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Four Bit Pre-fetch SDRAM Col utmm Sel ect Architecture C)oss-referﬁnqg to

rel ated applications This application relates to the di scl osures'"PR Uni t ed
States pgtent applications serial nunbers [Atty Docket Nos. TI-22198 and
Tl - 23027]. Background of the Invention Field of the Invention This

I nvention relates generally to sem conductor integrated circuit nenory
devices and particularly relates to such synchronous dynam c random access
menory devi ces (SDRAMs) sendi ng and recéiving bursts of data synchronous

with a clock sigpahscDRseERLLAN BralP®ACkAl Al yide DRANS A& ised 1
desktop and ot her computers an er eléctroni ¢ machi nes needi ng nmenory
devi ces. Common reasons for using DRAMs include their providing the

greatest densjt nory cells_on a sem conducting chip, relative | ow
cost per C%Qtssofyesf%?%%%a%/% %%Joa‘?%‘?a??@gfﬁagf‘ﬁﬂsspeed for their cost. Wth
advances in t erthiwl| agplieachogerelaiiey ©6 PRAMdiImailosuisd cés Uadted

I ncreased, .t he nunber of neppry cells on.,a_chip.,by a factor _of four, Wth
nore r ec%ﬁaﬁiﬁ%r%%F%ESQBPSQS%EFQP?na%l%@Lﬁﬁb%’H%r Eétﬁ}ﬁdDQSEWE, Nost-ast er
DRAMs ar ermexxies8 and® TIS2PPry). data  and I nstructions to t he

m croprocessor. Wth this need for |arger storage capacity and greater

Background of the Invention

Field of the Invention

This invention relates generally to semiconductor
integrated circuit memory devices and particularly relates
to such synchronous dynamic random access memory devices

(SDRAMs) sending and receiving bursts of data synchronous
with a clock signal.

Description of the Related Art

DRAMs are used in desktop and other computers and other
electronic machines needing memory devices. Common reasons
for using DRAMs include their providing the greatest density
of memory cells on a semiconducting chip, relative low cost
per bit of stored data and relatively high speed for their
cost. With advances in technology, each genération of DRAM
memory devices has increased the number of memory cells on a

chip by a factor of four. With more recent microprocessors

operating at 100 Megahertz and above, faster DRAMs are
needed to supply data - and instructions to the
microprocessor.

With this need for larger storage capacity and greater

speed, DRAMs have evolved that synchronize the transfer of



speed, DRAMs have evol ved that synchronize the transfer of 2 dat a,
addresses and control signals with a clock signal. These requirenents for
| ar ger st.orage capacity and greater speed also raise newdifficulties in
designing the circuits constituting and the processes for manufacturing a
DRAM nenory device. In prior DRAM nenory devices, the bond pads on the
sem conduct or substrate occurred at one |ocation with storage of the data

signal s occurring at other spaced |ocazions on the substrate. Rel atively
| ong dat adddes gaewekedsomidecouksiiat £5gh@lsomMah t e dliaiek betigmen .t he
bond pads and storage |ocations. This led to Jlarge parasitic

capaci t and&€S6 FRIUIEERSNERedorhtarIRiui FEQTREPg&APARY e 20 r GG AL ST

The par asidddeq CAPSS| +aDEES nedNdiFEI WlitiG I D de¥BIniRgULhed cligciliiive the
devi ces prevented an economn cal device from-operating at 100 negahertz or
faster. DANHLHIRIRI Gy theenPFACESERE rE38 MAHEMEEETAREr GhodBRav

devices iR, Piadwpcgifferent nodes: serial and interleaved. In seria

node, the data occurs In the sane sequence as its serial addresses. In
i nterl eaved

In prior DRAM memory devices, the bond pads on the
semiconductor substrate occurred at one location with
storage of the data signals occﬁrring at other spaced
locations on the substrate. Relatively 1long data lines
occurred on the substrates to convey the data between the
borid pads and storage locations. This led ¢to large
parasitic capacitances .in the data 1lines that required
larger drive circuits. The parasitic capacitances and
resulting high power required to drive the devices prevented

‘an economical device from operating at 100 megahertz or
faster.

Data glso must be written into and read from the
synchronous DRAM devices in one of two different modes:
serial and interleaved. In serial mode, the data occurs in
the same sequence as its serial addresses. In interleaved
mode, the data occurs in a certain, well-defined sequence
other than sequeptial. Implementing a synchronous DRAM
device can be accomplished in either a pipelined or pre-
fetch architecture; in either case, provisions must be made

to achieve operation in both the serial and interleaved data
modes. -



node, the data occurs in a certain, well-defined sequence other than
sequenti al . | npl enenting a synchronous DRAM devi ce can be acconpli shed
i n eisther 3a pipelined or pre- fetch architecture; in either case,

provi sions nmust be made to achieve operation in both the serial and

I nterl eaved data nodes. Summary of the Invention 3 In accordance with
the clained invention, a nenory device is constructed and arranged in a
four-bit prefetch architecture. The circuitry on the nenory device

provi des ghmmMrar bangaeerhvandieal um switch address generation to alter
burst length and node, either serial or 3nterleaved. The nenory device
conprises plural data bit bond pads on the substrate for transferring data

signals to andrhr odkbeasiers Cori dhCihdeLgifge dphiells ohonda Patkd gty each
dat a bltmaﬁgnal and the device _transftferring plyral data bit signals dat one

tine. A 1FPne-SadarREsTyehefatdd raeed algr qupIenrrbitadkeietah gnal s

for each apvhaddeesgeand m@ddﬂséuQEf?Cbﬁd tm!dmémaeys i@Rdlce freeided
sel ect S|gnal generator receiv roup of Cﬁ| addr ess S|gpals for each
al

col um addf&g8y M PIds 8s uﬁ? CFW%F dress generation

alter burst length and mode, either ser:.al or interleaved.

The memory device comprises plural data bit bond pads
on the substrate for transferring data signals to and from
the device, there being one data bit bond pad for each data
bit signal and the device transferriag plural data bit
signals at one time. A word line address generator receives
a group of row address signals for each row address and
produces selected word line signals. A column select signal
generator receives a group of column address signals for
each column address and produces column select signals.
Arrays of memory cells are arranged at the intersections of
the word lines and bit lines. Plural memory cells receive

the selected word line signals and connect the stored data
signals to the bit lines.

Sense amps receive the data signals from the bit lines
and amplify the data signals. Sense amp select circuits
receive the column select signals and convey a certain
number, such as four, of the amplified data signals from the
sense amps to sub-I/0 lines for each data bit bond pad. Mid
amps convey the data signals from the sub-I/O lines onto
mid-I/0 1lines. There are the certain number of mid-I/O
lines for each data bit bond pad. Main amps receive thé
data signals from the mid-I/0 lines and the main amps convey
the data'signals to global I/0 lines. There are the certain
number of main amps for each data bit bond pad.’ Data

circuits convey the data signals from the global I/O lines
to respective data bit bond pads.



Arrays of nenory cells are arranged at the intersections of the word |ines

and bit lines. Plural nenory cells receive the selected word |line signals
and connect the stored data signals to the bit |ines. Sense anps receive
the data signals fromthe bit lines and anplify the data signals. Sense

anp select circuits receive the colum select signals and convey a certain
nunber, such as four, of the anplified data signals fromthe sense anps to
sub-1/O lines for each data bit bond pad. Md anps convey the data signals
fromthe sub-1/Olines onto md-1/01ipes. There are the certain nunber

of md-1/0O1ings ch.d [ I Qs regeLv at a
signals from Pﬁep%g%?ggogf"i g%gngﬁgrg—%gl ma%g:aa%%@c%h eyf? hgﬁdgt gxeg&pﬁgl s to
gl obal | /d@vigrsbetwhene date thic ceendi padgniasnd oreeryy ghpsageorc dat a
bit bond pgfbrj t 3 Sl & {139 © e dal gyl mhal s dreyn the giehaly 1/ 0
lines to resprelést%e data ﬁtﬁ%oggyt?adq 4ﬁgA process of trlans?erri ng data
bit si gnMENFY a kst ytaeBite bbrorerdndar@SBPRSBoKP pRIFTAWP nehorkpw
storage GRidSesOMRHIGERS LOPELRY | RPprAdlal bbb HHHahEmSEYT byt ! Ur afndrenory
cells to bit lines,in response to a group of row,

process also includes conveying a certain number of the data

bit signals on the bit lines to I/0O lines on the memory

device in response to a group of column address signals

applied to the memory device. Also, the process includes

conveying the certain number of data bit signals to one data

bit bond pad in timed sequence.

Further the memory device receives row address
signals and column address signals and comprises arrays of
memory cells formed on a semiconductor substrate. The
memory cells occur at the intersections of word lines and
bit lines in each array and the arrays are arré.nged in
columns of arrays extending parallel to one another and are
further arranged in pairs of adjacént columns. Y-select
generator circuitry occurs for each column of arrays. Each
Y-select generator circuitry has Y-select leads that extend
across 1its respective column of arrays and produces a
certain number of y-select signals on the Y-select leads for
each set of received column address signals. Four main I/O
lines extend along each column pair of arrays and extend
beyond each column pair of arrays. There is one main I/O
line on either side of each column of arrays and two main
I/0 lines between the arrays in the middle of each pair.
The main I/0O lines connect to data lines extending from eaclr
array to carry data signals to and from the arrays.

Bond pads are carried on the semiconductor substrate.
There is one bond pad for each bit of a word of data
received or sent by the memory device. Data circuitry
connects the main I/0 lines to the data bond pads. The data



address signals being applied to the nenory devi ce. The process al so

i ncl udes conveying a certain nunber of the data bit signals on the bit
lines to /O l'ines on the nenory device in response to a group of col umm
address signals applied to the nmenory device. Al so, the process includes
conveying the certain nunber of data bit signals to one data bit bond pad
in timed sequence. Further the nenory device receives row address signals
and col um address signals and conprises arrays of menory cells formed on
a seni condeiOiitBybsbhakers reHped®i®e Ymseh! T /0CAUM 1he rolkenseotd ons
of word Iig@scg d bit_lines jn aach array and the arrays are arranged in
col ums of%ar FRya™a%t ERIPRG bﬁ? | P8R+t o one another and are further
arranged in pairs of adjacent col unms. Y-sel ect generator circuitry

occurs for eachygol . Each..Y-sel ect_generator _gcircyitry ha
Y-sel ect | eads %ﬁqtt%gt%{r\%ggég%éselmt%é’laf‘&eﬁl ¢t | Ve oPEMT of aFPi&'ﬁ“‘éna"E
produces eax¥ayai ingimdes gdlursk| erragsgeatranged hevo- seregs hadls 4md
each set : ei I ddr j s.. Four main I/QOJines_extend
al ong eacﬁélé% tEeré{%g?§gof agﬁéysﬁg%ds%%]%%c%eﬁwreaa%‘ﬁcocfltﬁﬁ]u’pm oS
arrays. JRERRIPY 8fe onsE rend ®fi mechn peiitherf scolburefis eaCherel e 0f28
arrays andytiue18ein1bh@s! tRgs E%Héﬁé”o%‘%l .%%W%Jl%:rg.h%ﬂfxdd' eof each
ndi rig Tt

pair. The main 1/O lines connect to data |ines exte ‘om each array to
carry data signals to and fromthe arrays. '




Bond pads are carried on the sem conductor substrate. There is one bond pad
for each bit of a word of data received or sent by the nenory device.

Data. circuitry connects the main I/Olines to the data bond pads. The data

5 circuitry connects respective main 1/Olines in four pairs of colums to

one bond pad. In the disclosed enbodi nent, each pair of colums of arrays

I ncl udes plural arrays arranged two arrays w de and ei ght arrays high. The

Y-sel ect generator circuitry is arrangeé at one end of each pair of

colums. Hhgese gégcgggtybﬁebgcghgegggwqh%t extend over each columm pair.
6 Brief Description of the Drawing Figure 1 is a perspective view of a

menory device conprising a packaged sem conductor integrated circuit of the

iF_nvepte i on; Fi gpiGuel 512 ifdINgl 1 QBALLDL RS i ROERMSY BNenBRERYY &eYice Of
I gu ,
J comprising a packaged semiconductor integrated circuit of

the invention;

Figure 2 is a functional block diagram of the memory
device of Figure 1;

Figure 3 is an idealized plan view of the semiconductor

integrated circuit or chip of the invention;

Figure 4 is an idealized block diagram of an array of
memory cells of Figure 3;

Figure 5 is an idealized block diagram of one MAT of
memory cells of Figure 4;

Figure 6 is an idealized block diagram of one Sub MAT
of memory cells of Figure 5;

Figure 7 is an idealized block diagram of one sub sub
mat of memory cells of Figure 6;

Figure 8 is an idealized line diagram of four sub word
lines of Figure 7;

Figure 9 1is a diagram indicating pin numbers and

acronyms for signals connected to each pin of the memory
device of Figure 1;

Figure 10 is a block diagram indicating four banks of

memory cells, assignment of data bits to groups of memory



Figure 3 is an idealized plan view of the sem conductor integrated circuit
or chip of the - invention; Figure 4 is an idealized bl ock diagramof an
array of menory cells of Figure 3; Figure 5 is an idealized block diagram
of one MAT of nenory cells of Figure 4; Figure 6 is an idealized bl ock

di agram of one Sub MAT of nenory cells of Figure 5; Figure 7 is an

| deal i zed bl ock di agram of one sub sub t of nmenory cells of Figure 6;
Figure 8 is an idealized line diagramof four sub word |ines of Figure 7,

Figure 9 celasdiiagreiei bdhkat idigl prelaviper 9 ozad iaisONyfsbbal Paaral §n
connect ed %o eﬁch'pi n of the nenory device of Figure 1; Figure 10 is a

bl ock di agPEntPABifcating four banks of memory cells, assignnment of data
bits to groups of nenory 7 cells in the banks and rel ative | ocations of
bond pads on the chip; Figure 11 is a_bl ock di aa’ram i ndi cati ng assi gnnment

of data signal E189TFond ph¥isaakd asdy rdkasFam ngnaaratingnassignment of
data signals to bond - pads and corresponding data signal
leads on the chip;

Figure 12 is a block diagram indicating the arrangement
of column select, MIO or global I/O lines and memory cell
arrays in quadrant LL, bank BO:

Figure 13 is an enlarged block diagram of a part of the

data lines and memory cell arrays of Figure 12;

Figure 14 is a schematic diagram of a sense amp or
amplifier used on the chip;

Figure 15 is a schematic diagram of a mid amp or
amplifier circuit used on the chip;

Figure 16 is a schematic diagram of a main amp or
amplifier circuit used on the chip;

Figure 17 is a block and schematic diagram of data

circuits between four main amplifiers and one data bond pad;

Figure 18 is a chart indicating standard control bits
for operating a synchronous DRAM;

Figure 19 is a chart indicating standard data sequences
for a 2-bit burst of data;



| eads on the chip; Figure 12 is a block diagramindicating the arrangenent
of colum select, MOor global I/Olines and nenory cell arrays in
guadrant EL, bank BO, Figure 13 is an enlarged bl ock diagram of a part of
the data lines and nenory cell arrays of Figure 12; Figure 14 is a
schematic di agram of a sense anp or anplifier used on the chip; Figure 15
is a schematic diagramof a md anp or anplifier circuit used on the chip;
Figure 16 is a schematic diagramof a n@in anp or anplifier circuit used on
the chip;, Figurgghid @ 1 ofkrpik SCheI®L ¢ Indli 80538205 data b&GlhEes
between four main anplifiers and one data bond pad; Figure 18 is a chart
indicatin§°§téhémh$§xﬁﬁﬁﬁﬂ of tdafdr operating a synchronous DRAM Figure
19 is a chart indicating standard data sequences for a 2-bit burst of data;
8 Figure 20 is a chart_indicating standard data sequences for a 4-bit burst
of data; Figur&imuye 3l ckara ¢halitaindicat bngasbandandsdgbaneequences

for an 8-bit burst of data;

Figures 22(a) through (kk) are timing diagrams
indicating signals for an 8-bit burst write of data to the

chip at 150 Megahertz; and

Figures 23(a) through (kk) are timing diagrams
indicating signals for an 8-bit burst read of data from the
chip at 150 Megahertz.



for an 8-bit burst of data; Figures 22(a) t hr ough (kk) are timng
diagrans indicating signals for an 8-bit burst wite of data to the chip at
150 Megahertz; and Figures 23(a) t hr ough (kk) are timng diagrans

i ndicating signals for an 8-bit burst read of data fromthe chip at 150
Megahert z. Det ai | ed Description 9 1n Fi gure 1, menory
devi ce 100 conpri ses a sem conductor integrated circuit encapsul ated
in a package 102. Metal conductive | eads 104 extend from edges 106 and 108
of packagetdD2ed Débesepkeafds 104 condyct electrical signals and electrical
power to and fromthe contained sem conductor integrated circuit or chip.
Dots 110 indicate additional plural |eads existing along the edge 108 of

package 102 batwephgupdi vidpal mémeey Ildevbod 11800 Thempriwes ofal eads

and their placenments wi|l be deternined,by organi zation and arrangenent of
data on Fﬁgl€ﬁpﬁu5ﬁ8rbfqﬁﬁﬂﬁﬁ9%ﬁ StERBAFdEnc psﬁi?t?éhéFiﬁ P3Gtagde he

package 1$82 engaisyl dbhadctive CRERAW 1110406808 I £8bM0WAGER! A0 ard®
desired. Depression 116 can be used to identify a top _end of_ the nenory
devi ce faéP8oreEntackage 102. These leads 104 conduct electrical
signals and electrical power to and from the contained
semiconductor integrated circuit or chip. Dots 110 indicate
additional plural leads existing along the edge 108 of
package 102 between individual 1leads 112 and 114. The
number of leads and their placements will be determined by
. organization and arrangement of data on the chip and by
industry standards. The material £for the 'package 102
encapsulating the chip will be some resinous material as
desired. Depression 116 can be used to identify a top end
of the memory device for orientation.

In Figure 2, memory device 100 provides £four Array
Banks B0, Bl, B2 and B3 of memory cells for storing data
signals. The data signals are transferred between the banks
and thirty-two data leads DQ0-DQ31 on internal leads
represented by leads 202, a DQ Buffer 204 and thirty-two
individual lead lines 206. In this arrangement, thirty-two

data signals are carried on leads 206 in parallel at one
time.

The data signals stored in the four banks are accessed
by two clock signals, several control signals and time
multiplexed row and column address signals. The clock
signal CLK on lead 208 and a clock enable signal CKE on lead
210 pass through AND block 212 and across leads 214 to
Control block 216. An a_tctive low chip select signal CS_ on

. lead 218 éonnects to control block 216. DOMO-DOM3 output



In Figure 2, menory device 100 provides four Array Banks BO, Bl, B2 and B3
of nmenory cells for storing data signals. The data signals are transferred
bet ween the banks and thirty-two data | eads DQO-D@1 on internal |eads
represented by | eads 202, a DQ Buffer 204 and thirty-two individual |ead
lines 206. In this arrangenent, thirty-two data signals are carried on

| eads 206 in parallel at one tinme. The,gata signals stored in the four
banks are accessed by two clock signaﬁs several control signals and

time mul bhaho%edbww aquﬁahgmoﬁddf@éf Fealial 220 i Clfhedtgnalo CLK
on |l ead 208 and a clock énable signal CKE on |ead 210 pass through AND

bl ock 21@0@modcr1@%§ckea"dsﬁ 214 The mm@lsm@a@ 21625 an 336 i We PERSEF p
sel ect sig @gJ %e%'&@dﬁé&s Cﬁ‘é‘eC?mt érs%ohhae%l%gfito RV J2QMB

out put . yte signals on four s 220 al so connect to Contro
bl ock 21®lockThe2d6gnal EomnEeen CASArass ngm@b&r APedddot iBAL) yand |Bddds

222, 224 qngggé t n 2 0] re

signals E%&%f%?qﬁﬁo an é%gsa%%%grééﬁthgg 258 éﬁgérggnﬁg%ﬁﬁﬂéqsg Cgﬁtrol

bl ock 218ode VBeégiRdgirst 380230 s scormewds swiithh Control Bhledk 226.6-
Control block 216 accesses the data signals in Array Banks
B0, Bl1, B2 and B3 through leads 232.

Memory device 100 thus is a synchronous dynamic random
access memory organized as four banks of 2,097,152 words
with thirty-two bits of data per word. The total capacity
of memory device 100 is 268,435,456 data bits, commonly
known as a 256 megabit SDRAM device, compatible with JEDEC
standards for synchronous DRAMs.

In Figure 3, semiconductor integrated circuit 300
contained within package 102 of memory device 100 comprises
16 arrays 302-332 of memory cells arranged in a 4 x 4 array.
Banks B0, Bl, B2 and B3 extend the length of semiconductor
integrated circuit 300. Bank 0 thus consists of arrays 302,
304, 306 and 308. Bank 1 consists of arrays 310, 312, 314
and 316. Bank 2 consists of arrays 318, 320, 322 and 324,
and Bank 3 consists of arrays 326, 328, 330 and 332. T The
arrays extending the width of chip 300 are identified as
quadrants with the designations LL, LR, RL and RR indicating
a Left or Right location. Thus a single array 302 can be
identified as quadrant LL, Bank BO. T

The chip 300 also carries bond pads represented by
boxes 334 and 336 extending along the central axis of the
chip. The 1leads 104 connect to these bond pads through

bonding wires for carrying electrical signals to and from



Control block 216 accesses the data signals in Array Banks BO, Bl, B2 and
B3 through | eads 232. Menory device 100 thus is a synchronous dynam c
random access nenory organi zed as four banks of 2,097,152 words with
thirty-two bits of data per word. The total capacity of nenory device 100
I's 268, 435,456 data bits, commonly known as a 256 nmegabit SDRAM devi ce,
conpatible with JEDEC standards for synf{]ronous DRAMs. In Figure 3,

sem conductor integrated circuit 300 contai ned within package 102 of nenory

devi ce 1the ofipip S@AA18uppN §i hg3@dedtd idalMRi6wWer Ced | ehar eRAped Whided X 4
array. Banks B0, Bl, B2 and B3 extend the Ienvg_;h of sem conducgt or
i nt egr at SPY r ERFES3B9ndRRAde bave bsed sshowm akr githep emdofadhennd

308. Bardhilp C308|, StaAdift i) SbSrd. pddsd odcu@NEn3the MK BoCRRFSES Of
arrays 318, 320, 32262nd_324 and Bank 3 consists of arrays 326, 328, 330

and 332. CHe IEqUFehFigRRrA§ 3R wbFOVide cAdditdonale Fewht Hoiatss
quadrant STédd) SRILERLR! IR LbadR aBe 2BEpEESERERAABYO ¢hd-Cidory
el

Ri ght location,, Thus a single array 302 can entified as qua(?rant LL,
Bank B0. ©PReeR@iRg 3bvom| thecheniepadsnd3fadd3bepr esent ed by boxes 334 and
336 extending along the central axis of the chip. The -1 eads 104 connect
to these bond pads through bonding wires for carrying electrical signals to
and from eripheral circuits 338 occur in the central area

extending along the central axis of the chip 300 as desired.
Between the arrays of memory cells 302 - 332, column decode
circuits such as column decode circuits 340 extend along-the
length of the chip between banks B0 and Bl and between banks
B2 and B3. Extending across the width of the chip, row

decoder circuits 342 extend between quadrants LL and LR and
between quadrants RL and RR.

The peripheral circuits can also occur at any desired
location on chip 300. For example, data circuits 340 and
342, which electrically couple the data signals between the
bond pads and the arrays of memory cells, physically exist
between the bond pads and the arrays of memory cells. '

Bank addresses BA0 and BAl are used to select one of
the four Banks B0, Bl, B2, and B3. These two bank address

signals are applied to the SDRAM with boéh the row and
column address signals.'

In Figure 4, array 302 comprises eight mats or matrices
MATO-MAT7 of memory célls. Each of arrays 302-332 are
arranged in a like manner so that describing one array 302
provides description of all arrays 302-332. Array 302 has
the mats MATO-MAT7 arranged in the same direction as

indicated in Figure 3. The row or word lines extend in the

»



the chip and supplying electrical power to the chip. Wile only three bond
pads have been shown at either end of the chip 300, additional bond pads

occur on the chip to carry the required signals and provi de additional test
poi nts. These additional bond pads are represented by the dots extending
fromthe bond pads 334, 336. Peripheral circuits 338 occur in the central
area extending along the central axis 3f the chip 300 as desired. Between
the arrays of nmenory cells 302 - 332, 4 um decode circuits such as col um
decode ciditedsicod0 indiikkad ongr t Berbangd o ofaridie hels pthet weebulmanks: BO

and Bl and, bet ween banks B2 and B3. ., Extending across.the width o he
chip, rowhetbies arregeed 3/ E??eﬂﬂrﬁgﬁh%%yéhé%ﬁéﬁﬁg EK &ﬁEQﬂQ4ﬂér
bet ween cuBUreptfabs AAG0RRATTNErReBHRRAGKRA Ginf Ghd SaaR) Wiy BOXHEL &4 any
desired |l ocation on chip 300 For exanple, data circuits 340 and 342,

I

whi ch el cBeFFEAPFYOBOASI MATRe 494t 4Ssidg SESSTIRGAGEN Ath& HorRE PR AUFRPE he
arrays of 3 pRRDEYi8€hk-$ayPAYS! 6dld HeX Icthdieliael d kh Rald Heds sawl, the

arrays of nendry cells. "Bank addresses BAO an Al are used to sel ect one
of the four Banks BO, Bl, B2, and B3. These two bank address signals are

applied to thepghRAMM IOt R110e 1Y 204 9! WL 29dE688aS tH b foduce

row factor signals selecting the mats of Figure 4.

In Figure 5, MAT0O 404 comprises 8 sub arrays Sub MATO-
Sub MAT7 and an area 500 containing 8 redundant Sub word
lines. The sub arrays Sub MAT0-MAT7 are arranged in a like
orientation to MAT 404 with t'he word lines running along
their length. MAT 404 contains 512 Sub word lines evenly
divided among sub arrays Sub MATO0-MAT7 and an additional
eight redundant Sub word .lines in area 500. The redundant
sub word lines can be distributed through the arrays, sub
arrays and sub sub arrays as desired. Area 500 depicts the
location for redundant word lines used in this embodiment.
A description of Sub MATO 502 is a description of all the
other Sub MATs on chip_3b0.

-

Row address signals A8, A7 and A6 are used to produce

row factor signals for selecting the sub mats of Figure™5.

In Figure 6, Sub MATO0 502 comprises eight sub sub
arrays or row main word line blocks identified as RMWLBO-
RMWLB7 . Each of the sub sub arrays such as RMWLB0 602
contains eight sub word lines. Again a description of one

of the sub sub arrays 602 is a description of all of the sub
sub arrays on chip 300.



In Figure 4, array 302 conprises eight mats or matrices MATO- MAT7 of
menory cells. Each of arrays 302-332 are arranged in a |like manner so

t hat -descri bing one array 302 provides description of all arrays 302-332.
Array 302 has the mats MATO MAT7 arranged in the same direction as
indicated in Figure 3. The row or word lines extend in the 12 direction
I ndi cated by arrow 400 and has the colygn or bitlines arranged in the-
direction indicated by arrow 402. Al of mats MATO- MAT7 are arranged in the
same way so thRbwaadebrEstsimnals MAF0 4@4 and aAdlesrei psesh b9 preducet he

ot her arr [ y d o] y | . 300, Royv:
addressesgﬁf'l ,paﬁ\%égn(fi%‘a:l%e gggoa%egﬁ{%@{prﬁ%du%g%]r%gﬁf gﬁ%%ﬁ g;i%grrégl %Vlne
sel ecti ngbllheksabgs slubFisgplr ertayisn di ®irgure ®ATO0 404 conprises 8 sub
arrays Sub MATO- Sub MAT7 and an area 500 containing 8 redundant Sub word

| i nes. The sub arrays Sub MATO- MAT7 are arranged in a |ike orientation to
MAT 404 with tha Wighite nes subnisi® axrey t 6621 compgtisesVitival Ogubb owbaidns

512 Sub rrd |ines evenly .divided ano sub ar s Su T0- MAT7 and an
o0 1 onaRiBeg SR skl S, Teran | MRS FadlrBS° aphth ERIT! kR dHRE G ub

word |inegiges bexdentingut eHet NI &Mpth t REE aldadEsS, ogUbthe areas. Row

address signal A2 is used to produce row factor signals for

selecting the sub word line decoder select areas.

~ In Figure 8, sub word line decoder select area. 700
comprises four sub word lines number 0, number 1, number 2
and number 3. Row address signals Al and A0 are used to

produce row factor signals for selecting between the four
sub word lines.

The diagrams of Figures 4 through 8 thus depict the
particular arrangement of this embodiment of row or word
lines on the substrate 300.

In Figure 9, an idealized representation of memory
device 100 depicts the package 102 with all of the leads 104
numbered and identified by their acronym name according to
the JEDEC standard. For example, lead or pin 1 connegts to
VDD while lead or pin 88 connects to VSS. The following

Table 1 provides the common names of these signals for their
acronyms.



arrays and sub sub arrays as desired. Area 500 depicts the |ocation for
redundant word |lines used in this enbodi nent. A description of Sub MATO 502
is a-description of all the other Sub MATs on chip 300. Row address signals
A8, A7 and A6 are used to produce row factor signals for selecting the sub
mats of Figure 5. In Figure 6, Sub MATO 502 conprises eight sub sub arrays
or row main word line blocks identifiedlds RWABO- RWMALBY. Each of the
sub sub arrays such as RMALBO 602 contains eight sub word |ines. Again a
description of one of the sub sub TAB&Es 802 is a description of all of the
sub sub arrays on chip 300. 13 Row address signals A5, A4 and A3 are
used to produce row factor signals for selecting the row main word |ine

bl ocks or sub s@branyags of Comgpome Namdsh Figure 7, sub sub array 602
conprises two sub word |ine decoder select areas 700 and 702 with four sub

word |ines
si gnal
| i ne decoder

extending the length of each of the areas.

A2 is usad t-oAlloducaddredsacimputss gnal s for selecting the sub word
segict ar.eas.

All

Row addr ess

In Fig¥ e 8, sub word line decoder select area
resses

700 Row A sSs
AQ0 - A8 Column Addresses
Al10/AP Automatic Precharge Select
BAO, BAl Bank Select
CAS_ Column Address Strobe
CKE Clock Enable
CLK System Clock
_ Cs_ Chip Select
DQO - DQ31 SDRAM Data Inputs/Outputs
DOMO - DQM3 Data/Output Enable byte 0-3
NC No External Connect
RAS__ Row Address Strobe
VDD Power Supply (3.3 V typ.)
VDDQ Power Supply Output Drivers (3.3 V typ.)
VREF HSTL/SSTL Reference Voltage
VSs Ground )
VSSQ Ground for Output Drivers
W_ Write Enable



conprises four sub word lines nunber 0, nunmber 1, nunber 2 and nunber 3.
Row address signals Al and AO are used to produce row factor signals for
sel ecting between the four sub word |ines. The diagrans of Figures 4

through 8 thus depict the particular arrangenent of this enbodi nent of row
or word lines on the substrate 300. In Figure 9, an idealized
representation of nenory device 100 deptTts the package 102 with all of the
| eads 104 nunbered and identified by their acronym nane according to the
JEDEC st andar dfn Fli')xgmzarrboe chépd 300 pias theorBanks B, \BD, wBR2| @nide®3 or

pi n 88 CQNAG e r d h gﬁg anes
of theseQ{sil gnéi q %r h%h?lac]fﬁ%%ggﬂgg ;ﬁ?%Lg‘g Xl(l::r g‘r%fn%s%l% ér} Nanes
A0 - AllsuchmhﬁesectmpnsSlAOZ ADD4, RO 6AGhdEsEEE8 AOGn- th& lef@olhatrf

Addresses tA 18{1adrantAl£E orrat | aﬁﬁcecé](?.r g€ '1'?1%' eféft':3 AgthAi'light Bﬁg&vggl eo

quadrants LL, LR RL and RR of Banks ‘B0, Bl, B2 and B3 are
divided into like sections along these bit line divisions in
all of the arrays of memory cells. The iﬁdications of DQO,
DQ15, DQl, DQ14, DQ2, DQ13, DQ3 and DQ12 in array LL of Bank
B0 indicates only generally the relative posi;ions at which

those data bits are stored in the arrays on chip 300.

In Bank Bl, highlighted area 1010, extending the length
of Bank B0, represents all of the individual word lines that
are activated at one time in response to receipt of one
group of row address signals. Thus, one address activates
the same respective word lines in all of arrays 1017, 1018,
1020, 1022, 1024, 1026, 1028 and 1030 in Bank Bl. Likewise,

one row address will activate all the respective word lines
in Banks 0, 2 or 3.

Across the center of chip 300, area 1012 represents the
bond pads 334 for data bits DQO - DQ15. The area 1014
represents the bond pads 336 for data bits DQl6 - DQ31.
Area 1016 represénts the bond pads for the address signals,
_clock éignals- and control signals. @ Areas .1012, 1014 and
1016 provide an idealized representation of the bond pads
for the data, address, clock and control signals for
explanation purposes. The following Table 2 correlates the
bond pad numbers with the acronyms of the signals they carry
and the leads 104 to which they connect. There are more

bond pads than leads to aid manufacturing the device.



CAS_ Col um Address Strobe CKE Cl ock Enabl e CLK System Cl ock CS_
Chip Select DQQ - D@1 SDRAM Dat a | nput s/ Qut puts DQW - DQVB

Dat a/ Qut put Enabl e byte 0-3 NC No External Connect RAS_ Row Addr ess
St robe VDD Power Supply (3.3 V typ.) VDDQ Power Supply Qutput Drivers
(3.3 Vityp.) VREF HSTL/ SSTL Ref erence Vol tage VSS G ound VSSQ

Ground for Qutput Drivers W Wite Eh@ble 15 In Figure 10, chip 300
has the Banks BO, B1, B2 and B3 divided al ong their respective colum or
bit line divisions, such as secti on§ABDE22 1004, 1006 and 1008 on the left
hal f of quadrant LL in Bank BO. The left and right halves of quadrants LL,
LR RL and RR of 431}#;)5 B(»_%/) Bl, B2 and B3 are divided iinto |i ke sections

al ong these bit BiYisions in all of the arra?%aGf menory cells. The

i ndi cati ons of Dqﬂ_umb._e_r Acronym Number
Vsub VSS
2 vss VSS
3 vDbD VDD
4 VDDref vDbD
5 VSSref VSS 88
6 VDDreg VDD
7 Vss | vSs
8 D24 46
9 DQ23 43
10 VSSQ vSss
11 VDDQ vDbD
12 DQ25 48
13 DQ22 41
14 VSSsa VSS
15 VDDsa VDD
16 DQ26 49
17 DQ21 40
18 VDDQ VDD
19 VSSQ VSS
20 DQ27 51
21 DQ20 . 38
22 VSS - VSSs.
23 VDDp vDD
24 DQ28 52
25 DQl1s 37
26 VSSQ VSSs
27 VvDDQ VDD
28 DQ29 54
29 DQ18 35
30 DQ30 55
31 DQ17 34
32 VDDQ VDD
33 VSsSQ vVss
34 DQ31 S7 -
35 DQ1l6 32
36 VSSsa vss
VDDsa VSS

w
~J



DQL5, DQL, DQL4, D2, DQL3, DB and DQL2 in array LL of Bank BO indicates
only generally the relative positions at which those data bits are stored
in the arrays on chip 300. In Bank Bl, highlighted area 1010, extending the
| ength of Bank BO, represents all of the individual word Iines that are
activated at one tine in response to recei pt of one group of row address
signals. Thus, one address activates the sanme respective word lines in all
of arrays 1017, 1018, éOZO 1022, 1024, 1026, 1028 and 1030 in Bank B1.

Li kewi se, one row addrd8s will actP@MBe all the ré@Rctive word lines in
Banks 0, 2 or 3. Acros$9 he centerD@M2chi p 300, ar3da 1012 represents the
bond pads 334 for datad4bits DQO - €6Ba The arearsd14 represents the bond
pads 336 for data bit54l'1)Q16 - DQBlypphga 1016 repr nts the bond pads for
the address signals, gck si gnal ségng cont rol %a Areas 1012, 1014
and 1016 provi de an |d | ized repre&Sentation of t bond pads for the dat a,
address, clock and cont si gnal sAbBor expl anati or2$ur poses. The fol | owi ng
Tabl e 2 correl ates the4éond pad nuaflers with the axonyns of the signals
they carry and the | eads 104 to whingh they connectag There are nore bond
pads than |eads to aidganufacturi %St .he devi ce.

VSS

47 VDDin VDD
48 VSSp VSS
49 VDDp VDD
50 A8 62 —
51 A3 27
52 A9 63
53 VSSsa VSS
54 VDDsa VDD
55 A2 26
56 All 64
57 Al 25
58 BAO 67
59 a0 24
60 BAl 21
61 AlQO/AP 22

) 62 NC 72
63 VSSsa VSs
64 VDDsa VDD
65 Cs 20
66 VREF 71
67 RE 16 -
68 vdadp VDD
69 VSSp VSS
70 VSSin VSs
71 vDDin VDD
72 CKE 68
73 CE 20
74 CLK . 69
75 W 17
76 VSSsa VSsSs
77 VDDsa VDD
78 DQOM1 75

79 DQMO 14



16 TABLE 2 Bond Pad | Lead Nunmber

Acronym

Nunber 1 Vsub VSS 2 VSS VSS 3
VDD - s VDD 4 VDDx ef VDD 5 VSSr ef
VSS 88 6 VDDr eg VDD 7 VSS VSS 8
D4 46 9 D23 43 10 VSSQ
VSS 11 VDDQ VDD 12 D25 48 13
D22 41 14 VSSsa 18 VSS 15 VDDsa
VDD 16 DQR6 80 ABSgsa DiB$ 40 18
VDDQ VDD 1%1 V3&SPsa VEBD20 D27
51 21 D0 g3 3808 76 -

83 DQ7 13

84 VDDQ VDD

85 VSSQ VSS

86 DQ9 78

87 DQ6 11

88 DQ10 79

89 DQ5 10

90 VSSQ VSss

91 VDDQ ' VvDD

92 DQ11 81

93 DQ4 8

94 VSSp VsSs

95 VDDp VDD

96 DQ12. 82

97 : DQ3 7

98 VDDQ VDD

99 VSSQ vVss

100 DQ13 84

101 DQ2 5

102 VDD VDD

103 VSSsa vsS

104 DQ14 85

105 DQ1 4

106 VSSQ Vss

107 VDDQ VDD

108 DQ15 87

109 DQO 2

110 VSSreq VSS

111 VDDreq VDD

112 VDDref VDD

113 VSSref VSS

114 VDD 1 VDD

115 VSSs . 88

116 Vsub . VSS

An important aspect depicted in Figure 10 is the
storage of data bits from éach word of data in the same
relative location in each of Banks BO, Bl, B2 and B3. Thus
data bits DQO, DQ15, DQ1 and DQl4 are stored in the left



22
DQ28
VSS 27
DQL8
34 32
D@31
vss 37
39
VDDsa

VSS VSS 23 VDDp VDD 24
52 25 DQLY 37 26 VSSQ
; VDDQ VDD 28 DP9 54 29
35 30 DQBO 55 31 DQL7
VDDQ VDD 33 VSSQ VSS 34
57 35 DQL6 19 32 36 VSSsa’
VDDsa VSS 17 38

halﬁxg@gquadrant LL 3n gech of BankgSEd,y Bl,[g%BandVB$.411n
a like méﬁxéfuhata bits 6552, DQ25S, DQ23 di DQ24 are stored
in like sections in the right half of quadrant RR of Banks
BO, Bl, B2 and B3. Note that daté bit DQO is not stored only
in section 1002, that data bit DQ15 is not stored only in
section 1004, that data bit DQl is not stored only in
section 1006, and that data bit DQ14 is not stored only in

section 1008. The exact location for storage of these data
bits will be described presently.

The right half 1018 of quadrant LL contains data bits
DQ2, DQ3, DQ13 and DQl2. The left half 1020 of quadrant LR
contains or stores data bits DQ4, DQ1ll, DQ5 and DQ10. The
right half 1022 of quadrant LR stores data bits DQ6, DQ9,
DQ7 and DQ8. The left half 1024 of gquadrant RL stores data
bits DQ16, DQ31, DQ17 and DQ30. The right half 1026 of
quadrant RL stores data bits DQ18, DQ29, DQ19 and DQ28. The
left half 1028 of quadrant RR stores data bits DQ20, DQ27,
DQ21 and DQ26. The right half 1030 of quadrant RR stores
data bits DQ22, DQ25, DQ23 and DQ24.

In Figure 11, each of the quadranté LL, LR, RL and RR
in Banks BO, Bl, B2 and 53 provide eight data bit output
leads, DQx, where *x” is identified by the letters a, b, c,
d, e, £, g and h. These lettered data output leads connect
to respective bond pads for the numbered data bits. For
exanmple, in the LL quadrant, data lead a éonnects with bond
pad bit number 0, data lead b connects with the bond pad for
bit number 15, data lead ¢ connects with the bond pad for
bit number 1, data lead d connects with the bond pad for bit

- number 14, data lead e connects with the bond pad for data

bit number 2, data lead f connects with the bond pad for bit
number 13, data lead g connects with the bond pad for bit

VDD



43 A5 29 44 A7 61 45

Ad 28 46 VSSi n VSS 47 VDD n
VDD 48 . - VSSp VSS 49 VDDp VDD 50
A8 62 51 A3 27 52 A9

63 53 VSSsa VSS 54 VDDsa VDD 55
A2 26 56 All 20 64 57 Al

25 58 BAO 67 59 AO 24 60
BAl number 32an@]ldata lead AN Qoffpects with e dgond for datfnyg bit
72 63 VSSsa VSS 64 VDDsa VDD 65
cS number ig'ea VREF 71 67 RE

16

In a like manner, the lettered data leads for the other
quadrants connect with the bond pads for the rest of the
data bit numbers. Notice that this connection of lettered
data leads from the quadrants substantially aligns with the
bond pads for the respective bit numbers. This alignment
substantially reduces the length or distance that the data
leads must extend from the arrays of memory cells to the
bond pads. Thus the data signals received on any one bond
pad are stored in arrays generally extending across the
width of the chip 300 from that bond pad. The data signals
travel only minimally across the length of the chip.

In more formal terms, bond pads on the substrate extend
along the length of the chip 300 to carry data signals to
and from the device and the bond pads are carrying the data
signals in a certain order. The arrays of memory cells are
formed on the chip 300 and extend across the width of the
substrate in sections or groups of memory cells. Each group
of memory cells stores the data signals carried by one group
of bond pads and the groups of memory cells are arranged on
the substrate in a defined order that is substantially the

same as the order in which the bond pads carry the data
" signals.

In Figure 12, quadrant LL in Bank BO contains one
hundred twenty-eight memory cell arrays, such as array 1201,
arranged in a matrix of eight rows of arrays by sixteen
columns of arrays. A main word decoder MWD occurs along the
right side of the eight rows of arrays while sixteen Column

Decoders such as Column Decoder 1202 occur at the bottoms of



68
VSSi n
68 73

VDD 78
80

VDD 85

vddp VDD 69 VSSp VSS 70
VSS 71 VDD n VDD 72 CKE
CE 20 74 CLK 69 75
17 76 VSSsa VSS 77 VDDsa
| 75 79 DOVD 14
VSSsa VSS 81 5,y  VDDsa VDD 82
76 83 DQ7 13 84

the resg@®®ive columnsVsg 88rrays. Spog word decod\é[r)ggQW
such asl%d%aword decoE£¥01204 occur ggtween the columns of
arrays to generate word line decode signals in the direction
of arrow 1206. The bit lines ruﬁ across each of the arrays
in the direction of arrow 1208.

The columns of arrays, such as column 1210, are-
arranged in pairs, such as column pairs 1212, 1214, 1216,
1218, 1220, 1222, 1224 and 1226. The pairs 1212, 1214, 1216
and 1218 comprises the left half of quadrant LL while the
pairs 1220, 1222, 1224 and 1226 comprise the right half of
quadrant LL.  Each pair of columns store the data bits for
the four lettered data bits identified in Figure 11. The
pairs of columns 1212, 1214, 1216 and 1218 each store the

data signals for data bits a, b, ¢ and 4. Pairs of columns

1220, 1222, 1224 and 1226 each store the data signals for

data bits e, £, g and h.

For each pair of columns, such as column pair 1212,
four main I/0 lines, such as main I/0 lines 1230, 1232, 1234
and 1236 extend along the column of arrays and emerge below
the column decoder circuits. These main I/O lines connect
to main amplifiers 1240. For each column pair of arrays,
the main I/O lines connect to main amplifiers for the
respective lettered data bits. Thus, for cdlumn pair 1212,
main I/0 line 1230 connects to main amplifier MAO-a, main
I/0 line 1232 connects to main amplifier MAO-b, main I/O
line 1234 connects to main aﬁplifier MAQ-c, and main I/O
line 1236 connects to main amplifier MAO-d.

For column pair 1214, the first main I/O line connects
to main amplifier MAl-a, the second main I/0 line connects

to main amplifier MAl-b, the third main I/O line connects to

18



89 ' DB 10 90 VSSQ VSS 91

VDDQ VDD 92 DQL1 81 93 D4

8 94 - : VSSp VSS 95 VDDp VDD 96
DQL2. 82 97 DB 7 98 VDDQ

VDD 99 VSSQ VSS 100 DQL3 84 101
D2 5 102 VDD 22 VDD 103 VSSsa
VSS 104 DQL4 85 105 DQL 4 106
VSSQ main any8S flilr MAl-c, amdDEhe fourth maMiD I0B line conn®QLs
87 109 . e 110 .. VSSre VSS 111
VDDx eq to malrg%'ngléfler MAl.%\/DDré? a like m%wgfl?, the fouxS DRLH ¢
VSS I/0 lines extending from the column pair 1216 connect to

main amplifiers MA2-a through MA2-d and the four main I/0
lines extending from column pair 1218 connect to main
amplifiers MA3-a through MA3-d.

Like connections occur for the main I/O lines extending

from columns 1220 through 1226 to their respective main

amplifiers.

The outputs of the main amplifiers for column pairs
1212, 1214, 1216 and 1218 connect to a data sequencer 1242.
The outputs of the main amplifiers for column pairs 1220,
1222, 1224 and 1226 connect to data sequencer 1244. The
output of data sequencer 1242 comprises four data bit lines
DQa, DQb, DQc and DQd. The outputs of data sequencer 1244
comprise four data bit lines DQe, DQf, DQg and DQh.

Data sequencers 1242 and 1244 comprise parts of data
circuits 340 or 342, see Figure 3. The connecting lines
within data sequencers 1242 and 1244 functionally indicate a
selection of data signals from the main amplifiers to one of
the four respective data bit lines. This will be more fully

explained in a following drawing figure.

Figure 12 depicts main I/O lines extending along the
pairs of columns in quadrant LL of bank BO. The main I/O°
lines depicted in Figure 12 also extend along the pairs of
columns in quadrant LL of bank Bl to main amplifiers located
near data circuits 340, which are located near the bond pads
on chip 300. Additional and like main I/O lines extend

along all of the pairs of columns in all of the quadrants of



114 VDD ' 1 vDD 115 VSS 88 116
Vsub VSS An i nportant aspect depicted in Figure 10 is the
storage of data bits fromeach word of data in the sanme relative |ocation
in each of Banks BO, Bl, B2 and B3. Thus data bits DQD, DQL5, DQL and DQl4
are stored in the left 19 hal f of quadrant LL in each of Banks BO, B1,

B2 and B3. In a like manner data bits D22, D@5, DQR3 and DQR4 are stored
in like sections in the right half of 4¥adrant RR of Banks BO, Bl, B2 and

B3. Not e daliids d@d aahidt HXOt6Saddi tibmadd mady anpiéftiess.100Pn thdtikdat a
bit DQL5 is not stored.only in,section .1004, that _.data bit.DQL i.s not

st or ed omaﬁuﬁ‘F-'se?:‘i?cﬁbﬁl‘iﬁﬁ}é,maﬁa ‘t;[ﬁgt qd'é'{%f‘ b?’ft?ﬂf"gnﬁoﬁ:h?t &2 % in
section H¥@mnheoxaahotrpcatiapsf oh bhakags2ofandh@se data bits will be

described presently. The right half 1018 of quadrant LL contains data bits
D2, D@, DQL3 and DQL2. The left half 1020 of quadrant LR contains or

stores data bigs De4eaDQli2s®D aignRQl0. 12 Therdwiidedial & 108 i samr ant

LR stores dafa bits D08, DQ, DY and DB, The et Py 0241, quads ant
I/0 lines for each pair of columns. Thus the left-most main
I/0 lines in column pairs 1212, 1214, 1216 and 1218 carry
the data bit appearing on lead DQa through main amplifiers
MAO-a, MAl-a, MA2-a and MA3-a. The right-most main I/O
lines in column pairs 1212, 1214, 1216 and 1218 carry the
data bit appearing on lead DQd through main amplifiers MAO-
d, MAl-d, MA2-d and MA3-d. In a like manner, the two center

main I/0 lines carry the data bits appearing on respecti\fe
leads DQb and DQc.

The left-most main I/0 lines in column pairs 1220,
1222, 1224 and 1226 carry the data bit appearing on lead DQe
through their respective main amplifiers. The .right;-most
main I/O lines in column pairs 1220, 1222, 1224 and 1226
carry the data bit appearing on lead DQh through their
respective main amplifiers. In a like manner, the two

center main I/O lines carry the data bits appearing on
respective leads DQf and DQg.

This construction and arrangement provides a pre-fetch
column select access of four data bits for each data line
DQa - DQh at one time. Data sequencers 1242 and 1244
provide for the -ordered presentation of the data bits to
their outputs. Thus a four bit pre-fetch of data bits
occurs for each column address applied to chip -300 and

corresponding set of generated word line signals.



bits DQL6, D@1, DQL7 and DQBO. The right half 1026 .of guadrant RL stores
data bits DQL8, DQR9, DQL9 and DQR8. The left half 1028 of quadrant RR
stores data bits DQRO, DQR7, DQR1 and DQR6. The right half 1030 of

guadrant RR stores data bits D@2, D@5, D@3 and DQ@4. In Figure 11, each
of the quadrants LL, LR, RL and RR in Banks BO, Bl, B2 and B3 provide eight

data bit output |eads, DQXx, where "x" aldentified by the letters a, b, c,
d, e, f, g and h,. These | ettered data o] ut | eads connect to respective

bond pads for ¢he SYM0Rh ededabiarsi E8r a Eafireb%rfﬁ:b&umh@ t heidd- agiadrent
data | ead a_connects with bond pad bit nunber 0, data | ead b connects with

the bond 3R £3P2hi PHAMHSS ame EﬁFaVFeé'd'%?]cﬁﬁﬁteH%ew FRPERSSHGRE 30 for
bit nunbey_de1datailierd thsonnegtendibly tderbosdrpad forayi t oBUTRSHo

data | ead e connects with the bond pad for data bit nunber 2, data Iead f
connect s wthSt A8 Hawmt padiroribiqe r 15ens) AMRLHEFEESNASEUT i h t he

bond padé Q.pu fndega I F_,tnﬁ1 t bond for
data bit &’B ? a FTB g %nﬂ’e? e %Z‘%ag’ I?ad"tb]; or the other
quadrants connect W th the bond pads for the rest of t he
With this four bit pre-fetch scheme, memory device 100
can provide eight bits of data for each address in an eight

bit burst. An eight bit burst comprises two memory cycles.

Each memory cycle comprises a fetch of four bits of data for
each data I/0O bit and each memory cycle occurs in four clock
cycles. A burst of four bits operates in one memory cycle
of 4 clock cycles. A burst of two bits operates in one
memory cycle accessing four data bits but uses only two
clock cycles to output the data. A one bit output comprises
one memory cycle and one clock cycle.

In Figure 13, column pair 1212 comprises arrays of
memory cells 1210 and 1300 each containing memory cells
located at the intersections of word lines and bit lines.
Array 1210 contains bit lines, such as four bit lines 1302,
extending along side one another in an alternating
arrangement. Two bit lines extend from sense amp array 1304
and particularly sense amp 1305 and two bit lines extend up
from sense amp array 1306 and particularly sense amp 1307.
Each of sense amp arrays 1304 and 1306 and the other sense
amp arrays contain one hundred twenty-eight sense
amplifiers, such as sense amps 1305 and 1307, arranged im
shared alternating sertse amp configurations. Sense amp

arrays 1308 and 1310 connect to like bit lines extending
across array 1300.



data bit nunbers. Notice that this connection of |lettered data | eads from
the quadrants substantially aligns with the bond pads for the respective
bit nunbers. This alignnent substantially reduces the I ength or distance
that the data | eads nust extend fromthe arrays of nenory cells to the bond
pads. Thus the data signals received on any one bond pad are stored in
arrays generally extending across the width of the chip 300 fromthat bond
pad. The data signals travel only minidlly across the length of the chip

In more fornalid eLppa,0qRGoPAMS, L SHRst natreexi el akesddt ke dgngt h of
the chip 300 tIC)ﬁcar&ydg'Pa Si gna{%s] tl?)ﬁang fromthe device and the bond pads

are carryihry ahsaatin spgnaintenlieaved t aFRaDEEBENCThe AWPayRf okhgefty
cells aredoyPhool LREGH 400 Al RISHCy AFPaY 1024 WaAHN thle [dtther

substrate 1n se ons or groups of nmenory -ce ch group of nenory cells
stores thewdawarsi ghahescaxtian bfrone sulbugesiodssndapsay adid &-he ¢fwWups of

I d h b ' fi |
substant 14PT9RFRe SEARYES Pikorals TR T Rt BE R dean
si gnal s. _gnao&uglung aéy:lilqaadlealet:tLbiigﬁansnlorBO:mir&wb veowhel ingwlr edln a
twenty- menory_cel | .arrays, such as arr. , r n rix
o:‘Neei éh? | fb\tﬁg ’B?‘nﬁé?:ay§“ﬁ/ d&#{?&n a(?&laerﬁwg':‘&faé/a%rf%g)]}s;fé n%ﬁgc %Aoa}%t%%%oder

MAD occur seakefg signalghtorsi dabofwdhe diighds r entendimg ageroksl easrayeen
Col um
1210.

Column decoder circuits 1252 and 1320. each generate
sixty-five Y select signals in sixty-four Y select circuits
ysel0 - ysell27 and one redundant Y selec't circuit ryselO.
The Y select'signals occur on lines, such as Y select line
1254, that extend across arrays 1210 and 1300 respectively
and cont_:inue extending across the entire column of arrays of
memory cells. Column address signals A8 through AQ are used
to generate the active Y select signals ysell - ysell27.
Only one of the Y select signals produced from column

decoder circuits 1252 and 1320 is active at one time.

The column decoder circuits 1252 and 1320 receive
column factor signals, not shown, decoded from the column
address signals applied externally to chip 300. The Y
select circuits are paired and the column factor signals are
applied to the column select circuits to facilitate
operation of the memory device in two sequential memory
cycles. One received column address decodes into an initial
set of column factor signals. The column factor signals
select one of the paired Y select circuits in a first memory
cycle and select the othef paired Y select circuit by simply
inverting the column factor signals. This arrangement

facilitates reading data from the memory device in an eight



Decoders such as Col um Decoder 1202 occur at the bottons of 21 the
respective columms of arrays. Sub word decoders SWD such as Sub word
decoder 1204 occur between the colums of arrays to generate word line
decode signals in the direction of arrow 1206. The bit lines run across
each of the arrays in the direction of arrow 1208. The col ums of arrays,
such as colum 1210, are arranged in pairs, such as colum pairs 1212,

1214, 1216, 1218, 1220, 1222, 1224 and25226. The pairs 1212, 1214, 1216 and

1218 conpgj.se he, | hal f u nt r 2 1

1224 and FEQSGS%%?}%% g)&t e FY J;‘?('9hg%&ofb:lt’j]‘tl']"fétdrantdé{?g g!ché%%llgrqjcﬁ‘ tg‘gﬁurms
store theségp&nhMai1mmmdﬁyadymhedeﬂtered data bits identified in Figure
11. The pairs of columms 1212, 1214, 1216 and 1218 each store the data
signals for data bits a, b, ¢ and d. Pairs of colums 1220, 1222, 1224 and

1226 each st or &drhexuaipl & iy nad lunfroradihtes Hi ¢subd ﬂorgahhﬂ deche gath pair
i nes 12560115% BEHF Hipit ot ar tHengl Re ot (irari EFr apeingn |
ener ge b6|a0\/ﬂ:1ﬂ§t CREnMOEY A8FEteS CIr Gild Ssecdi@Skemdry tyElei the eolofat
factor signals become inverted and select Y select circuits
ysell. For burst lengths of 1, 2 or 4 bits of data, only
one memory cycle is needed to access the addressed data so

the second memory cycle does not occur.

Each Y select signal line extending from column decoder
1252 selects four data signals from array 1210. Each Y
select signal 1line extending from column decoder 1320
selects four data signals from array 1300. The selection
occurs through- circuits located in the sense amplifiers in
the sense amp arrays. The four data signals decoded from
the sense amps in sénse amp arrays 1304, 1306, 1308 and 1310
appear on Sub I/0 lines SIO(0), STIO(1l), STIO(2) and SIO(3).
The data signal that appears on the sub I/0 line SIO(0)
connects to mid-amplifier 1324. 1In a like manner the sub
I/0 line SIO(l) connects to mid-amplifier 1326. The sub I/0
line SIO(2) connects to mid-amplifier 1328 and sub I/O line
SIO(3) connects to mid-amplifier 1330. The sub I/O lines
pass over the sense amplifier arrays 1304,-1306, 1308 and

1310 generally in a direction parallel to the word lines
1312.

-~

Mid-amplifier 1324 connects the sub I/O line SIO(0) to
main I/O line MIO(0) 1230. Mid-amplifier 1326 connects the
sub I/0 line SIO(l) to main I/O line MIO(1l) 1232. Mid-
amplifier 1328 connects sub I/0 line SIO(2) to main I/O line
MIO(2) 1234. Mid-amplifier 1330 connects sub I/0O 1line



to main anplifiers 1240. For each colum pair of arrays, the main I/0O

| ines connect to main anplifiers for the respective lettered data bits.
Thus; foricolum pair 1212, main I/Oline 1230 connects to main anplifier
MAO-a, main I1/O line 1232 connects to main anplifier MAO-b, main I/O line
1234 connects to main anplifier MAO-c, and main I/O line 1236 connects to
main anplifier MAO-d. For colum pair J214, the first main /O line
connects to main anplifier MAl-a, the second main I/O line connects to main

anpl i fi o' 3)b ebealili rld/dmiﬂné/ Rrbi(B§ cerEECct SThOaddi?d ot rarecsmhézfl er
MAl-c, e fourth main 1/Oline connects to main anplifier MAL- In

a like rrmm@r 1/0t R k3 Fai AremOanohie Yo @ el nén‘ﬂ"Oﬁ?PPrétSél)urﬁP p%\til? 1916
t ot f |
gg?gﬁgl 0 Plf% oMbt B/Srlsj% &ngéo%o@h@“}d ﬂl@-iﬂ@lﬁf‘f’éf‘ 138! ines

col um ir connect to main anplifiers MA3-a t hr ough
MA3- d. Llrkede@mpémfllens 138durinf drunrecompects OLpi Fﬁésneﬂ/&dlw B @bl urms

1220 thro 1 t I ers.  The outputs of the
mai n arrpll ?gr§g$ Eﬁe Fu%rcnrt Sglﬁmf%;%ﬁ%% and 1218 connect to a

dat a sequencer 1242.

The two arrays 1210 and 1300 of memory cells comprise
the bottom two arrays in the pair of columns of memory cell
arrays 1212 depicted in Figure 12. Eight .arrays exist in
each column. Array 1340 exists above array 1210 and bit
lines 1342 extend in that array. Array 1344 occurs - above
array 1300. Separate sub I/0O lines occur over the sense
amplifier arrays between the memory cell arrays in each
column. The four main I/O lines extend the length of the
pair of columns in bank B0 and extend the length of a
respective pair of columns in bank Bl to .couple to all the
sub I/O lines in those two column pairs in those two banks.
This arrangement provides short sub I/0 lines and main I/O

lines to reduce the parasitic capacitances occurring in
those lines.

The arrangement of column pair 1212 is the same as all
of the other column pairs on chip 300, so a description of
one is a description of all. The main I/0 lines carry the
.data signals for the lettered data bits a, b, c and d
described in Figure 12. The main I/0 line MIO(0) 1230+
carries data signals for the data bit a. Main I/O 1line
MIO(1) 1232 carries data signals for the data bit b. Main
I/0 line MIO(2) 1234 carries data signals for the data bit

c; and main I/0O line MIO(3) 1236 carries data signals for



The outputs of the main anplifiers for colunn-pairs 1220, 1222, 1224 and
1226 connect to data sequencer 1244. The out put of data sequencer 1242

conprises, four data bit lines DQa, DQb, DQ and DQ. The outputs of data
sequencer 1244 conprise four data bit lines DQe, DO, DQg and DGh. Data
sequencers 1242 and 1244 conprise parts of data circuits 340 or 342, see
Fi gure 3. The connecting lines within data sequencers 1242 and 1244
functionally indicate a selection of daB8 signals fromthe main anplifiers

to one of.the faqur_ .respective bit lines. [ | I

expl ai net&th%gtfaolleotwér\)'g dl?%“-’l\?' g%l{%'gﬁf ei.o' F:Egt?rn-g]ig eggdp% c%{e %ﬁr%‘?oi% nes
ext endi nghal aod urne padirss off aadayssin ramuadierned hamfebank BO. The main
/O lines depicted in Figure 12 al so extend along the pairs of colums in
guadrant LL of bank Bl to main anplifiers 1ocated near data circuits 340,
whi ch are | ocainedrbgaret hd ,bogenpadampl idiigr 360rcuifddiadonebmppdskiske

main 1/O lines _extend along all of _the pairs of colums in all, of _{he
quadr ant &7 ©f 2§ﬁ8an§§n%g AP EEIF o FHETHHET HIGH afB i FREPs. 3E)Ol'n a
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emoery augyf iEogagﬁiJgiégukgﬁbit line bar down BLBD 1408. In a
like manner, memory cell 1410 connects to bit line up BLU
1412, and memory cell 1414 connects to bit line bar up BLBU
1416. A signal SHRD on line 1418 coupleé the bit line down
BLD 1404 and bit line bar down BLBD 1408 to their respective
sub bit 1lines 1420 and 1422 through a pair of pass
transistors 1424. In a like manner a signal SHRU on lead
1426 couples the bit line up BLU 1412 and the bit line bar
up BLBU 1416 to the sub bit lines 1420 and 1422 through a
pair of pass transistors 1428.

An equalize circuit 1430 connects across the sub bit
line SBL 1420 and sub bit line bar SBLB 1422 in conjunction
with signals VBLR on lead 1432 and signal SBLEQ on lead 1434
to equalize the voltage on the two sub bit 1lines at a
desired time. A sense amplifier formed of cross coupled P
transistors 1436, 1438 and N-channel transistors 1440 and
1442 connect to the sub bit line SBL 1420 and the sub bit
line bar SBLB 1422. The two P-channel transistors 1436 and
1438 also connect to a signal SDP on lead 1444 and VDDA on
lead 1446. The two N-channei transistors 1440 and 1442
connect to a signal SDN on lead 1448. . "~

The sub bit line SBL 1420 connects to the sub I/0 line
1450 through transistor 1452 and the sub bit.line bar SBLB
1422 connects to the sub I/O line bar SIOB 1454 through
transistor 1456. The column Y select signal CYS on lead



At area 1250, Figure 12 provides a functional indication of the

| ettered data bit carried by the four main I/Olines for each pair of
colums. Thus the left-nbost main I/Olines in colum pairs 1212, 1214, 1216
and 1218 carry the data bit appearing on | ead DQa through nmain anplifiers
MAO-a, MAl-a, MA2-a and MA3-a. The right-nost main I/Olines in colum
pairs 1212, 1214, 1216 and 1218 carry the data bit appearing on | ead DQ

t hrough nain anplifiers MAO- d, MA1l- dnghZ d and MA3-d. In a |ike manner,
the two | lin S ari,n n S tive
| cads. DB i3] BaEon. Ths {Sifdon, 5 e BLEPLERBETLLNEne BT RT0! 552
1224 and 1in2s carry the data bit appearlng on | ead DQe through their

respective main anplifiers. The right-nost main /O lines in colum pairs
1220, 1222, 1224 and 1226 carry the data bit appearing on | ead Dh through
their respectine Fhgarendls fieid. ampllified | kB00BwoEmectsheot weonpliesr main
/O lines carr ata bit on respect eads an

Thi s conmcﬁ%nggﬁdqéﬂea?n té)'ﬂf?o#?gés tg r\‘e#)lcﬁ Jcb’l”ﬁﬁn?%ﬁeéfl
of four daom bita foibeadlt dhive | bgaPBe- SXFnh#ll SBREQ h le&dtas0e6
sequencers 1242 and 1244, provide for_the ordered_presentatiQn of the data

bits tc)tQRﬂquﬁﬁpﬁﬁsequa*ﬂg§ ﬁlFSH%tb?§°BrE°féﬂgﬁl&Fed FrEagse ®% foor
each col wRk aglgs eBro aPphegd1190Chha 38842ndIn 1/0 equalize bar signal

IOEQB on lead 1510 controls an I/0 equalize circuit 1512
connected between the sub I/O lines 1450 and 1454.

ccess

An I/0 read enable signal IORE on lead 1514 controls
pairs of transistors 1516 and 1518. The pairs of
transistors 1516 and 1518 couple the logical level on sub
I/0 lines SIO 1450 and 1454 to the main I/O lines 1502 and
1504 through leads 1520 and 1522. The signal I/O write
enable IOWE on lead 1524 controls a pair of pass transistors
1526 and 1528 in driving the sub I/O lines 1450 and 1454
directly from the main I/0 lines 1502 and 1504 during a

"writing of data into the memory cells. The reading of data

from the memory cells to the main I/O lines occurs through
the transistor pairs 1516 and 1518.

In Figure 16, main amplifier 1600 electrically couples
the main I/O lines 1502 and 1504 to a global I/O line 1602.
When reading data from a memory cell, the data path occurs
generally through four data inverter pass circuits 1604,
pass transistors 1606, main sense amplifier 1608 and data”
output circuits 1610 to the global I/O line 1602. When
writing data from the global I/0O line 1602 to the main I/O
lines 1502 and 1504 the data path occurs generally through

write circuits 1612 to the data inverter pass circuits 1604.



correspondi ng set of generated word |ine signals. 24 The col um decoders
for a pair of colums, such as 1202 and 1252, produce one active Y-select
i ne, represented by Y-select |ine 1254, extending across the arrays of
menory cells in that pair of colums. Sense anplifiers occur in sense anp
areas 1256 between the arrays of nmenory cells. Wth this four bit pre-fetch
schene, nenory device 100 can provide ioght bits of data for each address
in an eight bit burst. An eight bit burst conprises two nenory cycl es. Each
menory cycle c rd of. ; [ f i | Qnbi t
and each rrermryggyﬂc e ocC u%f??\ %%%?H%Fgctﬂ'%g%cI@a&ﬁr%&g?gﬁgébi@& :
oper at es itheomairenb(Q tyoee MLO4avbodWQAB/cl¥l2 and buP4t respeadively .
operates i, y: Ly ‘ ssl nQs £Qu a bj byt ..u 0 t
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of nmenory cell
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such as fag_TD{INVREsod3D&adex620di N"Pheapailg ofi gessoneansictoes 1606 an

al ternati rg”onnecting’ the main I/0 lines 1502 and 1504 to intermal bit
lines 1622 and 1624 are controlled through the I/0 main amp
read enable signal IO_MARE on lead 1618. The main sense
amplifier circuits 1608 are controlled through the signal
I/0 main amp enable IO_MAE on lead 1626. The main sense
amplifiers 1608 connect to the internal bit lines 1622 and

1624 to sense and latch their respective voltages.’

The output circuits 1610 are controlled by the signal
I/0 main amp output enable IO_MAOE on lead 1628. An
equalization circuit 1630 between the internal bit lines
1622 and 1624 is controlled by an I/O main amplifier
equalize signal IO_MAEQ on lead 1632. The write circuits
1612 are controlled generally through the signal I/0 main
amplifier write enable IO_MAWE on lead 1634. The write

circuits 1612 are also controlled by a signal IC_DIM on lead
1636.

In Figure 17, the depicted c¢ircuits provide for
transfer of one data between the DQx bond pad 1700 and the
main amplifiers 1240 in sequences or bursts of 1, 2, 4 or 8
bits of data. One DQx, where x is a number from 0 through
31, bond pad exists on éhip 300 for each data bit. The data
passes between main I/0 amps 1240 and DQx bond pad 1700
through data circuits 1701 comprising data sequencer 1702,
parallel data in register 1704 and serial data register

1706. Data circuits 1701 comprise the data circuits 340 and



arrangenment. Two bit lines extend fromsense anp array 1304 and
particularly sense anp 1305 and two bit |ines extend up from sense anp

array 1306 and particularly sense anp 1307. Each of sense anp arrays 1304
and 1306 and the other sense anp arrays contain one hundr ed

twent y- ei ght sense anplifiers, such as sense anps 1305 and 1307, arranged

in shared alternating sense anp cogaigurations. Sense anp arrays 1308
and 1310 connect to like bit Iines ext&nding across array 1300. 25 In

13 f d Li 1312 d ' :
i or cavil? SHasEedie FiRERs 3T FRERL G R s Beae

decoder arhay ak3alanénbdintdmrs t wd wohel |furest donahd fepsre st alsicouter
array 13%?

. .Sub decoder arrays 4 _and 6 .al sub decoders
pr oduci ng %%Jf?t\:/%gst?eﬁ?qgfaﬁﬁgl% 8%%8“&&% 8%0{%1&%&%2%%. li ke manner,
sub decoder arrays 1316 and 1318 produce active select signals on sub word

| i nes extendi ng acro arr 1210. Col.um decoder circuits 12 and 1320
each generate g}i‘xlr)?-a?ﬁ\]i’@ ﬁ%‘é‘?e £o0 Jrhf saFRa¥FxQF fBEPORY s & ci % t s

yselO - yseta2deqiénere 19d2ndad sériglledatd udistessal 6 contribute
to operation of chip 300. In writing data to the arrays of
memory cells, the serial data register 1706, the parallel
data in register 1704 and the data séquencer 1702 contribute
to operatibn of the chip 300. Main amps MAO, MAl, MA2 and

MA3 are the same main amps for one lettered data bit
depicted in Figure 12.

In reading data from the memory cells, the main
amplifiers 1240 MAO, MAl, MA2 and MA3 produce data signals
on data path global I/0 lines GIO(0) - GIO(3), 1710 - 1718,
respectively. Each global I/O line connects to one side of
a pair of pass transistors, such as respectively bass
transistors 1717, 1718, 1719 and 1720. The pairs of pass
transistors-17l7 - 1720 are grouped in a set 1721 and there
are four sets of pass transistors 1721, 1722, 1723 and 1724.

The other side of the pairs of pass transistors couple the
data signals to the serial data register 1706.

‘The sets of pairs of pass transistors 1721, 1722, 1723
and 1724 are controlled by I/0O control data sequencer
signals IC_DSQCR(0)-(5) on leads 1725. By opening selected
pairs of pass transistprs, the I/O control data sequencer
signals on leads 1725 determine the parallel order in which
data signals pass from the global I/O lines to the serial
data register. This arranges the data signals from the main
I/0 amplifiers to be in the required order in serial or

interleaved mode. The I/0 control data sequencer signals



The Y select signals occur on lines, such as Y select |ine 1254, that
extend across arrays 1210 and 1300 respectively and conti nue extendi ng
across the entire colum of arrays of nenory cells. Columm address signals
A8 through AO are used to generate the active Y select signals yselO -
ysell27. Only one of the Y select signals produced from colum decoder
circuits 1252 and 1320 is active at one tinme. The colum decoder circuits
1252 and 1320 receive colum factor3gignals, not shown, decoded fromthe
col um adgiresgefiegagked apphnedhext pardl bif ttheclilip 30D in Hespbrssd aod

circuits are paired and the colum factor signals.are_applied to the,colum
sel ect ci‘F‘B‘g?t §°t"§rf° i??aata@%&ﬁélsat?%tf)‘?f t %é'g ryt%leglecéjii%c‘f%ed'
sequent i atolEiA" Yddyelses sigia Ll VaLd CR ugReaddieds T ol gnaditcd el et
initial set of _col.um factor, signals. The caol.um factor sjgnals sel ect
one of t h%lgaﬁﬂ-ﬁdf‘?rséﬁé@ﬁ’té-inrgc%ih@s datay fmom (the AR SRR Zel ect the
other paired Y select circuit by sinply inverting the colum factor

si gnal s. This arrangement facilitates reading data fromthe nmenor

device in an eThRt Pas9e HanyiFtarsyy s¥EeBssRfigBaRF bresastest al7h’ each

of two segyef!i abmpRI¥eY @ff! @fchannel transistor and a P-channel

transistor connected in parallel. A control signal to the
pair of parallel connected transistors is depicted in' Figure
17 with a lead line drawn only to the gate of the N-channel
transistor. An inverted control signal also connects to the
gate of the P-channel transistor but is not depicted to
simplify the drawing figure for explanation.

After passing through the sets of pass transistors
1721, 1722, 1723 and 1724 the data signals travel on leads
1726, 1728, 1730 and 1732 respectively to pairs of pass
transistors such as pass transistors 1734. Pairs of pass
transistors 1734 are «controlled by an I/O control

asynchronous ganged read signal IC_AGRD.

In serial data register 1706, four data latches 1736,
1738, 1740 and 1742 respectively receive the outputs from
the ' pairs of pass transistors such- as the pair of pass
transistors 1734 and latch the received data.signals. Latch
1736 comprises a pair of inverters 1744 and 1746 connected
in series with a delayed pair of pass transistors 1748
providing connection from the outbut of inverter 1746 back™
to the input of inverter 1744.

Latch 1738 is similar to latch 1736 but additionally
comprises a pair of pass transistors 1750 between the output

of inverter 1752 and the input of inverter 1754. Latches



For exanple a colum address. could normally decode into colum factor
signals that select Y select circuits ysel0 in a first nenory cycle. In the
second nmemhory cycle the colum factor signals becone inverted and select Y
select circuits ysell. For burst lengths of 1, 2 or 4 bits of data, only
one nenory cycle is needed to access the addressed data so the second
menory cycle does not occur. Each Y self t signal line extending from

col utm decoder 1252 sel ects four data s'znals fromarray 1210. Each Y

sel ect signab |iRe extendigie fnemecolagnderpsiel 13athesebadrs bdurpdasa

signals fromarray 1300, The sel ectign aoccurs thraqugh- ckr uits | ocated
in the seh¥8ngAstrrSer 3758 3% s€REE TR r BYs. @ sPIé‘af]ou /82t GOBFHREl s

decoded fggmeihe1geiSacame .y brsas® aiser rays 1304, 1306, 1308 and 1310
appear on Sub I1/Olines’SIQ0), SIQ1), SIQ2) and SIQ3). The data signa
that appears on the sub /O line SIQ(0): connects to md-anplifier 1324.

In a |like manngr S i : t Bied-r | bhEStt 1326.
The sub I/O i %e E;Sél.h('car)( 2§?c§%’nggcteﬁn§l%tﬁrasﬁp | ?e?o%%% and sub Illg%) l'ine
SI (3) codmdcts 1942i d-anphef imput330f latehsdy40-0 | iepaplsLhveasshe

sense anpl i fjer. S 4, 06,,. 1¢ qnﬂ S0 gene Yihdo2 @br @§ld ONn
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line SI Q Gnput nef nlat€hl iT88M Q) PR8S. tihdsdstlors ci73B2¢onnaatcttyie he
output of latch 1738 to the input of latch 1736. These pass
transistors 1757, 1758 and 1759 are controlled by a signal

I/0 control shift clock bar IC_SCLKB on lead 1760.

A signal mode decode burst length MD_BL(l) connected to
pass transistor pair 1762 controls propagation of the signal
I/0 control shift clock bar IC_SCLKB to the pass transistor_s
1757, 1758 between latches 1742, 1740 and 1738. Inverter
1764 and pull up transistor 1766 maintain lead 1768 in a
high state to prevent shifting of data between latches 1742

and 1740 and between latches 1740 and 1738 if MD_BL(1l) is
high.

The serial clock signals on leads 1756, 1760 and 1768
provide for clocking of data bits through the data latches
to the output data buffer 1770 and then to'bond pad 1700.

An output buffer enable signal IC_QENBL enables the output
data buffer 1770. '

During a read operation the data signals from the main
amplifiers and data path global I/O lines are arranged in a
desired sequence through operation of data sequencer 1702
and latched in serial data register 1706. In serial data

register 1706, the data signals are clocked in response to



sub 1/Oline SIQ1) tominI/Oline MQ(1) 1232. Md- anplifier 1328
connects sub I/Oline SIQ2) tomain |I/Oline MQ(2) 1234. M d-anmplifier
1330- connects sub 1/0O Iline 27 SIQ3) tominI/Oline MQ(3) 1236.
In addition, another sub 1/O line 1332 from another array (not depicted) to
the right of array 1300 connects to another md-anplifier 1334.
Md-anmplifier 1334 in turn connects t$ main 1/Oline MQ(0) 1336 for the
next colum pair of arrays. The two ?ays 1210 and 1300 of nenory cells

conpri se 0 t | he, of, UpREsaf @yﬁgytgmdhéurays
1212 deplé;]th&::cfp g& %&\rgg %fgd%l %thtearrlg ﬁtémds?ft(% n each columm. Array 1340
exi sts aﬂmmmdewa@yllQQO and bit lines 1342 extend in that array. Array

1344 occurs above array 1300. Separate sub 1/O lines occur over the sense
anplifier arrays between the nenory cell arrays in each colum. The four
main 1/ 0O | i nesDexiegdat heriEegbbem‘iat:liJw paar dattacosignel i appeakiBQ aonl

cxt e gphandblaolyioh SRaELLe Wboydh O™ 0, Bk orpeinte Lo

arrangenegdnpunetilen shdth sthe | /1_Qd i mtﬂ:mxl mdiatal / fnl | emable rsi:l;m&lt he

paraSItlCIEaBE§ELanCthOC%kﬁ&£P éP‘the data buffer 1722 appears on
lead 1774 and connects to three sets of pass transistors
1776, 1778 and 1780. Each of these pairs of pass
transistors receive control signals indicating the desired
burst 1length and the control signals are identified as
IC_WRBL(0), IC_WRBL(1l) and IC_WRBL(2) respectively for burst
lengths of one bit, two bits and four bits or eight bits.

Thus if one bit of data is to be written to the memory
cell arrays from lead 1774 for burst length of one, only
pass transistors 1776 are enabled and that bit passes into
latch 1736. If two bits of data are to be written, the
first bit passes through pass transistors 1778 into latch
1738 and on the next timed clock signal the first data bit
passes into latch 1736; the second data bit pasées through

pass transistors 1778 into latch 1738, after it is presented
on bond pad 1700.

If four bits of data are to be latched in series, they
pass through pass transistor 1780 into latches 1742, 1740,

1738 and 1736 in timed conjunction with received clock
signals. =

After the data has been latched into the serial data
register latches, it passes into respective latches in
parallel data in register 1704. Thus the data stored in
latch 1736 passes through pass transistors 1782 into latch



those lines. The arrangenent of colum pair 1212 is the sanme as all of the .
ot her colum pairs on chip 300, so a description of one is a description of
all._. The.main I/Olines carry the data signals for the lettered data bits
a, b, c and d described in Figure 12. The main 1/Oline MQ(0) 1230
carries data signals for the data bit a. Main 1/Oline MQ(1) 1232
carries data signals for the data bit BS Min I/Oline MQ(2) 1234 carries
data signals for the data bit c¢c; and main I/Oline MQ(3) 1236 carries data

signal s forg4. 28 thigrdal a /D tcshtddl aphiraslel Hata dnd rédiutemrratsdlor ed
in the coltjrm ﬁairi of arrays in an ordered mannei ﬁ%n Fig re %4 sense
anpl i fi er Er+BHIRL1 408PR $ s B@SSne LERNERS tOETs e L ARPL i i dPeci ARkt s*Rised
on chip 308ccieTmB Gddsd«t02heeNPRCIIKeO piids | tRand9¥AoBED ikARA. 1AkaRT Y
cell 1406 connects to bit |line bar down BLBD 1408. In a like nmanner,

menory celf82410 TRAnSAtR totored| ine iptar Ul PasteieforPuedl | 1ike

connects ashi teddrtei PEGr4P1BEBU Tty A78i89nahnSHRRONdA t&1E sEHIRB L ORI es
the bit [ine down BLD 1404 and bit [ine bar down BLBD 1408 to their

respecti véasgh Bit42 iprssez2bhyaughsdikenrpagh srpasisgprgasqto latch
1790.

Each of the latches 1784, 1786, 1788 and 17%0 comprise
a pair of circular connected inverters with a pair of pass
transistors, such as 1792, connecting the output of one
inverter to the input of the other inverter. These pass
transistors effectively enable each parallel data in
register latch. Each parallel data in register latch also
comprises a data driver circuit comprising an inverter and
P-channel and N-channel transistors in totem pole
configuration. A signal I/O control ganged write controls
the P-channel and N-channel transistors. The output of
latch 1784 connects to data lead 1726. The output of data
latch 1786 connects to data lead 1728. The output of data
latch 1788 connects to data lead 1730, and the output of
data latch 1790 connects to data lead 1732.

From these data leads, the data signals pass through
the pairs of pass transistors in data se,ciuencer 1702 to
arrange the data in any required sequence and then the data
signa_ls pass across the global I/0 lines into the main

amplifiers MAO-MA3 for transmission into the arrays of
memory cells.

Thus during a write operation, the data bits pass from
the bond pads 1700 into selected latches in serial data

register 1706. From there the data pass into respective



transistors 1424. In a |like manner a signal SHRU on | ead 1426 couples the
bit line up BLU 1412 and the bit line bar up BLBU 1416 to the sub bit |ines
1420.and 1422 through a pair of pass transistors 1428. An equalize circuit
1430 connects across the sub bit [ine SBL 1420 and sub bit |ine bar SBLB
1422 in conjunction wth signals VBLR on | ead 1432 and signal SBLEQ on | ead
1434 to equalize the voltage on the two3sub bit lines at a desired tine. A
sense anplifier fornmed of cross coupled P transistors 1436, 1438 and

N- channel 14t2Rekstior spdA401end dk44? aonpegistert Ng0oayb st planedSHn 1420

and the sub_bit I.ine bar SBLB 1422. The .t P- channel transipstors 1436 and
1438 alsosﬁéﬁﬁééﬁté?%?sFGﬁHFn§9P§h¥qqgﬂygaﬁﬁ §ﬁ@“ﬂﬁﬁ§§wﬁ?§gd 615 The

two N chapaelrieBany stips Saritégg Fd b€ WWELE  tRraughgndle SIMN®NIVOAd
1448. The sub bi;t line SBL 1420 connects to the sub 1/O line 1450 through

transi st oPP4351g%§ 1i¥é0sub bit |ine bar SBLB 1422 connects to the sub I/0
line bar SI OB 1454 through transistor 1456. The columm Y sel ect signal

CYS on | ead 29 1458 controls the connection of the bit lines to the sub
/0O |ines. There is one set of data circuits 1701 for each bond

pad 1700 of bond pads 334 and 336 of Figure 3. There are
two sets of main amplifiers 1240 for each set of data
circuits 1701. One set of main amplifiers transmits data
signals between the data circuits and the memory arrayé in
banks B0 and Bl. The other set of main amplifiers transmits
data signals between the data circuits and the memory arrays
in banks B2 and B3. One set of global data lines connects
the two sets of main amplifiers to the one set of data
circuits. The outputs of the main amplifiers present a high

impedance to the global data lines when unselected.

In Figure 18, memory device 100 contains a mode
register 1800 that should be programmed by the user before
using the memory device. The mode register 1800 contains
individual data bits indicating a read latency, a burst
type, a burst length and write latency. The mode register
is loaded with a mode register set command executed by
holding RAS_, CAS_ and W_ low with the input mode word being
valid on address leads A0-A8 on the rising édge of a clock
signal. The mode register set MRS command can be executed
only when all banks are deactivated and in their idle state.

A logic zero should always be entered on address lead

. A7 and A8, while address leads A10 - All, BAO, BAl are don't
care entries for the mode register. Chart 1802 indicates
the allowed logical states for mode register bits A0-A2 in
determining a burst length of 1, 2, 4 or 8 bits. Chart 1804



In Figure 15, md anplifier 1500 connects or couples the sub I/O lines 1450
and 1454 to main I/O lines 1502 and 1504. A sub bit |ine equalize signal
SBLEQ on | ead 1506 controls an equalize circuit 1508 to equalize the
voltage on the sub I/O lines 1450 and 1454. In |/ O equalize bar signal

| CEQB on | ead 1510 controls an I/O equalize circuit 1512 connected between
the sub I/O lines 1450 and 1454. An 149 read enable signal | ORE on |ead
1514 controls pairs transistors L1516 . .an 1518, Irs
of transi'st Csap tgﬁ& ﬁl@%%uﬁ?glﬁﬁsrl g’b‘itt:a 3) 8Fel 2P su%df';%gﬁsn%s Sie)
1450 and sktbdal 0 bliesai eyigeD |WwiiEbe 1582 adwdiitz14 tdsru@uglnn&eadSe%Z&mnd
1522. The signal 1/Owite enable | onIe 1524 cqontrol.s a pa

pass trandt&HHea¥e 2 PURSE 159%°¢ n dr | t H bﬁ‘?%qarotrf‘ess ff’s"o ﬁ}?éfel454
directly fepmztde Hﬂta W4OA6' r&ﬂce&&%ﬁ@d alSQéadumaa@nawwﬁe*sp&tCﬁveiqx a

into the nenory cel he readjng of data fromthe nenory cells to the

main |/ O%Fnés é’ocu?r saflﬁr dugh Ehartr aB8Bstimdisatas 18he é‘ﬁéelf}'f@lﬁtr?q:l gure
16, mai n ¥opl 'ﬁ!?erdééggmgh.e; (%1“ a2l Lyieauphasehs MM ldd2d i e 12§ and

1504 to a global 1/O1line 16 When reading dafa froma _nenory cell, the

data pat hr@s,@aﬁglgghm al ITpe masly reaiatert bs | abaprged prdy dify @uu‘faslﬂadam

pass tra e | d:gé(& &yt oW P |ts

1610 to Péﬁm%ﬁg/ 65 r&?ge%%gg %rfs\ﬁlhfe \;%vrdl ting ta from 5{1 oba /0O

l'i ne 1602prevu.busrralcontle@1ts of the mode register will rema:.n
unchanged.

All data for the memory device 100 is written or read
in a burst fashion. A single starting addresses is entered
into the device and then the memory device 100 internally
addresses a sequence of locations based on that starting
address. Some of the subsequent accesses after the first
may be a preceding as well as succeeding column addresses
depending upon the starting address entered. This sequence
can be programmed to follow either a serial burst or an
interleave burst pattern. The length of the burst sequence
can be user programme_d_ to be either 1, 2, 4 or 8 bit
accesses. After a read burst is completed, as determined by
the programmed burst length, the data outputs are in a high

impedance state until the next read access is initiated.

Concerning 1aten¢y, the beginning data output cycle of
a read burst can be programmed to occur 1, 2, 3 or 4 clock
cycles after the read command. This feature allows the user.
to adjust the memory device 100 to operate in accordance
with the systems capability for frequency and latency to
latch the data output from the memory device. The delay
between the read command and the beginning of the output

burst is known as read 1atl(ency, also known as CAS_ latency.



i nes 1502 and 1504 the data path occurs generally through wite circuits
1612 to the data inverter pass circuits 1604. 30 Vol tage equali ze
circurts 1614 equalize the voltage on the main 1/Olines MO and M OB 1502
and 1504 respectively. This occurs in conjunction with the I/O main anp
read enable signal IO MARE on |ead 1618. The data inverter pass
circuits 1604 are controlled generally 4 the signal I C_TDI NVRT on |ead

1620. The pair of pass transistors 1606 connecting the main I /O lines 1502
and 1504 AStiem &healimgitial msrpE cyeke 1529 gpEmeBredol o BRFBUENTSRe 1/ 0

mai n anp read, L Wl R0, | €8any THEePBEHifgN88DS .
anplifier °Ci rﬁ%? EltggéS ar ec%:ont r rg%t‘ﬁ?gﬁéﬁ tﬁgys?gngﬁl / JO ﬁa?npasrrp
enable 1O MAE on | ead 1626. The main sense anplifiers 1608 connect .to the
internal bit lines a 16 e . | e L eS t

vol t ages. The ou pﬁ%géfz'(rac[}%t's %%i%eaﬁg%?on%?%#%%g%ytt?%e %ch?\kgf‘gl F é%r%-‘l n
anp out pstequamaits in GdtOHenindkagnd I628ary ndnatedqoal foat serieailr @md
1630 bet ween

t i rnal . bit lipes 1622 and 1624 is contraolled b |/ 0O
mai n anpl i eerrr%aq%a%c?zem osc?eg'nal I flVAI?SqBJﬁnlceead JﬁBQSepen[ﬁ?@Q-Wr ire r%/i %‘ ts
1612 are dardtexidkdrakweraf | yolimmugddtéessagnal 1/ O nmain

In Figure 20, chart 2000 indicates the four-bit burst
sequences as they occur in response to internal column
addresses Al and A0 in decimal and binary notation for
serial and interleave mode. Thus, in serial mode, with a
binary start address of 11, the second binary address to be
accessed is 00, the third binary address to be accessed is
Olland the fourth binary address to be accessed is 10. 1In
interleaved mode, if the first binary address to be accessed
is 11, the second binary address to be accessed is 10, the
third binéry address to.be accessed is 01 and the fourth
binary address to be accessed is 00. Note that the serial
and interleaved modes differ in the order of data bits that

are accessed from the second, third and fourth positionms.

In Figure 21, chart 2100 indicates the eight-bit burst
sequences for internal column addresses A0, Al and A2 in
both binary and decimal for serial and interleaved modes.
For example, with a binary start address of 111 in a serial
mode, the next binary address will be 000 and then
incrementing one binary digit at a time through the eighth
bit sequence. This contrasts with the interleaved mode
starting with address 111 which counts down in a binary
sequence through the eighth bit burst.



anplifier wite enable 1O MAVE on | ead 1634. The wite circuits 1612 are
al so controlled by a signal 1C DIMon |lead 1636. In Figure 17, the depicted
circuits provide for transfer of one data between the DX bond pad 1700 and
the main anplifiers 1240 in sequences or bursts of 1, 2, 4 or 8 bits of
data. One DQX, where x is a nunber fromO through 31, bond pad exists on
chip 300 for each data bit. The data pagges between nmain |I/O anps 1240 and

DQx bond pad 1700 through data circuits 1701 conpr, sing data s%auencer
1702, paral | elTh@at EWPnabiEgi sfewr1bdly And seight-Rit% Pg§?§t eFeEREBCeBat a

CircuitsabfteePinseibligedatd Cisguiahd 3P ard indlst3A? deandhked.in
Figure 3. These data circuits 1701 provi de the actual enbodi nents of the

f unct i ongher epreyémuslvonsiegesiibesd rarssdEsncets PeAOTNdIEYAF 0! LP0gur e
12. In 1 eoeing e 0] hé'c@c%cg%ﬁ% %q L Yih8hseryt Qﬁaﬁah?dsﬁ'vﬂ‘tﬁn er

1702 and seri al ta register 1 ontribute to operation of chip 300. In
witing dsng-thoit mrefietgh afchitestuxel |s, the serial data register 1706,
the parallel data in register 1704 and the data sequencer 1702 contribute
to operation of the chip 300. Main anmps MAO, MAl, MA2 and

In Figure 22, the timing of signals applied to and

occurring in memory device 100 are depicted for an 8-bit
serial burst write. Table 3 identifies the signals of

Figure 22 by figure letter, acronym and common name.



MA3 are the sane main anps for one lettered data bit depicted in Figure 12.
I n readi ng~data fromthe menory cells, the main anplifiers 1240 MAO, NAl
MA2 and MA3 produce data signals on data path global I/Olines G Q0) -

G Q3), 1710 - 1716, respectively. Each global /O line connects to one
side of a pair of pass transistors, such as respectively pass transistors
1717, 1718, 1719 and 1720. The pairs 6 pass transistors 1717 - 1720 are
grouped in a set 1721 and there are four sets of pass transistors 1721,
1722, 1723 and 1724. The other side TP¥dS pairs of pass transistors couple
the data signals to the serial data register 1706. The sets of pairs of
pass transiaht or sCLR21, 1722, 1728leckl 1724 are controlled by I/O control
dat a sequeflzler sCHRal s | COSQCR( 0¢14&R Evabbb@ds 1725. By opening sel ected
pairs of pass trassistors, the léQdgopbi@tdata sequencer signals on |eads
1725 detergane tRggparal l el ordepqd Ny gfi-£Ls dat popbgnal s pass fromthe

| obal 1/ | nes the serial d T ranges the data
gignals fE}é§1:heC%§in I/C)anplif?é%%&fgéiéféﬁst g§?§éuirgd order in serial
or interleg bd nlide. . The I/ 0 c®htF®l data sequencer signals 32
g) BA(1:0) bank address 1 and 0
(h) A(11:0) addresses 0-11
(1) DQ data I/0

(3) PB_CLK

(k) MC_ACTV(0:3)
(1) MD_WRT

(m) RF0/2/3/6/9

internal clock

main control activate

mode decode, write

row factors 0, 2, 3, 6 and 9

(n) SWL sub word line
(o) RSAE1B(0:3) row sense amp enable
(p) BL bit line

(a) LAT _CNT(3:0)
(xr) LAT_DONE
(s) MC_WRT main control write

(t) MC_CLAT main control column latency
(u) BURST_CNT(1:0) burst count

{wv) MC_BURST_DONE main control burst done
(w) MC_CA_RELOAD main control column address reload
(x) MC_COL,_BNKSL main control column bank select

latency count
latency done

(v) CFGB3 column factor global bar 3

(z) CFGB6 column factor global bar 6

(aa) CYS column Y-select

(bb) IO_WRIT I/0 write

(cc) SIO sub I/0 lines

(dd) IO_MAWE I/0 main amp write enable

(ee) MIO main I/0 lines :

(Ef) IC_GWR I/0 control ganged writ

(gg) IC_GWRSER I/0 control ganged write start bar

(hh) GIO global I/0 lines

(ii) IC_PDIRL I/0 control parallel data in register
latch . -

(jj) IC_DENBL I/0 control data input buffer enable

{kk) IC_SCLK I/0 control shift clock

In Figure 22, the signals in waveforms 22(a) through

22(1i) are applied to chip 300 in time reference with clock



are generated at another part of the chip 300 in response to node control
and address control signals to be discussed. Colum address signals Al and
A0 aré used to produce select signals for selecting the data fromthe main
anplifiers. The pass transistors, such as pass transistor 1717, each
conprise an N-channel transistor and a P-channel transistor connected in
parallel. A control signal to the paifqof parallel connected transistors
is depicted in Figure 17 with a lead |1 ne drawmn only to the gate of the
N-channel signasi $11d% . apr@d RASer tGAB candr &l. si gn&lerakddycorthet ship 30 gat e

of the P-GPERNLS! SRl Aty d 5 dlodn 6P ‘%ﬁeﬁﬁéggékggl)?fzﬁ‘;??e?%ns@? ors

figure for explanation. er~ passi ng rou

1721, 17222 (2723imndpde@drdticonatforsi gadltdnigr adalktaontbeathse 1 i redsad,
1730 and 1732 respectively to pai,rs Qf pass transistors ch, as_,pass
transi sto’tngm?ﬂﬁ.geﬁ’ irs c#hepafégf’ra;ﬁsi Shor ¥averQEns a%%ya?:hnttilglf?"é%h by
an 1/0 genkkol wssmcdeoupUsSngTdged 3eRdesi goald | €hed\BBtal Biderdlal fat a
regi ster 1%06, four data | atches 1736, 1738, 1740 and 1742 respectively
recei ve t iBSoGE5EES MEMREYp&Ss-Sof pass transistors such as the pair of
pass transistors 1734 and | atch the received data signals. Latch 1736

conprises a pair of ,inverters 1744 and 1746 connected in series with a
del ayed pair off%al3gvrgnd&tidels: 1the pFagnalnglEobirielt FFUGDHMithet®at put

of invertgiohff #ACkhree cycles with one group occurring for each
four bit pre-fetch cycle. The beginning of each of these
three clock cycles occurs in conjunction with the first bits
of data, Figure 22(kk), being written into the memory device
in each pre-fetch cycle. The fourth data bit of each pre-
fetch cycle needs no additional clock signal because that
fourth bit directly flows through the data circuitry to the

data lines. This .is during a write cycle.

In Figufe 23, the timing' of signals applied to and
occurring in memory device 100 are depicted for an 8-bit
burst read with a CAS or read latency equal to four. Table
4 identifies the sign_als of Figure 23 by figure letter,
acronym and common name.



to the input of inverter 1744. Latch 1738 is simlar to latch 1736 but
additionally conprises a pair of pass transistors 1750 between the out put
of invertef 1752 and the input of inverter 1754. Lat ches 33 1740 and
1742 are like latch 1738. The pair of pass transistors 1750 are
controlled by a signal I1/O control shift clock I CSCLK on |ead 1756. A pair
of pass transistors 1757 connect the ouj put of latch 1742 to the input of

| at ch 1740. A pair of pass transistors 1758 connect the output of |atch
1740 to the input of latch 1738, andrgkuss 4 ransistors 1759 connect the
output of latch 1738 to the input of latch 1736. These pass transistors

1757, 175§ nd are controll rﬁé' a signal 1/0Ocontrol shift clock bar
| CSCLKB ory ead 30. A signal %e deco burst length MD BL(1) connected
to pass tr@zrisi St&;‘: pair 1762 cort Qﬁ]%e%P Dation of the signal 1/0 control
shift clockK ’bar SCLKB to the §9L#t stors 1757, 1758 between | atches

1742, 1740%8nd 1RAS. | nvert er A9v6AcdESS | $tEPPeransi stor 1766 maintain
| ead 1768 (&) a h€3B state to prevelumsaddregs oftdaba between | atches 1742

and 1740 aff) between | atches 1740l 1738 if MD BL(1) is

(g) BA(1:0) bank addresses

(h) A(l11:0) addresses 0-11

(1) DQ data I/0

(3) PB_CLK internal clock

(k) MC_ACTV(0:3) main control activate

(1) MD_ACTV mode decode activate

(m) MD_READ mode decode read

(n) RF0/2/3/6/9 row factors

(o) SWL sub word line

(p) RSAE1B(0:3) row sense amp enable

(a) BL bit line

(x) LAT _CNT(3:0) latency control

(s) LAT_DONE latency done

(t) MC_READ main control read

(u) MC_CLAT main control latency

(v) BURST_CNT burst count

(w) MC_BURST_DONE main control burst done
(x) MC_CA_RELOAD main control column address reload
(y) MC_COL_BNKSL main control column bank select
(z) CFGB3 column factor global bar 3
(aa) CFGRB6 column factor global bar 6
{(bb) CYs column Y select

(cc) IO_READ I/0 read

(dd) SIO sub I/0 lines

(ee) IO_MARE I/0 main amp read enable
(£€£) MIO ‘main I/0 lines

(gg) IC_RDEND I/0 control read end

(hh) GIO global I/0 lines

(ii) IC_GRD I/0 control ganged read
(jj) IC_QENBL I/0 control data enable
(kk) IC_SCLK

I/0 control serial c.lock

In Figure 23, 23 (a)
through 23 (h) are applied to chip 300 in time with clock
- signal CLK and RAS, CAS and W. Internally, the chip 300

produces the signals represented by waveforms 23 (3)

the signals in waveforms

through



hi gh. The serial clock signals on |eads 1756, 1760 and 1768 provide for
cl ocking -of data bits through the data |latches to the output data buffer
| CQENBL
enabl es the out put data buffer 1770. During a read operation the data
signals fromthe main anplifiers and data path global 1/Olines are
arranged in a desired sequence through operation of data sequencer

1770 and then to bond pad 1700. An out put buffer enabl e signal

| atched in serial data register 1706. 4% serial data register

1706,

1702 and
t he

data si gnaBs¢zar ercl pclepdriammaspfmse reading34dakackimimnghe taddcessede

out put data buffer 770 tqQ,th

b ad, 1700. lur t '
dat a S|gn%F 85Keé? on b 85§Ba1%7dﬁl nggesrh%hrouS%’ ngpeéﬁkégguffer
1772 in thepught i 22(kk} h ttl'm‘n | bOcaent 1l olaipp 300entdl ereddin&hel GIBEABL.

The out put ,of the data 722 ?iyears on ifad 1774 and connects to

three set 8igpadssEremy 51780. Each

of

t hese

pairs of pass tranS|stors receive control signals indicating the desired

burst | ength and the control nals are.identified as
gth and the control &ipgnals,

e signal IC_ SCLK occurs in two

groups of three cycles with one group occurrlng for each
four bit pre-fetch cycle. The beginning of each of these
three clock cfcles occurs in conjunction with the second bit
of data, Figure 23(i), being read from the memory device in
each pre-fetch cycle. The first data bit of. each pre-fetch
cycle needs no additional clock signal because that first
bit directly flows out of the data circuitry from the data
lines. This is during a read cycle.

The memory device 100 contains four independent banks
that can be accessed individually or in an interleaved
manner. Each bank must be activated with a row address
before it can be accessed. Each bank must then be
deactivated before it can be activated again with a new row
address. The bank activate/row address entry command (ACTV)
is entered by holding RAS_ low, CAS_ high, W_ high, A0-al1l,
BAO, and BAl valid on the rising edge of clock CLK. A bank -
can be deactivated either automatically after a READ or a
WRITE burst is completed or by use of the deéctivate command

(DEAC) command. All banks can be deactivated at once by use
of the command DCAB.



| CWRBL(0), ICWRBL(1) and IC WRBL(2) respectively for burst |engths of one
bit, two bits and four bits or eight bits. Thus if one bit of data is to be
witten to’the nenory cell arrays fromlead 1774 for burst |ength of one,
only pass transistors 1776 are enabled and that bit passes into |latch 1736.
If two bits of data are to be witten, the first bit passes through pass
transistors 1778 into |latch 1738 and on ghe next tinmed cl ock signal the
first data bit passes into latch 1736; the second data bit passes through

pass transi st orFoul’ 78indéPehdéhif 1lBaRksal helowt itheresestedron Beedspad
1700. If ﬂgﬁg bits, of data are to be latched _ in series, they pass through

pass tr ansPRPTAARR | RRo T3RWRsTOVE2 at 730 DIghRr ax@te7 ¥ | RPErAtdon

conj unct i aihat t g eqRIsEIbIE 06k (H 9nAl Stafitaeid t RAt @ hamikeeraat ghed
into the serial data register latches, it passes into respective [atches in
paral | el &RcPmRlishpdiBy ag§ivatingyoneoapit awithr & Fov | addness3@nshsses

through paas id apaesSRts 19824t ¢ |§eg%>ivedl7%o Aot GhArddD Egnttfh%'t
paral l el data in-register latch (IEP | RL contr&?s pass transistors 1782.
The data hankatd¢tivaBing ssesecondugbhitr®eopafourthndeaskomd thnandtitexh

row address. When the data stream to or from the first bank
is complete, the data stream to or from a second bank can
commence without interruption. After the second bank is
activ;ted, the first bank can be deactivated to allow the
entry of a new row address for the next round of accesses.
When the data stream to or from the second bank is complete,
the data stream to or from the third bank can commence

without interruption. In this manner, operation can
continue in an interleaved fashion.

The availability of four banks allows the access of
data from random starting columns along banks at a higher
rate of operation. After activating multiple banks with a
row address, BAO, BAl can be used to alternate read or write
commands among the banks to provide gapless accesses at the

clock frequency provided all specified timing requirements
are met.

‘With a four-bit prefetch architecture 4 bits of data
are accessed at one time. An eight-bit burst requires two
fetches f;om the selected bank, first to obtain the initial
four-bits and then to obtain the second four-bits of data. -

The memory device 100 can be arranged and constructed
differently from as disclosed in the preceding discussion.

Other specific circuits may be used while remaining within
the scope of the following claims.



1786. The data stored in latch 1740 passes through |ike pass transistors
into latch 1788, and the data stored in latch 1742 passes through |ike pass
transistors into latch 1790. Each of the latches 1784, 1786, 1788 and 1790
conprise a pair of circular connected inverters with a pair of pass

transi stors, such as 1792, connecting the output of one inverter to the

I nput of the other inverter. These pass transistors effectively enable
each parallel data in register latch. Each parallel data in register latch
al so conpgV¢ sekadmyata driver circuit coggrising an inverter and P-channel
and N- channel transistors in totem pole configuration. A signal

|/ O contrpl gangﬁgmgf'tgeggeéregﬁpggg-ngechannel and N-channel transistors.
The output of latch 1784 _connects to éa a lead 1726. The output of data

|l atch 1786 confect sPtBraht dafealit7band présoem fhepmemary |davire 7Bsr

connects toaNgfertend Wk @1¢nale oHLPUWNnAf M kakChadv¥PleContiests to
data lead 1732. Fro Ehe e dgta | eads,_ the data, signals pass through t he
qﬁ saé Br8ifn

pairs of patidt?Pah 8h8aPadyferc eACh (R ta, ity SHghahanfiikhe n any

requi red devieacerandfepeinghpldebd SagaabdtPadymdrost tdie diahal 1/ 0
lines into the_main anglif'ers N@%TN%B for transm.ssiaon nto the arrqgs of
nenory cells. Rhus 3u¥s Ry A10F pEdXSEEOPRSTANRF FRSEININY AETIVR R

row address signals for each row address and producing
selected word line signals;

c. a column select signal generator receiving a group
of column address signals for each column address and
producing column select signals;

d. arrays of .memory cells arranged at the
intersections of the word lines and bit lines, plural memory
cells receiving the selected word 1line signals and
.connecting the stored data signals to the bit lines:

e. sense amps receiving the data signals from the bit
lines and amplifying the data signals;
f. sense amp select circuits receiving the column

select signals and conveying a certain number of the
amplified data signals from the sense amps to sub-I/O lines
for each data bit bond .pad;

g. mid amps conveying the data signals from the sub-
I/0 lines onto mid-I/O0 1lines, there being a particular
number of mid-I/0 lines for each data bit bond pad;

h. main amps receiving the data signais from the mid-
I/0 lines and the main amps conveying the data signals to
global I/O lines, there being a determined number of main
amps for each data bit bond pad, the certain number, the
particular number and the determined number being equal to
one another; and g

i. data circuits conveying the data signals from the
global I/0 lines to respective data bit bond pads.
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t he bond pads 1700 into selected |latches in serial data register 1706.
Fromthere the data pass into respective 36 latches in parallel data in
register 2704, is placed in a selected data sequence through data sequencer
1702 and is carried to the arrays of nmenory cells through the main I/0O
anplifiers 1240. There is one set of data circuits 1701 for each bond pad
1700 of bond pads 334 and 336 of Figurgg3. There are two sets of main
anplifiers 1240 for each set of data circuits 1701. One set of main
anplifierxs. tr ansprocesist afskgaaksEeratingerlatee hibt astgnalist snaad nemoIENOr Y

arrays i %}?{]k h t kN fi rg@;t dat a
signal s gie e% }?%;Q%Q? %lt%:cﬁllg S I%g):]néis %égrre%t?ymgiﬁ?a S S% %gyeﬁ éand B3.
One set dfheyprREesidit conpPresinganects the two sets of msu n anplifiers to

the one set ofgdat ac&hﬁéé'tiﬁg THQtQUt BYts gfighBasmistoadd i firer pIEsENt a
hi gh |rrpedance to the global _dafa Iines when unsel ected. In Figure 18,

menory deVERREY 06 eddst aFPs B thobitn g gildt cFeIBEBSEh A sRo PR BfogFmed
by the useddbetereignals bhengeappliddvitee the H@ldf@deidﬁgiét er 1800
contains indi v%)dual cgrq;[rgylfhésal <n:glr %tz.lnn u?nbre?:a%g 6}:Lhencci/at bJ.L{: signals
on the bit 1lines to I/0 lines on the memory device in
response to a group of column address signals applied to the
memory device; and i
c. conveying a particular number of data bit signals
to one data bit bond pad in timed sequenre, the certain

number and the particular number being equal to one another.

|
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type, a burst length and wite |atency. The node register is |oaded with
a node register set command executed by holding RAS , CAS_ and W_low with
the input node word being valid on address | eads AO-A8 on the rising edge
of a clock signal. The node register set MRS command can be executed only
when all banks are deactivated and in their idle state. A logic zero should
al ways be entered on address | ead A7 and A8, while address | eads A10 - All,
BAO, BAl are don't care entries for théthode register. Chart 1802

i ndi cat es3 £ he ml Inwsk-y 0GieBAlcest Fer®iMAngVFR/W ARSI sIghAIA2 ahd
determ ni%gl bgr@é sgnaLh of 1 2,40 8 bits. Chart 1804 37 indicates
that a nmo e‘%é’bl% TOBT 1 SHERGES » TPPFHFEEFEs a serial burst type while a
| ogi cal one irali catasraysi ofememmry detbs foymed on Chasemit8f@ucited cat es
2 °3"and S G te” bhe ichfendf SEPLE' BEH-FERE W “BRY AERREERRIRAT o
wite | at¥hcyoss Admesinandn®itr cbines i inl yeactheanvdy raagl stke axrayanged
only [ f Sethdd MISAATRIE IgrAPLT edeehliible. pAFATISES i€ Aboyald d. the
previous contents of the, node register ~w remai n unchanged.
each group including plural arrays, the groups of arrays
being arranged in sets with a certain number of groups of
arrays being in each set;

b. Y select generator circuitry for each group of
arrays, each Y select generator circuitry having Y select
leads that extend across its respective group of arrays and
producing one of two possible Y select signals on the Y
select leads for each received column address signals;

C. four main I/0 lines extending alongside each group
of arrays and extending beyond each group, there being one
main I/O line on either side of each group and two lines
between the arrays in the middle of each group, the main I/O
lines connecting to data lines extending from each array to
carry data signals to and from the arrays;

d. bond pads carried on the semiconductor substrate,
there being one bond pad for each bit of a word of data
received or sent by the memory device; and

e. data circuitry connecting the main I/0 lines to
the data bond pads, the data circuitry connecting respective

main_ I/0 lines in each set of group of arrays to one bond
pad.

4. The memory device of claim 3 in which each group of

arrays includes plural arrays arranged two arrays wide and
eight arrays high.

5. The memory device of claim 3 in which the certain
number is four. '

-
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Al'l data for the nenory device 100 is witten or read in a burst fashion. A
single starting addresses is entered into the device and then the nmenory
deviee 100 internally addresses a sequence of |ocations based on that
starting address. Sonme of the subsequent accesses after the first may be a
preceding as well as succeedi ng col um addresses dependi ng upon the
starting address entered. This sequené®& can be programmed to foll ow either
a serial burst or an interleave burst pattern. The |length of the burst
sequenceg can bneus;@mqrpgaamé t®f belejitthel in 2whichr thei ¥ mbs:seS

After a read rst, conpl et.ed,_as determn b he «pr

| engt h, ?ﬁréeﬁﬁg tlﬁﬁflé‘tﬁ’e % sfaﬂa}%efn%%dgﬁcegg?agg u%[%'}fm% next read

access |arrays|anddbecwnearmmngbba&sn©¢,aﬁh@uﬁeglnnlng data out put cycl e of
a read burst can be programed to occur 1, 2, 3 or 4 clock cycles after the
read conmand. This feature allows the user to adj ust the menory deV|ce 100

to operafe i nThecHegeide device hefsgdadms 3cak¥bb‘f’ﬂ‘?-?9 £berer ddifenkdB akhd

| atency taijbatchebbe ¢#baa QiduHa fwip té&kﬂ‘i_’{@{ dp U8Fi £erays The del ay

bet ween the read command and the begi nni ng he out put urst i s known as
read | atency, also known as CAS_ | at ency.

8. The memory device of claim 3 in Wthh there are thirty-
two sets of groups of arrays.

9. The memory device of claim 8 in which in each set there
are eight Y select leads available to be active for two
memory cycles performing an eight bit pre-fetch operation
and four of the eight available Y select leads are active in
each memory cycle.

W
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After the initial output cycle has comenced, the data burst occurs at the
clock frequency w thout any intervening gaps. In Figure 19, chart 1900

i ndi cates the two-bit burst sequences in both decimal and binary notation
for serial and interleaved node. The sequence is dependent upon

the internal value of colum address AO. In Figure 20, chart 2000 indicates
the four-bit burst sequences as they occur in response to internal colum
addresses Al and A0 in decinmal and binary notation for serial and

i nterl eave node. Thus, in serial node, with a binary start address of 11,
the second binary address to be accessed is 00, the third binary address to
be accessed is 01 and the fourth binary address to be accessed is 10. In
interl eaved node, if the first binary %%dress to be accessed is 11, the
second binary address to be accessed is 10, the third binary address to be
accessed is 01 and the fourth binary address to be accessed is 00. Note

that the seri gloygng v tpgE W ’E‘bg&ﬁa ey iSRS AR bits that
are accessed fromthe secon ir angk; urtﬁ 6b3|t%bns T%; igure 21,

chart 2100 indicates the eight-bit burst sequences for internal colum
addr essddstragt efidthe Phsbdobulenary and deci mal for serial and
i nterl eaved nodes. For exanple, with a binary start address of 111 in a

seri al node, AheyﬂehfohbﬁérnRﬁﬂﬂh%&%fy Hed%ééﬂﬂééﬂfbﬁﬁeﬂaﬁﬁgrEBE“E&“Q one
bi nary déégltngt 53 ti_me through the ei g

of memory cell arrays 302 332 arranged across the
length of the substrate 300. Each received address causes

column address generators to select four bits of data for

each bit of data in a data word. Data sequence circuits

convey the four selected data bits to data bit bond pads

334,336 on the substrate in timed and selected sequential or
interleaved order.

FIGURE 2



bit sequence. This contrasts with the interleaved node starting with
address 111 which counts down in a binary sequence through the eighth bit
burst . 39 The two-bit, four-bit and eight-bit burst sequences depicted
in Figures 19, 20 and 21 are industry standards. The previously described
circuits of nenory device 100 achi eve operation according to this industry
standard with a four-bit prefetch architecture. In Figure 22, the timng of
signals applied to and occurring in nenory device 100 are depicted for an

8-bit serial burst wite. Table 3 identifies the signals of Figure 22
by figure letter, acronym and commn nane.l/1440 Table 3 (a) CLK

cl ock (b) CKE cl ock Enable (c) CS chip sel ect
(d) RAS row address strobe

100\
FIG. 1
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208 212 232
214
CLKA—b \_ v/ ARRAY /\_2402
210 1 anp = Bk B0 [
e
T:§220 ARRA
D - 4 = BANK EI < )
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- conTRaL 3} BUFFER L3220 n0o-D031
m—r— 218 204
222 ST < I
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_ 224 :
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226 = ARRAY =
AD-A11.800.8M — 14, BANK B3
228 @
MODE
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(e) CAS col utm address strobe (f) w wite (9)

BA(1: Q) bank address 1 and 0 (h) A(11:0) addresses 0-11
(1) DQ data 1/0 (j) PB_CLK i nternal clock (k)
MCACTV( 0: 3) mai n control activate (1) MD_WRT node decode,
wite (m RFO/ 2/ 3/ 6/ 9 row factors 0, 2, 3, 6 and 9 (n) SW

sub word line (0) RSAE1B( 0: 3) row sense anp enable (p) BL

bit line (q) LATCNT( 3: 0) | at ency count (r) LAT_DONE | at ency
done (s) MC_WV\RT mai n control be g4(t) MC_CLAT mai n
control columm latency (u) BURST_CNT( 1: 0? %urst count (v) MCBURSTDONE

mai n control burst done (w) MCCA RELOAD nmain control colum address
rel oad (x) MC COL_ BNKSL mai n control colum bank select (y) CFGB3

colum factor global bar 3 (2z2) 342 CFGB6 300 colum factor global bar 6
(aa) CYS coldm Y- s\(_al ect (b ITOWRIT I/Owite (cc)
SIO sub |/ @ HEES BN
K
w0 304 306 308 } B0
" _COLUMN | ROW | DECODE | COLUMN | ROW | DECODE
310 316

éL 338"-{PER.IPHERAL CIRCUITS | 342~ ---ddd

( _
340 318 320 322 24 }][Bg’;*‘

o

COLUMN IDECODE| DECODE COLUMN | DECODE | DECODE

326 328 330 33 ||4BANK
e ey — v ~ y >
w R . RL RR
FIG. 8
302 404
404 N5
) w0 ‘ SUB MATO |
MAT1 SUB MATH
400
MAT2 / SUB MAT2 |
MATS 512 'SUB SUB MAT3
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MATS SUB MATS
MATG SUB MAT6
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02 1_7////////\////,
' 500 -
FIC. 4 . 8 REDUNDANT

SUB WORD LINES
FIG. &



(dd) 10O _NMAVE |/Omain anmp wite enable (ee) MO mai n
1/Olines (ff) 1C_GAR | /O control ganged wite (gg) | CGARSB
I/ O control ganged wite start bar (hh) dO global 1/0O 1lines
(i1) 1C_PD RL /O control parallel data in register latch (jj)

| CDENBL I /O control data input buffer enable (kk) |1C SCLK

/O control shift clock In Figure 22, the signals in waveforns 22(a)

t hrough 22(i) are applied to chip 300 in %ing reference with clock 41
signal CLK and RAS, CAS and W I nt er nal 9} the chip 300 produces the
signals represented by waveforns 22(j) through 22(z) in preparation for
witing data to the addressed nenory cells. The signals in waveforns
22(aa) through 22(kk)- then occur in chip 300 to |load the data signals in

t he addressed menory cells. A Figure 22 (kk), the si, paﬂm]C_SCH ,occurs in
two groups of three cycles w ¥h on@&group occurring f eabh foup bit

pre-fetch cycle. The feginmi-ag—ef—&ach of these thr eHock—eydl es occurs
in conjunction with thg fir e U? ﬁ%g; 873§§5
RMWLB1 voooQ 3 86[3vSSQ
DQ1(]4 85110Q14
RMWLB2 0Q205 84110Q13
64 SUB RMWLB3 V{S)(S)g E s 83[vDDQ
WORD LINES 82110012
RMWLB4 00418 81[30Q11
RMWLBS Vgggg ?o 80{3vssQ
79130Q10
4 | RvwBs 0Q6 3 11 78[1ADQ9
RM vssoi2 7713vobQ
v ; W87 darglis 761008
QMo 14 75[20QM1
wogDSE& s FIG. 6 vondd 15 74[aVsS
NCC]16 73[ANC
_wgr 72{3NC
CAS 18 71 QVref
RASC]19 70[ANC(/CLK)
cs20 691CLK
BAI] 21 681 1CKE
602 _ A10/APC] 22 107 672840
700 VOOCJ23 —= 66[1VsS
) A0 24 65JA12,NC
f A1Q25 64[DAt1
4 2026 6309
A3(127 62[3A8
S A4128 610A7
4 SUB 702 AS(]29 60[1A6
WORD LINES VoD Qg 30 S911VSS
%%%E g; 58[30aM3
5710031
F‘[G 4 vssSod 33 56[avoDQ
DQ17C134 $5130Q30
pQ18 435 54{10Q29
voDo g 36 53£3vssQ
0Q19d 37 52110028
0Q20(C1 38 51{10Q27
700 VSS0(C 39 50[avobQ
DQ21140 49110026
WL 0 — Q220441 48[1DQ25
S VvDDO (342 4712VssQ
— SWL f1 — : 0023C143 46{10024
— SWL §2 — VODCl44 45[vss
— SWL §3 — :
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of data, Figure 22(kk), being witten into the.nmenory device in each
pre-fetch cycle. The fourth data bit of each pre- fetch cycle needs no
addi ti'onal “cl ock signal because that fourth bit directly flows through the
data circuitry to the data lines. This is during a wite cycle. In Figure
23, the timng of signals applied to and occurring in nmenory device 100 are
depicted for an 8-bit burst read with a CAS or read | atency equal to four.
Table 4 identifies the signals of Figure 23 by figure letter, acronym and

conmon nane. 42 Table 4 (a) CLK 4714 clock (b) CKE
cl ock Enable (c) CS chip select (d) RAS r ow
address strobe (e) CAS col unmm address strobe (f) W
wite (Q) BA(1: 0) bank addresses (h) A(11:0) addr esses
0-11 (i) DQ dat a I/O(jg PB_CLK i nternal clock
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(k) MCACTV( 0: 3) mai n control activate (1) MD_ACTV node

decode activate (m MD_READ node decode read (n) RFQ 2/ 3/6/9
row factors (0) SWL sub word line (p) RSAEI B( 0: 3) row
sense anp enable (Qq) BL bit line (r) LATCNT( 3: 0)

| at ency control (s) LAT_DONE | at ency done (t) MC_READ

mai n control read (u) MC_CLAT mai n control latency (v) BURSTCNT

burst count (w) MCBURSTDONE nmin control burst done (x) MC _CA RELOAD
mai n control colum address reload (y) MC_COL_BNKSL mai n control colum .

bank sel ect (z) CFGB3 col um g?ﬂor gl obal bar 3 (aa) CFGB6
colum factor global bar 6 (bb) CYS colum Y sel ect (cc)
| O READ I/Oread (dd) -SIO sub 1/Olines (ee) |10 MARE
| /O main anp read enabl e (+H3—MOQO : main /O lines (gg)
| C_RDEND /0O contA readlend (hhi =GO |l obal 1/0O Iines
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(1i1) 1 CQENBL I/ O control data enable (kk) 1C _SCLK /0O
control serial clock In Figure 23, the signals in waveforns 23(a)

t hrough 23 (h) are applied to chip 300 in time with clock signal CLK and
RAS, CAS and W Internally, the chip 300 produces the signals
represented by waveforns 23(j) through 43 23(z) in preparation for
readi ng data fromthe addressed nenory cells.  The signals in waveforns
23(i1) and 23(aa) through 22(kk) then occur in chip 300 to read the data
signals fromthe addressed nenory cells. In Figure 23(kk), the signal

| C_SCLK occurs in two groups of three cycles with one group occurring for
each four bit pre-fetch cycle. The begigynsyg of each of these three clock
cycles occurs in conjunction with the second bit of data, Figure 23(i),
being read fromthe nenory device in each pre-fetch cycle. The first data
bit of each pre-fetch cycle needs no additional clock signal because that
first bit directly flows out of the data circuitry fromthe data |ines.
This is during a read cycle. The nmenory device 100 cont & ns four

i ndependent banks that can be accessed individually or E@ an knterl%hved
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manner . Each bank nust be activated with a row address before it can
be accessed. Each bank nust then be deactivated before it can be
activdated again with a new row address. The bank activate/row address entry
command (ACTV) is entered by holding RAS |ow, CAS_ high, W high, AO0-Al1,
BAO, and BAl valid on the rising edge of clock CLK A bank can be
deactivated either automatically after a READ or a WRITE burst is conpleted
or by use of the deactivate comrand ( DEAC) Dézggand. Al'l banks can be
deactivated at once by use of the conmand 44 Four independent
banks allow the user to access information on randomrows at a higher rate
of operation than is possible with a standard DRAM This can be
acconpl i shed by activating one bank with,a row address and while the data

streamis received from or witten to ﬁht _bank, activating a second, third
or fourth bank with angiher{~FgW ﬂn,'r S n the data sgr@amtq;onrom
the first bank is corrpF?éte 18 ~=rr mto or fr@m&"sg‘cond"\ba €an
comrence Wwit hout |nterr ti Oﬂgv 1?—‘ergtil53e second b&AR Nsr&uti v 7 The
first bank can be de bd S o al Nowrt helent ry of 9 new £l alidddss for
t he next round of ac eases. —1= 5
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When the data streamto or fromthe second bank is conplete, the data
streamto-or fromthe third bank can commence w thout interruption. In
this “manner, operation can continue in an interleaved fashion. The
availability of four banks allows the access of data fromrandom starting
colums al ong banks at a higher rate of operation. After activating

mul tiple banks with a row address, BAO, BAl can be used to alternate read
or wite commands anong the banks to provi de gapl ess accesses at the clock
frequency provided all specified timng irements are net. Wth a
four-bit prefetch architecture 4 bits of data are accessed at one tine. An
eight-bit burst requires two fetches fromthe selected bank, first to
obtain the initial four-bits and then to obtain the second four-bits of
data. The nenory device 100 can be arranged and constygagted differently

fromas disclosed in the preceding di scussion. O her ecific circuits may
be used while renaiﬁh@q within the scope of the follow ng clains. We
claim IORE 45 1. A nmenory device conpri gi ng: a. pl ur al
data bit bond pads“ﬁHBthe nenory device for 1514 1524
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transferring data signals to and fromthe device, there being one data bit
bond pad f.or each data bit signal and the device transferring plural data
bit sitgnals at one time; b. a word line address generator receiving a
group of row address signals for each row address and produci ng sel ected
word line signals; c. a colum sel ect signal generator receiving a group
of colum address signals for each colunn;ﬁggress and produci ng col um
sel ect signals; d. arrays of menory cells arranged at  the
intersections of the word lines and bit lines, plural nenory cells
receiving the selected word line signals and connecting the stored
data signals to the bit lines; e. sense anps receiving the data signals
fromthe bit lines gand anplifying the data signals; fb sense anp sel ect
circuits receiving 8he colum select signals and cdBveyi ng a certai¥ number
of the anplified daﬁi signals fromthe sense anps t§ Yub-1/0 lines Tor each
data bit bond pad; g. m d anps conyeyi ng the data Wgﬁa+sglﬁgn1the.sub-
/O lines onto m d-p-Ho-++ReESy ther ing ja pawti cul ar nunbefyof niEEI/O
lines for each datg RHit ad; fk’ ] a.r?‘%égeiving t he datapsignals
al

bon
fromthe md- 1/0OIf es_ngﬁiﬁb e S ton i"g—the data [signals to
pETg ﬂ#@d
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anps for each data bit bond pad, the certain nunber, the particul ar nunber

and the deternm ned nunber being equal to one another; and i. dat a
circuits conveying the data signals fromthe global I/Olines to respective
data bit bond pads. 46 2. A process of transferring data bit signals
on a nmenory device between data bit bond pads and nenory storage cells, the
process conprising: a. connecting data bit signals stored in plural
menory cells to bit lines in response to a group of row address signals
being applied to the nmenory device; b. conveying a certain nunber of the

data bit signals on the bit lines to I/0O I ippggqon the nmenory device in
response to a group of columm address signals applied to the nenory devi ce;
and c. conveying a partjicular nunber of data bit signals to one data bit
bond pad in tined sequenc® the certain nunber a%d t he particul a@ nunber
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47 3. A menory device receiving row address signals and colum
address .gignal s, conprising: a. arrays of nenory cells fornmed on a

sem conduct or substrate, the menory cells occurring at the intersections of
word lines and bit lines in each array and the arrays being arranged in
groups extending parallel one another, each group including plural arrays,
the groups of arrays being arranged in sets with a certain nunber of groups
of arrays being in each set; b. Y select generator circuitry for each
group of arrays, each Y select generator Ci%fiﬂtry having Y sel ect | eads
that extend across its respective group of "d@rays and produci ng one of two
possible Y select signals on the Y select |eads for each received col um

address signals; c. four main 1/0 |lines extepdipg;al ongsi de each group of
arrays and extendi ng beyond e&ch group, there Bei one main I/ Q line on

ei ther side of each group and®two |ines betwegnh th&ar i Re m ddl e of
each group, the main 1/0 1ine$ connecting to Hatla, & nes extendc' pg from each
array to carry data si ) and fromthe array s bo d dsScarri ed

on the sem conduct or stubs

, _there being one bolld ﬁ%d for gh @it of a

word of data received dr ted by_the nemory devicejand k.__"data rcuitry
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the data bond pads, the data circuitry connecting respective main I/O |ines
in each set of group of arrays to one bond pad. 4. The nmenory devi ce of
claim 37 n which each group of arrays includes plural arrays arranged two
arrays wi de and eight arrays high. 5. The nenory device of claim 3 in
whi ch the certain nunber is four. 48 6. The nenory device of claim3

I n which the Y select generator circuitry is arranged at one end of each
group of arrays and between two banks of arrays. 7. The nenory devi ce of
claim3 in which there are 128 Y select |eads that extend over each group
of arrays. 8. The nmenory device of claifg 314 n which there are thirty- two
sets of groups of arrays. 9. The nmenory device of claim8 in which in
each set there are eight Y select |eads available to be active for two
menory cycl es perf or ATEIgBURAT SEQUINEEShi t pre-fetch operation and four of the

ei ght available Y pel ect | [INfeRtisL GOtWNalct i ve i n each nenory cycl e.
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