2188505 -1- H GH SPEED WRI TE' TECHNI QUE FOR A MEMORY Field of the Invention
5 . The present invention relates to nmenories which have a read node
and a wite node, and nore part|cularly to menories in which high speed
writdng is desirable. Background of the Invention 10 In statlc aﬁggyrn
access menories (SRAMs), there has been an increased need for ne@ﬁf
writing=aé reading has goften increasingly felter. Wth prechargi ng and
equal i zati on techniques triggered from address transitions 15 becom ng
conmon, access tinmes have been further enhanced As the read access tines
have becone faster, the -n&LEH SPE] QE iE FOR\ A Mi

significant. Wite drivers have typlcally been push-pul | N channel.

transi stors which take advantage o; hlgg r nobility of N channel
devices 20 which results in h|gher—é&i&—ggn—ﬁ—glﬂgﬁ-&zﬁﬂce size. To

i ncrease wite speed, the device sizes can sinply be increased. |ncreasing
t he device sige not e e o_i_ncreases

consunpti on. th h C@&thfﬁésﬁé Enggi&%%&’c%ﬁ%%#%ﬁ | % PEROFESFu ™ P@c\ﬁgéﬂaé'&
25 that sinply |%C¥€%§|H@d9h§n§e¢|W§i§EZEOd9:|nndeageespeeﬁicaﬂamﬁyutb in

consuni ng nore Q@é\ﬁériéénihswﬂféhrﬁhg §Egﬁa€r¥'i‘ﬁﬁ.nghisl a\é'é&?aﬁgem obj ect
of the present invention is to provide an 30 inprovéd wite technique in a

menory. Anot her object of the invention is to provide a nmenory with

i nproved writing speed. Yet anotBattkquthed of the Inwengiom is to provide a

an anroved ite driver in a nenory. 35 These and ot her objects are

achieved in menory having a plurality of nenory cells, a col.um decoder,

a -2- wite driverInjstatic nandamcagpessgmemories. (SBAMEénDthere has
been an increased need for high speed writing as reading
has gotten 1ncreasing1y faster. With precharging and
equalization techniques triggered from address transitions

15 becoming common, access times have been further enhanced.
~ As the read access times have become faster, the need for
a faster write has become more significant. Write drivers
have typically been push-pull N channel transistors which
. take advantage of the higher mobility of N channel devices
20 which results in higher gain_for a given device size. To
_ increase write speed, the device sizes can simply be
\ increased. Increasing the device size not only increases
-chip area, but also-increases power consumption. With
. CMOS technology, power consumption can be quite low so
25 that simply increasing the device size to increase speed
can result in consuming more power than is desirable.
Summary of the Invention

An object of the present invention is to provide an
30 improved write technique in a memory.
Another object of the invention is to provide a
'memory with improved writing speed.
Yet another object of the invention is .to provide a
~an improved write driver in a memory. .
35 . These and other objects are achieved in a memory -
having a plurality of memory cells, a column decoder, a



has a wite node in which data i"'s witten into a selected nenory cell via a
selected bit line pair and a read node in which data is read froma
selected bit line pair. The 5 plurality of nenory cells are coupled to word
lines .and bit line pairs at intersections thereof. Each nenory cell. _

; receives data fromor provides data to the bit line pair to which if™is -

" coupl ed when the word line to which it.4s coupled is enabl ed. The*ﬁﬁﬁunn
decoder couples a selected 10 bit line pair to a data line pair as

determ ned by a columm address. The wite driver circuit is coupled between
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wite driver circuit provides ,.i.,n.response o _the menory switching to
the wite ﬁﬁﬁe,a gr#'i;"'ﬁsf“q%rei 3& ¥hich Pd??t% o MEARFST gg@’rﬂ aatg_/%]tfecq?$st

power supphgmoeyncedl sid a selected kit diigenlpar andld apadmesist at t he
second po mznal. j.n onse, J tas 4 ' I ' in a
Frret I bgi thopAEh) aabalustreal 'GUEI Bt ity Mitle RAE PHLD, | 0

driver BeaR3uzaditieofamemoriyeseliise axeysaunied taiworsugings tand f i r st

wite signghet 94fef F'fa%.trsd%tl:a th%&'s@‘ctti_@i’zéj%zlédE PR dci imdmtPry @dPOC
present on the. firs ower supply termnal, and coupl es the second wite
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present ontbhwhiehodt Heweoupld wher healword iXindass wipldloniofig he

Drawi ngs 3 1,is I diaQr Qﬁ'fQﬁ:i t 190 >0J di By
preferred gﬁﬁé?ﬁ%&%ﬁ 8?‘ (%(al('nv N |?ng;1' cliaéeezg é:%%% %%%E?%%%§‘ a i
porti oh0of bikelineoppisr th @ datacddme mpin as Petermined M nent of 35
the invent gf, addreslsG 3 is conbination block, logic, and circuit
diagranlaccorgln% to i pref%Pred enbodi ment of the_invention;
- The write driver circuit is coupled between a first
power supply terminal and the second power supply' _
terminal. The write driver circuit provides, in response
15 to the memory switching to the write mode, a first write
signal at a voltage present at the first power supply
terminal and a second write signal at a voltage present at
the second power supply terminal in response to a data
input signal being in a first logic state. The coupling
20 circuit is coupled between the write driver means and the
data lines. The coupling circuit couples the first write
signal to a first data line of the data line pair at the A
'vqltage present on the first power supply terminal and
couples the second write signal to a second data line of
25 +the data line pair at the voltage present on the second
power supply terminal. '

Brief Description of the brawiggg
30 — B — .
FIG. 1 is a block diagram of the invention according
to a preferred embodiment of the invention; | |
FIG. 2 is a circuit diagram of a portion of the
memory of FIG. 1 according to a preferred embodiment of
35 the invention; : S



FIG 4 is a timng diagramuseful in understahdiﬁg 5 the operation of the
portion of the memory shown in FIG, 3; FIG 5 is a circuit diagramof a
data-in buffer used in the menory of FIG 1, FIG .6.is a circuit diagram of
t he MWIte driver 10 accordlng to a preferred enbodi ment of the invention
usediin.the nmemory of FIG 1; and FIG 7 is a block diagramof a portion of
the memdy of FIG 1 useful in understandi ng3he operation of the wite
driver of FIG 6. 15 Description of the Invention Shown in FIG 1is a

static randon1access SRA| d generally of an,arr 11, a
row 20 decoder égfgglidg?eshgﬁég?ﬁggg g§°egvu gdiSe 0BBA f&rc&g

l'i ne equalizatiomlagrEM|acd6rdﬂngatb|aepréﬁeraedaembbﬂihentcuftthé a wwite
enabl e buffer E% éﬁ_ 6& enabl e transition detector 19, a transition
sunmat i on circui tfansition sunmmati-on circuit 22, a columm address
25 transition detecto?IQB 4aigon bimbner diaorams useful indunderssanding
buffer 26. Argay S SOtk | 8¢l t e of
word |ines a&% tn%éW?%%fgg??g st?%e |nes§§$ gﬁde%% gﬁgeglt F?&? %gi?g% 29
and 30 are showPin FtG 1. Buffer 26.receives a chip select 30 signal *CS
and provides an interppg. chi pssel etrcaignaiagtsn bf hedneasin! barTed used
asterisk (%) befo t@.Slgﬁal |n9ngg%es that the signal is active at a logic
low. In the case® ? 1i0 i s selected when signal *CSis a
l ogic | ow and deselecFEG mﬁeﬁSSagqircutﬁ dfagram bdigthehivyi teDdrd vierO

Cirbut 17 ejg hejeespdis HGoL8! aPhrurdRed gagaaihaﬁ%' ok e &igelati'oa Al

nmenory, is -4- singfe sig can
be nore. For ex%ﬂﬁ?%@ Bepery oft FIGnelpadnd can be selected for a S|ngle

col um address so thaprgdat isgﬂaBIEbﬁodhdgbﬁm of a portion of the memory
of FIG. 1 useful in understanding the operation of the
| write driver of FIG. 6.
15 |
Description of the Invention

Shown in FIG. 1 is a static random access memory
(SRAM) 10 COmprised generally of an array 11, a row
20 decoder 12, a row address buffer 13, a column decoder 14,
a bit line equalization circuit 15, data 1ines 16, a data
L ' 1/0 circuit 17, a write enable buffer 18, a write enable
transition detector 19, a transition summation circuit 21,
- a transztlon_summatlon circuit 22, a column address
25 transition detector 23, a column address buffer 24, and a
~ chip select buffer 26. Array 1l is comprised of SRAM
cells located at intersections of word lines and bit line
pairs. Word lines 27 and 28 and bit line pairs 29 and 30
are shown in FIG. 1. Buffer 26 receives a chip select
30 signal *CS and provides an internal chip select signal
*CSI in response thereto. The asterisk (*) before a
signal indicates that the signal is active at a logic low.
In the case of signal *CS, memory 10 is selected when
signal *CS is a logic low and deselected when signal *CS
35 is a logic high. Data I/0 circuit 17 either receives or
provides a data signal D. Signal D, in a x1 memory, is a



4 or 8 signals respectively.  Buffer- 18 receives a wite 5 enable signal
*WE and provides an internal wite enable signal *WEl to bit line

equal i zation circuit 15 and several other wite enable derived signals to
data 1/0O 17 in response to wite enable signal *WE. Wien signal *WE is a
logic high, menory 10 is in a read node.gWWen signal 10 *WE is a logic
low, menory 10 is in a wite node. Data I/Ocircuit provides data swghal D
as an output when nmenory 10 is in the read node and receives signal D as an

i nput when siemyleg dbgnalin Sbenali D¢ dnda. byCRlsuBE &@GOoRMI, icarCanect ed

to the bit ] pai ' y 11 15. lines 16 are _conpr.ised of 4
data line p%é%’ aﬁfdé?:i' g%ﬁﬁ?%'f%r@@q%%?%i gd‘r-‘te-_hgad'é"tsa?lainn@ep%p CERde data
line pairs % cmainghescqsuzneaéégﬁigt 8¢ ttga@omm chelgmaelr D_lf:_ou]]&)wte t
decoder 12 4 sog08ngcéralsOortEene \nes g ¢ ifi et ect or
19 is connected to bgffafr*% gﬁa/ %0: gr oviB&esf?g:r ?g%ce%@?aas %tgegi c |low
pul se i P re%’b%%%.fb Btogl'e PB 7 o Vages RigHnEeraal Muits enahle enable .
si gnal *\\E.signaki +WBD tetbitolifa equaari:zamtieda rgiﬁasmfﬂterls%zﬁpd get fects a
transition C ' S e address. i.s conprised of a
plurality o] ‘6% %ﬁngégggaggrg{égsagﬁsggl 8%9’1%%519&&3%& S%H 37 a1, _
and CN are Bhowmspansectolwritenenabde sdgoedorWE3 pMherdesignalorswsspondi ng
tput tot i 1 S ti krChigt 142 $50T; by f 4 e Ir,ess
g?gﬁgls aMizigﬁé%%??ceﬁ e'cgﬁﬁﬁﬁ&a%gré%é%Eﬁabgﬁﬁﬁ%?gﬁﬁges§ﬁ%#gggﬁﬂ%ﬁlse-is
provi detf 30" " ontEhd gﬂ?éﬂﬁt 18‘_["__(tP&H9F¥i & d& d&t & writmimaderor Rafnds tes
the col um Wret;ceignprovhdel; datagedgnagi <D| ﬂs&}&ﬁ-oxﬁ@gﬂﬁwl Zﬁjdress _
transition i CLl GYi e ' se f.or each c
si gnal whi c] cﬁa%ggg %glﬂ’ci Isc?ét g%S&r#n\éﬁ% ?’lné&un TSR0 S qu 3% af} so -
recei ves 35-NREFsehepppenoxyadgi tBoAns Hveamrditecmade .t I lpmoyidkesydercol um
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umm dress_signal pul se qQr pulse * .and a data“line equallzation
gnén;f)l-]*s DL- { e Is°add’co pr?.seg. of 4 data line pairs and 'circg;itry

for equalizing the data line pairs. The data line pairs
of data iihes 16 are connected to column decoder 14. Row
decoder 12 is connected to the word lines of array 11.
Transition detector 19 is connécted'to buffer 18 and

20 provides a signal *WET as a logic low pulse in response to
a logic low to logic high transition of write enable
signal *WE. Transition detector 23 is connected to buffer
24 and detects a transition of the column address. The o/
column address is comprised of a plurality of column

25 address signals. Colunn address signals C0O, Cl, and CN
are shown in FIG. 1. Transition detector 23 provides a
corresponding output to transition summation circuit 22
for each of the column address signals which comprise the
column address. A column address signal pulse is provided

30 on the output of transition detector 23 which corresponds
to the column address signal which changed logic states.
Consequently, transition summation circuit 22 receives a
pulse for each column address signal which changes logic
states.  Transition summation circuit 22 also receives

35 pulse *WET. Transition summation circuit 22 provides a
colunn summation signal *CSP as a logic low pulse

2



3

a logi-c low pulse in response to receiving any col'um address signal pulse,
a row address transition summation 5 signal *RSP at a logic |low, or pulse
*WET. Signal *RSP is provided as a logic |low pulse by bit line

equal i zation circuit 15 in response to a row addr ess transition. Transition

sunmmat i O%Sm rcuit 21 functions as an AND gatgsbaving inputs for receiving
pul ses *CSP and *WET and an 10 output for providing a colum disable
signal *CDP as a logic |ow pulse in response to an occurrence of either
pul se *CSP or *WET or both. A menory cell located in array 11 is ‘enabl ed
when the word line to which i.s cannected is nabl ed. ,.Row 15. decoder

is connected to Hhe TRSEETS ehé:sp (ﬁecern.rvd.spgllargyuccf.‘o ﬁ%dﬂef%%ss;’zgfn QPLESS
The word |ine whiogh pus see | *ET@nd &emwmummwmwmm@wam%
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coupl es sel ected diigndll MRIMiAtS 4 Aotpic 1owesord fpulSe t FREDL es@hgnal *RSP is
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to the bit |Ikge Rﬁiﬁpﬁ@rfdﬁaﬁhmﬁn@ﬁatcﬂumhndib&bleadlg‘ﬁdﬁi *cbp asalbl ed
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vol t age separatiqmu%ﬁa ¥CSR oop| THET 0ox Math.line pair of data lines 16 via
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AN S“bseq”e“t'xv oo Pa wEERPEE 08 88h3e2t80%) sPenhBrbd? VRoto MPUe

an enabl ed menor YWRER | 117§ c

15 decoder 12 is connected to the word lines of array 11 such
as word lines 27 and 28. The word line which is selected
to be enabled is selected by a row address. Row address
buffer 13 receives the row address and couples it in
buffered form to row decoder 12. Row decoder_12 decodes

20 the received row address and enables the word line
selected thereby. Similarly, column decoder 14 couples
selected bit line pairs to data lines 16. In the present
embodiment, column decoder 14 couples 4 bit line pairs to
corresponding data line pairs of data lines 16 for a

25 particular column address. Each memory cell, as is
characteristic of SRAM cells, can elther have data written
into or read from it. This is ach;eved V1a the bit line
pair to which the memory cell is coupled. When the word
line to which the memory cell is coupled is enabled the

30 contents of the memory are made available to the bit line
pair for reading or writing. In the read mode, the
enabled menmory cell causes the two bit lines of the bit
line pair to which it is coupled to separate in voltage.
If the bit line pair is selected, this voltage separation

33" is coupled to a data llne palr of data lines 16 via colunn



witten into if the bit Iine'pai? to which it is coupled 5 is selected. If
sel ected, the bit line pair is polarized in voltage so a5 to wite data

into the enabled nmenory cell. In the wite node, the four data line pairs
of data lines 16 are polarized in voltage by data I/O 17 which wites onto )
these four data |ine pairs according to 10 received data signal D.;-A

sel ected bit line pair is - witten onfo by being coupled to one of “whe

pol ari zed data line pairs via colum decoder 14. Bit line equalization

circuit 1 nsi,ve tQ a ryqw address c e_and in response to the
i nt er nal \%ref:t%ge ng'b_’e 1§ FTas Y shfanse mﬁ?ﬂ%’sﬂr RTRIRAF i satdadk2of the
bit |inesX/Colkinm atek ddersubsequetitiah| aukput ras ppase ¢ datses iRl

swi t chi-ngpto e t t | ogic | ow
For about 1g o0 ﬁﬁs"g‘fﬁsﬁoﬁuﬁ?&%&w ARy defl Mag pd  P0h Wi

pul se to ¥T&geER £ jthe %I%*F%dﬂ?e%% epupyedor a
changesfrdsl&haeuﬁddaIﬂlkesélé&thdfﬁﬁhéﬁﬁEt iihérﬁhﬁﬁsfsoﬁoﬁafitéé to read

transitio I O t bei n ata i er and a wite
driver tO&BEI ng a%er#sgésaarrp% f‘f%ré%n W g’? ?%fe BRPST¥onversi on

i s done | #eld. r Bpdihee waiteanardendthe pfmrd@aitdnylbméfpniﬁ ofUgataa
change 'nlik@@'li%é‘ﬁélﬂf%irﬂ{n@oi & ﬁy%agaa%/gg; gh¥fy @ standard

specificatiqn in the industr nown as Ite don care

(TWHDX), WEhhaSeSnttthasmiour daka hbine msmceﬂmgaq\/\r;phout any
adver 38 3@recafived dutah sigmal tnng Ary@iedtd@tﬁztniﬂra p&kt. jsBefore o/

lid d t li,d dat t
(1ot profZattah briks ¥y Heéthe Mo dE B0 Vofie ne ﬁﬁgtpgi/%gizsﬁaﬁﬁsg“vf te
ci rcuitry liife paixs |\5/ia:amle-unxa decodexr l&er Bithkiné eqeaiigaslien3s

ted f S % AT I bl
g?gﬁ;? \?Dglikgﬁir‘]ﬁa?!s o I&;%?nerat edﬁa §IE&9 adngéé éh#:da% Wgéhxﬁéﬁgps 18

is in the RSRSRHFS fhe ??Eﬂﬁ;IYN&FMeﬁn%E%Br?190315*Wﬁlthedread node.
. Si gnal5\\Dprovides for equallzatlon of the bit lines.

Column decoder 14 is disabled in response to pulse

*CDP switching to a loglc low. Pulse *CDP will typlcally
stay at a logic low for about 10 ns in response to pulse
*WET or pulse *CSP. Pulse *CSP will pulse to a logic low

20 in response to any column address change or a change from
the write mode to the read mode. In the case of a write
to read transition, data I/O must switch from being a data
in buffer and a write driver to being a sense amplifier
and a data out buffer. This conversion is done in

25 response to the signals providéd by buffer 18. Upon a
change in signal *WE switching from a 1ogic low to a logic
high, a standard speczfication in the industry, known as
write high to data don't care (TWHDX) , requires that
signal D also be allowed to change without any adverse

o

30 effect such as writin~ xnvalld data into a cell. Before

invalid_data could be written into a memory cell, the
invalid data must first prop§gaté~thrbugh the write
circuitry. The last stage of the write circuitry is
typically called a write driver. One of the signals

35S generated by buffer 18 in response to signal *WE is a
write driver enable signal WDE. Signal WDE is generated



enables the wite driver at logic high and di sabl'es the wite driver at a

| ogi c.l ow. Consequently, if wite 5 driver enable signal WDE received by
data I/Ois switched to a I'ogi ¢ | ow before the invalid data reaches the
wite driver, the invalid data.is prevented fromreaching a nmenory cell. In
ordet tq ensure this, however, the propagation delay through the wite
circui t ™ nust be 10 ensured of being at | eagt | ong enough for signal WDE
to reach the wite driver of data /0 17. A better technique, shown in FIG .
1, uses-a pulse, pulse *CDP, to disable colum decoder 14 in response to a
wite node to r@dd adegis Mhlmnmemsbctiﬁ imithe 1¥riiteéveodeuand at

till be disabl t | - ogat |
sti e di sabl abgfit: vﬁfé}§' | on&’g’&gg/cﬁr ﬁﬁ@ +884 1 60 & 9 “ﬁgﬂﬁioﬁﬁﬁ

t akes advant age of”.t.he prqg Wwite clrcul
data 1/0 17 to @aRiesHh QEJY@FI%ﬁg%?g%ﬁéh19he35¢o§§§ﬁP18ﬁ seeay
to the wite. driweite Rtieer GRP a slggier bowd V@d&ﬂsaQuﬂﬂtIHYiw wPigemn ni num

f del T 1 i | h
Very i itile o odritem SRS s fandt' hpg e S0t Ty od ey ke 8/ 81 85 By ESned
to logic high tmmathg‘i@flew gmford\EthErimvsalidndal'eaereacheeu thei writean

1y b f |
I ans, ti on det ocTivey Ge SLvRLid e By Pregdfices Frof tLAONEHRCs
low to | ogic h|dﬂ@%9%ms$?1%ﬂ o?ns¢§®%¥ tqw?“ﬂ@%ﬁrﬁhﬁﬁbyh°ﬁ§V§€:*EbP can be
generated at | egsptopagarkicr debdy StEPadhgh\DEnE arDeesuitetied amse bagi c

hi gh~t 0 .a | c |OM/ S |sc npects the t |nt
e ¢ Y5 eriaired “RE watng C[fef TS50 ehouahazoF Bional phh o,
whi ch si gnal V\DE:'e:hcitoh:hew:sitéedmtven pﬁtﬂaté’ht;!Opr des an opportuni ty

to remove sone of thq%qggggeéregaﬁg %ﬁg §¥§%ﬁcyht % Qeﬁﬁlse,

required in the past ensure ne on"t 'care
speci fication. GRS UEERPy, tqa@ésabta1¢obumnmﬂecedeasﬂér1n respobﬁeamsea

the required delwyitd hoGe bl Bekd fUAL ¥rafisition. OFf course the write
15 driver must still be disabled so that sensing can occur.
Disabling the column decoder takes advantage of the
propagation delay through the write circuitry of data I/0
17 to the column decoder being longer than the propagation
delay to the wfite driver. -Pulse *CDP is generated very
20 quickly with a minimum of delay. Transition summation
circuit 21 combines only two signals so has very little
U/ ~ propagation delay. The important transition is the logic
low to logic high transition of signal *WE. Transition
detection circuitry can generally be optimized for either
25 a rising edge or a falling edge. Transition detector 19
can easily be made for rapid detection of the logic low to
logic high transition of signal *WE. Accordingly, pulse
*CDP can be generated at least as quickly as signal WDE
can be switched from a logic high to a logic low. Signal
30 *CDP disconnects the write path at a point in the write
path which has a greater propagation delay than the point
at which signal WDE disconnects the write path. This
_ provides an opportunity to remove some of the delay from
the write circuitry which has been required in the past to
35 ensure meeting the write high to data don't care
specification. Consequently, data I/O 17 can write faster



reduced. Anot her advantageous aspect of the quick disabling of the colum
decoder is that the bit line pairs are isolated 5 fromdata |ines 16
before the bit line pairs begin being equalized after a wite. This - ®
prevents data lines 16 fromloading bit |ine equalization circuit 15. Shown
{in FIG 2 is a portion of array 11, a portion of columm decoder 14, &
portion of data lines 16, and a 10 pedgl«d on of bit |ine equalizati&ﬂ”
circuit 15. The portion of data lines 16 shown in FIG 2 is a data |line
pair 36 conprised of a data line 37, a data line 38, and an equalization
circuit 3hedamss ithe ivequiredi deBlyi tnctherwsiteotikkculibrgelist r ansi stors
71 and 72, .ayfesdannel . 15 transistor 73, and a CM3S inverter 74. The

portion of.co um decoder ‘14 shown in FIG 2 is conprised of coupling
transi stors 41 Angthep advanbageaws agpeghdofgtheTauigkr disabddingr pfy 11
Shown 10 B Shjdmpolbniasd o e LhacusT1t0d A1yl vk pacastag 29
rerory elf2am daks Liigs b BeFprS S9echitoiing RaLrs Pegsh Hedbory col
53 coupl ecedumVized |afleeP8a awrite! | Thispprevéfits datantinescillé FLomoupl ed
Lo, 7, g B L he Bl L R0soRncERAL g on iUt 56 coupled to
pair 30. Bit |iShowaiin2BI¢s 20hpraspartioni of| prreys3land ortdion | ine
pai r 30 | SEGPIumedadéodet 14068 POreIEnSde Baval 13AkisOA6G i fa 56 is
conprised of chanpel . frapsisfors. 63 and 64,and.a P_chanpél tra SIStOF\Ué.
30 Edfhl iBRYt oF Bit %gnﬁse%ﬁbiﬂ&&"ﬁf CATERAImAB i r TRE PAFELOTE and 67
and P charggeladt@nbinesr168shdwn AncRIcnel tsaasdatar 1imee pichasel ,
rans ot oromeceed SR &) S4efiitng Sre B5E%e 1APY dBuoabieiah 't Lol et ors.
The t hr estedarlbzatieni cinbuit 096 vBmaldezathenNcdramid! 3o dssistors and
about -0.GMbtif08 SfeNPchann@l transistors 71 and 72, a P channel
15 . transistor 73, and a CMOS inverter-74.' The portion of
column decoder 14 shown in FIG. 2 is comprised of coupling
transistors 41, 42, 43, 44, 45, 46, 47, and 48. The
portion of array 11 shown in FIG., 2 is comprised of word -
lines 27 and 28, bit line pairs 29 and 30, a memory cell
20 51 coupled to word line 27 and bit line pair 29, a memofy
cell. 52 coupled to word line 27 and bit line pair 30, a o
. memory cell 53 coupled to word line 28 and bit line pair o’
29,  a memory cell 54 coupled to word line 28 and bit line
pair 30, an equalization circuit 56 coupled to bit line
25 pair 29, and an equalization circuit 57 coupled to bit
' line pair 30. Bit line pair 29 is comprised of bit lines
58 and 59. Bit line pair 30 is comprised of bit lines 60
and 61. Equalization circuit 56 is comprised of N channel
~ transistors 63 and 64 and a P channel transistor 65. '
30 Equaliz&tion-circuit.S? is comprised of N channel _
transistors 66 and 67 and P channel transistor 68. The N
“channel- transistors are N channel, enhancement mode,
insulated gate.field effect transistors. The P channel
transistors are P channel, enhancement mode, field effect
35 transistors. The threshold voltage is about 0.6 volt for
the N channel transistors and about =-0.6 volt for the P




channel transistors. In the case of the N channel transistors, the
threshol d voltage increases to about 1.0 volt when the source reaches 3-4
vglts due to the well known body effect. Equalizatjon circuit 39 is
conprised 5 of N channel t#&hsistors 71 and 72, P channel transistor 73,
and inverter 74.- Transistor 42 is an N channel transistor having a first
current *efectrode connected to data line 37,-@=second current electrode
coupled to bit lI'ine 58, and a 10 control electrode for receiving a col umm
decoder output signal CDl1. Transistor 43 is an N channel transistor having
a first current chasnebdtranshetors.t oIdathel caee3®f &heedlodragumelent

el ectrode COUpleéréﬂs?%gokgnetﬁatﬁgggs$o§8n§B§Ea%%eQh@?@iéag'ﬁ%?%%dﬂﬁui.o
col umm decoder out put. ~SI gna .. ransi stor 46 1s an N channel

transi stor havi ngoativhen Eher spurepcreaches:dmic¥odds: dugatt® thee well 5

second current ekféwhogedagoeriredt,0 Egualiizatdon @idcaitonty ds SJcapricea

channel tranch ot BF HOCRATRRY FrARELAtoRAr di SBfoddrods COBTIEY &7 T WHROF
line 38, a secon@3guandntinverterodé.coupled to bit line 61, and a control
o B channel trangi st of PRASIEERL 827dE 2 N ehaBd eredei sl IR £ °
line 25 37, a s8ivat surrent elestrode commestedo by datiandiz® 3hd &
L0, S bt sns oot deppius o4 it by
having a 1130 LGPRERPIcPEEEESIRe, So%cFeRe NI, o qaLimm decodsy, SHFpkt
current el ectrodsigaapl epito ll'h:hn!g'itstoﬁg,uari(t arc ohtchzins le dtrraodei stor
rans stor havi nieding, & HrBE, irdilly, esbesball Mothloden, &b fadtd DO
second current eB8&st Rosecondpicyrrenthieldatnedsy caupled denthilt Bne| ¢« rapk
for recelving a gobufhAacedUctddy iscy Gidle Vil Wi UCSMLTBIRY 1O
signal CD2. Transistor 48. . . .
15. signal CDl. Transistor 46 is an N channel transistor
having a first current electrode connected to data line
37, a second current eiectrode'coupled to bit line 60, and
‘a control electrode for receiving a column decoder output
signal cD2. Transistor 47 is an N channel transistor
20 having a first current electrode connected to data line
_ 38, a second current electrode coupied to'bit line 61, and
U/ _ a control electrode for receiving column decoder output
signal CD2. Transistor 41 is a P channel transistor
having a first current electrode connected to data line
25 37, a second current electrode coupled to bit line 58, and
a control electrode for receiving a column decoder output
signal #*CDl1 which is complementary to signal CD1.
. Transistor 44 is a P channel transistor having a first
current electrode connected to data line 38, a second
- 30 current electrode coupled to bit line 59, and a control
electrode for receiving column decoder output signal *CDl.
Transistor 45 is a P channel transistor having a first
current electrode connected to data line 37, a second
current electrode coupled to bit line 60, and a control
35 electrode for receiving a column decoder output signal
*CD2 which is complementary to signal CD2. Transistor 48



-10- is a P channel transistor Having a first current el ectrode connected
to data |line 38, a second current elegtrode coupled to bit line 61, and a
control electrode for receiving colum decoder output signal *CD2. 5
Transi stor 63 has a first current electrode coupled to a positive power
supply terminal VDD for receiving, for_,exanple, 5 volts, a second curyent
el ectrode coupled to bit line 58, and & control electrode for recei wehg an
equal i zati on precharge signal EQP. Transistor 64 has a 10 first current

el ectrode ggupl edchantal? &a%%q@%:cwarﬁmg o eﬁf@%@&&i@%ﬂ&@&%i ne

59, and a control electrode f recei ving signal E Transi st or as a
first currEﬁPnéFEEFrGquﬁﬁﬁﬂ¥%P§(?QNtaI§%ﬁ?Q§3°%F REQIFTR el ectrode
coupl ed t ocbuplledn&cbbitaldne st razid « emtrmﬂﬂ IRl edttodecdyi Nng a bit

l'i ne equal I § t current electrode .
coupl ed tokég%&m%i%ﬁgsefpg&ster %fa ¢st(53 ond current el ectrode
coupl edSto bit mmsa(stmcﬁzaMtar cﬁnastzecqumt electrode ngoupled

equal i zati @g Bl $a3dsre Igthad c?l 2P tehrfiied 5D Gioﬁaéeéeiﬂﬁ& Cpsgent
el ectrode coupl €d to VDD, secon current el ectrode cou bit Tine

61, and a & e'elseé‘i‘?]&% frsens FHFR Yt e‘?ﬁ?pderrg?l‘éﬁ’y?%r 88 has a
first currbpdt diew male amlip ebritrdil telécterdde foserecdivimgean el ectrode

coupled to |l e QoL 1 ng a bit
he cqual Stk ioh otacndite BLANT Rof CoHME by EERILTE 8 20
*DLEQ 18nd fdFstumrrent flactrady Iconpled ffe sYDlaura epecendcevsyentoupl

to VDD, a %@.‘é@!ﬁi‘d&& 'SSip ﬂ@%d@f’c@i&%@st%ﬁ@tﬁ tbRerss. eﬁééti'}oaent rol
el ectrode 30 cou ed to the qggqﬁ%P nverter T4, Tran5|stor has a
first curr&RF & r%P%%i%ﬂH 62rhag 2 eFéEFFode coupl ed

to data I|maﬁfhntnuientxndecﬂouprﬁdrhdebrbubind 58, t acseoabndt catrenterter
74. Transi ghloe %%d? étt& {€ :.ﬁ%eférogﬁd “85&9 59 Qfégtﬂoﬁs 37, a
second 35 curren cou ed a con
el ectrdde or rrmmwsa meEQ—qu_all_zat_ion 51qnal *EQ. |
Transistor 66 has a first current electrode coupled to a
pésitive power supply terminal VDD, a second current
electrode coupled to bit line 60, and a control eieétrode
for receiving an equalization precharge signal EQP.
20 Transistor 67 has a first current electrode coupled to
VDD, a second current electrode coupled to bit line 61,
and a control electrode for receiving signal EQP.
Transistor 68 has a first current electrode coupled to bit \/
line 60, a second current electrode coupled to bit line
25 51, and a control electrode for receiving a bit line
equalization signal *EQ. Inverter 74 has an input for
receiving signal *DLEQ, and an output. Transistor 71 has
a first current electrode coupled to VDD, a second current
electrode coupled to data line 38, and a control electrode
30 coupled to the output of inverter 74. Transistor 72 has a
first current electrode coupled to VDD, a second current
electrode coupled to data line 37, and a control electrode
-coupled to the output of inverter 74. Transistor 73 has a
first current electrode coupled to data line 37, a second
35 current electrode coupled to data line 38, and a control
electrode for receiving signal *DLEQ.
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In a wite node data line pair 36 i:s:polarizedand is coupled to one of the
bit lirfe pairs in array 11. Assum ng that menory cell 51 is selected,

signal CDl is a |l ogi ¢ high so that transistors 41-44 are conducting and 5
data line pair 36 is coupled to bit line pair 29. Wth bit line pair 29
coupled t0.data line pair 36, the logic statgs of bit lines 58 and 59 are
driven to~the sane |l ogic States as that present on data lines 37 and 38,
respectively. Wrd |line 27 i;s:enabled so that nenory .cell 10 51 can receive

tpet | ogi tChSE a{ ﬁs Ertesqiiht aoﬁkzﬁ.'tte IgaRs d&ﬂ:aﬁmguf@ pa'Eh.er:?sI ':.Ssl aeamau.trm{a %%rﬁ.lts
o] ime tha e bi [ nus ri.z 0 opposi te c states ile
word line 27 is é’ﬁé‘l?)’ll (.‘)’n&? Pefettﬁﬁ ’;P%eﬁﬁo*o%ﬁ 3% %?‘gaéf:t]r]trel y
witten into. | Asstmimgadhaideaenmnd delile 2U ilH se;le;:taéﬂ,echm&m CRLISES a
the contents of r o) td gg&

Menory cell 51 cgﬁa ¢ i Ciﬁo# t%éé%‘?f eren% a?grgget?/\ge%\" b| I T nes ida%%
which is coupPed dta&add-tldiq ippdss 36 kel SRded tvakistbirne @aig 2The WhtRage
differential is tdign 1&&{5%@@9 il & e€b afagd Eiﬁé'%afr'.’%]} Cetlé Olo@ica

| ogi ¢ | ow .and out h r node, . signal is held ata
voltage which |s TRESE Gl AR Rt § 200 BT RbES Theterre kgt
volts, signal EQstatesitasibthet fpesent son Tdntsaehsmessa‘t hmanmx her bit
line 58 nor bit d o. t

vol t,ages bel ow V%éﬁeé&f\%&ri@ého d‘%%sjf%%es + hxgéxgog% gell
3.0 VoI ts i ndPudiSly GRRIyreseiNe . t%ép‘ﬂfér%t@§e§ P‘t’)ﬁﬁaﬂl‘élr@%sbﬁahbﬂ??oﬁs
during the read nige s$] INheF L9 SEEniMuDinbhtt b2 €ikat tRatothehBit

| The pair o ce i st RHRETOR (4 coBEP R SkPo e RERSE Bnt es
to logic lowin nespbrking c22nys remaklied ebs énaunset thatbmemosyothakiwbieia
| ogic hi gh during, &4 é’{{‘é@:%ﬁtexp bt 39neﬂ1ié' beg3 flaka, ! .Bes §Zné”97

38 in response to Signa pul'sin ogic ow i1 n response t
col urm addr e31§ cﬂeﬁwg%nalalqa%vwwahe%%u%ﬁﬁngee epnaeeﬁaneé PEBAFYhESM | ?é to

) be output onto bit lines 58 and 59. Memory cell 51 causes
a voltage differential between bit lines 58 and 59 which
is coupled to data lines 37 and 38 via transistors 41-44.
The voltage differential is then sensed and interpreted as
20 either a logic high or a logic low and output as such.
During the read mode, signal EQP is held ata voltage
which is one N Channel threshold voltage below VDD. If
VDD is 5.0 volts, signal EQP is at about 4.0 volts. This
ensures that neither bit line 58 nor bit line 59 will drop
25 below two N channel threshold voltages below VDD. Two
threshold voltages below VDD would then be about 3.0 volts
inéludihg body effect. When there is a row address
transition during the read mode, signal EQP pulses to VDD
for the duration of the'logic low pulse width of signal
30 *EQ to bring both bit lines of a bit line pair to one N
channel threshold voltage below VDD. Signal *EQ pulses to
logic low in response to any row address transition but is
otherwise a logic high during a read or write. Circuit 39
equalizes data lines 37 and 38 in response to signal *DLEQ
'35 pulsing to a logic low in response to a column address
change, a row address change, or a change from the write



-12- to the read node. When si'gnal *DLEQis a logic low, transistor 73 is
conducting and inverter 74 provides g |logic high output at VDD which causes
data lines 37 and 38 to be equalized at one N channel threshold voltage *
below 5 VDD, the sane as the bit lines. Shown in FIG 3 is row address

{ buffer 13, row decoder 12, and a portion of bit |ine equalization giltcuit
15 whi ch generates signals *EQ and EQRjwhi ch is a control pulse cirtuit 76.
Control pulse circuit 76 is conprised 10 of a.row address transition
detection and summation circuit 77, a buffer circuit 78, a delay circuit

79, an inveot theStead hiékile.gatthehl simyrRAlcDLRY is ansicgic B, a P channel

2 NOR gat ¢ OANARY R, Ponae coreR el <y SRHAFIF pidflag @ > 7
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ns dueI ?(r)]abfaf'fgpl eﬁﬁﬁcﬁ’meas%é’j%a? exc #%ﬁtf%%e?ﬁﬁ‘él S :I ?)R‘CI)'u and
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curre el ectrode
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15 87. Circuit. 77 is coupled to row address buffer 13 and
provides a row decoder disable signal RD as a logic high
pulse in response to any change in the row address. Row
decoder 12 receives signal RD and is disabled for the
duration of the logic high pulse width of signal RD.

20 Buffer circuit 78 has an input for receiving signal RD,
‘and an output for providing a delayed row address -
transition signal DRT. Signal DRT is the same as signal o
RD except that it is delayed about 2 ns due to buffer 78.
Inverter 80 has an input for receiving signal DRT, and an

25 output for providing signal *EQ. Inverter 87 has an input
connected to the'output of inverter 80, and an output.
Delay circuit 79 has an input connected to the output of
inverter 87, and an output. NAND gate 81 has a first
input connected to the output of inverter 80, a second

30 input connected to the output of delay circuit 79.
Transistor 82 has a control electrode connected to the
output of inverter 80, a first current electrode connected
to VDD, and a second current electrode connected to a node
88. Signal EQP is generated at node 88. Transistor 83

35 has a control electrode connected to the output :of NAND
gate 81, a first current electrode connected to ground,
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--13- and a second current electrode connected to node 88. Transistor 84
has control electrode for receiving signal *WEl, a first current electrode
coupled to VDD, and a second current el ectrode connected to node 88. NOR
gate, 5 86 has a first input for receiving signal *WEl, a second input
connécteﬁ;to the output of delay buffer 78, and an output. Transistor 85
has a cohtrol electrode connected to the outhd+ of:NOR gate 86, a first
current el ectrode connected to ground, and a second current el ectrode. 10
connected to nodgng. When signal *WEI_is a logic high, indicative of the
read node, trand%t & %ﬁF?@§cé%EEEEFT@ﬂeq¥ﬁ9¢%g¢enﬁ¢§he@ftgigﬂde 89El al so

forces NOR gat e mﬂsilmmm Thd®oient P61 W1 66E£G86 CPok | 28ELEV 20815 Ra be
non- conducti ve. a * at_alogic high is provided in a

convent i onal O\/&@égrf]dnnaégéjs%g%h%‘fr*'?n{: sgia?cwe I\B‘a‘gpgﬁé\/\]:?lv?@hdaf’g Be
driven to VDD nisegendecurrantoilectliodgcconnéctedi tbonodd. 88 anRORt gat84
will thus te t | ﬁ@g S,.S) a 4.0 volt
for the cas'eﬁn %ﬁﬁ}é’%%??n ab%%%‘| %é%g%*?g%%?’é%ﬁl Q@g}r'i 8 ﬁ8Fﬁﬁ§| y
a | ogic | ow and YL warrected o cthe ontput nof cdebaycbubtferr 38, adddean

transition. \Wesutp@hal TFindSsfol Ofs ha®Va EONEFLET e BOcPEOY deanﬁiggegl;

;
*EQ at a logic high,so that trapsistor 82 is not_conducti ng. %nvert
provi des a 25 %i. ?o‘%‘hﬁ}?tplﬁgt%o%e‘?%‘iec??cd‘tf’@s'ﬁh?‘éﬁrﬁﬁtt glacpredrdes

a | pgi c | ow out mennectédteagrodid, NOND 81sgedrdt Busrentveliesteolagi ¢ hi gh
out pat  whi Cq@a%ﬁuéé@é@iéé%oééé be non-conductive. Wth transistor 83
e, t

non- conducti ere 1s no current'drain fromnode 88 so that 30 signal

EQP is provided at -orfthen giignml *Weksisla logiageigk) oindDBativer ofpthee

to a row addressdd@ifdde O e ' D syLc 1.0 0gi.C
hi gh for about 10, ns.. The Qifi?éfﬁkﬁﬁf %PP%i$%ﬁ??8§£n S a%%%tﬁgaﬁé gggkhgk
35 signal DRT svii®fk THEL ?Jc%‘P EPress MRt I2tesBaf taroutputl arbogirt dnws

to a logic highwnitlsvedwdes transi9BbE 85 to be non-conductive. Signal
' 15 *WEI at a logic high is provided in a conventional cMoS
manner so that it is at VDD. Node 88 will tend to be
driven to VDD minus the threshold voltage of transistor
84. Transistor 84 will thus tend to drive node 38,.and
thus signal EQP, to about 4.0 volts for the case in which
20 VDD is at about 5.0 volts. Signal DRT is normally a logic
low and only pulses to a logic high in response to a row
N address transition. When signal DRT is a logic low,
- inverter 80 provides signal *EQ at a logic high so that
- transistor 82 is not conducting. Inverter 87 provides a
25 logic low output to delay circuit 79 which in turn
provides a logic low output to NAND gate 81. NAND 81 gate
. thus provides a logic high output which causes transistor
,83 to be non-conductive. With transistor 83 non-
,'conductive, there is no current drain from node 88 so that
30 signal EQP is provided at one N channel threshold voltage
below VDD. . o
In responseé to a row address transition in the read
mode, signal RD switches to a logic high for about 10 ns.
. The delay of buffer circuit 78 is about 2 ns so that
35 Signal DRT switches to a logic high about 2 ns after
signal RD switches to a logic high and switches to a logic



%
-14- low about 2 ns after signal RD switches to a logic |ow Upon signal
DRT switching to a logic high, inverter 80 responds by switching its output
to a logic | ow which causes transistor 82 to be conductive. The logic low 8
provided by inverter 80 to NAND gate 81 holds the output of NAND gate 81 at
{ logic high so that transistor 83 remai ns non-conductive. Signal EQis then
provided at VDD. After the delay tins-Jof-delay circuit 79, the out it of
delay 79 becones a Iogl c high. After signal DRT 10 switches back to a
logic low, inverter 80 outputs a |logic high which causes transistor 82 to
be non-condowt abeudn@ NM&\R e sdignad M\smdiésgﬁct a dogic plow f or t he

dur at 7

bgggml ﬁg ggﬁ%&it ?’?ﬂg\ﬁhg%‘ld%*s&gﬁ tho E%} -Esfé]dom to ﬁﬁéﬁ&n@zl ow one

t hr eshol d rsspe@é%moﬁwmhm dits iputpuke trialegigdewy whichit 79, the
out put of éahe)éscwawstis%%rswzt cﬁtesbé CohdwRét Hrd OW The Clo f’é'SPéw NAND gat e

81 to provide u t | transjstor. 83 1.0 becone

non- con ucﬁ’r""'\%’i R%tgbry gﬂg’ﬁzﬂ%%&%% (R &L %IW\F Putput.
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ce IS ggeof signa

EQP. Tr ansts??o ?@3%:62‘ con @g ve 'f o %ﬁé ic:]%?&? rﬁx'e?‘yf‘#"& ay of

del ay circ¥DD.79 Afitiesh the dAglayitine tQif bielrﬁy Zﬁlm'gh'QWEQxh% eutputist one

N channel I tetsndis | aé;q he gp&ﬁ S al *WEl i
| ogic | g \Kulr?lr?#icaui:s) traonsélft%\r/! ﬂfgﬁ nonﬂ\%%é\guct | v%lagg@NCR ate 8%63
Sp

t
to be Sydtrhes, I3R‘I3'°9#P|}-P‘fhei‘&‘b%’é?|%’é 8¢ cutputsRadBgasSs
tranSItlonhiQMQmMidﬂ?EausesIttansisubscszftb BE&Fhan+conahptiveaahagi ¢ hi gh

gl i gh "ANE Gatiiigh b 'AAAE A £05l8 O SRRt Kok BheC gnal TRt 1
a | ogi c | ofuredisyyahithe delanecofibdelrny gbrciit 79w alidansistozn8Bti on,
signal EQPdexdifildh 'y dSihfng conductive which pulls signal EQP |
15 down to a little below one threshold voltage below VDD.
After the time delay of delay circuit 79, the output of
delay circuit 79 switches to a logic low which causes NAND
gate 81 to provide a logic high output, causing transistor
83 to become non-conductive. After signal DRT switches to
20 a logic low, it is desirable to release the bit lines to
be separated by the enabled memory cell. This is achieved -
by having transistor 83 reduce the voltage of signal EQP. e
Transistor 83 is conductive for about the duration of the
delay of delay circuit 79 which is sufficient to bring
25 signal EQP to at least one N channel threshcld voltage
| below VDD. . '
In the write mode, signal *WEI is a logic low which
causes transistor 84 to be non-conductive and NOR'gate 86
to be responsive to signal DRT. 1In in the absence of a
30 row address transition, signal DRT is a logic low so that
NOR gate outputs a logic high to transistor 85, causing
transistor 85 to be conductive. Signal *EQ is a logic
high and transistors 82 and 83 are non-conductive when
signal DRT is a 1ogic'low.- Consequently, in the absence
35 of a row address transitibn, signal EQP is held to a logic
low by transistor 85 during the write mode. In response




| ow by transistor 85 during the wite node. |n.response -15- to a row
address transition, signal DRT pulses to a logic high which causes signal
*BQto switch to a logic low, transistor 82 to becone conductive, and NOR
gate,86 to output a logic |low pul se of the sane duration as the logic 5
hlgh(pulse of signal DRT. Transistor 85 responds by becom ng non-conductive
for this~éane duration. Signal EQP is t hus=péksed.to a logic high for the
duration of the |ogic high of signal DRT. The output of NAND gate 81 is
held to a logic @lgh for gnal *EQ 10 being a |ogic

t durati,on by  si
| ow. When signal “DRT 57t Eﬁ§§gﬁ§c§rP§rS&H‘-egvCSFlsn,als PBRaPulsess kot @hdediack
to a Ioglc hi gh, highnwhichrc8ﬁsbscs&gaagonfgoadugﬁgﬁ@h H@Ragqbgigﬁggﬁtgutz
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transistor 85 i conc rrent, A row address fransi |on
causes signal E tEﬂn29°F¢BﬁF$VFo§P€ Ebisasaneodugatdon.| oFiignailgh

of VDD for the dmatisntnﬁstbﬁl‘sédl eohagmogmbsmgﬁh§gﬂnt%ge3§gr?§*a1§%m§9%‘
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This 25 causes shefdlte@® logicskigh far thehpumse daretiohdbyokigphalbeiegy -
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In the wite no Ut SigRalFEQ eWikrhepi hackakpsanhpghc3bighave been
witten to a Iogtzcazhs)iz\s%? essneébﬁééynah-ebﬁaﬁét@%enhbﬁ' gatd 8¢ 'g%ﬁptﬁ%of

IRAIREIRY s AEIENE M S S ol bR QI
i s possible duriE@Ptsreitehesnbdea Togieqlewt! yTheablitput of NAND gate 81
15 pulses to a logic low so that transistor 83 is conductive
for the duration of the'delay of of delay 79. The time
that transistor 83 is conductive is concurrent with the
time that transistor 85 is concurrent. A row address
~transition during a write thus causes signal EQP to switch
20 from a logic low at ground to a 1cgic high of VDD for the
duration of the logic high pulse of signal DRT.
W, : When signal *WEI switches to a lcgic hlgh indicative
| of switching to the read mode,. transistor 84 becomes
conductive and transistor 85 becomes non-conductive. This
25 causes signal EQP to rise to one N channel threshold
voltage below VDD. Signal EQP then causes half of the bit
lines which have enabled memory cells to begin charging
toward two N channel threshold voltages below. VDD.. In the
“write mode, at 1east the selected blt line pairs which .
30 have been written tc a logic low are essentially at ground
' potential. Also in the write mode, signal EQP is a logic
low so that the selected memory cells of the unselected
bit lines may bring one of the pair of bit lines lower
. than is possible_during the read mcde. Consequently, half
35 of the bit lines which have enabled memory cells will be
charged in response to signal EQP reaching one N channel



35 of the bit lines which have €nabled nenory cells will be charged in
response to signal EQP reaching one N channel t hreshol d vol t age bel ow
VDD in response to a wite to read node transition. A row address ’
transition which follows will then cause signal EQP to rise to VDD. The two
step rise to VDD reduces the peak current which is drawn from5 the-yDD
power supply in order to charge the bit5Tines to the desired |evel . ‘W™ak
current is inportant because that has a significant effect on power supply
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current is related to the gate to the source voltage of
the'charging transistor such as transistor 63 of FIG. 2.
The two step rise of signal EQP approximates the desired
constant current. -The first step is for signal EQP to
20 reach ane N channel threshold Voltage below VDD which
causes the bit lines to become partially charged so that
when sxgnal EQP reaches VDD in the second step, the gate
to source voltage is not as great as it would be if signal
~ EQP switched quickly to its peak voltage as was done in
25 the prlor art. Consequently, the peak cur*ent is reduced
by the two step rise of signal EQP.
Signal DRT is inherently delayed with respect to signal
*WEI which ensures that there is a two step rise even if
the row address changes ‘at the same time that sxgnal *WE
30 swltches from a logic low to a loglc high. Signal EQP
which actually brings the bit lines to the final precharge
voltage is drzven by szgnal *EQ which is lnherently slower
than' the speed ‘at which signal *WET can be switched.
There is thus essentially no speed penalty in charglng the
35 bit lihes to the £inal precharge voltage while reaping the
benefits of reduced peak current. Shown in FIG. 4 is a



35 bit lines to the final precharge voltage while reaping the benefits of
reduced peak current. Shown in FIG 4 jis a = -17- timng diagramfor the
case in which a row address transition and a wite to read transition occur
si nul taneously. Signal *WE switches froma logic lowto a logic high 5 and
t he tow address changes state at a tinme tO Signal *WEl and signal RD
respond\Vn about the samg anount of tinme so-1®at hot.h switch to a logic
high at a time tl. Signal EQP responds to signal *WEl by rising, at a time
t2, to one N channe| threshold voltage below VDD. Signal 10 DRT responds to
'signal RD at a t%4Ring diagramnforothe| egre ingwhicheatraw pddkess tine t1

and t3'is the tlﬁ&hﬁ&&ﬁ&bﬁfaaafiewrftéCﬁbtrZ§d tﬁhaaakioECbaeﬁeonds to
signal DRT switch ﬁh&@na'lo c high by swtching to a logic lowat a tine
't4. Signal EQP r %é% ¢PuEt+hnal *EQ switching 15 to a logic | ow by

iswitching to VDD at asignaltSWETbeituhes SirdmhaologignabwDES ias lokd csighas
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Address skew i s égbga}nomn In the art. After tern1ne time
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time t10 at a time t4. Signal EQP responds to signal *EQ switching

45 to a logic low by switching to VDD at a time t5.

The pulse width of signal DRT is the same as that of
signal RD which is at least a predetermined time duration
of, for example, 9 ns but can be longer depending on the
severity of address skew, if any. Address skew occurs

20 - When more than one address signal changes state in which
~ there is some separation in time between the changes.
W, Address skew is well known in the art. After the
predetermined time duration signal RD switches back to a
_ logic low at a time t6. Signal DRT is switched back to a
'25' logic low by signal RD at a time t7 which causes signal
*EQ to switch back to a logic high at a time t8. When
- signal *EQ switches to a logic high, both inputs to NAND
“ gate 81 are a logic high which causes NAND gate 81 to
. provide a logic low output at a time t9. The logic low
36 output of NAND gate 81 causes transistor 83 to be
conductive so that signal EQP begins dropping toward about
3 volts. After the delay of delay circuit 79, the output
. of delay circuit 79 becomes a logic high at a time t10
~ .which causes the output of NAND gate 81 to provide a logic
35. high output at a time tll which causes signal EQP to rise



whi ch causes the output of WAND gate 81 to provide a |ogic 35 high output
at a tinme t11 which causes signal EQP to rise to one threshold voltage
bel ow VDD. This is the level of EQP at which sensing occurs. The bit line *
vol tages are equalized at one threshold voltage bel ow VDD prior to sensing
by signal EQP being at 5 VDD. During sensing, EQP is held at one th{eshold
vol tage bel ow VDD so that the bit line-ych is pulled to the | ower voltage
will tend to be held at about two N channel threshold vol tages bel ow VDD.
Thi s reduces the anmount of prechargi ng which nust be achieved to prepare:
for the neto the rthameshgiiduvaltagecbelow WDat &fhis bikfehe 1Dévehiof is a

portion ofi?ﬂe ' i ré‘é(#é L 1/0 17. Data-in buffer 101 is
conprised O aWac?le 1 ;fﬁ\%ﬁﬁf 103, 104, 105, 106, and 107, NAND
gates 108 and 1(he d5lne, el kages jane panalizedateone thuashold buffer
such as dakiivade!Yellow Gipd PrEsE edidewdingtvy éigﬁsmaplﬁemgeae x8

h h | d be 8, d - ff h d -i n_buf 101.
NOR gt & 10P1as DHEAHE Sanaing  FoF Lx ueTd St e thesfhpiackastass: gna
*WED 20 debeliew fVDDNso ithatenzie co bt dhite *witiclh $scpullledptd the receiving
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Fver cer T0pueh, ViLeihd WALENdRd #6 pg H0T0 8E S8bdx LvBTH BRaBHREL
out put. Capdateshold vokkages ibelow VPP nal Thbaneedudesothhcanouptt o5 of
inverter 103 2 SRS U AP g | bé CREREEPEG { €0 %Pﬂﬁgrel YR’ thk Q\Qﬁthast?g

I nput connécted to the output of inverter 103, and an output. Capacitor
has a fli% s®®%ni nal connect ed to“the output of inverter.104 arnid a second

term nal connectsitbuwr® i ®IG. 5liwest@atdObnhpBasesr3oinpuichonseat ed to
e out PUt et MBS A UL By, LEBEEET 1IB% 0% B
i nput conndutfifer dahelswwonprisednofra cNOROGatadlan s odhpertelaNDOgat e 108
has a firshgyPlof O 6! Shd167F REkBUsabls 108 and 109; and
15 capacitors 111 and 112. There is a data=-in buffer such as
data-in buffer 101 for each bit of data.  If memory 10
were a x8 memory then there would be 8 data-in buffers
such as data-in buffer 101. NOR gate 102 has a first
input for receiving a data~in write enable signal *WED
20 derived from write enable signal *WE, a second input for
receiving a data signal D1 which is a particular signal of
data D, and an output. Inverter 103 has an input o/
connected to the output of NOR gate 102, and an output.
Capacitor 111 has a first terminal connected to the output
25 o©of inverter 103 and a second terminal connected to ground.
Inverter 104 has an input'connécted“to the output of
inverter 103, and an output. Capacitor 112 has a first
terminal connected to the output of inverter 104 and a
. second terminal connected to ground. Inverter 105 has an
30 input connected to the output of inverter 104 and an
output. Inverter 106 has an input connected to the output
of inverter 105 and an output. Inverter 107 has an input
connected to the output of inverter 106 and an 6utpu£.
NAND gate 108 has a first input connected to the output of
35 inverter 107, an output for providing a complementary
internal data-in Signal *DI, and a second input. NAND



35 inverter 107, an output for prOV|d|ng a conplenentary I nternal data-in
signal *DI, and a second input. NAND .-19- gate 109 has a first input
connected to the output of inverter 106, a second input connected to the
out pyt of NAND gate 108, and an output connected to the second input of
NAND gate 108 and for providing an internal data-in 5 signal D. Data-in
buf fer Eﬂ.perforns t he conventional functi OA20f a.data-in buffer of
providing a pair of conplenmentary S|gnals signals DI and *DI,
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102 will switch to a hiis transition

cause, V|a|lnmny%r§aﬁﬁgi€97s ihe Fpﬁsgl?nﬂﬁtISFSNﬁNBng§ﬁét1@9rWGLﬁMtch to
a logic | ow and téguiredt icapachtoddND1gahadl09238rk0 agwWeliCho prickdide

gate to prov o SoRecRelRF thiBkaRE b ReeltBel B s b %m%&ﬂe&% de
| ogi ¢ high outpu@anat$PeGhﬁibegionh|gﬁhérdeﬂﬂ&Nﬁrgaudea085|&ess than that
15 normally provided because of the column decoder being
disabled directly in response to a write to read
transition. Signals DI and *DI are generated to be
- representative of the logic state of signal D1 when signal
*WED is a logic low which is indicative of the write mode.
20 In the_read mode, signal *WED is a logic high which forces
signal DI to be a logic high and signal *DI to be a logic
W _ low. NAND gates 108 and 109 cause both Signals-DI and *DI
to momentarily;both be a logic high for any transition of
_ input data. If signal D1 is a logic low when signal *WED
25 switches to a logic low, which indicates a transition to
" the write mode, the output of NOR gate 102 will switch to
. a logic high. This transition to a logic high will cause,
" via inverters 103-107, the first input of NAND gate 108 to
switch to a logic low and the first input of NAND gate 109
3b to switch to logic high. The logic low on the first input
of NAND gate 108 will cause NAND gate to provide a logic
high butput. NAND gate 109 will continue to provide logic
high output until the logic high from NAND gate 108 is
received. Consequently, both signals DI and *DI are both
35 momentarily a logic high. :
- Shown in FIG. 6 is a write driver 120 which is also a
portion of the write circuitry of data I/0 17. There is a



recei ved. Consequently, both signals DI and *Dl are both 35 nmomentarily a
| ogic high. Shown in FIG 6 is a wite driver 120 which is also a portion
of the wite circuitry of data 1/0 17. There is a -20- write driver 120
for each data-in buffer. Wite driver 1120 is conprised of NOR gates 121 and
122; NAND gates 123 and 124; inverters 126, 127, 128, and 129; P chapnel
“tranS|stors 131 and 132; N channel tranmgbstors 133 134, 5 135, and "136;

and transm ssi on gates 140, 141, 142, 143, 144, 145, 146, and 147. NOR gate
121 has a first input for receiving conplenmentary data-in signal *DI, a
second i npMrike deieeyi hyoafari eecbrdgga-m PutEREbl eWrigealrivew der i ved
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of inverterch2g, salbctell edghant c%bﬁ@@ﬂ%dcmtﬁ(bﬂél W3, and an

15 output. -NAND gate 124 has a first input connected to the
ocutput of NOR gate 122, a second input for receiving
signal csw, and an output. Inverter 126 has an input
connected to the output of NAND gate 123, and an output.
Inverter 127 has an input connected to the output of

20 inverter 126,'and an output. Inverter 128 has an input
connected to the output of NAND géte“124, and an output.
Inverter 129 has an input connected to output of inverter o/
128, and an output. Transistor 131 has a control
electrode connected to the output of inverter 127, a first

25 current electrode connected to VDD, and a second current
electrode connected to a node 151. Transistor 132 has a
control electrode connected to the output of inverter 129,
a first current electrode connected to VDD, and a second
current electrode connected to a node 152. Transistor 133

30 has a control electrode connected to the output of
inverter 128, a first current electrode connected to VDD,
and a second current electrode connected to node 152.
Transistor 134 has a control electrode connected to the
output of inverter 126, a first current electrode

35 connected to VDD, and a second current electrode connected
to node 151. Transistor 135 has a control electrode



and a second current el ectrode connected to node 152, Tran5|stor 134 has a
control electrode connected to the output of "inverter 126, “a first current
ekectrode 35 connected to VDD, and ‘a second current el ectrode connected to
node 151. Transistor 135 has a control el ectrode -21- connected to the
out put of inverter 128, a first current el ectrode connected to ground, and
a second~turrent el ectrode connected to nodeX51. Transistor 136. has a
control electrode connected-to the output of i nvert'er 126, 5 a first
current el ectrode connected to ground, and a second current el ectrode
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15 An example of such a transmission gate is shown in FIG. 2
and is comprised of transistors 41 and 42. an
. advantageous characteristic of a transmission gate is that
~ both logic highs and logic lows are coupled from input to -
“._output_without a threshold voltage drop. Consequently,
20 both VDD and ground can be coupled from the input-to the
H. output of a.transmission gate without incurring a
W ~threshold voltage drop. If only an N channel transistor
- is used for coupling a signal, ground potential can be
_'coupled without incurring a threshold voltage loss but
o5 only VDD minus a threshold voltage can be coupled if the
gate of the transistor is at VDD. A transmission gate is
. thus characterized as a switch which is capable of
_:5coupling logic signals with substantially no voltage loss.
_-Transmission gates 140-147 have true and complementary
30 control inputs for receiving complementary signals for
activatinq the coupling of a signal from the input to the
output. The coupling is activated when the true input is
at a logic high and the complementary input is at a logic
. low. Transmission gates 140~147 are also bilateral in
35' that the'input and the output of each are interchangeable.
This particular characteristic is not particularly



activating the coupling of a si'gnal fromthe input to the output. The
coupling is activated ,when the true ipput is at a logic high and the
conpl enentary input is at a logic |ow Transmi ssion gates 140-147 are also*
bilateral in that the input and the output o0f each are |nterchangeable

i This particular characteristic is not particularly -22- significapt for

" the operation of CIrCUIt 120 because cigg4it 120 only provides outputs via
transm ssi on gates 140-147 and does not receive any S|gnals Vi a
transm ssi on gates 140-147. 5 Transm ssi on gate 140 has a signal
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15 select signal DLSO, and a complementary control input for
receiving complementary data line select signal *DLSO.
Transmission gate 142 has a signal input connected to line
WGDL, a signal output connected to a data line 160, a true
control input for receiving a data line select signal DIS1
20 derived from the address and write enable signal *WE, and
a complementary control input for receiving a :
complementary data line select signal'*DL31.' Transmission ~
gate 143 has a signal input'connectéd to line *WGDL, a
signal output connected to data line 161, a true control
25 input for receiving data line select Signal'DLSI;'and a
complementary control input for receiving coﬁplementary .
data line select signal *DLSl. Transmission gate 144 has
a signal input connected to line WGbL, a'signa1 output
connected to a data line 162, a true control input for
30 receiving a data line select signal DLS2 derived from the
address and write enable_signal *WE, and a complementary
control input for receiving a complementary data line
select signal *DLS2. Transmission gate 145 has a signal
input connected to line *WGDL, a signal'output connected
35 to data line 163, a true control input for receiving data
line select signal DLS2, and a complementary control input




30 receiving a data |line select S|gnal DLS2 derived fromthe address and
write enable signal *WE, and a conpl eneptary control i aput for receiving a
conpl ementary data |ine select signal *DLS2. Transm ssion gate 145 has a
signal input connected to line *WEDL, a signal output connected 35 to data
ling 163, a true control input for receiving data |line select signal DLS2,
and a cbwplenentary control input -23- fep3weceivi ng conpl ementary data
line select signal *DLS2. Trdnsmi ssion gate 146 has a signal input
connected to line WEDL, a signal output connected to a data line 164, a
true control |npﬂ@rfnecetvnnq|qgmnlemeatarnedetae&nnsuge&ecttszgaadewnmsa
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ich selects a t a c used both to prevent the
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enabling of 25 a™word *coupling of bit line pairs to
data line pairs in thPatasdinet sglptbckignaidst PASO0sDESE arenaddressorti on

?Ltghfsagg{ﬁsz Wafivaa! Bebfat Beuhl efkavli GBehS tho e bR eiBrdlsud- t t en
15 arrays or blocks. The particular portion of the address
which is used to select between blocks can be considered
either part of the column address or the row address or
both or neither. The row address is generally considered
the address which determines which word line is enabled.
20 The column address is generally considered the address
which determines which bit line pairs are coupled to data
W .. line pairs. When a memory is divided into sub-arrays or
blocks,'the portion of the address which selects among the
- .various blocks can be used both to prevent the enabling of
25 a word line and to prevent the coupling of bit line péirs
-to data line pairs in the deselected blocks. In that
.. sense then, the portion of the address which selects the
‘block which is to be read from or written into is both a
column address and a row address. Alternatively, the
_30' portion of the address which selects the blocks can be
- simply considered a block address from which block select
signals are generated which provide the actual prevention
- of word line enabling and bit line to data line coupling.
- For purposes of the present discussion, the block select
'35 portion of the address will be considered part of the row
address. . S - S



col um address and a row address. Alternatively, the 30 portion of the
address which sel ects ,the blocks can pe sinply considered a bl ock address
from which bl ock sel ect signal s are generated which provide the actual .
prevention of word line enabling and bit"li'ne to data |ine coupling. For
 purposes of the present discussion, the block select 35 portion of {he
address wi Il be considered part of the-29w address. -24- Shown in FIG 7
is array 11, colum decoder 14, and a portion of data lines 16. Array 11 is
conprised of blocks 167, 168, 169, 170, 171, 172, 173, and 174. Colum
decoder 14 .has chtomphnoi‘I@ cdl ismaxieaydil ; poelunnsdedédes 137, andsa 179,

180, 181, ?%Zﬁ \Y; o¢ks: 16 s <MAr del § 7 and
28 are als own in é%f?fﬁ\‘?/\bé df+y g;;@* fg tédégﬁgﬁ%gg\amgg *’?’ﬁékg _
portions 13871368169, 1880, 1881, 113'02. 1373, aaBd1324. WFA1MMAe 28 is

di vi ded lntdhd&ié&"l{\e s t éOPBedSon ,céﬁﬁmnlaécoaer BpOFLidhs, 1%¥89. and

228 160 16 qﬁﬂl S#@'r eﬂﬁe %#1@ %%gwi?%m FhRd g%'Tﬁ%SBQFgRVFhIXQegﬁme §?e

for carryuhjankstn67fi7dataWordhltnesnzn ands28f adet alsonshpwnotinshown in

FIG 7. COoprd ooy NoySiRef1a! 27! 189013 Pact 1fieboubi°T 118 polliann vord

line is sele he sél éc
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sel ect ed, (IQ)aﬂvidhd'fﬁbﬁoﬁéfenliﬁé ﬁbf&;@ﬁseﬂgbleﬂ94'”1§50h1§6C359
colunnéchoder portion 176 I ne, pakr. fron1b|ock 16

SO AT o, Hag s Cang 2080 rier PAEEAOR: RELABSh: Linshy 160 Luo
bl ocks. Dastiovwn ntnPIG. 1P4atéS5datvar kinesd3vy bbochadlﬁaoaemsl&&.icﬂat aline

Cor r espond T5° orb6 19048 Shpdh 98°F1Ry 8a T8 aRERC14hE8 Bolm Bl o o0
to bl ocks 1ff3r 1Faxrrying qasabitnefpdatawhlEhreermoxpose$5tofada¢hected
block is couphgd, tRo@ Lhéwhi IR PRE! W 18bApk9ak Bheckthed WARaCqlinaarondi ng
15 of data lines 16. Whena word line is selected, only the
portion which is in the selected block is enabled. For
example, if word line 27 is selected and block 167 is
selected, only word line portion 185 will be enabled. 1In
~ such a case, column decoder portion 176 will couple a bit
20 line pair from block 167 to data lines 164 and 165. Each
pair of data lines cotrespohd.to two blocks. Data line _
pair 164~165 correspond to blocks 167 and 168, data line o/
pair 162-163 correspond to blocks 169 and 170, data line
pair 160-161 correspond to blocks 171 and 172, and data
25 line pair 37-38 correspond to blocks 173-174. The data
line pair which corresponds to a selected block is coupled
to a bit line pair within that block via the corresponding
column decoder.
In the write mode, write global data lines WGDL and
30 *WGDL are coupled to a selected pair of data lines.
Assume that block 167 was selected. Column decoder
portion 176 couples a selected bit line pair to data lines
164 and 165. Signals DLS3 and *DLS3 indicate-that'data
lines 164 and 165 have been selected by being a logic high
35 and a logic low, respectively. Transmission gates 146 and
147 respond by becoming conductive and couple lines WGDL



col um decoder. In the wite node, wite gl obal data |ines WGDL and 30
*WEDL are coupled to a selected pair of data lines. Assune'that block 167
was sel ected. Column decoder portion 176 couples a selected bit line pair
to data |lines 164 and 165. Signals DLS3 and *DLS3 indicate that data |ines
164: and -165 have been selected by being a logic high 35 and a |ogic |ow,
.respectWeI y. Transmi ssion gates 146 and ¥%®5Tespond by becomn ng
conductive and coupl e li nes. WGDL -25- and *WGEDL'to data lines 164 and .

165, respectively.. Consequent nal s WO and *WD are coupled _to the
selectod bit | AEhANCHE 41 ke ARG LA AR AGE) | SSHRRTBAVAYE. dr op.

T]pet ﬁel ec}: edt bh tcgintsaquawly,s snnjxeﬂs'cewbtaxtx& *wnfa&é é@h%lé&p?/é[)gthen One
0 e selecte | n wWr

other will be wi ?%%ai\%oll& I%%\i rx?)lg?ﬁ?k f%} t‘ﬁgﬁgrﬁ‘gtf‘sﬁ?’?tf?ﬂ%ylﬁﬁl c
high bit line. wa;solwraqe aramw. Vlll‘hensnnseoited\I kitinhixe t pa s hbs dpobarhged to
This was consi d f au e an N
channel trangl 51(:aa(r)reHz ’{# co%pa@%%?&ﬁ Sﬁ] fwc%%gé&%%ﬁ ?fg i?%%é
cell. This N chatide} 1=t¢ ‘x‘s#eﬁ e *bn’a‘bg-‘e@ igh ef PR andcthergEhencw 11 :
menmory cell theng &iﬁﬁﬂ&swfh'\i n?owtéﬁ ngr&hRd s, PRecherppied Bit, line

f the bit Ii t h dl D mode. NER
cate 105 1 f or e dPg e HER f‘sgi(@?ﬁwmgﬁvﬁh £y £9.VH8 BERSegRRI ™ veD
be: ng a : 0gi ¢ - hicltarhel rtmréuhdi:devomtbgegV t!thihewa)stp?hsx_bdek_ﬁﬁ gafgid:ﬁlénat
a i C OW, SI (0] anda a
Iog\?g | ow, r%sp% % ﬁp%}%ﬁéﬁﬁéﬁ? o¥é l\ﬁ%’é{.?ﬁ';ﬁﬁ ﬁgéﬁigéggre bot h
forced to provi &rang;i%tmovwmlpw@umyemtheebbt tineato*arprpssngouphedi c

high in the reads ﬁ‘&EE‘:i \@éﬁtherﬂ%pﬁtéhgﬁnémﬂaﬁsisééé §§deﬁaﬁléh By' egieC
| ow, bot h NAND g?t es 3 and_124 are forced t r ovi | o

outputs. The o e NANFPE afREh 1BeMATY EEhla'FBgﬁFsBrﬁoFW f8PE§dNto a
| ogi ¢ high out pl&ha:htliéIlgtransistors, one for each bit line of the bit line

15 pair, enabled by the word line.
In the read mode NOR gate 102 is forced to provide a
‘logic low output by virtué of signal *WED being a logic
high during the read mode. With the output of NOR gate
102 at a logic low, signals DI and *DI are provided at a
20 logic high'and a logic low, respeotively.' The outputs of
NOR gates 121 and 122 are both forced to provide logic low
W outputs by v;rtue of signal *WEW being a logic high in the
read mode. With the outputs of NOR gates 121 and 122 at a
- logic low, both NAND gates 123 and 124 are forced to
25 provide logic high outputs. The outputs of NAND gates 123
‘and 124 are also both forced to a logic high output during
' chip deselect, the condition in which memory 10 is
" deselected and signal CSW is provided at a logic low.
. Inverters 126 and 128:both_providé.logic low outputs in
30 response to theilogio high'outputs of NAND gates 123 and
© 124. Inverters 127 and 129 respond to the logic low
outputs of inverters 126 and 128 by providing logic high
outputs. The logic low outputs of inverters 126 and 128
also cause transistors_133)'134, 135, and 136 to be non-
35 conductive. The logic high outputs of inverters 127 and
129 cause transistors 131 and 132 to be non-conductive.



chip deselect, the condition in which nenory 10 is desel ected and si gnal
CSWis provided at'a logic low Inverters 126 and 128 both provide |ogic
| ow outputs in 30 response to the |ogic high outputs of NAND gates 123 and.
124. Inverters 127 and 129 respond to the logic |ow outputs of inverters-
126 and 128 by providing |ogic high outputs. The |logic | ow outputs g
|nverters 126 and 128 al so cause transi3fors 133, 134, 135, and 136 Wb be
non- conductive. The logic high outputs of inverters 127 and 129 cause

tranS|stor {9 bg,non- conduc
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tri- state | y present Ln res e to 10 S|gnals
DI and *Dl I?r%grlr%n%g‘?lgryégg %ggggg%u h)‘fp tllh(?gl 8“%"{;%1%131e even in
the wite nﬁ@%telnfrtgpaaaésseonwg3¢hsng4ﬂrdﬁﬂthee@eaﬂemmde to the wite

node, sign gg@g C 0 _ | abl at es
102, 121, %%a?%g%%ﬂgg resE?rI]Mélhvlgh Y n@:ﬂ %n(adé&' \tl"k{(?l’\e%1 r?;c)"%tt?n sFSﬁ'a S g_ *Dl,

and DI resi)*é%‘f-?v‘éwdlé%gﬁa SC3hFPs mene@g?a@%ygrprs@ematlmm% t®3 and
124 ar eWess)bgna!zs bD &ha enmpnbmeatamygaamgl%rm&r%lﬂa SUEHY Si gl

D is a Iogig PégHthngbgeglg gkhqﬁl %?%FP'35= s to be witten into the

sel ected mERD? Si gn ‘'ven to'a logic high and
alogic low, r es{ét;c:esppyse Ngngattshm fasporthe Meas omddl g aHeogi ¢ | ow

output to NAMND-gah 24 I QKRN A | t put to
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to the data inputs, 51gnals D1, *DI, and DI, respectively.
Slgnal CSW is a loglo hlgh so that NAND gates 123 and 124
are responsive to the outputs of NOR gates 121 and 122.
Assunming 51gnal Dl is a logic high, 1nd1cat1ng that a
logic high is to be written into the selected memory cell,

20 signals_DI and *DI are driven to a logic high and.a logic
iow, respectively. NOR gate 122 responds by providing a
logic low output to NAND gate 124 which responds by
providing a logic high output-to inverter 128. Inverter
128 responds by providing a logic low output. NOR gate

25 121 responds to the logic low of signal *DI by providing a
logic high output to NAND gate 123 which responds by
provzding a logic low to inverter 126. Inverter 126
provides loglo high output to lnverter 127 which responds
by providing a logic low output.

30 " While 1nverter 127 is respondlng to the logic high
output of ‘inverter 125, tran51stors 134 and 136 are also
responding by becomxr a conductzve. Transistor 134
becoming conduot;ve wlll supply ourtent to node 151 so
that signal WD will be driven toward a logic high.

35 Transistor 136 becoming conductive pulls node 152 to
ground and thus signal *WD to a logic low. Transistors



| ogi ¢ high output to NAND gate. 123 whi ch responds by providing a logic | ow
to inyverter 126. Inverter 126 provides, | ogic high output to inverter 127
whi ch’ responds by providing a | ogic¢ [ ow output. 30 Wil e inverter 127
is responding to the |logic high output of inverter 126, transistors 134 and
136y are"al so respondi ng by becom ng a conductive. Transistor 134 beconi ng
conduct ke wi |l supply current to node 1542%e that signal WD will be
driven toward a logic hlgh 85 Transi stor 136 beé¢sm ng conductive pulls
node 152 to ground and thus S|gnal *WD to logic | ow. Transistors -27-
132 and 133 rendid? AR A3 kenain mpmcewd;xctiw«'erimrvilm efiinverterdizg a

l'ogi ¢ high and 'sl‘t\if!!lt ‘iirol?i&iiﬁ'@\ﬂ Hidgt @ ﬂf%k Cand®4 RPert¥e h?z@%i’o@féfﬁécé

or read node whj.ch eded Wit gnhal *WD is then present” as a
5 logic | ow on Ilﬂ?é" as ri‘x}'értt ‘ﬁ#ﬁ?ﬁﬁ’cﬁ% or | %RA¢ ’P%Fo‘ﬂ‘i‘g causes
transi st or 131 P doeiete ta:mdtmuyanodre.anssﬁgﬁl Jﬁdolieatmoweseﬁtsaets

brings node nsi n 110
only one N c an %ait%res DQ‘J%&%% ovfr\‘)&f aﬁ%{] v%hggo cgic
-effective in pr dmdmg:m causey transistoer oI3k|'qmabematc¢Mud;b§vem ng
of its rise in vg! éﬁgfﬁ 1 | r %ﬁﬁ? h e
to source voltage so t athAt réafngrgf%ré%%ti‘f] %0?1 uc QaﬁOéﬁsigg a8l
vol tage on node @# Wa¥xd VDR gé?”éa‘ﬁ)i%?ﬁ# c%agtﬁﬂxag*éril%gd'é‘é‘ﬁ?n%§1s'5°tﬁaly
transistor 134 lm@rm&:ﬁaﬁ&sepmeehdm VSltdgeshelow VSOH. | STPeASLEEOr! €55

condut v, {4 ) Sl R RIRN e E1VaRk Pobt PERE B iankd
‘channel thresholWp \ad tthye h:ez;hmitiﬂj) éﬁsim r:hsa in 'Qﬂl'badzg.onktothe
ts.rSQZ: S{/\gsm}?ér sq ;af% reac eése%ngi res Bgf%ﬁkogégeg{é %Bgt °
transistor 134 bé%Uﬁ%%erﬁﬂl%km@u%xﬁﬂ%i%hﬂrtl%ﬁsi%tbigh ¥ @Gﬁ@uﬁﬁégeto Asi ve
node 151 until ¥ ivoIteagdesh rod€| 251 efigeé] €he gate to source voltage
15 declines so that transistor 134 becomes less conductive.
_ As_transistor1134.is becoming less conductive, transistor
- 131 becomes conductive and aids transistor 134 in raising
" the voltage on node 151. Consequently, signal WD rises to
one N channel threshold voltage below VDD faster than if
20 only one of transistors 131 or 134 were used for providing
 the logic high output of signal WD. After signal WD
w; reaches one threshold voltage below VDD, transistor 134
'_ becomes non-conductive and transistor 131 continues to
- drive node 151 until VDD is reached. A selected pair of
js'transmission'gates 140~147 provides a low resistance path
to the selected data line pair.
If transmission gates 140-147 were replaced by only N
- channel transistors, there would be some deterioration in
- the rise time on the selected data line in addition to
30 that caused by the capacitance present on line WGDL. Any
node or line which is receiving some signal has some
capacitance associated therewith. Line WGDL has some
| capacitance which must be charged. The data lines also
- have capacitahce as do the bit lines which must be charged
35 and discharged. ' The charging rate is affected by the
resistance of the coupling circuit which couples the



25 transm ssion gates 140-147 provides a | ow resistance path to the _
sel ected data line pair. |If transm ssjon gates 140-147 were repl aced by

only N channel transistors, there would be sone deterioration in the rise *
time on the selected data I|ne in addition to 30 that caused by the

capaci tance present on line WEDL. Any node or |ine which is recei w@ some

signal has some capacitance associ ated.gdierewi th. Line WEGDL has sone

capaci tance whi ch nust be charged. The data |ines al so have capacitance as

do the bit lines which nust be charged 35 and di scharged. The charging rate
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| onger exc I 15 transistor s
‘non- conducﬁ%&%ﬂfé% }1-\1’/%:%%&5% érlgaicﬁ?% ﬂ@f %Jﬁggﬁl channel b
t hreshdlod wedusesd shaxgdmp rage peans dthaly than:sntesabnwg&cbs “n@0- 147 is

enabl ed. Asgitadd méqg&aﬁ@& 140rl§’§'dui-€ilmé‘£3 ¥8gragebigdehpansm ssion
gates. This | %}Ve ch| eved si gnal s DL DLSO becom ng a logic - -

hi gh and af%5§itee RETS Y velYhenry ? g%n?\}gﬁeﬁﬁﬂég‘én?nﬁn line WGDL is
coupl ed t o thirtemstol® Mﬁ&qommevmnyv tikéi gabactopsblirek voavagesabon

gate 140"f%&&é%F%iégeégicné*%héé%ﬁ%i&gvngXGS“séh%nat the coupling
15 transistor is non-conductive. The ultimate voltage
reached is thus one N channel threshold voltage below VDD.
One pair among transmission gates 140-147 is enabled.
Assume transmission gates 140 and 141 are the enabled
transnmission gates. This is achieved by signals DLSO and
20 *DLSO becoming a logic high and a logic fow, respectively.
The logic high present on line WGDL is coupled to data
line 37 through the low resistance path of transmission
,gate'14o. In the prior art, the coupling between the
write driver and the data lines was achieved with only an
25 N channel transistor with the accompanying loss in rise
time. The logic low on line *WGDL is coupled to data line
38 via transmission gate 141.
The data lines are coupled to a pair of bit lines via
a pair of transmission gates. Assume that bit lines 58
30 and 59, shown in FIG. 2, are selected. In such case,
transistors 41-44 are made conductive by signals €Dl and
*CD1 being a logic high and a logic low, respectively.
Transistors 41 and 42 form a transmission gate which
couples data line 37 to bit line 58. Transistors 43 and
35 44 form a transmission gate which couples data lire 38 to
bit line 59. 1In the present example of data line 37



write driver and the data lines was achieved wWith only an 25 N channel
transf stor with the acconpanying |loss i;n rise time. The logic low on |line
*WEDL is coupled to data line 38 via transmi ssion gate 141. The data |ines
are coupled to a pair of bit lines via a pair of transm ssion gates. Assune
that bit lines 58 30 and 59, shown in FIG 2 are selected. In such case,
transi se@rs 41-44 are nade conductive by si'{ﬁlngs CDl and *CD1 being a |logic
high and a logic |ow, respectively. Transistors 417and 42 forma

transm ssi on gat ' oupl e a.lipne 37 to bi ine 58. Transisto 43
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i ne is thus charged a rerapigd ra 1 LT e prior ecause
of inproved wri t?%%raﬁZ@)gﬁ%" t?lg'?uﬁjen%fgﬁ a?g*#;ﬁ"&ﬁ gét g% %%sand 140
bet ween node 15kharbeathtat |a moBy repild rakeélthhantiw tise ptidheart because
transm ssi on gat ' : | S1.or 1 . e_ s s
transm ssi on gatog'%%v%i%&tvﬁ{él%é ?&[s :il"?]ée]g :gzné' ?ﬁ%dﬁégau%-lgn‘ég ﬁﬁg;l%%éﬁsﬁﬁgm
in the past for dAfiesilihpndeclérketieen node. 19heandvdatagbine 32iag
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has not been previous recogni zed. The logic low.c romwite driver

d .
120 to data |indvans E%‘E&n‘gh A 42 | i TReUse| af t FEARSRASHIQR| GAtEE! e
conprised of trarstiwden stHs il Yinedhand othe dava2DinédahassbeeAvkaewnoin

ines 58 and 5o SR TE Ry SPHALENR oe PopsPhe SEAE00, "TRE: "o the
prior advantage of using transmission gates between a full rail
' 15 - write signal and the data lines has not been previously
recognized. S '
The logic low coupled from write driver 120 to data
line 38 is coupled to bit line 59 via the transmission
- gate comprised of transistors 43 and 44. The logic low
20 that is provided on bit line 59 is at ground so that there
is full rail separation between bit lines 58 and 59. This
results in an improved write speed over that of the prior

“ .
art.



art. - 30 - dainms 1. ‘A net hod of high speed writing in a nenory
having a plurality of nenory cells coypled to word lines and bit 5 |ine
pairs at intersections thereof, each nenory cell receiving data from or *
providing data to the bit line pair to=wBbDck it is coupl ed when the word
ine to which it is coupled is enabled; a row decoder, coupled to t{&sword
lines, for enabling a selected word |line as determ ned by a 10 row address;
a first power supply ternminal for recefypamsa first power supply vol tage of
a first magni tude; a second pomer supply terminal for receiving a second

ower supply voltage of 0 ni tude; colunn decoder for, coupling a
gelectedpgi *lin gﬁ??h?a ag HgghlﬁgﬁeﬁaVFlggnQS e fe MEMPETY E$W%n@bﬁgnn 9

addr ess; a ptural bbyeof nmeioeiy delaS|souplbﬁetolmbmdalﬁﬂeyﬂaﬁm mﬁﬁgr¥ cel

" via a se p a in rread froma
selectedgbqifﬁ E%éﬁg at ;htﬁﬁgﬁgaioés ghgggéffhey%h %'%%%%' &91d|ng, in

response torecneivrémmlatw framngrt prpwéd nowdata fedd&hes ity §t1nﬂf inadxsi gnal

at a volta Otfrhiéﬁ 1tr§5 %ﬁﬁlhﬂd@héﬂdtﬁgzt%%&da a F]).‘gtﬁiet &o° ‘vﬁil]‘ﬂh aly ga/0l tage

of the second &u e In_response tq a- Si e|n in a first
| ogi ¢ stat e°°‘AH?5Ie€o Bi Pﬁgbf.lﬁg'vél Y dgrodeE  f G Lady fiq t"ﬁ?ré’ 25 first
data |ine Oiiﬁée,dﬂbﬁ ehaBling' a sedected WwoEd N4 neldsagiReidriiifed anporal
nagnltuf$ to a s§§ dataflln of the dati | i,ne alrléé The et hod of
clai m 11@ur¥¥,r2 ﬁﬁ??& ﬁg (iﬁé P@H&%&u&p &fﬁﬁ) 1[ R/ﬁﬁcaeg‘evmg the \J
first magni fixiettpoweti supplyt voltagel of aclfixtsdd nagnitude pa rsecont

coupl i ng -t hgough egggg, LREni809" P FU YAk & RS Pted | iy 2

sel ect ed bi I ne
voltage of a second magnitude; a column decoder for

coupling_a selected bit line pair to a data line pair as
15 determined by a column address; a write mode in which data
is written into a selected memory cell via a selected bit
line pair; and a read mode in which data. is read from a
selected bit line pair, the method comprising the steps of:
providing, in_response to the memory switching to the
20 write mode, a first write signal at a voltage of the first
magnitude and a second write signal at a voltage of the
second magnitude in response to a data input signal being
in a first logic state; and \_)
coupling the voltage of the first magnitude to a
25 first data line of the data line pair; and
coupling the voltage 6f the second magnitude to a
second data line of the data line pair.

2. The methbd of claim 1 further comprising the steps
30 of: _
coupling the voltage of the first magnitude to a
first bit line of a selected bit line pair; and
coupling the voltage of the second magnitude to a
second bit line of a selected bit line pair.
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31 - 3. A menory having @ wite node in which data is witten into a
sel ected nenory cell via a selected bit,line pair, conprisihg: a plurality
of menory cells coupled to word lines and 5 bit line pairs at intersections
t hereof, each nenory cell receiving data fr8mér=providing data to the bit

lineipakr .to which it is coupled when the word line to which it is coupled

IS enabﬁeﬂ; a cofum dgc, ILn selegted bit.line Lo pair to a
data line pair g%'deté$H@%@ég%gﬁasggguhhgﬁgaﬁeggaﬁwgptEk&Fbngtﬁe fsWwritten
coupl ed bet ween %Pt¢r%tSﬁbeetedUEQM9rYeceimaViand'seiecuaﬁ bdtel inepplay r,
terminal, for preymgkfgings response to the menmory switching to the wite
node, a first wite sign at%ﬁ vol tage present at the 15 first power
supply terninal .and a %ée W FYe°§rBﬁBPth°81l§IF&gPlﬁﬁe$9nW°§d lhpes and
second power Supplly ltmenpﬁdrénatGSﬁﬁéﬁeebﬁfandgtﬁerBBE%h&h&ﬁ??eﬁ%&Qchﬁ%g
first logic statg. $ﬂg- upling n coupl e en wr river 2
means and the da.%? |p%§§ Q%#gcgggﬁiﬁﬁ Pﬁ88%§§§F-§FEFetei§H&|Lﬁg iLPFrQFlr
data |line of thet@wBichnitpisrcouplad whenathepwordnline thewhicht ioder
supply term nal @dgpisd £Queﬁiﬂﬂe&?e second wite signal to a second data
line of the data line pair_at the voltage present on the second 25 power
supply termnal .. 4. 2aTRelWBRoReceder) Pﬁ19°ﬂﬁéi§9natﬁelééﬂsﬂibgtnéams
conpri ses:. ﬂ‘w:c rpdit reosai dst@nl?ﬁéegh-ilfl ﬁﬂd.aeﬁe!'ﬁﬁ.lhéa bS}FHt chQ’hm%o addrﬁss;
receiving the first si L§st_and.second contr i nput s r _receiving
firstsand second conpfggih?aéﬁiﬂfftﬂeﬁﬁﬁrrSPuQiﬁhag§FwEﬁH 2 £3xst POWSR put
coupled to the_fﬂup@lmaterhinel and &5second power supply terminal, for
‘providing, in response to the memory switching to the write
- mode, a first write signal at a voltage present at the -
15 first power supply terminal and a second write signal at a °
‘voltage present at the second power supply terminal in
response to a data input signal being in a first logic
" state; and o :
coupling means, coupled between the write driver
20 means and the data lines, for coupling the first write
signal to a first data line of the data line pair at the
voltage present on the first power supply terminal and for
| . coupling the second write signal to a second data line of
—/ the data line pair at the voltage present on the second
25 power supply terminal. : ' '

4o The memory of claim 3 wherein the cdupling means
-comprises: - . : , _
o a first transmission gate having a coupling input for
30  receiving the first signal, first and second control inputs
- for receiving first and second complementary write control
signals, and a coupling output coupled to the first data
line; and : SR
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- 32 - a second transnission gate having a couplihg input for receiving the
second signal, first and second contrgl inputs for receiving the first and .
second conpl enentary wite control 'signals, and a coupling output coupled *
to the 5 second data |ine. 5. The nBndfy=of . claim 4 wherein the col um
‘decoder conprises: a plurality of transm ssion gates, coupled to thg;jO‘

d | ' d ' bit 11 ' , I I vel bl,ed for
coupling a bit | ihESErd yeneaisaloR Goks nakind R Eouby ifhe 188E5 | | ne
p?ir.lﬁ. ﬁdrrnn¢=iwingrt@b sgeeﬂdmsiqnag,@ﬂizste&ngyshephdgcaptiol

t t .
Ptersect | ARBTRE dof tede £Pliy Pens DeXPLE ahd SedBHa bbpp1Bichisky %

data to t hovuite |Gortyel rsignakschand asceuvpping eusputheoupled toethe

whi ch it i s&suid cdht® Eiwé!l ed; a row decoder, coupled to the word 20
lines, for enabling a selected word Iine as determ.ned by a row address; a
first power supply terminal for receiving.a first power supply voltage of a
first nmagnigdde; The cremoryoofrclaiml 4 vhereinl ther codumnyvidegodexecond
power supMa/ﬁgg#ggggof a second magni tude; a colum decoder for 25
coupling a Jﬁ a line pair to a selected bit line pair as determ ned by a
col um address; ahdPTRlityefctransmission: gatesw coupdednte £hse| ected

rr?rmr y f@h!d&&@jﬁ&@lﬁﬁfdamtf%éﬁeceﬁbé,-biﬁtelﬁsbhgtdietgqpe%%h&&_i?@qysé eps
of : providing, jn, regsponse e SW ing.to .the ite_node, a
first wi t@'&-’bﬂ'ﬁﬂ g‘? :f%?ffgﬁ% -ﬁfﬁﬁgix?‘%?aﬁrﬁgﬁg}ﬁﬁgegnaya SR o/
signal at addresgctofthé@edataobinenpairude in response to a data input
signal being in a first logic state; and 35 -33- coupling the first

wite signal to a first data line of the data line pair with substantially
no vol tage §o0ss; A method of high speed writing in-'a memory having a

15 plurality of memory cells coupled to word lines and bit
line pairs at intersections thereof, each memory cell
receiving data from or providing data to the bit line pair
to which it is coupled when the word line to which it is
coupled is enabled; a row decoder, coupled to the word

20 1lines, for enabling a selected word line as determined by a
row address; a first power supply terminal for receiving a
first power supply voltage of a first magnitude; a second
power supply terminal for receiving a second power supply
voltage of a second magnitude; a column decoder for

25 coupling a data line pair to a selected bit line pair as
determined by a column address; and a write mode in which
data is written into a selected memory cell via a selected
bit line pair, the method comprising the steps of:

- providing, in response to the memory switching to the

30 write mode, a first write'signal at a voltage of the first
magnitude and a second write signal at a voltage of the
second magnitude in response to a data input signal being
in a first logic state; and ' : '
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and coupling the second wri fe signal to a sebdnd'data 5 line of the data

liyne pair with substantially no voltage Ioss : The nmethod of claim®6
érther conprising the steps of: 10 %£I|ng the first wite signal
fron1the first data line to a first bit line 2 selected bit line pair

mﬁthfsugﬁﬂantlally no data | oss; and coupling. the second wite si gnal from

t he sec data line t co bi I|ne of, a selec bit

15 substantially no &?‘?%’3% qgé %i' {'?é?‘m? i/ 3 F?g aﬁhé ¥\$'I

whi ch data is wdf thhe idata ol ine qaix wr:btbrguhsrtantfialhysnbevbbﬂaget lésse
pair, conprisingnag0 a plurality of nenory cells coupled to word

lines and bit line pairs at intersections thereof each nenory cel

recei ving data from(NCRHR%AQHrEPQkﬁ%FQQﬂtWE@%#tsigmélpﬁ?ratﬁeqﬂn@hdatals

coupl ed when5t ha 1wy bf i41e idatdli Tihd (pa fr GPLEN CEubStEREPATYY BS voltage @
col uim decoder f.or. coupling a data line pair to a selected bit line pair as

det er m ned by a%? address; wite driver means, coupl ed between a first
power supply ternlnal and a second power supply terninal for providing, in

response to the 4 mr&ﬂ\%g{}*&? P éfﬁf 2 é t fudfher &, rfsih S{:h g{;ggﬁond

signal at a voltdge présen he fi power supply rn1na
write signal at woltage present at the second power supply ternlnal I n

; ﬁ?iﬁi a ﬂ ﬁgat ?1‘1 nmlal Itﬁt@lmw ﬁritésg1¢ﬁalcf§éﬁteheafﬂréé data
courled--bet ween %q %ﬁjkrb%aﬁjs“%rﬂf theSehested n’%%g ngecgﬁgE?ﬁgt{‘he
first wite sigmabstantially nintdata rbosd; tdmddata |ine pair-with '
coupling the second write signal from the second data
line to a second bit line of a selected bit line pair with
15 substantially no voltage loss.

8. A memory having a write mode in which data is written
into a selected memory cell via a selected bit line pair,
comprising:
20 a plurality of memory cells coupled to word lines and
bit line pairs at intersections thereof, each memory cell
' receiving data from or providing data to the bit line pair
_ : to which it is coupled when the word line to which it is
N\ : coupled is enabled; ' '
25 a column decoder for coupling a data line pair to a
selected bit line pair as determined by a column address;
write driver means, coupled between a first power
supply terminal and a second power supply terminal, for
- . providing, in response to the memory switching to the write
30 mode, a first write signal at a voltage present at the
first power supply terminal and a second write signal at a
, voltage present at the second power supply terminal in
response to a data input signal being in a first logic
state; and .
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substantially no voltage |oss and for coupling the second 5 wite signal tJ'
a second data line of the data line pair with substantially no voltage ;
| oss. 9. The menory of claim8 wherein’the coupling neans conprises: 10%
a first transm ssion gate having a coupl3ﬁg'|nput for receiving the first
isignal, first and second control inputs for receiving first and sec

conplenentary wite co trol nal s a coupling output coypled ™ the
first data |ine; SARPIENG meané’ ?RHRikﬁh?%ﬁ%ﬁggsF ! UE}EQhQVFﬁgra coupl i ng
i nput for w%s/iam tiire mmcnmwal foi-lééﬁpnﬂﬁgsenenﬂizsﬁtwitenputsdf or
receiving t [ nt r and a
coupling.o %%%%%&n%ggg%%%a{ﬁ(?"‘éﬁ{:gofgﬁé 8a gghory of
claim9 wh@m@stantiaiiXNnocﬁnltsqecbmss|ce@ farptoupling bhetsansnﬂ55|on
gat es, u r eski b [ a

sel ecti \C?;I y’%%’ée%%%dﬂ%‘? %o ¢ délg ﬁesgaygesg%gétg ng ba%e col um

u
addr ess t o witdh suks ééﬁY°1t¢9ﬂelﬂ%ﬁ-of hi gh speed witing in a
menory substantlally as here|nbefore described with reference to 30 t he

O 10 ¥ o T Y 5 P4 4 RS OHS' SE5o Y nRER"
comprises:

10 a first transmission gate having a coupling input for
receiving the first signal, first and second control inputs \/
for receiving first and second complementary write control
signals, and a coupling output coupled to the first data
line; and :

15 a second transmission gate having a'dbupling input
for receiving the second signal, first and second control
inputs for receiving the first and second complementary
write control signals, and a coupling output coupled to the
second data line.

20 .
10, The memory of claim 9 wherein the column decoder
comprises: ' )
a plurality of transmission gates, coupled to the
data line pair and respective bit line pairs, selectively
25 enabled for coupling a bit line pair selected by the column
address to the data line pair.

11. A method of high speed writing in a memory
substantially as hereinbefore described with reference to
30 the drawings. '

12. A memory substantially as hereinbefore described with
reference to the drawings. '
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