SELF- SELECTI NG PCM DEVI CE NOT REQUI RI NG A DEDI CATED
SELECTOR TRANSI STOR BACKGROUND OF THE | NVENTI ON
[0001] Floating gate nenories are self selected
devi ces where the selecting functions and the storage
functions are realized in a unique device. However,
this type of nonvolatile nenory is being replaced by
Phase Change Menory (PCM for the next generation due
SELF-SELETTIRGWCVEDENFCENOT REQBIRING A DEDRSATEDSEEECTOR
circuitries and a fabrication conpatibility with the
Conpl ement ary Met al - Oxi dgr ARS8 FORAUCt or ( CMOS)
process. Current PCM uses a dedi cated sel ection
device, wusually a MOS or a BJT transistor, to select
the menory cell for reading and witing. The
I ' ' j addi tional masks and process
BMWQ%%?@% {I\ﬁ&iﬁ , i nmprovenents are needed in
the selection device for selecting the menory cell. 1
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0002] The subj ect
[008dd t eFloatingranie memetirs aneaait $QB¢Pt¢§ dﬁ&ﬁcﬁfi wiese F'}B selecting
poi nted out and distinctly claimed in the concl udi ng
funstions and die stoeageplunctionsoaleoraliZaseiniawveiguée deviceh dlovaver, this
both as to organi zati on and net hod of operation,
typearf etongolatilet hewione st kssing fepdacacelsy Phaske Ghaage Mpsory (PCM) for
thereof, may best be understood by reference to the
the next generation due to favorable write speeds, smaller cell sizes, simpler

circuitries and a fabrication compatibility with the Complementary Metal-Oxide-
Semiconductor (CMOS) process. Current PCM uses a dedicated selection device,
usually a MOS or a BJT transistor, to select the memory cell for reading and writing.
The selection device requires additio_na! masks and process complexity, and
therefore, improvements are needed in the selection device for selecting the memory

cell.



followi ng detailed description when read with the
acconpanyi ng drawings in which: [0003] FIG 1 shows a
storage device that illustrates a first view A-A° and
a second view B-B'; [0004] FIG 2 is a view along a
A-A" axis of a deposited copper word |ine and other
word lines as viewed along the B-B' axis; [0005] FIG
3 illustrates a cross-sectional view of a stack of

BRIEP OESCRIPRON ORI THE DRAWINGSUde n-type ZnO, p-type
GST, and TiN in accordance with the present invention

[0082] Vi ?W@%uﬁ]e%ﬂ&a‘tt@? rdyaided@sk théilehtiéh B &ﬁlé\ﬁéﬁy pomted out and

[0006] FIG 4 1llustrates a cross-section of a
disfifetly il o RS E%g?gif'*éﬁvéfﬁf“;ﬁ%ﬁteﬁnc
Layer position LD ace Q T .
nowiEyeE b qsntoaoa%wéé\wet B B, Bf yRigihn. Bosfin vigh oblects.
OOO [ tes cel] sealin d dielectrics
fea '~lf1"v‘=i3 |4\‘ljf @fﬁqr@w Sikad g’ﬁ%‘Pe ”9%3&033%’ fgference to the
accordance wt h t he present invention; [0008] FIG 6
follpwingdetaiiackdesoripfipe wrf@nrfﬁaq:l yAthhe agePinpARYiBg drawings in which:
accordance with the present invention; [0009] FIG 7
[0008] us FiGt tshowa ecsthrageatevine that llustrates aeflrslmew A-A’and a
architecture in accordance with the present
segomdesigw @3B’; 2
[0004] FIG. 2 is a view along a A-A’ axis of a deposited copper word line and
other word lines as viewed along the B-B’ axis;
[0005] FIG. 3illustrates a cross-sectional view of a stack of deposited materials
that include n-type ZnQO, p-type GST, and TiN in accordance with the present
invention as viewed along the A-A’ axis and the B-B' axis ;
[0006] FIG. 4 illustrates a cross-section of a dot defined for a PCM memory
storage device fabricated with Zinc Oxide (ZnO) that is deposited with an Atomic
Layer Deposition (ALD) process adjacent to GST material in accordance with the
present invention;
[0007] FIG. 5 illustrates cell sealing and dielectrics filling foliowing deposition of
the stack in accordance with the present invention;
[0008] FIG. 6 illustrates bitline formation and definition in accordance with the
present invention;

[0009] FIG. 7 illustrates lance heater definition in a PCM architecture in

accordance with the present invention;



[0010] FIG 8 shows the IN electrical characteristics
of the GST/ZnO heterojunction for the enbodi nent of a
menory device that utilizes the heater el enment
illustrated in FIG 7; and [0011]] FIG 9 shows the IN
el ectrical characteristics for the self selected
device, show ng a desel ected region and a sel ection
region for detecting a resistance of the nenory
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sifmplicity and clarity of 1llustration, elenents
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anal ogous el enents. 3 DETAI LED DESCRI PTI ON [ 0013] In
shewiagfoliessliecied raian ped ag@g%qtqolgtrpgﬁn fagdetesting 3 fesistapee of the
details are set forth 1in order to provide a thorough
memeiydevigadi ng of the invention. However, it will be
understood by those skilled in the art that the
[0042¢ s e it will ipecappireciatealythbtfop saoplicity dnd widrihy of illusteston, elements
specific details. In other instances, well-known
iluskeateads thepli%ﬂésl Waes not 6ecEseafliteadla®nic schie. IFvexadiple, the
been described in detail so as not to obscure the

dinfEIREHE of SHNRNbS {AB-elements may be exaggerated relative to other elements
for clarity. Further, where considered appropriate, reference numerals have been

repeated among the figures to indicate corresponding or analogous elements.



[0014] It should be understood that the terns

"“coupl ed" and "connected", along wth their
derivatives, are not intended as synonyns for each
other. Rather, in particular enbodinents, "connected"
may be used to indicate that two or nore elenents are
in direct physical or electrical contact wth each

ot her. "Coupled" may be used to indicated that two or

DETRIEED PRBOIPPIGN I N either direct or indirect (with
ot her intervening el ements between them physical or
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views are used in FIGs. 2-6 to show the
W*th‘a%trthéﬁ peeciieapiails.Hin other t%@"%ﬁa‘&@%‘km mthpde procedures,
into the Conpl enentary Metal - Oxi de- Sem conduct or
comemMms)ts gndawsyits haye oot bern describedin defad s@ asi g tojobgcure the
along the A-A" axis and the B-B' axis that shows a
pregepbmivertibrcopper word line. Note that these views
illustrate an initial process step in 4 the

fabrication of the PCM storage el enents that follow
the CMOS process that fabricates CMOS | ogi c gates.

[od10@16]|t $tdeid Be 'uhbéfsftécﬁi 5t heClefns “érﬁgﬂéd?rﬁﬂd "oRMe@EEN Along
A- axis and the B-B' axis of deposited
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particular embodiments, “connected” may be used to indicate that two or more
elements are in direct physical or electrical contact with each other. “Coupled” may
be used to indicated that two or more elements are in either direct or indirect (with
other intervening elements between them) physical or electrical contact with each
other, and/or that the two or more elements co-operate or interact with each other

(e.g. as in a cause and effect relationship).

[0015] FIG. 1 shows a top view of a storage device that illustrates a first view
along the A-A’ axis and a second orthogonal view along the B-B’ axis. These two
views are used in FIGs. 2-6 to shéw the fabrication compatibility that places PCM
devices into the Complementary Metal-Oxide-Semiconductor (CMOS) process.
Specifically, FIG. 2 is a side view along the A-A’ axis and the B-B’ axis that shows a

deposited copper word line. Note that these views illustrate an initial process step in



308 in accordance with the present invention. The
figure shows a self-heated PCM storage device 300
fabricated having a Ge-Sb-Te (GST) naterial 304
deposited directly on top of a Zinc Oxide (ZnO | ayer
302 wthout |osing the storage capability of the GST
material. The stack fornms a heterojunction di ode 306
at the junction of the p-type GST material 304 with

thel faBricationist tHe PJ M}éﬁfr?:_cl]éa Q%%ﬂdntyﬁid? GolRwiiveuE ﬂ@SJ{)ILd&ﬁss that

process as shown in , a systemnenory w

i al be fabricated that hi bi t
fabgiﬁal%g @@S?%ﬁ&as may be fabricate at exhibits

ase transi s due to changes in tenperature. By
including the alloys of elenents of group VI of the
periodic table, referred to as chal cogeni des or

I c nj terials, the.nenor cel , be ,
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that transition the nenory cell between a high ]
axip cafj dapogited maé@r@i§ gtack dUB’PQEZd‘Qf 302 d@&pesfggﬂe%% apd TiN
a low resistance state (a crystalline phase, set _
308 innaeoordanngswitle thel pregent ineentiony The figiwe ghows a self-heated PCM
advant ageously in the illustrated process to provide
stodagendevice BO0 Eabricatquhizessdng al@ergSbrehe (GSE priaterid 804 deposited
remai n stable even after the power is renoved fromthe

directiyvayl wbidfa TRo0yide3Zh0P ERkr BO2 thihoGMOSINGGe storage capability
manuf acturi ng process the ZnO coating may be
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provides a filmgrowh that is "self-limting based on
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[0017] Using a manufacturing process as shown in FIG. 3, a system memory with
phase change materials may be fabricated that exhibits phase transitions due to
changes in temperature. By including the alloys of elements of group VI of the
periodic table, referred to as chalcogenides or chalcogenic materials, the memory
cells may be programmed by resistive heating with current pulses that transition the
memory cell between a high resistance state (an amorphous phase, reset state) and
a low resistance state (a crystalline phase, set state). Thus, chalcogenides may be
used advantageously in the illustrated process to provide data retention in phase
change memory cells that remain stable even after the power is removed from the

nonvolatile memory.



possi ble. During fabrication this coating process

i ntroduces into a process chanber a gas that deposits
a nmonol ayer on the wafer surface. A second gas
introduced into the chanmber reacts with the first
precursor to produce a nonol ayer of filmon the
substrate whose | ayer thickness is precisely
controlled by the nunber of deposition cycles. Thus,

[0018F AlPiHY ORRFS/PON nithufadtiifg F%sgthé 2hotdoaghy ma&Vbe

tenperatures and provide Angstromlevel thickness
. - . | f . - .
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crystalline GST material .304 is naturally.p-type and
possiez yringiiaPRCatiogani afing pracesS it o BopRES chamber
di ode 306 havi ng giood rectifying properties. Diode 306
a gagyhaldenosits ayaenglayers) thewaigr ﬁwgaqgsﬁ $ERYIY 9% |ntroduced into
storage el ement which elimnates the use of a
thegelsinekarggaete vétht iherirstrriasurseoto progduesaimenaiaysy of 8im oprthe
the PCM array. Thus, depositing p-type crystalline
suladate spose Jyer divickass)is phenigely bentrnoltegigey thiermsuntberdd deposition
(ZnO layer 302 fornms a GST/ZnO junction enbedded in

cydies PR, she Pldeprebesemiay beacudriéth ouf ot rebrdiveiyddw teeghersteres and
the stack and the subsequent process conplexity, also

prévidd AfgSrahBRY) tEkERS kedntrel witle dupér-ddiformed|9irhs et are pinhole-
device fabrication. 6 [0020] FIG 4 illustrates a

fre&! oss-section of a dot 402 defined for the self-heated

[0019] As previously mentioned, by processing the GST layer 304 to be in contact
with the ZnO layer 302, the interface forms a GST/Zn0O heterojunction. The
crystalline GST material 304 is naturally p-type and the ZnO material 302 is n-type,
with the resuiting diode 306 having good rectifying properties. Diode 306 may be
employed for selecting the GST memory cell storage element which eliminates the
use of a dedicated selection transistor for each memory cell in the PCM array. Thus,
depositing p-type crystalline GST layer 304 directly above the n-type Zinc Oxide
(ZnO) layer 302 forms a GST/ZnO junction embedded in the PCM storage element,
and the formed diode reduces th_e stack and the subsequent process compiexity,

also saving a number of masks related to the selection device fabrication.



PCM st orage device 300 fabricated wwth a p-type GST
materi al 304 adjacent to the n- type ZnO material 302.
FIG 5 illustrates cell sealing SiN 502 and
dielectrics filling 504 follow ng deposition of the
stack in accordance with the present invention. FIG 6
illustrates the bitline 602 formation and definition.
A positive bias applied to a top contact (W) with

[062@?5 PeFG! # ilfulfatedtd s 2BERGH of ¥Bbt 40U B&firdY fohehe self-heated
ector device. [0021] FIG 7 illustrates an

PO SRR davick, 300 Rl palcel A 2B o3 P atelar ufidiacept to the n-
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pore device, or a Trench device
Ilupieles gin Aithhe S0ioinaton And Relpiase A PASKIERAY APPHESLS,  top
other PCM cell architectures may deposit a ZnO |ayer
cortteat (iin withciggpeeigolths bettomgontac I(\MBEU"G% podhe pelgcier device.
GST | ayer 702, where the whole stack is subsequently
etched. The GST dot region 712 is fornmed close to the
heater elenent and is involved in the phase change and

[0029] al FoGpAiltustrbtdshem embotinterit of aj ROMItItonage alevidet UCekbving a
by GST layer 702 and ZnO | ayer 704. It should be

heétteeanobhata @@T dd¥&gior 74 2itRatSs TohRUEA YRS Phase bhéﬁge An n-
both the selection and the storage elenent, thus
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N electric characteristics o
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proper 'es o
for example, a wall device, a pore device, or a Trench device may incorporate

features of the present invention. Thus, other PCM cell architectures may deposit a
ZnQO layer 704 and a capping layer 708 after the deposition of GST layer 702, where
the whole stack is subsequently etched. The GST dot region 712 is formed close to
the heater element and is involved in the phase change and is also part of the
rectifying junction constituted by GST layer 702 and ZnO layer 704. i should be
clear that GST layer 702 is simultaneously part of both the selection and the storage

element, thus realizing a self-selected device:

[0022] FIG. 8 provides the |-V electrical characteristics of the p-type GST layer
and the n-type ZnO heterojunction. The electrical properties of the junction are

illustrated for a ground potential applied to the ZnO layer 704 and a positive voltage



illustrated for a ground potential applied to the ZnO
| ayer 704 and a positive voltage 7 applied to GST

| ayer 702, and also for a negative voltage applied to
the GST layer to reverse bias the junction. The
voltage on the X-axis is the difference between the
botton1contact voltage and the top contact voltage. A
rati o of an current to an "off" current as

ap;ﬂ%‘él' tg '@ST;‘ ihc})é)’ ?bQ NadPhico1asa AcyativedyifagdRipphed R GST layer to

with an area  of 100 nm x 100 nm and
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.junction reversed biased, both of the states of
W*téﬁﬁrﬁgé ofiA00 e 280 e and g8 “ly’ syrrast et pA B@ée%fr‘t 3 VOHS The
desel ected region 902. Wth a positive voltage
datafppthecstirtent fan/ledfris provided ae ode edamipls and athersatiosonay be used
l[imt (defined by region 904), the two states of PCM
witboulrlmgtingl the deinvé@Dsuhjgctbratiatet ect ed by readi ng t he
resi stance of the device. It is anticipated that the
positive bias voltage of two volts described as a
limt may be adjusted. Also note that the electrical

[002B3%" aHEG O %lbeér%é%fthé'IQﬂSIeZQ@aPthé@nelrbst foe the self selected
progranm ng regi on when the biasing voltage is above

de\ggﬁ.ar it ﬂﬁ@lotl c!lé magls {oﬂﬂﬁé ht B @ngZﬁ(i) ﬁ.@%ﬂ:ﬂ r&fersed biased, both

phase-change materi a eposite
of the states of PCM storage device 700 are deselected as described by deselected

region 902. With a positive voltage supplied to forward bias the diode below a two
volt limit (defined by region 904), the two states of PCM storage device 700 may be
detected by reading the resistance of the device. It is anticipated that the positive
bias voltage of two volts described as a limit may be adjusted. Also note that the
electrical characteristics of diode 706 overlap in the programming region when the

biasing voltage is above the two volt limit.

[0024] By now it should be apparent that a phase-change material GST deposited
adjacent to a ZnO layer form a self-selected storage device. The diode formed at the
ZnO/GST interface clearly shows both rectification and storage capabilities within this

PCM architecture.



adjacent to a ZnO layer forma self-selected storage
device. The diode forned at the ZnQ GST interface
clearly shows both rectification and storage
capabilities within this PCMarchitecture. 8 [0025]
Wiile certain features of the invention have been
illustrated and described herein, many nodifications,
substitutions, changes, and equivalents will now occur

[0028] t WoRif Sdrtdih Rshtdidsidiehéldventidn hve bB&H flusfSted!ifhdescribed

understood that the appended clains are intended t
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el ement, wherein the diode is used to select the PCM

of thedryajdioB| ement. 2. The PCM storage el ement of claim1
wherein the PCM storage el enent changes state with or
wi thout a heater elenment. 3. The PCM storage el enent
of claim1l wherein the n-type sem conduct or



CLAIMS
What is claimed is:

1. A Phase-Change Memory (PCM), comprising:

a first metal line;

a second metal line;

a dielectric between the first and second metal lines;

a first barrier between the first metal line and the dielectric and contacting the first
metal line and the dielectric;

a second barrier between the second metal line and the dielectric and contacting the
second metal line and the dielectric;

a first memory cell having an oxide-based material including an n-type Zinc Oxide
(ZnO) material in direct contact with a natural p-type crystalline PCM material to form a
diode junction embedded in the PCM material, the ZnO material contacting the first metal
line;

first material arranged in a stack with the ZnO material and the PCM material;

a second memory cell having an oxide-based material including an n-type ZnO
material in direct contact with a natural p-type crystalline PCM material to form a diode
junction embedded in the PCM material, the ZnO material contacting the second metal line;
and

a second material arranged in a stack with the ZnO material and the PCM material of
the second memory cell.

2. The PCM of claim 1 wherein each of the first and second metal lines includes copper.
3. The PCM of claim 1 wherein a positive bias of two volts or less forward biases the

diode junction to allow detection of a state of the memory cell by reading a resistance of the
PCM material.

4. The PCM of claim 1 wherein the first material includes TiN.

5. The PCM of claim 1 wherein the second material includes TiN.

6. The PCM of claim 1 wherein the PCM material is deposited directly above the ZnO
material.
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