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present disclosure relates, in general, to nenory architecture, and,
nore partivwob@ohssz7d 0 a nenory architecture that reducesrgi¥iasigssi
power consunption. BACKGROUND 100021Menory provi des one of the
support infrastructures to nodem conput &r and el ectroni c devices. As
menory capacity and density increase per unit of area, smaller

devi ces have generally becone nore capable of conplex and powerful
processi ng, such a®YNEMICREBGIRFAVINGUMEMORYICRCHITENTIUISE and t he
i ke. Many such smaller devices exist as independent, hand-held

devi ces, such as nobil e phones, personal digital assistants (PDAs),
and the |ike. Because nost, if not all, hand-held devices operate
using a battery to provide the primary device power, power managenent
is a high priority in any hand- haRCHeM AdeFdE$) gn process, including
t he design of nenory that will be used in such devices. [0003] Fl GURE
1 is a diagrami trati a_standard sem conduct or device 10.. The
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desi gning the sem.conductor device 10, the various gates and
conponents SMEUHPE¥R first planned in a conputer-aided design
environnment. The mapping and |ithogpaRinr@i@ns are generated before
t he sem conduct or manufacturer begins actually fabricating the

sem conductor device 10. One consideration inportant to the design is
the physical fool%8P#ht or NMewewyayevidsseanawh thersupprst sdisstEwsHdet ioomodem

material fopo@AGL MATRRRSHE devibisS AONSLES @AY ahHLARYS aE@Ferﬁ.{nﬁ%f
and overall floor plan of the sem conductor device 10.° A 1100 plan
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purpose pr O%grgc?r{arl]%igital assistants (PDASs), and the like. Because most, if not all, hand-held
devices operate using a battery to provide the primary device power, power
management is a high priority in any hand-held device design process, including the
design of memory that will be used in such devices.

[0003] FIGURE 1 is a diagram illustrating a standard semiconductor
device 10. The semiconductor device 10 is an integrated chip device containing dual
processors, processors 100 and 101, and on-chip memory 102-105. When designing the
semiconductor device 10, the various gates and components are often first planned in a
computer-aided design environment. The mapping and lithography plans are generated
before the semiconductor manufacturer begins actually fabricating the semiconductor
device 10. One consideration important to the design is the physical footprint or
coverage area within the semiconductor material for each component.  This
consideration influences the size and overall floor plan of the semiconductor device 10.
A floor plan is generally considered the physical blueprint or total coverage area taken
up by the combined components of the semiconductor device 10.

[0004] The semiconductor device 10 is powered by a battery 106. Thus,
the semiconductor device 10 may be a variety of different, special purpose processing

systems within a number of different devices, such as mobile phones, PDAs, handheld



systens within a nunber of different devices, such as nobile phones,
PDAs, handheld 2 devices, or the |like. Another consideration, as

not ed abowﬁezmﬁg§u¢95|gnlng t he sem conductor device 1QCTﬁma9&ggﬂer
consunption traits of each enbedded constituent conmponent including
the nenories 102-105. [0005] The power cgnsuned by such enbedded
menories is typically neasured as a conbination of the dynam c or
active poveigeapd, TotheSQlﬁ@db)(n&ﬁels&ﬁffsid&aﬂw"eis n§E@rh@QVe{ Shith! §osRAMST tHeS
general |y considered the off-state current |eak age that occurs even
when the devsreieondiciopdevieret ki ﬂeﬁ powmcp@ugma@n gaipovieectuerabkdeied gamstifuent
problemin try, it has generally been
controll ed %ﬁﬁgﬂ%ﬁgtﬁﬁhﬂ' 1bﬁ]q?%hes and foot sw tches.
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application's interaction w.th men i S sti con e
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control are often pronmpted in order to brlgﬂtthe power down. SUMVARY

[ 0006] Var i o@scuepeasdsn theidsxice mrontifwed off oMVhilsstatin pewes used fodiegsollgm

menory CO”D‘EH‘&@th%n&H&E g o8 He tRuiRANGRS gyﬁ&@éﬂy%eeﬂ\e&{mﬂe@ %H&ngn B usefdf
menory conponent includes a menory interface for input/out
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dod cat ad { SRTERE: LRGP BEIO SO by Pt ore pRE gl
| i nes dedi cai @dert0 btiRg th¥gdkydovdecause the length of the bit lines is
i nfl uenced by the nunber of word lines in each sub-array, bit |ines
end up shorter when | ess than the entUM¥MARMber of word lines are

i ncluded in each sub-array. The shortened bit lines reduce

capaci tance, whi giposeducesvihmsdy [ﬂﬁﬁhﬁtlﬁ@\é@ﬂboﬁ%ﬁt‘d gt #h@Nnvehi6n relate to
mul tiplexers are used to assist t el ection of the correct

sub-array bm%ﬁoaﬁoqeéfasqonﬁgtyaqi tto Gidueth dynage @gwer esipetipnat Atemory
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invention relate to nenories t intérface
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the nemory. oo AT TR PR BB Bl conflsp e R RS
sub- arrays doccydmysiizh itts: pzxmf regiuctn, the ntdidry etchitdveuraky Modifiedesich e cach

rerory has il LURIExels caveled Lo, each. of e L LAILLY of f e fage
a portion of all of the word lines dedicated to the memory. Because the length of the bit
lines is influenced by the number of word lines in each sub-array, bit lines end up
shorter when less than the entire number of word lines are included in each sub-array.
The shortened bit lines reduce capacitance, which reduces the dynamic power
consumption. The multiplexers are used to assist the selection of the correct sub-array
based on at least a part of the address received at the memory interface.

[0007] Representative embodiments of the present invention relate to
memories that include a plurality of interface ports and at least two sub-arrays, each
having an instance of all of the bit lines of the memory and a portion of all of the word
lines of the memory. The memory also includes a decoder coupled to the sub-arrays
and which is configured to control the word lines. The memory has multiplexers

coupled to each of the plurality of interface ports and the decoder. The multiplexers are



3 operable to cause selection of the appropriate sub-array based upon
at least a portion of a received nenory cell address.

[ 0008] Addivwbanmhsdepr esent ati ve enbodi ments of the presgplushddy/gikdon
relate to methods for manufacturing a nmenory that includes formng at
| east two sub-arrays each having a plurglity of nenory cells,
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the invention will be described hereinafter which form the subject of the claims of the

invention. It should be appreciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a basis for modifying or
designing other structures for carrying out the same purposes of the present invention.
It should also be realized by those skilled in the art that such equivalent constructions do
not depart from the spirit and scope of the invention as set forth in the appended claims.
The novel features which are believed to be characteristic of the invention, both as to its
organization and method of operation, together with further objects and advantages will

be better understood from the following description when considered in connection with



[ 0011] For a nore conpl ete understanding of the present invention,
reference is now made to the follow ng descriptions taken in
conj unct i Qo WhibAssaiie acconpanying draw ngs, in which: @A} MRE 1
is a diagramillustrating a standard sem conduct or devi ce;
[0013]FIGURE 2 is a block diagramillusygrating a standard nenory;
[0014] FIGURE 3 is a block diagramillustrating anothcr standard
menory; [00 éﬁg@% i b | ' ty - R,
configured ?}%]C{CF | gyﬁ% 1?%1268'& ggglﬁ? ﬁ%gg%r?gg%}‘hélldsdéﬁ%?l ggﬁer‘gl h of the
[ 0016] FI GUREg8res gs ardyilidedkfodithg mampobd bfiskusaetiong aeth dedesptiore polyyand is not
configured a rding.to.-the teachin of this. disclosure;
00177 H curtged il A A B st e8ler "ot “a standard
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of the present invention,
reference is now made to the following descriptions taken in conjunction with the

accompanying drawings, in which:

[0012] FIGURE 1 is a diagram illustrating a standard semiconductor
device,

[0013] FIGURE 2 is a block diagram illustrating a standard memory,

[0014] FIGURE 3 is a block diagram illustrating another standard
memory;

[0015] FIGURE 4 is a block diagram illustrating a memory configured

according to the teachings of this disclosure;

[0016] FIGURE 5 is a block diagram illustrating another memory
configured according to the teachings of this disclosure;

[0017] FIGURE 6 is a plot comparing the dynamic power of a standard
memory and one embodiment of a memory configured according to the teachings of this

disclosure; and

[0018] FIGURE 7 is a flowchart illustrating example blocks for
implementation of one embodiment of the teachings of this disclosure.
DETAILED DESCRIPTION
[0019] Dynamic power in memory is measurcd as a combination of the

capacitance of the bit line switched at some rate, the supply voltage or swing voltage of
the memory, and the frequency of operation, i.e., the frequency that the bit line is
actually switched. Dynamic power of a memory can be represented by the following
formula:

PDYN= CV2 o (1)

[0020] Where ‘C’ is the total capacitance switched at a rate ‘a,” ‘f’ is the
frequency of operation, and ‘V’ is the supply voltage of the memory structure. Thus, in
order to reduce the dynamic power in a memory structure, any of C, V, f, or o may be

decreased.



menory and one enbodi ment of a nenory configured according to the
teachings of this disclosure; and [00181FIGURE 7 is a flowchart

i 11 ustrat ivhg 534012 bl ocks for inplenentation of one ¢pPediiRissf
the teachings of this disclosure. DETAI LED DESCRI PTI ON [ 0019] Dynami c

power in nenory is neasured as a conbi nation of the capacitance of
the bit line switched at sonme rate, the supply voltage or sw ng

vol tage of the 1y, ankdihénd remuy Cﬂecﬂfm@ﬁe&aﬁa&@mﬂl' deRreasd [A§namic
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menory stru urée ?ha toll , or a may be decreased. 5
100211Reducf ét Ugp eéjé ¥r equency, or rate will decrease dynanic
[0022] Turning now to FIGURE 2, a block diagram is shown illustrating

a standard memory 20. The memory 20 comprises a pre-decoder 201, a decoder 203,
and sub-arrays 204-1 and 204-2. The sub-array 204-1 has bit lines 205-1 — 205-M/2 and
word lines 206-1 — 206-N. At the intersection of each of bit lines 205-1 — 205-M/2 and
word lines 206-1 — 206-N are memory cells 207-[1,1] — 207-[N,M/2]. Similarly, the
sub-array 204-2 comprises the memory cells 207-[1, (M/2 + 1)] — 207-[N,M] located at
the intersection of the bit lines 205-(M/2 + 1) — 205-M and the word lines 206-1 — 206-
N. The decoder 203 includes word line drivers 202-1 — 202-N that will drive the
selected one of the word lines 206-1 — 206-N during read and write processing.
Similarly, the bit line drivers 208-1 — 208-M/2 and 208-(M/2 + 1)} ~ 208-M drive bit
lines 205-1 — 205-M/2 and 205-(M/2 + 1) — 205-M during read and write processing.
Each of the bit lines 205-1 — 205-M has a length of ‘L.’

[0023] The pre-decoder 201 receives input from an input interface 209,
which, in the example embodiment depicted in FIGURE 2, includes input ports Ad
(Address), Ck (Clock), R (Read), and W (Write). The pre-decoder 201 provides an
initial decoding to the input. The decoder 203 consumes the initially decoded output of
the pre-decoder 201. Based on the address input received, the decoder 203 finds and
activates the appropriate word line by activating the appropriate one of the word line
drivers 202-1 — 202-N. This will activate each of the memory cells along the activated
word line. The address will further be used to identify the appropriate the bit line to
activate using the appropriate one of bit line drivers 208-1 — 208-M/2 or 208-(M/2 + 1)
— 208-M. Depending on whether a read or write is being performed, the bit line will
either cause data to be read from the memory cell or written into the cell.

[0024] FIGURE 3 is a block diagram illustrating a standard memory 30.
The memory 30 1s similar in structure to the memory 20 (FIGURE 2) and includcs
memory cells at the intersections of the bit lines d0-d15, in the sub-array 302-1, and the
bit lines d16-d31, in the sub-array 302-2, with the word lines WL3~0 — WL1o-191. The

spectfic embodiment of the memory 30 has 32 bit lines. The address size will normally



power. However, reducing voltage, frequency, or rate also reduces
performance. As such, decreasing capacitance is seen as the nore
benefici alwgebmtis@fs Because the length of the bit |inecdgisenibiies
the capacitance of that bit Iine, capacitance may be reduced by
shortening the bit line. [0022] Turning gow to FIGURE 2, a bl ock
diagramis shown illustrating a standard menory 20. The menory 20
conpri ses adpkRnide RARIxiBI nuthbeLsOHSH 113030 li%ﬂﬂcl&!&?l qfh'é%[e%qo%?éo Jasc%%q
204-2. The sub-array 204-1 has bit |ines 20

lines 206- 1 8-bibgklregs apd iluseraton Be rdlelinds oS- léfa@chir@s lbﬁmfﬁpmntef@ @tﬁae -
205- ML2 and, - 4 -
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the memory 40 is figuratively ° folded” over. In reference to memory 30 (FIGURE 3),
the sub-array 302-1 can be shown in halves, A1 and A2. When the memory is “folded”



[ 0026] Rect angul ar footprints have additional shortcomngs related to
the physical manufacturing limtations in scaling these devices. Wen
drawn in th@:@eaeiser - ai ded design environnent, corner $cRy2089ReH&h
very sharp in the graphical confines of the conputer screen.
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be "bent" or shaped to fit the non-uniformopen areas of the
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40, the nenbelf ofghs Bit finglenath mﬁypomi@ Itqjé@l'f 06 Vs cappqitanest é?menc,(“eo/?-owhlch

menory 30 (

and A2. V\he%ﬁgﬁl rcrig%r%lﬁlp:gfstﬁk]? gfag{ 9},409%%\\%@%@\%{2@ ead\w)ftérﬁat Sy héq%f"&g(
bei ng on t off0 ofsulonia aaauba;th:&rallynqlmret ghlape, artdclsisinnry niere bargicr! wi dompoaddt
of the bit I|nes and all of the word lines, the sub-array 403-1 of

t he nenory gf conflgured with Al beside A2 in a shorter rectangle
havi ng an i nst anfoo2g]i on oflt sduidbe hbred Bid: thd Hafout ABbeSenang tH@Ffes&ft
the word lipes (W40-0 - W40-95). The sub-an-ay 403-2, simlar

confi gures BYCHEE Bay pse {f CACERBEhericiRd aa heying fhsrsuBrray P03 QOHE’“WE
l'ines (dO-d3})peaiad EilheBQﬁlh%éloﬂﬁbf AQfantil® Wokd el B8R V(J(W}“Qlega@dresse tfut
W, 40- 191) . Because, each he sub-arrays 403-1 and 403-2 has B

of the wor ddiffenas the his lingh gtSimad4rly, regipng of PAesnddBR ¢Bdrei the semalward line
hal f of the n h e
bt 1ine 1 b, REL ARl oh teCRBRRY iy oo horddyayltitd B pohl
whi ch correhqmi@dschmhhahftheo:ﬁlb{atreyd(y&aam C power. IVbr eover t he new
footprint of the ry 4 resul S i,n ubs sq ar e shape,
whi ch is nuch m)[rogg enefi ci'sl ¥ E'c,‘;8fir'?50 iﬁq@ 6628 TS HEY dife

noted that theipléeisods. eThogiuipdxersofost fie uﬁécﬁﬁleﬂﬁtertmﬁéﬂ@wm SEyaral S0
be concept uaIOB%/ﬁw ewed as having the sub-array 403-1 _conpri Si g
besi de B 1 2CCR%t Wgnggicehar BiteAIOestiS BRitiatRdy bsihg dnnva b2 Wb e Fdepgtier and

addresses, Rufcadi{ H6fiioh rbfttH@ n@rﬁor& | BB SrddrakdN th@'iﬂdftaplé}é%‘ 265 wail dAl%rrﬁfﬁg

B2 share the sane word |ine addresses, but have different bit |1 nes,
so t hey maywattber tp@cesshide patairayz 43 - lagy 49812 I dy exareide. gt bnchdd, depending
sub-array 403 r 4 I | e
404 and nul | p eafg%gg%bgg%ﬁzﬁld%eqﬁt I'p é@(eeér?lg E%g 469% ﬁgﬂgé % @0%8&31]1 the
det er mi ni ngcutiigorutionhatratay it BIGIRE dsifwheaddaess e&n@e@s 95wt tees plieacBs subi- S
initiated. Usin i ne entifier. and. at

portion of fHE %Errgg’;} Eeéfqlecégd%y E%m‘l{ PPLEX 1 40P CBER Y 5‘64}6% vﬁﬁ%‘iess range is
det er mi ne whebhgeatbiQtRe ERSSbLAGY 50802 Al BY scdddtdbyQhe AQBMRxeka05.
exanple the bit |ine dO _depending on the address range, could be in

ei ther the sub-al%3¥l 403- ﬂndFd%OtS @Pl@éﬁﬁ%|ﬂéf‘e|1qg|*f"gfqrh@%@‘ﬂﬁﬂ@’éﬁ%ﬁ%nthe

I T ustrat edgiiidl S%JB% IﬂembrP 4008 &ﬂﬁﬁ&%& rWRH%Q Sword 1Rk 'u?% elﬁlﬂﬁﬂn&ﬁe
sub-array 403-1 w be selected @g/ I'tiplexers 405. herw se,
T

if the addr é@%ctf:chﬁg@ﬁ@l@& 2y 8-bitt eddress is tlwérﬁbrttmekﬂsﬁﬁ”,amﬂa@ﬁ b@@g showhpst
be sel ected gﬁﬁit‘ E!ﬁ&‘ bW{WBﬁL ei(l?er vé%? ‘of the m%(g,g' ! ‘;f%ge(sj #JE%.CQ [ndt% (r)nfu?c%l?.lgf the

i npl enment t B ogl ¢ for exers VI 'sion
total word lines prov1ded for the memory 40, or at number 95. Therefore, a

determination is first made as to how many of the MSBs of the 8-bit address will allow



8 a continuous break at the transition point between the word |ine
95, W.40-95, in the sub-array 403-1, and the word |ine 96, W.J40- 96,

in the sulRy@bdoanssd®3-2. A single MBB coul d not be usedptpfsidigodRior y
40 to determ ne which sub-array to access. As noted above, because

the nenory 40 uses an 8-bit address, the total possible address space
is 256. If the single MSB, A7, were used, the calculated transition

f r om accessingndiBus YRaRhf 8% HiFitidn tpem%st%ai 0 m@ 18 BY-9A08r Ae
woul d occur at the 128th word |ine 27 (i. 2) instead of

95, as the MenBFYy 45-i and BRrTasd a6, 1‘%9-965 ffehe R THYGIORER AvsiEls MSB
cause an 'nes%g&tbemﬁ@cpgmhe%eﬁl AUB ABlehiHS whB-slbs a&g}f g@%ﬁ%& MSoted

mul ti pl exers e continding to rect access
sub-array 48®vt, hasauseHize vomaryl 40nesss 9684311;LaﬁﬁerV\mmetQBpossiU\Ezh(ddfegs?s)pa&/ien
t hough t he CAtdiRO thes
4053 i n el el PSS B et S0 Ao Binton Borh oSy B S
the word | i B@aP803-hid dmeesmgche‘ fub-£ee AP wduldistduntiede i 28 FhvEdRRe AW L P e
fol |l owi ng I097§6E05nula c%ntrol sel ection by the multipl exers 405;

A

A7 A6+ A7 Ab GO 5Lt AR themhrmary AP i Fatigred 4 dBusitha cxemined MEB
sel ect the %Qrdaaaﬁ@yanafamcﬁwzﬁ %vsftﬂ@ﬁtﬁﬁér&yﬁ hes- wﬁ@@oﬁ) Th@ﬁﬁu@tex&;@e

address are 0-1-1 or the two Bs are 1-0. Wen either of those
two combi natPdreuldrhe ceniEmiig '@rdéi@Gt achss futhe isplt-axesr 4034DBrikg Woisl lgwaPo to

the sel ect §§§)}@U039‘5 298 2. 12’&)%?/%%1%)}1% nﬂ%:dh%@ﬁ 189168 of Adte \!vg'rdvlﬁl 5 QU

addi ti onal and/or alternativ the present 1nvention,
t he specifi thel &ugmcrajr db3dl|ia thesmembny 40helnmudldritp Iobweraal avichulater tefrisigion. at the

di vi sion sel ec n the.sub-arrays, an wor d
i hes ued: BYTE g S B8 skRTRE RoPoe ipaRa i ICURE S Henpfigntie 148
utilizing 28mey d@dnlrbl8edeaind bathSmbitiplerelslt@rs, and two sub-arrays are
sel ected each having exactly one-half_of the total word |lines, then
only the MsB, A7, would be exam né¢dt.44nA43udh 4h enbodi ment, if A7 is
O then the desired bit line will be in the first sub-array,
otherw se, the desired bit line will be in the second sub-array.

[0031] Therefore, the multiplexers 405 will signal to select the sub-array

206-1 until it detects the three (3) MSBs of the address are 0-1-1 or the two (2) MSBs
arc 1-0. When either of those two combinations arc cncountered, the multiplexers 405
will signal to the select sub-array 206-2.

[0032] It should be noted that in various additional and/or alternative
embodiments of the present invention, the specific logic formula used by the
multiplexers will reflect the division selected between the sub-arrays and the total
number of word lines used by the particular memory. For example, in a memory
utilizing 256 word lincs and an 8-bit address, and two sub-arrays arc sclected cach
having exactly one-half of the total word lines, then only the MSB, A7, would be
examined. In such an embodiment, if A7 is 0 then the desired bit line will be in the first
sub-array, otherwise, the desired bit line will be in the second sub-array.

[0033] In practice, not all of the available memory capacity may be
necessary. In a second example, where an 8-bit address is used and only 128 word lines
are needed to provide sufficient memory capacity, the multiplexers would look to the

last two MSBs, A7 and A6, with the logic function:



100331l n practice, not all of the available nenory capacity may be
necessary. In a second exanple, where an 8-bit address is used and

only 128 was thod/iRes are needed to provide sufficient npapuy06RRaELItY,
the nultiplexers would ook to the last two MSBs, A7 and A6, with the

logic function: 9 A7 .,46 +247 A6 [0034]1t should further be noted
that the length of the bit lines in any particular sub-array in the
various additional and/or alternative enbodi nents of the present
invention may be further reduced HYy-4&ddi?-i4gnal "fol di ng" or
configuring. The enbodi nents of the present invention are not limted
solely to the configuration depicted in FIGURE 4. [O0035]FIGURE 5 is a
bl ock diagramillustrating a nmenory 50 configured according to one
enbodi ment of t hi@0ptlesent Ii shoaht fusther Heheoted that ;heEléng'ﬂs ofretebitiinefinany

pre-decoder 500, includin l.i ne ivers nd nult Iexe 7,
B omon. deEgteHarst b oo b vatio y wldiiosSE Gadon HERRARY sroBHBERh gl
the menory gugken@ifvayiSoroNgE be &ﬁﬂ}‘éhﬁb&ﬁcddrbyFAcﬁﬂBEalél“foEjH@”r&@rﬁﬁ/guﬁﬁgl She
configured with its sub-arrays "folded" nultiple tines, tw ce,

resul ting i PMbastimenstinfaihe ayasent iyeatins ayer B¢fslimisd soisly s f}h?oP@tf guration

before, "foldjing inasEu@ldy nmeans configuring each of sub-arrays
502-505 to have a conplete set of bit lines, BL-0 - BL-M but only a
portion of the t®#03] nunbdiGbREaddriessdbdak Wingthnl | iHesirativg - © menpgryNS0

i V\IL| l( Kl/szlr ?&%}lgu{éﬁe Csu@;%?cr' 8}14" %@&cﬁm@ﬁt&?%hgﬂg aarﬂ?%v%ﬁ't?%\{\%% A\ijérﬂg@ %Lm
W.- (N2 - 1jnadd he of a@radec@yleﬁﬂm rasudidpebinting dtivere SOMErd Muﬂ)plexemsw3h4
N -

Ve T onser et drsedrt Sy R R Siiels bR o el B meby syb-

the sub- ar a@a/ﬁ, 090¢,-28 QRowit NEFRTURE IPMRGhdA8orDI50 ib eheipurddlwih its Rbir-Meays
arc shorter, i.e., length L5. In conparison to the nmenory 20 (Fl GU

2), L5 = L/ 4f01dFH gwittp#‘emﬁ%gytme e tieHa L sHseEYsr hef aﬁ“@ys 502-505.

capaci tance ar of
roory. 20, (B B e g L TR ™S

each of t hehsgra C@b‘lpé@c st ebit haess Bhel) - Bhé\/lclaﬂaml}'t@m@mf thm’@tairemmbgr B0

based on 1 g, eagh ok oW & Dy el XaGl L HIBLRL, £46, (AQBRbe

pr e- decoder es accessin he ad i onal” “sub- arr'ay
has the word lines WL-0 — WL- (N/4 — 1), the Sub -array 503 has the word lines WL-

(N/4) — WL-(N/2 - 1), the sub-array 504 has the word lines WL-(IN/2) - WL-(3/4 N —
1), and the sub-array 505 has the word lines WL-(3/4 N - 1) — WL-N.

[0036] By further dividing the number of word lines in each of the sub-
arrays 502-505, the corresponding bit lines, BL-0 — BL-M, arc shorter, i.c., length Ls.
In comparison to the memory 20 (FIGURE 2), Ls = L/4. Thus, the memory 50 would
have one-quarter the capacitance and one-quarter of the dynamic power requirements as
the memory 20 (FIGURE 2). In comparison to the memory 40 (FIGURE 4), if cach of
the variables were the same, the capacitance of the memory 50 based on the length, Ls,
would be equivalent to % of Cyo.

[0037] The pre-decoder 500 handles accessing the additional sub-arrays
through the multiplexers 507. Using input of the bit line number and word line address,
the multiplexers 507 are able to accurately select the correct one of the sub-arrays 502-
505. The multiplexers 507 examine a given set of MSBs of the word line address. The

specific number of MSBs to be examined will have been determined based on the



t hrough the multipl exers 507. Using input of the bit |ine nunber and
word line address, the nmultiplexers 507 are able to accurately sel ect
t he corregioomeehrd he sub-arrays 502- 505. The mul ti phexgksoHissst
exanm ne a given set of MSBs of the word |ine address. The specific
nunber of MSBs to be exami ned will havel(been determ ned based on the
10 nunber of word lines planned for the nenory as well as the

di vi si on pOhidhBerRif AVAEHnds Plan@es for SheIn@héid s \h[eﬁgg’&]e':dl@iﬁ)ﬁp&nts%ﬁﬁm% o
conparing the dynam c power of the memory 30 of FIGURE 3 conpared

agai nst t he°#pidprEapower of the nmemory 40 of FIGURE 4. Plot 600
represents the d C po |

lines are access@gﬁn the\@ngjﬁ @WIM (:%[‘?lhd&n\/%{ll-l : Byédﬁé g%g%re%géﬁ%gé%m S
| arger for fhef EKB%édompmd ygm@lt the|ctyrn4mle pnwﬁmfyth@menmtyeﬂr(] digORaT 4.
the bit lin es ., great er r

substanti al ?ﬁ)tgl he resg‘ﬁ%%mds rowggﬁssf&qﬁp PP Ceﬁ? r cl)t?'nlﬁcr?%mlgﬁﬁordl:"]lng% are
601 represe actcssste&en dunmmy BOW@(s tho neuhliid aldras bmms yar@eelfbxstha la€cessed

accessed with |ncre Si word | ne in the. ne be seen
in Plot 601MPRE 8 r}% g‘ﬂbﬁ‘?ﬁtho of &e r[‘?thé“ ]3? ‘ng%sggﬁéte{’o
i ncrease subsic@nkhdk hlyalsha&aﬁblyy likkat BehaBAOBoWBNBBSunRiolliRin @99930 Plot
However, when the word line 96°is reached, the dynam c power

down agai n ©8l gensesants dhe Idé'%'?é‘PleR@WeW@?@UWPH@l @S nMsaay Sells pre 9@9@886940 wéth
I ength drop cﬁéagm 'mglh trf?erﬁélﬁ A%AEAag'b%“&E@ in PR 669Xﬂh91%15?hamlc

power fort |ss own hi's equi val ent

P3012, bef opQWéractdnBln?gpta:tn afhibe \rmrd)rj' ﬁﬁé)egtﬁs t@irmteaﬁiomxbsmmltﬁzumehléy in the
shows the dynam c t i ncr easi til c the
oot vor'd | B BERBS Pis (RC e RELTRR SRR LT YR VealrR R e

t he dynam CPWWrop@mﬂ@gahrofm Ofintilae lereinfor WodDlines0,Ak0ae thk3@0hds length
Thus, the overall dynam ry 40, confif%ured

wer for the
accor di ng tSfO@ﬁélo‘éﬁ‘b‘BH‘Fﬂ%‘i‘?B’ ‘Brihe w&%ieég@ H‘?r‘i‘?ﬁé‘ﬁ?‘i‘%rﬁ’o“’% r the memory 40

appr oxi mat eliyshBahfs pnewwﬁ?srqulv@@mﬁb 2 %Bﬁré@m@a 30wl @RI 5 fp 1 7
is a flowhart illustrating exanpl e ocks inplermented for creating a

menory st r udtedrfartesshoguthe dlyaseisromisy St%hbﬁ@cré??ﬁiﬁdﬂr&”f@mﬂ% feaghigg the last
present i nv%}(? Bhe. thd vl PGk ZQPI H%{'e b "ﬁ?tat YO S0 &rfﬁé’%eaﬁr}ﬁl %]‘PJ ?ﬁger

each having nultiple nenory ce ﬁnnn decoder i1's’coupl e
bl ock 701, betswephoreaicthe aferrtotbe4(‘suli’wqcawrﬂay§ Thus, ﬁiemkrall@lznamicqaewemﬁ)r thiet
lines is created | arr ay wher ej .con ns

an' | not ance B Ehd0: SoareRbeor BHE B ony b tEEL S TRY Brdgh REMISA S
menory. A nupﬁ}exlnmfelymﬂthb dmlap@mroea{eedemcnyeach of the sub-arrays,

in block 703. Each word line_i upled e end to,the common

decoder. The nunﬁwr?’ bt mrcf%lqlﬁ:e irfs eéc a‘érl’g&?trﬁtg’gl eB@MPIga nblgeks
of the wordilpeentBd R)iceReng @mentbri BuIRERMigutdd éel:&aiﬁ 94ne BRBodRhent
nore multiplexers is formed and configured to facil |tate sel ection of

one of the sffhcaresayisnirasien bnblaekl7ds st fentt dvorael-greys po0ROTe, errbUyHIng
t he present %ﬂ‘ﬁ@%%{}aﬂgis' tﬁccﬁ‘%ﬁxﬁﬁ@&ﬂ& 19%3&1%%%%1‘3%% %ggveeﬁ' each of

detail, it s rsto t various “‘changes stltut i ons
and 11 the sub-arrays. In block 702, a set of bit lines is created in each of the sub-arrays

wherein each set contains an instance of the total number of bit lines accessible to the
memory. A number of word lines are created in each of the sub-arrays, in block 703.
Each word line is coupled at one end to the common decoder. The number of word
lines in each sub-array is less than all of the word lines provided for in the memory. In
block 704, onc or morc multiplexcers is formed and configured to facilitate sclection of
one of the sub-arrays based on address information.

[0040] Although the present invention and its advantages have been

described in detail, it should be understood that various changes, substitutions and



alterations can be nmade herein w thout departing fromthe spirit and
scope of the invention as defined by the appended cl ai ns. Mreover,

t he scope wb 2d0besspresent application is not intended techestdodndred to
the particul ar enbodi nents of the process, nachine, nmanufacture,
conposition of matter, neans, nethods and steps described in the
specification. As one of ordinary skill in the art wll readily
appreci at e tt@aidnhaadilRChadd herclf withsut PlepsEing frody e kgiflt afd QERTSESthe
machi nes, manufacture,_c ositions of matter, neans, nethods, or
steps, presENETHP3Y gﬁfﬁ“ﬁgr@r &Fa*ﬂ’@f’“c&eg Primge MPEREY: thFatcope of Shenpresent
subst anti al Ly Si ' : | héd: "
result as t hliép %%ﬁneiggg%gﬁ%ﬁg%%%ﬁ?ﬁgﬁ{tﬁgé’%ﬁ?g%g%‘é@éi ﬁnt%g?/ t%gﬁrgcebb’
utilized acBBelinhgnamyiachee, poawesition alarti¢romeanc owthgidnghd stepshéescribed in
appended cl gj, efibutiof! %d&% 5foorhﬂﬁnbiu&ﬂi Yﬂ Ihglarl]t &/pﬂeﬁgiff%ﬁﬁec?a%g Iff'rom the
processes, machines, nmanufacture, conpositions of matter," neans,

met hods, or dstlepse of th2 pGiséitNVBrehtior precresey, roahpics, shangfactune, composiddrsaf:
a plurality_of interface rts,; a first. sub-array coupled to, a
i ral ity ool e GRoen &Y SRS Jreseil CEUBEPT Bk b1 T peveloped tnd
consecut i vep@fatmadubttyntily Wey shnld Me&idaf ortddRiefe sMEMntially the s@nSREANEL the
sub-array coupled to the plurality of bit lines and coupled to a
second consBURSPALIE GRbAdIRSAt fesgidbed horgi snagibe Widizegb agspiing to the prgsent
decoder couphghidnO Ad6rdidgls® theSRe@let hidGlifenR8GO B 1Y %@H A¥ir &
to the plurality of interface ports, the decoder configured to
control thesydhrpcesspas mechingse nphufieetiie; yowposimd dfi matsr,ameans heetheds rod
consecutive tElljesural ity of word lines; and a multiplexer coupled
to each of { ‘plurality of interface ports, wherein the nultiplexer
is operable to cause selection of one of said the first sub-array
arid the second sub-array based upon an address of a nenory cell
received at one or nore of the plurality of interface ports. 2. The
menory of claiml1l wherein the first consecutive plurality of word

i nes conprises a first half of the word lines of the nenory, and the
second consecutive plurality of word |ines conprises a second half of
the word lines of the nmenory. 3. The nenory of claim1 further

conpri si ng: a predecoder coupled between the plurality of
interface ports and the decoder, wherein the predecoder processes
information for operation of the decoder.



13 4. The nenory of claiml wherein ﬁgch of the one or nore of the

plurality of interface ports conprise

port;

t least two of: an address
a clock port; a read port; and a wite port. 5. The nenory of

claim1 wherein a physi cal configﬁaiﬁéﬁggof the at | east two

sub-arrays, the decoder, and the

xer provides a footprint of

the nenory that is substantially square. 6. The nmenory of claim]
wherein the first plurality of word lines is |less than a total nunber
of word lines of the nenory. 7. The nmenory of clam 1l wherein a set
of nostl.si g fiegmny chnpssijdyBBsymbihatidte address i s used by the

mul tiplexer to select the one of the first sub-array and the second
sub-array. aSlurkhie drenlficeforl ai m 7 wherein the set of MSBs is

sel ect ed based on one of the first consecutive plurality of word

l'ines and t heygeeAnErGBSREMtd ¥ gltumcl#ﬁ %fs IBB:& ¥n&f oM BehbRPsd CO%R%BEEE(?,% grrst

menory of claim 7 whefein the s S conprises a‘mninu

o NP5y B A WUAEDL i sgrsiy on point Detveen sl

the firs

ray

a second sub-array coupled to the plurality of bit lines and coupled to a second
consecutive plurality of word lines of the memory;

a decoder coupled to the first sub-array and the second sub-array, and to the plurality
of interface ports, the decoder configured to control the first consecutive plurality of word
lines and the second consecutive plurality of word lines; and

a multiplexer coupled to each of the plurality of interface ports, wherein the
multiplexer is operable to cause selection of one of said the first sub-array and the second
sub-array based upon an address of a memory cell received at one or more of the plurality of

interface ports.

2. The memory of claim 1 wherein the first consecutive plurality of word lines
comprises a first half of the word lines of the memory, and the second consecutive plurality

of word lines comprises a second half of the word lines of the memory.

3. The memory of claim 1 further comprising:
a predecoder coupled between the plurality of interface ports and the
decoder, wherein the predecoder processes information for operation of the

decoder.



14 10. A nmethod for manufacturing a nenory having reduced dynam c
power consunption, the nethod conpris}%g, i n conbination, the steps
of : formng a first sub-array coupled to a plurality of bit

lines gnd tq.,a first consecutive plurgljty of word_lines af the
renory - THE pigkigi g EREEd et S Bech e Lt irens i phn o HesRacs
bit lines and to a _second consecutive plurality of word lines of the
nenor y POESEMTPIY & lesiierrfdecoder to each of the first sub-array and
t he second sub-array, and to a plurality of interface ports, wherein
t he decoder anaddwesdpagyred to control the first consecutive plurality
of word lines and the second consecutive plurality of word |ines;
form ng a satclek potit |ines in each of the two sub-arrays wherein each
set conprises an instance of a total nunber of bit |ines accessible
to the ﬁEﬂD%Xém%&ﬁpgﬂg a nunber of word lines in each of the two
sub-arrays, each of the number of word lines is coupled at one end
to the connnnlg%coger, wherein the nunber is less than all of the
word |ines 6?% F#& for in the menory; and

5. The memory of claim 1 wherein a physical configuration of the at least two sub-
arrays, the decoder, and the multiplexer provides a footprint of the memory that is

substantially square.

6. The memory of claim 1 wherein the first plurality of word lines is less than a total

number of word lines of the memory.

7. The memory of clam 1 wherein a set of most significant bits (MSBs) of the address is

used by the multiplexer to select the one of the first sub-array and the second sub-array.

8. The memory of claim 7 wherein the set of MSBs is selected based on one of the first

consecutive plurality of word lines and the second consecutive plurality of word lines.

9. The memory of claim 7 wherein the set of MSBs comprises a minimum number of
MSBs that specifically identify a transition point between said the first sub-array and the

second sub-array.



form ng one or nore nultiplexers confikf?ured for selection of one of

the first sub-array and the second sub*array based on address

i nformation. 11. The nethod of claim 10 further conpri sing:

formng . a nenory interface tQ receive jnput and transmt output,
thed brbegred

wher ei 10t he “aBi§ o TRARHRGHTIR MEMOBYE Pepd dypami Ve cangigRtion,
15 12. The method of claim 11, wherein formng the nmenory interface
conpr i $ksmethod ppmgrising,| ia gembingtionfthe sippssafdr ess port; a clock port; a
read port; and a wite port. 13. The method of claim 10 further
conpri si ng: feowiag bdcitisng-amap ceapdetodesivatnnefiitind and hea Gmstmoosecutive
decoder. 14. A menory conprising, in combination: a menory interface;
a decog@iralgQWrheAd lifled dTehdRERIYy;| Nt er f ace;
forming a second sub-array coupled to the plurality of bit lines and to a second
consecutive plurality of word lines of the memory;
coupling a common decoder to each of the first sub-array
and the second sub-array, and to a plurality of interface ports, wherein the decoder
is configured to control the first consecutive plurality of word lines and the second
consecutive plurality of word lines;
forming a set of bit lines in each of the two sub-arrays wherein each
set comprises an instance of a total number of bit lines accessible to the
memory;
forming a number of word lines in each of the two sub-arrays, each of
the number of word lines is coupled at one end to the common decoder, wherein the number
is less than all of the word lines provided for in the memory; and

forming one or more multiplexers configured for selection of one of the first sub-array

and the second sub-array based on address information.

11. The method of claim 10 further comprising:
forming a memory interface to receive input and transmit output, wherein the address

information 1s received via the interface ports.



a first nmenory bl ock coupled to the decoder, the first menory bl ock
conprising: a first set of bit Iines E%upled to all bit lines of the
menory; and a first set of word lines conprising a first

consecuyti ve . sub-set. of .all. word |ipes.of the nenory; a second
ooy 1 el hE St L it Pr g Siegtiny Rty comgekes
conprising: a second set of bit lines coupled to all bit lines of the
menory;, and forming ajeass gypdfset of word |ines conprising a second
consecutive sub-set of all word |lines, the second set of word |ines
excl udi ng the fi astddress mft;word |ines; and a selector coupled to the
menory interface and configured for selection of one of the first or
second nenory bIngﬁk@@@ponsive to information received at the nenory
interface. 16 15. The nenory of claim 14 further conprising: a

pre-decoder coupl,g [Qﬁk%%ﬁ@ the nenory interface and the decoder.
16. The nmenory o? %T m’14 wherein the menory interface conprises a

plurality of interface ports, wherein each of the plurality of
interface ports @6@%??8 5 one of: an address port, a clock port, a
read port, or a wite port.

13.  The method of claim 10 further comprising:

constructing a pre-decoder connected to the common decoder.

14. A memory comprising, in combination:
a memory interface;
a decoder coupled to the memory interface;
a first memory block coupled to the decoder, the first memory block comprising:
a first set of bit lines coupled to all bit lines of the
memory; and
a first set of word lines comprising a first consecutive sub-set of all
word lines of the memory;
a second memory block coupled to the decoder, the second memory block
comprising:
a second set of bit lines coupled to all bit lines of the memory; and
a second set of word lines comprising a second consecutive sub-set of all word
lines, the second set of word lines excluding the first set of word lines; and
a selector coupled to the memory interface and configured for selection of one of the

first or second memory blocks responsive to information received at the memory interface.



17. The menory of claim 14 wherein a footprint of the nmenory is
substantially square. 18. The nenmoryl®f claim 14 wherein the
informati on conprises a set of nost significant bits (MSBs) of an
address for one of the set of all word lines. 19. The nenory of
claim 14 wherein the set of MSBs correspond to a transition point
between the first and second portions. 20. The nenory of claim 14

f ur t hertSconpghiespeupery of claim dd dugher gpmprisigsi t i onal nenory bl ocks
coupled to the decoder, the one or nore additional nmenory bl ocks
conpri si ng: agme-dechider anpledsdetwar the melmomemtatueplhed titealeadderbi t | i nes;
and an additional set of consecutive word |lines conprising an
addi tional sub-set of all word lines of the nenory; wherein the
sel ector further selects one of the first or second nenory bl ocks or

t he onggor A i .
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port, a clock port, a read port, or a write port.
17.  The memory of claim 14 wherein a footprint of the memory is substantially square.

18. The memory of claim 14 wherein the information comprises a set of most significant

bits (MSBs) of an address for one of the set of all word lines.

19.  The memory of claim 14 wherein the set of MSBs correspond to a transition point

between the first and second portions.

20.  The memory of claim 14 further comprising:
one or more additional memory blocks coupled to the decoder, the one or more
additional memory blocks comprising:
an additional set of bit lines coupled to all bit lines; and
an additional set of consecutive word lines comprising an additional sub-set of
all word lines of the memory;
wherein the selector further selects one of the first or second memory blocks or the

one or more additional memory blocks responsive to the information received.



formng a first menory cell sub-array_and a second nenory cel
sub-array within a floor plan of the H%nnry, wherein the first
sub-array is coupled to a plurality of bit lines of the nenory and to

a first,,consecut,i | yrali of. word lines of the nmenory, an he
econd Xub- 21 POl Sorstls e iR GO P FORFTR e I FOr el ieaRA e
menory and to a second consecutive plurality of word lines of the
memor y COMBHHEEME cambEpssentthpsers o a set of bit lines in each of the
menory cell sub-arrays by setting a length of the bit lines to
accommodat e farmfinge pliwalityfof anterfacalportsmber of each plurality of word
| i nes accessible to the nenory, wherein each set of bit |ines

conpri ses amoiniigg amee Bemenyt @llidubiahand @keddntl nhdni@§ calt sES &P RithR a
t he nmenory; formng the fraction of the total nunber of each

pl ur al ifflo¥r fifan WL ﬂl&ﬂ%?é{.wﬂelte{heth@tﬁrét ?@i?—rarrw\ﬁ c{ggglg{l Y(% ggfulrrraelﬁgpgl 91('% gﬁ%(sséf

coupling a common dec r to each of the at

sub-arr, : f i ne. or. re.nmultiplexers.configured for

el cot i ispBBreh RS QBRsRl R st WP BB cnBE second
information of one Qf the plurality of npenory cells. 22. The net hod
of cl aiSHl?“EIIaWé%"BP]ﬁS ip theddiralyy of byflinepat the msmgory @ad fq & sqoandconsecutive
substantially square foot print. 23. The nethod of claim21 further
conpr i $luglity of word lipesrafithgymemery;nt er f ace ports to the menory, the
interface ports are configured to receive input and transmt output,

wher ei n t he redbdirgsscapaditnodin odet bBbit Haal ivedchvofahé hgerhdiyyeeflace ports.
18 24. The nethod of claim 21 further conpri sing: a pre-decoder

c0 ]yglr rerg?zis-gﬁmeoyc@mm REAGe theafliRS b 8ddolifnd At dLHRIADLNEPAIR RS B
each plurality of word lines accessible to the memory, wherein each set of bit lines comprises
an instance of a total number of bit lines accessible to the memory;

forming the fraction of the total number of each plurality of word lines in the at least
two memory cell sub-arrays;
coupling a common decoder to each of the at least two memory cell sub-arrays; and

forming one or more multiplexers configured for selection of one of the memory cell

sub-arrays based on address information of one of the plurality of memory cells.

22. The method of claim 21 wherein a floor plan of the memory results in a substantially

square foot print.

23.  The method of claim 21 further comprising:
forming the interface ports to the memory, the interface ports are configured to

receive input and transmit output, wherein the address information is received via the

interface ports.
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24.  The method of claim 21 further comprising:
a pre-decoder coupled to the common decoder and assisting in decoding the address

information.



