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Technical Field [0001] The present disclosure relates generally to
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tungsten digitlines. Background [0002] Many el ectroni c devi ces and
systens i ncl uderunabegy 8ide. igsCANS Refidbs tdier&iRi@ 3@ pefdtRe OMfE SGir
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the intersect 'fom%aa&vmmhe@ kiR hAPRAALEONMRRBHARI R forh M itEGhted
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are stored int array. S nmanner, stored in the

array may be euseraationchnflmumaturzabiRdbbnsetviny hael lEtteguiesodras, use by
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cell s that thgsasblag thepieitfdngd SevitkRye determ ned to already hold an
In this_nmanner, the DRAM conpensates for | eakages of

el ectric char 50
el ectric char@ 3 om t hePgramie Bandmt deeess pienery (PRAM) is an example of
integrated circuit memory. DRAM typically comprises an array of

semiconductor capacitor cells, each of which may hold an amount of electric
charge that represents the logical value of a stored bit. The cells in the array are
typically arranged in rows and columns. Each cell is situated at the intersection
of arow and a column. Each cell in the DRAM array may be accessed by
simultaneously addressing the intersecting row and column.

[0004] In operation, internal amplifiers in the DRAM sense the
amounts of electric charges stored on the capacitors. Based on the sensed
electric charges, the outputs of the sense amplifiers represent the logical values
of the bits that are stored in the DRAM array. In this manner, the data stored in
the array may be extracted from the DRAM integrated circuit for use by other
integrated circuits in the electronic device. In addition, other internal circuitry
on the DRAM refreshes the charge on those cells that the sense amplifiers have
determined to already hold an electric charge. In this manner, the DRAM

compensates for leakages of electric charge from the semiconductor capacitor



cells, such as | eakage into the substrate of the DRAM i nt egrated
circuit. Such reading, witing, and maintaining of charge on the
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menory cel | idagklightiog timedbgprelchi@ing the digitlines. If too large, the time constant
results in a slower read time for the DRAM integrated circuit that limits the use
of the DRAM integrated circuit in modern high-speed electronic devices. As
clock speeds for DRAM integrated circuits increase, the minimum time between
commands lessens and the equalization times for digitlines should likewise
decrease.
[0007] Decreasing bitline resistance/capacitance can improve write and
read performance and failure rates. The capacitance can be decreased by
reducing the bitline thickness. However, a decrease in the line thickness below
1000 angstroms (A) significantly increases its electrical resistivity, resulting in a

degradation of the device performance.

Brief Description of the Drawings

[0008] Figure 1 illustrates a DRAM memory cell including a digitline
and wordline connected to the memory cell.
[0009] Figure 2 illustrates a DRAM memory array including digitlines

and wordlines connected to each memory cell in the memory array.



and wordline connected to the nenory cell. [0009]Figure 2 illustrates
a DRAM nmenory array including digitlines and wordlines connected to
each nmenor Wc@P#/137470t he nmenory array. WO PCT/US2008/005681
2008/ 137070PCT/ US2008/ 005681 100101Figures 3A-3B illustrate a cross

sectional vie a digitline fabricated according .to a previous
appr oach. [OOWE] gur es iﬁ"ﬁe@3ﬁ'?€§®ﬁ£{?tg aa?_’%gfégcémg@cvt‘?%ﬁg? B0 of a
di gi tline fabfiteiahtedacoediigiongpredodapprdackli ment of the present

di scl osur e. [0012] Figure 5 ill ust ra\hgs the grain structure of .
tungsten on al¥yl t1ine FiEyresdar 6 1staledicress sestiangresy el adiggincoach.

fabricated according to an embodiment of the present disclosure.

[0012] Figure 5 illustrates the grain structure of tungsten on a digitline
fabricated according to a previous approach.

[0013] Figure 6 illustrates a cross-sectional view of a digitline showing
the grain structure of a digitline fabricated according to a previous approach.
[0014) Figure 7 illustrates the grain structure of tungsten on a digitline
fabricated in accordance with an embodiment of the present disclosure.

[0015] Figure 8 illustratesla cross-sectional view of a digitline showing
the grain structure of a digitline fabricated in accordance with an embodiment of
the present disclosure.

[0016] Figure 9 is a functional block diagram of an electronic memory
system having at least one memory device including a digitline formed
according to an embodiment of the present disclosure.

[0017] Figure 10 is a functional block diagram of a memory module
having at ]east one memory device including a digitline formed according to an

embodiment of the present disclosure.

Detailed Description
{0018] Embodiments of the present disclosure include systems,

methods, and devices having tungsten digitlines. One method embodiment
includes forming tungsten digitlines with a tungsten (W) monolayer on a
tungsten nitride (WNy) substrate, forming a boron (B) monolayer on the W
monolayer, and forming a bulk W layer on the B monolayer.

[0019] In some embodiments, the monolayer of tungsten (W) can be
grown using one cycle of diborane (B2H;) followed by hydrogen (H;) reduction
of tungsten hexafluoride (WFs). This step can promote adhesion of the bulk
tungsten layer to the structure. In various embodiments, the deposition of a
monolayer of boron can be performed by thermal decomposition of B;Hg at a
high temperature. Boron acts as a surfactant and acts to facilitate the formation
of the grain-structure in the bulk tungsten layér. However, a large amount of

boron can reduce the adhesion of tungsten. In various embodiments, a low-
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100131Figure 6 illustrates a cross-sectional view of a digitline
showi ng the grain structure of a digitline fabricated according to a
previ ous aprWBER707PO014] Figure 7 illustrates the grai nPEHYIIBBOPHSDS
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Description [0018] Enbodi nents of present disclosure include
syst ens, in width on a bulk tungsten ]ayer that is less than 500 angstroms (jf\) thick.
These dimensions are 4-5 times larger than that achievable by previous tungsten
deposition processes. This increase in the grain structure results in a decrease in
resistivity in the digitline of over 10 pOhm-cm. This decrease reduces the
resistivity by half over the resistivity of brevious tungsten deposition processes.
[0021] Figure 1 illustrates a DRAM memory cell including a digitline
and wordline connected to the memory cell. The DRAM memory cell shown in
Figure 1 consists of a transistor 106 and a capacitor 108, referred to as a one-
transistor one-capacitor (1T1C) cell. The wordline 104 is connected to the gate
of the transistor 106 and the digitline 102 is connected to the source/drain side of
the transistor 106. The transistor 106 operates as a switch, between the capacitor
108 and the digitline 102. The memory cell is capable of holding a single piece
of binary information, as stored electric charge in the cell capacitor 108.
Embodiments are not so limited to the example memory cell of Figure 1. For
example, in some embodiments, the memory cell 100 can be a multilevel cell.
Given a bias voltage of Vce/2 on the capacitor's common node 110, a Jogic one
level is represented by +Vec/2 volts across the capacitor and a logic zero is
represented by -Vee/2 volts across the capacitor 108. In either case, the amount
of charge stored 1n the capacitor is Q=C-VCC/2 coulombs, where C is the
capacitance value in Farads.
[0022] The wordline 104, connected to the gate of the transistor 106, is
used to activate the memory cell. The memory cell 100 is addressed at an
intersection of wordline 104 and digitline 102. The state of the memory cells is
then read by a sense amplifier (not shown) that determines through digitline 102
the state of the cell 100. A potential is provided to digitline 102 as part of a
refresh operation to refresh the state read from the memory cell. A DRAM

memory cell constantly needs to be refreshed because the capacitor 108 in the
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capa01tance in the digitline improves read and write times in the memory cell

and decreases the amount of read and write failure in the memory cell. The
digitline capacitance can be lowered by decreasing the thickness of the digitline.
In reducing the thickness of the digitline, the capacitance in not only decreased
in a beneficial manner, but also the physical size the memory array can be
reduced allowing for more dense memory arrays. |

[0026] A side effect of decreasing the digitline thickness to reduce
capacitance in the digitline and in turn improve the performance characteristics

of the memory cell is an increase in digitline resistivity. When the digitline
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used to activate the nenory cell. The nenory cell 100 is addressed at
an intersection of wordline 104 and digitline 102. The state of the
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determ nes through digitline 102 the state of the cell 100. A
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the perfornmance characteristics of the nmenor I'S an 1 ncrease in
di gi tline restepdceording ty\re pmppdimgnipefithe present disclosure. The process begins

with a tungsten nitride (WN,) substrate 402. As shown in Figure 4A, a
monolayer of tungsten 404 film is formed on the WN; substrate 402. The
tungsten monolayer 404 is formed using one cycle of BoHg followed by Hs
reduction of WI's at a temperature in the range of 250° C to 450° C. The
tungsten monolayer is formed to a thickness in range of 1 A to 10 anstroms. It is
difficult to nucleate the bulk tungsten layer and the tungsten monolayer 404 is
formed to promote the adhesion of bulk tungsten layer. Embediments are not

limited to particular layer and monolayer thicknesses.
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t hi ckness is reduced, the resistivity in the digitline also

increases. An increase in resistivity causes degradation in the
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di gi tline 400269 betheanRhaCeanGtenin &RGAMOAGKEOla 5t 420D THE BBIRtukdstehhe

present disclosure, The process begins with a tungsten nitride_ (W\x)
substrate 4021y 1%%&5’“?@1"?%@&?"@"@9& of Whos taprsrare i ihganesnofoa

filmis formegeamidae B-5osubs] foMferfiRimdie e hBsBPRgEAYeris 404
is formed using one cycle of B2H6 fol l owed by H2 reduction of W6 at

a tenper at ur eformed bieH mdgetiost of28Bs ¢ artempgaiere dfireprosingielyd0hbGollag er
(7100 L2 Sk MEGH RS QIR i ISR BT s 4R .
monol ayer 404Fdrmingtherblkttongstenrimtee td hithickdbusif uss tifan 1500 R furthersitedps to
Y N0 e s Bl L8 o881 o a0 ROV
tungsten layer 412 has a relatively large grain size as illustrated by arrows 409
pointing to the more widely space geometry of the vertical grain boundaries
within the bulk tungsten layer 412 as compared to the vertical grain boundary
spacing shown previously in Figure 3B. The more widely spaced geometry of
the vertical grain boundaries is intended to represent the relatively larger grain
size of the bulk tungsten layer 412 relative to the finer grain boundaries shown in
Figure 3B. The larger grain size of the bulk tungsten layer 412 helps to reduce
the resistance in the fungsten digitline 400 despite its thickness being less than
500 A. Previously, it was not possible to achieve such large grain boundaries
because of the difficulty of having to nucleate tungsten on the tungsten nitride

layer in the previous approaches. Embodiments of the digitline are not limited to

particular layer and monolayer thicknesses.
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100301As shown in Figure 4B, a nonol ayer of Boron (B) 408 can be
formed on the tungsten nonol ayer 404. Figure 4B thus illustrates a
cross sect WOPAPS/ BN of a partial tungsten digitline 40TA2848/003681
second process step. The nonol ayer of B 408 can be forned on the

Lomperature | RL rangb e dehnp eare forbat i hfleatn

deconposti on di‘gltmbnmtéd)amttdhg tB arppvidus\eppronetk @s dgskdlb=l ih @ssoaiatibme

period rangi ng.from abput econd to 20 seconds. on _nonol ayer
e formed to T TEkel bnqa ERPE 5 BB b ozt hpbyty Bverc

illustrates as@u msgmﬁétﬁolmallc o¥ 580\h@finch. tTHe@SkeMIngkt < Thydr 360 hél@@raﬁhfst er
a subsequent process st l%hls next process step, .a bul k tungsten

| ayer 412 is ¥3§S‘Fr@'8mo3r9 it Wb Hiraelenpey small erpimatrustuse ingthe
sur fact ant angulﬁ%n%sttef? Id‘y@HeEﬁl&a}L & cErﬂ@r e QbR ﬁr'(ﬁ* @p]ﬁ%xﬁﬂﬁely 20 pOhm-em

grain-structure in the bulk tungsten |ayer wever, a large
amount of borfma@w\ﬂmeda&é thick. 5dn@mn@nam$ SQZJm’gls’iOénlluanherthé nam)usnl y a

oyt of Ay eltS %té{h%or &%teg%m{%a Rt rewggsné)p?ﬁ ac}Eeé?nOQ l%ufes

anount of boron'in ar e 's' I n
2% to 20% of mmmnﬁufgttenfgrmmﬂ@shasra widtht dfeppiak ndtelp GSo Mnhamsteﬁlz

The bul k tungste er 4 i.s formed,b reduction of WF6 at a
temperature iH® i‘“&@ﬁéﬁ@@"éﬁ055%?’“%5’1’@@0324500 In some enbodi ments,
the bulk tung 331 | ayerfigdré 6's§0\fv9£ BRgs dR¥tidHal b@walﬁsgs&fn d¥ifindls08
tenperature o Er oxi mat el %é400 . . The bul k tungsten | ayer 412 in

Fi gure 4C f ormagnitigsl 18 aspleiohed@nmfinghe Jdis vigy ob e digitlingilfistrgtes e bul k
|
tungsten | ayeg,i0pintsphiekRas hefurt &%gst&hager}%glt ﬁe%ﬁéggeg,_&@ LR 608,

mai ntain a | ow capacitance int gste fine gure
4C, the bulk Thnﬂymll@xalhayte:cmmmcmsesah&Eblatanwelhyhd lanmergdlgntlmasﬁm@e as

illustrated b Qi.ntin tot C onetry
of the verti c%‘eqéghaﬁfiﬁ%gﬁ ary eéy%ec He vm%ucf P(asfﬁﬁé‘égiﬂﬁ Fé%er 412
as conpar ed tmniteeof/enindardds o@t}wgmalbmuwmraweswbdxmn&thm eflessus| y
in Figure SB. Th wi del, eongtr the vertical grain
boundari es i s ?%Oggetgeg@”? ﬂ%‘?%@gﬁg‘ﬂ{‘ﬁ‘é‘gﬁt@ yﬁ/é’f”i‘? ‘?'d ‘@%WC@P%‘ si ze
of the bul k tdsgeain Fayies 3Aladrng Ieguméengﬁuismaﬁpre%nawmm Agyndari es
shown in Figure 3B, The larger grain size of bul k tungsten |ayer

412 helps to W’é‘ﬁh‘ﬁ’@hFﬁ%”?ségﬁ‘@fl&?f'@éﬁrlrwsﬁlﬁéyPﬁ%‘b!é@bwCdfi .gi t1ine 400
despite its tigpsqiness ti@glﬂgﬂllﬁﬁ%ﬁe?%&g &cﬂf&%ﬁ%@%&kﬁon?ﬁ;{g}q@ﬁe not

possible to achleve such™large grain un ari es use o
di fficul ty offabrinatedgn ta@oncla@b@mtbanm@sdlennmf thihpresaphdistlesurai Fighae

llayer in the pr ts o l.hhe are
not limted tggl $¥5?cipcvd$ g?/lgﬁunagﬁ&%ﬁ %’qulﬁ?‘i{%r?e%glgs()bb@\o

2008/ 137070PCﬁfijUfSBOCFBé Bﬁlﬁ&r&ﬂgsﬁﬂ:%ﬁ) F(bcghus%salﬁs @hidh Ganigk Iiest r at e t he
grain structure of tun 0 i.gi rlcated ing to a
previ ous appr@ﬁ?ﬁ‘mﬂéyﬁéﬁgﬂﬁgﬁqg g ‘59%1 iﬂ’f’ SFTERS Pf%ﬁi@g‘ TRESIER
3B. Figure 5 layer 960 nth€8i 5@115@%%'&%@; re§15ﬁH£é<1ntth@ﬁ§%@6}‘Elp§Vcﬁ(ﬁmarl 9
magnified to a scale of 500 nminch. The b tun en [ayer 500 has

grains range HQlsRrmGe 1 AObmBoD for 4 digiing:390- -5PReh thig tTULléthfan gmis|703r ai n
structure in &F‘?O@Hiu@trﬁ MBU% %{ﬁrm 595{"1!11]%%111 %?e&rl%ﬁr gE@ﬁélc%}le{ ty

of approxi mately 20 pu m com igrtline ungs
grains 502 aretiBtodebd descnibeden Figuresaii-6Us Tgngsitan maind92 bhs 4 weith uﬁgsten

formed using | aches of ur es . d 3B. ngst en
grain 502 hasbg%xgna%% %‘1 %FJ 00 %ﬁ?‘gg %@ggvl%gwsﬁn‘ﬂ%m&r@ﬁlwg% 504
has a w dth aBoappr oxi mately 800 A [0033]Figure 6 shows a cross
secti onal a tungsten.digitline 600 magnjfied to a scale of
500 nmi i nch. %ﬁ%i vi e gﬂﬂ Eéﬂlaﬁ T3YFL 2 FrREs- ?emlw? visved ardigitlugghowiggai n
structure in th@aflitdictltNGSt @R YRriER8 upéccbhﬁnwmﬁ E&&n%cﬁha%ht' dre
600. The smal| grains structure increases resi stance in the

the present disclosure magnified to a scale of 500 nm/inch. As can be observed

in the cross sectional view of Figure 8, the grain boundaries are more widely
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fabricated in accordance with an enbodi ment of the present

di sclosure. Figure 7 shows a top view of a bulk tungsten |ayer 700
magni fi ed W™ WIKBA78 of 500 nniinch. The bul k tungst en PGREF008H056h s
grai ns which range from approxi mately 1000 A to 6000 A in width. The

| ar ge grains p&hb& | : in t igi I e.a
center resi stg %%@?Sn t he %d;tﬁggé %? mab%%%ga)?l%gr)r%fdé'?n ymgﬁ%gr&%n%%nﬁ({}%l J‘ﬁ%\(’ of
pChnem for a digyrd 6.0 ke 300 Gild6lyApsded gkain bourglatierargiméndsd WOirthexd 704
illustrate the, various grain.sizes of the bul k tu ten | ayer 700
according to ﬁ“‘@gﬁ?gﬁéjee@%eﬂg@ﬂﬁ%eetﬂ ﬂ?%b"it'gf Bﬁgégﬂ laxe %% f%ﬁ?@s%&?fdlj\gé?n
702 has a W dahprakssopiticdichémbethe é)gé%@l& discBiRtrel UhE $HrEg@iARctiR4 has a
w dth of approximtely 1300 A, 035]Figure 8 illustrates a

cross- sect i ondfcreaseshg resistaticsin the fumesipo AeHlng H0 dyedp thednereesed eesedn a
e v, . : ; _
igitline fa wm_ttﬁéﬂcar&nasgseésqmgq g%.gsn}] g@?ﬁéﬁﬂ@%@%&h Swih gsent

di sclosure magnified to a scale o e observed in
the cross sectésinddigilisptlicknEsspfess S1antshe Ag tlai graibsim dd tieds: lamegsior e

wi dely space .t rain bgundaries shown .in the cross
sect onat i ol BroEATRRLFRb A s B RRGRA 5B B et e oo
are intended fromf 1D0DHeto 600D dsinraideh. tThesd @ai@e had AirdssSe@tfonhbwidde bul k
tungsten | ayer 808 fd(’?’;?ennd accordjn 0. a prczcesiy enbodi nent of the

to tsch

t
present di scl BYTHEON |1afegleT berg%ﬂ‘%%‘ft} rpreiatebc FeuShE othe

resi stance ingoBe) t ungst em%lﬁ‘&giiiém&iﬁﬁpbﬂé&edﬁgramdn@%cﬁaﬁe%&aﬁﬁ in
whi ch the current gasse$ through a small nunber of grain boundaries.
Wth a desiretys#my?dq having #icagiens nestory deyce Pfhingloding a digitling ferimedsi ze

of the bulk t : I i t .
enbodi ment r e?&?lﬁfﬁ{kﬁ ag‘?éaubﬁgg‘?%’%gftﬁg%e?@?n%gfrﬁ’g& i %)%?%838&% isdr?s%mnb&flh.
These grai ns indRigures ¢Ads MewoiymystemA0a tincladzs aespessor L0 tanpleddent er
resistivity r oxi mat,el. LA un. cm 0036] FLgure 9 is a
functi onal b%%%&o%d%?gea%éﬁgé?cﬁ%wg %%W?“Jé%%ﬂﬁe‘@%%ﬁll%g at
| east one menDligymeuiycey s8R0 00rah idivig sepathtgirtédrated tioduie dr Ba@idi ng t o

an enbodi nent of th resent discl osur e.g., the process described
in Figures 4&‘2@55?@&6 d ﬁ@ﬁ?rg(ﬁiﬁwi"‘ﬁ§?Qﬁfé‘g7eémﬁl“%€3é%"s‘§?g@1@ QU™ ed

to a DRAM menphe/peleastsr®1826n boainidBsrobdsst R sHERIEr Ak 8Y cahdBlif
menory cells. The nenory system 900 can include sepafate integrated

circuits or bfHitbhaichpbaeappbicatnespasific inegrafedeirgriddBIEk 920 can be
on the sane i rat ed .LELk T ST
m croprocesso[?)b%ir:I some }f)dtrﬁfeéﬁt}%’;%cea%gﬁéggﬁﬁ??isﬁégg?regll}fpﬁe?}ngllﬂncq%]ﬁgg an
appl i cat i on- stpdedusion featuregwith gdrtichlac teldvaiokSb @e prE@aBdipdtosure | Ble t y,

the electroni¢c nenoyy.s em 900 has b (Jplified t us on
features. it HOBAPD AeIcED2D ER R e ey TR AMIBempr el Pt il eobfe
nmenory devi cegatid® e radas niindty Celys ¢ cdIBM WD trithd, SvhBSthe dHAIR
control gates of e&cﬂ row of nenory cells are coupled with a word
line, while URBOBY % e pegiosnecliem frapl iofipitinrs Ssarid hesapresiaied by
digitlines. AfoidflordifarfRRiNGR LAl £O1HYMAROSE c%mf&igh BP{hﬁ niefddrd céify the
art, the manner of connection of the menory cells to the wordlines
and di git|i ne8 the werdligesrad dizidines hres depenyds an disiarmay ephéiecture.
[0038] The embodiment of Figure 9 includes address circuitry 940 to
latch address signals provided over I/O connections 962 through I/O circuitry
960. Address signals are received and decoded by a row decoder 944 and a
column decoder 346 to access the memory array 930. In light of the present
disclosure, it will be appreciated by those skilled in the art that the number of
address input connections depends on the density and architecture of the memory
array 930 and that the number of addresses increases with both increased

numbers of memory cells and increased numbers of memory blocks and arrays.
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[ 0038] The enbodi ment of Figure 9 includes address circuitry 940 to
I atch address signals provided over 110 connections 962 through I/0O

circuitry YORWSHHBss signals are received and decodedP@RURIPBHRF681
decoder 944 and a columm decoder 946 to access the nmenory array 930.

[0 Liont of t i3y esent Tl AhRBiifay 930 Jtildn P cARREAGIAIE Guiich Nose

skilled in the art that the nu ress’ | nput connections
depends on t hdigiined foynetatcardaty toeotbadimenfs debmibed hercin. skheayer®3o and

that the nunb%g g 92’7bdrg5(?s a4 Jnhgcrqlgr%gese}%ﬂ*égg ggfsgnsli(ngcvr tg‘g ed u%lere

menory cells and -7 ficrease Fia
2008/ 137070P%ﬁiﬂ§2@ﬁ8ﬁ6%618ﬂ.y A3 ubine Lﬂﬁgué:)seamffaym%ﬁr}onham mr.iﬁ y

cells can inclu e tun n i nes f rne acc ing to e nts
descri bed her &1R0diHMA "r?@ﬁ’ﬁ dgé\? cEcwsy) ?%aﬁ%ﬂ e llftthFl‘tcH’érYrPé ge
array 930 by sgpédg v Mgﬁcﬁﬂ%\%f&dﬂé ft6RthEMBRGBSartdy $308 Umermry
array colums using sense/buffer circuitry that in this enbodi nent

can be read/ | srentry PeRisiinglydeddor biTheectienabtidatacehmanicatign qver 88/QGan be

coupled to re@%g%%ds%ﬁ% et]éé)wgr SB%?’H% o gﬁﬁtrg@?gfs%nam@dyto%ﬁ e

/O circuitry isinclu rection conmuni ca
over the |/ 0O daoateteinenorPeaywith t he processor 910. Wite circuitry

955 is includ writ ata.ta t ry.array 930 0040] Cont r ol
circuitry 970?®gkgdes 5&8)1?1({5 l§"ﬁ‘f‘8\y/ila2%gectr§§e%sm d%’rogg?%@&qngé 972
from the proceasettidhi072 Toaste piogaabss 10T hieskodi uehes chiiR]sdedhd) Sgnaty, i t e
enabl e signals,, and address |latch signals that are used to control

the oper at i on¥Tignenahls sigoalsy sndaddzess g Slﬂ“ﬁ@l“ﬂ?&laffglsﬂ‘éf"acqngaht €dat a
wite, datar Sé] dr&iiths oR ML HehayehAS 93 QNREALHhS Bta rddd é{aﬁé Y data

enbodi nent s, e control circaitry 970 is resgq())nm or executing
i nstructions fafieah.anhe dgfe gtase gparatdms. {novasions em chment@,ptbq: amntmgc:amny

progranmm ng egiﬂpgl %g@ﬂﬁblgfﬁ%r eagcﬁlhg?l?s%ct%ngf %Sfﬂ@ $rocl_£§gr gﬂﬂg é)% form

circuitry 970 can they ty
of control | erthelopenatihg axh!q)ragrprrmnngitmblocbmcnthoﬁ&egakesbmtehiscidsuﬁeha“hart

t hat additional ¢ ier CULttI’ nd bconslt‘_qro a‘”gena s can be I‘OVI deg] ?
that the menof3d ?}f%lé”a a?at“ 5 SHIG TP REETHFEER: Ve {E’Sé’éhef peo
facilitate ea&ﬁm@fleﬂ Tt Wit beedppedtiat¢dBAhbdel s@ille@ id thelast thatfadBgibhanal

bl ock di agram_of ,a nmenory mpdul e 1000 having at | east one_nenor
devi ce 1010 i FEQUEEN #Y fanéplgﬁlsr}aiwn% P%@eﬂcwrthﬁ’tﬁae Rgmgry %@F%‘ﬂnt

of the presen&ffdg&eb%yb@en l%d&edwﬁcmm&%éoﬁﬁﬁﬁﬁat%d In Figures
4A-4C. Menory nodule 1000 is illustrated as a DRAM chi p, but other

types of menoldf4lind are Figusnikis afundiwna) hlmhﬂlégtemafemeemry ‘mredplsr y
rodl < o2 OSSRl RO, Erah el gt o0t
factors as meédcordﬁx@&dﬁh Iembsdﬁmneuﬁlhdpmmt giscloBure) e/g. ninchtbeesd 0&0rited |
I nclude a in Figures 4A-4C. Memory module 1000 is illustrated as a DRAM chip, but
other types of memory and are intended to be within the scope of "memory
module” as used herein. In addition, although one example form factor is
depicted in Figure 10, these concepts are applicable to other form factors as well.
[0042] In some embodiments, memory module 1000 will include a
housing 1005 (as depicted) to enclose one or more memory devices 1010, though
such a housing is not essential to all devices or device applications. At least one
memory device 1010 includes an array of memory cells with a tungsten digitline
formed according to embodiments described herein. Where present, the housing

1005 includes one or more contacts 1015 for communication with a host device.

Examples of host devices include digital cameras, digital recording and playback
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housi ng 1005 (as depicted) to encl ose one or nore nmenory devices
1010, though such a housing is not essential to all devices or device
appl i cat i oWY® 20013/l88st one nmenory devi ce 1010 incl udes B/ Gy2RUpOZsp1
menory cells with a tungsten digitline forned according to

enbodi ment s d@éﬁ&éspﬁgﬂxpﬁ{e@oﬂal chl Ef%}gs?frﬁﬁm%w card F&d&?,qﬁ{efﬂ%e]ig%ﬁ Ca)lgcti the

i ncludes one or nore contacts 1 or cormuni cation wt
devi ce. Exanpliks ket shms embedimests, thachutaess 801 arain thafemmasf,a stingatdided

recordi ng and. ack device P rsonal . conputers, nenory
Card reader s, RSP fieenth K058 er el S BESACGRIREHBL R BRTRE e
cont acts 1015cat@l,iaddiebearidur atafsighaBtbatvebzah tHezBemorytres fude HO00!aid a host
general , howeyver, contagts 1015 ﬁ%ovide an interface for passing

control, addr]é%"én%??d‘mﬁ‘ ]_(?a{F%?Py@ the 95ataGisdA1t-he menory nodul e 1000
and a host hayoag) conpatidrhembSGRIIAE B000%hayt dfiohANS RElude &ikPonal
[0043] The nmenory nodul e 1000 may optionally include additional
circuitry 102@rcuiy t20rahichanayrhe ane ofboee infeEeaigdainsdite inrdderi dissredad/ or

di screte conp F i LhCWitry
1020 my | nol aagarents, Bbr SAEARERRICAHE Meaalddfatiei 3030 bl ifithde
mul ti pl e menoamethery amiroll&rlior eondollingfaocesp novusschulple rheneorgdaticesnt dlayer
bet ween an extern host.. and a no evice 1010. r,ex | e, there
may not be a %ﬁéo_r %%ﬂ%ldg@rarqé@ﬁgﬁ%%gqﬁg‘fﬁéﬁ eﬁngaiﬁ%é?‘?g%e&?ﬁ}f acts
1015 and a nuddagde 10M0.103xamphe tHetOmsy hét beR®neiie ofE cdfﬁHsForﬂEﬁiny

devi ces 1010.. Thus, a nenory controller could selectively couple an

Y.
|/ O connecti o‘PFt‘C’FRFtt?%HW‘?TingWt@?IF émlsofj“d@f““&lbﬁé%}@ 0&8%%80115(126113( 0
recei ve the aprRdr@hRmdrPidlicdl oI METRRPA ARMbA! &ntrde/cRNREE Gk AL
the appropriate tinme or to provide the appropri‘ate signal at the
appropri ate cenpkan Qisrgetiarh@otshoropn Frvee 10) efa nBimwry devige 1G1Rdo
conmuni cati o 3 . t . . y
be i 11 or ent "ERASE G SprrDBiHE ind 08 o BT TTRIRE NS e Gpt B0t
1010. A nenortyme ontorppbtide the appraptidte nighalan eappropliste comawtrid 1 S egthences
received froma host .into,the appropriate co nd .seguences to
fhi eve t he. dEETIRRIe e S P BT HBE RUHBRY SR TR OG0) P8 Vag dost and the
transl ation naymbtrhéiile 000 gebedifogasthhnwiiighadquired for@ecekey®d S i n
addition to conmand, sequences. [0044] The additional circuitry 1020
may further iREPRISIVIEAdPTOrAmeRery APRIArEEPHGIED FERDHC H1E caTiRARdr y
device 1010 sWeflen@ss Q@& fdtGHoQNRtodRe MpddhriaRoRfhir LRELnRYs BN ASI C.
Al so, the additional circuitry 1020 may include circuitry to restrict
read or writ echisreths desiradmecess hpthy neasenry devigot 1 0s Soph tansipiion weryd
protection, ki t.r i r i ka. [ | Cl ' 1020 may
i ncl ude ci rc%ﬁfr}% 1{'%8(?% |a?:%c{ggn glgls%?zﬂ()ilgg&olg ‘(’ie(tﬂn%1 aﬁgﬁiﬁ)ﬁ% Er’:r?c)rglb%lléaa/1000. For
exanpl e, the sagahintésonal circuitry 1020 may include functionality to
det erm ne wh power, i s being suppli to t.he nmenpry .nodul . 1000
ond et ner Rk hor y T daRGoRE s5oREy 0 oy FOSEIHGE AURCSRAT and
to display anurdsted ) dodfoPdf 4 memsfyadevfee 10T cASs BeiPfuneidrsab iy | e

powered and a fl aShi&%l i ght while being accessed. The additional
circuitry 1025 ReHpReH et AbKe| Alse. thaadditjenaleivquites 1020dp@ningkde

decoupl i ng capRgi QBfesErfbt?%h%rWEé%&Efs tgmeﬁﬁﬁiﬁ@m, éc’iﬂcp@bn the

menory nodul e 1000. [0045] For the reasons stat ove, an or ot her
reasons st at gédstyedrdpromtion, bipmetriveentre likgp pBresadditional digdryslO20Insy i n
the art upon . i n nd under. ndi_ng..t h e i ol o)
there is a nelécﬁg?enmgﬁgrygtro tm(ggartéggt&ﬂgio fhlerﬁgen?(;i?n q%élef@:aﬁ‘ ‘iesﬂg%%ﬂjp?eo

| ower the capheaddiiel tircuithel (R0ghiy incledé mcpetalior torieeemievaraerent

while maintaining. g |ow resistivity in the djgitline. To neet this
obj ecti ve, AT 531%&?@545&&% gty maodpeal Q0200 BB ATy
L ar get enoggh_nﬁum@mms bltfenkIgMeRneeseld, bt @HIHRh ikdioMonhyrawgh the
ungsten digitline.
g g status, such as a solid light while powered and a flashing light while being

accessed. The additional circuitry 1020 may further include passive devices,
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Concl usi on [ 0046] Met hods, devi ces, and systens for using and form ng
tungsten digitlines have been described. The tungsten digitlines
f ormed accHORAMYIFHenbodi ments of the present di scl osURE/ERANBHBS6S1

formed with a tungsten (W nonol ayer on a tungsten nitride (W)
substrate, a . bul k W
ayer onihe SR dpEelRE SRl R kellal0 P ihire Al Bl e /0
been il ustr atechoanchodelsd00bed herein, those of ordinary skill in the
art will appreciate tha arrangenment cal culated to achiev he
same results i@ﬁgi)e sub ?fﬁgﬁ{egﬁowg}ﬂ%ﬁéogi,@[}& r@%ﬁﬁ%&?%ﬁ?‘?@ﬂﬁm
Thi s di scl osuisidhSwill'ie€stHe sbfatent @BbseHARH 3 {He A 1Pbn Yeudingldn@ns of
various enbodi nents of the present disclosure. It is to be understood

that the abovendsasiending theareneny specairatiomidhern isaneet inite egtfpyadigitie on,
and not a T ey} &Hhm%n&%tp@wé}'t@é 9£ha9£%$ggﬁ%@gﬁl‘ﬁ?m% JRRLs, and

ot her enbodi nents not specifical escri ern w e appar ent
to those of sknHahcdnment hhilemainipomgrdoweesistiyity ethadigridindeBemegstthion.

The scope of the various. iqrents of t.he present .di scl osure

el udes ot hePDEGR] 8 dReifle RV e b S SE FM i4 TaRE P et noas
are used. Theredheythe impelasaoifehofurieat fiow shroafiode frigiten aigitlihe pr esent
di scl osure should be determined with reference to the appended
claims, along with the full range of equivalents to which such clains
are entitled. [0048]1n the foregoi ngehgia@idsed Description, various
features are grouped together in a single enbodi ment for the purpose
of streaniini ﬁ)@mhe di stededs, devites, andwystsay forrusifigswd denniag fungsien t o

be interprete f i i N i : i

embodi ment o of et HESieh el Db e iR fotleBE OB 0 ¢

are expr essl| yemewliments bfithe podsent]discinsuiRainbe formsd mith af tohgsoani (W) cl ai ns
atures of a

ingl o i sol obe BrBaneRe T mERe (VR Brrare apmonsRe Het By

i ncor por at ed Whihondlber,RataiduiidwDag&ronphd BinonMdyBr. each cl ai m st andi ng

on its own as[0%4?]epar at.&ltl‘?oqlgggéerg?gé émbo%lin%cienrtrgl:lave been illustrated and
described herein, those of ordinary skill in the art will appreciate that an
arrangement calculated to achieve the same results can be substituted for the
specific embodiments shown. This disclosure is intended to cover adaptations or
variations of various embodiments of the present disclosure. Itis to be
understood that the above description has been made in an illustrative fashion,
and not a restrictive one. Combination of the above embodiments, and other
embodiments not specifically described herein will be apparent to those of skill
in the art upon reviewing the above description. The scope of the various
embodiments of the present disclosure includes other applications in wﬁich the
above structures and methods are used. Therefore, the scope of various
embodiments of the present disclosure should be determined with reference to
the appended claims, along with the full range of equivalents to which such
claims are entitled.
[0048] In the foregoing Detailed Description, various features are
grouped together in a single embodiment for the purpose of streamlining the

disclosure. This method of disclosure is not to be interpreted as reflecting an

intention that the disclosed embodiments of the present disclosure have to use
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1. Anethod for forming a digitline in a nmenory cell, conprising:
form ng a tungsten gyv nonol ayer on a tungsten n|tr|de (WN &ﬁ@
substr at e; MO/ BF boron (B) nonol ayer at a thi cknessPEEVREBHOIN
and 10 A on the W nonol ayer; and forning a bulk Wlayer on the B
nonol ayer, ﬁperei t he nmeth Iude fornl t he W mnol ayer
usi ng one cyclE" %Y ef’%’ﬁ%ﬁ' rf’%‘ dU\/ﬁ%F (AR, é’r‘i’s(ﬂ?-?zf;‘mowm
reduction of tlaiigsieflect higxetive it ete n{anEbiies lalesé\tmtan@&rdr@ioff@ﬁﬁglag a
digitline i conpri sin orm ng a tungsten (!

cell
nonol ayer IS%WS?F&WWW i Hlausg R fel?ovglu&smra% ge %Ffﬁbfﬁf}‘iefp&r%%jr%\{? (B)
monol ayer at fhelBUEIATSSHRIONEET Lach RO MAathgO kB TRpplaer . and
forming a bulk Wlayer on the’ B nonol ayer, wher el n the nethod
i ncl udes f or membodient nonol ayer at a thi ckness between 1 angstrom
(A) and 10 angstrons (A). 3. A nethod for formng a digitline in a
menory cell, conpri sing: formng a tungsten (W nonol ayer on a
tungsten nitride (W\,c) substrate; form ng a boron (B) nonol ayer at a
t hi ckness between 1 A and 10 A on the Wnonol ayer; and form ng a bul k
Wl ayer on the B nonol ayer,
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wherein the nmethod includes form ng the B nonol ayer by thernal
deconposition of B2H6 at a tenperature between 350C-450C. 4. The

nmet hod claim 3, wherein the nethod includes form ng the B nonol ayer
by thernmal deconposition of B2H6 for a tinme period ranging froml
second to 20 seconds. 5. A nethod for formng a digitline in a nenory

cell, conprising: formng a tungsten (W nonol ayer on a tungsten
nitride (WL, substrate; formng a boron (B) nonol ayer at a
t hi ckness 'en 1 A and 10 A on the VVnDnoIayer and form ng a bul k

Wl ayer o he Je met hod i ncl udes form ng
Uhe but k ik B5iP B BB E e eing i L ReRE {osRIBE Lo g ro

r eﬂJCt i on of Vﬁﬁnm@ a r?hgmhmw n’ﬁdinblafyafdﬁ sngngstd'l lgtflldel(mxb Bub3trifeyor y
cell, conprisipg:, orm ng a tungsten nonol a tungsten
nitride (W, c)ggﬁrﬁg@rbgt@ (By w%ﬂaﬂt Bév‘e}ﬂlet%)et\wm& g%‘? 1%3 of the W

t hi cknesspRedennd A and 10 A on the Wnonol ayer; and formng a bul k
W ayer on the B nonol ayer, wherein the nethod includes form ng
the bul k W1 aylermingrtbulk Yrlayan ogithxeB benaleper, 1000 angstronms and 6000

angstrons in w lgergn the method includes forming the W monolayer using one cycle of
diborane (B;Hg) followed by hydrogen (H;) reduction of tungsten hexafluoride (WFj).

2. A method for forming a digitline in a memory cell, comprising: -
forming a tungsten (W) monolayer on a tungsten nitride (WN,) substrate;
forming a boron (B) monolayer at a thickness between 1 A and 10 A on the W
monolayer; and
forming a bulk W layer on the B monolayer,
wherein the method includes forming the W monolayer at a thickness between 1

angstrom (A) and 10 angstroms (A).

3. A method for forming a digitline in a memory cell, comprising:
forming a tungsten (W) monolayer on a tungsten nitride (WN,) substrate;
forming a boron (B) monolayer at a thickness between 1 A and 10 A on the W
monolayer; and
forming a bulk W layer on the B monolayer,
wherein the method includes forming the B monolayer by thermal decomposition

of BoHg at a temperature between 350°C-450°C.

4. The method claim 3, wherein the method includes forming the B monolayer by thermal

decomposition of BoHg for a time period ranging from 1 second to 20 seconds.

5. A method for forming a digitline in a memory cell, comprising:

forming a tungsten (W) monolayer on a tungsten nitride (WNy) substrate;

14



7. A method for formng a digitline in a nmenory cell, conprising:
formng a tungsten (W nonol ayer on a tungsten nitride (W, c)
substrate; formng a boron (B) nonol ayer at a thickness between 1 A
and 10 A on the Wnonol ayer; and formng a bulk Wlayer on the B
nonol ayer, wherein the nethod includes formng a digitline in a
menory cell with a thickness of less than 500 AL 8. A nethod for

formng a digiglli .. : | 1Sk-0g. 5]

tungsten (W n%hgﬁgfe@lﬁn@%néggge% aﬁlﬁ@&rﬂ%(ﬁfe&?%p)l é&hgtlg]a‘&tn(gl; tﬁ? (\)Nrr m ng
a boron (Bpnoteyroj ader at a thi ckness between 1 A and 10 A on the W
nonol ayer; and_form ulk W er on the B nonol ayer,

wherein the né?HBEgﬁﬁ%P€HEQW¥8Pﬁ$§%nﬁmaﬁé?i|ine in a menory cell wth
a center resi SiR6R tlkbahw@@inellﬂam&fg?mlﬂll #2068 1 BhefhicalvARFDI Y

devi ce, conansiqg& a _nunber of wordlines;
deposition {CVD) using H» reduction of WFg.

6. A method for forming a digitline in a memory cell, comprising;
forming a tungsten (W) monolayer on a tungsten nitride (WNy) substrate;
forming a boron (B) monolayer at a thickness between 1 A and 10 A on the W
monolayer; and
forming a bulk W layer on the B monolayer,
wherein the method includes forming the bulk W layer with a grain size between

1000 angstroms and 6000 angstroms in width.

7. A method for forming a digitline in a memory cell, comprising:

forming a tungsten (W) monolayer on a tungsten nitride (WN,) substrate;

forming a boron (B) monolayer at a thickness between 1 A and 10 A on the W
monolayer; and

forming a bulk W layer on the B monolayer,

wherein the method includes forming a digitline in a memory cell with a thickness

of less than 500 A.

8. A method for forming a digitline in a memory cell, comprising:
forming a tungsten (W) monolayer on a tungsten nitride (WN,) substrate;
forming a boron (B) monolayer at a thickness between 1 A and 10 A on the W
monolayer; and
forming a bulk W layer on the B monolayer,
wherein the method includes forming a digitline in a memory cell with a center

resistance between 9 pOhm-cm and 11 pOhm-cm.

9. A memory device, comprising:
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a nunber of digitlines formed froma tungsten (W nonol ayer, a boron
(B) nonol ayer between 1 A and 10 A thick fornmed on the W nonol ayer,
and a bul k tungsten | ayer forned on the B nonol ayer; wher ei n
each wordline and digitline is connected to a nenory cell, and
wherein the nmenory cell is conprised of a capacitor and a transistor.
10. The nmenory device of claim9 wherein the digitline is connected
to a drain sid i st.or associated with the nenory cell. 11
The nenory dev?ggh% Ogﬁgﬁﬁkg% wherein the wordline is connected to a
gate side of aatumalbiof digitlinesSorneitfon wintngsten EWreronolyered boron ) The

deyi f.clai : i.n .t I i s bet A_and
T b ia gt BT Gl el PR heb b SR el
layer is la¢&Soinh@nonaBOBAnddGK:; 14. The nenory device of claim9,

wherein the bulk Wl ayer has a(ﬁ%ain structure with grains between
1000 A and 600Bhecifea worglne andgdigiging igjeRmedetigrigneapiygell, and wheppin

array of ﬂi’i@?ﬂ%ﬁ%@@éliﬁc&%FﬁM%@aic%é&f?&&s\%ﬁ%{ﬁhﬁﬁopy wordlines and

colums coupled by digitlines, erein the digitlines are
formed of a tungsten (W nonol ayer, a boron (B) nonol ayer between 1 A

and 10 A ick fornmed on t .W.nmonhol.aver,. .and .a bul ngst.en. ] ayver
Fored onlCHEE gleRlolp a3 drdfuot STRRO AR 01 ARE Cecected TGN §
the arr ayiréifistie G8oYiaee hith the memory cell.

11. The memory device of claim 9, wherein the wordline is connected to a gate side of a

transistor associated with the memory cell.

12. The memory device of claim 9, wherein the W monolayer is between 1 A and 10 A

thick.
13. The memory device of claim 9, wherein the bulk W layer is less than 500 A thick.

14. The memory device of claim 9, wherein the bulk W layer has a grain structure with

grains between 1000 A and 6000 A wide.

15. A memory device comprising:

an array of memory cells arranged in rows coupled by wordlines and columns
coupled by digitlines,

wherein the digitlines are formed of a tungsten (W) monolayer, a boron (B)
monolayer between 1 A and 10 A thick formed on the W monolayer, and a bulk tungsten
layer formed on the B monolayer; and

circuitry for control and access to the array of memory cells.
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16. The menory device of claim 15, wherein the circuitry has address
signals that are received and decoded by a row decoder and a col um
decoder to access the arny of nenory cells. 17. The nenory devi ce of
claim15, wherein additional circuitry includes a nmenory controller
for controlling access across nultiple nenory devices. 18. The
menory device of claim15, wherein the Wnonol ayer is between 1 A and

10 A thig ihge |l . .0 & w

| ayer is Féé sT é 9%1}16 -}Eﬁ?% g g A (%fﬁ?ac .1%’ ggéreﬁﬁgé ﬁlecrl%gfyng g@‘?ﬂg% st(l) %:Slqgéllt%rela
wher ei n tieeeibed dod\ietaled by haswaegrdar mdst coabudeodertth agpesd ths abet wen
1000 A and 6000 A wide. 21. A nethod for formng a digitline in a
menory ceP RSP si ng: form ng a tungsten (MO nonol ayer on a
tungsten nitride (WN,c) substrate using one cycle of diborane (B2H6)
foll owed by hydrogen (H2) reduction of tungsten hexafl uoride (W6) at
a t enper aturdicimeniony dayiec of claigpls, aderein additionak @ickityygneludrsragnenay

ronol ayereRRbHESS: b ﬁoﬂlﬂga%%iﬁ%cgr@ggm e WifaolY ARARL ayer by thernal

deconposition o or an a tenperdture in a range of
350G 450C, and formng a Wfilmusing hydrogen (H2) reduction

3500 4900 195 OPR Shatat chtnd Pt o Bptarbr e bk wd 10 A

nmonol ayerthfcer e t he W nonol ayer |ess than 10 A thick.
19. The memory device of claim 15, wherein the bulk W layer is less than 500 A thick.

20. The memory device of claim 15, wherein the bulk W layer has a grain structure with
grains between 1000 A and 6000 A wide.

21. A method for forming a digitline in 2 memory cell, comprising:

forming a tungsten (W) monolayer on a tungsten nitride (WNy) substrate using
one cycle of diborane (B;Hg) followed by hydrogen (H») reduction of tungsten
hexafluoride (WFs) at a temperature in a range of 250°C-450°C,;

forming a boron (B) monolayer between 1 A and 10 A thick on the W monolayer
by thermal decomposition of diborane (BoHg) at a temperature in a range of 350°C-
450°C; and

forming a W film using hydrogen (H;) reduction of tungsten hexafluoride (WFg)
at a temperature in a range of 350°C-450°C.

22. The method of claim 21, wherein forming the W monolayer forms the W monolayer

less than 10 A thick.

23. The method of claim 21, wherein forming the B monolayer forms the B monolayer

less than 10 A thick.
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23. The nmethod of claim 21, wherein form ng the B nonol ayer fornms the
B nonol ayer |l ess than 10 A thick. 24. The nethod of claim 21,
wherein formng the Wfilmforns the Wfilmless than 500 A thick.

25. The nmethod of claim 21, wherein formng the Wfilmfornms the W
filmhaving a grain structure with grains between 1000 A and 6000 A
wide. 26. A nethod for formng a digitline in a nenory cell,

conpri Si N9 The methodoPWalf 28 MDA (& hisdhe TP Hitth 3%&ls (ROWA Y RISThERN 500
nitride (W\X) substrate using one cycle of diborane (B2H6) foll owed

by hydr ogdmhi¢k2) reduction of tungsten hexafl uoride (WE6);

depositing boron (B) between 1 A and 10 A thick on the W nonol ayer by
t hermal deconposition of diborane (B2H6); and formng a Whbul k
| ayer by Thawue asthoday okinl e posghedréin fiormignthe Mitilm énmishike W, filushaving a
hydrogen (H2) reduction of tungsten hexaf]uoride (W6). 27. The

met hod ofgremérlm%,‘v%@?@ﬁHefer@sbi@%&gﬂ%ﬁ%%éi“g % of forming a B
nonol ayer.

26. A method for forming a digitline in a memory cell, comprising;

growing a tungsten (W) monolayer on a tungsten nitride (WN,) substrate using
one cycle of diborane (B,Hg) followed by hydrogen (H;) reduction of tungsten
hexafluoride (WFg);

depositing boron (B) between 1 A and 10 A thick on the W monolayer by thermal
decomposition of diborane (B,Hg); and

forming a W bulk layer by chemical vapor deposition, conformal on the B, using

hydrogen (H;) reduction of tungsten hexafluoride (WF).

27. The method of claim 26, wherein depositing B consists of forming a B monolayer.
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