1 | NTEGRATED DRAM NVRAM MULTI - LEVEL MEMORY TECHNI CAL FlI ELD OF THE | NVENTI ON
The present invention relates generally to nenory devices and in particular
the 5 present invention relates to DRAM and NVRAM architectures. BACKGROUND
OF THE | NVENTI ON Menory devices are typically provided as internal,

sem conductor, integrated circuits in cqnputers or other electronic
devices. There are many different types of nmenory 10 including

random access nmenor RAM , read only nenor flash rrenory, dynam c
random access meno T%EWM[‘ rﬁﬂm% N O ess  nenory
(SDRAM . Conventional DRAM ceI I s are conprised of a switching transistor and
an integrated storage capac i of the transistor.
Charge storage is 15 enh rc(emg%ﬁﬂ?%ﬁ @iﬁr%%ﬁgsorage capacity in
the formof a stapkesetAPREEIRN Blated geh&@NG o SBRes} ddicds An@al @Mrligilavhé h t he
depl etion capacitance of the floating storage node. DRAMcells are volatile
and tlﬁereﬁmseltllmmtldmda‘f@m@rpw VRAMraselnigedresDRAMS use one or nore
arrays of nenory cells arranged in rows and colums. Each of the rows of
menory cells is activated by a corresponding row line that is selected 20
froma row address. A pair of conplementary digit lines are provided for
each colum of the array gACRGREOGRDOR THEINVIONPION to the digit lines

for each colum is enabled responsive to a respective colum address. The
sense anplifier skagesy deviceahte typicellyyprovidelas arernal, Sfbmcmchwtortme@mgit l i nes

and anplifies, such voltage differenti to fi n|t har kage across
The depl cEHORSIA BMPOIERaT i Elepy i devips foereges paky SEGEa Fosy LBy o
ensurg dai@mﬂqg&&u&m&é&% $nenfory G(Rl\/l’)efbaﬂ%nlﬁnélhﬁryaﬂRtOM? fta@ﬁ EREMMY and  can
be ‘acconpl i shed by periodically coupling thé nenory cells in the row to one
of the di dimamicirarslnaddcess reeradnlyi( PRAMY 2nd syechuonsivs diyeagic ratons ageses
anplifiers then e the voltage level on the nenory cell capacitor to a
vol t age | B¥F81° &#ﬁé@ﬁ@ndl ng to the stored data bit. The pernmissible tine

bet ween refresh c&cl es W thout |osing data depends on various factors such
onventional DRAM cells are comprised of a switching transistor and an

integrated storage capacitor 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.

DRAMSs 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. \



30 as rate of charge dissipation in the nmenory capacitor. \ 2 As conputers
becone smaller and their perfornmance increases, the conputer conponents
shoul d al so go through a correspondi ng size reduction and performance
increase. To acconplish this, the capacistors and transistors of DRAMcells
can be reduced in size. This has the effect of increased speed and nenory
density with decreased power requirenents. 5 However, a problemwth
decreased capaci t At cenpateisbetdiat smelgiang tikeicpatemahaniatreaddf/tivt computeequi r es
a mni mum val ue of capacitance per cell. As the capacitor gets smaller, the
capaci t an@@mpgnqné%ﬁb@e@i alsngesthrerehrewsreradigisielhetion and IPEEAGRACE fIOERAR

For the r At . SRR t | Al C il
becone apggfagn I?l '(i) ttﬁgéglggéﬁ ?Cftg-% |nﬁ?{a1hlgé{gt§$s{0f{1ponwpg%%%icﬁg%gﬁ%ﬁﬁﬁ%\@%%%wng

t he presehhs thi@ifepadiifidreatd opsedtand hten @y demiigdvitindédieised pow e requirmiaits.
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under st ood by readi ng and studying the following 15 specification. The
present i DRV @l requospasisgsumnvalustod gapacgandReNclVREheemmciforgsdtd smallEhe

cell conprises a dynamc¢ r am access nenqr.y...function an on-vol atile
random adiédeRe ’3?1‘?‘@??831“@?1%% ecp@eggg%p%ghcgmilﬁ%g%@hg itY'r andom access
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t he imventpRifidatieh Uterei®h hediSnahelarapRamérd Scalbble DRARIGeliscope.” 25 BRIEF
DESCRI PTI OF THE DRAWNGS Figure 1 shows a cross-sectional view of one'

enbodi nent of a DRAM NVRAM nulti-level nmenory cell of the present
invention. Figure 2 shows an electrical equivalent circuit diagramof the
enbodi nent of SUMMARY

The above-mentioned problems with DRAMSs 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.



Figure 1. 3 Figure 3 shows a cross-sectional view of an alternate

enbodi nent of the DRAM NVRAM nmulti -1 evel nenory cell of the present

i nvention. Figure 4 shows a bl ock diagram of an el ectronic systemt hat

i neor porates the non- planar, stepped NROM array of the present invention. 5
DETAI LED DESCRI PTION In the foll owi ng detail ed description of the invention,
reference is made to the acconpanying drawings that forma part hereof and
in which is shown, by way of illustration, specific enbodinments in_which
the invention mayFigarest gamvsceerossrssciione! welafmgaltemeteemipdimauiofita ARAMY be
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is, therefore, no%J to be taken in‘a limting sense, and the scope of the 15

present invention is defined only by the appended clainms and equival ents
thereof. The terms wafer or substrate used in the follow ng description

i ncl ude any base sem conduct or DETAICEDBESGRIPTION t 0 be understood as

i ncl udi ng silicon-on-sapphire (SOS) technol ogy, silican-on-jnsulator (SQ)
t echnol ogy, thin Mﬁlﬁfqlﬁ)ﬁﬁgggﬁ%ﬂﬁq qyptionfils wysntione dercnsris mada spe-

sem Condu%{;c%rﬁpfﬁﬁ ot BXb Al HRY B zfo]{)arglée?éc{f' o503 SHPRQL glﬁogffrgiﬁyi}r Pof llustration

sem conduct or Sstruct ure, as we ot'hér "sem con ures wel |

known to gpeifikehbedimientstifehadh the ifvgntidiemap be prashied. liethe deneiggs, Sikende to a
wafer or substrate in the follow ng description, previous ﬁr‘ocess st eps may
YEWSdigss or

have Been nymieralydesciibe substantially milar enmenanshis thraugheut Bieseverak
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present | ?ﬁlaifnl;[ei Igerllde \;vri%?ou% %Lll)&?rtigé %roznatgfr: is&%fa %(fj tlie%ré:;regp i(i:lggnstioinr]Tge following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the
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,
previdus 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.



bul k silicon substrate 100. Pillars are forned between. the trenches. |Ih one
enbodi nent, the substrate is conprised of p-type silicon. In alternate
enbodi ments, the substrate is conprised of n-type material. 30 For purposes
of clarity, Figure 1 illustrates only t of the DRAM NVRAM nenory cells
170 and 171 that conprise an array of nmenory cells. It is well known in the
art that a typical nenory array could have mllions of cells. 4 Each

DRAM- NVRAM cel | 1ZQ&hapRIAVENVRARDE i79e6d af71 ds E¥AABdided aia iDRAM teddistor MWRAM
transi stor. Each DRAM transistor is conprised of a drain region 104 and 105
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of the tregshesniuchenchbadndifilts af heSubsabni@l |y bet ween each transistor's
active regions 101 and 104 or 103 and 105 with respective floating bodies
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or 103, 1= hemotynerayated transistors or 102, 104 or 102, 105 for the NV
transistors gated by the shared control gate 120. For exanple, during

oper atg on, a changgh NVRABM trandidter i lcomptisdd oftodiinGegionab4 aedi oNiaeisween one,
drain 104, 101 or 105, 103. Each NVRAM transistor is conprised of a floating

pl at e 115 femmtdin éhei tapspfi the pillorreangrshpssd avidhity rgepective DRAYI puaisigior Asotred. The
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charge bl agkdifgrs! ayer (i.e., intergate dielectric) 117 and 118 that prevents
a trapped

A vertical channel region exists between each pair of source/drain regions 101,
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



charge fromleaking to the control gate. Each tunneling dielectric/floating
pl at e/ charge bl ocking | ayer makes up an insulator stack for each NVRAM
transi stor and, in one enbodinent, is approximtely 15 nmthick. The
materials of construction are not critical to 25 the present invention, but
commonl y i nclude doped polysilicon for the gate/plate materials, and
silicon oxides, nitrides or oxynitrides for the dielectric materials. A
data/bitline 160 coupl es each of the drain regions 104 and 105 i.n_the tops
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source |ipgpf. theqmenory 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
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Dorent i ol sucht HAP IR ERAY ot PR e kB s s e Pates BB B e
hel d revense HinRg@dnd BAhi oTThORRBER defidn®1 0 L HED3EaRSHEI R Thebudtigy SrBSENt

i nvention, depletion ég(gl ons 140 - 142 form around each of the source

regi ods 10¢pletigBregiwapddt pnkl4l orTHd andudRiisedetes the et e mpk eiliashody ghwieshd 40
and 141 or, 141 and. 142.isol ates the tj.ve, pstype pillar body above the
dop! ot 1 onpEhEE P S Rediin Was e pPOLIRRPEIAD | o ench pi 1 ar
Figure 2 illustrates an_electrical equivalent circuit diagramaqf the

enbodi ment of  Filj&we 21tllusfries a0 GefiEc ﬁ@%alpwemm%mmw Rfﬁa&mném@ewé and
171 of Fi gnse 1 TifefuShlw R RBDRAMNGICRORIIS 80 Ba PN ltf ansi st or.

202 and 2 at ares a common control gate/wordline 1 at ‘couples a

f cells i \ h | . h field
G Tect transi storteenl 13aflii s eemiiel fan BeM tahdidefadf adf Rt 505
and. 206 i shedPtRAmbA cantfdd FRREN drdEnORAMMMDERpIRQ rdwd 28tk 3Be mEkRry RRAM

wordl i nes 232 and 233 couPI e the FETs in a _conmon row of cells of the array.

The nenoBjckedlbl?0nd 74 alsotns e dighl eféedt ansster (8 To 202 aph20q. dheigsted30iand a

comen S4MCLASRN T 48 U6t R o IR o

i nvent i on DRIANSw&ahach 252nhd 238 Sodn!s iftd KIOTk inQltokiissH @06 deBObT thetaiidg! THee. SO
refers to placing a thin |layer of silicon on an insulator such as silicon

oxi de or tHeayyy ampgbitiingkiOsoopkss Weuiraing héeachdrapsisior inphcaniwingn calumn ofieells. of
SA . The
15 Figure 3 illustrates a cross-sectional view of an altermate 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 SOI 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 array
30  NVRAM wordline.



SO | ayer reduces the capacitance of the transistors so that they operate
faster. The 20 enbodi ment of Figure 3 shares the electrical equival ent
schematic of Figure 2. As in the enbodiment of Figure 1, each cell is
conprised of a DRAMtransistor and a NVRAM transistor. The DRAM transi stors
are conprised of pillars that have drain 304 and 305 regions at the top.
The source regions 302 and 303 are forned at the bottomof the pillars. The
DRAM verti cal gat §he 3@Veandctiklis &renclionntheimulatortidyer 6bathaels fomgédm&r&m are
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Create thEDR@MBdSeHslS conductance state (i.e., a Iog| clis vvrltten) sone of
t he excess electrons get trapped into the

Conversely, when electrons are generated in the floating body to create the lower
15 conductance state (i.e., a logic 1 is 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 t6 Vy4. 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



trapping layer with the resulting effect of still |ower conductance. Hence,
a "fat 1" is created. A transistor that stores a "fat |I" has an el evated
threshol d voltage and, therefore, |ess | eakage current than a typical prior
art device. Thus the effect of the trapping |ayer of the DRAM transistor of
the present invention is to inprove the ffogi c separati on and associ at ed
signal 20 margin of the DRAM state and/or state retention. For NVRAM
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i nj'ecting holes during an erase operation. 5 For multi-Ilevel NVRAM
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of a logic"0" antddditidial Wnltddevel hagivelatile stoesgreatuid/ied achicved by dirbelycaotingl
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witten Sgr?és()a.'Addressing is performed using both the DRAM wordline and NVRAM control gate

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/em 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



Addi tional multi-level non-volatile storage coul d be achieved by directly
storing increasing density of charges (i.e., electrons or holes) into the -
trapping layer by appropriate programmng of the control gate
conventionally with increasing programm ng vol tages 15 (positive or
negative). This generates nultiple high3t states (i.e., nmultiple \t_co

| ogi cal ones). Addressing is perforned using both the DRAM wordl i ne and

NVRAM co i SAI r QP i separate
a1 1 everzofpe 88 o B0, B RP RoRRb By BEP R F RS R Rt et T T
can al so b&agtwyar bed This abk is RRGMriaes o&ﬁustmt@nfdng} & qiffeghpeminglig cgs of
array (FPGA), an alterable switch, or a CS- 20 storin appllcatlon The
cel | cantb@@@%ﬁ@ﬁWﬁ@Hﬂﬂﬁ@dmﬁdﬁﬁ@ﬁﬁ@VﬂEBBWﬁﬁPﬁégﬁt%P%@ﬂ?%ﬁ e gei@ensi ty or
hol e cha tored into the trapping |layer by progranmm ng via the
NVRAM con %ﬁ&gipg%eghe floating plate NVRAM transi stor of the present
invention requires a significantly lower field across the dielectric stack
for ogramm ng via the control gate. This 25 results in an increased
endurance capability (e g > 10 % 1010 cycles) and scalahility both in
geonetry and volt esOPERﬂﬁﬂ@pbro Vit & YerefbtVan |afdeschlViag [of the gate

i nsul ator stack (il e., tunnel inpulatgr, trphpping | ayer} chafge bl ocking

| ayer), the averageDR[Aggwmcgrg fierd ¢an 9e| gedcaghd o heisween 3 x 106 and
6 x 106 V/cm conpalr ed to a typi ca aveﬂ[age fleld of 12 x} 106 iV cmfor a

floating gate deV| w >D1I 'r t BT oSttt oge_enbodi ment of
oper ational vol tage {g nsﬁhlgéltg:’:gstdcl?co Prl sj ﬁg'%a 4.5 run tunnel
i nsulator, a 6 nm {Sicon Q'!u“. S——GR N 8—4 ; el ectric, and a
6.5 nm Si 2 charg BRAOJMrerd Vayer| Float | r Sefi | &3k [p mmAg| vol t age bel ow
9 V. This table is_for purposes of illustration only as diffefent

enbodi nents of tgreDRAe.&ewd“ilnventhjatqalﬂ.mse Ghd fler@mt jop2sati onal vol t ages
to enable the read or wite opergtional nodps. 5 |OPERATI ON VBL VWAL VSL VCG

Vsub DRAM write "OGyvRAMAvme @08 [GW5-2-95 | Gud | 2.5/0 | -2.5

NVRAM write “1” | Gnd | 0.8 25 | 259 ) 25

NVRAM read “A0” | Float | 0.8 | Gnd | Gnd | -2.5

NVRAMread “A1” | Float | 0.8 Gnd Gnd 2.5

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

NVRAM read “B1” | Float | 0.0 | Gnd 1.2 | -25

In this table, Vg is the bitline voltage, V. is the DRAM wordline voltage, Vst is
the DRAM source line or region voltage, V¢g 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, Vx.cg, could be altered to Vy.c 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”.



DRAM wite "1" Gnd 0.8 -2.5 Gd -2.5 DRAMread "0" Float 0.8 Gid Gad -2.5
DRAM read "1" Float 0.8 Ghd Gid -2.5 NVRAMwite "0" 2.5 2.5 Gd -2.5/-9
-2.5 NVRAMwite "1" Gd 0.8 -2.5 2.5/9 -2.5 NVRAMread "A0" Float 0.8 Gnd
God -2.5 NVRAMread "Al" Float 0.8 Gid Gid -2.5 NVRAMread "B0" Float 0.0
Gd 1.2 -2.5 NVRAMread "Bl" Float 0.0 &nd 1.2 -2.5 In this table, VBL is
the bitline voltage, WAL is the DRAM wordline voltage, VSL is the DRAM

source line or region voltage, VcGis th RAM cont r ol tel line
vol tage, and VS'DFY'§ Hifgstng é‘tffl’i}gl%ﬁlo@f’&‘a‘yv@grﬁ%@% "‘f*ﬁ‘_é‘onyg&“’“‘&\r%@b'_dt@?"’a‘&f t he
above tablg,desed ﬂh@mﬁﬁNWAmnah@éy%ng%@egﬁeﬁtﬁgﬁu&mﬁ! T meBbly dbvide DI t

B). In the case of the NVRAM readi ng of , the bitline
pot ent i al $00ais ecuplehngpdcesitied ldbhdhe pobesor HHEMEP §E @ nseparatssonobaweether' Ax"

and " Bx" coulg be used.for lti-I|evel .st%qalge The pro?r? I ng vol tage, V
cc, coul d¥Bg° ?‘i@r"gé}lgt%r%% £ PGALLEVIEE fkthe REOEEYT 4 PagtfAat i on
"AX" and Bx. ' I t ' Wy aches
can ba usae Tt PR b (g opory|BASe 4RBR REh S GRo ca FuRegbe

f unct i onathe inlenedcy dhat gredmlphl @ undentandohevhe pred@0 itvieatiolcan i ncor porate the
DRAM NVRAM nenory cells of the present invention. The nmenory device 400 is

coupled to a proggssdmdtiAevitdendides & 904y 4lRemBYy &itls 430k ol DEasERtisear
sonme other type of controlling circuitry. The nenory device 400 and the

pr ocessorozhenfudi-tvehPRAM-NER celbstnrevibesly {bswaied Jthe mrpreoryemnsyy386vi ce 400

has b i mplified, to.f f eat f ~th t hat .are _helpful i
inder st arifged SR LR Sy dirBR, The g Sharsf ol PR bRl oy of
Menory ceylf addRdidakhitaihe ¥eaif QAP Eb i8S condbetldng oftetrherh &Rl IORANMOIMBANM cel | s

previously illustrated. The nenory array 430 is arranged in banks of rows
and col unpilinethe gates of each row of menory cells is coupled

An address buffer circuit 440 is provided to latch address signals provided on
address input connections AO-Ax 442. Address signals are received and decoded by a row
decoder 444 and a column decoder 446 to access the memory array 430. It will be

15 appreciated by those 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 conirol 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 mermories are known to those skilled in the art.



"Owith a wordline while.the drain and source connections of the nenory -
cells are coupled to bitlines. An address buffer circuit 440 is provided to
| at ch address signals provided on address input connections AO-Ax 442.
Address signals are received and decoded, by a row decoder 444 and a colum -
decoder 446 to access the nenory array 430. It will be 15 appreciated by
those skilled in the art, with the benefit of the present description, that
the nunber of address input connecUOMCLUSHOMNIs on the density and
architecture of the nmenory array 430. That is, the nunber of addresses
i ncreases W th bofRuintigaseembediBientsaf e i@tigrliad DRAMINVREAS afbnfoai bf aied
bl ock counts. The nmenory device 400 reads data in the nenory array 430 by
sensi ng voresagenention prayifdertbafunshanyefsDRAM Berage it floes R yedBledass olisi ng

' e/ bu”?étgd rcuitr i n._one_emnbodj,ment

oo unt cirepel el tor 4B stotass AT & L e ) eI Herf oSl Bt

i nput sand TRYNVRARNUEAREsi1i§ EdpableYof4@tliillevel Betdid el ofdRF tdinchbiate@binBAdensHAL a

comuni cation over a 1pI urality of data connections 462 with the controller
410. Wi t avithoitrasiditionpl 4@Bistass.pr ovi ded to wite data to the nemory array. 25
Control circuitry 470 decodes signals provided on control connections 472
from the processhic BRAM-NMEAM cahfuhstianly igegrates DIV @ld tonevodqide at | ons on

the nenory array_ 430, ing¢luding . data read, data wite ro m, and erase
oper at i on&1CIERE W@&ﬁpwﬁpoweeﬁ? Bwfaz?’eﬁ 9#319%1 er S’“’é@%{‘?éhﬁg)%#%}am%{l%lé‘&ﬂ@ﬁ%er ,
or sone o t I I i § i e 4
has been gﬁkﬁfpﬁpﬁ)wgﬁrg??%cwwg g agag[ggﬁc@ﬁ B%‘b&ﬁ%%? sS !ttdé-iﬁﬁ %Ogrgtﬁ%tfddrteﬁgsﬁé}%t%r es
of the memduo reaisivetrMimdletlaj the iiviRAR! fihetish wgs affloatitepiasd for chargaistbirage dimd -
functions of nenories are k,nOV\ﬁl to those skilled in the art. 10 CONCLUSI'ON
I n summar y8 MpTescalabs dhanetiyicak lleatiwgigatecliisfed DRAM NVRAM menmory of t he

present invention ﬁrovi de the functions of DRAM storage that does not
require stack or Althagbispecifaenbedimentshadabeensitlostenges ansl deseribedderpdm-ivwilht i | e

RS S NN AR I R R RN

achieve the same purpose may be substituted for the specific embodiments shown. Many

15 adaptations of the invention will be apparent to those of ordinary skill in the 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.



wi t hout additional transistors. The DRAM NVRAM cel |l functionally integrates
"DRAM and non-volatile nenory while overcomng the limtations of both. For
exanpl e, the DRAM function can use the trapping |ayer of the NVRAM

- transistor to enhance charge storage 0 that a refresh cycle 10 is not
required. Simlarly, the NVRAM function uses a floating plate for charge
storage that 1is nore scalable than a typical floating gate device. Although

speci fic enbodi ments have been illustrated and described herein, it will be
appreci ated by those of ordinary skil]..in the art that any arrangenent that
is calculated to achieve the sane e may be substituted for the

speci fi c enbodi nents shown. Many 15 adaptations of the invention will be
apparent to those of ordinary skill in the art. Accordingly, this

licati is,int dt i j i f th
hvent ront 1t AoRaf e coPrefoN B ef B AR TRARE Y RAMBE IS8 i cdonl v by
the follow ng gddpidn@nth ja¥ed la W R AMD SR A1 ﬁatla,la DRMNI¥Buke répis®tzhod for

~operation of an integrated DRAMNVRAM cel |, the cell conprising a DRAM
gate, a NVRAM NOMRAMI soyreacgian DRt ssloliningegieni a4 a hit lingvRapled datheshersdi on, a

shared drain r&%ion .ang_’agiaé line.coupled to the shared drain region, the
nmet hod conpri s Bl.reg’p%’r eﬁ% %?%tﬂl%s%tenti al to the NVRAM control gate;

applying a firgipipiagiatdrtdiicientiaPid B8 URAMGRBAMat e; and applying the
ground potential to the NVRAM source regi on wherein the DRAM is in one of a
read or wite egmyagiadirstposiiie bias voliggrotedbe DRAMgats; ped  positive bias

vol tage. 2. The t hogd of claim.1 wherein,t round. pot ent. l.i.ed to
Uhe. NURAM contmiyng diesputd Pt ) e IR pRE s SR eidhouietiin e BRAWICS, 10
of claim1 wherein {he o9k @R RAU WH1ES e@@&{ﬂﬁﬂ)db%iéaﬁo[)%&%fﬂe fg@ntrol gate

causes the integrated DRAM NVRAM cel|l to operate as a
positive bias voltage.

2. The method of claim 1 wherein the ground potential applied to the NVRAM
control gate is shared by an adjacent NVRAM cell.

3. The method of claim 1 wherein the ground potential applied to the NVRAM
confrol gate causes the integrated DRAM-NVRAM cell to operate as a DRAM
function.

4, The method of claim 1 and further including writing a logical zero to the NRAM
function of the DRAM-NVRAM cell by:
applying a ground potential to the NVRAM source region;
applying a negative voltage to the NVRAM control gate;
applying a second positive bias voltage to the bit line; and
applying a third positive bias voltage to the DRAM gate.

5. The method of claim 1 and further including writing a logical one to the NVRAM

function of the DRAM-NVRAM cell by:
applying a negative bias voltage to the DRAM source region;



function. 4. The nethod of claim1 and further including witing a | ogical
~zero to the NRAM function of the DRAM NVRAM cel |l by: applying a ground
potential to the NVRAM source region; applying a negative voltage to the
- NVRAM control gate; applying a secoqg positive bias voltage to the bit
line; and applying a third pasitive bias vol e to the DRAM gate. 5. The
met hod of cl ai #APLIB®A Seoond pasiliys b ypiagedp the SGMENS3ne to the NVRAM

function of th%w%yﬁwﬁ%%&iamﬁh@ﬁm%&%da negative bias voltage to the
Iron, ‘

DRAM source re applying a second positive bias voltage to the NVRAM
control gate; apgbyhy atigrdpapitowertdaspaiiapet toathe DR AMegald in drilerdp varid adpgtali ng a
third positive bias voltag o, .t he DRAM gate_ i r.to ite a | ogical

one to the NVRAM f uffit' m%@@%}ﬁ\ﬁ%&w&dﬂt hod of claim1
and further including witing a logical one to the DRAM portion of the

i nt egrated DRAM NVRAM cel | by: applying a ground potential to the NVRAM
control gate; Themethodwfalagadand findisir tnchalihg wsitinglatlagjealtone ttdr EreDBRRKNMat e;
appl yi ng the ground tential to .t line; and applying a negative bias
vol tage to th@W%Rf@Gd?@@aF@@%WWW??@ﬁ%d of claim6 wherein the
negative substfal&,bhasqnd v to tRe NAMR 4'I‘fltc%ﬂfr61t .DRAM NVRAM nenory cel |
conprising:. a %ﬂ:’tbg?gaﬁeo corpp?r%ing%ﬁna ae plurality ofgd?er’enches that forma

pi | I ar bet weenamgdyihg paecond@isitive bk esltage td dpcldRAMigatey egi on in the top of

each pillar; a doped source region at the bottomof each of the plurality of
trenches; a v@?ﬁﬁééf‘heﬁf"é@?ﬁtgﬁ@“&%%‘ﬁgﬁ 0g; 38 wal | of a first pillar:

applying a negative bias voltage to the NVRAM source region.
7. The method of claim 6 wherein the negative substrate bias is —2.5V.

8. 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 piilar; and
a vertical control gate formed over the trapping layer such that the vertical control

gate is shared by an adjacent NVRAM transistor.

9. The memory cell of claim 8 wherein the doped drain regions are n+ regions and

the substrate is a p-type conductivity.

10.  The memory cell of claim 8 wherein, during operation of the memory cell, the
source regions at the bottom of the first and the second trenches are capable of
generating depletion regions that substantially meet under the first pillar to form a

floating body in the first pillar.



a trapping layer formed al ong an opposite side wall of the first pillar; and
~a vertical control gate fornmed over the trapping |ayer such that the
verti.cal control gate is shared by an adjacent NVRAMtransistor. 9. The

- menory cell of claim8 wherein the d? ed drain regions are n+ regions and
the substrate is a p-type conducti vi 5 10. The menory cell of claim$8
wherein, during operation of the nenory cell, the source regions at the
bott om of it he 4 NQ

depl et i on1 1r' egi%%iﬁ%rﬁgﬂﬁ%%ﬂl}g tcﬁ?%ﬁ?é&%;{ggﬁﬁ%%gg I@ﬁg%ﬁe %Itgiegifﬁ)?lgrﬁ{e%ﬁf orma
fl oati ng body pillatthea fuinnsltlaysr lahdthe ti@pirgliayerheseperaved/froml the wérticilaiontrd
wherein the trappjn ayer.is. separated fromthe first pillar by a tunnel

| ayer and the 53ngbgﬁé)a%5§@Fﬁﬁ“§?%§ﬁar ated fromthe vertical control gate by
a charge bl ocking layer. 12. The nmenory cell of claim 11l wherein the tunnel

| ayer and the charge blocking |ayer are conprised of silicon dioxide. 13.
The menori2.cel Thehembri calldfatddmf Lirwhereinithe ttmdelnigyer anilthd ¢heegeclioghtingng each of
the drain regions in a col unn,._of nory cells. 14. The nenory cell of claim
8 wherei n t he PEFEeSIMRAed O ﬁ’élcP‘HgE’éf ed drain region in the first pillar
formpart of a DRAM and the trapping | ayer, the doped drain region in the
first pillar, and the vertical control gate formpart of a NVRAM 15. An

i nt egr at erl. DRAMidNYBRAM ynextiorficlaiml 8 arcfwpthersinclgdingaa Bit Bhalc@ipliag eadir @iise st or
having a floating bod ortion; and a floating plate transistor coupled to
the field effe@f‘%trle%lﬁf BEOIRR &Wn%%éc?lfsoati ng body portion. 16. The
menory cell of claim 15 wherein the floating body portion stores data for a
DRAM function of the cell. 17. The nenory cell of claim 15 wherein the DRAM
oper ates b anTlcmesmsryenll afelfior8 whireinl\NURAbtical gate and the doped drain region

in the first pillar form part of a DRAM and the trapping layer, the doped drain
region in the first pillar, and the vertical control gate form part of a NVRAM.

15.  Anintegrated 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.

16.  The memory cell of claim 15 wherein the floating body portion stores data for a
DRAM function of the cell.

17.  The memory cell of claim 15 wherein the DRAM operates as an access device for
the NVRAM.






