- 1 - Forming Resistive Random Access Memories Together With Fuse Arrays Background This
relates generally to resistive random access memories (ReRAMs). ReRAM relies on materials that can
be electrically switched between a higher 5 conductive state and a lower conductive state several
times. One type of ReRAM, a phase change memory, uses phase change materials, i.e., materials
that may be electrically switched between a generally amorphous and a generally crystalline state.
One type of phase change memory element utilized a phase change material that may be, in one
application, electrically switched between a structural state of 10 generally amorphous and generally
crystalline locafFordgingrhsiinees Hiiedent deiestaNeataitssof raherdafitadross thegpire spectrum
between completely amorphous and completely crystalline states. One time programmable fuses
may be uBadkgroanginction with a phase change memory array. For example, fuses may be
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10 generally amorphous and generally crystalline local order or between different

detectable states of local order across the entire spectrum between completely
amorphous and completely crystalline states.
One time programmable fuses may be used in conjunction with a phase
change memory array. For example, fuses may be programmed permanently to
15 store information which should not be changed. This information may include
trimming values set during manufacture, microcode, and redundancy addresses to
replace defective memory elements with replacement memory elements, to mention
a few examples.
The easiest solution to heat fuses in conjunction with the phase change
20 memory array is to permanently blow a phase change storage element. This can be
done with high current pulses delivered to the phase change memory cell in reverse
polarity.
Because it operates differently, the fuse array must include structural
differences over the phase change memory elements. In particular, the reverse
25  polarity and the high current for blowing fuses results in specific drivers and layout.
As a result, the fabrication complexity may be increased by the inclusion of a fuse

array on the same die with a memory array.

Brief Description of the Drawings

Figure 1 is an enlarged, perspective view of a main array in accordance with

30 one embodiment of the present invention;



-2- Figure 2 is an enlarged, perspective view of a fuse array in accordance with one embodiment
of the present invention; Figure 3 is a cross-section through the main array taken generally along
the line 3-3 in Figure 1 taken along the row or wordline; 5Figure 4 is an enlarged, cross-sectional view
taken generally along the line 4- 4 in Figure 1; Figure 5 is an enlarged, cross-sectional view at a
subsequent stage to that shown in Figure 3 in accopdance with one embodiment; Figure 6 is an
enlarged, cross-sectional view corresponding to Figure 4 at a 10 subsequent stage in accordance with

one embodimergigureF2a4ran/dalaryealasapsh&savsvealional Niew atasibscemierint@ofth
corresponding to éFkix(;qlure 5 in accordance with one embodiment; Figure 8 is an enlarged,

cross-seQihaMpaT mentabte, pErReL Y eBHY¥ponding to Figure 6 in accordance with one
embodiment; 15figivee Dits A0reBREERHOE G5B EERIBBANERVGALY SHSe geerl-aiBagdadhatshown in

Figure 7 in accardance with one embodiment; Figure 10 is an enlarged, cross-sectional view at a

subsequdRBstag s 'GaEsh SIS MY FPAREMIAIDGith one embodiment; Figure 11 is

an eplarged, crgsgectiosalnviaviaayedsprsssuratisinge iovinaked seawrily bignietBdninae)-
embodiment; . Figure 12 is an enlarged, cross-sectional view at a subsequent stage to that shown in
Figure 1¢il$HE8%Rmbodiment;  Figure 13 is a perspective view at a subsequent stage to that shown

in Figure 1 in aqeigiiglansesveitherargathaslises e efidnatiteeld as AR @R@RshtRERRewivieatiew at a
subseque tstaqéito that shown in Figure 2 in accordance with one embodiment; Figure 15 is an

enlarged:s AR LLEIHE SilASEard é’f’]ﬁ@é)dl?eﬁ HURERBwn in Figure 9 in accordance with one

embodiment;  Figurkigukealbaalaryedlasanss-seespinartienabvievspbadiiag oSuigsegueat to that 30
sh%n in Fiaure 12 in accordance wjth one embodime FFi'gure 17 is an enlarged, cross-sectional
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Figure 7 is an enlarged, cross-sectional view at a subsequent stage
corresponding to Figure 5 in accordance with one embodiment;
Figure 8 is an enlarged, cross-sectional view at a subsequent stage
corresponding to Figure 6 in accordance with one embodiment;
15 Figure 9 is an enlarged, cross-sectional view at a subsequent stage to that
shown in Figure 7 in accordance with one embodiment;
Figure 10 is an enlarged, cross-sectional view at a subsequent stage to that
shown in Figure 8 in accordance with one embodiment;
Figure 11 is an enlarged, cross-sectional view at a subsequent stage to that
20 shown in Figure 9 in one embodiment;
Figure 12 is an enlarged, cross-sectional view at a subsequent stage to that
shown in Figure 10 in one embodiment;
Figure 13 is a perspective view at a subsequent stage to that shown in Figure
1 in accordance with one embodiment;
25 Figure 14 is an enlarged, perspective view at a subsequent stage to that
shown in Figure 2 in accordance with one embodiment;
Figure 15 is an enlarged, cross-sectional view at a stage subsequent to that
shown in Figure 9 in accordance with one embodiment;
Figure 16 is an enlarged, cross-sectional view at a stage subsequent to that
30 shown in Figure 12 in accordance with one embodiment;
Figure 17 is an enlarged, cross-sectional view at a stage subsequent to that

shown in Figure 15 in accordance with one embodiment;



-3- Figure 18 is an enlarged, cross-sectional view corresponding to Figure 16 at a subsequent
stage in accordance with one embodiment; Figure 19 is an enlarged, perspective view of the main
array in accordance with one embodiment at a stage subsequent to that shown in Figure 14; 5Figure
20 is an enlarged, perspective view at a stage subsequent to that shown in Figure 14 in accordance
with one embodiment; Figure 21 is an enlargedgtop plan view of the isolation structures for the
main array (on the left) and the fuse array (on the right) in accordance with one embodiment; 10Figure

22 is an enlargergfiessesRCHAH HIGUEYvHasERibRaIicle RO Gee R Ory Gre1e R ediment;
Figure 23 is an enlarged, cross-sectional view showingBthe heater etching according to one

embodimeRSEHLHR ST RS WHARGE VA 212¢ B PRHNIRR at the main array in 15 accordance

with one embodimgeit ataR earyritrgedipapipdatiier tiew of il endniadapaieeblaattdop plan
view showing strips that may be patterned to uItimateIﬁ:orm heaters of the main array in accordance

with one WHbBARRIMERIDEND L QUIROS SHOIE FHEDLHR MR TP RN DEIGHER I 26 is an enlarged, top

plangview of theHifig @reyhihersiagedipidpastiaciis® alsa skawnsilbsiElierdoithaccordance with
one embodiment; Figure 27 is %%ea | enlarqed, ersrgect've view of the main array at a subsequent
8 thEgaS

stage in AVAARLIUHR bAd: B W BAdINGMatly enlarged, perspective view of the
fuse array in acepgdaaca vgthrserargathadinsais e ihe piesess|dtsntancane 2 irighser?Qris a

S (G thes 1670 B0 the 1Use aiTay (oh the gt T actortance with one o
embodiment;
10 Figure 22 is an enlarged, cross-sectional view showing the heater deposition
according to one embodiment;

Figure 23 is an enlarged, cross-sectional view showing the heater etching
according to one embodiment;

Figure 24 is a more enlarged, partial top plan view at the main array in

15 accordance with one embodiment at an early stage of manufacture;

Figure 25 is a more enlarged, top plan view showing strips that may be
patterned to ultimately form heaters of the main array in accordance with one
embodiment, at a subsequent stage to that shown in Figure 24;

Figure 26 is an enlarged, top plan view of the fuse array at the stage of

20 manufacture also shown in Figure 25, in accordance with one embodiment;

Figure 27 is a greatly enlarged, perspective view of the main array at a
subsequent stage in accordance with one embodiment;

Figure 28 is a greatly enlarged, perspective view of the fuse array in
accordance with some embodiments of the present invention; and

25 Figure 29 is a schematic depiction for one embodiment of the present

invention.

Detailed Description

A main resistive random access memory array (Figure 1) and a fuse array

(Figure 2) may be formed using the same or substantially the same steps on the
30 same semiconductor substrate. Referring to Figure 1, the semiconductor substrate
70 may have a P-type collector 72 in one embodiment. Over the P-type collector 72
may be an N-type base or wordline 74 in one embodiment. Thus, the wordlines run



A main resistive random access memory array (Figure 1) and a fuse array (Figure 2) may be formed
using the same or substantially the same steps on the 30 same semiconductor substrate. Referring to
Figure 1, the semiconductor substrate 70 may have a P-type collector 72 in one embodiment. Over the
P-type collector 72 may be an N-type base or wordline 74 in one embodiment. Thus, the wordlines run
- 4 - from left to right in the figure. The bitlines run.igto the page and include a plurality of P-type
emitters 80. Base contacts 78 separate sets of four emitters in the row direction in one embodiment.

Thus, deqper [ESNENrigAIBMOMR $i@denthi Bhﬁrf@é!\/rdﬁ@ﬁi@ﬂ?é’i’ﬁ@i@éﬁﬂﬁﬁﬂ@lﬁﬂ@@bllﬁ@ﬁt@%ﬁ 84
, the

extend in_the bitline direction. While 5not depicted in Figure 1 deeper and shallower trench

isolationd 8y RH B Ne MRSAGANQGHRILEFRPEIRIS S8 SIRIJR i SHEeHE dhsda¥s 80 and base

contacts didet@yndia Bigeehby dandmplamatogerite pperepriaiRaneskisg exasiamprdigment. The
mask may. be opened to form the appropriate conductivity type at the appropriate locations.
figeie & e
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oriemgations: ¥ephaeaiferiy giber, entbadépentind shaielpsinetririgoiatdrisesabgaynagy have the
same arr§%$@r§[int, f trench isolations 82 aﬂ,d 84 that are formed at the same time, using the same

sequenc WERREIBIESELSY SiERIMEI%4GEsed to form the 15corresponding trenches for
the main array shigaveniitfeieise bt Basecrobasifecrs. Agybthforrasa & aun theplastadicaywiay also

include base contacts 78. However, the fuse array may include fuse contacts 86 jnstead of emitters. In
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memory, gusgitiheiresisiverrindimeatsess memories may also be used. 25In Figures 3 and 4, a
dielectric 88 fills the deeper and shallower trenches 82 and 84. A silicon nitride layer 90 may be
formed under a SR LR TP THo TR AP e 05 28 B B ST e
embodimeshcsilisisiatigns 8MgateBpthgs &k Maashbd tarthedabeyvertis siliogniegianse’8, 80 and 86
and under the silicon nitride layer ?O. Note that the sam%flalue%s maé/ﬂ?e ﬁsed i% the main array 30and
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the fuse SAAYCHATST BRI RETHEIREMCHERILIFRAFEY retedit O

15 corresponding trenches for the main array shown in Figure 1, in one embodiment.
As in the main array, the fuse array may also include base contacts 78. However,
the fuse array may include fuse contacts 86 instead of emitters. In one embodiment,
the base contacts 78 and fuse contacts 86 are N+ doped and may be formed at the
same process step.

20 Figures 3-12 and 15-18 show the fabrication of the main array, with the odd
numbered figures being row direction cross-sections and the even numbered figures
being cross-sections in the bitline direction. In the illustrated embodiment, the main
array is a phase change memory, but other resistive random access memories may
also be used.

25 In Figures 3 and 4, a dielectric 88 fills the deeper and shallower trenches 82
and 84. A silicon nitride layer 90 may be formed under a silicon oxide layer 92.
However, other dielectrics may also be used. In one embodiment, silicide plus
tungsten plugs 94 may be formed above the silicon regions 78, 80 and 86 and under
the silicon nitride layer 90. Note that the same plugs may be used in the main array

30 and the fuse array. Thus, while the dielectric layers 90 and 92 are continuous in the

row direction, they are trenched, as seen in the bitline direction in Figure 4 in one



row direction, they are trenched, as seen in the bitline direction in Figure 4 in one -5 - embodiment.
Namely, the trenches 96 may run in the row direction, leaving a dielectric layer spanning each pair of
two emitters 80. Then, referring to Figures 5 and 6, the structures may be covered by a material used
to form heaters 98. For example, titanium nitride composites may be 5utilized for this purpose. The
heaters 98 may cover the dielectric material and thg trenches between the dielectric material, as
shown in Figures 5 and 6. Then, as shown in Figures 7 and 8, the heater 98 material is removed

from the inpBsHimerieleaitielanees PR IIsmbakaniy ihe voRandogveTieRmeEions remain, as

indicated at 98 in Figure 8. Thus, the L-shaped remnants 98 run 10in the row direction. A nitride

material YRIGREL HAVEESHSRANG RAHLASOHNPETEEFS SRd then trenched, as indicated, to form

sidewall spacergrepwwefarfigyte Bigures 3 ke SenwrsetisiesRomayjmEisove@dgy #e covered by
still another dielectric layer 102 which, in one embodiment, may be silicon dioxide, as shown in

15Figure§'3'aHa! H5ed O (RMERIHRAR: FOREMR G EANTHEIBIIRHFBRABIEHBA B upper

part 5f thgtiiedeictoe tiavaiukBdsereThachddian® Piay iR stranednetiturmatribhemipmarization may
go all the way down to the njtride layer 90 in one embaodiment. Referring to Fi%\Lljre 13, the resulting
heaters SEERIPBOEEERINE UEIRSY I MOt rlaS SHAUNLT &OWES SR aivs may have L shaped

heaters 98 that fasenineepsiasiig frerjioes Thadeateks Saese darthatairiinederncveestitimf an ensuing

self-aligned etch of a chalcogenide bitline which actually occurs subsequently in the process flow, but
the heatdhE ARPS RS TEHUALED T GYEHS G0 110 S Arba o7 S AR B IR Sine etching

step. Thepbeaiaesreémale, Resiticinedds HhosFithaydy aThike emittaiBdldd remnants 98 run
10 inthe row direction. A nitride material 100 may be deposited over the resulting
structure and then trenched, as indicated, to form sidewall spacers shown in Figure
8.

Then, the structure shown in Figure 8 may be covered by still another

dielectric layer 102 which, in one embodiment, may be silicon dioxide, as shown in
15 Figures 9 and 10.

Moving to Figure 11, the structure may be planarized to remove the upper
part of the dielectric layer 102, creating the planar structure shown in Figure 12. The
planarization may go all the way down to the nitride layer 90 in one embodiment.

Referring to Figure 13, the resulting heaters 98 may be L-shaped and may run

20 inthe row direction. Adjacent rows may have L-shaped heaters 98 that face in
opposite directions. The heaters 98 are further defined as a result of an ensuing
self-aligned etch of a chalcogenide bitline which actually occurs subsequently in the
process flow, but the heaters are shown here to illustrate the L-shape in advance of
the chalcogenide bitline etching step. The heaters 98 are positioned in the main

25 array on the emitters 80.

Figure 14 shows the heaters 98 for the fuse array. In this case, the heaters
98 are positioned on top of the fuse contacts 86 with no difference with respect to the
steps employed for the heater formation in the main array as described in Figures 3-
12. In this case no bipolar transistor is present below the heater and the bottom of

30 the heater element is in direct electrical contact with the N-doped silicon pillars of the
base 74.



Figure 14 shows the heaters 98 for the fuse array. In this case, the heaters 98 are positioned on top of
the fuse contacts 86 with no difference with respect to the steps employed for the heater formation in
the main array as described in Figures 3- 12. In this case no bipolar transistor is present below the
heater and the bottom of 30the heater element is in direct electrical contact with the N-doped silicon
pillars of the base 74. -6 - Continuing with Figgire 15, a series of layers are added including a
chalcogenide layer 104 in the case of a phase change memory embodiment. The chalcogenide layer

104 may be anygvatriifhguiaRrifRiréormingse RESSE Biyens ardeiesy ineding the so-called GST
(germanium, antimony, tellurium) material. In 5 some embodiments, over the phase change or

chalcogeHRcRYRPIgsAMEY i H B ARSEP| FoBNRRR ANRANGR S HNYY FIARCHRE B thlRium nitride.
Next, stil-hanibgemesalprel 0mesnhg Beresitathtagandiaeipkabl tnling RpeasesHarE

embodiment, may be tungsten to increase bitline conductivity. Referring to Figure 16, the
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15bitline gdavthde rherdurgaiemplipe dépddregeaenrdiogtdd4isiBmedoidnedmsa ensatacts 78.
Referring to Figure 19, over iné;gga ers have been moved in the perspective depiction to show the
[

arrangenfERPBHIRE thadyg R PR CIRESA RN S HER Y icogenide layers extend only

over the emitterR&feafith Nakey0aates! Wikhchigcdyrondsingateguhealass 88nidotavitiatitee heaters
were singulated duré%P he self- ali ngd bitline etch. Thus, the chalcogenide layers run in the bitline
diré@ion 'SRHCAY YIGPRASENIS: Figure 20 shows the corresponding structure in the fuse array.

Note that in the Tugetaniay, deéritisragueplialedleslgonthgitingesion wbigitlasyeaoshoperions of
B B B AR ST 0 B o on
the fuse dirddtiain@ithyefinsditmesboirnanisg mrctasqanzeiwitigineth2 el kedvsetitea resistive
random %Ca(l:geés?nnll—'?&%yl& which is the bitline direction. This is the self-aligned etch of the
15 bitline down to the tungsten plugs 94. A larger opening 114 is formed over the base
contacts 78.

Referring to Figure 19, overlying layers have been removed in the perspective
depiction to show the arrangement of the chalcogenide layers 104. As shown there,
the chalcogenide layers extend only over the emitters 80 and make contact with the

20 now singulated heaters 98. Note that the heaters were singulated during the self-
aligned bitline etch. Thus, the chalcogenide layers run in the bitline direction, as
indicated in Figure 19.

Figure 20 shows the corresponding structure in the fuse array. Note that in

the fuse array, there is a partial self-aligned bitline etch which leaves only portions of
25 the chalcogenide layer 104 along a first wordline at the edge of the array.

Thereafter, conventional steps may be utilized to form copper damascene
lines in the row and bitline directions on the fuse and main arrays in some
embodiments.

In accordance with another embodiment, a resistive random access memory

30 (ReRAM) main array and fuse array may be made on the same silicon substrate. In
some embodiments, process complexity may be reduced and efficiencies may be
achieved by using similar processing techniques for both the fuse array and the main



30 (ReRAM) main array and fuse array may be made on the same silicon substrate. In some
embodiments, process complexity may be reduced and efficiencies may be achieved by using similar
processing techniques for both the fuse array and the main - 7 - array, despite the structural
differences between the two arrays. In addition, it is advantageous to form only one fuse per bitline in
accordance with some embodiments where the selgcting transistor is realized at the array edge. The
missing fuses on each bitline then provide spacing between adjacent fuses, which 5 may reduce

shorts orglpayade spentidsapia aiotiie 8 a8 H el MR arrdPsSomagarrm, thesword lines
may be tied togtether. A vector arrangement may use common word lines, with fuses driven by drivers

along the*SY8a8PRRYRIR QP RYHIRGHHS RIRGERTIRBER AECRISGOCRIMISR P& he row parasitic

resistancerabearhdhse\ihayedmeeskieetn inPiAYIBE PR ianangeaittise me s brRdments. 10Referring
to Figure 21, the main array, inCIUdleIr‘?r the ReRAM ceIIs,_maé include s%aced, parallel, shallower

trench isOMERIAG 1USERPPEREMALUNST ISR IAFHRACMS PEMER RN HRESsWAldhs 14 or

16a may faayiréar tershoft @rahan iy e WerRlicRIXGUCHPE BIbaIialn, Jberedrapstradaig filled with a
dielectric. A cell active area 23 may be (ﬁfined at the ia}g{section between two ad;acent 15deeper

trench isolationd BABAEBEHEET N AU MK RS IR RO 2 BUGGBEEh cell active
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in one embodiment. A resistive random access memory element may be formed directly over the
elont P L AR HBREY R ARES Sl Bl dRA RALEh Reote AR AR iudes it
200wn urgeHyingeselagtiiensisics dOMBraVmY padyraeaiige Iatpaenayicdsinentsed. In the fuse
array 12, shown_on the right side in_Figyre 21, there is only one set of spaced, parallel trench
soltions 16b. TREIAUAGHRSBISHE L et At R R ana s ReBAM cel5i6a in the main
array. Hawelvele Hpapeth@aditidnrstianctvésaleiinsiddlatiay deparidaskip dnelitinaraspaceand, instead,
the fuse array 25may include word ljines 18 that extend cantinuously between adjacent trench
colation D SO HELHRE SRETNS R N RAPIARS 2oL 0% BE BB UTOR nos that
simultane@siyiekiie arsanitusel aetisr dobgrateytosexampla sthiie dhdl ethinthreaylisletides a series
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cell active area 23 may be a select transistor (not shown in Figure
21) in the form of a bipolar junction transistor in one embodiment. A resistive
random access memory element may be formed directly over the select transistor, in
some embodiments. That is, in some embodiments, each ReRAM cell includes its

20 own underlying select transistor. Other main array configurations may also be used.

In the fuse array 12, shown on the right side in Figure 21, there is only one set

of spaced, parallel trench isolations 16b. The trench isolations 16b correspond to
the shallower trench isolations 16a in the main array. However, the perpendicular
trench isolations 14 may be omitted in the fuse array and, instead, the fuse array

25 may include word lines 18 that extend continuously between adjacent trench
isolations 16b. Thus, in contrast to the main array, the fuse array uses continuous
word lines that simultaneously drive many fuse cells along a row for example, while
the main array includes a series of individual bipolar junction transistors that drive
each cell, in some embodiments.

30 Advantageously, in some embodiments, the use of continuous, low resistance
word lines may reduce the parasitic resistance of the fuse array. The resistance may
be important in the fuse array because of the need for relatively high currents to



- 8 - destructively program the fuses in the fuse array. In some embodiments, the fuses may be
programmed by passing a reverse biased high current through them, causing destructive failure. As a
result, the fuses are either unprogrammed or programmed by causing the fuses to fail by the passage
of relatively high current. In 50ne embodiment, the word lines 14 may be formed of silicide such as
cobalt silicide, formed on top of the same semicondictor substrate in which the trenches were formed.
Then, in Figure 22, a heater layer 20 and, optionally, a dielectric sheath layer 126, both having

sublithogfrRigdNE @36 gPamanRifigRindaRdstecaine wvairnd @HISo dikreReataidayse20 may

constitute a plurality of parallel, spaced strips runnin%in the bitline direction indicated as "Y" in Figure

22.Ina ﬂﬂé¥&8rﬁﬁ@é%ﬁ%@%%%ﬂﬂﬁ&f%%% R RGN RUFER RISAT LY ERE material. For

example chgsheatristaceival falax eroskieerdoule irafisdesperstEd aHpRIYrAayn &y @nbodiments
using non-phase change resistive random access memories and, in some phase 15 change memory

embodin AL aMMEL Y FRARIALI tRRHEE $40 IRV @ RRSSAIR IR G ELatE M UBRHTGR I Rerial and,

in s@ne eRresnisolifatetNAY Wosked 18 saymBaskadna Bricigedstiprasepdheaspicins 20 in the
fuse arr?i/ an%ﬁge main arraél The thickness of the heé;lter layer 2,%&1&% be in the range of 5-20 nm in
Y

some enfB5ANRTANIOM A RS ST S5 TARY HRGb AMBRISIE € IL§BF18SW5Hawhich are

formed cegiaeld. 24 which, in some embodiments, may be either base contacts or emitter contacts of a

bipolar select transistar. The trench 124 in overlying dielectric layers 121 and 122 enaples heaters to
ke an electr AR ECRUFES tn LSAREHE P REa I EIS e B G R RV Ho6 are

etched bacis apetHatirbimgigsizibgraphiyeniekmaey dienedhtobeiimnddibsifeepter tienehfér4, as
illustrated af 127 in Figure 3. In practice, vertical portions of the heater layer 20 and of the sheath layer
gk P L A B I LB PR Flncb B R cH JURA Reator
strips 20'jankesbigiil premienh iRbicsespessivelyinakigndipiniiha phashrentiogeTheratase, the second
dielectric layer 122 outside the 30 heater trenches 124, and the first dielectric layer 18, the base
Contacts DGR Giah o S 05, 4 Rcod e Gl A0S A R L M EL Al e AORES Hi e
heater stripatd® rasedridhegrproduectiiveler ivestidalraspisnseroicapenpéodicuiaicinibeiméntsolumn
direction Y and havirlgl; Smt%,PP Iateral%ri%rusions at bottom. In practice, twa separate heater strips 20'

are obtaiHEt SN MR ARG LIS 56 RIE AL AR TS Weeh T n I OLRS KBRS 20" extends
on a5 espgriivge ave oic¢leativodirarsistoliscanekite isvlated-fr onayaby otptadehtgr strips 20' of the wafer

o2 A fIIIIré%rresponding strips of conductive material and, in some cases, no heater may be
used. The same masks may be used to produce the strips 20 in the fuse array and
the main array. The thickness of the heater layer 20 may be in the range of 5-20 nm
in some embodiments. The heater layer 20 may be formed over a dielectric layer 18

20 in which are formed contacts 24 which, in some embodiments, may be either base
contacts or emitter contacts of a bipolar select transistor. The trench 124 in
overlying dielectric layers 121 and 122 enables heaters to make an electrical
connection to the contacts 24.

The heater layer 20 and the sheath layer 126 are etched back and flat

25 portions thereof are removed from the bottom of the heater trench 124, as illustrated
at 127 in Figure 3. In practice, vertical portions of the heater layer 20 and of the
sheath layer 126 adhering to sides of the heater trenches 124 are separated from
each other and define heater strips 20' and sheath portions 126', respectively,
extending in the row direction. Therefore, the second dielectric layer 122 outside the

30 heater trenches 124, and the first dielectric layer 18, the base contacts 24a and the
emitter contacts 24b inside the heater trenches 124 are exposed again. The heater
strips 20' are in the form of rectilinear vertical walls, running perpendicular to the



5 layer (not shown) is deposited on the wafer 52 and removed from outside the heater trenches 124 by
chemical mechanical planarization. Hence, the heater trenches 124 are filled by filling portions 127 of
the filling layer, illustrated by a dashed line in Figure 23. Referring next to Figure 24, a portion of the
main or fuse array is shown at an 10early stage of fabrication. In each array, an etch mask (not shown)
extending in the same direction as the shallow trengh isolations 16a forms a plurality of parallel,
spaced heater strips 20'. Next, a plurality of layers may be built up over the strips 20'. For a phase
change ragmail. crebRSE vhangeanaigrsth -l protrubRN S atepesHediapragideohtaose layers,

followed by other suitable layers incIudir&; a conductive cap and, in some embodiments, a metal line,

such as £CBPRUE ey RS 6t ReRRiARER oy b DRI AR ARS8 such as nickel

oxide, titariHandioNideasHiep thdi P rasthiRPomnsyiris erda iR sprtive PlRwraerlen. Then, a
mask (not shown) extending perpendicularly to the mask used to form 20the strips 20" (shown in

Figure 242ARSI¢/S L?&Qdi%dngFf‘ﬁ R0 A LPSELERIRLSTPSHMWATEYRFELB2THUEAG stack of
depasitethlpyiefgotrsioding is swiicbirg vateEligetehashdeaying thefideshisidotnaskadportions

20a of the strips 20" and also defining lines 22 that actually include the swijtching material for the fuse
2nd mairt GRS AL AT SR 53 R B e ARTLAYES tHE ST SRR dFRRBE 232y which

now have kefnesegyTemtethbigotiscreedienterirgaagechiceuplrditoea exigraalipelest transistor (not

shown in Eigure 23), an underlying heater 20a in a phase change memory application, and an
overIyingF ARPeell (not shown in Figure 23). The main array cells 27 may include a chalcogenide in

the case of a prRéefephaggexnerPgLes 24eaiPdEeWot thagmameasiausetieragse shavaustive 30
random access memaory other than a phase change memory. Thus, in the main array, the regular

bl of CA SRRy GBORARI o LU BEN LG BLRAOANGS LR EXSM e in a gri
pattern irsapmaelgathegirasnts shilow tresfaesongith sigesef@onatatiptusanae dimearalseng the same
masks used in dFi ure 23, a different structure is achieved in the fuse array. In the fuse array, the same
depositioﬁg%ee a{%ﬁt@& R'BPr the same stack as in the main array, but the depositions are patterned

differently in a diegticn pransitgretléy e heagibeoh thie inse 2therupsinigae aPhHasa result, the
lines 22 have different Ien%h}and e interrupted j)y ?B?ﬂaﬁ G i% e vertical directiog in Figure 26
R ofitliAg

That is, VS SEHEPIRL Y23 RO RTGEP I dre VRIS CtilYhAR HRORRECRR s 22b on
topld theofjenSe Bglon, thel gap dhyhsthimesui2b leolktjrus, thelidésy2z s@nilthiv dngs 22dicontinue the
lines 22bégrrﬁlésér%%%%ljr%%%ef‘g,ligemze%gl (ﬂrr]\g]guch as a copper metal line. In other resistive
memories, a different switching material, such as nickel oxide, titanium dioxide,
silicon dioxide, or MNnOx may be used, to mention a few examples.
Then, a mask (not shown) extending perpendicularly to the mask used to form
20  the strips 20" (shown in Figure 24), may be used to form the parallel, spaced lines 22
shown in Figure 25. Thus, the stack of deposited layers, including a switching
material, is etched, leaving the underlying or masked portions 20a of the strips 20’
and also defining lines 22 that actually include the switching material for the fuse and
main array cells. The lines 22 extend perpendicularly to the original lengths of strips
25 20", which now have been segmented into discrete heaters 20a, each coupled to an
external select transistor (not shown in Figure 23), an underlying heater 20a in a
phase change memory application, and an overlying ReRAM cell (not shown in
Figure 23). The main array cells 27 may include a chalcogenide in the case of a
phase change memory or a resistive switching material in the case of a resistive
30 random access memory other than a phase change memory. Thus, in the main
array, the regular matrix of cells 27 may be formed, each cell being equidistantly
spaced from its adjacent cells in a grid pattern in some embodiments.



10top is aligned with a shorter line 22c below the gap G. Likewise, each shorter line 22b on top is
aligned with a longer line 22d below the gap G. As a result, cells 26 are only formed where the
longer lines 22a or 22d overlap the heaters 20a. A complete grid pattern of cells is not achieved in the
fuse array because, on alternate lines 22b and 22c, fuse cells are not formed. This provides 15some
spacing between the adjacent fuses, which may impyove reliability in some embodiments. That is, the
adjacent neighbors of each existing fuse are removed so that there is greater spacing from one fuse to

the next.  MpsRYRRJ® FaghrinEs2 e rding ifriee veiHisahebiiaatisetiose @iy one fuse 26

is formed_in some embadiments. Particularly, as explained in greater 20detail hereafter, for each of the

lines 220899 Eca ALETRIBIEYCHIEAS R B A SHTHSE Gptsit ok Tupfa'sap &18n the

opposite %ﬁ@ﬂéﬂﬁ)ﬁﬁ@f@@é Qpﬂhédiﬂﬁo?ﬁ\atﬁ@@é’rﬂ@- Hack f@§iﬂ&l€@'r¥1§iﬁﬁaﬂ°ﬂ#§9, ipdetmed per
vertical line 22a/22c or 22b/22d in some embodiments. Each line 22a/22¢c and 22b/22d ma

correspoHARESUGME 7 RAFENGH SEGIRIN D S\GALAD ERRESE {ﬂé'?ﬁalﬁpgwh%mudyes the

deeper igplatas dtswivnnipg fien2 thedsfhsieauinvwaedines e iaeshafiowat isatphensitaren from the
right side into the[:fgja e.A pluralltg f pillar shaped contacts 24, which may be tungsten contacts, may
connect {9%&i14B r%éi%rg?@»&é JRGeKELUCE) (HE RN ANEIOLRABNs 14. 30Above the contacts 24

may be the heateiat28ae A/ RIASE IFARAA HedngRr eMibRAMERE| Urh R ingonatatianh.en the
ca I SRR ARGHE VI MRS PALIE D38 1o R v A GHEJES 30 that
may be dmppepZa samehermhesinrentarihad éotmesimaial itlinesuls) sektelentredinenza 6 theesult,
Ui SO HL A SRR G e R 37 TTa AR an WK ey TSR Sdcressed
and acceggsd)fr(wp b@@Wg-ridd\M&t\I‘ea m@g@ellm?@ mh@iﬂ%wg@@mingously formgd so_they are
26, mihe form QI RS A SEFY S B FLR R R LSRR D
metallization {dkRE322080Meampbledingeiatpatieen\d? doksishot achieved in the fuse array
because, on alternate lines 22b and 22c, fuse cells are not formed. This provides
15 some spacing between the adjacent fuses, which may improve reliability in some
embodiments. That is, the adjacent neighbors of each existing fuse are removed so
that there is greater spacing from one fuse to the next.
Moreover, for each line 22 extending in the vertical or bitline direction, only
one fuse 26 is formed in some embodiments. Particularly, as explained in greater
20 detail hereafter, for each of the lines 22b or 22c no fuse is formed, but a fuse is
formed on the opposite side of the gap G on the opposite side of the fuse array on
the lines 22a and 22d. As a result, only one fuse is formed per vertical line 22a/22c
or 22b/22d in some embodiments. Each line 22a/22¢c and 22b/22d may correspond
to a bitline in some embodiments.
25 Moving to Figure 27, the main array includes the deeper isolations 16a
running from the left side inwardly, while the shallower isolations 14 run from the
right side into the page. A plurality of pillar shaped contacts 24, which may be
tungsten contacts, may connect to silicided regions 50, segmented by the shallower
isolations 14.
30 Above the contacts 24 may be the heaters 20a, in a phase change memory
embodiment. The switching material 26, in the case of a phase change memory
embodiment, may be a chalcogenide plus an overlying conductive cap in some



are, therefore, removed from the array and, therefore, may be wider (or may be formed by multiple
lines), reducing their resistance. The heaters 20a are self-aligned to each cell 27 since the heaters
20a are segmented by the same etch used to segment the bitlines, in some embodiments. 15 Below
the contacts 24, the bipolar select transistors may be segmented by the perpendicular trenches 14 and
16a in the substrate 52. The bipolar select transistgns_each include a region 50 which may be formed
of silicide. Referring to Figure 28, in the fuse array, fuse cells 26a and 26b are defined over

heaters 20anburrvsdiatoRatypgnieesinbrlls RotAal 251 arindicaietnz2834, Ryater and the

overlying portion of the cell are missing. That is, a fuse is missing between two adjacent fuses 26a and
26b. Thistﬁﬁi"s@ﬁéj RRSECRRFRAEPTE R REANRENGS, HaRIMA L FIA YRGS $MSREMd lines 22b and

22¢ shovghipddanesgd. The fuses 26a and 26b are formed where the longer lines 22a overlap the
heaters 20a, as shown in Figures 24 and 26. Similarly, another fuse is missing 25to the right of the

i
fuse 26b in this MBJERHENEABHEGD RGRY HlshomaEhaise oste thayiGure 86t W?‘Eéh% r
embgdimaslgdihg Enaiibafsberswiiebing tmatanairfiand thenhithneap@ hay dgcthensanogy keanother

embodiment, the bitline 30 may be contipuous (unlike what js shown in Figure 8), while the switching
aterial R QDR A AT RN e T AN O e AR LA SARRE O M iation that
forms tharnnaets Blkiodhe imakcarsigdsartoovstingoysrd e dSintthe fase @isdgmebied, AN

alternating arrangement of fuses is shown in Figure 29, where only one fuse 26 is formed on each line
22, In soM5, EUMERALOR BERRERACRRS UG LS AR BN AR IS HhRG HEPEHGR: of the fuse

aréay-fTEis Meags it %Wérmmsf@wéﬁiifapmﬂ%d?b%ﬂﬁbdﬁﬁ@l%%@l@bﬂﬂdm\smﬁ @i the othder f
side of the fuse 5 array. In genera|, a fuse a transistor 40 for that fuse ma on the same side o
theise SHISHAE S RiE Al RE (TSP PR LB REL i [OFSerhed in some
embodimareistHeaeivfosecoet\2@l if GoUple dimgremtinend?Zetine early e wWid dapontapne fuse 26 per
line 22 in_.one embodiment. All of the word lines 18 in the fuse array are 10 connected to a common
bias andﬁﬂgplﬁ%rb%'agh@% 'meéhe’ %%m&%ﬂf. e85 Fe select transistors 40 may be a NMOS
transistor in oneTéibediven20bhargaiels-afighe dransistdrs d02nayriee chapleditoaaircader. In
some embodiments, NMOS transistor selectors 40 cantk%ﬁef%rimed in.the fuse arraa/ Ionﬁtéhe edges of

the fuse SAAYCREIRABIESHRLELB RO Segmen nes, in some embodime

15 Below the contacts 24, the bipolar select transistors may be segmented by the
perpendicular trenches 14 and 16a in the substrate 52. The bipolar select transistors
each include a region 50 which may be formed of silicide.

Referring to Figure 28, in the fuse array, fuse cells 26a and 26b are defined
over heaters 20a. Intermediate between the two cells 26a and 26b, as indicated by

20 34, a heater and the overlying portion of the cell are missing. That is, a fuse is
missing between two adjacent fuses 26a and 26b. This missing fuse and heater
were removed by the etch that formed the shortened lines 22b and 22¢ shown in
Figure 26. The fuses 26a and 26b are formed where the longer lines 22a overlap
the heaters 20a, as shown in Figures 24 and 26. Similarly, another fuse is missing

25  to the right of the fuse 26b in this embodiment, corresponding to the shortened line
22b in Figure 26.

In some embodiments, the length of the switching material 26 and the bitline
30 may be the same. In another embodiment, the bitline 30 may be continuous
(unlike what is shown in Figure 8), while the switching material is discontinuous, as

30 shown in Figure 8.

In some embodiments, the silicidation that forms the contacts 50 in the main
array also forms the word lines 18 in the fuse array.



15 selectors 40 in the fuse array because they can be formed out from under the fuses. At the same
time, bipolar junction select transistors can be formed under each main array cell. In some
embodiments, the fuse array is much smaller with respect to the main array even though the cell
density of the fuse array is lower. Enlarging the size of 20 the fuse array may improve reproducibility in
some embodiments. Programming to alter thejgtate or phase of the material may be accomplished
by applying voltage potentials to bottom and top electrodes, thereby generating a voltage potential

across a memoreigrartinglaa G FRSIRIVEfGUats NthBVRteraki GrABSIdE It Haeophp e pé phase
change memaries, when the voltage potential is 25 greater than the threshold voltages of any select

device attSPERGY ARG AN FRINANIBIZLr LAISQARR AR RGN tRr SuefeChEaRs SR 49Switching

material ifr6RRAINSEY tedbIe RisRigdNG iAo BgtettiNS ke Biaxy eTHIdmTwealinghaf theeswdtching
material. . This he_atin% may alter the memory state or phase of the switching material, in 30 one

phase chAAGTHUAGHP SHIBBLRHLAL SARIPIKE HRASE R ARGPEHBHRIRGT Y8 RId)%IGne

elecgicalghayaqieaeiieailmernssyanatarialnsisto t® fesigian égser malSuetivie shelsayalaggeobthe

material may be altered by altering the phase of the memory material. n the "reset" state, memory

material 5y 4e8 R AR SIG AR AUREA oA cLEStlle IR 55 H1NSE O U8 AR IRBR hiSterial

may be incalgeysiaHiseme mavdiisiadine state. The resistance of memory material in the amorphous

or semi- amorphous state m greatey than the resistance of memory material in the crystalline or
e ek

be
semi-crystalline 582 158 t6he@protBed AR IR oAb A RANMCRASHSFous and
crystallingGigdesinke speptivady eid leotimegition| asfdtib ataid eiagisangoipRpeitRi soryesafiansmay be

o bl 2GR B4 AT R 2 AL Ao LA RAEFI RS BIRETURELL SRS, rogram
memory thategRidotalgitc il yaluerly beatingADS telngistof memneymiaidinatin. aTeiatueds lower
crystallization temperature may crystallize or devitrify memory material and "set" memory material
(e.q., pro%%é'f‘r? *i%ﬁﬂé?ﬂ&y@ﬁi@ﬁiﬁ&%%%@ 'tﬁf"a\/ééféﬂ.g%rarious resistances of memory material may
be achieved to stosennéosmaibainmniiar MO e emsisiaseleoens MaﬁmQUmﬁmﬁthhqlh th"e
embocim4TE FEA A B RS R e GEiEbe, O EhAEIEH S HSBREO Y S0connection wit
thel®mbagliteeniris 40dides fnsat ieasy beedogdahwntatiobe formed out from under the fuses.
At the same time, bipolar junction select transistors can be formed under each main
array cell.
In some embodiments, the fuse array is much smaller with respect to the main
array even though the cell density of the fuse array is lower. Enlarging the size of
20 the fuse array may improve reproducibility in some embodiments.
Programming to alter the state or phase of the material may be accomplished
by applying voltage potentials to bottom and top electrodes, thereby generating a
voltage potential across a memory element including a resistive switching material.
Considering the case of phase change memories, when the voltage potential is
25 greater than the threshold voltages of any select device and memory element, then
an electrical current may flow through a heater and the switching material in
response to the applied voltage potentials, and may result in heating of the switching
material.
This heating may alter the memory state or phase of the switching material, in
30 one phase change memory embodiment. Altering the phase or state of the material

16 may alter the electrical characteristic of memory material, e.g., the resistance or



encompassed within the present invention. Thus, appearances of the phrase "one embodiment” or "in
an embodiment" are not necessarily referring to the same embodiment. Furthermore, the particular
features, structures, or characteristics may be instituted in other suitable forms other than the
particular embodiment illustrated 25and all such forms may be encompassed within the claims of the
present application. While the present inventioyghas been described with respect to a limited
number of embodiments, those skilled in the art will appreciate numerous modifications and variations

therefromi feshisite DEREJE I i FRRRIE Arelines ArMeicatsarEr M AHic phere adenrines,as fall

within the true spirit and scope of this 30present invention. -14- What is claimed is: 1 1.A method
comprisiﬁ@?‘%ﬁlning a chalcogenide memory array and fuse array at the same time 3 on the same

substrate; and 4fpfAdngdéer fisarariagmeiRgraaty e pfayassi et dardh R b AE@-12. The method
of claim 1 including formin%ﬁ?el_ect devices in said memory 2arra§1. 13.The method of claim 1 including

forming RORCHR AL BRASD Sen SR e MR HeNMdRtte iz ARSI G GIYHHMEiREIuding
forming selesit clgeicaimbystareinphavee2rath 66 Othearda) theaehrs id ShEhenmoeyhed obeladmi

including ongrf rming one set ?ﬁ said trenches ﬁigrétthe,fuse arraiynt]oeform condu,ctive I'Wees. 16.The
i

method ABRIRTSYRGHIMG OFRME EaHE s3I B AR BRGS g memory material in t

crystalline or semi-crystalline state. It is to be appreciated that the association of
reset and set with amorphous and crystalline states, respectively, is a convention
and that at least an opposite convention may be adopted.

10 Using electrical current, memory material may be heated to a relatively higher
temperature to melt and then quenched to vitrify and "reset" memory material in an
amorphous state (e.g., program memory material to a logic "0" value). Heating the
volume of memory material to a relatively lower crystallization temperature may
crystallize or devitrify memory material and "set" memory material (e.g., program

15 memory material to a logic "1" value). Various resistances of memory material may
be achieved to store information by varying the amount of current flow and duration
through the volume of memory material.

References throughout this specification to “one embodiment” or “an
embodiment” mean that a particular feature, structure, or characteristic described in

20 connection with the embodiment is included in at least one implementation
encompassed within the present invention. Thus, appearances of the phrase “one
embodiment” or “in an embodiment” are not necessarily referring to the same
embodiment. Furthermore, the particular features, structures, or characteristics may
be instituted in other suitable forms other than the particular embodiment illustrated

25 and all such forms may be encompassed within the claims of the present application.

While the present invention has been described with respect to a limited
number of embodiments, those skilled in the art will appreciate numerous
modifications and variations therefrom. It is intended that the appended claims cover
all such modifications and variations as fall within the true spirit and scope of this

30 present invention.



2said conductive lines, said address lines including only one fuse per line. 17.The method of claim 6
including forming interrupted address lines 2wherein said address lines include a gap, each address
line including a first portion 3 on one side of said gap and a second portion on the opposite side of the
said gap. 18.The method of claim 7 including forming fuses only on one of said first 2or second
portions of said address lines. 19.The method of clggm 8 including forming fuses at the intersection of
an 2address line and a conductive line and forming some of said address line portions to -15- 3 be
shorter than Athersasodapissome of said address line portions do not overlap a 4conductive line. 110.A
method comprising: 2forming a chalcogenide memory array with a first set of parallel 3trenches and a
second set of parallel trenches perpendicular to said first set of 4parallel trenches; and 5forming a fuse
array on the same subatiaggtheaitheRaigogenide 6memory array and forming said first set of

parallel trenches to extend into sajd fuse 7array. 111.The method of claim 10 including forming
addréss lines incIudindeHNng a chalcogenide memory array and fuse array at the same time

3 on the same substrate; and

4 forming the fuse array using only steps needed for the memory array.
1 2. The method of claim 1 including forming select devices in said memory
2 array.

1 3. The method of claim 1 including forming said fuse array of phase

2 change memory elements.

1 4. The method of claim 3 including forming select devices by forming two

2  sets of orthogonal trenches.

5. The method of claim 4 including only forming one set of said trenches

2 inthe fuse array to form conductive lines.

1 6. The method of claim 5 including forming address lines transverse to

2 said conductive lines, said address lines including only one fuse per line.

1 7. The method of claim 6 including forming interrupted address lines
wherein said address lines include a gap, each address line including a first portion

3 onone side of said gap and a second portion on the opposite side of the said gap.

1 8. The method of claim 7 including forming fuses only on one of said first

2 or second portions of said address lines.

1 9. The method of claim 8 including forming fuses at the intersection of an

2 address line and a conductive line and forming some of said address line portions to



2one fuse per line. 112.The method of claim 11 including forming interrupted address lines 2wherein
said address lines include a gap, each address line including a first portion 3 on one side of said gap
and a second portion on the opposite side of said gap. 113.The method of claim 12 including forming
fuses only on one of said first 2or second portions of said address lines. 114.The method of claim 13
including forming fuses at an intersection of an 2addyess line and a conductive line and forming some
of said address line portions 3shorter than others of said address lines so that some of said address
line gortigssHepraptiedarpscanthativeniaaf ki dtressales soritheIbRiisingedasemiconductor
substrate; 3a chalcogenide memory array formed on said substrate, said 4chalcogenide memory array
mclﬁilngcé"ﬂ %E’leoaqf'arallel trenches and a second set 50f parallel trenches perpendicular to said
first set of parallel trenches; and 6a fuse array on said substrate, said first set of parallel trenches

7extending into said fuse array. -16- 1 16.The circuit of claim 15, said fuse array including address
linestand 0. A methdd comprising:

forming a chalcogenide memory array with a first set of parallel
trenches and a second set of parallel trenches perpendicular to said first set of
parallel trenches; and

forming a fuse array on the same substrate with said chalcogenide

memory array and forming said first set of parallel trenches to extend into said fuse

N o OO~ W N

array.

[ —

11. The method of claim 10 including forming address lines including only

2 one fuse per line.

1 12.  The method of claim 11 including forming interrupted address lines
wherein said address lines include a gap, each address line including a first portion

3 onone side of said gap and a second portion on the opposite side of said gap.

1 13. The method of claim 12 including forming fuses only on one of said first
2 or second portions of said address lines.

14.  The method of claim 13 including forming fuses at an intersection of an
address line and a conductive line and forming some of said address line portions
shorter than others of said address lines so that some of said address line portions
do not overlap a conductive line.

15.  Anintegrated circuit comprising:

a semiconductor substrate;

a chalcogenide memory array formed on said substrate, said
chalcogenide memory array including a first set of parallel trenches and a second set
of parallel trenches perpendicular to said first set of parallel trenches; and

a fuse array on said substrate, said first set of parallel trenches

N o 00N W N PFP AN WDN PR

extending into said fuse array.



2including only one fuse per address line. 117.The circuit of claim 16 including said address lines
including gaps 2 where said address lines include a first portion on one side of said gap and a second
3portion on the opposite side of said gap. 118.The circuit of claim 17 including said fuses only being
positioned on 2one of said first or second portions of said address lines. 119.The circuit of claim 18
wherein said fuses are formed at the intersection-2p§ an address line and a conductive line and some
of said address line portions 3being shorter than others so that some of said address line portions do
not overlap a 4conductive line. 120.The circuit of claim 18 wherein said circuit is a phase change
memlory. 16.  The circuit of claim 15, said fuse array including address lines and

2 including only one fuse per address line.

17.  The circuit of claim 16 including said address lines including gaps
where said address lines include a first portion on one side of said gap and a second

portion on the opposite side of said gap.

18.  The circuit of claim 17 including said fuses only being positioned on

2 one of said first or second portions of said address lines.

19.  The circuit of claim 18 wherein said fuses are formed at the intersection
of an address line and a conductive line and some of said address line portions

being shorter than others so that some of said address line portions do not overlap a

A W N P

conductive line.

1 20.  The circuit of claim 18 wherein said circuit is a phase change memory.





