1 | NTEGRATED DRAM ‘NVRAM MULTI - LEVEL MEMORY TECHNI CAL FI 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 devi ces are
typically provided as internal, sem conduFt or, integrated circuits
in conputers or other electronic devices. There' are many different
types of nmenory O including random access nenory (RAM, read only
menory (ROM, flash INNBGRATEMPRAMNVIRAM MICEFELEREL MENDBRY , and
synchronous dynam ¢ random access nenory (SDRAM . Conventi onal DRAM
cells are conprised of a swtching transistor and an _integrated
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the formof a stacked capacitor or a trench capacitor 1 n para

with thé deplesini trventippaclates icldRAM arddNVRAM amchitestioesage node.

cells are volatile and therefore | ose data when the power is rem)ved.
DRAMs use one or nore arrays of nmenory cells arranged in rows and
colums. Each of the rows of nenory cells is activated by a
correspondi ng row |ine that BACKEREUND GOTHRINVENTYORddr ess. A pair
of conplenentary digit lines are pr vi ded f each, col um_of the
array and a sense QY o Sifpveiee %Y(Pff’ﬂge‘g%dm@nﬂ sesicppiucionapiegrated
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in the art asmbff ' and can be acconpli shed by periodically
coupling the memory cells in the rowto one of the digit Iines after
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as rate of charge di'ssipafi ry “capaci
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 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
25 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

30  asrate of charge dissipation in the memory capacitor. \



2 As conputers becone smaller and their performance increases, the -
conput er components should al so go through a correspondi ng si ze
reduction and performance increase. To acconplish this, the
capacitors and transistors of DRAM cells can be reduced in size. This
has the effect of increased speed and nmempry density with decreased
power requirements. 5 However, a problemw th decreased capacitor
size is that sensing a conventional . DRAM cel |l requires a nininmm

val ue of capacit anéd CB@P“'@EIQEPO%SIP‘HE" exher P%ffor_@éf"é’ 1BGFERSP the copppater
capaci t anceqing,dnety Qffhid ALY & ﬁsﬁﬁlgﬁ%gﬁ%pgn&&@éiﬁﬁehﬁ&mn %@bér?d?ﬁ%%;e%crease.

DRAM For the reasons stated above, or ot reasons’ state
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access nenory function that is coupled to the dynam c random access
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of data. Further enbodinents of the invention include nethods and

apparatus of varying scope. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 shows a cross-sectional view of one enbodi nent of a
DRAME NVRAM mul ti-level nenory cell o$UMMARYesent invention. Figure

2 Shows an_el ect 11 gl GguhyakiEhla SUAGH b RKATLS orh 5 SHERF A5l
by the present nvention 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 fumction 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

muiti-level memory cell of the present invention.

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

Figure 1.



Figure 3 shows a cross-sectional view of an alternate enbodi nent of
the DRAM NVRAM nul ti-1level nmenory cell of the present invention.

Figure 4 shows a bl ock diagram of an el ectronic systemthat

i ncorporates the non- planar, stepped NROM array of the present

i nvention. 5 DETAILED DESCRI PTION In the iol | owi ng detail ed
description of the invention, reference iS made to the acconpanying
drawi ngs that forma part hereof and in which is shown, by way of
illustration, spe@igure3 eligwaci dresissctionalWidve Bf dnhiteinaieanitiodin e yf A€ DRAM-
practiced. |n the draw ngs, like_iQ nunerals describe substantially
sinilar conpYReWldamylireishmemert oell of daresrntyieRlon. These  enbodi nent s
are described in sufficient detail to enable those skilled in the art
to practice the i A&¥E{Swsa Hegk disgsya ohemelectipaigsystemithat inegrmeraies the non-

structural, joqi %@%d%ﬁla%ké%%?égegn@mgﬁo may be nade w t hout

departing %Pon1t cope of I'nvention. The foll ow ng
detaile% description is, therefore, not to be taken in a limting
sense, dand the scope of the 15 present invention is defined only by

t he appended cl ai n8 and equi val ¢ BALIED BESCRIPEIOR s wafer or
substrate used in the follow ng description_ include any base
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description, previous process steps nmay have been utilized to form
regi ons/ j untwemips. Oter mberiments sayrbe oiilingd and storchuals logisal, amdeleatmicabchanges

waf er or su ' upderl yvi ng layers ont ai ni ch
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i nvention. The cell s, ar.e fabricated in 'tg;iieegcg?s in a _bulk silicon

subst r abe 1PF§SCUPIVERHAD ‘?afl%f%%ﬂgr‘}ﬁgd’yﬁbﬁf e ke @ikaquivalents thgreof The terms
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alternate e?r]bodi rm&*nt s, the substrat egi scx?%lrrprnl5 s‘g% %F n%t rfllbégﬂdmtor

mat eri al .  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 2 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,
previohs 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 nenory cells 170 and 171 that conprise an -array of nenory’
cells. It is well known in the art that a typical nenory array could
have m|lions of cells. 4 Each DRAM NVRAM cell 170 and 171 is
conprised of a DRAMtransistor and a NVRAM transi stor. Each DRAM
transistor is conprised of a drain region 104 and 105 and a source
region 101 and 103. These regions 101, 103 - 105, in_one enbodi nent,

are doped n+ regi &ach PRAMNMRAM«sEd 7Qprd 17i11is eemaprised phe DRABS traagisior and a
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prevents a trapped charge fromleaking to the control gate. Each
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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.¢., 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 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 nenory 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 t© ground potential with the
substrate (p-type silicon) held at a 5 negative potential such that

t he source hdgatige poshtiassuok that @ spurtclined Afd asecigedheitint ¥rehohdantly held
reverse biased. During operation of the transistors of the present

i nvention, WiPEebR¥E- regi ons 140 -142 form around each of the source
regions 101 -103 respectively. The touching of the 5 depletion
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nmenmory array. EacKigwes 3 illpstotesig elepirica] epivialeat eiropit diagrags 9idhe embodiment of
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| ayer of silicon on an 1 nsul ator i 1'icon oxide or glass.” The
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equi val ent schematic of Fjgure 2. As in the enpodinment of Fjgure 1,
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and 305 regions at the top. The source regions 302 and 303 are forned
at the bot t orinstlatohESOL) 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.



pillars. The DRAM vertical gates 330 and 331 are formed over the
channel regions and are 25 coupled to their respective wordlines.
Each NVRAM transi stor uses the sane drain 304 and 305 and source
regions 302 and 303 as their respective DRAM transistors. Each

i nsul ator stack is conprised of a tunnel 6dielectric 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 @he d;oveﬁmldwmvmchbn’theinsﬂatoﬂ’twela’(ﬁd\ﬂmtiﬁtﬁodewrths
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t he DRAM NVRAM cel the present invention provides multi- 5
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trapped |nto the trapping layer wwth the resulting effect of still
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stores a "fgRalfcdi@s an el evated threshold voltage and, therefore,
| ess | eakage current than a typical prior art device. Thus the

ef fect of the {ranBh By Ghophohis R LLANSH 0 Shol DS BLE0RDToer
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the NVRAM Coa%lrngllay%(raav?th Ithse lﬁlt?r?g efE'ect (?f stlﬁ %elr\{:gn ug%agget[. iHaelxcc, 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 V4. This drives the
access device to sataration, A strong lateral field generated between the floating body and the
conirol gate drives excess holes, generated in the body, to funnel through the tunnel oxide and

25  tobetrapped. 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 tumming

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

To wrife 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
Vdd. This drives the access device to saturation. A strong |l ateral
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 tq this hole trapping, the

adj acent body potential is raised to a pdsitive potential where it
Is held permanently until the trapped state is discharged by trapping
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logic "1" respectively). For the same degree of ch arge storage |n
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different than those of the access device Vt's and, therefore,
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irtual dual-hit t
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ayer e contro at e
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schenmes to separate all levels of storage states. The DRAM NVRAM cel |

of the present invght DRAMNVRARDcdI®fGepresehidvdniib®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  resultsin an increased endurance capability (e.g., > 10 x 101 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



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 appropriate electron charge density or hol e charge
density stored into the trapping |ayer by programm ng via the NVRAM
control gate. The floating plate I\l\/RAMtrg?msi stor of the present
invention requires a significantly lower field across the dielectric
stack for programm ng via the control gate. This 25 results in an

i ncreased ehdppirpntideddapaii lait Snra i@ chacge blbcking Odyer thutlegsjes apbgramming
scalability th in tr nd,.vol tages,.,Wth appropriate selection
and scal i ng" g?h@‘*ﬁ%ﬁ@-%%@’@ﬂ%@f?ﬁ& Sf’f‘.“él.““t,mu"fllﬁ’ﬁh diffreent smBpdiments of
trappi ng | ayRMprestdiai\@aridd @mKish 8iffefdibperatioR RWEER 4L elRbRURAAE BOwHifee! d
can be reduced to between 3 x 106 and 6 x 106 V/cmconpared to a
typi cal averpgg@ionglghelesf 12 x 106 V/cmfor a'floating gate device.
30 The followng table illustrates one enbodi nent of operational

vol tages for a gate insulator stack conprising a 4.5 rimtunnel
insulator, a 6 nmSilicon-Silicon rich-Nitride 8 trapping

dielectric, and a 6. b nopBrR@ZIONAr devi] ockipafTayef that {reguijres a
progranmm ng voltagejbelow 9 V. Thils tabl e 1 s|for purposgs o

illustration only as AN W D QUL IENT S, BT él{gte PEEIt 340 ention
bl e th ’ [

can use different opgrational voltdges tlo €na
N AAL A / i | AW/
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operational nodes. 5 %T#‘;'%L VAR % Sz'éié_ﬁ:

2.5 25 cnd Gd -2.5 tk 1" Offq

"0" Float 0.8 Gnd Gn| " .
NVRAM write "0" 2.5 pDBAMEeadl0%) - g Elpaty K/RAMER it &nd1'l G (0. 8
-2.5 2.5/9 -2.5 NVRAMread "AQ' Flloat 0.8 Gnd Gndi-2. 5 iNVRAN r ead
"Al" Float 0.8 Gnd GhDRAM bead NVRAM{rHaat " ¥80" | Kbmiat Gnd Gad.sl.[2 -2.5

NVRAM write “0” | 2.5 25 | Gnd | -25/91 25

NVRAM write“1” | Gnd | 0.8 | -25 | 25/9 | 25

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

NVRAM read “Al” | Float | 0.8 Gnd God 2.5

NVRAMread “B0” | Float { 0.0 ( Gnd 1.2 -2.5

NVRAM read “B1” | Float | 0.0 | Gnd 1.2 -2.5

In this table, Vi is the bitline voltage, V. is the DRAM wordline voltage, Vg is
the DRAM source line or region voltage, Vg is the NVRAM conirol gatefwordline 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.cq, 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 vsed for PROM writing of “1” and “0”.



NVRAM read "Bl" Float 0.0 Ghd 1.2 -2.5 In this table, VBL is the
bitline voltage, VW is the DRAM wordline voltage, VSL is the DRAM
source line or region voltage, VcGis the NVRAM control gate/wordline
voltage, and Va,b 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 Aor bit B). In the case of the NVRAM reading of "Al" and "Bl ",
the bitline potentials are unchanged. The above-described | ogic

separ ati on bet weenFije's illigirate®x fiundidh blvek diageint 6ffa méfbiyideliey 840 that can

storage. The programu ng voltage, Vz.oG_could be altered to V,,.cG .
to create a‘“CQHPqT'F%ﬁErPR-g%W apenaqry gelisof Fhe prosgnt 1pypgtiomyhe mgmory device

mul ti - | evelagplObagiRa 1o BlcAth! Alo. YhiBldah 418 a3 BOL AAGHER & d?Sorls Giller

for PROMwiting o". gure ustrates a functiona
bl ock di agrtgma affcontratempeircuttey The meddry dexicedan andibe proested t0Herm part of an

DRAM NVRAM ry cell f.,the present jnyention. e mepory device
400 1 5 Soueons st 528 JbgAerRey ne 45P S0 ket Fmplthn i g op ot of
M cr opr oCesh®meMbryiRifRrOhdiefl intubAesQhdigOME pRIstdt iSefligicui try. The
menory devi ce 400 and the processor 410 formpart of an 5 electronic

system 420. The neﬂwerﬂﬁid%ﬁcé%daeéaﬁﬁ oﬁﬁmowéeﬁggs@thapﬁg%ggg?gﬁed

features of the nenory at are hel pful I'n understandi ng t
i nvent i on. dftte matidese! DRAMSNYRAMIcs peemioasly dusthtedelie myensey hsay 8D is

t hat can be _compr.i se f the mujti-Ilevel M NVRAM. cel | s evi ousl
1 Tuss oot ot Bitks o o< Blyhing. T ote B SHeR p Bp e RIS otied
col umsyg Theitgakesliné whAE thedPih Bfid SHRRRICYNIRENANS off heGRALS @elﬂs%é"é&u?leﬁ to
wordl ine while the drain and source connections of the nenory cells

are coupl edifipes. bitlines. An address buffer circuit 440 is provided

to latch address signals provided on address input connections AO-Ax
442. Address si gnahsadiress butien gutit 44Qisdeeddiddo haychaddress sigaiupteyidaiian

and a colu decoder. 446..t 0 €SSt menory array.430. . Lt wl.l be
15 appr oct APLEORT Rpti R AEAR 2 AR RN BBkt e pdeot Sy
present desietddet #Brandtad@dlutii@ecodétMas o fkess dbBSHory AREY 430 MNEGHHeONS
depends on the density and archjtecture of the nenory array 430.

That 43 t RePieiatsd by diosqsidHedindle shotibdbelengfitof tropmsenhdeserintion, thakthe y
cel | count §;,,,AB0{ AGEARFT DaRdetiFHPLRE n GRSty and architecturs 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 met.nory array.

25 Confrol circuitry 470 decodes signals provided on control connections 472 from
the processor 410. These signals are used to contro! 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 nenory device 400 reads data in the nenory array 430 by sensing
voltage or 20 current changes in the nmenory array colums using
sense/ buffer circuitry 450. The sense/buffer circuitry, in one
enbodi ment, is coupled to read and latch a row of data fromthe
menory array 430. Data input and output pyuffer circuitry 460 is

i ncluded for bi-directional data comrunication over a plurality of
data connections 462 with the controller 410. Wite circuitry 455 is
provided to wite data to the nenorQNERYSION control circuitry 470
decodes signals provided on control connections 472 from the
processor 410. Thelssumimgralthe earthodiments aféheciotegratid RRAMHYRAN oremopnof the
the nmenory array. 43 i NC i a dat a ite rogra and
erase oper dvhan‘eifion plsRteufd M Br DRATp s ARLol ddek eb B0 Ak !

a sequencertrenti capatitrofon dita kigige af weld s ficel-vaditile hBRoNEYISEYe RMeMh&Sory cell.
illustrated_in Figure 4 has been sinplified to facilitate a basic 30
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under st andi pgaf adaitic ok cuitry and functions of nenories are
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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 following clains and equivalents thereof. 11
CLAIMS 1. A nethod for operation of an integrated DRAM NVRAM cel |

the cell conprising a DRAM gate, a NVRAM control gate, a DRAM source
region, a NVRAM source region, a shared drain region, and a bit line
connected to the shared drain region, the nmethod conprising:

appl ying a ground potential to the NVRAM control gate; applying a
first positive bias voltage to the DRAM gate; and applying the ground
potential to the NVRAM source region wherein the DRAM configured to
be a capacitor-less cell, is in one of a read or wite operational
node in response to the first positi@EAIMS8S voltage such that data
is read or witten to the capacitor-less DRAM 2. The nethod of claim
1 wherein the ground potential applied to the NVRAM control gate is

shared by an adjsgenbd Weﬁé\lhtﬁﬁl'dfan thte ﬁ\T/m MVWE@H fMeleivherein

the ground potential applied to the control gaté causes the
i ntegr at ed DRAMENVFATIEEPRAM gp Y RAMontrahRaNs a PRAM sayree regionThe

met hod of C|&Iﬁb%qﬂ%ﬁ o the
NRAM function of the Eékhﬁ%@ﬁ%ﬁﬁhuﬁlﬁg§%%hﬁ gﬁ%ﬁl&g @%%ﬁ%f%g?%ntla
t o t heNVRAM soumh@e¢¢gmocg1on a}mahgthadg:oalpnsggxtl ve voltage to the NVRAM
control gate; |n Scone oltage to the bit
line; and appl ygﬁﬁ%ﬁ %ﬁoulngp 5 aLlFOtE 1&‘\1@1\?8% E %o the DRAM gat e.
5. The net hod ofapglyiag mf&st@asitnfabﬁsh@ttagen@tlwd)mm\gﬁue; indg a | ogi cal one
to the NVRAM functjon of the I appl |ng negative
bi as voltage to 2 gn@%&@w@pg@npyéq%m sourzle region w erein tﬁ‘eD )
configured to be a capacitor-less cell, is in one of a read or write
operational mode in response to the first positive bias voltage such that

data is read or written to the capacitor-less DRAM.

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
control gate causes the integrated DRAM-NVRAM cell to operate as a DRAM

function.

4, The method of claim 1 and firther 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;



12 applying a second positive bias voltage to the NVRAM contr ol

gate; applying a ground potential to the bit line; and applying a
third positive bias voltage to the DRAM gate in order to wite a

| ogical one to tthe NVRAM function of the DRAM NVRAM cell. 6. The

met hod of claim1 and further including witing a | ogical one to the
DRAM portion of the integrated DRAM NVRAM cel | by: applying a ground
potential to the NVRAM control gate; &pplying a second positive bias
voltage to the DRAM gate; appl ying the ground potential to the bit

l'i ne; and applyin negatj ve, bi | t age source
region. 7. The FREPf %Fg ‘14%3%"% %@ﬁ'@gﬁt ttmgé&‘?%‘gpﬁ%‘ﬁst rate bias
Is -2.5V. 8. Anadphli@od glofl SAddel th Blebitame; RAM NVRAM nenory cel |

conprising: a substrate conprising pl urality of trenches that form
a pillar betweetPpbarg? thifd positie hl%éﬁlf%ﬂéé@ﬂﬁ%‘éﬁ&a@rnamerrtema Jogicglhe
top of each pillar; &e%&%@hﬁ@%"f&c‘h@ﬂbﬁﬂeﬁ Qpp.of each of

the plurality of trenches a vertical gate orme aonga3|de wal |
of a first pillar to form a capamtor-less DRAMwith the pillar; a

trapping | yer e wall of the flr

ot 1 ar - Cand o &1 TepPbCtr o RER: o SrPe ¢ it o I ERaye,
such that the vpcrrthcaﬂth«-:mtﬁgfaﬁlegﬂmﬂVBAM&lle@ by an adj acent NVRAM
transistor. 9. The .nenp ell o |nthe doped drain
regions are n+ f@® %grg ‘{tﬂ’é‘a]stﬁﬁéﬂtw Solgayne conductivity.
10. The nmenory gpljingdd séebii pBsfAvibias filfage @Uhd DRARP&EAL i on of the
menory cell, the source regl ons at theé bottomof the first and the

second trenchesala’hén&taﬁ petential todkatitline; #0d depl etion regi ons t hat

substant 'ta:O: Y, By § gt Abild VoRbgdlb e AVRAMER Rgidh! 02t ng body Tn

7. The method of claim 6 wherein the negative substrate bias is —2.5V.

8. An integrated capacitor-less DRAM-NVRAM memory cell comprising:

a substrate comprising a plarality 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 to form a capacitor-less
DRAM with the 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.

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 memeory cell, the

source regions at the bottom of the first and the second trenches are capable of



11. The menory cell of claim8 wherein the trapping layer is
separated fromthe first pillar by a tunnel layer and the trapping

| ayer is separated fromthe vertical control gate by a charge

bl ocking layer. 12. The nmenory cell of claim 11l wherein the tunnel

| ayer and the charge bl ocking |ayer are conprised of silicon

di oxi de. 13. The nmeénory cell of claim8 and further including a bit

| i ne coupling each of-the drain region3 in a colum of nenory cells.
14. The menory cell of claim8 wherein the vertical gate and the
doped drain region in the first pillar formpart of a DRAM and the
trappi ng | ayer, ScReatingglepletomiegions Gafisubstantaliyraeet ppder theifirst afllar tedform he

vertical controlggatl epdQt MR a N\VRAM  15. An integrated
DRAMt NVRAM nenory ce%eli’ dgonpr?%%trqgfar'a capacitor-less field effect

transi stor having a floating body portion to store data; and a

floating pl ate txansistor Led t,0 th ield.effect transistor
hrough t het 1 oal R b iRl R Gt e pisbie e K3t Bk Wt
wherei n the fl oatilzzdgyhodyelayedr andths tragphss ldwet & skgarated frédRAN vettirel doftfol Of

the cell. 17. The nory ce|l. of claim15 wherein the DRAM oper at es
as an access de\ﬁaﬁeg%fadihgrgf’ﬁlé’cwr'

12, The memory cell of claim 11 wherein the tunnel layer and the charge blocking

layer are comprised of silicon dioxide.

13.  The memory cell of claim 8 and further including a bit line coupling each of the

drain regions in a column of memory cells.

14.  The memory cell of claim 8 wherein the vertical 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.  An integrated DRAM-NVRAM memory cell comprising:
a capacitor-less field effect transistor having a floating body portion to store data;
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.



