1 A MEMORY DEVICE WTH A SELF- ASSEMBLED POLYMER FI LM AND METHOD OF MAKI NG
THE SAME RELATED APPLI CATI ONS 12 SEP 2005 [01] This application contains
subject matter related to the subject nmatter disclosed in copending U S.
Provi si onal Patent Application Serial No. 60/289,054. FIELD OF THE -

| NVENTI ON [02] The present invention relates to the field of electronic
menories, and nore particularly, to thé& structure and formation of a

pol ymer nmenory. BACKGROUND OF THE | NVENTI ON [ 03] Current conpbfPe?ins
processi ng systens operate on binary data wherein a logic one is
represented by a high voltage | evel (approximately V. ,,,, typically 3.3 or
5 Volts) and logic O is represented by a | ow voltage |evel (approxinmately

Vss, typically 0 volt A MEMORYMBEVICRAMVED A SHe-ASSEaas) BOCess nenory
cells, such as dynam gof DRV, m* Cﬁﬁ‘?ﬂ‘ﬁ{ﬁﬁﬁ t he hi gh vol tage
| evel to store a | ogi cog'ne angné%&gc ar%éer)capam or ’tro ow voltage
| evel to store a logic zero. During a read, the voltage on a cell
capacitor is differentially sensed against a reference voltage set between

V, and V, S } on the result, restored by latching the full
WV, or Vﬁ%ﬁﬁ%ﬁe@%e cell is simlarly output to the periphery
and ul ti tfl thl?ut si_de the DRAM device itself by driving various .
i nput / ouﬁg (isoppplication cantains ryhicamalior xelated o {iassuljent jmafige disclosed in
ever-incr, i TFRRLY g . i re bits per DRAM
chip to icgg@eggge ét'o?%%gﬁ%g§9€§wgoé\§ %?‘%BFB%F?’E’S%& DRAM chi p can be
increased either by increasing the DRAM cell density (i.e., the nunber of
cells per _given chip area), or the DRAMcell capacity (i.e., the nunber of
bits st od@ELDR BYENTIONcr easi ng the DRAM cel |  density requires the
devel opment of an advanced circuit design and fabrication techniques to
[02] The present invention relates to the field of electronic memories, and more

particularly, to the structure and formation of a polymer memory.

BACKGROUND OF THE INVENTION

[03] Current computer processing systems operate on binary data wherein a logic one is
represented by a high voltage level (approximately V., typically 3.3 or 5 Volis) and logic 0
is represented by a low voltage level (approximately Vg, typically 0 volts or ground).
Conventional random access memory cells, such as dynamic (DRAM), charge a cell
capacitor to the high voltage level to store a logic one and discharge the capacitor to low
voltage level to store a logic zero. During 2 DRAM read, the voltage on a cell capacitor is
differentially sensed against a reference voltage set between V.. and Vi and then, depending
on the result, restored by latching the full V. or Vi level. Data from the cell is similarly
output to the periphery and ultimately outside the DRAM device itself by driving various
input/output (I/O) lines to approximately Vi, or V.

[04] The ever-increasing memory demands require the storing of more bits per DRAM
chip to increase storage capacity. The number of bits per DRAM chip can be increased either
by increasing the DRAM cell density (i.e., the number of cells per given chip area), or the
DRAM cell capacity (i.e., the number of bits stored in each cell). Increasing the DRAM cell

density requires the development of an advanced circuit design and fabrication techniques to



2 12 SEP 2005 pack smaller cells into denser arrays, which is tine
consum ng and requires expensive photolithographic process equi pnent.
Further, as DRAM cel |l s becone snaller and the arrays nore dense, physical
devi ce aspects, such as the charge stored per capacitor, will becone -
limting factors. [05] The nenory capacity can be increased, LZ% Fz@ﬁ

vol atile nenory, such as DRAM and non-volatile nenory such ﬁ

menory, by storing multiple bits per cell. In one approach, nore than the
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al l owed voltage levels. A voltage of OV can then be used to represent” a
two- bi t | oficEe dasse phosical devies aspgeis.ofuch ap theoshargse: spsed 1per capaciipn; 48 iheceme
l ogic "01 Timitfh Vchlt&Qge of approximately 2V to represent a logic "10" and a
vol t age of apptgom nmately 3V to represent a logic "11". In this fashion, an

NSB and a [05B CHie hendtpegshclty can Herdrease®! for bdtherodate imenry,a@eh ag MR ANE
nunber of voltage . | evels used depend on the desired design. [06] The

actual i npishBor-wlpls memery sych\as tksh memey by stesimgt muliipkubiepergiellploBnens .
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| east significant bit (LSB n, be stored in a single cell as function of
capaci t or W“’PSS‘@F tj?’h@ 9e§f(jl@{aegqne!be Ef9re§éﬁsqnﬁg°f?%9§1 YV V%@Q@‘éﬂs- A
agai nst a vcn%gsr&nw el iRfed hadd t reHbRhaR Wl 1&@ﬁ-midf " ¥ voltagd o €r
sensing the B, the LSB is then sensed against one-half of v, ., o%

of f set by enppexampieht &Vytoampresént radlogic, 01", Theoltigg rof aipprdxénatelys2Y to fepresent a

depends ony.t he 1, 7] bt ai ni an _adegquat.e .sense .si.gnal .in such
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el ement or_the use of a high dielectric constant material in constructing
the capacleVels usedidependsommihe dgsieedifisriga i on of bot h.

[06] The actual implementation of multi-valued memofy presents a number of problems.
For instance, Murotani et al. (1997 IEEE International Solid State Circuit Conference, Digest
of Technical Papers, pp. 74-75, 1997) have proposed a 4-level storage device in which both a
most significant bit (MSB) and a least significant bit (LSB) can be stored in a single cell as
function of capacitor voltage. The MSB is detected by sensing the stored voltage against a |
reference voltage that is substantially one-half of V.. After sensing the MSB, the LSB is then
sensed against one-half of V. of offset by appfoximately one-third V.. The sign of the offset
(+,-) depends on the MSB (1, 0).

[07] Obtaining an adequate sense signal in such a system disadvantageously requires that
the storage capacitor has a large capacitance, which in turn implies a chip area occupied by
the storage element or the use of a high dielectric constant material in constructing the
capacitor, or possibly a combination of both.

[08] There is a need for providing an elegant circuit for implementing multi-valued storagé

with efficient use of chip area.




[08] There is a need for providing an elegant circuit for inplenmenting

mul ti-valued storage wth efficient use of chip area. 3 12 SEP 2005
SUMVARY OF THE | NVENTI ON [09] These and other needs are net by enbodi ments
of the present invention, which provide a nethod of forming a nenory cel
conprising formng a first electrode and forming a nenory elenment on the
first el ectrode by self-assenbly. The nmegory el ement conpri sesep jppgol ymer
that adheres only to the first electrode and has multiple resistance val ues
that are | e f the polyner to an electric field. A
second eIé@ﬁ#%@éﬁf§§V§%ES§R§§¥”§W£ first menory elenment. [10] The earlier
stated needs are also net by other enbodi ments of the present invention
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[11] A sti er aspec resen i nventi pI’OVI

assenbl i nthesfirstmemony ed@uete, conprising the steps of formng an array of
transi stors_and COV%@' ng t.hes transi stors with % di el egtrlc | ayer.
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formed . odleﬂd\mma:ymr yovegingrtbe thiangistat axragnuhqﬂmalm daczdmtawts tawardrtheotransistor

el enent s 2] The Legaln t her .f eatures ects advant ages of
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det ai | ed dgsdaed. MeMOryotlefieftstire Foitied] g3V AMEAP BoMB O thd adaftitts, WwihOthk Uidthéron

with the acco anyl ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 13]
brang: 9

Fi gure 1 ielpmen @@e@tﬂatqnowe&onéacmmﬁr potcon fhee dielectrisclager. Ay commion
accordanc %le\éfr&cﬂ-, i¢ Browded that contacts each of the memory elements.

[11] A still further aspect of the present invention provides a method of assembling a

memory device, comprising the steps of forming an array of transistors and covering these
transistors with a dielectric layer. Conductive contacts to the transistors through the dielectric
layer are formed. Memory elements with multiple selectable resistance values are formed on
the conductive contacts by self-assembly. A common electrode is formed .on the memory
elements that contacts to each of the memory elements.

' [12] The foregoing and other features, aspects and advantages of the present invention will
become more apparent from the following detailed -déscription of the present invention when

taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

" [13] Figure 1 is a schematic depiction of a memory chip constructed in accordance with an '

embodiment of the present invention.




enbodi mrent of the present invention. 12 SEP 2005 [14] Figure 2 is a
perspective view of a cross-section of a portion of a menory chip in
accordance wth enbodi nents of the present invention during one step of the
assenbly process. [15] Figure 3 is a side view of the nmenory array of
Figure 2, during one step of the assenbly process in accordzggﬁ 3@ﬁh
enbodi nents of the present invention. [1@] Figure 4 shows th F ure of
Figure 3 followi ng the deposition of a barrier layer on the conductive

I , i th enbodi t f th . (o t] . 171, Fi
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adhesi on  ic@¥Akn@Nwith &enktiydithéits loBXBS prdséht AaGHEA RS dde asP ofl e Msémply t he

present invention. [18] Figure 6 shows the structure of Figure 5, follow ng
t he deposiproesss.of a pol ynmer nenory el enent on a conductive contact, forned

by self-as . in,accordance with enbodi nents..of the,present .lnvention.
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of the present _invention. [20] Figure 8 is a schematic' depiction of the
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present invention addresses, and sol ves probl ens related to.the formation o
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wi th an aduemeyatlemenir omya oinductives cattant,sformedlibyl seif-assemblyy ér acmpdancé rgtha

lurality. of contacts to the transistor arrays

transistor_array, .and.a
t hr ough t K&t ogf%?rg%?ﬁhgp%g%ru_w ﬂ’ﬂ)‘ry el enents are fornmed on the contacts
by a sel f -[agpertibyreP? QiePhets the structure Figure 6, following the formation of a common

electrode over the memory elements, in accordance with embodiments of the present

invention.

[20] Figure 8 is a schematic' depiction of the self-assembly process, in accordance with
embodiments of the present invention. .

[21] Figure 9 depicts a schematic-cross-section of a sclf-assembled conductive path

arrangement, in accordance with embodiments of the present invention.

3 DETAILED DESCRIPTION OF THE INVENTION

[22] The present invention addresses and solves problems related to the formation of
memory cells and memory devices, including that of providing a multi-bit memory cell that
increases chip density and can be readily assembled. The present invention achieves this, in
part, by providing a memory device with an addressable array of transistors, a dielectric layer
covering a transistor array, and a plurality of contacts to the transistor arrays through the
dielectric layer. Memory elements are formed on the contacts by a self-assembly process.
These memory elements, in embodiments .of the invention; comprise a material that changes

resistance in response to an applied electric field. Multiple resistance values are selectable -




These nmenory el enents, in enbodi ments of the invention, conprise a materi al
that changes resistance in response to an applied electric field. Miltiple
resi stance values are selectable 5 12 SEP 2005 and settable in these nenory
el ements. The nultiple resistance val ues correspond to nultiple-bit values
in each menory cell. Exenplary materials enployed as the nenory elenents

i ncl ude pol yconj ugat ed pol yners, phtal ogyani ne, and por phyr il SEPTHE sel f -
assenbly method of form ng the nmenory dévice provides an efficient and

el egant net hod .creating a highly conpact nenory device with
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however, ¢apatitos paf itsndrainr selegtivelsitconsectsdetopt 2pyrensupply, dor ekamplet toaVisohhe

pur poses. . devd [ ch | arger, nber of Ils in the
remory araey TinndSot Rt ool Hilbe @rlied B Slmiln sSSP or'c
provi ded dnd theiveoperition Yar€ Riefl krpwadilr @@Sart. TEhel dikiay¢ dbgsdcitoR ey FETEE lagd the?5]

An RGA bl ock 22 ogeratg{s3 to recejve a register address signal (RGA) during
a DVA dafiereqnasds e defiped bxphetelihography, WhicaAMH@PRHES BEEESnat i on for data
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within the menory ce e nenory cell's 16 I's connect ed
to a commwith ehchclDRAME cdB 12hading attensistonl4 andiadhenivey eteneent 1 &rlnithaillustsated

connect edextex%ptlar}}ei\ eztn Sdtient, 2'tota 40 s&tggh \éélg%alarggr%g{d%dﬁ% lsllzosulx;' gé apparent

to those of skill in the art, however, that such an arrangement is exemplary only for

illustration purposes. Memory devices having a much larger number of DRAM cells in the
memory array may be provided. A column decoder 18 and a row decoder 20 are provided in
the memory chip to address the individual memory cells.

[25] An RGA block 22 operates to receive a register address signal (RGA) during a DMA
data transfer, for example. This determines the destination for data and genérates a dynamic
RAM address that selects the location of the ddta within the memory cells 12. .

[26] Each of the memory cells 16 is connected to a common electrode 38 at one terminal,
and the other terminal is connected to the transistor 14 in the individual memory cells 12.

[27] The circuitry of the memory dévice depicted in Figure 1 is exemplary only as other
circuit arrangements can be employed without departing from the scope of the present
invention. In such applications, the memory elements typically formed by storage capacitors

are replaced with the multi-bit resistance memory elements of the present invention.




[27] The circuitry of the nmenory device depicted in Figure 1 is exenplary
only as other «circuit arrangenents can be enpl oyed wi thout departing from
the scope of the present invention. In such applications, the nenory

el enents typically formed by storage capacitors are replaced with the

mul ti-bit resistance nenory el enents of the present inventi on. &P%UESEP
2005 [28] Figure 2 depicts a cross-sectignal perspective view™of a portion
of the menmory chip taken along the cross-section II1-111, but w.thout the
menory el t fihBe 2l Japel i LSl - | i
Subst Y at o 37 andPend FPihh SREPSRLM fesholiio AETES aibeiul of K8 Eicplony 6
subst r at e t@&n almigdhe¢ trass-sdotion FEAE] it ovithoal the nemodedemesd 16N "substrate 22

in Figure or, illustration purposes. | y.the contacts 27 (or conductive
ol ugsy - ar€Skien PRt LA s ARG v PP iionn subiticed Lot Rar ity ey
llayer 33 gndoid Withih BEF @8 Sthd Substidle PRANGHE Bt ttghg t&gﬂ&bﬁ&t Ardendp! ddBRted finMRY

conprise any suitable conductive material, such um num or capper, for
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bet ween the conductive plug 27 and an adhesion |ayer that will be forned

above t he abERipp@r of gopper3fr ¢x301ple Eothepembddimentodescdbedc belows it ke agsumod.y

cells 12, ' L. depicted in FElgure ri_ng
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formation of the transistors and the transistor array,_ is$S de{)i cted. Source

and drai n SPEEFSHs2 Mmateny that proyes's; ibsackiop Retwipennthy eendaciivecplugodit apd 3o,
the transighQich laf@hAGHA bggfom?e%’abggeﬁaé%aﬁﬁ?l’é{?eﬁaﬁ). extending to the various
r aye
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of the transistors and the transistor array, is depicted. Source and drain regions 24, 26 are

provided along with a gate electrode 28 in the transistors. Contacts 25, 29, 27 are shown as
extending to the various elements of the transistors. A gate dielectric layer, such as silicon
oxide, is referenced with reference numeral 31. As depicted in Figure 3, the conductive plugs
27 extend from a drain 26, for example, and terminate at the opéning of a recess 32 in the
dielectric layer 33. Conventional methodology forming the transistor array to this point may
be employed.

[32] A barrier layer 30 as described earlier, is formed on top of the connective plugs 27, as
depicted in detail in Fig. 4. The barrier layer 30 comprises a material that prevents interaction
between the material of the conductive plug 27 and the adhesion layer or the polymeric
material that will be subsequently deposited above it. In embodiments of the invention in
which the conductive plug 27 comprises aluminum, the barrier layer 30 may _comprfse

tungsten, for example. Other materials suitable for use as a bairier layer may be employed



[32] A barrier layer 30 as described earlier, is formed on top of the
connective plugs 27, as depicted in detail in Fig. 4. The barrier |ayer 30
conprises a material that prevents interaction between the material of the
conductive plug 27 and the adhesion |ayer or the polynmeric mnaterial that

wi |l be subsequently deposited above it. In enbodinments of the invention in
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deposited by self-assembly in the present invention have the property of exhibiting a

resistivity that is controllably adjustable in response to eleciric field or current. Once set into
a particular resistance state, the memory element will retain that state for a period of time
unless the resistance value is erased.

[35] Inorder to self-assemble the molecular film on the adhesion layer 39, in embodiments
of the invention the memory array or memory device is located in a relatively large volume
or chamber or a small volume with a liquid monomer is provided. A monomer gas is also
provided in the large volume. The memory cell or memory device is held within this chamber
for a period of time, such as three hours, and maintained at é desired temperature range, such
as at approximately room temperature. These valueé are exemplary only as other values may
be used depending upon the particular materials employed.

[36] A number of different materials may be used as the molecular and polymer. film. In

certain embodiments of the invention, the material is a conjugated polymer. In certain other
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polymeric film of polymethylphenylacetylene is produced, typically with a thickness of

approximately 1000A after the memory cell or memory device has been held in the chamber
50 at room temperature for approximately three hours. The film 35 is depicted in Fig. 6.

[39] In other embodiments of the invention, the polymeric film 35 that is formed is
cupperphtalocyanine. In these embodiments, thé monomer gas that is used is
tetracyanobenzene. .

[40] These polymeric films and monomers are exemplary only, as those that are skilled in
the art will recognize that other polymeric films and monomers for creating such films may
be employed without ' departing from the scope of the invention. As examples - of
polyconjugated polyrﬁers useful in the present invention, the following may be employed:
polyparaphenylene, polyphenylvenyene, polyaniline, polythiophene or polypyrrole.

[41]  As depicted in Figure 7, after the deposition of the polymer by self-assembly on the
conductive 'cdntacts to the transistor array, a common electrode is formed over each of the

contacts 35. The common electrode 38 may be any suitable conductive material, such as
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ways to selectiVely interconnect erent devices on a chip,
isolated pathways to be formed, without requiring photolighographic processes. Such

pathways can provide novel ways to selectively interconnect different devices on a chip,
since the resistivity of these pathways can be reversibly changed betweén an "off" state and
an "on" state by applying an external electric field or flowing an electric current through the
pathway.
[44] The present invention as described above, provides a memory device that may be
. readily assembled by self-assembly, and produces multi-bit memory cells on a conventional
tranisistory arra'jt. This increases the effective bit storage density of a memory device. The
self-assembly method allows polymers of the memory cells to be precisely located at each of
the contacts of the transistor array.
[45] Although the present invention has been described and illustrated in detail, it is to be
clearly understood that the same by way of illustration and example only and is not to be
taken by way of limitation, the scope of the present invention being limited only by the terms

of the appended claims.




since the resistivity of these pathways can be reversibly changed between
an "off' state and an "on" state by applying an external electric field or
flowng an electric current through the pathway. [44] The present
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ot on the GREMUT CIERL A ISR e IR chrtint R IRE T BBALER RS QA of 1 he
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include a first” conductive material contacting the transistor and

ext endi ng t lrcoughon ¢lectriide lcentaeting dagly ef the BnenTry elesrentsy devi ce of claim 2,
wherein the nenory el enents conprise a material that

2.  The memory device of claim 1, wherein the contacts include a first conductive material

contacting the transistor and extending through the dielectric layer.

3. The memory device of claim 2, wherein the memory elements comprise a material that

changes resistance in response to an applied electric field.

4. The memory device of claim 3, wherein the material is capable of being set to and

remaining at one of at least three distinct resistance values.

5. The memory device of claim 4, wherein the material has the property of adhering only

to the contacts and not to the dielectric layer.

6.  The memory device of claim 4, wherein the material is a polyconjugated polymer.

7. The memory device of claim 6, wherein the polyconjugated polymer is at least one of:

polyparaphenylene, polyphenylvinylene, polyanilinie, polythiophene, or polypyrrole.

8. The memory device of claim 4, wherein the material is a polymeric phtalocyanine.




changes resistance in response to an applied electric field. 4. The nenory
device of claim3, wherein the material is capable of being set to and
remai ning at one of at |least three distinct resistance values. 5. The
menory device of claim4, wherein the ppterial has the property of adhering
only to the contacts and not to the dielectric layer. 6. The nenory device
of claim4, wherein the material is a polyconjugated polyh%ﬁEPﬂm5The menory
device of claim®6, wherein the polyconjugated polynmer is at | east one of:
pol ypar aphe Al bil:L D j ene, or
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pol yneric phtal ocyanine. 11 12 SEP 2005 9. The nenory device of claim 4,

wherein the material .is a pqglyneric porphyrin.. 10, The nenory devi ce of
clai m 1.100ndPEmipradiy dereiabelan oY AR B SHHOPCRLIVE PIHA SRATSC YU e mor y
device of claim 10, wherein the barrier |ayer conprises tungsten. 12. The
menory device of claim1l, wherein the adhesion | ayer conprises copper or a
copper dlll oyThe i@morhdeviesrof slaitell), vdhendin tediarmiet 2qyenb@nprises tungstent eri al is a
pol yconj ugat ed polynmer. 14. The menory device of claim 12, wherein the
material is a polyneric phtal ocyanine. 15. The menory device of claim12,

wher ei n 1phe TEBhRmMoRy devic@oPQhMIET, ivtheRGH BIRAIh&sionlyer CoMprBERIoppél@iace Of
claim12, wherein the material is at |east one of a polyconjugated

pol yrrer coppgséllg¥reri ¢ pht al ocyani ne, or a pol ymeric porphyrin. 17. The
menory device of claim 12, wherein the common el ectrode conprises al um num
13.  The memory device of claim 12, wherein the material is a polyconjugated polymer.
14.  The memory device of claim 12, wherein the material is a polymeric phtalocyanine.

15. The memory device of claim 12, wherein the material is a polymeric porphyrin.

16. The memory device of claim 12, wherein the material is at least one of a polyconjugated

polymer, a polymeric phtalocyanine, or a polymeric porphyrin.

17.  The memory device of claim 12, wherein the common electrode comprises aluminum.




