MULTI PLE VOLTAGE SUPPLI ES FOR FI ELD PROGRAMVABLE GATE ARRAYS AND
THE LI'KE Background of the Invention This invention relates to-
field programmabl e gate arrays and nore particularly to nethods of

progranmm ng such arrays. In a fi el d progranmabl e gate array,
CMOS static random access nenory (SRAM devites ("cells") are commonly used
for controlling the on/off (relatively |ow resistance/relatively high
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Lo oo TSR e Rl B,

sem conduct or chip_ area onsumaagsj%gg
pass transi st ol Yeith yaious nigrconpegtionnatiers, by WIHRE OF T WELAG: |
chip area. the SRAM cells by means of applying suitable binary digital data signal voltages to
: the cells through their respective access transistors. These data signal voltages are
selected so as to configure or reconfigure the states of the respective SRAM cells
25 (.e.,to write or re-write the cells) in accordance with the desired resulting on/off
(relatively low resistance/relatively high resistance) conditions of the respective pass
transistors. In this way, the application circuitry can be programmed or
reprogrammed in the field. _
In CMOS technology, each of the SRAM cells is typically formed by a
30 pair of cross-coupled inverters, each inverter formed by p-channel MOS transistor
whose source-drain path is connected in series with an n-channel MOS transistor.
Thus each SRAM cell contains a total of four transistors in the inverters, plus one or
more access transistors. The semiconductor chip area consumed by all the SRAM
cells, together with their pass transistors, ordinarily consumes a substantial fraction
35 of the total chip area. .
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- 2- X In U S. Patent No. 4,821,233, each SRAM cell included a
pair of cross- connected CMOS inverters. Each pair of inverters was :
accessed through a single n- channel MOS access transistor, instead of the
nore usual bal anced configuration using two access transistors, to save
sem conductor chip area. Each inverter contigned a p-channel MOS transistor
In series wth an n-channel MOS transistor. The p-channel MOS transi stor I n
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25 thresholdsis a methodology involving re-writing all the SRAM cells with proper
information prior to applying power supply voltage to the application circuitry.
However, such a methodology requires either an extra (on-chip) electronic switching
device or a separate (off-chip) mechanical switching device for controlling the power
supply voltage applied to the application circuitry--the former alternative

30 undesirably dissipating excess power and undesirably introducing an unwanted
voltage drop across the on-chip switching device, and the latter alternative being
unfriendly to the (human) user. Moreover, in order to change the memory state of a
cell from that in which its input terminal (i.e., the terminal connected to the access
transistor’s high-current path) is originally at a low voltage level to that in which its

35 input terminal is at a high voltage level (that is to say, to change the memory cell’s
state from "low" to "high" i.e., from "0" to "1"), such a methodology, as well as that
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-3 - of the above-nentioned patent, requires that the channel

wi dth-to-length ratio of the access transistor be |larger than that of at
~I’tast one of the n-channel MOS transistors of the SRAM cell, whereby extra
sem conductor chip area is undesirably needed for the access transistor.
Therefore, it would be desirable to have a-38t hodol ogy that does not suffer
fromthe foregoing shortcom ngs. Sunmary of the Invention I n
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forth in claim f Ut t

accordance wt hg%ﬁhé Wtﬁl Qgér]pgf%éﬁ?& &gﬁean “ggggﬂ %%ﬁhﬁgsd%?%)ﬂ%e}ﬁ?%fb;l o)
in accordance wthelacegsaitmansistor.t is further advantageous that the nmethod is
- also in accorgdance wthﬂLe?efpiefSnv&dumsewntabwtoa.«avaammwtd&emt hod

alLm

Is also in accordance Wt further advantageous that the
method is al so suffexdrom theforcgpngs Ftﬁ?‘ﬁ‘}“@s It is further advantageous t hat
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-4 - Detailed Wgﬁhﬁﬂm the method is al$3h AEEdrdihc@ Wit elafm ®2. 1. an SRAM

cel l SRAM') - i
" % Brief chnpzon oP the Drawing(s)
FIG. 1 is a circuit schematic useful for explaining an embodiment of the

invention; and :

FIG. 2 is a timing diagram of voltages to be applied to the circuit
schemauc of FIG. 1, in accordance with a specific embodiment of the invention.

25 It should be understood that the schematic depicted in FIG. 1 shows
only'one (exemplary) SRAM cell, but that in practice there would be many such
cells, typically arranged in a row-column matrix, all binary data signal input
terminals D of all access transistors N3 located in each column being connected
together (to foi'm a "bit line™), and all (row) select terminals S located in each row

30 being connected together (to form a "word line"). Each such SRAM cell controls the
on/off condition of its pass transistor N4, which, in turn, controls the resistance

between an exemplary pair of points A1 and A2 located in application circuitry Cl1,

C2. :
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. connected to

of cross-coupled inverters INV [err] and INV [err]. Inverter INV[err] is
conposed of p-channel MOS transistor P1 and n-channel MOS transistor N1
whose source-drain paths are connected in series between nenory cell power
supply voltage term nal PVDD and ground, and whose control (gate) term nals
are connected together to an input termna#-11 of this inverter INV [err]
Simlarly, inverter INVerr] is conposed of p-channel MOS transistor P2 and

n- channel MOS ) g .ﬁEﬁ‘rri ose source-drain pat hs are connected in

series betmeenM power supp tern.n Pf{é' rr%?"ﬁﬂf ground
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source-drain (curren at hs n | nec n_o

termnal 01 ofl"?l}?@“? wansistay 4"? n-chagn s\fgéif)tvﬁgse %H%%edra‘rnal n

(current) | Rﬁ{ ﬂ?fa_x{‘_ﬁé’oxﬁi&dtewin sauesmawleeehenlemmya:ellqnmmmppéy woltage t@fingl t he |

i nverter out gut m_na m na

Lerr]: and t Y ooaRs e pndy wz@gﬂeoéﬁsnéz%%@“ﬂ?ﬁ&ﬂn&%t?@h%%

thus conpl et i ngputhernﬁmmmﬁlthm inMerter BRAM SanilarhasnmetH}EUu is eomposed

connected to }&&% &%%ﬁﬁr ¢ ghﬂmw&%&&tmﬁﬁl 03
no ocat ween 02 an

ating volta

ted
" PV [err]) ar e pathsiayeconnectedin seriseAetwasn th %F‘WF@&B%‘E?”\?EP dclgfno ©
power suppliy gt Sggggnd ﬁﬁmaéécf‘tﬂoﬂ%ale)a&ﬂiﬁﬂ%fetﬂohﬁedﬁﬁ edheﬂmbal input
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transistor (b4. . D ﬂﬁ%gﬁ&%n?ﬂﬁﬁﬁZﬁ Eﬁﬁéctég% tﬁé‘lin%up@ﬁﬁmm H) Hust or N4

connects or dlSCOﬂﬂECf olnts
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conpri se | ogi cyoaliecated beitiveerbO2and 11,3t Rddam outst hemfmmxbomwmwodes a

CMOS or NMOS dev Thes dewi ar e, SL‘I,pP| | ec{ ({‘ we S l%]uon
of the appllca‘PF Mn@&’ﬁ? do %@92@%4‘?“’&?@8 Ealy '
equal to 5v, mw&llam@mpemv?]?hm(hgrceﬂ Ipam?' Sﬂg’ﬁqr vdltage terininalp BVippa@s on
circuitry. 0 condition of the pass transistor N4 at
any nonent 28f TPWefupgd&iﬁr@Fﬂ}%ﬁ@ y the menory state of the SRAM a high
("1") state of the SRAszRAMhsmwmgdfm@mmimgmméwte)&mmbmsut put -
term nal 03 of ‘ﬂ‘-‘g@ Watﬁ Bflﬁ;%%c&\{és E\Cl:htgﬁné? MOS daf¥istor NI hatindlifs BhrcehiftainRAM

(a | ow voltage resen
-5-  output tepath nenneot;yl hemghwﬁwwl 'sfimput terminal 13 and the-hinary dajasignal
row sel ect vol j3GeetinPD( aild RiVifLicd Sat8 Bnif chfnecltd 0 al(row)seltctinputs of t he

e o S ohint G B a0t e e O ) 1
its power ter niefminaPoin h-shanrel MOS: pass|tmnsistor N4. dddpending apon its pnfofl ent t o
preserve the cglls for BIP bXssmgi@to?Nﬁ{onh&ﬁs bPYsSRnEGS X adof points Al and
A2 in application circuitry C1, C2. Typically, the devices of application circuitry
Cl1, C2 comprise logic gates, buffers, and latches, each of which typically is a CMOS
30 or NMOS device. These devices are supplied with power during operation of the
application circuitry by means of a d-c voltage, AV 44, typically equal to 5v, applied
to power supply terminals V & of the application circuitry.
The bn/off condition of the pass transistor N4 at any moment of time is
determined by the mémory state of the SRAM: a high ("1") state of the SRAM (a
35 high voltage level being px"esent at the output terminal O3 of the SRAM) causes N4

to be on; a low ("0") state of the SRAM (a low VOltage level being present at the
_-—__——/—/
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(S) termnates--then the cell will be witten in accordance with a binary
digital data signal (DO Dl) being applied to the data signal input term na
D of the access transistor (N3) at the nonent of tine at which the -
rowsel ect pulse (S) term nates. Referring nowto FIG 2, the
absci ssa represents time, and the ordinateSrepresents voltage. Tine
Interval 10 represents an initialization procedure, to prevent

hort-ci it 1034 id ¢ t he SRAM
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to cease oper atiPBIY ¥9ltAgKdS %@ﬁl&;ﬂi’g |ll tocﬁpgljﬁ%ﬂﬂy%eﬁé;@%ﬁﬁ]g{)?ﬂrﬁsg ht&I &é'lr r]
(the | eading eexpmpliny programnsing €writing) integeal fon ancexemplary rew of; . Mes)l
appl ied 10 fsherizRR: itbr/al 36 fopréhi¥la/iritionhtefVal, vAECREM the Aifliprogbmmin
(N3)--i.e., of all"access transistors |ocated o al‘:]2 r,OWS. I's row-sel ect
pul se (S) cont interual tooperatipa of theyapplicatjoncircuitry (C1, C2); in ZeRTgsents an

preferably at éﬁiﬁplhﬂyfﬁpﬂg}ﬂmh@ (é-WRiting PintervAllfor id exemplarygoweasiulecell [ err ]
and t[err]) and persistin g sone tinme after t3 . a.biynary, d tal data
si gnal havi ng ’f-éﬂﬁb‘? é@\?@?se?tﬁé)mi“?"gﬁﬁtf’%l'gf%ﬁ?ﬂ eoﬁ'g"{'ly to the
data signal i npiprogrammiing imervalob fattheraperasion of drsipplication(di@pitryi. . e. , of al |
access trangjstors | oc d I , Ay , menory
ouﬁcggﬁ?ﬂédegﬁm% réatift op@latibhd ot kifdvi)-aré _

cell suppl ol tage (P )
-6- i nternedi performeddietwesninteavdly 30 anddd s woll asjaftesintervaladeousl y appl i ed

A all Limes prior o (PENEBE ‘&?%?‘?Bﬁ%%?é‘fwﬁs“g@%f?ﬁmﬁeL“?t | ow
O P e et et oA Sl wo
gi rcuitry 3 @ﬂxé%gi{ﬁ ﬁ?tﬁﬁ%%v%é@?gwgggg fgt?i;e;né@ i gip . nat ed,
wher eby evedy SEminal ¥ qa FIG: P They cpntinue 1 receive this;Vojage 4; rﬁ‘él;@m g‘g@[{al
"0"--that is, wtedvalstl®, 20,30,40;adf0;ainlés otherwise desitedaat theendftintgevalsed®| t o
IITtB.tS } ipis ;5 st ransis56 ashit caéé@_%&h‘ém’ it B @sied B5cabd GitTatInSr tﬁé‘aﬁﬂlﬁaﬁ&l‘l’\bﬁéﬂiﬁ'ﬂ‘
Next, at time t;, (the leading edge of) a row-select voltage pulse (S) is
simultaneously applied to the control (gate) terminals S of all access transistors
30 (N3)--i.e., of all access transistors located on all rows. This row-select pulse (S)
continues from t; to t3. '
| Commencing preferably at some time prior to time t; (t; falling
between t; and t3) and persisting for some time after t3, a binary digital data signal
having its low binary level (DO) is applied simultaneously to the data signal input
35 terminals D of all access transistors (N3)--i.e., of all access transistors located on all
columns. Also, at time t,, a memory cell supply voltage (PV pp) having an
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off, as is desired after initialization. Advant ageously, the
vol tage | evel of the nenory cell supply voltage (PVDD) during the
i'hitialization interval 10 is maintained at an internedi ate | evel
(typically about 3v) that is |ower than the height of the row sel ect pul se
(S) (typically about 5v), and is higher th&r the |ow binary | evel of the
data signal (typically about Ov). After initialization

( I ( . | . : \
interval 10 hag,thusherner %&(aﬁgr. ab&&}%vp{s%haﬁiﬂeagsllg?ﬁgiéd&b tBdpower
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during the ini bimry digitaldl0"i-thapis, wiithits output sesminad @3uielivering alow vaktagedewsly ol
fromT[err] to % &?@&sls &aﬂfi%?ms’whéﬁkgeg?w@@kguéxﬁfsiarriﬁlthe%oabém&mmmxis

term nal) of tﬁ atcess transistor N ery cell on the first row that
thus is being affdasisdesiredpfterinidalizgfipn. pe written first. During the tine

'(aﬂ) \{?I fragm IT [Sr r] t.fz?JMgehuslﬁ,Itﬁe?ﬁt@eQeM Bethe nlebmrty ' ai:udﬁpﬂysrbumgd f

is appl. i,myl t gneousl.y to.the a signa . o
each SRAM celolo(%ﬁ DDEQ“’FB%ﬁFHH‘P"*%"’W@i‘Hﬁ"@??{’_ fse‘H?i%gaé%# a@@@ﬁ"‘%ﬁ’é@é&gg%@]g in
accordance wt Iotypﬁﬁllgabd)utéd) thavis lpwet thiae thef helighs of derowtselast pulse (S) . e. ] i E
accordance with the LI r ] 0 . e hig
bi nary digital CYRIEEHY ﬁf‘}‘%g’l’pat“igﬁ ?ﬁ%ﬁ%ﬁﬁ%ﬁ%@# fevRllof e dhdlign Do) is
typically equa!(typicatlyab(’ﬁtti(hl).data signal (DO D1) signal should not cease to
be "valid" patil a timeasgpbgadieiiod Mielld10/as thd been toipleteddmeer si st unti |
after T2--and preferably 1t commences to be "valid' before él g.gégrr] :
-7 - programming integugl 2045 dmplemented, mfe@é‘h%féeraf‘m?’ﬁfe SeeRICtEd & op
acr 0ss the hi glFIGQEI;SrPQEaPWhE &Bn&'l?le}éﬁﬁﬁﬁ;&daﬁﬁﬁme : inégpinterval 20, |
resul ting input sjgpa ypi.ca ahou ei ng deli.vered.fr .3 Signa
i nput terninal H’B‘%tgﬂ?ﬂﬂ&’?’ . e‘?rﬁﬁongﬂhﬁtﬁ“éﬁn@g%%mn@éﬂe“f 1sctgg)?a§ﬁ§&loﬁ)n%fy
| evel ﬁf “the i rdﬂ\&rr?ivgﬁﬁbrb\ﬁahhﬁhle(@ﬁémw hftercmbther)c; be nore easily witten
into their nary "1" stat.e e ‘ | | nce
Wi t hout the%need for ta*’PBPME%%“ %ﬁlgeéﬁg%b{%;?ﬁhﬁg’ﬁtﬂ%ﬁeaﬁﬁaéﬂgnne
MOS transi st or snemorytdeﬂpomeesuppbeyoltageiﬂ/mﬂfmﬂmmpmmtéhﬁm“ds t he
need o differeq %véi’_‘i?ittw&rmNiiﬁgQﬁe ikt RterbA Q8L Yerow-sélbe end of

every SRAM ce ?jjmé’féésé (S, Dty hapng disaige e as o1y SGss o dRBatealdR) o
upon the bi nar)inle@4# 1006 appliedthiringhd title intBaDirbmi Tato Tiaso thelroweselett input t s
data signal 25 nptg}mi}nglr (hré%cé Eatg ltjernlnrllrg]al)t &e thg E\gr.%gsa trrrarHsPsgorll\?é of é/\@ry &gl on the first
| row that thus is being addressed and hence will be written first. During the time
interval from T to T, a separate binary digital data signal (D0/D1) is applied
simultaneously to the data signal input terminal D of each SRAM cell on the row
that is being written, each such signal being in accordance with the desired memory
30 state of the respective cell, i.e., in accordance with the desired programming of all
cells on the row. The high binary digital level (D1) is typically equal to 5v; the low
value (DO) is typically equal to Ov. This data signal (D0/D1) signal should not cease
to be "valid" until a time subsequent to T,--i.e., it should persist until after T»--and
preferably it commences to be "valid" before time T}.
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Then, one row after another row of cells is simlarly witten by being
subjetted to a simlar progranm ng interval 20, one row at a tine.

After all the cells located on all the rows have thus been witten, i.e.,
the SRAM matri x has thus been programmed, the nenory cell power supply

vol tages (PV[err]) being delivered to the -power terminals PVDD of all SRAM
cells in the matrix are increased sinultaneously at time T3 (during a

single interval 300) tch%hfs‘%?ﬁ?l e‘;éﬂq{, mép@mghpgﬁq;éﬁhge mfosg hfyhl fpat  of

the application circuit age sup @E/Lerr t hat n gl "@illy

termnals V [eFW“td’ﬁﬂk?f)éh%B‘iﬂeﬁscﬁﬂs&‘&ﬁ:f sy rg;ql}mg @lpé‘F F‘%" 1@@;‘ ly,

E Eet menor ybcelt hbdift\#v) béihglatauvetéﬂ fraﬂ:eda{ta"t 6 t?}i ghiinp ldgmlﬁallmm’ﬁpﬁﬁﬁnhmam 6v,
at is, abou e o

hi gher than thg‘ea%%éﬁ%ﬁq’b‘r? &Eﬁ?ﬂaﬂ/hﬁﬁ ??ge%hlf B@S(R}S’ﬁﬁ?ﬁsﬁs

t hi 3 }[Nay, t]tﬂabbehtbtebwﬂlqasnﬁn intootheir barasy ft"asnae,ﬁtgardlewofﬂmirpmaousmtatbssl r

condition o ei 0N esi s e . ay,

the resi stance sl R ieel R ol ing 3k 3B dngih bog of Ble . Shdrdpel 2

the nenory cel M@Smhylsm tmghe(smm)e tlnssmitiahzatimmocmn'@wndﬁ themeed of

application ci e ritRYesHUE, £ th rodeﬁm%”d
when it is desi reéérﬁcyy rep ro&ramt eggl rt@&?tr a‘ﬁge%eAtheet(l:%% elegher e(e'nrst

subj ected to a@Hbass transistors, %@F‘bﬂhelﬂ?ﬁmﬁlt‘oﬁﬁ Thys, Py SRAM LGS
sequence of 10 O\eszWﬁWemﬂxlalaemafyemalma ends rni theBinidrg Nevehofthe aata30.

be. rowri tten, SRl DAY mafwes deiiverel s e il ol el AR BE " oL

- and only thosep nﬁiigiintereﬂtﬁ():e rewiting, whereby reprogranm ng time can
appi 1 cati on ciroui rry. o BBy s FHESE R of Pl il priddh by eing
general ly tendsuhemdtmamﬂwmmmnwtﬁmﬁ@rwmﬂatmenunber of

potenti al ﬁf@” C'rCU'tﬁfﬂ'ﬁigﬁ%@lwfoﬁhﬁd%%ﬁtﬁé‘f’oﬁﬁfﬂ%ﬂnﬁsﬂie&ﬁwﬁft&mle the

-8- rando witten uring t reprogrammng interval 4

nMenory power SWMWW thus\begy) mramwg b memogy ¢l PR‘&?’rF“PPJé"?oi‘ég%stance
of the pass tr PVIDEI)%myéheﬁbexedi@thelpwatwﬁmMsw \&ran\maanmmsmemry -
state of its SRAM.cell, a t hu terst oturn S aobs nsi st or-
Xy wher eby "t ha R & inFRpsedBhansoudy ety whting a Sl Bt el BT 4 s
are (r]I el ﬁt i vel y level diaoid ivahtggéomsly higher than that ofltmT :lippllcambmcmcdejs voktaget oT4 f
avoid the t o
t he repr ogrgﬁrms Bply% %aglfggbe%ﬁggﬁ%‘{n%%iéﬁg@ of é{cgﬁ ml{glgyrePVDD
for all cells Gy, mealby.tlsmmw@sﬂl power MP&/VQI@EQ\( Wﬂ@ﬁlﬁ@mased
appLLoati on cl 6 Hbbfbys ihaPlsy abkfi 196 ﬂﬁ{%lﬁ%@&fﬁ%‘pﬁﬁ@ﬁﬁﬂﬁm@ gy cal |y

2 hei ght of t y{eer aikihe pplisatien cicuiy, PEER TREEI YOLSEE ANowt 15 18 3 ) 5 o
ey 575 SMBe gttt st ol g
(rj?\évl- tsgl egat gysﬂ'ﬁﬂ @V@‘%ﬁbﬂfai' gsotolsgy,t ma’éfagcg evaPn 3T elait'y al>/s
of all access tAhasd ARds desh‘ablydowt éftevthet inemoryoce]l sapply voltage (PV pp) has thus
been increased, the application circuitry C1, C2 is ready for operation.
If and when it is desired to reprogram the circuitry, the SRAMs can
~ either be subjected to another initialization interval 10, followed by another sequence
30 of row-by-row Writing intervals 20, and transition interval 30. Alternatively,
especially in cases where only relatively few rows need to be rewritten, the
reprogramming interval 40 can be applied to those rows, and only those rows, that
require rewriting, whereby reprogramming time can be saved at the expense of
possible temporary short-circuits in the application circuitry. The number of these
35 short-circuits, however, generally tend to be relatively small as compared with the

number of potential short-circuits that can occur when the memory cells are
. / )
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such data signal having a voltage |evel in accordance with the desired
reprogramﬂ ng (rewiting) of the respective cell. The row sel ect pul se then
termnates at time T[err], whereby all SRAMcells on the row are rewitten,
and the reprogranm ng int erval 40 has been conpl eted for that row.
Thereafter, the other rows that are to be-Bewitten are subjected to a
simlar reprogrammng interval 40. No other rows need be rewitten.

Finally, after {1‘% WﬁtémaAlsBeMJgﬁhé W&lﬂ%ﬁﬁeﬁm ﬂe%tﬁ&’ﬁio%?n

say at time T e‘transition’ in ces,, and th NMenory power
suppl y vol t agesupplyDmitage (R po2isilowreagughytomaintaimheesistance P the passt 1 i x at

thei r power Sﬁ&@{gdﬁﬂﬁm ﬁgﬁ%&(ﬁ&n‘%ﬁﬁ%% ok ORI SRAM eelbis

| evel again t 'S advant a ng)e&)e of the

pass transistorl mdtlwsamndsrfatmrefomﬁepaai)m
vol tage (AVs| eqiid ththe mporaty ishért-citciits 226 adlatively uhintportaafiplow.one vol t h| gher

than that of the appli cl,roultr r. su

Al t hough the inventi on(iﬂ{i %ﬂes&@gé‘?gﬁ(gg%?ﬁ(Sg@%P?ﬁ rﬁecFPFc

~ embodi mfant ] vafommemduﬁuwomermhmmgmwwmmmpmmwglm t he
- scope of the ipy I i in
" bi pgl ar technoﬂ?gywggg&sgvﬂgs(wgc&éss the e sﬁ%ﬂ@lﬁﬁ!gg??aﬁgﬂ%tors
. and the appl | cdle|apphcatnom¢imulyry($gpplaergltage (AV 44) can bemamtamed, typically at about

| (48) analo erat| nNe té %‘r‘ﬂig ﬁtgﬁb |gaafta|(W @élgk?;paﬁm(!});]hﬁﬁﬂg amelglﬂbfwthe "
circuitry Pncl @é@gbo‘ﬁsﬁaisrap ﬂ%ﬁ&ﬁ%ﬁ?@&mﬁiﬁg %’1‘4 FogSs UMS%MCt ed
thr ;)uglhI adhi3 ght&u&agﬂthbag ¥TINRAS Bbfcﬁﬂﬂixﬁdl_ﬁ-sﬂb&)pﬂlﬂ&dﬁmmﬁmde is
controlled by a r e i ch.comprisi.n o

(a) applying aP "é'g@y)"&gﬁ F&&mﬁ%ﬁ ﬁh F‘F‘gﬁ%ﬁ ‘“gﬁ‘bl% F@o@)ﬁ@"’g@p&%&
having a fir st thealategignal énput temmirabsofaibdccessttransistors Na|lmaye,d emthat row, each b)

Lo . A RN i fe i

voltage le curr -carrying inpu D) of an
access trans.smmommxmwwgnag}ofghemwmce The r ®R nal t hat

I's connected t &rﬁaﬂxakef}%hr&eer £l phiiretd gla'ﬂ SRAM Bénsramﬁé Yoﬁﬁird mwﬂmaﬁﬁ&ﬁs
‘transi stor having relativel |4%h drelatjv g | ow resista ce‘égon i tions;
characteri zed mpr@a@nm%wwa has been qmplg Sf I that W, Lppl y
VO: : age Ler m n?dws(tm({ﬁgrd be ﬁ:fwritfblﬁ aaelmb'eewﬂda simnmwpmgmhmxmmdmm y
vol t age havjpg cond vo e eve wer
vol t age | e\)é? No other Towg 8‘7%‘58? Ftygﬁyagge a.ﬂlrg\gs hﬁg NG MF g vo t age
level that is kiuglbeen tdmmhsaymtumdry,am trapssition/interval $0copunences, and the
termnal (s) of the f:ohtd S I N
its relativel y"} BW‘—? §§§§€%%§Iidéﬁgggp Y RD? gﬁ &ﬁ%ﬁﬁfsg&%@%&l lﬁéh <
vol t age pul se, mairix attheir powexsupply terminalsA\opp issincreasedsimultaneously to a level
again that is advantageously higher, by a threshold voltage of the pass transistor N4,
25 than that of the application circuitry power supply voltage (AV 44)-i.e., typically to
about 6v, i.e., about one volt higher than that of the application circuitry power
supply voltage.
Although the invention has been described with respect to a specific
embodiment, various modifications can be made without departing from the scope of
30 the invention. For example, the memory cells can be realized in bipolar technology,
as can be the access transistors, the pass transistors, and the application circuitry
devices.
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relatively high resistance condition, followed by increasing the ne

cell power supply voltage to a fourth voltage Ievel—’vmmmggg—
tfansi stor has a resistance level that is in accorda

the binary digital signal. 2. The net hod mm mﬂml ch
the fourth voltage level is greater than t% first v | sby *at

| east a threshold voltage of the pass transistor. 3. The net hod

of claim1l or é# ﬁrs whi ch the flrst and third voltage |l evels are equal
4. The nethod o ai

m 1l or i n_which the high binary vplt the
first voltage |evel, ahdA tmh%P PFOgEAMIBHE éxg/‘é"l mo&r%%mm&(?g) tng
5. The net hod g &ﬂ)ﬁbﬂhéa‘ﬁoﬂ’@ir@ﬁinggﬂnﬁﬁm)’ apainiof - of

r eshol

thetircui@yin
{1 ansi Stor s i nTHHEORALAOR B0l (o éﬁﬁ%ﬁrsﬁﬂﬁl&*ﬁ@wﬁwg g, "

ItO channel M35 u'atr)]mstor $N4) whose resistance is controlled by a memory cell (SRAM), which
ransi stors in_the.ce I Ng. equal , the nenory cell having one and only
one access trafi¢PRHHF dxes?te of: 6. The method of claim5 in which the
fourth vol tage | evel i sapplying asteadsapplication eisquityy pewesupplycvoltage (Vpp)

7. The method gl igRcoledichd ipihelipiiofidl auidndnihi 10 | ovel s are

equal .

ich t
vol tage | evel, the firsipphang agdatasignal (DO/RI) f‘ﬁ‘é‘“glﬂW/@MP%&‘ gfr o
mutual |y eqygl voltage levels to a firsPhigh-diiefehit6arBfing fiput ®imiriah D) éfGn afcobslsowed by

ecit ed i n cl atarasipn AR HEf Iﬁl St ro@rﬁ%&%%ﬁﬁ's Biedfeath iR
appl yi ng to t hénpiit erminat €I3) of thephmnmyl deﬂgthetaecess mrahsistbr hivingrelatively high
and relatively low resistance conditions, characterized by the steps of
applying to a memory cell supply vbltage terminal (PV pp) of the
15 memory cell a memory cell power supply voltage having a second voltage level that
is lower than the high binary voltage level;

- applying a voltage pulse, having a third voltage level that is higher than
the second voltage level, to a control terminal(s) of the access transistor, whereby the
access transistor is in its relatively low resistance condition; and

20 terminating the voltage pulse, whereby the access transistor is in its
relatively high resistance condition, followed by ihcreasing the memory cell power
supply voltage to a fourth voltage level, whereby the pass transistor has a resistance
level that is in accordance with the level of the binary digital signal.

2. The method of claim 1 in which the fourth voltage level is greater than
25 - the first voltage level by at least a threshold voltage of the pass transistor.

3. The method of claim 1 or 2 in which the first and third voltage levels
are equal.

4. The method of claim 1 or 2 in which the high binary voltage level, the
first voltage level, and the third voltage level are mutually equal.

30 5. The method of claim 1 in which the memory cell comprises a pair of
cross-coupled CMOS inverters, the threshold voltages of all n-channel MOS
transistors in the cell being equal, and the threshold voltages of all p-channel MOS

-
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cell a nenory cell power supply voltage having a | evel—that—s sufficiently
low td maintain an output termnal of the cell at a voltage '

ehough to maintain the pass transistor in a relatively \ \““mi“;“mumv
condition regardless of any previous state of the neno v s *

(b) increasing the application circuitry-dfwer supply voltage to the first
vol tage | evel, whereby the application circuitry power supply voltage has a

e 1L leringn s SNt 8 i i a1 9

mai ntai ni ng t leangis®L. transistor in its relatively high resistance

condi ti on; (d) applying, to the control termnal of the access
transi stor, a second voltage pu] se_having a, second risin dge that i
subsequent in tine to6t H@emq&@td?ﬁ@#lﬁggguy&c t‘PFeP"é‘é'édﬂhfag“ol%f’g‘g‘ég’fﬁ?F?éﬁm
havi ng the thighélfispvbidpe 1ewilel ; - (e) applying the nmenory supply
vol tage having the-second voltage |evel, and having a third rising edge
that is subsequent in tine to the second rising edge; and ()

t ermi nati ngst he second, Theneghodof claim 5 or 6 in which the fifisb andrthirdleveélpareof cl ai m
9 in which the first and third voltage | evels are equal.

11. The net ho&qg?l‘cl aim9 in which the nenory cell conprises a pair of
cross-coupled CMXS inverters, the threshold voltages of all n-channel MOS

transistors in the cegl ﬂ%iﬂ&hﬁ&l&ﬁélﬂrﬁgﬁr B128 whithQhd figh bifdry ¥oREgeEvell the
p- channel MOS transistors in_the ce el ng .equal , the nory cell having
one and only dist wltage level, and the; third voltage level m“@-‘?.hyfﬂgﬁnet hod of claim 11
in which the first and third voltage | evels are equal.

9. A method of initializing (10) followed by programming (20) and

10 operating application circuitry characterized in that all the steps recited in claim 1
are preceded by the steps of: .

" (a) applying to the memory cell supply voltage terminal of the memory
cell 2 memory cell power supply voltage having a level that is sufficiently low to
maintain dn output terminal of the cell at a voltage that is low enough to maintain the

15 pass transistor in a relatively high resistance condition regardless of any previous
state of the memory cell;

(b) increasing the application circuitry power supply voltage to the first
voliage level, whereby the application circuitry power supply voltage has a first
rising edge; _

20 (c) applying, to the high-current-carrying input terminal of the access
transistor, a voltage that is suitable for maintaining the pass transistor in its relatively
high resistance condition; :

(d) applying, to the control terminal of the access transistor, a second
voltage pulse having a second rising edge that is subsequent in time to the first rising

25 edge, the second voltage pulse having the third voltage level;

(e) applying the memory supply voltage having the second voltage level, '
and having a third rising edge that is subsequent in time to the second rising edge;
and |

(f) terminating the second voltage pulse.

30 10. The method of claim 9 in which the first and third voltage levels are
equal.
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