WD 2006/ 026159 PCT/ US20051029150 1 | NTEGRATED DRAM NVRAM MULTI - LEVEL MEMORY
TECHNI CAL FI ELD OF THE | NVENTI ON The present invention relates generally to

menory dev%e@{]?&gy n particular the 5 present invention relates to DRAM
chrtec

and NVRAM &r Yres. BACKGROUND OF THE | NVENTI ON MermdCy UhaUP0zUSy,; ¢

typically provided as internal, sem condactor, integrated circuits in
conputers or other electronic devices. There are nmany different types of

menory 1.0 including random access r 1\9{% ead only nmenory (ROM,
flash memory,  dynatNdHGRaSHDDRAN-NERAN NERAFLESEL MEMAYous dynan c
random access nenory (SDRAM . Conventional DRAM cells are conprised of a

swi tching transistor andﬁ?%b?&%%rﬁm%ﬁ;%m@mn tied to the

storage node of the tran arge storage i's anced by providing
appropri ate st or ape gragacinkyntion relagesfoeneraldy tomsemaskesicapad id @iti@ilarahe t r ench
capacitor in parallel wth the depletion capacitance of the floating storage
node. 5 DREIgseH ipwengpe rejypsioiPRANhend NYRetMaschiigetiredat a when the power is
renoved. DRAMs use one or nore arrays of menory cells arranged in rows and
colums. Each of the rows of menory cells is activated by a correspondi ng
row line that is selected 20 froma row address. A pair of conplenentary
digit lines are provi ded f BAGKGROUNDNOFOFHENMNVENTEYNand a sense anplifier
coupled to the digit lines for each_col U{Hﬂlefii s.enabl ed _re&gﬁgnsiye to . a

respective col unmVg@apedayices e typiRally Broyider iag interapls samigongustar, ipknetate
differentj . .91 i it :

i 1 or ont Py EBFRuel F ol fectrbilF Be o, B sk iy Uk RS memory o
capaciot or ideaslingra@éom2Bcdse afeatoge (R AMDtead bhly hemerySROMYldlagh imehegy,i ty. This
is'referred to in the art as refreshing and _can be acconplished by

per i odi cafyiAmeEpIdoRyaccess meneDRAYY and syprbronaps dynaspie refdophgccgssgi t | i nes
after enagkhﬁgyg se anplifiers. The sense anplifiers then restore the
vol t age | eve n e ‘menory cell capacitor to a voltage | evel corresponding

to the stored data bit. T rm,ssible ti et n refresh cycles wthout
| osi ng data depen _VSHUVEPﬁ&j@ﬁfcgf& %}Fscogwgﬁé@btbaass“\ﬁfcif g tnsis 598% i ssi pation
in the meREgtatedBRedde@apacitor tied to the storage node of the transistor. Charge storage is
15 enhanced by providing appropriate storage capacity in the form of a stacked capacitor or a
trench capacitor in parallel with the depletion capacitance of the floating storage node.

DRAM cells are volatile and therefore lose data when the power is removed.

DRAMs use one or more arrays of memory cells arranged in rows and columns.
Each of the rows of memory cells is activated by a corresponding row line that is selected
20  from arow address. A pair of complementary digit lines are provided for each column of the
array and a sense amplifier coupled to the digit lines for each column is enabled responsive to
a respective column address. The sense amplifier senses a small voltage differential between

the digit lines and amplifies such voltage differential.

Due to finite charge leakage across the depletion layer, the capacitor has to be
25 récharged frequently to ensure data integrity. This is referred to in the art as refreshing and
can be accomplished by periodically coupling the memory cells in the row to one of the digit
lines after enabling the sense amplifiers. The sense amplifiers then restore the voltage level
on the memory cell capacitor to a voltage level corresponding to the stored data bit. The
permissible time between refresh cycles without losing data depends on various factors such

30  asrate of charge dissipation in the memory capacitor. \



WD 2006/ 026159 PCT/ US2005/ 029150 2 As conputers becone snaller and their
performance i ncreases, the conputer conponents should also go through a

cor r espondi¥hg 241628618%duct i on and performance increase. TBCHUSHMPNINH this,
the capacitors and transistors of DRAMcejls can be reduced in size. This
has the effect of increased speed and nenory density with decreased power
requi renments. 5 However, a problemw th decreased capacitor size is that
sensi ng a convent iAsrampuliRAMaeld smaiquandetheia prifoinnance uskessesy thecapguidrance

per cell. As the capagitor gets small er, .he capacitance, is.reduced. This
has becorre ORISR NTUIE g% KA HBHGR PoresBRAIRE FOF MG LUNbRE ARG NSEEe.

and for Ptﬂ?%ccBEx?ﬁ%‘ﬁlis?ttﬁé AQRIOMM IRt bE DRI QERSs SRR Bicel 3n 5RO Shis
skilled in the art upon reading and understanding the present 10

speci f i cathasithe ¢ffeet ef insreasadespded mdt themanytdehsity withuleeresed IpableerdgRitdmentk.| .
SUMVARY The above-nentioned problens with DRAMs and ot her problens are

addressed by theHowesenh préblentwithdardsad dapaditoréiigas tiabasipy alcdadntignand
studying the foll owi ng 15 specification. The present inventiogn enconpasses
an i nt egr BPRAMFAMenvRzN MmN vang of cappeitapes percsiphis Hescapadipn gefs emalgrdom

access MLy A1 80K ATART BLALL £ LABIRILLARGES o THTRAY fUNCL ] On

that is coup nam ¢ random access ne ction. e data
storage by the dynanjc random access neppry function, is hanced by, the

non- vol at 1 e 20"t SRAGIGEPRSRH REARR HELIE ek AP o GBS R BT 1 e
state ret ke ab?a:érh% BRAM:kifIB®in M Eft?(rlgbﬁ‘}éaldﬁlgr AR REAEDS thepresent can
store multiple bits of data. Further enbodi nent's of the invention include
met hodé arspecifipatioat therois anged imipe agdopemopbsdBRbEFDRESCREIPTI ON OF THE

DRAW NGS Figure 1 shows a cross-sectional view of one enbodi nent of a

DRAM NVRAM nmulti-level nenory cell of the present invention. Figure 2 shows

an electrical equivalent circuit di agsr am of the enbodi nent of Figure 1. WO
2006/ 026159 PCT/ US2005/ 029150 UMMARY

The above-mentioned problems with DRAMs and other problems are addressed
by the present invention and will be understood by reading and studying the following

15 specification.

The present invention encompasses an integrated DRAM-NVRAM memory cell.
The cell comprises a dynamic random access memory function and a non-volatile random
access memory function that is coupled to the dynamic random access memory function. The
data storage by the dynamic random access memory function is enhanced by the non-volatile
20  random access memory device that provides a non-volatile state retention in the DRAM. The .

non-volatile random access memory can store multiple bits of data.

Further embodiments of the invention include methods and apparatus of varying

scope.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a cross-sectional view of one embodiment of a DRAM-NVRAM

multi-level memory cell of the present invention.

Figure 2 shows an electrical equivalent circuit diagram of the embodiment of

Figure 1.



3 Figure 3 shows a cross-sectional view of an alternate enbodi nent of the
DRAM NVRAM nul ti -l evel nenory cell of the present invention. Figure 4 shows

a bl ock di i el ectroni c systemthat incorporates n-_pl anar,
stepped N g(%@%mg#‘ t he present invention. 5 DETAILED Iﬂé@ﬁ?%@ﬂo@%&"n t he

foll owi ng detailed description of the indention, reference is nmade to the
acconpanyi ng drawi ngs that forma part hereof and in which is shown, by way

of illustration, _specjfic enbodiments. in ich.the inventio

bracti ced. 1 n' ¢ heFighE 5SS RGeSO o ALl SmeimAt At BEAM ar
conponent sy A REFhRHevEN@eSBKEEM of thEWRsent IRB[oeMDOdi ments are described in
sufficient detail to enable t'hose skilled in the art to practice the

i nvention. O her @Hf% gfgrw i ld : t j nd

el ectrical changeg1 rrg‘%/ e Srsraalgg&w&tg Wgﬁdﬂgégeg?cﬁ?ﬁg%%tg% t%tgh?soé %g{eg?{ eﬁ@
present i plwaat, isepped NBOMIakrawiofithe pleseat iheehtbascri ption is, therefore, not to
be taken in a limting sense, and the scope of the 15 present invention is

defingd only by the appended cl ai ns and equi val ents thereof. The terns

waf er or substrate used in the follow ng description include any base
sem conductor structure. Both REEAIGEBDESGRIETHAY as i ncl udi ng

AR TIRE (0 Sl N PR Ry R s S R
sem condugtQnspan9Rigtdskilgs HaY i PharBherbdfl @M SURIAE SRAVID W yav A8l lustration,
sem conductor 20 structure, as well as other sem conductor structures well

known to epesifikemnbedimientstinavhagh the irvgniidremay be praghend. hethedenwiags, dikaade to a
wafer or substrate in the follow ng description vious pr.oce steps may
nave Seen PHipEISadet: R Rl Y HRRESRE FRuedt BedVabhPRE el of
struct ur e em®bdiniéidEre IBERIbe@in Sfhsibhtaletil td Ghhtsle tHode skineeir the ad tb phaefie the
contai ni ng such retglgons/j unctions. 25 Figure 1 illustrates_ a cross-sectional

vi ew of omeveatibod?ferembddiDRanmNyreMtiliged and staipairalegively ape Elestrigpl charges
Subst rat e g0 B ol ep iy h BBt LRk SF s e DRV E R i T S et .
the subsie@iled HescHPAPA iss 8reFdrePndt @ Be Bkbh GOMlimithealehey Biad BeabbiRdiMment s, the
substrate is conprised of n-type material.
15 present invention is defined only by the appended claims and equivalents thereof. The terms
wafer or substrate used in the following description include any base semiconductor
structure. Both are to be understood as including silicon-on-sapphire (SOS) technology,
silicon-on-~insulator (SOI) technology, thin film transistor (TFT) technology, doped and
undoped semiconductors, epitaxial layers of a silicon supported by a base semiconductor
20  structure, as well as other semiconductor structures well known to one skilled in the art.
Furthermore, when reference is made to a wafer or substrate in the following description,
previoﬁs process steps may have been utilized to form regions/junctions in the base
semiconductor structure, and terms wafer or substrate include the underlying layers

containing such regions/junctions.

25 Figure 1 illustrates a cross-sectional view of one embodiment of DRAM-NVRAM
multi-level memory cells of the present invention. The cells are fabricated in trenches in a
bulk silicon substrate 100. Pillars are formed between the trenches. In one embodiment, the
substrate is comprised of p-type silicon. In alternate embodiments, the substrate is comprised

of n-type material.

30 For purposes of clarity, Figure 1 illustrates only two of the DRAM-NVRAM
memory cells 170 and 171 that comprise an array of memory cells. It is well known in the art

that a typical memory array could have millions of cells.



30 For purposes of clarity, Figure 1 illustrates only two of the DRAM NVRAM
menory cells 170 and 171 that conprise an array of nenory cells. It is well
known i n t N 2006/0261fht a typical nenory array coul d have miT/Us®ns0wisocel | s.
WD 2006/ 026159 PCT/ US2005/ 029150 4 Each ,DRAM NVRAM cel |l 170 and 171 is
conprised of a DRAM transistor and a NvﬁAMtransi stor. Each DRAM transi stor
I's conprised of a drain region 104 and 105 and a source region 101 and 103.
These regi ons 101EachQ3RAM-DB/RAM aiel 78rand d 7 imen¢omyarised ob p ER AM tramsgsiarasd Bn

the trenches and pillars of the substrate 100. 5 Vertjcal, gates Q_and 131
are for med \ARONprensstas BudtepRaRs frapsigos @W@H@gedsqfaﬁrawawpﬂgg aaﬁ} 305 and a

subst anti t .Sk Ol artd v [ : 03
o 105 e REIERN £RADS TRAS AL 191261 05 R0 enbOdnRAL alOrRUnL S o

and 131 aregiaepatla techchés awh fdilias pif tHeanlsstiage B)i el ectric material. The gates
130 and 131 are coupled to wordlines of the nenory array. 10 Each NVRAM

transistor is conpgitisgidaeds 130dhailB1 kedbeRedlddn@itd sileatlbaf thesrentidsisaeh i n t he
tops of the pillars and shared with its respective DRAMtransi stor. A source

regi on 10that theysrqadstantialhebaweerench frapngtor’ s agtive ragians 50kangd Kl aci0feiad t he

of sour oo SR PGPRLAGHEBOUER R ORI IS, TETHAREHE Bod IR TR ERERRE, ¢

or 102, 1@4nPihe pfifurs BPBL dedctrid@aliMal TRO S 03 il Fchre Ryuplb®tosheddéidessmt r ol
gate 120. For exanple, during operation, a channel fornms in the floating

body chan#h® memgiyowayet ween one drain 104, 101 or 105, 103. Each NVRAM
transistor is conprised of a floating plate 115 and 116 in which one or
nor e Whar ges ar e EachpypéRAM ttasdistoed compasdd afatdrag rpgian 664 add 1@nthalk6 are

ol 1 om Fraaia tebouSAPERTaat §9:90% M Attt BRigtmtgtr ' foged 1t
i nt er gat erégiﬁ{eﬁsﬁzt & itGohellaf 1 bttbhd fttﬂé‘&erlmhea%%gié gfra@e& bARBEMthe tHENIER ARPM

| eaking to control gate. Eachot unnel I ng ectriclfloating plate/charge
bl-ocki ng tragsstorsekes up an insul ator stack for each NVRAM transistor and; in
one enbodinment, is approximately 15 run thick. The materials of
construction are Agbrtiehl dhafidl régor bxibth Betvee @adh pdivefiioue/driit re om0, y
i ncl ude doped {)ol ysilicon for the gate/plate material s, .
15 104 or 103,105 for the gated transistors or 102, 104 or 102, 105 for the NV transistors gated
by the shared control gate 120. For example, during operation, a channel forms in the floating

body channel region between one drain 104, 101 or 105, 103.

Each NVRAM transistor is comprised of a floating plate 115 and 116 in which
one or more charges are trapped and stored. The floating plates 115 and 116 are isolated from
20  the channel regions by tunneling dielectrics 110 and 111 and from the shared control gate 120
| by a charge blocking layer (i.e., intergate dielectric) 117 and 118 that prevents a trapped
charge from leaking to the control gate. Each tunneling dielectric/floating plate/charge
blocking layer makes up an insulator stack for each NVRAM transistor and, in one
embodiment, is approximately 15 nm thick. The materials of construction are not critical to
25  the present invention, but commonly include doped polysilicon for the gate/plate materials,

and silicon oxides, nitrides or oxynitrides for the dielectric materials.

A data/bitline 160 couples each of the drain regions 104 and 105 in the tops of the
pillars. Additionally, the source regions 101 — 103 are coupled to a source line of the memory
array. As is shown later with reference to Figure 2, the source lines 101 — 103 of the cells 170

30  and 171 may be coupled to ground potential with the substrate (p-type silicon) held at a



and sili-con oxides, nitrides or oxynitrides for the dielectric materials. A
data/bitline 160 coupl es each of the drain regi ons 104 and 105 in the tops
of the npi itionally, the source regions 101 - are coupled to a
source |i ngcggﬁglﬂéq%emry array. As is shown later wit hPrCérf‘éﬁzg(??@é”t’% Fi gure
2, the source lines 101 - 103 of the celbs 170 30 and 171 nmaybe coupled to
ground potential with the substrate (p-type silicon) held at a WD

2006/ 026159 PCT/ USZO 15 5 ne i ve pot such that the urce
 nos. andnebSE PRERH LR oig sSwES Dt il el e mialgadn t ng
operatlon“g%mgmﬁm&[an5|stors of the present invention, depletion regions 140
- 142 form around each of the source regions 101 -103 respectively. The

touching of the ﬁ?\gﬁfgocg} a% o‘i‘%eotﬁa%sijsﬁ%s ﬁf@géﬁése&ﬁnée%oﬁ"t% #etdnrs Jn?stﬁﬁ) the

active p-type pi Bove t n regions S crea I'ng a
p-type floaupdgnbadynd &oﬁ@ﬁf ﬂleFHohf(&rreglﬁhQLGle——EBI rbd;msmvew %eaﬂudhhl%cdﬂ’th@ al

equi val ent circuit, diagram of the enbodinment of Fig ... This figure shows
the two DAgNetiemagions | #&and7itlqrd 41 20d 42 pofatesethg aCtE@antY@@P}HaI?thﬂdWﬁ}le is

T T e R L R e R S

control es a tow'of ce i'n the nmenory array.
Each cel | 170 an 171 .al.so has a,fi eI ef.f ect tra,n i stor ET 5 and.206.
e ote 130 and Figks 25E g S sfiiv a8 SLR Bisditol G MRl b o

DRAM wor djchge ?%@ﬂglma%ﬁowsme twODRANORUIR AsceAS 270ad PASa9pReq, t he FETS
in a common row of cells of the array. The nenory array bitline 170 coupl es

the drains of eac, hrafgy§hLY 17@3‘%0&%%&90%'%% gﬁngélgér Zdéarl?fﬂj[‘lrhtgat?’

illustrates a cross-sectional view of an alternate I ment
DRAM BVRABRaTed 4 ¢corhiaue bonmil lgatefwdriBn¢t Zsthat cauples atrowrof cdlls ia thermedionemtajuses a

11 o R ATl T Ml o oy Bl podl,
woul d_theqs pee fih oS okt e ahpelive BRAM Fk23 58S e ne

capaC|tance 0 e transistors so't operate faster.
enbodi menDRAMFv@dliges232had @33 baqalet}eﬁtE’]Tsaala ceguoradoendf celiheftheiacapfTHel gur e

2. As in the enbodi pent of Figur eac Il is conprised of a

7 ansi st oPeMORY aEaX AN 110£aupls the dr%ﬁéogpe&ﬁmapaﬁgr T prEnEPR c@&w&%@@éﬁ of
pillars that have drain 304 and 305 regions at the top. The source regions
302 dAad 303 are fligwed iHestrars asotsotecienal Higw of an alternate embodiment of the

DRAM-NVRAM multi-level cell of the present invention. This embodiment uses-a silicon-
on-insulator (SOI) structure. SOI refers to placing a thin layer of silicon on an insulator such
as silicon oxide or, glass. The transistors would then be built on this thin layer of SOl The
SOI layer reduces the capacitance of the transistors so that they operate faster. The

20  embodiment of Figure 3 shares the electrical equivalent schematic of Figure 2.

As in the embodiment of Figure 1, each cell is comprised of a DRAM transistor
and a NVRAM transistor. The DRAM transistors are comprised of pillars that have drain 304
and 305 regions at the top. The source regions 302 and 303 are formed at the bottom of the
pillars. The DRAM vertical gates 330 and 331 are formed over the channel regions and are

25  coupled to their respective wordlines.

Each NVRAM transistor uses the same drain 304 and 305 and source regions 302
and 303 as their respective DRAM transistors. Each insulator stack is comprised of a tunnel
dielectric 310 and 311, floating plate 315 and 316, and charge blocking oxide 317 and 318.

~ The common control gate 320 is formed in the center of the trench and is coupled to the arréy

30 NVRAM wordline.



pillars. The DRAM vertical gates 330 and 331 are forned over the channel
regions and are 25 coupled to their respective wordlines. Each NVRAM

transi st or WQe¥OAE8ame drain 304 and 305 and source regPONESR0R029as0d 303
as their respective DRAM transi stors. Eagh insulator stack is conprised of a
tunnel dielectric 310 and 311, floating plate 315 and 316, and charge

bl ocki ng oxide 317 and 318. The common control gate 320 is fornmed in the
center of the trefuxhatandsingcramupiorohed onttieinsulaty lay8n3 NVIRANS iomediover thaD

2006/ 026159 PCT/ 1S2005/ 029150 he above structure i.s fo d.on the

noul at or SRR 330 1y s ers oo B e Gua g aver S Ppiifent BF Rufate Hia
embodi MeNnkhe AGink BOW &leQp-1yp¥Q[licdR1 1s an oxide and the substrate and the
floating body are a p-type silicon. In operation, the DRAM NVRAM cel | of the

present inventi Onmpapgﬁag%%m_ﬁ\ r}ﬁtc%f?B?’[ﬂeg%e@eﬁt &@érlﬁo%}ré@ép%é ﬁlhﬁ%el

NVRAM st or age. When control gate Is rounded, t wor ks |ike
a DRAMl Evefrtibhalitghs ek abDRAM-1evahNVRIAV! sedragd) @Vipnethe MVR ANventrobgate & a
capacitor-less DRAMcell, it operates in_the sane manner _as a DRAM cel |

except wi Erouaed: s eallotonkelike | - Kven thenghthe PR OM {ansisior of thepregent DRAM
I[1s. Wh ) i 1 ; hi ! , ) 0
U Wi t1 onvehitgy RE MRS R AD Gl BRoRYh BARE bk BbCacld DRAM e PO 7 P

t hrough t legcdpt aithialgmbaved raadiongedts cémpapeth typrabginrant DRAMeelievi ce
conductance is further increased, thus creating a "fat 0" where the DRAM

device has an incygas et PRARI 8RAEOR ih B hishBoathGMeelstutd §iRi, 62bgiP0li®ivrieh), DRAM
cells. Conversely, when electrons are generated in the floating body to

creatl® t heohewnethe exgess boldwbargn aethstitading body tungels thyoegh the srapping layey andone of

oo of R hRrb En9BhrihARR AR bhncg 1 AR Iugr RS s el £ RV ¢ 0
transi st op” {hafe tht PrESMAevicBthadan HRfeaddll IR)1EVIRELint RS o ppit AGRIRBE

therefore, less | eakage current than a typical prior art device. Thus the
ef fect of DR¥eMtaellppi ng | ayer of the DRAM transistor of the present
i nvention is to inprove the | ogic separation and associ ated signal 20 margin
of the DRAM st at eCandtsely, sthah eletiedesire generdted inNMEAVhtimealyi to Breatehthe MHRAM
control gate is pulsed to nelgati ve potenti aL )
15 conductance state (i.e., a logic T 1s written), some of the excess electrons get trapped into the

trapping layer with the resulting effect of still lower conductance. Hence, a “fat 1” is created.

A transistor that stores a “fat 1” has an elevated threshold voltage and, therefore, less leakage

current than a typical prior art device. Thus the effect of the trapping layer of the DRAM

transistor of the present invention is to improve the logic separation and associated signal

20  margin of the DRAM state and/or state retention.

For NVRAM operation, the NVRAM control gate is pulsed to a negative potential
concurrent to pulling up both the bitline and the NVRAM wordline to Vyq4. This drives the
access device to saturation. A strong lateral field generated between the floating body and the
control gate drives excess holes, generated in the body, to tunnel through the tunnel oxide and

25  to be trapped. Due to this hole trapping, the adjacent body potential is raised to a positive
potential where it is held permanently until the trapped state is discharged by trapping
electrons. This is a non-volatile “zero” state. It can be sensed readily (i.e., a read 0) by turning

the access device wordline up and sensing the current through the bitline.

To write a non-volatile “one” state, the control gate is pulsed positive concurrent
30  to forward bias either the drain-body diode or the source-body diode. This injects excess

electrons into the floating body. The trapping layer traps the excess electrons that cause a



concurrent to pulling up both the bitline and the NVRAM wordline to Vvdd.
This drives the access device to saturation. A strong lateral field

gener ated RedwerM6MKRe floating body and the control gat ' i eSS
hol'es, generated in the body, to tunnel through the tunngY@%Q%lzgiD/%&%ZS to

be trapped. Due to this hole trapping, tfAe adjacent body potential is raised
to a positive potential where it is held permanently until the trapped

state is discharge t i n I [ O Thi s. ks .a _non- tile " o"
ctate. it PERBERAYpUERR S o FRE AER R el iR AP Ut s e GBS

devi ce wondl dopduttiiusing adegicilvge tdud opefakient THedevitgheihias i theinog-vol@ilov i te a
non-vol atile "one" state, the contrgl gate is Pul,sed positive concurrent 30
to forwar tpeitahd skt weitl theygapming Mygaisctgnsae nsutralized dyurieelingoiplesiiushg. anThi s

i njects eél%g$§ rggi(%ctrons into the floating body. The trapping | ayer traps
the excesS @l elfrons that cause a WD 2006/ 026159 PCT/ US2005/ 029150 7

t ti t ti | t t i V1, | i d
AR N LIV VPN Y S T R
devi ce r epBLAdresddd bR Feal Ath%Y AhE bRrdllRBF R acteSIRIRe (iridpditnd (3PV] Ji%of ayer

el.ectrons are neutralized by~ injecting holes during an erase operation. 5
For multi allegel0”MuRANW opafatlogia, 1 trhgpealively-wtdydhé bendrol gafedaticd and 1 st ates

can be addressed.or read either. hy,th rdlj of..t,he acce evj ce

(cor r espolfrPaUinE o freogt 18 o eign Vo De " SPp BN opihe Same
respecti vakyrke 8F citi¥ed §16ragO M ﬂh@_‘traﬁﬁihg 18RY iteeecdrft@l ERe Ng@%dﬂlﬂi bOsiBni¥icaftfy of a
logic "0" and a Vt-co of 'a logic "1™ respectively). For the sanme dedgree of
char g& st diféagentithan theset efahpacegss deyme, Vitshmad clbntefat, ydee] widressimgdodldble
significantl.y '= 0. djifferent. than thas .. the access device Vt's and,

t her ef or e ?C}B%/quea\?gﬁi‘%ﬁﬁ?@s@}%’ esc%’fﬁlgl Cglépglééﬁfaeg?&ﬁr i‘ﬁ JoPRE “ﬁtg{} ist?g“ achi eves
virtual dual-bit storage faor the sane witten state. _Additional nulti-Ievel
non-vol atil e st oragditienymeplidevt Rprnyelatilgystorageequld be achicvsd by seaths stagng

densi ty Of, CORMGRnkity ﬁfgchgféet?ﬁﬁer.,oé?&h%hf BOA§SY) ihB e &&%%rg@g&%bﬁ%gagggi ng

appropriate  prégra e control gate’conventi

progr anm pgpgvahinagest the cqpag ighte\cenventineg bt witk Increbbing ppegremaiies vattdges pl e hi gh
Vt states (i,e., nultiple Vt.eo |logical .ones). Addressing is performed
usi ngl3ot (P STRAREHOICY T HEEARERRAP I SHET b1 stefgs d-c.amdtRs\apnlegicaly

appr opri a}\)ﬁ%%ﬁflé%r?%ti%ﬂ %@Hﬁnﬁé& %ﬁ%ﬁcﬂ‘ﬁ ﬂxe%ﬂ{Ak\)F}%@%cﬁ'n@fan& NFRLET Sl ate THE

DRAM NVRA resent ntion can a e converted I nto~a
and establishing appropriate sensing schemes to separate all levels of storage states.

The DRAM-NVRAM cell of the present invention can also be converted into a
PROM for use in a field programmable gate array (FPGA), an alterable switch, or a BIOS-
20  storing application. The cell can be converted into a PROM by appropriate electron charge
density or hole charge density stored into the trapping layer by programming via the
NVRAM control gate.

The floating plate NVRAM transistor of the present invention requires a
significantly lower field across the dielectric stack for programming via the control gate. This
25  results in an increased endurance capability (e.g., > 10.x 10'° cycles) and scalability both in
geometry and voltages. With appropriate selection and scaling of the gate insulator stack (i.e.,
tunnel insulator, trapping layer, charge blocking layer), the average programming field can be
reduced to between 3 x 10% and 6 x 10® V/em compared to a typical average field of 12 x 10°

V/cm for a floating gate device.

30 The following table illustrates one embodiment of operational voltages for a gate

insulator stack comprising a 4.5 nm tunnel insulator, a 6 nm Silicon-Silicon rich-Nitride



PROM for use in a field programmabl e gate array (FPGA), an alterable switch,
or a BIOS- 20 storing application. The cell can be converted into a PROM by
appropri at VI8 26K char ge density or hol e charge densit PC3UsSe®&02916@ t he
trapping |layer by programmng via the NVRAM control gate. The floating
plate NVRAM transistor of the present invention requires a significantly

| ower field across the dielectric stack for programm ng via the control

gate. Thi stra@ﬁgréslad:tﬁs, and a5 inncSiéashatgebﬂlstkhrgdey&ra]pmlnéqdirteya@m@ammmgo X
1010 cycles b' lity both in and v | ta oprj ate
sel ection ‘é‘%‘@g%g%l J\rhlfs I‘%’lﬁﬁtfgr eéf’ hf‘%frﬁtéq{‘? 1y és gl?fsef B ‘?H'EBHF *ftor ,
trapping 'mgfesexﬁhl%aﬁoma%genﬂff&%x iperatfollfl AEA0E AHALHRTELNG Whi@l d can be
reduced to between 3 x 106 and 6 x V/icln conpared to a typical average
field of l1&exatibf8 mddesm for a floating gate device. 30 The follow ng table
illustrates one enbodi nent of operational voltages for a gate insulator

stack sonprising a 4.5 nmtunnel insulator, a 6 inn Silicon-Silicon
rich-Nitride WO 2006/ 026159 PCT/ U82005/ 029150 8 trapping dielectric, and a

6.5 M Si 02 charge PIOGPRATIOET MEQHI TS 2 Py ogra vol t age bel ow
9 V. This table is for i’;jgjlur poges of IF[ust S};"f"i nvt%'r‘ll y as°d f‘?%‘i‘ent

enbodi nents of thelpresert—tryehrtion—ean g-H-erent—eperattonal vol t ages
to enable the read bb

VSUb DRAM write "0l 2.5 2 5 Gnd Ghd -2 15 DRAMwrite "1"{Gnd (.8 -2.5 Gnd
-2.5 DRAM read "0"| BRoeY Wit “Gid (Gn@nd 2. .SDﬁ?AM.ﬁebdGhd" F2dat] 0.8 Gid Gid
22,5 NVRAM write "P" 2.5 2.5 Gnd 42.5/-19 -2.5 NVRAM write "1"| Gd 0.8 -2.5
2.5/9 -2.5 NVRAM r EpR AMGead¥®at 0 .fodald 6R0|-8nd | NGRAM r2ad |" Al " Fl oat -
0.8 Gnd Gnd -2.5 NVRAM read "B0" Float 0.0 Gf -2.5

DRAM read “17 Float

%Mt"éﬂteé‘Berat &3al| rbdles. OB GPERAT DN2VBL VW VSL Vea
9

8 Gnd Gnd -2.5

NVRAM write “0” 2.5 2.5 Gnd | -2.5/-9 | -2.5

NVRAM write “1” | Gnd | 0.8 -2.5 | 259 | -25

NVRAMread “A0” | Float | 0.8 Gnd | Gnd -2.5

NVRAM read “A1” | Float | 0.8 Gnd Gnd 2.5

NVRAM read “B0” | Float | 0.0 Gnd 1.2 -2.5

NVRAMread “B1” | Float | 0.0 | Gnd 1.2 2.5

In this table, V| is the bitline voltage, Vi is the DRAM wordline voltage, Vg is
the DRAM source line or region voltage, Vg is the NVRAM control gate/wordline voltage,
and Vg, is the negative substrate bias. The “Ax” and “Bx” of the above table describes the

10  two states of a single bit (i.e., bit A or bit B). In the case of the NVRAM reading of “A1” and
“B1”, the bitline potentials are unchanged.

The above-described logic separation between “Ax” and “Bx” could be used for
multi-level storage. The programming voltage, Vy cg, could be altered to Vy.cg to create a
different logic level separation “Ax” and “Bx” for multi-level storage. Substantially similar

15  approaches can be used for PROM writing of “1” and “0”.



NVRAM read "B 1" Float 0.0 Ghd 1.2 .75 In this table, VBL is the bitline
voltage, WM is the DRAM wordl ine voltage, V5L is the DRAM source |ine or

regi on vol H@PRos/Mepsel S the NVRAM control gate/wordline val <eand VS' Db
is"the negative substrate bias. The "Ax" and "Bx" of the(}gggggoot:’ggyﬂéo

describes the 10 two states of a single Bit (i.e., bit Aor bit B). In the
case of the NVRAMreading of "Al" and "B 1", the bitline potentials are

be uaeq for | mul ChERE o oLIh ayna e EORE Bk P MERo: Sn ™0 il an o he

al tered t theMpotate the IBRAM-BIVR AN ht@ogndells 0gile prex¢sl ins@@halhomenbxy devaced
"Bx" for multi-level storage. Substantially simlar 15 approaches can be
used for PEONMCREPIE] Fya Brocessor 4HY Thg prooggsop 4 b MeY ¢ 3InIPOPrISsn 87 §209 giher 9

Figure 4 ]| FUunct i ' f [ j t hat
can inco% Sgg%&{@zn%ﬂg%%%n%gg@%%kﬁgé%;ﬁ?lﬁé)?%cr%g%gﬁyo ?O(r:ll‘%/ﬂelﬁaﬁ (é)llﬁa.q} The
menor ¥ dewlesieonié §Btdns 420 UHeatkerhoryalepico ¢06 hay beth Qimplifeedio deas afeatdi@s gybe a
m croprocessor or sone other type of controlling circuitry. The nmenory
devi ce 40theanemenydhalaprhadpipl iurisiersiandingdhe prssendAlvenlpct r oni ¢ syst em 420.
The menory device 400 has been sinplified to focus on features of the
menory that are hlephemornyrdeyivdenciedesdnaryay hememoseellsi4d( ¢t icambe Jorepmsedor y

devi ce i d f | |'s. 430.t hat b i of th
mul <1 el TRk VAR bt ety P Ried T BRGS0 430" s
arranged pa 8 kbhbks bYW A AT The Fes 8RERR r& o€ afethorP¥eIRfis BRIREY cel ls

is coupled ' O with a wordline while the drain and source connections of the
menory ceith aavedboupyhdel thegiraipiang sprgse comesttis s thepuéhery asils augi cougled to s

provi ded B%I atch address signals provided on address input connections

AO Ax 442""Rffiress signals are received and decoded by a row decoder 444

and a col umm decoder 446 tq access. the nmenpry array 430.. 1t wll _ be 15
appr eci at ed by th%rs@i@kaswgfer Fircu 05 prov eﬂﬁOfaA@l drldiess isignale PEgyadedk s ent

descripti g regsqﬁlguttcgﬁlecﬂb'ﬁg)ﬁ@ﬂ 40 NRRSs Eigfféig ar%g'g A aitaﬁﬂﬂzlegfﬁg%% nI%G/ the

density and architecture of the nenory arfray 43 I er of

addr essesdédoderetisiemd i dohurine icodacs 4ate edcare theryemeryl arag 430 sit walhtle i ncr eased

bank laSnd E[l)p?gciiatgg lL::}rI] E:hso'se skilled in the art, with the benefit of the present description, that the
number of address input connections depends on the density and architecture of the memory
array 430. That is, the number of addresses increases with both increased memory cell counts

and increased bank and block counts.

The memory device 400 reads data in the memory array 430 by sensing voltage or
20  current changes in the memory array columns using sense/buffer circuitry 450. The |
sense/buffer circuitry, in one embodiment, is coupled to read and latch a row of data from the
memory array 430. Data input and output buffer circuitry 460 is included for bi-directional
data communication over a plurality of data connections 462 with the controller 410. Write

circuitry 455 is provided to write data to the memory array.

25 Control circuitry 470 decodes signals provided on control connections 472 from
the processor 410. These signals are used to control the operations on the memory array 430,
including data read, data write (program), and erase operations. The control circuitry 470 may

be a state machine, a sequencer, or some other type of controller.

The memory device illustrated in Figure 4 has been simplified to facilitate a basic
30  understanding of the features of the memory. A more detailed understanding of internal

circuitry and functions of memories are known to those skilled in the art.



The nmenory device 400 reads data in the nenory array 430 by sensing voltage.
or 20 current changes in the menory array columms using sensetbuffer
circuitry Yd2009M615%ensetbuffer circuitry, in one enbodi REHUS2005028150p| ed t 0
read and | atch a row of data fromthe rrgjmry array 430. Data input and :
out put buffer circuitry 460 is included for bi-directional data

communi cation over a plurality of data connections 462 with the controller
410. Wite circuitry 455 is provi dEONGLUBION data to the nenory array. 25
Control circuitry 470 decodes signals provided on control connections 472
from the procesdasusiddry, Thegaabadigralsof dredntegented DRAMN YR AM meaey af ihens on
the nmenory array 430, including data read, data wite (progr,ar%1 and erase

oper at | onBresep deatien providerthe functionsrel M garage fiah deeshat e skck Sfuencer

or sone o I j ' r: in FELgure 4
has been é{éﬁ%ﬁaﬁcﬁtg?{%ﬁ? g%isﬁ’lk%%aes‘ﬂa- ﬁ%sgﬁl% (E:{DJ %%ﬁﬁﬁ‘égﬁé(g‘lﬁﬁdﬁgﬁ’%@ f E%’tur es
of the nelhe NVRANDasHshad dapdble ndendti-dadl storagk in odder waihcregsd mernbiyydeasitly
functions of nmenories are known to those skilled in the art. WO 2006/ 026159
PCT/ US200%/thoetpdditional teangisforss) ON I n sunmary, the enbodi nents of the

i ntegrated DRAM NVRAM nenory of the present invention provide the functions
of DRAM st orage tTetDRIAYENVIRAMeepli functimalik indegrates BRAMoadawntvoltatild or dat a

t [l -vol atjl e n t i | .. 5 The NVRAM
Cr aney st ooy fie Pectit s EmdpARe 3o, 207 mtedhde Y DRAN uscioR séhgsg
density met[%mfngg 'bf%miﬁlﬂﬁiaﬁsﬁﬁ&sto e\lAihh;ﬁldaRﬁMgWBMQe%l thatfadBftdHORRId Y

i ntegrates non-volatile nenory while overconming the |limtations of

bot h.10For issoanqujuired. thimilDRANDE NiYR ANhfuneironusses a flhating plpisi foychiangeestorage thae
NVRAM transi st or .t ﬁ[nha mwrﬁﬁ st or ge so that a refresh cycle 10 is not
requi r ed. SAPPReSERieRle thapd REEAEIVEEs a floating plate for charge
storage that is more scalable than a typical floating gate _deyice.  Although
specific enbodi weﬂf}souaa%e%fgfeﬂnw 1ents @%b%@ﬁdﬁ%@&di @édieﬁ“é?‘l@ﬁ eregy, il pe
appr eci at : i TP t [ t hat
Sggg%e Oﬁgtzg%ﬁ{osgﬁfi TafaYy Skihlid tHeard (A& ﬁlg grrtsaggém@rﬁﬁﬁ ésr '?Joi'&l‘?r f{?ﬁ%io

i s cal cul at t Ieve the sa pur pose may stitute
speci fi c ectiocithesdnse pirpose. mdyblny/subStitatkd foathe apecifdd embediireusishown. Mahy be

apparent to those rdinary.skill in the all ccorgi.
PP 15 aé)aptanons oto t%e ?nventrllon \X/llflée apparent to those of orﬁinaly sq(llriI

ly, :
gn %e art. Accordingly,
this application is intended to cover any adaptations or variations of the invention. It is
manifestly intended that this invention be limited only by the following claims and

equivalents thereof.



this application is intended to cover any adaptations or variations of the
invention. It is manifestly intended that this invention be limted only by
the followi ng clainms and equivalents thereof. 11 CLAIMS 1. A nenory cel
conprising: a capacitor-less dynam c random access nenory device for storing
data; and a floating plate non-volatil ellrandom access menory devi ce coupl ed
to the dynam c random access nenory device. 2. The nenory cell of claiml
wherein the non-vol atil e random access nenory device is conprised of a
floating plate charge storage region3,pjge nenory cell of claim1l wherein
t he dynam c random access nenory devicte 15 conprised of a floating body
transistor. 4. The nenory cell of claim|l wherein the non-volatile random
access nmepory device i a nmulti-level device capable of storing a plurality
of data bits. %_mewéypﬁih@,ngpr@gqgf of claim4 wherein the plurality of data

bits are addr essgskifoy-1&s H%ﬂa’%ﬁic rafhabina@6est BéBlorPdeviceSBt stéfing @l aM@! t age | evel s
applied to the nenory cell. 6. The nenory cell of claim1 wherein the

non-vol ati | e réaflersimgalete Swnryotabils, randem cascese mirari e glevige caupled & dieadpmamic t he
dynam ¢ ran %g%&%&ﬁﬁé &&q@g%edevice by providing non- volatile state
. Anel ectr

retention. nic system conprising: a processor for generating
menory control signals; and a DRAM NVRAM i ntegrated nmenory array coupled to

t he processor .gnd operatjng in response to the nenpry control signals, the
menory arfay hﬂ\?inﬂ %fyﬁFthFliaWld‘feileFFé’hé‘W‘OE'é(P{]ag,le raggodﬁ{a‘é“@ﬁ MEPABT IR a
capacitorahﬁ§§e@yﬂgﬂ&§mg@nﬁ@&hﬁggﬁ§§¥ﬁgggﬁy device for storing data, and a
floating plate non-vol atile random access nenory device coupled to the

dynam ¢ random access nenory device. 12 8. The systemof claim7 wherein
the dynang'c r afh%ommetggr%/eéeﬁ SENRRY 1 c\jv ekt th%néjyn%rrﬁ?c random access memory device is

comprised of a floating body transistor.

4, The memory cell of claim 1 wherein the non-volatile random access memory device is

a multi-level device capable of storing a plurality of data bits.

5. The memory cell of claim 4 wherein the plurality of data bits are addressed by a first

voltage level of a set of read voltage levels applied to the memory cell.

6. The memory cell of claim 1 wherein the non-volatile random access memory device
enhances the data storage by the dynamic random access memory device by providing non-

volatile state retention.

7. An electronic system comprising:
a processor for generating memory control signals; and
a DRAM-NVRAM integrated memory array coupled to the processor and operating in
response to the memory control signals, the memory array having a plurality of memory cells,
each cell comprising:
a capacitor-less dynamic random access memory device for storing data; and
a floating plate non-volatile random access memory device coupled to the

dynamic random access memory device.



non-vol atil e random access nenory device share a floating body that stores a
charge for the dynam c random access nenory device. 9. A nenory cell
conprising: a dynam c random access nenory device for storing data, the
dynam ¢ random access nenory device conprising a floating body; and a
non-vol atil e random access nenory devi c& coupled to the dynam ¢ random
access nenory device. 10. The nmenory cell of claim9 and further including
source regions, forned in a substrate, that generate depletion regions

during opgrati-fp %Jgfé&ebf‘éltmﬁ "/ewﬂéraﬁtthé‘gﬁ%?r% rhrdlond QJcETé’sce%;rflo%]?&?fbg%‘ﬁd fe

contact between t pl etion reglons. he nenory i'm

wher ei n t han-dhiatderirando anaboessasaess deeio share e \floaen@batly thhtestoresa whdrge fdrehe andom
access rre(rimré/jédevi ce are fornmed vertically in a substrate such that they
share t hefM2Bus 1aAde 4eKFSs MemomdeVitenpry cel | of claim 11 and further
including a plurality of trenches that form pillars therebetween, each
pillar having a drain regions fornmed in the top and each trench having a
source re®i on Aararady cell edeprising om 13. The nenory cell of claim9 wherein

the non-vol at | g, ARCOAKARGRER: HRABEY 4SS (6PuoSAIRL 965 a0 lhGhm BLE, L hat

is shared with one adjacent non-v ran cCéss nory evi ce.
The nenor memelyl devfcecbmprisih@ a\floetiey bodyhanddr ai n and source regi ons are n+
regions formed in a} ﬁ-t%’%e substrate. iS.. The rrgm)ry cell, of claim9 and
further includt MP-Ylgflerapdompcesss memerndeyiqasaprled fqihe dynamie Landqmyassst ween,
each pill gembavdditted drain region formed in the top and a source region
formed in the ‘bottom

10.  The memory cell of claim 9 and further including source regions, formed in a
substrate, that generate depletion regions during operation such that the floating body is

formed in response to contact between the depletion regions.

11.  The memory cell of claim 9 wherein the dynamic random access memory device and
the non-volatile random access memory device are formed vertically in a substrate such that

they share the floating body.

12.  The memory cell of claim 11 and further including a plurality of trenches that form
pillars therebetween, each pillar having a drain regions formed in the top and each trench

having a source region formed in the bottom.

13. The memory cell of claim 9 wherein the non-volatile random access memory device
comprises a control gate that is shared with one adjacent non-volatile random access memory

device.

14.  The memory cell of claim 12 wherein the drain and source regions are n+ regions

formed in a p-type substrate.

15.  The memory cell of claim 9 and further including a plurality of trenches that form
pillars therebetween, each pillar having a drain region formed in the top and a source region

formed in the bottom.





