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| NTEGRATED DRAMF NVRAM MULTI - LEVEL MEMORY TECHNI CAL

FI ELD OF THE | NVENTI ON The present invention rel ates
w@emenzadlby to nenory devices and in particul arP€Tes2005/029150

present invention relates to M and NVRAM

architectures. BACKGROUND OF THE | NVENTI ON Menory

devices are typically provided as internal,

seni CONINTEGRATEDGIRAMN VRAM ML EVELIMEMORY
ot her el ectronic devices. There are many different

types of nenory including random access nenory (RAM

read only nenBECHNGAL FIELIhORFHEINVENZION  andom

acces L Tennr '

ccosd ERBrY i CRENR o AR R R B A R fad ARl the
prese@tRiveSasch @fats% 6 IR AMI and NVRAM atchitectn@ds.an i nt egr at ed

storage capacitor tied to the storage node of the

transi stor. Charge storage is enhanced by providing

appropriate storage capacity in the formof a stacked
capaci tor or a §AeRUROVNDIGPTHETRIENTIONY th (he

depl eti on capacitance of the floating storage node.
DRAM cl\ééﬂ1mrya1|e91cvmraltyplwllarrmovlkied ef mt%nalowndmdacmhentegr ated

ower
circl B} SPIRRETS OF SER GBI SIS aRE BT, SRR Pef pfmemory
11101'&9%% r&ﬁdo@@-ﬁ&fe&’s ﬁ@ﬂnb%r (FOA NG, e b 16 ndmcty gROﬁ\@)S pesttine@ory,
row line that is sel’ected froma row address. A pai r

dyneficomgdmrmesrsamenirg (PRAMe endpnchrosonsidmamie rangbm access

he array and a sense anplifier coupled to
me‘flﬂ’@'@bd?‘{‘ ines for each col um is enabl ed responsi ve

toar t . Lifi

Sense Ve DEALERIG? PEPBHIT B0t hoSh e g B
1nte|greﬁ&§ stéfige @é’ﬂ%it@‘)ﬂ 1R 16 Wed skt A8 6t thé Aa@NtbR Chalde8tdrape is

Inite charge | eakage across the degl etion |layer, the

enhamwddnytmowﬂm apprdp@ate@@rag@waﬂnew afarp efp Sémd gapacitor or a

i nt egr f
e Brpieong el ARt el ielBe b Rofide e node.
DRAOM REI e kDRt IR tNer6@kd Bost Bath Mheh@w ﬁ&w@ﬁ@reﬁfov&ﬂle
digit lines after enabling the sense anplifiers. The

sense HRMsfis€bie b418bre' £k bRy 8difsa8Rns&Malrows and columns.
Each of the rows of memory cells is activated by a corresponding row line that is selected
from a row 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
recharged 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

as rate of charge dissipation in the memory capacitor. \
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on the nenory cell capacitor to a voltage |evel
corresponding to the stored data bit. The perm ssible
wao eve/oataveen refresh cycles without | osing dap@r/us2005/029150
depends on various factors sugch as rate of charge
di ssipation in the nenory cagcitor. \ As conputers
becone smaller and their performance increases, the
CoNpUScofiPiadigitbmeShnuUbthndl their gerféiiapugmceeases, the computer
correspondi ng size reduction and performance jncyrease. .
compenexte shald alfo ep througha corrgsaending 8126 FEVEHYhYdesiosmgce Increase.
. t Q . .
o O e B R e R oS G size. This
has [efect efjinicreasanpsed dddwasrrory denpityowith meevcsded owreerguements.
capacitor size is that sensing a conventional DRAM
cel | HREVEES pRobidh ivithdecalabedl @baciti dizetiathatsaneing agbhventional
As the capacitor gets smaller, the caplacit nce is
DR AMiodlbepquiTes sMiiBIUBL dweokeapcianss Percellchnfhegiagretiop gets smaller,

the PlfAbadcR s doofE BTES Bhhh ARKRicy LBt FR INAN.
LES:?E{%E | !r%%o{lﬂ%tgtgg & (we SRPR: Bﬁml%g g{%lg%rgs’rk%tﬁde lr)eelml;v SYVhaiICh will

ent “specl
becHBBAppdteithe tidvst skilled th B bR PR kalding DRAMdestandingthakrident

The above-nentioned problens wth DRAVE and ot her
spegifioticamthers s adiead esbeartgyr 2 mergpicekbit DRAMAET -on and

wi || be understood by readi ng and studying the

foll owi ng specification. The present invention

enconpasses an i ntegrat e%m M nmenory cell. The

cell conprises a dynam c Pﬁ ccess nmenory function

and aTheRbYA-Rbhtichet Prétdehac et DR ARECY othen pidbdéingd drataddressed
Is coupled to the dynam ¢ random access nmenpry

by tha preasewfrinventien @ad avid be padrestpgd brecadipgaand studyiigdhs following

access nenory function is enhanced by the non-volatile
Spe?lglﬁag%or%access menory device that provides a

non-vqglatile state retention in.th
non- v %@P&?sgn%lﬁﬁ%]glﬁp ggcéogg}'%as?%:?ggg}teg%% -Iew'?rﬁu\{lt{‘f‘lr\)/{ gemory cell.
Thed¥dicoR{pridad @dyfamit Raidordeeeks MstheryEindtid andvienhivelatile random

i ncl ude net hods and apparat us_of varying scope. BRI EF
accOB DTNy fancton thEs m%%dq\uggxe dynamic ra};ldor% accesg memory function. The

data storage by the dynamic random access memory function is enhanced by the non-volatile

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.

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.
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Figure 1 shows a cross-sectional view of one
enbodi nent of a DRAM NVRAM nmulti-Ilevel nenory cell of
W0 b@epr@asent i nvention. Figure 2 shows an el ecP€T/U81005/029150
equi val ent circuit diagram of, the enbodi nent of Figure
1. Figure 3 shows a cross- secti onal view of an
al ternate enbodi nent of the DRAMNVRAM nul ti - evel

Menor yigaR 3 sifwsth@opr R866ital kidwedtt anciiterrfaitgemBodmshiofth@DR AM-
bl ock di agram of an el ectronic, systemthat

NVRAdbmpd-savesmemenhehinidhapresept #PSBHONROM array of the
present invention. DETAILED DESCRI PTION In the
f oI | ol?\ngng: 4ehaars éel@loeleél@gliapt ofom ebectionte SypigahaigRCOrporates the non-

d
plaref P ROV ar g Bt CRPIRRAL' 20 n ™"y oy o

!Ilustratlon speC|f|c enbodi nents in which the
i nvention may be practiced. In the draw ngs, like

nuneral s descri be Syb$INEDDESCRIFTIIGN conponent s
t hroughout the several views. These enbodi nents are

descr [thibd foltovsing ieteileh desgaption ofithe EYABIQN, fHELBC 15 mflldé‘rdo the

|ntheatto tlcet
o RS P L e ooy, vy i
spedfiél e@b6diientsah vehiege snveatioh Mafhe raticed Uh tltbe(hawings,glke

fromthe scope of the present invention. The fﬁail
numezals dessabe sehstangiaily pmiler coppenenisythrougheutithe ssye Pé’éﬁ’slnﬂhese

emb%dlmer:Hté El%gileg‘&g)%? in ngﬂ FPd%ﬁPﬁ%n%le%ﬂ@se@kﬁ&@nﬁ the art to practice the

nven y the appended cl ai ns and
mv@ﬁuhV(atheﬂélﬁbbmﬁreetsfmaym@tﬂaeammlmturak lwm,tandteéectrg@bchanges
in the follow ng desc tion i

e IE BB o heorhs ALl PEs TR ITRARTy g dolaving
detahl%fi ldgé:@ri%aoﬁ id PR n§ﬁ9 @@ kdl@n G@Qﬁ}mhﬁg §430¢, Q@Y the scope of the

on-on-i nsul at of t echnol ogy, thin film
presten’amsemtcmrls (@A dndy byl diecnpwn@dwmnaﬁdd qumi@l@f-s thereof. The terms

nduct or s, axi al
wlggysopriee byt il Bk snaea R epf SpUhEe Srmicqpgror
stru@ﬁlrftﬂ?)@ﬁ e8P He AREEHOA aSincH@ing iScontdd-sdpphite (S@S)Ocﬁdmology,
in the art. Furthernore, when reference is

silioraeten-insulatoné$ @) tovhneletgy s thin lnt wansisort @IFIT) dgehgology, doped and

des reviou roce
T T e T —
struS R, 69 AU Gk Bfhes ke kbhdtoratdctutisveel Mafom torons skidled at the art.

i ncl’'ude t he underlying | ayers
Furthermore, when reference is made to a wafer or substrate in the following description,
prev10us 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.

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.

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.
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cont ai ni ng such regions/junctions. Figure 1

illustrates a cross-sectional view of one enbodi nent
WOR00BBZWVENVRAM mul ti -1 evel nenory cells of theP@I/ESm®N$/029150

invention. The cells are fabrjcated in trenches in a

bul k silicon substrate 100. 6i||ars are forned between

the trenches. I n one enbodi nent, the substrate is

::grrpr E%@d)RAI\&D—NWR)AI\/B tdli trandl1714$ tanpaded of atiRIA Weinarsistor and a

e substrate is._caonprised of n-t. erial. Far

NVRAM, Basister Ee%PWW@P@EfP@SfOW%@f ot pieeiony |G agfl 105 and a
sourcd ?%P&?AM IN%{BAIM?SWH&'eXe%@H 011783 2165 14 bnk RAl o8RG, 8@ doped n+

an ray [Ts. It 1k

an- of menory ce IS we nown in the art
regibinain the trymuhemindpittersyof drersapsteadell @0.have mi | | i ons of
cell s. Each DRAM NVRAM cel | 170 and 171 is conprised of

a DRAMeiticangdtes 30 aadd 3d abdiRAltd alang st dewaaoff tHoRedviches such
ransi stor 1s_conprised

that gy e SN S GBI GEPAHES 4SS U BERBy T Ohahd 94 OF 103 and
105 t]vﬁgh {esﬂegtrlve ﬂQatg‘%eogi%FngQ‘éb TRAY 81 AR WARad gﬂés [ ROARNSS 1l die separated

renches a ars of the substrate 100.
fronVelret piltak by atdisledAO natmtial Theagates 130 ard 131 aregoupled to wordlines of
i sidewal I s of the trenches such that they are
CEGBVIAM %l | y between each transistor's active regions

101 and 104 or 103 and 105 wt ti f L .
bodi cBadBl VRAMIGDS PR Sembesrt bapacieesy WHanidD g s

. . . . .
o480 [LAEANE ) Lk D AL IATER s
regiOR MO ¥s farmed at tRabottddvRAMettreanls psd Brshared beiwsen dlewitvsf N RAM

drain region 104 and 105 that is forned in the tops of
trangi§®THi | | ars and shared with its respective DRAM

transi stor. A source region 102 is Eorne at tHe. )

bot t orh vsutieahehannehregionrfsisbLWgFetch @piRos oA diajresions 101,

104W%§/,| de%?Lh%t fe?i'tr%%si\é&)rrst SCRL., FHABNE)2, | 69 FRIEXNSkahsistors gated
alr o 104 or

bet'ween eac source/draln regions 101,
by the SharddEoritxi ghted 20aF@dxtmales dwing epecation0@ chard4l Hrmg gpthe floating

bodyahannEb B e BB UD AN GBdTR [0, & channel

g?;rﬁ E}&nﬁ@i@&hﬁ%g T ?sg%%n;rysgg 2? L ﬂ[)eelt%ilgoglat%eltl\g\eagg l?g ?n which
one or more charges are trapped and stored. The floating plates 115 and 116 are isolated from
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

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

and 171 may be coupled to ground potential with the substrate (p-type silicon) held at a
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Each NVRAM transistor is conprised of a floating plate
115 and 116 in which one or nore charges are trapped
wapaedrased. The floating plates 115 and 116 aP@I/US2005/029150
i solated fromthe channel re@ ons by tunneling
dielectrics 110 and 1 11 and fromthe shared contro
gate 120 by a charge bl ocking layer (i.e., intergate
negdtivelpdedntinlcgucil it drecsoidd lineatndassvaates junctipaggre donstantiydield
fromleaking to the control gate. Each tunneling
revegiediiaselr i ¢/ f1 oating pl at e/ charge bl ocki ng | ayer nakes
up an_insulator stack for each NVRAM transistqr and, .
in onBuen®epeAEeT of the trapgistessiokaicprysens I RIt, dRpletefiregions 140
rial C [ on: 0! Ibd &dhi A ;
8D o DLl PR Sl A R0 O O b ATk e RRching of the
dep}@:ﬁ_b% SégﬁdrBQﬂOfagd 1¢her tyéit eddpl 42t isolntes drei amtise p-dywe pillhd gl above the
oxi des, nitrides.or oxyniftrides for th ielectric
depletip Fe2aqns, thas grepting? PT%Feﬁ%‘@gi@dﬁ F%%acgé’glh?fof t he
drain regions 104 and 105 in the tops of the pillars. ..
Addi t Figmeg 2 illustrates anelee@calagpyigiont efcuit ‘gé?ga%‘r e ﬁ%‘Hmeﬂt of

Figl}lrg d ZTE{S) Lf’{gifllﬁar Ah;p% i twt'chﬁ%vel{%?\ﬁ ; Is 19 and 190 8MRigure 1.

rw eference to e source lines 101

-103 of th ] Q. and 17 r

ot ontretl & O Lo EPFbrhd B R ARHRUE BP0 e
sha®F 8 @8inintd deateNtdtétvosdizie 12balkat tbeplevalfaveof ¢etiesn tiednemory array.

associ at ed +unct|ons are constantly held revers

Eachicald ¢ @0 amit lnﬁs%b@raaﬁ@é stfget tramsistor é]ﬂ%”[)si{%rzgld@pqe ‘e gate 130 and

pr.es ' nt i . ' ' -
R
DRA®S pRedlineeb 32 arkhz3 3t @uphd thg FETs ihe cadaplostrownf celts afitbe array. The
140 and 141 or 141

14 an 42 isolates the .acti -1
memppry| aarayipe 3k venigng P QT SACH Bapeiar in regmi el of cells.
a p-type floating body in each pillar. Figure 2
i | | usFrares illustrates 8 crisearctiogal Niay of oo alteragieenthodgnentof the

odi.nen Fi - Thi ' t -1
RGN STRUATIN R Ty o LI G e B8 a sion
on-ii8hlatot (SOBREudR. BOI eeforsrto phdingfa thin INyGRANIstlican shsih gnsulator such

202 and 201 that shares a commpn contyol gate/wordl
as silipniile o Sl cehedransiniost Wewl|then b B OfRia yin et SOL The

70 [
SOFBE i, LRyl el i s T
emigstifeitol F2@fre antardOtheietectrinap t@dvalentachasgisctfiFigrORAM
wordl i ne 232 and 233. The DRAM wordli nes 232 and 233

% gg pl e stihehFElisodimest (TPEMRS 1 @oh ekl éxdonsprivtd bha 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

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 array

NVRAM wordline.
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menory array bitline 170 couples the drains of each
transistor in a common colum of cells. Figure 3

WO Rdoa®2a184 es a cross-sectional view of an al t ePCEHUS2005/029150
enbodi nent of the DRAM NVRAM.nulti-level cell of the
present invention. This enboginent uses a siliconon-
insulator (SO) structure. SO refers to placing a
t hi n Tiaysovekirsithre ¢oformad an theimsblatoofaysudhl that isi%¢m@drover the

oxi de or glass. The transistor dth b N
subsfpiec 00 I onegbiodBmens b ehBracsyaF ALy etiie g stoskte and
meéﬁﬁﬁg%kagﬁ%éy_ heil{chgNsi stors so that they operate

Iasttr_. Ie podi ment of Figure 3 shares the

el ectyical... ti - . i :

oAb B S PRAIRLE ot i et
funcBBANItY hansl] 3t atultiieye ENNWRAN storagks iVEhar the THER DMgantrol gate is

transjstqQrs are conpris of pil]ar h have drajn
erovpgad dhacS0soReGke DT K st gt e RRARL siGo Gl gppsson
inve ca?ﬁ&tofrgés@‘i'ﬁbﬁﬁ/l ddneitRPbLfiR the fAMeRhddnef & a DPRAM cell
vertical gates 330 and 331 are fornmed over the
excepharithein impgived sctemtibnastate compired te ypidabpriorastBRAM gells.
wor dl i nes. Each NVRAM transi stor uses the sanme drain
304 awhed @ BRAM deviceisrie gihdgiscBdctanct 308 (iss, & lngic(0 is written),
respective DRAM transistors. Each in at or ,st ack.
some O Hie e R P A HTRT B IS B P RE LB S A 8 % PP Bie g ond
getsgliag)bgdr:@o%séﬂﬁﬁ}@m dRUHe CHRBBNBE ACkitREr iRXeskRd 3hids aRgting a “fat
. I'he common control gate 320 is fornmed in the
0” veteend thie IR AMhdeviigedras bn anvdeased bolasherge imcarmpariapn iy tyRigrpmior art
D morngne.The above structure is fornmed on the
R@ﬁ%ﬂ?ltor Iayﬁg 301 that is formed over the substrate
. I n one _enmphodinent, the insulatqr layer 301 is
oxi deCantPredhs VFHSIGoH0BS & EepFateH B &t f#ﬂf%% BQQ%POIeCT%\a&%Q the lower
con@%cttélrf&% stitd (Iti'%'(’) B10dif 1 9PEEALHNO Somé DEHPRRMDYRAM xelet tr@fped into the
e present rnvention provides nultifunctionality as
trappiigl layes withl the rdseltiak eRURAN sEil dowagec.ond%@mqehhlewm?\/fat 17 is created.

I ' .
A n%gqg;fgf %3 aqg]rgg hgf "9 ns? a?rﬁﬂg%%%%ﬁ%?%komv&ﬁggeg%n@ﬁ %h%r‘ggi%Mess leakage

curfeRVRR b Ybilad Rgoﬁﬁjpa&h&eo Thhe&e JBRANABE trappihg PEr Gt DRAM
in the sane nner as a DRAM cel |l except wth_an

tranisisfur of it preseptinventiostia teempspyathe dogio seppption an pssgeiatgdsignal
DRAM cel |l s.. Wen the M device is in a high
marggh%{fﬁ? bWﬁtag? %nc??r_ S@‘% reéerﬁlé’él ic 0is witten),
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 Vgq. 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
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
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
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some of the excess hole charge in the floating body

tunnel s through the trapping | ayer and gets trapped.
w@omsezent |y the device conductance is furthePCT/US2005/029150

increased, thus creating a "tat 0" where the DRAM

devi ce has an increased hole'charge in conparison to

typical prior art DRAM cells. Conversely, when

penﬁn@ﬁttﬂe‘gﬁﬁveﬁﬁcﬁerﬁﬁﬂﬁﬁd egult,nhé heesd ctwtdeﬁg 1sbtmbjbdtaod theetevice does
| ower conductance state (i

not wndtl@téhl)“mg sanEcaont fadopeEden ol Bl e et th i g volaile
lo gl%a? Itll% att%@nthrtﬂ@@%d&g%% ﬁ%@t" el¥tlolls Eﬁ%eh%l%ehlqunﬁf:ﬁ@g:ﬁolei during an

ower Hence fat 1" i's created.
erasfopdrati@i.st or that stores a "fat 1 has an el evated
t hreshol d vol tage and, therefore, |ess |eakage current
t han porntgiticlavel Mmmopera:tﬁ)ﬂ d@ ab?dhej-slestcﬁbe@fdgmt 0efd 1 states can
the trapping | ayer of t M transj st or

be agdiesierior FMEHEPEY 16 OB ANLAGRE (o3I S SESBPREREIp @ Vevi of
a log f;%[ *’J‘a%ﬁ%cvﬁ% &t aslb%gf‘i” r@% h@el?f ot HehPEAMYE 6l ledicRieied/ or

erete on M op eratlon t he RAM
(cor8pridihg @ad ¥ doffaibgie 0t enda Neg@of v et &mespgrtively). For the same

tt b
T

diff: rgntstﬁﬁrij{hﬁﬁ eécc%‘éi ORed At il tHelTh@, Biclee¢lali@etssing could be
t ween oat I ng body and the cont r ol gate _drives

achiexakssl the Idesspe gémeatvwa dual-his stage for hersamserriten taigh
the tunnel oxide and to be trapped. Due to this hole
t r appAdgitiohhlemaltijlace mbnbotyilpsorwge cauld bg aghipeasid it Gregtly storing

incrbpena dangibor e (6. Gr-es b BeeRy e R HrRg e et PG pepropriate
pro %ang’l 11% ?th@ Brtrd Yo do'n@entﬁ)%ﬁﬂ’y withdh&easidg §:8prabBning VoRakes

a Tead 0) by turning the access device
(positiveldr iregative) AFids geresategmuliplchigh dhstates (btghultiple Vice logical

oneg)gxdlfi%gmﬁgfos&\lqwré) cf ngg Bt\étgltﬁ? @g%l\g%ogglrugen%d%V&?\d corgrol gate
andgalbtgﬁhﬁh%gﬂpr&ﬁ}&t@&%‘sﬁg Rebnddit® depagdte b fevaBWIf s radgedyates.

I'S I'njects excess electrons into the floating

body. 1{b¢)H A RPRVRANIRUE bf iHeARSschhBvEntfoRsan @lse Belcofiderted into a
t hat cause apernmanent negative potential. As a result,

PRONEforasems: fidid pregrammable @tesaediya(ﬁBGﬁﬂealxﬁW@ée i, Ape BIOS-

storg;g,]qdpg) E:qx gﬁ{all“ﬂg cc%hl o, Cci%laﬁer? 1 %ﬁ@g&g ;fﬁgprzﬂ{lg electron charge
dentify bd hd18 @hatrg@@aisﬁg slofdBhtoSthe 't?ﬁapp'iﬁg 1@eLby pmgraahmz@dmme

I N ecting hol es duri ng an erase oper ation.
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
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 pro gramming 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.

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
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NVRAM oper at i on,
0 and 1 states can be addressed or
whoobhzs19or dl i ne of the access device (correspp@dUsIyos/a9150

a Vt-wL of a logic' O and a
respectively) or by the cont
(corresponding to a Vt-cG of a logic "O"

\ét wL of a logic"

rol

gate device

1II

t he above-descri bed
read either

and a Vt-cG

trapﬁﬁg@lél&%@ and'a 6. £8MESIO) Vbdrgé bloEkinhg idyer ﬁmtrEBqd'ﬁrgsr #progfamming
car?e storage in the trapp tglayer Teﬁaqclx'ﬁlrol@%ﬁde ts of
voltyge belaw {00 Ehip IS lgﬁ‘i’rfﬂué%ﬂ???‘? iHpgtrationpoly gL gtipgdiments o
r write
the gl BERRTOL B &8 dtfere BRE ORI TOMHESTo siLLe Rbad o
opeikahbﬁala]hodéstal -bit storage for the sane witten state.
Addi tional nmulti-level non-volatile storage could be
achieved by directly storing increasing density of

charges (i.e., electrons or holes) into the trapping
| ayer bf a@PE TioRe Pl ogLanmng pivihe cogtrplvgatle
convent|onall'y wth i ngreasing prpgrammji ng vol tages
(positil fregative) s I3 Pre, M gh
Vt statge R@rM ﬁdt [ ti JI%5 I Q?%% gdr%lgds) =23
Addr ess| OB H—uS-Rg g—both—t-he—DRAM-# 3."%" Ae
and NVR twidte “Fat e| daedl asthdl i sPihg 2B opr
sensi ng| schenes to separate lall levels of storage

st at es. | DRANIRAA NVRAM ddbddt |0f0.8 he¢ @nésentnd nyedtS an

can al sp be converted |into a PROM{for use in a fieljd

progr anTpl avigai e« I ay HiddGA)o.8an ehd ef aGhe swiixh,
or a Bl DSstorl ng appl | g‘ati on. The|cell can be

convert 11 % DYy PRI (d) ¢ Iec _(gl C_|185 ge
density §N Mewnﬁaf ge d%§$l ty ét or eggi n%g/t he
tr app| N G—-an e r—Bv—pr-a-eH-a-FF— N

gate. ThNVEAM VA HH”U eG’f‘\f’llliAl\ﬁ"%rcl : ENIELI IJ”L@I

present [invention requires a signiificantly g iel d
across { NVRIAM red FAG” $tHedt [f .8 pl ogndnhi Gad vil a-2hel
control |gate. This results iin an ijncreased endurance

capabi | I h\WH AMIread >A10 | 714410 @gclleshdandGadallatdsity

both in geometry and voltages. Wth appfropriate
sel ect | TR FIl g OTRLHCT OFDE [TBRdT AT D STAoks
(1.e., tunnel nsul a trapping|l ayer char ge

bl ocki n ay-ef F yetrace frex be
reducedi%v%%m{% !gl’g c%%aango'guy t;'m%”\// ér%: ;nﬁled
to a typical average fileld of 12 or—a
floating gate device.

CA A~ VT

In this table, Vg is the bitline voltage, Vwr is the DRAM wordline voltage, Vs is
the DRAM source line or region voltage, Vcg is the NVRAM control gate/wordline voltage,
and Vg is the negative substrate bias. The “Ax” and “Bx” of the above table describes the
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, V.cg, could be altered to Vy.cg to create a
different logic level separation “Ax” and “Bx” for multi-level storage. Substantially similar

approaches can be used for PROM writing of “1” and “0”.
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The followng table illustrates one enbodi nent of

operational voltages for a gate insulator stack
weowpe@asng a 4.5 nmtunnel insulator, a 6 nmPCT/US2005/029150

Silicon-Silicon rich-Nitri detdappi ng dielectric, and a

6.5 nm Si 2 charge bl ocking lI"ayer that requires a

progranm ng voltage below 9 V. This table is for

pur posRpGred ilivstrates s Alirictional bl gckakagtahfof nemémenyldedicerd A hat can

of the present invention can_ use different ogﬁr ti onal

incarpi#gBe DRANSRAN FETHs el Olvihs DS drsaib o e metiory device
400@9@%@%&&%{3\%;%%1@2 Tﬁéﬁ%rol:&s&nﬁ 0Bhiy b mMIGbpREEssoMHsome other

_ ine voltage, VSL is the DRAM source
typd df@naollinggirouittyoThagemoxOiiiee 40feankivRAMosessor 410 form part of an

elecgrgégec{s\gfé{ﬂ%l g%:g_ﬁg Lp}?% ?Mqugen . b Eb%gl% g%w@%%@%c&/ﬁo%ysa g geatures of

the gl%ﬁ%ﬂ{ REBarle MRl ShatSen@ihe theSprB@heinvbtidd. . €., bit A
or bit B). In‘the case of tﬁe RAM r eadi ng of "Al"

and "Bl " LtLi - _
above s Tty Jeyice HENREL ANAE O AbRoARITAS bt Siths somprised
of thotutli-leecBRAM-DFVRAM ¢ellsgveliowstiyoil lasteated Hdhepnerperaramiasi ¢30 is

arra\ég!f iglr v SV%(%I‘QC%é a(Ir:l \%lg unggp’gll?éaga:t%got{e’%%hvyo_gﬁa% r%gl)%.roref %e(r:l"lsqs coupled

with'y l\xlo.gdﬂn%\&ﬂllﬂ&hg HAGE anstRBAdnhédtions 8f e nddm@RpReRageBupled to
can be used for PROMwiting of " 1" and "0".Figure 4

bitlineb.ustrates a functional block diagram of a nenory
device 400 that can incorporate the DRAM NVRAM nmenory
cel | s pafadidhas puffaesitcuitdd@ g promided helafmbreddyess sighale prrodded on

' | ed
st BN Lo 5B L RSSBIC A s B SEGTREpd HE R gy o
dec?%érr%k% Lhd a cOREnd BEBEY ABMUb a8cedOfe dndrharhy age.Is aill 840

rmpart of an el ectroni ¢ system 420. The nenory
apptieidietbylM0shsls] ébiarthe argpwitl thedenefitiaf thgspresent descriptian, dpat the

t he t hat el pful i i na.
TSR AT 418 Rkt OSBLA0 A0 8Dt g e

arrdf 430 TREt s, 48 BBt flaBdves@@ mcbs&onli bsldnatasetiemory cell counts
nmulti-1evel DRAM NVRAM cel l's previously illustrated.

andTihereasedbeyk and blpcligouits arranged i n banks of rows and
col ums. The gates of each row of nenory cells is
coup! dthewhdniorg damicd KD ecadiilite in the nemadry asman 436 by sensing voltage or

connections, of the nenory cells are coupl ed t
curgsnf PHAREES INARe HEEOBS TR uPn pRg o AR Es iR 499 Th
senb@beerfleh8S SinSd i@t o dRh & id@6ued 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.

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
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.
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address input connections AO Ax 442. Address signals

are received and decoded by a row decoder 444 and a
w@edoanesisecoder 446 to access the nmenory arr ayP@B0S200$/029150

will be appreciated by those ,skilled in the art, with

the benefit of the present dé@cription, that the

nunber of address input connections depends on the

density and architectur €@NCLIUSIONDOry array 430. That

is, the nunmber of addresses increases with both

i ncr eps@thniBYDLY efBblint@wdfIhaitegrited BRYEA-NURAMmeemory of the
bl ock counts.” The nenory device 400 reads data in the

prespméripvantian pagvidesie hynctions PHGRA stogreeshatclors BTk or
i.h the nepory.arra 5 | : : 1.
et S T A ST O BRSNS g memors ot
The NWRAMBAisisthiSis capspdl sk holtirlead sanaped iatoeder do ingveasé meatoay density
_fromthe nmenory array 430. Data input and out put
witheyt additienial BaRsistgrs460 i s i ncl uded for bi-directional

data conmmuni cation over a plurality of data .
connethé BRAMESVRAM celh anctipmally iniserates IR WM gl non-volatile

circui.iry 455.iS,.prQVi i to t
merg?l’l}’é&j}lfe(%’ﬁfcpg}ln%}hﬁééﬁl}{#ag@giE}ﬁb(ﬁfel.clf)o eegglé lé:h%eylg?%?%g%on can use
the QbR tak el ofERONSR A M gandiér fic ehahbechr gresmge selaf a refresh cycle

~ These si g.na‘l s are used to control the ,opeiat %ﬂgn% on hat
is netrrequitado PimikirtyatheASHR AM dpncdpn ysci fipating @laty i shiger storage tha

. HQRS.. The control circuitry
1sm&%9c‘é%3l%tgargggpga2ﬁ§aac %%%Ha sequencer, or some ot her
type controller. .The ' j ' it will
b iSRS oo AR AL L UL DR i,
be ag)ﬁf&fa%dad@dﬂhﬁﬂs S orlingryf kel 1ivths anfthdt hey aeamgeynenithabisealculated to
etai |l ed understanding of interpal cjrcuitry and

achfeyn 81ci some DYTPOTR MYi e SUBTTEURA RErihe epecHiarbadimenty shqyn. Many

bl DGR TR, bbb Bag TR B B corinl,

thismppmadienﬁdﬂﬁtei‘?de@td VeI ﬂfy mpw_tienmrafgteiatibmtofdb@islvnmion- It is
require st ac or. treng C aclt or.s ta.storage as

ey Ererl S i 11G s st g the EoTioRids SRRE yrd

equm nuggé%tr ansi stor is capable of nulti-level storage
I'n order to increase nenory density w thout additional

transi stors. The DRAM NVRAM cel |l functionally
i nt egrates DRAM and non-vol atile



menory while overcomng the |[imtations of both. For
exanpl e, the DRAM function can use the trapping |ayer
wW@B006k026180/RAM t r ansi stor to enhance charge st oPEHESH05/029150
that a refresh cycle is not yequired. Simlarly, the
NVRAM functi on uses a floatitb pl ate for charge
storage that is nore scalable than a typical floating
WhAa @aigrdiiee. Al though specific enbodi ments have been
illustrated and described herein, it will be
appreci ated by those of ordinary skill in the art that
any, arr .1s calculated to achi eve the sane
L. puﬁprggrggﬂg%ﬁgdé&nsp&%s Ituted for the specific
enmaaghamitrandnweesdrayonddpiatioosteriog dathearidnvent i on

\21 llal_nogg/@?ﬁe a%ga%;?tagfﬁtsg g%grm?{/ gg{ig%aoarpiedis tlélttféelh(a@gl tig fandom access

cover aiye AEALE QNS (R4t NABAR LIRS bIfthé Benaniiv esitdonaccess
It is manifestly intended that this invention be

| i mi t ed noamhory ldgvichies dnbhtasdi ng cl ai ms and equi val ent's
thereof . What is clained is: 1. A nenory cell
conprising: a dynam c random access nenory devi ce for

2. St afheRgkrfiHy ell 3NElain N aiheyéth &id dod-vaale ramgloneasessenangry device
device coupled to the dynam c random access nenory
devs camprissh of h loatingepldie R SHARRE 1§§1°8he dynani c
random access nenory device is enhanced. 2. The nenory
cell of claiml wherein the non-vol atile random access

3, MENMie)n&edyGell iof claii viseeln tfe dynhindatandgmpicetse ndwzary device is
storage region. 3. The nmenory cell of claim1l wherein
t heomprised of & Bortiosmbedy 888siBhory device is conpri sed
of a floating body transistor. 4. The nenory cell of
claim1 wherein the non-volatile random access nenory )
4. deviteanémony delllof claim\evhalenitbenaapelblile rafdost arcesigngmory device

plurality of data bits. 5. The g ] ,of claim4
whep émm%ﬂ%vebgﬂfl%ﬂ ?9@9"18@?&%2{18% Bﬁ‘ggg‘g'@%ga%rbétgsed by a
first voltage level of a set of read voltage |evels
applied to the nenory cell. 6. The menory cell of
5. ¢l ditrarhembmreellofchémdomhereingbe plaralisn abdatabisears adaresyed by a first

dev\lfo(it%ge 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. The memory cell of claim 1 wherein the dynamic random access memory deviceis a

capacitor-less DRAM cell and the non-volatile random access memory deviceis a

floating plate transistor.

8. An integrated DRAM-NVRAM memory cell comprising:
a field effect transistor having a floating body portion; and
a floating plate transistor coupled to the field effect transistor through the floating

body portion.



enhances the data storage by the dynam c random access
menory device by providing non-volatile state

WO edoezdieon. 7. The nmenory cell of claim1l whereCTnusives/029150

10.

11.

12.

13.

14.

15.

dynam c random access nenory.fevice is a
capacitor-less DRAM cell and the non-volatile random
access nenory device is a floating plate transistor.
8. TAB nidiicegicall eﬂclﬁllﬁd\B/IahH/Rﬁ(MeﬂBrmIdjng:el | conprising: a
field effect transistor awn a float

poﬂtq fanld eHpet t@nislpt@apa\ﬁ@g A agioqdg %qr;tg iqglgd rggiop Aocated on
the fiel gp(?sﬁ.t{e]e%ﬁfes bfafaﬁﬂoaflﬁg body: %H@h the floating body

portion. e menor of "claim 8 and further
i nefleufibatins pﬂdﬁetrﬁmsedtot lwfvfr@}at secomhgiustaiegioavng gh%:mgrth@ drain region

regi on an t.source re ated .on

si des of""laﬂg [Sig‘iffeﬁbtr%b%;(’r &ﬂ?gﬂﬁ%@%ﬁw&fi ?aé biseach capable
transi si,@be i}t &epf&ﬁ)ﬁrig%l&@ tHa€ Bref’ s@gét@rﬁlaﬁmyd:l&h @hbuith to create
the drainregion with the field effect transistor, the

first atig Sesimgdodypodionr egi ons each capabl e of
generating a depletion region that are substantially
cl ose enough to create the floating body portion. 10.

Therhgens oty &ell bof elhirk Baitivrén Whefitd effedtarahisiefod aed thedloating plate
transi st or and the floating plate transi stor are
vertwengialor ereaestiost rrsisiora tha ate ipamatedindrrnebesind piligs formed into

and d into a substrate material. 11. The
%/ét%:ae‘%ﬁlate gFa im8 wherein the floating body
portlon stores data for a DRAM function of the ceII

ol e Tomwaaste Floun  ehoa s e GRSy peinastin e iy
ig%wﬁng%&p%@g&g char ge from the floating body

e menmory cell of claim8 wherein the floating
pl at e decreases fi eI d ef fect transistor conductance by

R -
tr QRskRktMHce 8)2RESink Becdss BHIE charge from the floating body.

The memory cell of claim 8 wherein the floating plate decreases field effect transistor

conductance by accepting excess electrons from the floating body.

The memory cell of claim 11 wherein the floating plate transistor enables the field

effect transistor to store data without refresh.

An integrated DRAM-NVRAM memory cell comprising:

a substrate comprising a plurality of trenches that form a pillar between each pair of
trenches;

a doped drain region in the top of each pillar;

a doped source region at the bottom of each of the plurality of trenches;

a vertical gate formed along a side wall of a first pillar;

a trapping layer formed along an opposite side wall of the first pillar; and

a vertical control gate formed over the trapping layer such that the vertical control

gate is shared by an adjacent NVRAM transistor.



effect transistor to store data without refresh. 15.
An integrated DRAM NVRAM nenory cell conprising: a

W@ ashease conprising a plurality of trenches p¢EUSI005/029150

16.

17.

18.

19.

20.

21.

22.

a pillar between each pair OI trenches; a doped drain
region in the top of each piiflar; a doped source

region at the bottom of each of the plurality of

trenches; a vertical gate formed along a side wall of
afirst pillar; a trapping.layer fornmed al ong an .
oppbsineamary gell Rhflpng > phsrein ﬁ?tdroa?q? flrgn regiogs gf%*r fegiops and the
co%]gsqua%agigta&,_ L WGk .t he trapping layer such that

thé vertica ntrol gat'e is shared by an adj acent
NVRAM transi stor. 16. The nenory cell of claim15

wherein the doped drain,regi ons. are n+ region

sudde ,néqr%oryézelg og g]@% ig CYV&‘?EF%&(?U{?PE yperft}f)n cf,ﬁ%élg nnéenngc;r}g cgﬁ,eche
celghuRb r&idsm: fR BRBHEIMhe Hit bAYtHRREEG tRshclds drélapable of
menory cell, the source rggl ons at the bottom of the

f i resherating dépdetivmoogians thehehetentigly megamder the first pillar to form a
gener at | depl etion..regions that substantially neet
ungg’lag?%ggq}ﬂnrs{{“e éﬁ%g{ﬁr’t o forma floating body in the
first pillar. 18. The nenory cell of claim 15 wherein

the trapping | ayer is separated fromthe first

By
by Thetmemerty aepérlaind S tHerdin Hisoranginedies it gepggxggfr%qrgghe first
fromt i . . «

ARG g4 e BT S RSl AT Bt contl

t urpaed byt aytekgabldcitihglaybar ge bl ocking | ayer are
conprised of silicon dioxide. 20. The nenory cell of
claim 15 and further including a bitline coupling each

'ltl{éemgfl@ﬂ.y%epﬁgig ﬂ%l 18Ry IRRr &R M RnA] 14RFBRY the@hhige blokking layer

of
The menory “ce aim 15 wherein the vertical gate
i s wouphpdsetiof ailicRANoxaled! i ne and the vertical control
gate is coupled to a NVRAM wordline. 22. An electronic
system conpri si ng:
The memory cell of claim 15 and further including a bitline coupling each of the drain

regions in a column of memory cells.

The memory cell of claim 15 wherein the vertical gate is coupled to a DRAM

wordline and the vertical control gate is coupled to a NVRAM wordline.

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 dynamic random access memory device for storing data; and
a non-volatile random access memory device coupled to the dynamic random

access memory device such that the data storage by the dynamic

random access memory device is enhanced.



a processor for generating nenory control signals; and
a DRAM NVRAM i ntegrated nenory array coupled to the

wEe@easds? and operating in response to the neP@I/YS2005/029150

23.

24,

25.

26.

27.

28.

29.

30.

31.

control signals, the nmenory ray having a plurality

of menory cells, each cell c rising: a dynamc

random access nenory device for storing data; and a

NOIThY §)stérh beclaan do Wirede g dyramiyradémi eecespupinedy device and the

t he dynani ¢ random access mory  devi ce such .that the
dangnyelsfitegandyn @?@S%ﬂ%@ﬁfﬁ?" GFcRBAT ea?cﬁ%%g‘gﬁ’é’ﬁ% F@Ptt stores a charge
de\fér& ehfﬁa?‘rﬂg?{}fg%gr Fdess Y e of clai m 22 wherein

t he dyha n

c random access nenory devi ce and the
non-vol atil e random access nenory devi ce share a

floating hody that stores a 23{9 ' .
ra hgé g%rs%’ef;?é’r‘?ﬁfé agy é!&?%gt.eg \ lil-ﬁgf%lgle (‘Teg%/@l%@eﬁ comprising a
OPJaA IOkt NNAR AN B6HtAS] @6t DROAMFROM e @bion,tad leVRAIN source
conprisihg a DRAM gate, a NVRAM cont r ol gate, a

DRAM
souegien, nehared drain egliMandabiing eqypdesd todhe sharedkdrgingegion, the
re iegl?pd and a.bitline coupled to the shared drain
reg"i1 4 P R od conpri sing: applying a ground

pOtaE?I!yir@a srouhdiBottMRANM teNVRAMsstol gpfel ying a

positive bias voltage to the DRAM gate; and applying

t hepplymgrapqssitvsriasaioliege torfae RPN 86282 1 egi on

wherein t bindi y ' in the DRAM is in
opapE Tt el bbitnliD BB QURAYIRERCBEeaft tgrein the DR

vol t age.on2sf a 7 oreirite dpahticdahinod2 4n whyporse o thegogitive bis
potential applied to the NVRAM control gate is shared

by an adpPHa&nt NVRAM cel|. 26. The nethod of claim 24
wherein the ground potential applied to the NVRAM

control gate causes the integrated DRAM NVRAM cel | to
opeftetmethsd of MiAM4 wheteimthe gimnd Potentiek dppliedto b A RAM control

wherein the pitline i d.,to float. 28. The
netgﬁf‘dsélf’ar(ig}’ﬁ?é%aﬁﬂ’i@\&wceeubitl ine is biased at
2.5V.

The method of claim 24 wherein the ground potential applied to the NVRAM control
gate causes the integrated DRAM-NVRAM cell to operate as a DRAM function.

The method of claim 24 wherein the bitline is allowed to float.

The method of claim 24 wherein the bitline is biased at 2.5V.

The method of claim 24 and further including applying a negative substrate bias.
The method of claim 29 wherein the negative substrate bias is —2.5V.

A method for operation of an integrated DRAM-NVRAM cell, the cell comprising a

DRAM gate, a NVRAM control gate, a DRAM source region, a NVRAM source

region, a shared drain region, and a bitline coupled to the shared drain region, the

method comprising:

applying a ground potential to the NVRAM control gate;



29. The nethod of claim 24 and further including
applying a negative substrate bias. 30. The nethod of

W@ b@s/ed® wherei n the negative substrate bias PECI/UR2085/029150

32. .

33.

34.

35.

36.

37.

V. 31. A nethod for operatiop. of an integrated

DRAM: NVRAM cel |, the cell coﬂ%ri sing a DRAM gate, a
NVRAM control gate, a DRAM source regi on, a NVRAM
SOldb?l@irfg%qic@nive@ié?shaﬂtage thrthe DRAigate; and a bitline
coupled to the shared drain region, the nethod
comrpplysigihe swypd pricytial t@?}&hmlnﬁb%@nti al to the NVRAM

co . Y tN ' dof@frotvitite RQogical one
DRARD S R O DO Bl Y R AL St pheRifto itk o

bi t | i ne;to abR Adpiortiomgofithn égegrated DR AM-NYRAMecello t he

NVRAM source region to wite a logical one to a DRAM
portion of the integrated DRAM NVRAM cel|l. 32. The

mt@%%&ﬁo&t‘)@dléﬁrﬁﬂl Whetksi the bOSLPOBIE LYleageii®s. 8Vadndali€negative
is 0.8V and the negative bias voltage is -2.5V. 33.
Thiasetwltege ©f2.6Vai m 32 and further including applying

a 9.0V bias to the NVRAM control gate in order to

program a NVRAM | ogical "0". 34. A nethod for

operRtrh@RoPéf Adind 31 gf Rktaer PRAMNN\BAMiIne .0Nahibsiy the NVRAM
DRAM function and a NVRAM function, the. cell

corponirel gate ia onfeap geassam 4 NVRAM dagital of -gate, a DRAM
source region, a NVRAM source region, a shared drain
region, and a bitline coupled to the shared drain

r egh efethodher omiritash efeminiegiangt DRAM-NVRABM cpllohavihg a DRAM
potential to _the NVRAM soujce region, a i

D e o VBN B el Esint BRA SR, o NvRAM

APl B, BB ANPSRLd BioRi ARVWANBG8rdeGediB, DitatddRain region,
and "applying a second posSitive bias voltage to the

DRAM gafigink coupledto the shared drain tegiping thie methed eamprirgng:

of PRI SHORLPRIRH TroguIy L SBRSE Wafbage i -2 5v
gnga\yb%é 4 h&datid0 iag SRt tB U NVRAMIRStryIolat@ges are

applying a first positive bias voltage to the bitline; and

applying a second positive bias voltage to the DRAM gate in order to write a logical

zero to the NVRAM function of the DRAM-NVRAM cell.

The method of claim 34 wherein the negative bias voltage is —2.5V and the first and

second positive bias voltages are 2.5V.

The method of claim 35 and further including applying a —9.0V bias to the NVRAM
control gate in order to program a NVRAM logical “1”.

A method for operation of an integrated DRAM-NVRAM cell having a DRAM
function and a NVRAM function, the cell comprising a DRAM gate, a NVRAM
control gate, a DRAM source region, a NVRAM source region, a shared drain region,
and a bitline coupled to the shared drain region, the method comprising:

applying a negative bias voltage to the DRAM source region;

applying a first positive bias voltage to the NVRAM control gate;



36. The nethod of claim 35 and further including
applying a -9.0V bias to the NVRAM control gate in

wW@e@en2d16® pr ogr am aNVRAM | ogi cal "1". 37. A nep¢mus$00$/029150

38.

39.

40.

41.

42.

43.

44,

operation of an integrated M NVRAM cel | having a
DRAM function and a NVRAM functi on, the cell
conprising a DRAM gate, a NVRAM control gate, a DRAM

souppl@lﬂg@ggmﬁndpd‘ﬂuﬂmlﬂt@dmnﬁﬁnee@idon a shared drain

region, and a blt|ln | ed t ared drain

r e@PB]ﬁ(mgtarﬁ?C?HQ }pf&btlvg Y ﬁag& to %Béﬁy\&lggaée Wecgg?r t\(; ézvrlte a logical
bi as Volohegc?thw\tfﬁgwwlégef% DIEAVARV RN d4ing a

first positive bias voltage to the NVRAM control gate;

appl ying a ground potential to the b|t||ne and

0 L B O e i
f ungdsnagd isthey, RAM NS s&itive K& voltage oBtvIod of

clai m 37 wherein the negati ve bias voltage is -2.5YV,
the first positive bias voltage is 2.5V, and the

second tive

opat BerB Tt e T b BB VR R A B s PR
DRAW dtonGhE @MNVERA M fd¢RAN thelogl commprisitpea DRIAM gate, a NVRAM
conpri Si a. NVRAM cont r ol at e,

DRAM g
s owpe@olr@gq grpR%\M\F\ﬂ%fﬁﬂ% IEgeRceNy @Mﬁom‘;e FEPL R W%%ram region,
regl.an, bltﬁﬁﬁg cﬁgﬁ%& 0 | {HE sieRMPa G Itegp p]hfﬁe Sk S A she:

regi on conpri si ng: ying a ground
potapplyirgd a frouhd potsiviRAND SN EBAM gowne r@ppi ying a first

vol tage to_the NVRAM. c at e; plying a
sec?@ﬁg"l%&)‘”f ﬁ’é?@@"ltta@ettﬂg‘%wggmfﬂ gﬁpdg (Pt o read one

2kdchid 9d1t tt@tﬂy HRAM e iherdMMBAVAS eedft Optuiality of data
resaggrrylﬁegtoct he |€%§t vol t age gnd the second vol td;%le d
40. The hm&mmﬂmfNVRAI\mmumw responsh ¢o hietfirstrieltage and the second
floatlng‘f 4 1. The method of claim 39 wherein when the
first vool1 is OV and the second voltage is 0.8V, a

first bit of the plurality of bits is read. 42. The

met hod of claim 39 wherein when the first voltage is
1. ZRheamethodhef ¢laisna® whetcimge bitline is floating.

The method of claim 39 wherein when the first voltage is 0V and the second voltage

is 0.8V, a first bit of the plurality of bits is read.

The method of claim 39 wherein when the first voltage is 1.2V and the second voltage

is 0V, a second bit of the plurality of bits is read.

The method of claim 39 wherein the DRAM function operates as an access device for

the NVRAM function.

An integrated DRAM-NVRAM memory cell comprising:

a silicon-on-insulator substrate comprising a layer of insulating material,
a doped drain region in the top of each pillar;

a doped source region at the bottom of each pillar;

a vertical gate formed along a side wall of a first pillar;



is OV, a second bit of the plurality of bits is read.
43. The nethod of claim 39 wherein the DRAM functi on
wWop@rar@s? as an access device for the NVRAM f upCt/Us1w05/029150
44. An integrated DRAM NVRAM Zem)ry cell conprising: a
silicon-on-insul ator substra conprising a |layer of
insulating material; a doped drain region in the top
of EefRiy lby@fomeedidpararsaposite sideival odithet fivet Ihiﬂan; aml of
each pillar; a vertical] gate forpe olalon filflf,l]? 1
of %vwmqaéﬁorﬁm ieale-farmed gyt His trappEie lpge such the ﬁvsﬂl"a contro
Opposi t &5l 19?]??Yi@llby91f1a Jlager{t]N\ﬁﬁAM {rhfdfstorand a verti cal
control gate forned over the trapping |ayer such that

the verti cal control gate is shared by an adJ acent
NVRAM transi s
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