216-onthe failing-edge of RAS 212 _\Wen the RAS 212 is asserted it
specifies that both the first row address is valid on the first address
[err] ports 210 which selects a row of main 5 nenory 202, additionally the
secondary nenory row address is valid on the transfer row address [err]
ports 218 W@PeRFIéng a row of secondary nenory 221. The RASTAKGS8SME i at es
the nenory operation which causes the data in the form of capacitor charge
fromthe specified row of the nenory dray 202 to be switched to the columm
lines. This row remains active until the RAS 212 is deasserted at the end
of the nmenory 10 cycle. The sense anplifiers sense the stored colum charge

"0 star e R iR 2‘9@'&0@9@9\3@' of Byel SR RPE ot on Pibiba o

the capa W arra
202. | Ircr) ?ngltbﬁgﬁg"%r@egggrat I on % Eea%g enable‘%GILf,i|B§IF1'%tt w&q@t m neg t he
transf er address s valid oA B firtaddfesbIMAG Eaﬂga% 10 YhidH soléHs & rélv! df niin 15

transferred fromthe selected row of e main nmenory array 202 to the

sel ect ed mesmory202hadditianatiy she/ seuondany rdérhoryNow address/isaklid on the gansfed and
[err] 217 is asserted on the falling edge of W215 a conbination of data
f r om t he "Q¥@gdrass (XBhoal Perta 21§ wemra faw ef mnmylmmomams ThePAB to t he

sel ect ed n marmr ar ﬁ % wher n t he orrbl nation i s sel ected
by the cgﬁ?éwﬁ’%'e%ﬁ‘wemem fisrtiwhigh catis raa% Jelp ot capasiion | | e 224,
W o15 (o Chargeirel g fflied rov%%?’r%ﬁréé ‘?grﬁi“%%?r& fih cdoe

t r ansf er lings. Mhig rbw remiaitisiattivé Qi e mrzmﬁaéasséhéaht tHaerdi tﬁéﬁRzglayle nts

of th® corresponding row of the mask register is ignored. Wen 21s
asser t ed cy¢lecFhasensetampiifiatidsense thestred calumheharge aritfiorcesthe a0l be
renmoved from rrenor address term nal s and subsequently the col um address

can be aypiagat tﬁ%‘*ﬁ%’FﬁﬁW"ﬁ@Gﬁ%é@Q'ﬂ dsor ‘Ofstatecthased omtrnmstammasge s

valid tNgete This also causes a refresh of the capacitor storage eiements of the specified row

of the memory array 202. ln the transfer operatlon the wnte enable signal W 215
s determines the transfer direction. When the W 215 is deasserted the data will be
transferred from the selected row of the main memory array 202 to the selected row of
the secondary memory 221. When the W 215 is asserted and XWM 217 is asserted on
the falling édge of W215 a combination of data from the selected row of data register
file 222 will be transferred to the selected row of main memory array 202, wherein the
combination is selected by the contents of the corresponding row of the mask register
file 224. When the W 215 is asserted and XwM 217 is deasserted on the falling edge of
W 215 data from the selected row of data register file 222 will be transferred to the
selected row of main memory array 202 and the contents of the corresponding row of
the mask register is ignored. |
s When RAS 212is asserted after a certain address hold time the row address can

be removed from memory address terminals and subsequently the column address can

be applied to the memory address lines. When the column address is valid the TAS

signal is asserted. During a transfer dperation from memory array 202 to the secondary



si'gnal is asserted. During a transfer operation fromnenory array 202 to
t he secondary l12nmenory i f the menory output emable Gis asserted the
word selected by the first colum address will be driven on the first data
I nput/out put ports 21 1. The functional operation of the secondary nenory

221 .as invo Jdshe control signals on PS port 233, PG pg né\?g??ﬁWport
7 b
235, PSF port 236, and PR port 237 are summarized in Table fﬁr th signal

on PS port 233 deasserted (logic |evel 1% no operation is selected. The
signals on [err] port 238 sel ect one of fe rows of the secondary nenory
221. The signal on PRA3 port selects either data register file or mask
register file, and signals 10 on [err] ports select one of the 8 rows of

t he sel ectraemongf theenemotyautiitenablgthisassartédthejwgrdiselezteal bythe firstcolsmst t he

words of the selected row of the secondary nenory 221. FIG 10a shows the
timng di Rfideess will becdriyenanthefifel datainpuy/ teﬂﬂ!l‘vsv?ﬂﬂte operations. Wth

deasseqt od (I oge AGBrALGSEiE S1A5e sfoarR mtner 381 o ke ersdptl o) | o
on PG por (s RSt 25T RO 25y PYF e 255 FOE polt 208, & PRIKR 257 aleon

secondary gipfmalizetih Tdbld 1.be driven on the [err] ports 231. Wth signal on
PS port 233 asserted (logic level 0), address signals on [err] 20 port 238
and [err] port Wit9signat oroBES\port 28X deasserted {logicidvet 1] nd operation issssledted. of
negati on. ot Hrds gn Az, Pott 436 solestons HLhe roWa oL TerPACERRAY SORPELR i ||
P S P 49 B R o AR s
DoL! 235 agfpARLY psitsistieeibhd ofthkd tosidithd 86l8éle8Pagibte? iR The SRynals dnYV POT €
PCA,_7 port 239 select one of the words of the selected row of the secondary memory
221,
FiG. 10a shows the timing diagram for secondary memory 221 read and write
operations. With signals on PS port 233 asserted (logic level 0), and PW port 235
. deasserted (lagic level 1), then after the latter of a ty, delay from valid address values
on PRAg.3 238 and PCAg 5 239 or a i, 7 delay from the signat on PG port 234 asserted
{logic level 0) the selected word from the secondary memory 221 will be driven on the
PDg.7 ports 231.
With signal on PS port 233 asserted (logic level 0), address signals on PRAq.3
port 238 and PCA,.7 port 239 must be valid for a minimum t5g before assertion of signal
on PWport 235 and held valid until a minimum of t,4 after negation of the signal on PW
port 235, the signais on PDg.7 ports 231 will be written to the selected word of the
secondary memory, the signals on the PD,.7 ports 231 must be valid a tpg before
deassertion of signaf on PW port 235 and held valid until a tpy after negation of signal
on PW port 235.
FIG. 10b shows the timing diagram for secondary memory 221 simultaneous

write operation. The simultaneous write operation is selected when in a write operation



FIG 1 Ob shows the timng diagramfor secondary nenory 221 sinul taneous

wite operation. The simultaneous wite operation is selected when in a
write operation 13 the signal on PSF port 236 is asserted (logic |evel

0) along with valid address signals on [err] port 238 and [err] port 239.
In a sinmultaneous wite operation both data register file and mask register
file are WePEsx7Atd, the signals on [err] port select a r RCEUSISONPR data
register file and a corresponding row in the mask register file, the
signals on [err] port 239 select a vvori? of the selected rows of data
register file and mask register file, the signals on [err] port 231 is
witten to the sel ected word of the data register file and a first

det d tt f th K

Pt ot ortie BanalG BSF pott2olfis idseet 5@@&%&%@%3&%&%&9%&@ 86Por n
that selgg k f th
se?onzzry %@H&l%@%ﬂﬁ%?ﬁl@v 8{!%39%4:5'%&% |s speC|f|ca I on the)m ©
pattern rggidtdriilecsand mabk registePRb afs eene&b@ thé@fﬁ]rﬁmPRh §.2port satbctibagwam f or
secofdary nenory 221 wite reset operation e wite reset operation i's

sel ect eobf\ﬂhedatarreglstar fitecandjzecarrésponding rew imthe mmiﬂlag;smnﬂleﬂe signalsear t ed
(logic level 0) along with valid address S|§nals on [err] port 238 and

[err] pdP@AcsportRas aelnf:tawomme sqma@ roys of datasegisterfileanaimaskregistert t er n
is witt o all the rds f t he of the_secqndar nory
051" Thitahs slnaleichdon PR ass s watten b selbiflior o madata reteriic
desel ect t he
secondar%"% ﬁ{)srrt 9 %&é@'ﬁ%dn&a mwhmn%wo@% Fl‘anééﬁ%dmsqt Q%@tlﬁlriﬂ‘ écgr@lm_(()n t he
pattern [ggistérile: TA firs pradetémningd pattdin caﬁeéﬁiiﬁakl’o agaﬁe«w tRaSsefdctslaliphgssed
abovegare sunmarized in the table below Table 1: Summary of second
I nterf acm&ma\aondcﬂmnbatransfer with mask from the secondary memory 221 to the main
memory 202. In this specification the pattem consists of all 1s pattem.
FIG. 10c shows the timing diagram for secondary memory 221 write reset -
operation. The write reset operation is selected when in a write operation the signal on

PR port 237 is asserted (logic level 0) along with valid address signals on PRA.5 port

. 238 and PCA,.7 port 239. In a write reset operation a second predetermined pattern is
written to all the words of the selected row of the secondary memory 221. The second
predetermined pattern corrésponds fo a pattern that deselects all the bits of a row during
a transfer with mask from the secondary memory 221 to the main memory 202. In this

20 specification the pattern consists of an all Os pattern. '

Memory operations as discussed above are summarized in the table below:

Table 1: Summary of second interface operations
PS | PG | PW | PSF | PR Operation

» 1 X X X No operation selected
0

| X X Read operation

b

T

0 1 1 Write Operation




14 Table 1: Summary of second interface operations [err] Refering nowto
FIG 5, a clock (CLKyport—241 is-auded to the second—nterface and the
operations (as sumrarized in table 1) of the second interface are
synchroni zed 10 with the signal on CLK port. Al the address and control

si gnal s of nd interface are latched at the positiv t he
CLK. FIG 1&nﬁvégé?rates an exanple of timng for synchron%ﬁ?gggg%hghd
wite operation of second interface of nenory device in FIG5. In yet

anot her enbodi ment of the invention sholh in FIG 6 the data register file
and the mask register file use a single port registerfile structure. The
use of a single port 15 register file instead of a dual port register file

reduces the size of thermcprsiaﬁmméwnaadumwﬁm dravvback i s that
t he seconda 222200 ala - ouah second

si mul tane een secondary mﬁgm and main rrermr
Si nce such=Sitltanaons poerdiiondi g paot pocoihlaapvuvoprca-ath o -cinal o

port reglstoar |Xe ﬁchl @ct Urle, 1 Semyitaneaus Wititewperation: Writé toalataeregister.r educed
by eli i nat i ng}20 [grr] jport |218 aandivdverthe enablegwrite snadk paterivto theid usi ng
[err] port] 238|durifphg trjansfgrs bé=fcmpomgmmmgn;terand t he secondary
menory to provige—tne—transte er nor e

with a sifqfle pért 8giskdr f|Qe SWWE?{?F%W@?% s"1‘ |s§|F‘é‘Fdf‘?"Y%ﬁP%
decode cirlcuit |meanf 223] i s doupl ¢&eOBIFEMEMOBLrt 238. The use of single
port register T1Te reduces the cost ol t{he secondary nmenory and reduces 25

the pin count cﬂefemgmmpfl@em aelogk {CLd()i part 24 \cis adred t9 thej secpnd {nterface
e tcaansoéfrsr? *ﬁgfeﬁgéoﬁa ezl iualie 15AGRR SRR Plertads atd siehpized "
sequentfal,, e erg?grﬁgﬁg'a.g@éoﬁ P &:B%a&&%ﬁ%ﬁ% ﬂpfﬁéﬂa@ﬁ?ﬁﬁsse&:gﬁ&’ Wbradee

second i nte counter neans
are latched at the positive edge of the CLK. FIG. 11 illustrates an example of timing for

synchronous read and write operation of second interface of memory device in FIG 5.
in yet another embodiment of the invention shown in FIG. 6 the data register file
and the mask register file use a single port register file structure. The use of a single port
15 register file instead of a dual port register file reduces the size of the secondary memory
. 221, However the drawback is that the secondary memory cannot be accessed through
the second interface simultaneously with transfers between secondary memory and
main memory. Since such simultaneous operation is not possible anymore with a single
port register file architecture, the pin count of the device can be reduced by eliminating
20 XHAg. 5 port 218 as shown in Figures 4 and 5, and using PRA,.5 port 238 during
transfars between main memory and the secondary memory to provide the transfer
address in the secondary memory. Furthermore with a single port register file structure
a single register file row decode circuit means 223 is coupled to PRA.3 port 238. The
use of single port register file reduces the cost of the secondary memory and reduces
the pin count of the memory device but eliminates the fiexibility of simultaneous
operation.

in stitl another embodiment of the invention shown in FIG. 7 an address counter



counter associated with each row of the data register files, which can be
4nitialized 5 through the second_interface. An additional PRA4 port on the

second interface in conjunction with [err] selects either data régrster
file, mask register file, or the address counter, and signals on [err]

sel ect one of 8 rows of the selected register fiIe or one of the 8 counters
of the add¥@%@3282unt er neans. When t he address counter neeTAISIGUsI®® ect ed
the sel ected counter is accessed through signals on [err] port 231. Wen
the 10 register file is selected the cgtumm address is provided by the
associ ated counter within the address counter neans 340, the counter is

I ncrenmented at the conpletion of the transfer cycle. The utility of this

SE T T anthets S tedtLiotproyids e Senpietisiie '”Saﬂ%ﬁe" '%éq%a&ﬁ&ill:ﬂy”f o

bl ock "\%‘fﬁtﬁ?

coggl etlg roneY of “the @Ph‘?ﬁ%%ﬁb&ﬁ%ﬂ@%l 'S sp %ﬁ@%’dﬁ%@ﬂﬁ "&f"ﬁé%rr;tsi °

regi st er chnter AssbciatedPWith eamd\moméhatﬁe fﬁ nﬁgérgca’ ﬁf d4!e and
rr] port are

the dain menory, and transfer wth mask |mnated to
reduce tﬂnougtshe@cbirénnﬂmfaueyAdmdditnenalMpon o Ghé béddvid ihtefthdé A 1- A menory
device conprising: 5 a main menory having an array of menory cells arranged
in rows E‘PRIU'(‘,QSPOM@ P%sale@ts/enber Mremedllwmmneggsterﬂilwmaddress

bei n ned in colums; a first

f
S cobORarier, Bt Bighais PR S SeleREons of & muaPHNA SHBFSd BOBERSIS GrERG T | o1
means  Copf g BOsHlinksts P tHe Rddrbss &Iun’lé}‘?néﬁis. WHenthe address counter means is

" selected the selected counter is accessed through signals on PDq.; port 231 When the
register file is selected the column address is provided by the associated counter within
the address counter means 340, the counter is incremented at the completion of the
transfer cycle. The utility of this scheme is reduction of the memory device pins, by
ellmlnatmg PCAW '

15 " In still another embodiment of the invention shown in FIG. 8 specifically for block
access applications wherem all the block consist of plurality of complete rows of the

main memory. in this specific embodiment, the mask register file 224, transfer with mask
between the data reglster file and the main memory, and transfer with mask (X_M) port

217 are eliminated to reduce the cost of the memory device.

20



10 I ng means for selecting nenory | ocations correspondi ng
tomllmmﬁmﬁm@ dof—aTow, a~fiTst input/output—means for transferring
dat & o] § ry locations selected by the first and second
addressing neans; a first interface having parallel-by-bit data

I nput/outp ogg? address ports, control 15 ports, and t rts,
sai d data Fﬁbut %ﬁ?put ports being coupled to the input/ou pu@éﬁégﬁg of the
main menory; a secondary nmenory having a data nenory and a correspondi ng
mask nenory, the data menory having nmeggry cells arranged in rows and
colums wherein the nunber of words in a row of the data nenory is the sane
as the nunber of words in a row of the main; transfer circuit neans coupl ed
to mai n neQRAMSNd sai d secondary nmenory for bidirectionally transferring
words of data between a row of said main nmenory and a row of said secondary
menory; a secoraldimt erf ace having parallel-by-bit data input/output ports
address ports, and 25 a control port; operation circuit means coupled to

t he segond i nt-AMmemerygayiceRomprisfi®ary nenory for transferring words of
data td and fromthe secgndar

i ndepg_ndent | BRITTeEenetayind %Hgl'? '%&lr i 'ﬁ?@%?gﬂégﬁwﬁﬁgﬂﬁ@ﬁ@mr y
ronory. 3, SRNTER B erohiRE B piikal of Wil cEidiohdiry Birs ofFRfeSpbARIGRORRECED

port of sabding aRgHyd ihebRimmse further includes a select port. 4. A random
access nmenory according to claim3 wherein said operation circuit further
havi ng nmeans d finst addressing seans $or selecting cows obtheraainenemory; a sel ect ed row of
said mask nenory concurrently with transferring words of data from said
second | i nt er faagense amplifier means corresponding to columns of the main memory;
a second addressing means for selecting memory locations corresponding to a
prescribed word of a row;
a first input/output means for transferring data to or from memory locations selected
by the first and second addressing means;
a first interface having parallel-by-bit data input/output ports, address ports, control
> ports, and transfer ports, said data input/output ports being coupled to the input/output
means of the main memory;
a secondary memory having a data memory and a corresponding mask memory,
the data memory having memory cells arranged in rows and columns wherein the
20 number of words in a row of the data memory is the same as the number of words in a
row of the main;
transfer circuit means coupled to main memory and said secondary memory for
bidirectionally transferring words of data between a row of said main memory and a row
of said secondary memory;
a second interface having paraliel-by-bit data input/output ports, address ports, and
a control port; )
operation circuit means coupled to the second interface and the secondary memory

for transferring words of data to and from the secondary memory simuitaneously and



10 data por the corresponding row of said data nenory in response to a-
ﬁ[w “ﬂ ﬁl Eﬂl&ﬂynal applied to said select port, wherein said first

: tern corresponds to pre-selected bits of words in arowto
be transferred fromsaid data nenory to said nmain nenory. 5. A random )
access nmenory according to claim1l wherein said said control port of 15
sai d secawglogimarsmr f ace further includes a reset port. 6. PETUSHEESI®8ACCESS
menory according to claim5 wherein said operation circuit further having
means for witing a second predetermnped pattern to a sel ected row of said
mask menory concurrently with transferring words of data fromsaid second
I nterface data ports to said mask nenory in response to a predeterm ned

signal applied 20 to said reset port, wherein said second predeterni ned
patter n'@@ﬁ?@‘f%wv&ﬂ?mf‘?%'?ﬁﬂm?’ﬁﬂ@f er of all of the bits of a row of

sai d data o_th | 7 . rding to
claim 1 oo arencon ablss SR ESRbiing to e WREHAT SER paR Rirtpd e

synchr OR{, ,gﬁ"?@ﬁ Nahd t hrough said second interface relative to a
cl ogk S|gna| app |e§9€%§t’ﬂéehgﬁgck port.- 25 8. A random access nenory

accor di ng $.0A edritioft acodas infénoryicBordityy toldlah Twherdin siidicohrol porcofsars: (a) a
third addressi ng neans coupled to said second interface and to the 18
secondasgcongrinteyfacé (urthee includes @ sededt potw of t he secondary nenory, (b) a
fourth addressi n?o means coupled to the second interface for selecting a

word of saftdA M5 ageess nareery apcoriing o slaipd wherein Said RPFRNIODSIBIRd to t he
5O Rk P A g U ko ey 198 bRt ek f €1
0 mask memory concurrently with transferring words of data from said second interface
data ports to the corresponding row of said data memory in response to a predetermined
signal applied to said select port, wherein said first predetermined pattern corresponds
to pre-selected bits of words in a row to be transferred from said data memory to said
main memory.
s 5. A random access memory according to claim 1 wherein said said control port of
said second interface further includes a reset port.
6. A random access memory according to claim 5 wherein said operation circuit
further having means for writing a second predetermined pattern to a selected row of
said mask memory concurrently with transferring words of data from said second
20 interface data ports to said mask memory in response to a predetermined signal applied
to said reset port, wherein said second predetermined pattern represents prohibiting the
transfer of all of the bits of a row of said data memory to the main memofy.
7. A random access memory according to claim 1 wherein said second interface
includes a ciock port for synchronizing memory operations through said second
interfeice relative to a clock signal applied to the clock port.
8. A random access memory according to claim 1 wherein said operation circuit
further includes:

(a) athird addressing means coupied to said second interface and to the



(d) ' ' L. means for generating timng and control signals having
out &ﬂll‘ﬂﬁ"gﬂ“g&g"gﬂ t0 said third addressing neans; saird fourth addressing
10 rneans, cond input/output circuit nmeans. 9. A random access
menory according to claim1l wherein said operation circuit further
conprises: Gadoghadslr @l ity of address counters each associ §icqfysdbbdios " OW
of said data nenory and its correspondi ng mask nenory each contalning the
address 15 of the next accessible word within the row of said secondary
mendry; (b) nmeans to initialize the addrd8s counter with a start addr ess,
(c) a third addressing neans coupled to said second interface and to said
secondary nenory for selecting a row of the secondary nenory and its
associ at ed count er ;se20ndaty rerhony; far satddting sachyraveaftbe secphdaiy mensaryd
sel ected counter for selecting a word of selected row of said secondary
menory; (e) a sefdncfowghaddrassing means cqupladiadhe seranddntepacafon selestingiar v
menory and further Cé)rapl ed. to input/output ports of said second interface
for accsessi ng sai d ¢ é’é?@@'\?ﬂrd; 25 (f) a logic circuit nmeans for
generating timngya : | I | t aid
oy o SR Ry AR ool e BB 10 B SocBRUBl THer

t hird addressing ans, the se

i nput /out put ci r cuignd'faARer coupfbd tdSarfdata IRpuUtRUEEUE borts of thbsekBnd MtéddEto M

access nmenory according to claim1l wherein said nenory cells are registers
form ng a register foraccessihg shid selectat amesbss nenory according to claim 10

wherein said register file is dual port wherein each of said registers of

said register fild ralAginciteutimeans;fapgenssaing$mingandgontrgl sigeals having

| nput /out put port. output ports coupled to said third addressing means, said fourth addressing
10 means, and the second input/output circuit means.
9. A random access memory according to claim 1 wherein said operation circuit
further comprises:

(a) apiurality of address couniers each associated with a row of said data
memoty and its corresponding mask memory each containing the address

¥ of the next accessible word within the row of said secondary memory;

{b} means to initialize the address counter with a start address,

(c) a third addressing means coupled to said second interface and to said
secondary memory for selecting a row of the secondary memory and its

20 associated counter;

(d) afourth addressing means coupled to said selected counter for selecting
a word of selected row of said secondary memory; '

(e} asecond input/output circuit means coupied to said secondary memory
and further coupled to input/output ports ot said second intertace for
accessing said selected word;

{f) alogic circuit means for generating timing and control signals having
output ports coupled to said third addressing means, said fourth addressing

means, the second input/output circuit means, and the address counters,



ess nmory according to claim 10 wherein said registers of

u!!’U @E"ﬂ "’ETI;T e__g_gu_p_l_e_d to_a commpn input/output port forma sinale DOI’t-

A menory device conprising: 10 (a) a mai n nmenory
haV|ng an array of menory cells arranged in rows and columms, each row for
storing a plurality of words, corresponding bits of corresponding wor ds
bei ng al iwoes27 col ums; (b) a first addressing nmearrcTiusss/asrd8=Ct i ng
rows of the main nenory; 15 (c) a sense anplifier nmeans
corresponding to colums of the main ggnmory; (d) a second addressing
means for selecting nenory |ocations corresponding to a prescribed word of
arow (e a first input/output circuit neans for transferring data to
and from nmenory | ocati ons sel ected §¥ t he flr?t and second addressi ng

means; (f) 10.A 'ﬁ“‘#?’? 8cCes$AeMARYARIAINg LR 1 Whegsin spid mamary ‘Pﬂ%ﬁ‘%ut put
orts, rol ports, and transfer ports, said data
Pnput/o?@é@%ﬁg&c{)@sﬁqﬁ% thepi nput/ out put rreanspof the mai n nmenory; a
secondary W?@Féln&o%aéée%hi%&lghéo&r&ﬁ %aﬁrﬁ"i'o%e%m Eé.a%@&%rﬁa'@uﬁmwy,

the gecondary nmenory conprisin marmr s arranged 1n Tows and col ums,

t he T owporfwhereinfeath of suidiretineredhsaid Feyistet file haeing adirstivputoutut ahd of

storage locations; 25 transfer circuit neans for bidirectionally
transferarsewgndmmﬂoufplltinoa between a row of said first nenory and a row of
sai d secondaré menory; a second interface having parallel-by-bit data

i nput / out pd#- PRRLOm AgeRssIBemER according to C'Q'U" 30 Whearein saigegistessaf $akdr at i on
AR TR R A o AT e A
[ ndependent1byAqﬁe,ﬁsm &dﬁ‘ﬁr‘%ﬁ‘gﬂal n msrmr y.
(@) a main memory having an array of memory cells arranged in rows and
columns, each row for storing a plurality of words, corresponding bits of corresponding
words being aligned in columns; '
() a first addressing means for selecting rows of the main memory:
s (c) ~ asense arhpﬁﬁér m‘eéns'c‘orresponding to columns of the main memory;
{d) ‘a second addressing means for selecting memory locations
corresponding to a prescribed word of a row; | |
(e) a first input/output circuit means for transferring data to and from memory
locations selected by the first and second addressing means;
2 f a first interface having parallel-by-bit data input/output ports, address
ports, control ports, and transfer ports, said data input/output ports coupled to the input/
output means of the main memory;

a secondary memory for storing data transferred to or from the main memory, the
secondary memory comprisirig memory cells arranged in rows and columns, the rows
of the first and secondary memories having the same number of storage locations;

transfer circuit means for bidirectionally transferring words of data between a row of
said first memory and a row of said Ssecondary memory;

a second interface having parallel-by-bit data input/output ports, address ports, and



14. menory according to claim 13 wherein said nmain nenory
IS mmmﬂmeWM'ammrm. A random acTeSS NEenory accordrng to
claim 18 wher®inf said operation neans conprises: 10 (a) a third addressing
means coupled to said second interface and to said secondary menory for

sel ecting exphedMeof said secondary nenory, (b) a fourth Eshiids MEANS
coupled to said second interface for selecting a word of said row, (c) a
second input/output circuit means couplgg to said secondary nmenory 15 and
further coupled to input/output ports of*said second interface for
accessing said selected word, (d) a logic circuit neans having output ports
coupled to said third and fourth addressing neans and further coupled to
sai d seconaconirltpottuapdit circuit nmeans for generating timng and contro
signals. 20 16. A random access nennré’according to claim13 wherein said

secondary nerepeyation giscuit means sgupled 1o thegerendintastace and the secandansmemoay t o
and from sai d I N, menor d correspondi ng, mask nenory. to store a wite
mask cgrre@byﬁﬂn&ﬁwwgggﬁ?aﬂlﬁgoﬂ Trop. ;p&oﬁ@mmp_mqry_d’llﬁnp om access
menory ~acc ' | ' ' ontrol port of said 25 second
interface @égit’%rehla%éf gédéegs?égs @;‘F‘%E{‘Q’Bﬁ'ﬂ‘_’%. A random access menory
according to {4 A Andém/itRess Mmeridry aeBsrdiNg t8 iz @UWherelt é216 MdiiHeRsbryRAnNs
for witing a first predeterm ned pattemto a selected row of said 21
mask menor g dgmarnicrrapddrhaceessmemansf erri ng words of data from said second
Interface data ports to the corresponding row of said data nmenory in

response to alHAc@nodemaceess ey aeqasdingdo ¢lgin 33 wheseia saidaperationfasans
said fi rstcé)"r‘&gls%ts.erm ned pattern corresponds

10
(a) a third addressing means coupled to said second interface and to said

secondary memory for selecting each row of said secondary memory,

(b) a fourth addressing means coupled to said second interface for selecting
a word of said row,

(c) asecond input/output circuit means coupled to said secondary memory

> and further coupled to input/output ports of said second interface for
accessing said selected word,

(d) alogic circuit means having output ports coupled to said third and fourth
addressing means and further coupled to said second input/output circuit
means for generating timing and control signals.

16. A random access memory according to claim 13 wherein said secondary
memory further having a data memory to store data transferred to and from said main
memory and a corresponding mask memory to store a write mask corresponding to
each word of the data memory.

17. A random access memory according to claim 13 wherein said control port of said
second interface further includes a select port.

18. A random access memory according to claim 17 wherein said operation circuit

further having means for writing a first predetermined pattemn to a selected row of said



t - its of words in arowto be transferred from said data
i ;‘ﬂ'ﬂhiﬂﬁj‘ﬁmﬁﬂi i noenory. 19. A nepnry device conprising. (a) a
c g an array of menory cells having rows and colums to
store a plurality of n-bit words, each row addressable by a first 10
decoder, a sense anplifier for each colum, each word sel ectable by a
second da¥08€32726ai d nai n menory havi ng i nput/ out put capXDVUs695108 transfer
data to and fromsaid selected word; (b) a first interface having
paral l el -by-bit data input/output porjs coupled to the input/output of the
main menory, said first interface further 1 5 having address ports, control
ports, and transfer ports; (c) a secondary nenory having a plurality’

?Ler‘éiﬁznﬁ’a%g%”r‘éé&c&%@eme“h  Ganaling warss RLASR KOHT e sasend Riarbey 1o
ok e BB eabendiil o lRekf e Rl RESo B Lo R IRAERARE o o
i o 3020 aRplied 1 SRSt for i RS ir B A PRI ESTYSPOE o of

t he secengr-sclo@ea bits of wbris' TR aGoWty beardnsferieddron saldaialks nientory o saig of data
menory into a row of main nenory, wherein the conbination is selected by 25

t he conmmain memhoryhe corresponding row in the mask nmenory; (e) a

second interface having parallel-by-bit data input/output ports, address
ports and d8nfeampRydevigeoBRtisigt a is transferred to and from 22 said
secondary nenory {hrough data .Eorts of sai d secoglflml nto%é&ﬁs% substantial ly

i ndependent of ac¥ésses t o &J5R1 Py f afEfsY em avingrows

o and columns to store a plurality of n-bit words, each row 'addrgssable by afirst
decoder, a sense amplifier for each column, each word selectable by a second
decoder, said main memory having input/output capability to transfer data to
and from said selected word;

(b) a first interface having parallel-by-bit data input/output ports

s coupled to the input/output of the main 'membry. said first interface further
having address ports, control ports, and transfer ports;

(c) a secondary memory having a plurality of rows of memory
cells each row having the same number of bits as a row of the main memory,
said secondary memory further having a data memory to store data

20 transferred to and from said main memory and a corresponding mask memory
to store a write mask corresponding to each word of the data memory;

d) transfer circuitry coupled to said main memory and to said
secondary memory to move data from a row of main memory into a row of the
secondary memory or to move any combination of words from a row of data
memory into a row of main memory, wherein the combination is selected by
the contents of the corresponding row in the mask memory;

(e) a second interface having parallei-by-bit data input/output

ports, address ports and control port wherein data is transferred to and from



20. nmory according to claim19 wherein said second

i nt ‘mllmavﬂﬂIHﬂMRW select port. 2ZI. A random accéSs nenory accordimng to
claim?206 ereins sal d operation circuit further having nmeans for witing in
response to a predeterm ned signal applied to said select port a first

predet er m negopaidsg N to a word of said mask nmenory concur rgeftsoekiod
transfer of signals on the input/output ports of the second interface to

the 10 correspondi ng word of said dat a\éem)ry, wherein said first
predeterm ned pattern is a wite mask. V&l ue corresponding to selecting all
bits of a word during transfer fromdata nenory to the main nenory. 22. A
random access nenory according to claim19 wherein said second interface

i ncl udes a reset saidisecdriarymeMmory thtough dataportscofisaid second ditatfacer cl ai m 22
wherein said operation circuit further having nmeans for witing a second
pr edet er m ned pat Séhstantigly indeperdean of WW%% saicfisst MAIRHIEMRYncurrent | y

with transferrjng words of data fromsaid secaond Jnierface data ports to
sai d s @Ry A FAER ptiRes ety eEEING BT 1 WREPRR etedrlerRge
reset port, | quJFsecond predeterm ned pattern represents

prohi biti nénc‘!%%%)%@% stér of all of the bits of’a row of said data menory
to the mai N NPADA Yandén alfods8 MEHbRHRSFIIMEIEINIMRSE Whetehd shil dpefatBn’dircuit
wherein said second interface includes a ¢clock port. 25. A random access
menory acc furthien iaving sheans fadwriting ini resporesedtoiapredetermingd signati appliedtd said

I nterface are synchroni zed to signal on said clock port. 25 26. In a nenory

de?/i ce havﬁﬂ@%ﬂmalﬁwemw ng&m@ agyordfofﬁﬁiﬁﬂngsk@gmmazrrmgfwm and
it degobh aielas Rt Hodalsi ot imadloupiE ot ol Secath MpHHFeBiEe 1 obi & by o
second '* 23 desadilc w5 of I duel Ry KA el Hick BHIGRSmiARPBAAdrh s & °

transfer da rom
write mask value corresponding to selecting all bits of a word during transfer from data

memory to the main memory.
22. A random access memory according to claim 19 wherein said second interface
includes a reset port.
> 23. A random access memory according to claim 22 wherein said operation circuit
further having means for writing a second predetermined pattern to a selected row of
said mask memory concurrently with transterring words of data from said second
interface data ports to said mask memory in response to a predetermined signal applied
20 to said reset port, wherein said second predetermined pattern represents prohibiting the
transfer of all of the bits of a row of said data memory to the main memory.
24. A random access memory according to claim 19 wherein said second interface
includes a clock port.
25. A random access memory according to claim 24 wherein operations through
said second interface are synchronized to signal on said clock port.
26. In a memory device having a main memory having an array of memory cells
having rows and columns to store a plurality of n-bit words, each row addressable by a

first decoder, a sense amplifier for each column, each word selectable by a second



Sqy , and said main nenory coupled to a first interface
-hg’mmmﬂﬂgw&s%omrol ports.a secondary nenory coupled to a
seeond <Having 5 address, data and control ports, the secondary
menory having a mask register file having the sane nunber of colums as the -
main nmenory, a nethod for transferring information between the main nenory
and seconW®9¢/3#6érory conprising: (a) in response to prededtUsYsHSN8 Si gnal s
applied to the control port of the first interface selecting a row of the
main register file and a row of th%gfecondary 10 nmenory; (b) storing a
predeterm ned pattern in a row of sald mask nmenory corresponding to said
sel ected row of said secondary nenory; and (c) transferring a conbination
of words, of .sai d, sel ected n3%$ nmenor rom/betwﬁsn sai d sel ected secondary

i

menory  rIRFCHRR S8{dmain epPRhaving inpsputPus capabilly to Yansferdata te and from cct ed
ek, e s @Y SRS i AR N B s A ", 2
ey RS oty ol o BRI MBS R,
t hr ough addeess; datacariddomtiohperts; the secondary memory having a mask register file
having the same number of columns as the main memory, a method for transferring
information between the main memory and secondary memory comprising:
(a) inresponse to predetermined signals applied to the control port of the first
| interface selecting a row of the main register file and a row of the secondary
memory; |
(b) storing a predetermined pattern in a row of said mask memory
corresponding to said selected row of said secondary memory; and
(c) transferring a combination of words of said selected main memory row
s between said selected secondary memory row wherein said predetermined
pattern stored in said selected mask memory row determines the
combination of words for tiansferring'.
27. The method as claimed in 26 wherein performing said selecting of a row of the
main memory through the first interface.
28. The method as claimed in 26 wherein performing said selecting of a row of the

20
secondary memroy through the second interface

25



