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1 DRAM Architecture Wth Aligned Data Storage And Bond Pads Cross- referendpaf!J
to related applications This application relates to the disclosures in
United States patent applications serial nunbers [Atty Docket Nos. TI-22199
angd TI-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
nmenory devi ces (SDRAMs) sending and recelving bursts of data synchronous
with a clock signal. Description of the Related Art DRAMs are used in
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devi ces. Common reasons for using DRAMs include their providing the

greatest density of nenory cells on a sem conducting chip, relative | ow
cost per bicrgéssféméxhﬁggetdmyénaﬂéa:hp@hicatgbn%peed for their cost. Wth

advances in techno| og ach neration of DRAM evi ces hgs.
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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 generation 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 suppiy data and instructions to the
microprocessor.

With this need for larger storage capacity and greater
speed, DRAMs have evolved that synchronize the transfer of



m croprocessor. Wth this need for |arger storage capacity and greater
speed, DRAMs have evol ved that synchronize the transfer of 2 dat a,
addresses and control signals with a clock signal. These requirenments for

| arger storage 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

s&m conductor substrate occurred at one Jocation with storage of the data
signals occurring at__other spaced |ocations on the substrate. Rel atively
|l ong dat a |iAe%2oceddregsss tand sgpstral esigpadenveith he deteckheshoralitie
bond pads @Hdses'&@gﬁﬁlgembﬁﬁét EBBS 1 argeristodakfe é%)aéﬂ)geaﬂér gekhter
capaci t ances % ata lines that required |larger drive ™ circuits. The
parasitic c3B§eHtatEesraifg Pﬁyu@ﬂﬁﬁQCH1§he§oﬁErd?équiégdﬁhﬁecﬂﬁéuééﬁlces_
prevent ed ancefistfutshg daMicEetheoprnessiddd f%fr 199nTEARALEFIAg OTa | BRAR' -

Dat a al so rrust be witten into and read fromthe
emory device.

In prior DRAM memory devices, the bond pads on the
semiconductor substrate occurred at one location with
storage of the data signals occurring at other spaced
locations on the substrate. Relatively long data lines
occurred on the substrates to convey the data between the

bond pads and storage locations. This led to large
parasitic capacitances in the data lines that required
larger drive circuits. The parasitic capacitances and
resulting high power require~ - drive the devices prevented
an economical device from oerating at 100 megahertz or
faster. '

Data also must be written into and read from the
synchronous DRAM devices in one of two differént modes:
serial and interleaved. 1In 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 sequential. Implementing a synchronous DRAM
device can be accomplished in either a pipelined or pre-
fetch architecture; in either case, provisioﬁs must be made

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

-
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synchronous DRAM devices in one of two different nodes: serial and
interleaved. In serial node, the data occurs in the sane sequence as its
serial addresses. In interl eaved node, the data occurs in a certain,

wel | - defined sequence other than sequential. | mpl enenting a synchronous
DRAM devi ce can be acconplished in either a pipelined or pre- fetch
architecture; in either case, provisions nust be nmade to achi eve operation
irr both the serial and interleaved data nodes. Summary of the Invention
3 In accordance with the invention, a nenory device is arranged to store
the data bi tmmessi wéd tile dayenbéad pad Bn arrays proxi mate that bond pad
and extending generally transverse to the line of bond pads. To provide a
four bit pre-fetch arrangenent, data |ines connected to each bond pad
extend to four adjfackeroydance ovith thes léwei!rtrl@yls a peeeryaidevétecdituims
of arrays Coiighlade Pl nkl Bata BULS FEOUEFSA!dE QALRAA pad in
capaci t ances of t%] ata |

1 nes and provi gher geed and T ower
power oper atdFRYS EreOXiagitee. thﬁtpabfmd:ulnﬂd ﬁﬁé dpxsEeRdtag negRRsralely ce

CONpri ses a transverse to the line of bond pads. To provide a four bit
pre-fetch arrangement, data lines connected to each bond pad
extend to four adjacent pairs of columns of arrays. Each
pair of columns of arrays connect to four data lines. This
reduces the parasitic capacitances of the data lines and

provides for higher speed and lower power operation of the
device. '

In particular, the disclosed memory device comprises a
semiconductor substrate carrying plural bond pads. The bond
pads extend 1linearly along the substrate in a  first
direction. The bond pads carry data signals to and from the

" device with the data signals being arranged in words of
plural bits. Each bond pad thus carrys one data bit of each

word. The bond pads are arranged in a certain order on the
substrate.

Arrays of memory cells are formed on and extend across
the substrate. The arrays of memory cells store the data
signals carried to and from the device by the bond pads. The
arrays of memory cells are arranged in four banks that extend
in the first direction in parallel with the bond pads. 1In
each bank the'arrays of memory cells are arranged in columns

that extend transverse to the first direction. The columns
are paired with one another.

Data circuits transmit the data signals between the
bond pads and array. The data circuits include data lines



sem conductor substrate carrying plural bond pads. The bond pads extend
linearly along the substrate in a first direction. The bond pads carry data
signals to and fromthe device with the data signals being arranged in
words of plural bits. Each bond pad thus carrys one data bit of each word.
The bond pads are arranged in a certain order on the substrate. Arrays of
menory cells are formed on and extend across the substrate. The arrays of
menory cells store the data signals cailried to and fromthe device by the
bond pads.  The arrays of nenory cells are arranged in four banks that _.
extend in téeténdigtg dbrtweenn the poord| gladsi t éand hedigsd phdsolumng eath
bank the argays,of TEODLYagel | £id Coff LAICE- Gl SOk UBhRa  had . EX! Bfral
transverse to the first direction. e colums are paired wt ne
anot her. Dapairsreofi teoltumassmft abeayiit ansiggnaeguéncecthet isameoras ptbde and
array. The . Ci i.fs include data lines 4 extendi ng between the
bond pads aﬁgé%g}r?s&g#g%ol ums of arrays. Each data |ine extends from one
bond pad to plural pairs of colums of arrays in a sequence the sane as the

The bond pads are arranged in a line along the central
axis of the substrate. Each data line extends from one bond
pad to four pairs of columns of arrays. Plural data lines
extend to each pair of columns of arrays in a particular
arrangement the same as th_e certain order.

Four data lines extend to each pair of columns of

arrays in the particular arrangement.



certain order. The bond pads are arranged in a |line along the central axis
of the substrate. Each data |ine extends fromone bond pad to four pairs of
colcumms of arrays. Plural data lines extend to each pair of colums of
arrays in a particular arrangenent the sanme as the certain order. Four data
| ines extend to each pair of columms of arrays in the particular

ar rangemnent . 5 Brief Description of thé Drawing Figure 1 is a
perspective view of a nenory device conprising a packaged seni conduct or

I nt egrated “chik)of t.he .i nve tign; Flgure 2 is a functional block diagram
of the nmemorsf FeviEEFHASIH 8L1 0. DEPELBY i s an i deal i zed plan view-of the
sem conductor integrated circuit or chip of the invention; Figure 4 is an
i deal i zed bIock(y; ram of an arra% of menory cells of Figure 3; Figure 5

is an idealized bi'GtR i agri 6f BRESRRGEHYS ndis™ BEI 13 BeEmpryjurdevice

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 oné 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 is a diagram indicating pin numbers and
acronyms for signals comnected 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 6 is an idealized bl ock diagram of one Sub MAT of nenory cells of
Figure 5; Figure 7 is an idealized bl ock di agram of one sub sub mat of
menory cells of Figure 6, Figure 8 is an idealized |ine diagramof four sub
word lines of Figure 7; Figure 9 is a diagramindicating pin nunbers and
acronyns for signals connected to each pin of the nenory device of Figure
1;. Figure 10 is a block diagramindicating four banks of nenory cells,

assi gnment of data bits to groups of nmenbry 6 cells in the banks and
relative |ocations of bond pads on the chip; Figure 11 is a bl ock diagram

i ndi cati ng sedilgnrenttlnd Hanks sapdalrelagivend gsadd omsd ¢hrengopadsg adat a

signal |eadg %ﬂc%?%-Chip? Figure 12 is a block diagramindicating the
ar r angenent gf colifrm select, MO or global 1/Olines and nmenory cel

arrays in quadrant LL, bank BO Figure 13 is an enlarged bl ock diagram of a
part of the Figure 11 is a block diagram indicating assignment of

~data signals to’  bond pads and corresponding data signal
leads on the chip;

F:igure 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;



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 nmid anp or anplifier circuit used on the chip;
Figure 16 is a schematic diagramof a nmain anp or anplifier circuit used on
the chip; Figure 17 is a block and schematic diagram of data circuits

bet ween four main anplifiers and one datg bond pad; Figure 18 is a chart

i idi cating standard control bits for operating a synchronous DRAM Figure
19 is a chart indicating_ standard data sequences for_a 2-bit burst of data,;
7 Figure 20 is aFdpyre gﬂd?éaﬁlﬁ Baxt Fdicrbing SRR JatG sSeWeReShur st
of data; Fi gwrealli-bitabakaet oEndheati Nng standard data sequences for an
8-bit burst of data; Figures 22(a) through (kk) are timng diagrans
indicating signals for an 8-bit burst wite of data to the chip at 150
Megahertz; and Figure 21 is a chart indicating standard data sequences

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.



Figures 23(a) through (kk) are timng diagrans indicating signals
for an 8-bit burst read of data fromthe chip at 150 Megahert z. 8
Detai |l ed Description In Fi gure 1, nmenory devi ce 100 conpri ses

a semiconductor integrated circuit encapsul ated in a package 102. Met al
conductive | eads 104 extend from edges 106 and 108 of package 102. These
| eads 104 conduct electrical signals and electrical power to and fromthe
cont ai ned sem conductor integrated circuit or chip. Dots 110 indicate

addi tional plural |eads existing alongﬁthe edge 108 of package 102 between
i ndi vi dual Detad3edlResndipiiion The nunber of |eads and their placefrents

w Il be determ ned by organi zat.i on and arrangenent of data on the chip and
by industry standards. The material for the package 102
encapsul ati ng t hd@nchi Pignre bel.sommemegivnoudewaceri al0@s mnp*ré@es a

Cepr s, on Shueaidicisloiagtan Uit Shal L SR0akd
Bl, B2 and B92cf rﬂﬁﬁﬁﬂy @mdtpmofe steadngl @bt extend from edges 106 and
108 of package 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 leads 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 oriehtation.

In Figure 2, memory device 100 provides four Array
Banks BO, Bl, B2 and B3 of memory cells for storing data
signals. The data signals are transferred between the banks
and thirty~-two data 1leads DQO0-DQ31 on internal leads
represented by leads 202, a DQ Buffer 204 and thirty-two
individual leéd lines 206. In this arrangement, thirty-two

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

The data s:.gnals stored in the four banks are accessed
by two clock signals, several control signals and time
multlplexed row and column address signals. The clock
signal CLK 6n 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 active low chip sel-ect signal CS_ on
lead 218 connects to control .block 216. DOMO-DQM3 output



signals. The data signals are transferred between the banks and thirty-two
data | eads DQO-D@B1 on internal |eads represented by | eads 202, a DQ Buffer
204 and thirty-two individual lead Iines 206. In this arrangenent,
thirty-two data signals are carried on |leads 206 in parallel at one tinme.
The data signals stored in the four bankg are accessed by two cl ock
si.gnal s, several control signals and tinme nultiplexed row and col um
address signals. The cl ock signal CLK on |lead 208 and a cl ock enabl e
signal CKE on |l ead 210 pass through AND bl ock 212 and across | eads 214 -to
Control bl oG0alle Bytgct$indlsy é’ﬁ'l pfeuFrecteadfnA20csalsn | eagneds to

connects to cgirdll bleek 216. 'f-KlVDsiE‘)’B 19URRAGL | &enahheWJtépﬁéwal S
on four |eads 220 al so connect _to trol bl ock 216. nal s RAS ,

CAS and W Eﬁﬁﬁﬁﬁtﬁqﬁéﬁé@Pl@@Pﬁsoﬁzgeaa§42?§d 339 %ﬂﬂn?9%1ﬁ%n GEIHFD
Control bl 0aKlo@d 6. 216QUr trRi R SEElSddHas Bgrhd1 ALA0-BAD, aml.oB/ahdamr on

| eads 228 al so connect.in ntrol bl ock 216 A Mode al so

connects wi t3PRSHIE Q48 4ﬁﬁfi?$0a 1egnerParesEong E?GCQEEﬁgiggf %ﬁ?a

signals in Aiddey Beghister 230 also connects with Control block 216.
Control block 216 accesses i:he data signals in Array Banks
B0, Bl, B2 and B3 through leads 232.

Memory device 100 thus is a synchronous dynamic random
access memory organized as four banks of 2,09;7,152 words
with thirty-two bits of data per word. The total capacity
of memory deirice 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 BO, 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. 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.

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

bonding wires for carrying electrical signals to and from



BO, Bl, B2 and B3 through | eads 232. Menory device 100 thus is a
synchronous dynam ¢ 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 .menory device 100 is 268, 435,456 data bits, commonly known as a 256
megabit SDRAM devi ce, conpatible with JEDEC standards for synchronous
DRAMs. In Figure 3, sem conductor integrated circuit 300 contained within
patkage 102 of nenory device 100 conpri d@s 16 arrays 302-332 of nenory
cells arranged in a 4 x 4 array. Banks BO, Bl, B2 and B3 extend the |ength
of seni condudteorchip egrdtsabriving tel3@triBalk powehrudoc ding sthsipof dfhidhes

302, 304, 3 K opsi,at Oej :
Bank 2 cons?&lyg?ﬁ%% a]?/s 1§%d§2g?b§2%e%%da%£% agnéd %Jéﬁégg %éés?’s%?sa%és
arrays 326, IE® 330, apdddBionaYhbondr ppdseaanvdl rep t ReewchiR dio ctAFFB00
are identifigg a§e&Hi‘E'é&msgilg‘Mat1% t&%ddﬁo@%fe' _C’Qéc?h':ioﬁﬁ RestNG¥hts.

indicating a Left or R ocati on. us a single array 302 can be
identified dEhefRmdasddtipnaganikomd. PRAS cAFp J0EPERINERR rikys BBAd RS

represent ed byroKHRy Bbomthe’Honabaadi B942l 89¢ the central axis of the
chi p. The | eads 104 connect to these bond pads through bonding wires for
carrying electrical signals to and from

Peripheral 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 both the row and
column address signals.

In Figure 4, array 302 comprises eight mats or matrices
MATO0-MAT7 of memory cells. 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 MATO0-MAT7 arranged in the same direction as

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



10 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 points. 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 of the chip 300 as desired.
Bet ween the arrays of nenory cells 302 - 1332, columm decode circuits such
as colum decode circuits 340 extend along the length of the chip between
banks B0 anddBteandoimetinedicaltadk sbB2 aamedwB3400 Bricentiang o osoluma wodt h

of the chi p’bi{:.g%g?(:ggfén %&C" t%ﬁ%‘l%i‘i?étcﬁﬁ% b%’n‘&%t‘lz‘&“ﬁj”&fxsé& 294 LR
and between quadrants and RR. € peripheral Circuits can also occuf at
any desired Abtacfonabs MATQ-MOU arrameangede indghe sameuway 840that 3842,

arrays of meanluepFRUR! S WG B o e B R Che B e
arrays of- neaprgygeinsarmayik3eRicand sthe RhemarBaysaoa gbedchdpséPBet one
of the four Banks BO, Bl, B2, and B3. These two bank address
Row addresses All, Al0 and A9 are decoded to produce
row factor signals selecting the mats of Figure 4.
In Figure 5, MAT0 404 comprises 8 sub arrays Sub MATO-
Sub MAT7 and an area 500 gontaining 8 redundant Sub word
lines. The sub arrays Sub MAT0-MAT7 are arranged in a like
orientation to MAT 404 with the word lines running along
theéir 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 distribﬁted through the arrays, sub
arrays and sub sub arrays as desired. BArea 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 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 comprises eight sub sub
arrays or row main word line blocks identified as RMWLBO-
RMWLB7. BEach of the sub sub arrays such as RMWLBO 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.



signals are applied to the SDRAMw th both the row and col utm address :
signals. In Figure 4, array 302 conprises eight mats or matrices MATO- MATY
of menory cells.* Each.of arrays 302-332 are arranged in a |like manner so
t Hat describing one array 302 provides description of all arrays 302-332.
Array 302 has the mats MATO- MAT7 arranged in the sanme direction as
indicated in Figure 3. The row or word lii2nes extend in the direction

i ndi cated by arrow 400 and has the colum or bitlines arranged in the
direction indicated by arrow 402. Al of mats MATO- MAT7 are arranged in_the

same way so that pagwd@deireBsi @1geh1MA RS, 4G isnd AesaréPhisea @b %&bd%%ethe
other arrays in array 302 and the other arrays on the chip 300. Row

addresses AFPY ARCERN AI9BRLSIS U8 BChEiBAULRS ofPY adPd™ sYHFAI dine

sel ecting t I} oekisS o@f shbyduB 4rraPs FbHUFBgdre MATO 404 conprises 8 sub
arrays Sub MATO- Sub MAT7 and an area 500 containing 8 redundant Sub word
| ines. The sub arrays Sub MATO- MAT7 are arranged in a |like orientation to

MAT 404 with the MORidurees?  Wub ngulsl @hgayhedR engirisesMbliod Shir asra ns

512 Sub word .l ine ewfnly di vi ded annng7sub a rg%a Sub MATO- MAT7_ and :

addi ti onal ine decoder ' select areas 700 an with four sub wor
lines extending the length of each of the 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 representatién 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 connects to
VDD while lead or pin 88 connects to VSS. The following

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



ei ght redundant Sub word lines in area 500. The redundant sub word |ines
can be distributed through the arrays, sub arrays and sub sub arrays as
desired. Area 500 depicts the location for redundant word |ines used in
this enbodi nent. A description of Sub MATO 502 is a description of all the
ot her 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
Fi:gure 6, Sub MATO 502 conprises eight 9@b sub arrays or row main word |ine
bl ocks identified as RMALBO- RMALBY. Each of the sub sub arrays such _as
RMALBO 602 contains eight sub word | imaBLEAghi n a description of one-of the
sub sub arrays 602 is a description of all of the sub sub arrays on chip
300. 12 Row address signals A5, A4 and A3 are used to produce row factor
signals for sel ectidwraryes ow GmmonoNdmesne bl ocks or sub sub arrays of
Figure 6. In Figure 7, sub sub array 602 conprises two sub word |ine
decoder select areas 700 and 702 with four sub word |ines extendlng t he

| ength of each of t&e arkkls. Addwess Inputs

A0 - All Row Addresses
A0 - A8 Column Addresses
A10/AP Automatic Precharge Select
. BAO, BaAl 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.)
VvDDQ Power Supply Output Drivers (3.3 V typ.)
VREF HSTL/SéTL Reference Voltage
VsSS Ground '
VSSQ Ground for Output Drivers
w_ Write Enable



address signal A2 is used to produce row factor signals for selecting the

sub word 1|i

ne decoder select areas. In Figure 8, sub word |ine decoder

sel ect area 700 conprises four sub word |ines nunmber 0, nunber 1, nunber

and nunber

3. Row address signals Al and A0 are used to produce row factor

signals for selecting between the four sub word lines. The diagrans of
Fiigures 4 through 8 thus depict the particular arrangenent of this

enbodi ment of row or word lines on the sdfstrate 300. In Figure 9, an
i deal i zed representation of nenory device 100 depicts the package 102 with
all of the | eads I&iguriecrl®d ahdp €06t hikisedhiey Bamdisr Bicr @&ly,mB2arend ‘B3

according t
whil e | ead

OW Nng

comon nanesush tdresectipns 002, 1904, dd0enyamsl 10081 DT ABLE HefAr rlwnliirs
Common Narresof.p‘oqﬁaﬂént Lﬁ‘dq.ﬁ'xeﬁrh{]%.s The left an'd. right halves of

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 indications of DQO,
DQ15, DQ1, DQ14, DQ2, DQ13, DQ3 and DQl2 in array LL of Ban]_c
B0 indicates only generally the relative positions at which

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

In Bank Bl, high_lightéd area 1010, extending the length
of Bank BO, 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 DQ0O - DQ15. The area 1014
represents the bond pads 336 for data bits DQ16 - DQ31.
Area 1016 represents the bond pads for the address signals,
clock signals and control signals. Areas 1012, 1014 and
1016 provide an ideaiized 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
arid the leads 104 to which they connect. There are more

bond pads than leads to aid manufacturing the device.

2
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A0 - Al Row Addresses A0 - A8 Col um Addr esses A10/ AP Aut omati c
Precharge Sel ect BAO, BAl Bank Sel ect CAS_ Col um Address Strobe CKE
Cl gck Enabl e CLK System Cl ock CS_ Chip Select DQO - D@1 SDRAM
Data | nputs/ Qutputs DOV - DQVB Dat a/ Qut put Enabl e byte 0-3 NC No
Ext ernal Connect RAS_ Row Address Strobe VDD Power Supply (3.3 V
typ.) VDDQ Power Supply Qutput Drivers (3.3 V typ.) VREF HSTL/ SSTL
Reference Vol tage VSS Ground VSSQ G ound for Qutput Drivers W

Wite Enable 14 In Figure 10, chip 300 has the Banks BO, Bl, B2 and B3
di vi ded -al ong their respective col um BABLE t2 | i ne di visions,

Bond Pad Lead
Numbexr Acronym Number
1 - Vsub VSS
2 VSS VSS
3 VDD VDD
4 VDDref VDD
5 VSSref VSS 88
6 VDDreg VDD
7 vss Vvss
8 DQ24 46
9 - DQ23 43
10 VSSQ Vvss
11 VDDQ VDD
12 DQ25 48
i3 DQ22 41
14 VSSsa VSss
15 VDDsa VDD
16 DQ26 49
17 D21 40
18 VDDQ VDD
19 VSSsQ VSsS
20 DQ27 51
21 DQ20 38
22 VSS © VSS
23 VDDp VDD
24 DO28 52
25 DQ19 37
26 VSSsQ Vvss
27 VvDDQ vDD
28 DQ29 54
29 DQ18 35
30 DQ30 ' 55
31 DQ17 34
32 VDDQ VDD
33 VSSQ VSS
34 DQ31 57
35 DQ16 32
36 VSSsa vss
37 VDDsa VSS



such as sections 1002, 1004, 1006 and 1008 on the left half of quadrant LL
in Bank BO. The left and right halves of quadrants LL, LR RL and RR of
Banks BO, Bl, B2 and B3 are divided into |like sections along these bit |ine
divisions in all of the arrays of nenory cells. The indications of DQ,
DQL5, DQL, DQL4, D2, DQL3, DB and DQL2 in array LL of Bank BO indicates
onky generally the relative positions at which those data bits are stored
in‘the arrays on chip 300. In Bank Bl1, Hifghlighted area 1010, extending the
length of Bank BO, represents all of the individual word |ines .that are.
activated at one tine in3@esponse t oPRMBei pt of oneVBPoup of row address
signals. Thus, one addré$s activat eBQMRe sane respdttive word lines in al
of arrays 1017, 1018, 102®, 1022, 1094ss4026, 1028 wed 1030 in Bank BLl.

Li kewi se, one row addresgiwi || activghpggl | the respggtive word lines in
Banks 0, 2 or 3. Across tfie center okgchip 300, areg 1012 represents the
bond pads 334 for data bits DQO - . The area 814 represents the bond
pads 336 for data bits 6 - DQ@L. APea 1016 repreggnts t he bond pads for

t he address signals, clo®& signals aRd control signéls. Areas 1012, 1014
and 1016 provide an idealdSzed repres@dtati on of the2Bond pads for the data,

address, clock and contrale signal s f ggsexpl anati on gggposes. The fol |l ow ng
Table 2 correlates the 47

VDDin VDD
48 VSSp - VSsS
49 VDDp VDD
50 A8 : 62
51 A3 27
52 A9 63
53 VSSsa VSS
54 VDDsa VDD
5% A2 26
56 All 64
57 Al 25
58 BAO 67
59 A0 24
60 BAl 21
61 Al0/AP 22
62 NC 72
63 VSSsa : VSS
64 VDDsa VDD
65 Ccs : 20
66 VREF 71
67 RE 16
68 . ' Vddp VDD
69 VSSp VSS
70 VSSin VSS
71 VDDin VDD
72 CKE 68
73 CE ' 20
74 CLK 69
75 W 17
76 VSSsa VvSsS
77 VDDsa VDD
78 DOM1 75

79 DOMO 14



bond pad nunbers with the acronyns of the signals they carry and the | eads

104 to which they connect. There are nore bond pads than |leads to aid
manuf act uri ng t he devi ce. 15 TABLE 2 Bond Pad _
Lead Nunber Acronym Nunber 1 Vsub VSS
2 VSS VSS 3 ' VDD VDD 4
VDEbx ef VDD 5 VSSr ef VSS 88 6 VDDr eg
VDD 7 VSS vss 8 17 D4 46 9
D23 43 10 VSSQ VSS 11 : VDDQ .
VDD 12 DQ25 80 48 18sssa DQ22vss 41 14-
VSSsa VSS 81 VDDsa VDD

82 . DQ8 76

83 DQ7 13

84 - VDDQ VDD

85 VSSQ VSS

86 DQ9 78

87 DQ6 11

88 DQ10 79

89 DQ5 10

- 90 VSsQ : VSs

91 VDDQ VDD

92 DQ11 81

93 DQ4 8

94 VSSp VSS

95 VDDp VDD

96 DQ12 . 82

97 DQ3 7

28 VvDDQ VDD

929 VvSSsQ VSS

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 VSsS

111 VDDreqg VDD

112 . VDDref VDD

113 VSSref VSsSs

114 VDD 1 VDD

115 vss 88

116 Vsub Vvss

An important aspect depicted in Figure 10 is the
storage of data bits from each word of data in the same
relative location in each of Banks BO, Bl, B2 and B3. Thus

data bits DQO, DQ15, DQ1 and DQ14 are stored in the left



15
DQ21
VSS 20
VSS

52 25
VDDQ
3530
VDDQ
57 35
VDDsa

VDDsa VDD 16 DQR6 49 17
40 18 VDDQ VDD 19 VSSQ
DR 7 51 21 D20 38 22
VSS 23 ~ VDDp VDD 24 D28
DQLY 37 26 VSSQ VSS 27
VDD 28 DP9 54 29 DQLS
DQB0 55 31 18 DQL7 34 32
VDD 33 VSSQ VSS 34 D31

halftéégguadrant LL £4 8%h of Banks/S$6a B1, B2 andVBS.371n
a like manner data bits DQ22, DQ25, DQ23 and DQ24 are stored
in like sections in the right half of quadrant RR of Banks
B0, Bl, B2 and B3. Note that data-bit DQO is not stored only
in ‘section 1002, that data bit DQ15 is not stored only in
section 1004, that data bit DQ1l is not stored only in
section 1006, and that data bit DQl4 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 DQ12. 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 quadrant RL stores data
bits DQl6, 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 quadrants LL, LR, RL and RR
in Banks B0, Bl, B2 and B3 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

example, in the LL quadrant, data lead a connects 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



16 38
VSSsa
60 43
A4
VDD 48
A8.
63753

25 58

VDD 39 DQVP 31 40
VSS 41 VDDsa . VDD 42 AG

A5 29 44 A7 61 45
28 46 VSSi n ' VSS 47 VDD n
VSSp VSS 49 VDDp VDD 50
62 51 A3 27 52 A9

VSSsa VSS 54 19 VDDsa VDD 55
26 56 All | 64 57 Al

numb&A03 and data leadh connects with the bond for data b:“Lt”
number 12.

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 1eads 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
aldng 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 B0 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



59 A0 24 60 BAl 21 61

Al10/ AP 22 62 NC 72 63 VSSsa

VSS 64 VDDsa VDD 65 -GS 20 66
VREF 71 67 RE 16 68 vddp

VDD 69 VSSp VSS 70 VSSin ' VSS 71
VDB n VDD 72 CKE 20 68 73 CE

20774 CLK 69 75 w 17 76
VSSsa VSS 77 VDDsa _ VDD 78 DQVL |
75 79 the XgApective columng of arrays. Sub word decoders SWD

such as Sub word decoder 1204 occur between the columns 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 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/O lines 1230, 1232, 1234
and 1236 éxtend along the column of arrays and emerge below
. the column decoder circuits. These main I/0 lines connect
to main amplifiers 1240. For each column pair of arrays,
the main I/O 1lines . connect to main. ampiifiers for the
respective lettered data bits. Thus, for column 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 amplifier MAO-c¢, and main I/O
line 1236 connects to main amplifier MAO-d.

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

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



17 80
DB
VDD 85
DX
10 90
DQL1
VSS 95

D3
VSS 100
VDD

VSSsa VSS 81 VDDs a VDD 82
76 83 DQ7 13 84 VDDQ
VSSQ ~VSS 86 . DQO 78 87
11 88 : DQL0 79 89 : DB
VSSQ VSS 91 VDDQ VDD 92
81 93 D4 8 94 - VSSp
VDDp VDD 96 54 - DQL2 82 97
7 98 VDDQ VDD 99 . VSSsQ .
main g@_]gifier MAl-c, @nd ghe fourth &N I/0 line comngggs
to m¥BW amplifier MAl-d. In a like manner, the four main

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/0 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 parté 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/0O lines extend

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



103 VSSsa T VSS 104 DQL4 85 105

DQL 4 106 VSSQ VSS 107 VDDQ

VDD 108 DQL5 87 109 DQO _ 2 110

VSSr eq VSS 111 VDDr eq VDD 112 VDDr ef
VDD 113 VSSr ef VSS 114 VDD 1 VDD 115
VSS 88 116 Vsub VSS An i nportant aspect

‘depicted in Figure 10 is the storage of & a bits fromeach word of data in
the same relative |ocation in each of Banks BO, Bl, B2 and B3. Thus data
bits DQ, D&ERksDAC o3ed DB 4 ter @ddisdenal, nai@ |amplifiens hy| InoR ghideR ant
LL in each qfarBaiKs ffaitBbnaB2 e BFo hNinkd i@ N AordAlthedidasi AX X2k
DQ25, D@23 and D24 are stored

columns of memory arrays in banks B2 and B3.

At area 1250, Figure 12 ©provides a functional
indication of the lettered data bit carried by the four main
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
MAQ-a, MAl-a, MA2-a and MA3-a. The right-most main I/0
lines in column pairs 1212, 1214, 1216 and 1218 carry the
data bit appearing on lead DQd through maih amplifiers MAQO-
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 respective
leads DQb and DQc. '

The left-most main I/0O lines in column pairs 1220,
1222, 1224 and 1226 carry the data bit appearing on lead DQe
throﬁgh their respective. main émplifiers. The right-most
main I/0 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.



in like sections in the right half of quadrant RR of Banks BO, Bl, B2 and
B3. Note that data bit DQ is not stored only in section 1002, that data
bit DQL5 is not stored only in section 1004, -that data bit DQL is not
stiored only in section 1006, and that data bit DQL4 is not stored only in
section 1008. The exact | ocation for storage of these data bits will be

descri bed presently. The right half 10}? of quadrant LL contains data bits
D@, D@, DQL3 and DQ12 The left hal {71020 of quadrant LR contains or

stores data bits DX, D _and DQLO. The right half 1022 of auad[:ant
LR stores data biThg Begésumm@ecqzs@yr%n’%pzo@ pafife qfefqolymms 1 o fsqd@dant

RL stores daha Aijsy D%dda@lon@@&ﬁw P@Qlect Thens QEEpEELsEn%@aGb?f
guadrant RL stores data bits DQL8, D9, DQL9 and DQR8. The left half 1028

of quadrant YRRedE6Les i 21274 BXPENAERD7aCHOSS e (RPYRYS TAE MERPTYhal f

1030 of quadiednls RR strdes Qﬁraol@l (D1es. DEénsHBrRpandi B4 ockrFiigur e
11, each of the quadrants E LR, RL and RR in Banks_BO, Bl, B2 and B3

provi de ei gife &t él'ﬁ’i f“rﬁéﬁpﬂt?SFeQGEWG?D(thW’?Y’%'@# SSTOIK (953 F by t he
letters a, b, c, e, f, g and h. These lettered data output |eads connect

LU quadr ant Vedii’é‘r&w&ﬁ fsﬁéﬁ%&it@%%%%;% P PHsTEe n AR SAFACE | R b

connects W tdard rdaie EiGHObits 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/0 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 in
shared alternating sense amp configurations. Sense amp

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



bit nunber 15, data |ead c connects with the bond pad for bit nunber 1,
data |l ead d connects with the bond pad for bit nunber 14, data |lead e
connects with the bond pad for data bit nunber 2, data |lead f connects with
t He bond pad for bit nunber 13, data |l ead g connects with the bond pad for
bit 19 nunber 3 and data |ead h connects with the bond for data bit
nunber 12. In a like manner, the lettered data | eads for the other
guadrants connect with the bond pads for ?e rest of the data bit nunbers.
Notice that this connection of lettered data | eads fromthe quadrants
substantial |y al ignarwai-h18be, b@ethrpad® fwisrd NeinespeT1i2 vexbehdnaobess.
This align t substantially.reduces the |ength or distagnce that, the data
| eads must ngg?eﬁcfrf‘?orﬁrf h8%a g’?ériglavﬁgntﬁv €5 ¢ hgwﬁor?(ﬁqg%%%. S"I‘ﬁus
t he data signafisliresi eztlend &inpmosebbdedoged areagt dB2d mndathaysther
generally e nq| a the wi.dth of the chi 0 fr t bond d.
The data si é%\’gl chfI}%avngR%%I f x%eﬁlldga ]f?/m ag}lgss(?etcﬁog ﬁorenafﬁg%f H? t%es “chi S.B%I n
nore fornmal deepder bardayadsliid t mdsub3tbat eokaind 28 ®nguthe deciogielrsof

the chip 308r58u8§f15yag@§.@eSggfgéé é:‘.)gnals on the sub word lines. In a
like manner, sub decoder arrays 1316 and 1318 produce active

select signals on sub word lines extending across array
1210. '

-ve

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 select circuit rysel0.
The Y select signals occur on linés, such as Y select line
1254, that extend across arrays 1210 and 1300 respectively
and continue extending across the entire column of arrays of
memory cells. Column address signals A8 through A0 are used
to .generate the active Y select signals ysell - ysell2?7.
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 cc_)lumn factor signals. The column factor signals
select one of the paired Y select circuits in a first memory
cycle and select the other paired Y select circuit by simply
inverting the column factor signals. This arrangement

facilitates reading data from the memory device in an eight



and fromthe device and the bond pads are carrying the data signals in a
certain order. The arrays of nenory cells are formed on the chip 300 and
extend across the width of the substrate in sections or groups of nenory
cells. Each group of nenory cells stores the data signals carried by one
group of bond pads and the groups of nenory cells are arranged on the
sybstrate in a defined order that is SUQ?tantially the sane as the order in
whi ch the bond pads carry the data signals. In Figure 12, quadrant LL in
Bank BO contai ns one hundred twenty-eight nenory cell arrays, such as array
1201, arrangdd ibumstmabyi acsfessigigt faws bitar redy sddlya sint esarht obfmtsvoof

arrays. A ngj e urs along the right side of the eight
rows of ar?%fgu%ﬁ%ﬁgqs%§9§%XN¥%%3%%'EEcoders such as Col unm Decoder 1202

occur at the bottons of 20 the respective colums of arrays. Sub word
decoders SWD suc r r C JEEM {963 & AIMS,
arrays to genera?gqsvxgr ?%engggggﬁsflgégéggiﬁ&%ge%l rectzlhgn %(fg arrow 1206.

The bit |ineplum factor signads thatasedgcti ¥ sebedt retr¢witiysedbiin 208,
a first memory cycle. In the second memory cycle the column
factor signals become inverted and select Y select circuits
ysell. For burst lengths of 1, 2 or 4 bits of data, only
one memory cvcle 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 sense amp arrays 1304, 1306, 1308 and 1310
appear on Sub I/0 lines SIO(0), SIO(1l), SIO(2) and SIO(3).
The data signal that appears on the sub I/O0O line SIO(0)
connects to mid-amplifier 1324. In a like manner the sub
I/0 line SIO(1l) 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/0O line SIO(0) to
main I/0 line MIO(0) 1230. Mid-amplifier 1326 connects the
sub I/0 line ‘SIO(1l) to main I/0 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/O 1line



The colums of arrays, such as colum 1210, are arranged in pairs,
such as colum pairs 1212, 1214, 1216, 1218, 1220, 1222, 1224 and 1226. The
paiirs 1212, 1214, 1216 and 1218 conprises the left half of quadrant LL
whi-l e the pairs 1220, 1222, 1224 and 1226 conprise the right half of
guadrant LL. Each pair of colums store the data bits for the four lettered
data bits identified in Figure 11.. The pairs of colums 1212, 1214, 1216
and 1218 each store the data signals fa@edata bits a, b, ¢ and d. Pairs of
colums 1220, 1222, 1224 and 1226 each store the data signals for data bits
e, f, g and $iTO bk kachapai £/0f 1éneuMA® (33udR3gs cdnumﬂi®enxod21&nothmw

main I/0O|inggp §ﬂ§hl§ﬁen§592|@§bh'Qﬁ%t%%%oar¥%§2 n&%?%ﬁ%ﬁg:er |rcu€$g

al ong the col umm of arrays and ener ow t he co um
These main 7498t RE aEFmEci390 %@Hlfﬁle@hﬁ)ltm apethevomid-amupl bEier cbl3dm

pair of arraysd-ameliPidy 1434 'ﬂ?st nd& RS éwrflﬂé’lrr/«%@?’ohe

respective lettered data bits. umm pair

1230 connect13%% %@ErFQﬁnRQﬁq(SOM“N@-@alﬁapﬁ proaysne 1232 connects to main
anplifier MAO-b, main I/O line 1234 connects to main anplifier MAO-c, and
main 1/0O line 1236 connects to main anplifier MAO-d. For colum pair 1214,

the first main |/ Ilge connects_to main anplifier MAl-a, the second main
1/O line connects arrays 1210 and 1300 of memory cells comprise

the bottom two arrays in the pair of columns of memory cell
arrayé 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/0 lines occur over the sense
amplifier arrays between the memory cell arrays in each
colqmn. The four main I/O lines extend the length of the
pair of columns in bank B0 and extend the 1length of a
respective pair of columns in bank Bl to couple to all the
sub I/0 lines in those two column pairs in those two banks.
This arrangement provides short sub I/O 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 1lettered data bits a, b, ¢ and d
described in Figure 12. The main I/O0 line MIO(0) 1230
carries data signals for the data bit a. Main I/0 line
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/O line MIO(3) 1236 carries data signals for



to main anplifier MAl-b, the third main I/O line connects to 21 main
anplifier MAl-c, and the fourth main 1/O line connects to main anplifier
MAL-d. In a like manner, the four main 1/Olines extending fromthe colum .
pair 1216 connect to main anplifiers MA2-a through MA2-d and the four nain
/O lines extending fromcolumm pair 1218 connect to nmain anplifiers MA3-a
t hrough MA3-d. Like connections occur fagrzthe main |/O lines extending from
col ums 1220 through 1226 to their respective main anplifiers. The outputs
of the main anplifiers for colum pairs 1212, 1214, 1216 and 1218 connect
to a data stheedaba B242d. ThBabvat pbits af bhecnahd dnphuéi are &bered| im

pairs 1220, 2 1244, The
out put of da%é égaééﬁc éﬂﬁ%i%gconprlses four %ﬂ E]]?’ines DQa, DQp, DQ
and DQJ. The outputs of data sequencer 1244 conprlse four data bit lines

DQe, D, DQy angnD@hqpat aléquéﬂgér%nﬁ‘i%léﬁ}d c"%l@”P&d)éecBﬂibﬁris% dat a

circuits 340 or 342, see Fig he connecting lines wth
sequencers 9PRpg2 aﬁd‘¥Eﬂ4SﬁQﬁ§t|@mﬂli§1¢$th%nqyk§s used on Chlp 300

Memory cell 1402 connects to bit line down BLD 1404. Memory
cell 1406 connects to bit 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 couples 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 leaa
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 equalizé 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-channel transistors 1440 and 1442
connect to a signal SDN on lead 1448.

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



selection of data signals fromthe main anplifiers to one of the four
respective data bit lines. This will be nore fully explained in a follow ng
drawing figure. Figure 12 depicts main I/O lines extending along the pairs
of. colums in quadrant LL of bank BO. The main:1/Olines depicted in Figure
12 also extend along the pairs of colums in quadrant LL of bank Bl to main

anplifiers located near data circuits , Which are | ocated near the bond
pads on chip 300. Additional and like main 1/O lines extend along all of
the pairs of colums in all of the quadrants of 22 banks BO and Bl t.0

addi tional H4PH apptrelerithe cannecbiore ofaier bidddilpesnalr SBEnSPPOLY Pnes
extend al ongihbg. pairs of colums of nenory arrays in banks B2 and B3. At
area 1250, Figure 12 provides a functional indication of the lettered
data bit carried by the four main I/Olines for each pair of colums. Thus

the left-nost mapf IFigueNeS,| i@ HP1RRLES 15D dohlifecty 16randubl &8
carry the data bit appearing on | ead t hrough pain anELlflers 0- a,
MAL-a, MA2- 5hgndubnI/Q linfge 145Ph@anthsk4thitP 1Mt fEQ LAnes| dRAZpaPLs
1212, 1214, 158326 andl 448 Wi ryidd€equalize signal SBLEQ on lead 1506
controls an equalize circuit 1508 to equalize the voltage on
the sub I/0 lines 1450 and 1454. 1In 1/0 equalize bar signal
IOEQB .on lead 1510 controls an I/0 equalize circuit 1512

connected between the sub I/0 lines 1450 and 1454.

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/0 write
enable IOWE on lgad 1524 controls a pair of pass transistors
1526 and 1528 in drivihg 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/0 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/O 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.



data bit appearing on |lead DQd through main anplifiers MAO- d, MAl-d, MA2-d
and MA3-d. In a like manner, the two center main I/Olines carry the data
bits appearing on respective | eads DQb and DQ. The left-nost main I/0O
li’lnes in colum pairs 1220, 1222, 1224 and 1226 carry the data bit
appearing on | ead DQe through their respective main anplifiers. The
ri,ght-nost main I/Olines in colum paigg 1220, 1222, 1224 and 1226 carry
the data bit appearing on | ead DGh through their respective main
anplifiers. In a like manner, the two center main I/O lines carry the

data bits appeaMalfage resigddizey & irsadd sDA6 1dn UG 1 ZEhi the gk vage i9h and

arrangenent i Q¥d Aest Ao PI fad £18F0 CY M G| £562 a888SE564 i@%eé‘@i@ei}}.t s for
each data |ine - at one tine. Dat a sezuencers 1242 and 1244

provi de forThife graredhcosuvngtion withhEhgal4Opmaint ampheead cerphie.

Thus a fourgfidaPr &d $aRk Obndaldali (F6PECUTS TR &RER CohyBPraddrgsss
applied to chip 300 and correspondi ng set_of generated word |ine signals.

23 The col WFHrdeklstlers694r areai sortreblefmsgererhlhg 1By the signal
IC_TD_INVRT on lead 1620. The pair of pass transistors 1606

connecting the main I/O lines 1502 and 1504 to internal bit
lines 1622 and 1624 are controlled through the i/O 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 1lead 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 circuits provide for
transfer of one data between the DOx bond pad 1700 and the
main amplifiers 1240 in_seqﬁénces or bﬁrsts of 1, 2, 4 or 8
bits of data. One DQx, where x is a number from 0 through
31, bond pad exists on chip 300 for each data bit. The data
passes between main I/0 amps 1240 and DQOx 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



and 1252, produce one active Y-select line, represented by Y-select line
1254, extending across the arrays of nenory cells in that pair of col ums.
Sense anplifiers occur in sense anp areas 1256 between the arrays of nenory
cekls. Wth this four bit pre-fetch schenme, nenory device 100 can provide
eight bits of data for each address in an eight bit burst. An eight bit
burst conprises two nenory cycles. Each nmenory cycle conprises a fetch of
four bits of data for each data I/O bit &0d each nmenory cycle occurs-in
four clock cycles. A burst of four bits operates in one nmenory cycle of..4
cl ock cycl es342 Qedmriddedfint Wighirees 3o0perakse dataneipeuabdty TYCl epreedsi ng

f data b b { | | t pyt
oaggutac?np?%@esg%ﬁ§E§:n%££gduMqécaﬁc%oﬁ%qiﬁocnct¢%P%H ﬁe?$%ﬁ?€tﬁ€i°%%lunn

pair 1212 codgricked amr masrehaesol24Cehnd 1228 afidFig@Peendzh cont ai ni ng
menory cells located at the intersections of word lines and bit |ines.

Array 1210 contains bit lines, such as four bit lines 1302, ext endi ng al ong
si de one anot her Im Eﬁadinerdatangfm etti'genanrayé'mfbmtexddrlyeazﬂdts‘a,ndtﬁéom

sense’anp ar§iya 1304n&ich.Parfd£L ls‘ér}%ﬂ? %ta%C f a% 2capd 1548 bo;:igﬁ:l,g eE%C h

extend up fromsensé anp array y SenSe anp
of sense anpt@rPB§satidon afidchinmesehd th@ wrheingediaea abp theranyays of

contain  ongemfrpdeedis, t WaRd Ve it dat&"¥Egister 1706, the parallel
data .in register 1704 and the data sequencer 1702 contribute
to operation 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 membry 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 - 1716,
respectively. Each global I/0 line connects to one side of
a pair of pass transistors, such as respectively pass
transistors 1717, 1718, 1719 and 1720. The pairs of 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 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/O control data sequencer
signals IC_DSQCR(0)-(5) on leads 1725. By opening selected
pairs of pass transistors, the I/O control data sequencer
signals on leads 1725 determine the parailel ordér in which
data signals pass from the global I/0 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/O control data sequencer signals



anplifiers, such as sense anps 1305 and 1307, arranged in shared
alternating sense anp configurations. Sense anp arrays 1308 and 1310
connect to like bit lines extending across array 1300. 24 In array 1300,
fqur sub word lines 1312 extend across the array in an interl eaved

arrangenent . Two of the sub word |ines_extend fromsub decoder array 1314
and the other two word |ines extend frotdsub decoder array 1316. Sub
decoder arrays 1314 and 1316 contain 256 sub decoders producing active

sel ect signals on the sub word lines. In a |like manner, sub decoder arrays
1316 and 13%e pFeRrE-etdty anpdihexrt pargnalfs thbe shaPwdPA RpnESsSERRERdEfAg

across arr gyjode 18onERbYMinde Rflfedd & So112324AR8s 132D 198ChH 188085848
sixty-five Y select _signals in sixty-four Y select circuits _ysel0 - ysell27

. y
and one redtPH¥MR 3ddefeTtSignals tAT yand 0 Thee yusefebP BrgAdre seisfton

lines, suchsggnlsefefisdlde iptnd Rt fRd the pasnabipysriddq . and 1300
respectively and continue extending across the entire colum of arrays of

menory cells. Colum address signals A8 through AO are used
The pass transistors, such as pass transistor 1717,

each comprise an N-channel 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_thé 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 output 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



to generate the active Y select signals yselO - ysell27. Only one of the Y
sel ect signals produced from colum decoder circuits 1252 and 1320 is
active at one time. The columm decoder circuits 1252 and 1320 receive
calum factor signals, not shown, decoded fromthe colum address signals
applied externally to chip 300. The Y sglect circuits are paired and the
colum factor signals are applied to the 39l urm select circuits to
facilitate operation of the nenory device in tw sequential nmenory cycles.
One received colum address decodes into an initial set of column factor

signals. THOcangmlfédt ;rrei drikles darekt bhB of tEBepR3y ?fsepacs

CiTcuits incfahsiSloFBMFYCYLEE UHht3R18Eh 1HE QL h8LgRALT &0 86heebl
circuit by S|ngly I nvertin the colum factor signals. Thi s
ar r angenent SR FI?Jf%FE]ésICF-e%EHIﬁg"dét%C? rofR&-he nenory device in an eight

25 bit burst by accessing four bits of data in each of two sequenti al
menory cycles. For exanple a columm gddress coul d nornallghdecode i ntq

col umn factor sifnBRETt R ReSSedirapsi@itars & i $RR othe quiPYSt Ofenory
cycle. In thete6RCAVATEEHT theY Cirgpit€ogOl1HEEh 1740. A pair of pass

transistors 1758 connect'the_output of latch 1740 to the
input of latch 1738, and pass transistors 1759 connect the
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 transistors
1757, 1758 between latches 1742, 1740 and 1738. Inverter
1764 and pull up trénsistor 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/0 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



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 nmenory cycle does not occur. Each Y

sel ect signal line extending fromcolum decoder 1252 selects four data
signals fromarray 1210. Each Y select signal |ine extending from colum
decoder 1320 selects four data signals fromarray 1300. The sel ection

occurs through circuits located in t he ¥bnse anplifiers in the sense anp
arrays. The four data signals decoded fromthe sense anps _in sense_a¥p
arrays 1304?19856,5193’95'5aﬁ%‘m appearusrRusyiatao Priger Sid’l) |t ehe)
SIA2) and SbRB3paaTheodata signal that appears on the sub 1/0O line SI((0)
connects to md-anplifier 1324. In a |like manner the sub I/Oline SI(Q 1)
connects to md-anplifier 1326. The sub I/Oline SIQ(2) connects to

nmid-anplifier 1388rand wUbvtitQ | bper&tids) &0HRE Ssidgndl dappehiingr oh330.
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main 1/O|inead 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 length 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 1ength 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 1latch
1738 and on the next timed clock signal the first data bit
passes into latch 1736; the second data bit passes 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



MQ(2) 1234. M d-anplifier 1330 connects sub 1/0O Iline 26 Sl 3)
tominI|I/Oline MQ(3) 1236. In addition, another sub I/Oline 1332 from
anot her array (not depicted) to the right of array 1300 connects to anot her
ntd-anplifier 1334. Md-anplifier 1334 in turn connects to main I/O line

M Q(0) 1336 for the next colum pair of arrays. The two arrays 1210 and
1300 of nenory cells conprise the bot3@amtwo arrays in the pair of colums
ot menory cell arrays 1212 depicted in Figure 12. Eight arrays exist in
each colum. Array 1340 exists above array 1210 and bit |inpes 1342 ext-end

in that art?g4. AP #igned4 Ld6c wontaiedy @analdeli staka ppEeGtetetiblaFeR | ines
ocour over (theph9Res AMIIRY BhLEYScheAYEsEotbe TN Y OBld akAySihn
each columm. The nl/O

our rmal Ines extend the |length of the pair of
col ums i nla&gh B0 38hdasaeshdthreugkngikeobasss dypngisteorsiint® t8kchns in

bank Bl toé%%l?' e ?I‘ﬁealdattahesédfped/ Gl INATH N8OS alsiesC O RFBUGRI 18kEN
those two banks. Thi's arrangenent provides short sub I/Qlines and main 1/0
lines to roasSe trANHLALENS | éntapdatcincti88ec@nd nkhe ndaksssStorRd . 1n

latch 1742 passes through like pass transistors into latch
1790.

Each of the latches 1784, 1786, 1788 and 1790 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 paralle_l 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/0 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 17_30, 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 sequencer 1702 to
‘arrange the data in any required sequence and then the data
signals pass écross the global I/0O 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



The arrangenent of columm pair 1212 is the sane as all of the-other colum
pairs on chip 300, so a description of one is a description of all. The
main /O lines carry the data signals for the lettered data bits a, b, ¢
and d described in Figure 12. The main 1/Oline MQ0) 1230 carries data
signals for the data bit a. Main I/Oline M Q1) 1232 carries data signals
fqor the data bit b. Min I/Oline N1C(§% 1234 carries data signals for the
data bit c; and main /O line N1CX3) 12 carries data signals for 27

t he data b|t d. Data bits a,_ b, ¢ and.d thus are stored in t c l um pairs
of arrays i haggh S?déPe(ParFéri‘rPrl 4% §Br & g4 ST sk Uhpl 17 8 400

conprises ogeleétéaed%@ases@cm&ﬂéé ethebl§HI Tcﬁtlase@le?meﬁé'éﬁ 36002 Mpjeryscel |
1402 connects to I|ne down BLD 1404. ano%é cel 140 nnects to b|t

ine bar doVATEERS ERoSPe AFAYY Rk MEREY. C tSr JHEQMI JBHec 60t
bit |ine upakpWi¥4é2s apdonenory cell 1414 connects to bit line bar up BLBU
1416. A signal SHRD on line 1418 couples the bit |ine dow BLD 1404 and bit
|l i ne bar down BLBD 1408 to their respective sub bit |ines 1420 and 1422

through a pair offheaes 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 arrays 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 edge 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 Al10 - 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



transistors 1424. In a like manner a signal SHRU on | ead 1426 coupl es 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 line 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 two $¢ib bit lines at a desired tine. A
sense anplifier formed of cross coupled P transistors 1436, 1438 and
N-channel transistors 1440 and 1442 connect to the sub bit |ine SBL 1420
and the subindicates bhatSplmodeoreghstenobptc@dnref genAsiisddcates3® and

1438 al so c tBufsei 9 S ead 1444;a0¢ VORA on A5G tkA6. The
t wo N-chann% tr%nsiggt(s)rs %2%8 gr%éﬁrllﬂféﬂa%on%éé%é%o a signal SDN on | ead
1448. The simterleavee ISBist4XynsonnecChars t h80S§ubindcaras 148® tMedRigh

t-ransi st or suWh_Rit 4Ll L B f%%&s : /O
line bar Sl %%é%ﬁgggtﬁ?gﬁgﬁbt ?gngleg?g}ﬁ%ig?la gﬁ%?co umm g%?%%%l@ls?%lﬁﬁl
CYS on | eadof 128 21458 apdt Aol s Chartohp@8t indicatese thier medrsre@isker sub

170 bit A9 determining a write latency of zero and one,
respectively. The mode register is changed only if a valid
MRS command is entered. If the addresses are not valid, the

previous contents of the mode register will remain
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 programmed 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.

chcerning latency, 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 latency, also known as CAS_ latency.



lines. In Figure 15, md anplifier 1500 connects.or couples the sub I/O
| ines 1450 and 1454 to main 1/O lines 1502 and 1504. A sub bit line
equal i ze signal SBLEQ on | ead 1506 controls an equalize circuit 1508 to
egual i ze the voltage on the sub I/O lines 1450 and 1454. In 1/0O equalize
bar signal 10EQB on | ead 1510 controls an 1/0O equalize circuit 1512
connected between the sub I/O 1lines 145(57and 1454. An I/ O read enabl e
stgnal 1ORE on | ead 1514 controls pairs “'of transistors 1516 and 1518.
The pairs of transistors 1516 and 1518 couple the |

St Or s %gicgll_‘ g(g%/lel on_sub
1/0 |ines ShErensbhanininial (euemet nayele, bns | camesesd,nthe B3 PETHh

| eads 1520 gpduitd23t thBecsbRAEr&btbnEyt Ri€RGHE CahPNEnbervening Sgdps -
controls a pair of pass transistors 1526 and 1528 in driving the sub I/O

| i nes 1450 and 1454 directly fromthe main 1/O lines 1502 and 1504 during a

witing of data iRt @ihis-dTeI® Y caakkS 1901 isaficagesf thet avws-and houpseory
cells to the main 1//Olines_occurs throu the transistor Irs 1516 _and

h
1518. | n Fi §eABeRgesS i bk FiPFéF‘a}GwngéEPWCBPF9t&BHpIfgg BRELAR AP O

lines 1502 apgeliQ4vied amphabal Iyl i Wien depsidemtdaugoly oghe
menory cell, the data path occurs generally through four data inverter pass
ci-rcui ts 166ntegned vadwne ofocelipds addxesss@flse anplifier 1608 and data

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
01 and 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 binary 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 positions.

In Figure 21, chart 2100 indicates the eight-bit burst
sequences for internal column addresses AQ0, Al and A2 in
both binary and decimal for seria_l and interleaved modes.
For example, with a binary start address of 111 in a serial
mode, the next binary address w:'!.ll' 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.



output circuits 1610 to the global 1/0 1line 1602. When witing data from
the global I/Oline 1602 to the main I/O |lines 1502 and 1504 the data path
occurs generally through wite circuits 1612 to the data inverter pass

citcuits 1604. 29 Vol tage equalize circuits 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 nmain anp read enable signal 10 MARE on |ead
16318. The data inverter pass cirggts 1604 are controlled generally

by the signal IC TD INVRT on |ead 1620. The pair_ of pass transistors 1606
connecting the mdM§ | FerrPiks 1Buxr-hik 1904 teightebrtl hynsy | gequesgesand

1624 are co Ideed tiv opgigut-Bs hieQ Ry DaﬁHP2r1eaéjré9”§Hé§séi-?”§'th§a Tk
| ead 1618. he main sense anplifier circuits 1608 are controlled through
the signal MRS mMBFEVARYSENabAESFOLRRE opireuiitss2et memprymidevicesel100
anplifiers HeO8 &antprdtd ol adddrding ttﬂi's”ﬁid’a@%%f%ﬁ%g%@%%dt ®ith"ac
~and latch their respective VOlt%&SS' he output circul s are

control | ed FPWIRLY drefetah axchitestung.put enable 10 MACE on 1 ead
1628. An equalization circuit 1630 between the internal bit |ines

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.



1622 and 1624 is controlled by an I/O main anplifier equalize signa

| O MAEQ on | ead 1632. The wite circuits 1612 are controlled generally
through the signal 1/Omain anplifier wite enable | O MAVE on | ead 1634.
The wite circuits 1612 are also controlled by a signal 1C D Mon |ead
1636. In Figure 17, the depicted circuits provide for transfer of one data
bet ween the DQx bond pad 1700 and the ngin anplifiers 1240 in sequences or
mnmsofl,2,4(ﬂ€3MtsofdMa.Oﬁgmy,mwmaxisanmmm fromO

t hrough 31, bond pad exists on chip 300 for each data bit. The data passes
between main |/ O anps 1240 and DQx bomMébdad 31700 t hrough data circuits 1701
conpri sing data sequencer 1702, parallel data in register 1704 and seri al
data regi stetall706CLBata circuitscllaek conprise the data circuits 340 and

30 342 descr{lbed iOKEi gure 3. Thesa i &reiyi@!its 1701 provide the actual

In Figure 22,

the signals in waveforms 22 (a)

enbodi ments pg) t hecgunctional repr tahiquys depicted in sequencers 1242
Sn? 1244 of ngligggig.dl n rgafll ggt %?%de;{oe@st %ﬁeayts QL {rem)ry pel l's, the
ata sequencgg, A8 Serla aé%fﬂ%ﬂfﬁéafess sé%gkgl ute -

: (£) w write

(9) BA(1:0) bank address 1 and 0

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

(1) DQ data I/0

(j) -PB_CLK internal clock

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

(1) MD_WRT mode decode, write

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

(Q) LAT_CNT{3:0) latency count

(r) LAT_DONE latency done

(s) MC_WRT main control write

(t) MC_CLAT main control column latency

(u) BURST_CNT(1:0) burst count

{v) 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

(y) CFGB3 column factor global bar 3

(z) CFGB6 column factor global bar 6

(aa) CY¥sS column Y-select

(bb) IO_WRIT I/0 write

(cc) SI0 sub I/0 lines

(dd) IO_MAWE . I/0 main amp write enable

(ee) MIO main I/O lines

(£f) IC_GWR I/0 control ganged write

(gg) IC_GWRSB I/0 control ganged write start bar.

(??) GIO global I/0 lines

(1i) 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

through

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



to operation of chip 300. In witing data to the arrays of nenory cells,
the serial data register 1706, the parallel data in register 1704 and the
data sequencer 1702 contribute to operation of the chip 300. Min anps MAO,
MAL, MA2 and MA3 are the sane mai-n anps for one lettered data bit
depicted in Figure 12. In reading data fromthe nenory cells, the main
anplifiers 1240 MAO, MAL, MA2 and MA3 produce data signals on data path

gl-obal 1/O1lines G Q0) - GQ3), 1710 -44716, respectively. Each gl obal
/O line connects to one _side of a pair of pass transistors, such as

respect i veSy9pads Ghknand: KA6.17055 apdgW.1713nERANEI3Y. thgeChipr 308F

pass transiptiliutek/ the dilhthPd Srdbrapibttdd By SRhvéfimandai(her @hdoaghour
sets of pass transistors 1721, 1722, 1723 and 1724. The other sjde of the

pairs of paedZ)rapBi SPEERAERLPPR t#RX qardtdngharatpy tRe W8 | Addygssed

regi ster lgoriiecedhs.of pmiésS figAss Lhanghebebems 7242 (da P2 chk6dgnand
1724 are controlled by 1/0O control data sequencer signals | C DSQCR(0)-(5)

on | eads 12Z(KKly ehemi ageusl dax «himi 380 okopdead (iR dabrsSigpals dn
control dathe ST ed inlifd Sy Yblxads 1725 deternmine the parallel order

I n which data signals pass fromthe global 1/Olines to the serial data
register. This arranges the data signals fromthe main I/O anplifiers to be.

in the required gy dgfgueSeihekkP! the signal IC_SCLK occurs in two
groups . of three 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 duriné a write cycle.

In Figure .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 signals of Figure 23 by figure letter,
acronym and common name.



i nterl eaved node.
gener ated at anot her

address control

The /O contro

part of the chip 300 in response to node control
signals to be discussed. Columm address signals Al

dat a sequencer signals 31 are

and
and A0

are used to produce select signals for selecting the data fromthe main

anplifiers.

conpri se an N-channel
A control

paral | el

The pass transistors,
t ransi st or

si gnal

to the pai4lof parallel

such as pass transistor

1717,
and a P-channel

transi stor

each
connected in
connected transistors

is depicted in Figure 17 with a lead |line drawn only to the gate of the.
N-channel transistor. An inverted con??BFesﬁgnal al so connects to the gate

of the P-channel
figure for dal andh¥on.

transi stor

but

I's not depicted to sinplify the draw ng

Aft er passitagkt hrough the sets of pass transistors
1721, 1722, (b)j23 &KE 1724 t he dat alscign&habileavel

on |l eads 1726, 1728, 1730

and 1732 resractiwedy to pairs of chapssell@gti stors such as pass transistors
1734,

Pair

@&)0f PRsS transistorsrol/dddrake steebeol led by an
cont rol asyqﬁgronqﬂ§ ganged read $ioqRHn

1706, four d(aé)a Ia,kc es 1736,

(9)
(h)
(i)
(3)
(k)
(1)
(m)
(n)
(o)

(p)

(Q)
(r)
(s)
()
(u)
(v)
(w)
(x)
(v)
(z)
(aa)
(bb)
(cc)
{dd)
(ee)
(££)
(gg)
(hh)
(ii)
(33)
(kk)

BA(1:0)
A(11:0)
DQ

- PB_CLK

MC_ACTV(0:3)
MD_ACTV
MD_READ
RF0/2/3/6/9
SWL
RSAE1B(0:3)
BL '
LAT _CNT(3:0)
LAT_DONE
MC_READ
MC_CLAT
BURST_CNT
MC_BURST_DONE
MC_CA_RELOAD
MC_COL_BNKSL
CFGB3

CFGB6

CYS

IO_READ

SIO

I0_MARE

MIO

IC_RDEND
GIO

IC_GRD
IC_QENBL
IC_SCLK

In Figure 23,
through 23(h)

/0O
LEAGREs sRropei al data register
write

bank addresses

addresses 0-11

data I/0

internal clock

main control activate

mode decode activate

mode decode read

row factors

sub word line

row sense amp enable

bit line

latency control

latency done

main control read.

main control. latency

burst count ]

main control burst done

main control column address reload
main control column bank select
column factor global bar 3

column factor global bar 6 -
column Y select

I/0 read

. sub I/0 lines

I/0 main amp read enable
main I/0 lines

I/0 control read end
global I/0 lines

I/0 control ganged read
I/0 control data enable
I1/0 control serial clock
the signals

in waveforms 23(a)

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(j) through.



1738, 1740 and 1742 respectively receive the outputs fromthe pairs of pass
transi stors such as the pair of pass transistors 1734 and.latch the
received data signals. Latch 1736 conprises a pair of inverters 1744 and
1746 connected in series with a delayed pair of pass transistors 1748
provi di ng connection fromthe output of inverter 1746 back to the input of

i nverter 1744. Latch 1738 is simlar to %atch 1736 but additionally
conprises a pair of pass transistors 17% bet ween the output of inverter
1752 and the input of inverter 1754. Latches 32 1740 and 1742 are _like
latch 17383 (zIThdnpaprepdrajzicon t £ansizeasting 79etar £xht FBRI afdxessad gnal

17O controlpshbly €kl ! CSEhE A1dr2ad 1790 wabdirnsO 2 PEEF BhANBH{LHS
1757 connect the output of [atch 42 to the 1 nput of latch 1740 A pair

of pass traFer@eghs 224%k)cobhert aaruouiputclip| 300h 494Feast t FBe fAka of

|l atch 1738, g 8882 PESErbh 25t SiQiSeddad tediesout put of latch 1738 to
the input of Tatch 1736. These pass transistors 1757, 1758 and 1759 are

controlled by a signal 1/O control shift clock bar | C SCLKB on | ead 1760.
: In Figure 23(kk), the signal IC_SCLK occurs in_ two

groups of three 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 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-All,
BAO, and BAl valid on the rising edge of clock CLK. Albank
can be deactivated eithéf_automatically after a READ or a
WRITE burst is completed or by use of the deactivate command

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



A signal node decode burst |ength MD_BL(1) connected to pass transi stor
pair 1762 controls propagation of the signal 1/0O control shift clock bar
| CSCLKB to the pass transistors 1757, 1758 between | atches 1742, 1740 and
1738. | nverter 1764 and pul |l up transistor 1766 maintain lead 1768 in a

high state to prevent shifting of data between |atches 1742 and 1740 and
between | atches 1740 and 1738 if MD BL(1)44s high. The serial clock

si*gnal s. on | eads 1756, 1760 and 1768 prOV|de for clocking of data bits
t hrough the data | atches_to the output data_buffer 1770 and then to bond

pad 1700. An outFRMY bu%’P‘@?P%W&%‘P'é sPanks | THERBL ERSHI 88She WUt ARCSER a

buf fer 1770inf3¥mdWlich I 8ad Wi | 98wk h&tdad angighiedl srd¢@noEhegerdtion
anplifiers and data p atsﬁalobal I/Olines are arranged in a desired

sequence t hFRARh ¥herRRTOPY it séquetasrardo2DRAY-| at cRB¥S| rearkr ik
dat a regi st g&cdr9Pished nb§e ral&lw%tﬁgr M dnid "Wfent Be At @i Sard e
clocked in res onse to 33 clock signals through the output data buffer
1770 to thewbbg stream is Yeceived from or written to that
bank, actlvatlng a second, third or fourth bank with another
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
activated, 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 from 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.



Duri ng ;:;;717;_66575FT6ﬁ7‘a data signal appearing on bond pad 1700 passes |
t hr ough m 72 in conjunction with the 1/O control data in
enabl e st ” H he out put of the data buffer 1722 appears on | ead

1774 and conhecdts®t ost e sets of pass transistors 1776, 1778 and 1780.
Each of these pairs of pass transistors receive control signals

I ndicating the desired burst Iength and the control signals are identified
as |C WRBL(0), ICWRBL(1) and I C WRBL(2) respectively for burst |engths of
one bit, two bits and four bits or eight Pyts. Thus if one bit of data.is
to be wittée e¢baime nenory cell arrays fromlead 1774 for burst |ength of
one, only pass transistors 1776 are enabled and that bit passes into |atch

1736. If §Wwo Djtgebrfoligvits LOmPPi¥ghgien, the first bit passes
t hrough pass transistors 1778 into Tatch 71738 and on the next tined clock

signal the first data bit passes into latch 1736; the second data bit
passes through pass taansemiecondidt/dri niubdtiate 1 &G rydhter pllurad pbeadnt ed

pass t hr bugReAdss thp . RBRG, BRos, SteRting aLhsy thassubabpale Sy § RisoEL |
ti med conj uddrectivni h thec borell pades kcargping. dAthersignaldatto harsd b&eom
| at ched i nt %hghedg‘(’a{(i:ea ,l q_%tea data signals being arranged in words of
plural bits, each bond pad carrying one data bit of each word
and the bond pads being arranged in a certain order;
b. arrays of memory cells formed on and extending
across the substrate, the arrays of memory cells storing the
“data signals carried to and from the device by the bond pads,
the arrays of memory cells being arrénged in banks that
extend in the first direction in parallel with the bond pads,
in each bank the arrays of memory cells being arranged in
columns arranged transverse to the first direction and the
columns being paired with one another; and
c. data circuits transmitting the data signals
between the bond pads and arrays, the data circuits including
data lines extending between the bond pads and pairs of
columns of arrays, each data line extending from one bond pad

to plurai pairs of columns of arrays in a sequence the same
as the certain order.



regi ster_latches, it passes into respective latches in parallel data in
regi ster 1704. Thus the data stored in latch 1736 passes through pass
transi stsl_ ; LLat ch 34 1784. A signal 1/O control parallel data
i regi am"ﬁmamﬂumjﬂm) controls pass transistors 1782. The data
in latch 1738 passesst ugh like pass transistors into latch 1786. The
data stored in latch 1740 passes throygh |ike pass transistors into latch
1788, and the data stored in latch 1742 passes through |ike pass
transistors into latch 1790. Each of thé |atches 1784, 1786, 1788 and 1790
conprise a pair of circular connected inverters with a pair of pass

transi st or 2., suctheasneindds;, RWikeciofn@laiim Qutipliwhilchonvhe bond gadso aree

i nput of the other i,nverter. These ss transistors effectively enable each
paral | ol dATFAIPEh JR Aol ing BRoRE.ERS SPAFFRL RIS oF thiy SRAtTaRh al oo
conprises a data driver circuit conprising -an inverter and P-channel and
N- channel transi stors i

.tot J fi t.1on. i I,/ 0
control garfyed ?em%ﬂﬁoagvﬁﬁg -Ie9- h‘éfﬁ%é{‘a ﬁg'nll\l- £ Ig{;a? aﬁllel%g‘taolr?e

The out put eéttends from one bond pad to four pairs of columns of arrays.

4. The memory device of claim 1 in which plural data lines
extend. to each pair of columns of arrays in a particular

arrangement the same as the certain order.

5. The memory device of claim 4 in which four data lines
extend to each pair of columns of arrays in the particular
arrangement..



| atch 1784 connects to data |l ead 1726. The output of data latch 1786
connects to data |lead 1728. The output of data latch 1788 connects to data
| ead 1730, and the output of data latch 1790 connects to data |ead 1732.
From these data | eads, the data signals pass through the pairs of pass
transistors in data sequencer 1702 to arrange the data in any required
sequence and then the data signals pas§6across the global I/Olines into
the mai n anpkAMi ARCHIMECTYREf WITHr ADIGNEDI DATANSBORAGEaANRY BOND RARSr vy

cells. Thus during a wite operation, the data bits pass fromthe bond--pads
1700 i nt oAbstaecsdofathiecPisglosurg data register 1706. Fromther€e the

data pass into respective 35 latches in parallel data in register 1704,
is placed in aas@RraM edrdatya derdten bast hondy padia, a ssichu asc &Qal EbzZougd i s

o s Bl b R e et e e DA SeiRss 1240

334 and 3¥xdfr.Fi gthe Iondhpadsacarryo deis signals dopland efxomliZhe f or

each set o evdiac;[ea with each bond pad carrying the same data bi.t of
every data word. Arrays of memory cells 1201, 1210 extend
transverse of the bond pads and are arranged in pairs of
columns 1212-1226. Data circuits 1242, 1244 transmit the
data signals between the bond pads and arrays. The data
circuits include data lines 1230-1236 extending between the
bond pads and pairs of columns of arrays. Each data line
extends from one bond pad to plural pairs of columns of

arrays in a sequence the same as the certain order.

Figure 2



circuits 1701. One set of main anplifiers transmts data signals between
the data circuits and the nenory arrays in banks BO and Bl. The ot her set
of main anpllflers transmts data signals between the data circuits and the
nmepory arrays in banks B2 and B3. One set of global data |ines connects the
two sets of main anplifiers to the one set of data circuits. The outputs of
the main anplifiers present a high inpedance to the gl obal data |Iines when
unsel ected. In Figure 18, nenory deV|ce 100 contains a node regi ster 1800
that shoul d be programmed by the userlbB ore using the nenory device. _The
node regi ster 1800 contains individual data bits indicating a read |atency,
a burst type, a burst length and wite | atency_.Jhe node register is | oaded
with a node register set commangysexecuted b Rg RAS , CAS and W | ow
wi th the input node word being \ ] 1C>ﬁq60n the rising
edge of a clock si . The node regqi g can be executed
only when all ban s=af & deacti vat ed 8~ A Ioglc zero

al states for node reglster bits AO-‘
determ ning a burst lepgth of 1, 2, 4 orléalﬁ ts. Chart 1804

106

208 212 214 232

| 2
Kb A
210 | aw = BANK B0
218
Eg220 ARRAY
4 ' BANK B1 _
DQMO-DOM3 ——42 ! 00
comumon. =) BUFFER *%»mo—uo:
0
'WE-—7r—————' R 204 206
= 222 BANK B2
- 224
2276 ARRAY
AO-M1.BA0.BM—7-L41I-—~ - BANK 83 L1
228 )
MODE
REGISTER

FIG 2



36 indicates that a node register bit A3 of zero indicates a serial
type while a logical one indicates an interleave burst type. Chart
1806 indicates the node register bits ‘A4-A6 determ ning a read | atency
respectlvely of 1, 2, 3 and 4. Chart 1808 indicates the node register bit
A9 determ ning a Mﬁlte | at ency of zero and one, respectively. The node

regi ster is changed only if a valid MRS conmand is entered. If the
addresses are not valid, the previoug/d8ntents of the node register wll
remai n unchanged. All data for the nmenory device 100 is witten or read_in
a burst fashion. A single starting addresses is entered into the device “and
then the nmenory device 100 internally addresses a sequence of |ocations
based on that starting address. Sonme of the subsequent accesses after the

first may be a preceding ag,wel|l as sjggceedi ng col unm addresses dependi ng
upon the starting aBgp ess er ed. Thzs sequence can be programmed to

bur st

foll ow either a sepfat—burst¥orramtnteorteaveurstpartern.f\fhe | ength of
t he burst sequencefFeaB=Beduser bro nﬁ% bg ei ther 308 2, ‘8 bit
accesses. After a [Eodumst is %%f ed, 3@? et er nl ned by B@f
340~ CotuMn | ROW | DECODE | COLUMN | RoW | OECODE
310 ¢ 316
334 2 A 336| }
| réh. r. 336~ [PERIPHERAL CROUTS] 362, s-6A08
BANK
340 318 20 | a2 24 } >
COLUMN | DECODE | DECODE | COLUMN _| DECODE | _DECODE
BANK
326 328 330 332 % B3
=g, pewcean/ \ A v =4 ‘emmmmeem g
w R RL RR
FIG. 3
302 404
404 N5
WATO ‘ SUB MATO '
MAT1 SUB MAT1
400 SUB MAT2
MAT2 d
MATS 512 SUB SUB MAT3
MAT4 WORD LINES | sy waT4
MATS SUB MATS
MAT6 - SUB MAT6
MAT7 1 L[ sus wmars
| A - /////////\////
402 .
8 REDUNDANT 500
FIG. 4 SUB WORD LINES

FIG. &



the progranmmed burst |ength, the data outputs are in a high i npedance state
until the next read access is initiated. Concerning |atency, 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 nenory device 100 to operate in accordance with the systens capability
for frequency and latency to |atch the data output fromthe nmenory device.
The del ay between the read command ang %?e begi nni ng of the output burst is
known as read | atency, also known as dk |l atency. 37 After the initial
out put cycle has comrenced, the data burst occurs at the clock frequency

W t hout any intervening gaps. In Figure 19, chart 1900 indicates the
two-bit burst sequences in both decinmal and fggary notation for serial and
i nterl eaved node. The - sequence is dependent lgg:n the internal val ue

of colum address A®02 n Figure 20, chart 2000 ygpdi dates thg4four-bit burst
sequences as they occw I n 1BEgponse to internal

ol u

addrgsses Al and A0
in deci mal and-Binary—hotati-gn for serial and Wl') e Thus, in
serial node,” wifth al  RMWLBO
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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 interleaved node, if the first binary address 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 serial and interl eaved nodes differ in the
order of data bits that are accessed fromthe second, third and fourth
positions. In Figure 21, chart 2100 i%é#4ates the eight-bit burst sequences
for internal colum addresses A0, Al and A2 in both binary and deci mal for
serial and interleaved nodes. For exanple, with a binary start address of
111 in a serial node, the next bingry address will be 000 and then
incrementing one binary digit at &tine through the eighth bit sequence.

This contrasts with the de starting with address 111 whi ch
counts down in a anary jequenc gh e erghtir—ihrt—our-si . 38 The
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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 nmenory

devi ce 100 are depicted for an 8-bit serial burst wite. Table 3
identifies the signals of Figure 22 by figure letter, acronym and conmon
narme. -39 Table 3 (a) CLK ~ clock (b) CKE cl ock
Enabl e (c¢) CS chip select (d) RAS row addr ess
strobe (e) CAS col um &dddess strobe (f) W »
wite (9) BA(1: 0) bank address 1 and 0 (h) A(11:0)

addresses 0-11 (i) DQ . data /0 (j) PB_CLK

i nternal clock (k) MCACTV( 0: 3) - mai n control activate (1) VDWRT
node decode, wite
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(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
bi-t line (q) LATCNT( 3: 0) ~latency count (r) LAT_DONE | at ency
done (s) MC WVRT main control wite (t) MC_CLAT mai n

control colum |atency (u) BURST CNT(1:0) burst count (v)
MC_BURST_DONE main control burst done (w) MC CARELOCAD nmain control
cofum address rel oad (x) MC COL_BNKSL mai n control colum bank sel ect

(y) CFGB3 colum factor global bar 3 (2z) CFGB6 .
colum factor global bar 6 (aa) CyS6/14 col um Y-sel ect (bb)-
IO WRIT I/Owite (cc) SIO sub 1/Olines (dd) IO MAVE
/O nmain anp wite enable (ee) MO main I/Olines (ff) |1C GAR
/O control ganged wite (gg) |C GARSB I/ O control ganged wite
start bar (hh) dO global 1/O1lines (ii) [1CPD RL /0O
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(jj) 1 C_DENBL I/ O control data input buffer enable (kk) |1C SCLK
| /O control shift clock In Figure 22, the signals in waveforns 22(a)
through 22(i) are applied to chip 300 in ti-ne reference with cl ock
signal CLK and RAS, CAS and W Internally, 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
the addressed menory cells. In Figuré/2% (kk), the signal 1C SCLK occurs in
two groups of three 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 witten
into the menory device in each pre-f etch cycle. The fourth data bit of
each pre- fetch cycle needs no additional clock signal because that fourth
bit directly flows through the dategycircuitry to the data lines.
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occurring in nmenory device 100 are depicted for an 8-bit burst read with a
Table 4 identifies the signals of Figure

CAS or

cd ock

()

address strobe (f)
addresses (h)

(J)

read | atency equal
23 by figure letter,

(b)
RAS

PB_CLK

activate (1)

decode read (n)

i ne

to four.
acronym and conmon nane.

41 Table 4 (a)

CLK

CKE - clock Enable (C CS chip sel ect
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signal CLK and RAS, CAS and w. Internally, the chip 300 produces the
signal s represented by waveforns 23(j) through 42 23(z) in preparation
for reading data fromthe addressed nenory cells. The signals in waveforns
23(i) 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 f or
each four bit pre-fetch cycle. The gggigning 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_1ines.
This is during a read cycle. The nenory device 100 contains four

i ndependent banks t-hatgcan be accessed individyally or in an inierleaved
manner . Each bank nustThe activated with a rowzaddres§ bef ore g% can be
accessed. Each baﬂ@:§gust then be deactiydted @fore it cdp be
activated agai nowi t hf; e . - e
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address. The bank activate/row address entry conmand (ACTV) is entered by
hol ding RAS |ow, CAS_high, W high, AO All, BAO and BAl valid on the"
ri sing 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
command (DEAC) command. All banks can be deactivated at once by use of the
command DCAB. 43 Four .independent .banks allow the user to access
i ef ormati on on randomrows at a higher rate of operation than is possible
with a standard DRAM This dangl4be acconplished by activating one
bank with a row address and while the data streamis received from or
witten to that bank, activating a second, third or fourth bank with

anot her row address. Wen the data streamto or fromthe first bank is
conplete, the data streamto or froma second bank can commence -w t hout

i nterruption. After the second bank is activated, the first bank can be
deactivated to all ow the gntry of a new rowaadqleers for the next round of
accesses. Wien the data s§eamto or fromtHe nd bank is cgnp'l ete, the

data streamto or fromthe third bank can @m g 5
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w thout interruption. In this manner, operation can continue in an
I nterl eaved 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 nmultiple banks with a row address, BAO, BAl can
be used to alternate read or wite commands anong the banks to provide

gapl ess accesses at the clock frequency provided all specified timng
requirements are met. Wth a four-bit ggefetch architecture 4 bits of data
are accessed at one tine. An eight-bi't burst requires two fetches from-the
sel ected 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
constructed differently fromas disclosed in the precedi ng discussion.

O her specific circuits may be used while remaining within the scope of the
foll ow ng cl ai ns. W claim 1. A nenory device conprising: a. a

sem conductor substrate carrying plural bond pads, the bond pads
ext endi ng al ong t hA=BE MBS SEQYENCES a fir st '
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111 000 00% 010 Of1 100 101 110
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010 011 000 0ot 10 111 100 101
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direction, the bond pads carrying data signals to and.fromthe device, the
data signals being arranged in words of plural bits, each bond pad carrying
one data bit of each word and the bond pads being arranged in a certain
order; b. arrays of nenory cells fornmed on and extendi ng across the
substrate, the arrays of nenory cells storing the data signals carried to
anﬂ fromthe device by the bond pads, the arrays of nenory cells being
arfanged in banks that extend in the first direction in parallel with the
bond pads, in each bank the arrays of 18gmary cells being arranged in

col uims arranged transverse to the first direction and the col ums being
paired with one another; and c. data circuits transmitting the data
signal s between the bond pads and arrays, the data circuits including data
| ines extendi ng between the bond pads and pairs of colums of arrays, each

data |ine extending fromone Wd pﬁ‘&i to plural pairs-of colu of arrays
In a sequence the s c|g(5'|tp'§ CETHRM [U[gl-qrn [-]4-5. ?—l ﬂ]g—ur[ﬁ [ﬂ'Egl ce of
claim1l1 in vvhlchthe( eftd-Rads are artanged in dll rme_al nqlt e_gen ral
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3. The nmenory device of claim1 in which each data |ine extends from one

bond pad to four pairs of colums of arrays. 4. The nmenory devi ce of
claim1l in which plural data lines extend to each pair of colums of arrays
ina particular arrangenent the sanme as the certain order. 5. The menory

device of claim4 in which four.data lines extend to each pair of colums
ofsarrays in the particular arrangement.
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