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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 a row 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



integrated circuits in the electronic device. In
addition, other internal circuitry on the DRAM

w0 efosa@stoes t he charge on those cells that the BERES2008/005681
anplifiers have determ ned to already hold an electric
charge. In this manner, the M conpensates far .
| ekagweh s legkazetiniocthe ﬁabsgéter%?@h? PRéAMdniegrtfgt @ragpt. Such
C % T > .
© RS RRRE G 3nd ARl SERALE i e SN e MR iaFinfimal
angpendions af therlgRAM.charge on the cells are substanti al
[ al operations of the DRAM [0QO05]. The sense. ..
arBPPA er o conhe stnee amplidersontest i s kAP e Ggilines
WhivEilh %&%Pﬁhéﬁletchﬁm%@ HMRSDRIA NI NBe fORANMa diBE fRINE a lcBRGhEY
froma cell, the DRAM renoves residual charge on the
di QRAM removearesadienl ebarge on the digitline thhteaddeesseiuhe celhalbe
is l.eft over .frama previous.reading of anoth cel,l
¢ rstiau P i e Ayeg gt BrevigyS e {71 JBE St the
di @idel digfi€lirly THeEDRAM g idizEBe d‘igﬂhﬂeib?q)rwhﬂgﬁ@m@ai itline
potential before reading fromthe cell. \Wen the M

ad@rasosunon peicriigl before readingrfyun sheoredld When the RRAM addresses
r . t t 1 1 i .. f Al

" 253 6 LAYEL 5ok B Stle oA, LGS PRyt
t heorhithie &dnmen pbrentislesigrifling 00g]c alhgd ¢fltheBR stored in the
however, have internal resistance, internal parasitic
cé‘ﬁgci tance, and parasitic capacitance with other

di@poé)’ nes.  TORGHERL HANGES aldinfRRAGLLANRGS iR dfitic
an circuit ose time constant I ncreases the
equaahditaate, and pamsitic@apgitenchaitybthgr tipetlidegi The reeistantds and
too large, the tine c(gn.stant results in a.slower read

t i FBAFGRCIHOMBRARAD R e HF A OUN e LRs tonsial increasesthe he
U_Seﬁﬁgﬁzattieﬁ iR bRL GG @hE theCdiERNnds. THtoFESENhe time constant
hi gh-speed el ectronic devices. As clock speeds for
Dragulisnn e gloxtes deadl trroeifarsh¢ PRAS gmtegtatesl qifonitithanlimitethe use

betvee nds. |l.essens and the yualj zation times

¢ ot i BRA R ee s A S Bk el Hpad At AL 2. As
Deagsdkapesds fot DRIAM ihR§iatdddifaits aRacHst ARE Mifiatunh ARTeMEBreen
wite and read performance and failure rates. The

c SoaEnangs dessensrang dhejequabizatian thyes foadigithiges shouly tikgwise
trq'eg}%g%ss. However, a decrease in the |ine thickness

bel 'ow 1000 angstrons (A) significantly increases its
el[6607])i cal r eBisichasing pitline®sistantgcdpac@ance 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.



degradation of the device performance. Brief
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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 (WNjy) 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 (B,Hg) followed by hydrogen (H,) reduction
of tungsten hexafluoride (WF¢). 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 BoHg 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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represented by -Vee/2 volts across the capacitor 108. In either case, the amount
of charge stored in 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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since it dictates many other aspects of the design. A low capacitance in the

digitline is desired for improved performance in a memory cell. Low
capacitance 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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fabricated according to an embodiment of the present disclosure. Figure 4A
illustrates a cross sectional view of a partial tungsten digitline 400 after a process
step according to an embodiment of the present disclosure. The process begins
with a tungsten nitride (WNy) substrate 402. As shown in Figure 4A, a
monolayer of tungsten 404 film is formed on the WNy substrate 402. The
tungsten monolayer 404 is formed using one cycle of B,Hg followed by H,
reduction of WF 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. Embodiments are not

limited to particular layer and monolayer thicknesses.
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nonol ayer of Boron (B) 408 can be formed on the

t Undis tumgstan teyleny 82 indBigureAi@formed B & ithisknidss aSlessathes 560 A.

SO RACR bRt BB R b s o
4GRaisfah HRow edpeHae ih AR thg%@é{ &RitIROMRYRIFig4 4T, the bulk
t hermal deconposition OB at a tenperature in the

r dregsteflapdschl2 1ese 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 tungsten 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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450 C. The thermal deconpostion OAB2H6 to formthe B

nonol ayer takes place for a tinme period ranging from
wabwat37h76econd to 20 seconds. The boron nonol BYBEDS1088/005681

formed to a thickness in the range of 1A 10 A [0031]

Fi A4C ilLustrate cross, .sect.ional view of a
U len ai griEprena ara WPHENC HRETHESHHEHEE of Rt on a
Stcﬁ‘Qitl1derfa5ﬁéa$ed‘§débrcﬁﬁ%fbe§1§re$foﬁﬁ’ approlidt], ks HARASLL M 4s8¥&htion
412"i's forned on the boron nonol ayer 408. Boron acts

aszéh Egufesctaand 3B d Figure S tliustrates laitopview dfer Hudk murtgsten layer

Lai n-struct int I ungsten | a 412, .
o0 B ol o5 B By e bult B L ay L0 Hk Frains
adhes ﬁ?dS}n@fOOtAJ 0860eA in Wigthe fTde Qel@ﬁ{/é{?r 8mAR BdiA ¥ hictlfe in the
boron is formed on the tungsten nonol ayer 404. The

arhsuﬁtung:ztelb tyenresnlty ine dsates Fesibydly D @ppr@@snatsly@ﬁ) #@lem-cm

itli Q Quh Ztﬁl ho Tzu%(gt g{“ I ngfllluutp h%nv Irlgus
 AAPEARRE R Ao M) bl TR S bitBRe

ungs ayer ungs

4J2ain3ized bﬂﬂﬁ thygstdh ﬁ)ﬂdé&hslﬁ)@tmfprh’\ﬁﬁuﬁépp&lodcﬁﬁpef la@ut‘e@ 3A
in the range of about 350 C to 450 C, In sone

erf® éﬁm?ﬂ@stefl 1eEaip 3R hagmyddtsf pRprexinatelyi 39 0y ang trnggten
re of approxi mat el
%ﬁl@%ﬁ%%ﬁ?@lﬁﬁt t unBE{OXﬂnétgyer ; in Fi ggrpe EC for rrgd
t d0833]hi ckndaiguef6 shess atdrass seEiibnal vieor ofi atgnghien Bigitkine 600
t { | t t hi ck 50,
SRRt o R T e s e e
t %ﬁ%ﬁg‘%&h%ﬂbﬁﬁé fPﬁhéQQlk rhﬁgs'?érﬂu{/@r 64)@’ofttltiketulﬂg§t_5n digitline 600.

tungsten |ayer has a relatively large grain
aslhel smadlt graine dtrwuarlnme&ﬂﬁa esistancaig the tunigstenuigitline 600

w R ARG o dhe Py Pavink Rep B pea ook
VEHuthéﬁbf Biidari BPsMEa i SDAVItAA FRRMMIRItRNE MicdnEsd dF less
gur e 3 The nore w dely spaced geonetry of the

dhan 200 Agthaierain siza @4 thednilk singpien tavisd farmed asingshp mettied
l?eé’%ﬂb}%ﬁ(ﬁ a%' 8{1&‘5? r§§ rlfg ra%&a. n éoun %rggtezgdbs%én

| rwﬂﬂgwhle af&Brres]ffm@din@rogﬁWer gd’sﬁhmtﬁ b220 pOhinhembul k
tun sten layer 412 helps to reduce the reS|stance in
&’H} ngst erf 18R 4 1l iuﬁréat%@e geap stractpreoftungsiencansa gigithne
q’ﬁ 1ctatk‘?ir1néggciré‘ancp R Ay Modlg‘lten{/\@isthggks%%é ?AS%B& Figure 7
achi eve such T'arge grai n boundari es because o
d ishbv';vs: alktdpyvielv diavbully tungsten tdyea7@0 mapgisicéno ascalaief 500

ERBOH- ot DI RETH Gyet 1O Fo o PR o8
approximately 1000 A to 6000 A in width. The large grains of the bulk tungsten
layer 700 in the digitline have a center resistance in the range of approximately 9
nOhm-cm to 11 pOhm-cm for a digitline 300-500 A thick. Tungsten grains 702
and 704 illustrate the various grain sizes of the bulk tungsten layer 700 according
to the process described in Figures 4A-4C. Tungsten grain 702 has a width of
approximately 5000 A and tungsten grain 704 has a width of approximately
1300 A.

[0035) Figure 8 illustrates a cross-sectional view of a digitline showing
the grain structure of a digitline fabricated in accordance with an embodiment of
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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particul ar | ayer and nonol ayer thicknesses.[0032]
Figures 5 and 6 illustrate the grain structure of

W@ 09838mm on a digitline fabricated accordi ng RPOI/HS2008/005681
previ ous approach, as described in association with

Fi gures 3A and 3B. Figure 5 illustrates a top view, of
a hared s ogwRE tpék»*’ezrasbbpq%&@wr'srsh@amﬂa ﬂaF @es wchpnabyrpw of

n r#l%{l]l%hs THEMBK \bldtaw]%ﬁé%hmuném rle %o Fﬁ'ﬁgﬁ

from 300 Ato 800 A The T el atlv y snma
gritustrage thﬂ:dangeegnam sihetothé bulkLtnggtcﬁnlaym&)S fomsed 4cording to

a center Si,sti Vi of a |rmte hmcm f or
5 gk Embossonkof oot SRD A0S o The fe Byt

' | dedRdabAltRe TR IMRE PHR tOERteh ﬁ%l%l% ﬂfo cIdEEio ttwﬁélte%i&:d ease in
formed using the previous approaches of Figures 3A and

SBNhﬁt’hl ﬁmmmengpmsﬂs thEigh assnzal i ber of gmm:pbmmdmt:sal Wlth a

> st Bgiie SR80 sOER BredrBhai'of thg bk tumesten

sgg ér@@@'for\fhéi‘i/\éc@f)r Ed%s GhbolirhdiR r&0As RSN irStkin
to%scalgsof 500 nrglnc This view of the dlgltI?ggeg

i 1frem 11080 dstord80in widgh alhesegrains bave & erossrsctienak width
t | n R ¢ 600. The
S @?ﬁ%&g‘%@‘&#‘%& C?egge{ S%Ségniv% &r egag) 2}0 Eﬁlg{eg'em g pance in the

t yog3élen di gi tHigure 960Q fanigiohsl Klbek diaffahtof dryeleatsm@Ombinory
the current having to pass through the | arge nunber of
bosigay §Qshaying ﬁﬁéea& aRBemQyst fevicefe) mel&dmggq qigjthge formed

b E e o SR AT e o bréhent RO RERETk B A (et Besgribed
i nn E’lgues%ABLQ avidm®By syessanh O80 inelgleaampsoabsor 910 coupled to a
cdPRBM Fsiasy deies Ot Tabinslydine enfrqroagay DBD Gumemmpry cells

R THéSrhérﬁbﬁﬁsy‘sQ% GHCRE AN REILHE bdpafatOIntd HAGE LRBuiR brdhoth the

digitline fabricated in accordance with an enbodi nent
ofpro¢resqurid Send thk mchwssud@nceﬁ?zglme be withosarae trrtpgraueé\mrcuit.
ofabulkt sten 700rran|f|edtoa | e af.
SO Nt e Beindt ARG ST AR PU® A G Par g ine
Wi hitFyHUgR ab bR BpEiRAfiexIspRifed itdkPBed Airb @t GODEHA i n

wi dth. The [arge grains of the bulk tungsten Iayer 700

i {00} di gi tFerdarkisibe glegonie maneery sy spme00rhas heen simgpéified

aitg RO B0 Bl s th L el R aone BB T

i |métﬁbrfyaieﬁ?ldemo\iﬁéluwsangﬁﬁyfﬁ)fiD}ZzQM ﬁ%mbl%ecélm%o The control
tun sten Iayer 700 according to the process descri bed
i g ach topy afanemgppealls aragaaipkedapith B aord lige.gvilegthe drain

regions of the memory cells are coupled to digitlines. As will be appreciated by
those of ordinary skill in the art, the manner of connection of the memory cells
to the wordlines and digitlines lines depends on the array architecture.

[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 946 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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approxi mately 5000 A and tungsten grain 704 has a
wi dth of approximately 1300 A [0035] Figure 8

WO 008887024 es a cross-sectional view of a digi tPECTES2008/005681
showi ng the grain structure of a digitline fabricated

in ordancg, with an enb nt of t pres

o OBBE0 ol meedy egRRO Lot Bemprstls chp G et
bedlgf?ﬁﬁé's\fﬁgnécﬁactchfﬂlﬁg R BRGNS Ak sc¥ibeWhefeird™l DY Befory
the grain boundaries are nore w del yspaced as conpared

t odevie @Oamﬂsm@mmahc es:rrsnlnmmay A3Q by sensogsvaliege andiat current

bR B OR ERBL G IPG™ EIF RSP FACy fatin this

| agrI6ddie Rt dAnYeZ€ad/RtdhtrcAithyko I0U Mkt e Ad /N aotEdircB@8y 950 can be
fornmed accordi nﬂ to a process enbodi nent of the
f

presupled teliread) apdateh aTﬁ\éf af detgefryn shemsmencanayed30. VO
d ec(irrc%%?%e 2 X ﬂ‘?n&ﬁ&édsftg‘?ﬁc Slrécrho mdaﬁﬁgc?ﬁﬁﬁﬂlcgr o n{)l/érrﬁﬁe §80

to I nNcCreased ease 1 n asse

t hgonredtions 96R Withntiepescesor 1@ Wrhe dirckitry s 5 1§Nﬂchldad to write
desired digitline thickness of |ess than 500 A the

grQﬂtfhtOs‘ihE aegpory gErapdPR- t ungst en 1 ayer 800 for ned
ing to t
", B AT ER R b iR o B
h asoanectne 932 seed therpabcessattn Oc d}hemgrmﬂs ¢ ihclude cleipts@nals,

resi,stiv ty.of ap rratel hmcm [003
Fi Htiteeengby e§1%{la%m%f[?<§#sqs g wneﬁ &Ff wed ﬁacontlol the

(ﬁ%ﬂt%& On TR 'ReXopyY %ﬂ?ﬁp Gndi@¥ih Qatﬁtreécﬁ agth WARE, data

ry device 920 |ncI ng a digrtline formed
acretresh, agd tataznase wperiiment InOfarlbhEeIpb@diBTﬂltSdﬂ'S(Db()BQll’ @reuitry
t he process described in Fi 4A- 4C.
oy QuinrBeRT e Fom i 1 Becudns 631 Foupriea s D o™
MERP byerdf % & %ﬁ)%rénli}ﬁlng' dMebddiaEntd oFBIEYTYsef di8dofRe. The
e

menory cel menory system 900 can include
S epvaltrat elr¢u11flf1éQV@1t3@de:il stetei machine, Boeduenker, pr sseseider oype of

and n¥ Pa? FRhY bg gyt)pr c?:ﬁtge%%ly%ﬁgsebs%l%ai%hﬁ i g}gt additional

CIrCU ocessor

m difc@m)osrﬁisaﬁﬂtroo slgﬁaaearpb@pfovtdeﬂearmfthmma ¥ndridevice detail
C|rCU|try such as an application-specific integrated

ci ofdligwre OAms bpen radoged tofagilitateease yf lli%éra@%ct ronic
?2@?“/] Syst emﬁg&’re%ﬁ Q%S&t hmﬁhbéﬂ {aﬁleépa%ém%Py module

Fes with particul evance pr esent
di K0dmuing,. at Téaet memo@edﬂvm 1920 maiudlmg ashgmrmrfbayecbf

DRAM nenor y ceIIs 930. The control gates of each r
of KA 10 qrabogirmert i hesRress i A1sgloNsieee i fﬁ?s,prcmﬁ% gicribed

t hQ FE@EH4A-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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regions of the nmenory cells are coupled to digitlines.
As will be appreciated by those of ordinary skill in

wa bh@sasto7o t he manner of connection of the nenoP@T/Us100&005681
to the wordlines and digitlines Iines depends on the

ary a r t ect ur 0038] The enbo nt .of
e 68 T pESngl bRy TOBOD A bieBR T aiectzgd hubs and the
sijRalper 9&9& bﬁ’x%gdl e%'fs tHeQRoneR et 5 ARSintfie f&m QPQEIaMaQilzed

circuitry 960. Address signals are recei ved and
devedeck. bip gncmaWMdee corgdets 4015 provalelaminttefaoeifor pagsing

to acces t he arr 930. In light of . th

oREBHERE addesy andlaraata SERgTY PetiEen. 5 RerToY SROGE 1 ARk and a host
S “Halvin%%o ahBI% ra&dptdrd ?(tr th@ Sorﬁh'é‘fpﬂj 19f address input
connectlons depends on density and architecture of

t H804dnory aFhcamensty mndulte HAPDO nieer optinhadly oftludd ddditionsl
oth increased nunbers, o

it RS At ey o G R R TRO: GSere

aldoaipdnéitd 3Pdr sbee rBPAUiMents] ¥ a8dBiond]l ciRuRFYI ml rh8y #@lde
i nclude tungsten digitlines formed according t

e r?ba@mﬁ’é/rﬁ@tr@a%for serfrbpg PWCSWOWEWFIyledéW@@’ deygres 1010
i I al

S Y0 o R A SR 50010 4 A8

usiengeseme.erwﬁaﬁfplc;itheﬁa imayyhot bat one-tdonhs catmrpdhdmm

can be read/lgtch circuitréango The read/| atc

cibebtgen the pumberpf %@taeﬁdﬁl 8 nEber § bohoaﬁ%lne%lqnéw the
Ofond 3t Fh({ﬁé gf%rgjr?? VO 197 r’[%ﬁf gﬁgembfc&g&itfo{’r‘l‘éf Ldula gcggctlvely

is inc ectlona nmuni cati on over

t keuple@nddh nemtdcnms (r% 2howt M Figerepl0) o€ 8 soem@y@evide il0&0 to
CIrCUIt%% 955 i.s incl de to MW|te}Rgta to.the gennrg )
arFRJveciBb aPpBTg S i BREER 1 OOHERURhe spprbpriat
S 'tﬁﬁ@bﬁto%@%ﬂgﬁ% Jf)}f)r&ﬂmé QendtAihe Cabb%ﬁa%%%nfafcpﬂmtshﬁ the

processor 910. These 'signals can include chip signals,
wrappespaiatetine.sBigmidrly, theradmudeirieaion pretoholshegwednsa horgiand the

ot PR arb R T08L Pay PREPARTEAL PR QS AT

aﬁﬂerﬂ@tyaieercaamomr@taﬂn@ﬂ&onlnr@lmaédwwmeﬁ Radhitant Somifaad
control circuitry 970 is responsi ble for executing

| $SQHABEES TSRS VEG BRTM heoshinse EFsApPTEIDIG PIYERRGFIRUEREES to
REh %% e &Efﬁﬁpéc%%sat J‘&e%&fﬁ egf?(gl OQfSJcEZragglgﬁgl?}éxay

0]
di SC osur e cont r circ can

nmaehherdncladseltingecrsigmi veleape le\tditeirn dddpnab command
controller. It wll be appreciated by those skilled in
t FEAYAOECS hat addi ti onal

[0044] The additional circuitry 1020 may further include functionality
unrelated to control of a memory device 1010 such as logic functions as might
be performed by an ASIC. Also, the additional circuitry 1020 may include |
circuitry to restrict read or write access to the memory module 1000, such as
password protection, biometrics or the like. The additional circuitry 1020 may
include circuitry to indicate a status of the memory module 1000. For example,
the additional circuitry 1020 may include functionality to determine whether
power is being supplied to the memory module 1000 and whether the memory
module 1000 is currently being accessed, and to display an indication of its
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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circuitry and control signals can be provided, and
that the nenory device detail of Figure 9 has been

WO ewsse7a o facilitate ease of illustration. [BOBEEI$2008/005681
Figure 10 is a functional block diagram of a nmenory
nodul] e 1000 Qaving at Iegst one nmenory deyice 1019r
i nechas ﬁ%cogp ngFANAFsfe ?Jﬁde%%témewlﬁgrqqslfawents within the
e ' present disclosure, e.g. the process
de@%ﬁ?@?ﬁb?ﬁg I%Pg?jr es 4A-4C. Menory nodul e 1000 is
i 10043]r at ed Bor the BRAMASHAtEd aliave, aridfor othep esasars statpdbgylow

and are.jntended to be within the scope of "nenor
ottt il BeSaciamarint fo Mose slFd ol AE RO e R

eX et stankigthé Prdserit sEéciﬁ@zBio?lt ffdrd 13 aMle@d e thtQirt Fopﬁ%?%itline
concepts are applicable to ofher formfactors as well.

[ abatd} tHin esouph teribweli the nemcitaneon yhendiditliee fod @erfoimhdnce

i nclude a housing.1005 (as depi cted 0 .encl ose one, or
oSSRy Hle A e TRy S hE dfisengo FEEHBls
e SsHpdttiva) the dipgiline Ae¥dsaB hatd a gAY StRuckHRIth&as [a8fSenoikh to

| east one nenory device 1010 includes an array of

mekéneg the impedanethoizhe gugentdlovathgough the tyngstea digitline.
according to enbodi nents descri bed herein. Were
present, the housing 1005 includes one or nore
contacts 1015 for communi GnckRioal th a host devi ce.

Exanpl es of host devices include digital cameras,
di lgﬁ)@ r ec oMgthegs.adeyicss.apd s¥Keay ferasingamaforpmedungsten

cQ I r r i : e

;TR By SRR s, TR 6 rerl AL PR LR B

t heenboalimewtt ofitletmestar discloshire ndrebé femed witlgetuapgsten (W)
however, contacts 1015 provide an interface for
pelEeRaley e AR ORestermAee Wi bRt & Rargh §§MB%2%%&H the
t NG HERRLYer BAY Gull 80 9ay2PEn B %oﬂ%@a}&ﬂ g_conpati bl e
receptors for the contacts 1015. [0043] The nenory
md@04F 1000 Attlrought specificleynbioduherdehaddieen dhstrated and

i itry 1020, which,. : i nt d
Rt et dhoth TR b SGR ot Wgppuie Hat &
enpRdemottcaldultePdichiet tle GhleGbdifs\ad B QubRiyutbd €drune

a menory controller for controlling access across
mAPe¢ifE embedinentyishpvae sTigduclamer ¢f intended towaver Adapgations or
transl.at | l.ayer bet.wee n_external host d.a
DR et B BSUATERR AT oS Bl tRE. T6F Be

ongdeRtdddahahé gspenidediinionaiavdedh mhade Murbdustdtive fashion,
contacts 1015 and a number of 10 10 connections to the
orf@daot apgsEriciveeng. Gembiraion®fdhe atipys embodingits, and other

C QR BRth&ts ﬁgfgpgcﬁﬁ%gl%? bd¥Eb¥d 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 which 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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couple an 1/0O connection (not shown in Figure 10) of a
menory device 1010 to receive the appropriate signa
wW@eoosha7oappropriate 1/ O connection at the apprB@r/is10e8/005681
time or to provide the appropriate signal at the
appropriate contact 1015 at the appropriate tine.
Simetedeatyres than are axprassharecded mf@tcg@balimb Rapleesrasghé dlowing

angd .t he nor dul 000. may be different than.what

" SR TRIE s TRE Sl SRaucT s BT\ o o Mg B Bt
Meti®vlosed efibo@inhéit. TR, thd fodiBwingadlaing! e hbRbg HBTRsHated into
sequences received froma host 1nto the appropriate

c Sherstriled eserintion; witheask¢laim pandiagiondt ayarasssseparaihe

. ice 1010. Such translation may further
r%%@%%%ggﬁanges in signal voltage levels in addition
to command sequences. [0044] The additional circuitry
1020 may further include functionality unrelated to
control of a menory device 1010 such as logic
functions as m ght be perforned by an ASIC. Al so, the
additional circuitry 1020 may include circuitry to
restrict read or wite access to the nmenory nodul e
1000, such as password protection, bionetrics or the
i ke. The additional circuitry 1020 may i ncl ude
circuitry to indicate a status of the nenory nodul e
1000. For exanple, the additional circuitry 1020 may
i nclude functionality to determ ne whether power is
bei ng supplied to the nenory nodul e 1000 and whet her
the nmenory nodul e 1000 is currently being accessed,
and to display an indication of its status, such as a
solid light while powered and a flashing |ight while
bei ng accessed. The additional circuitry 1020 may
further include passive devices, such as decoupling
capacitors to hel p regul ate power requifenents wthin
the nenory nodul e 1000. [0045] For the reasons stated
above, and for other reasons stated bel ow which w ||
becone apparent to those skilled in the art upon
readi ng and under standi ng the present specification,
there is a need in the art for a digitline that is
thin enough to | ower the capacitance in the digitline
for performance enhancenent while maintaining a | ow
resistivity in the digitline. To neet this objective,
the digitline needs to have a grain structure that is
| arge enough to
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reduce the inpedance of the current flow through the
tungsten digitline. Conclusion [0046] Mt hods,

wa@leasaa®70 and systens for using and form ng tuPQBEUS2908/005681
digitlines have been described. The tungsten

digitljnes formed according to enbodi nents of the

pr. Cehil sure can be formed with a tungsten (W
nonol ayer on a tungsten nitride (W\NX) substrate, a
boron (B) nonol ayer on the Wnonol ayer, and a bul k W

| ayer oA nidikodBfordnediay adigillHe4d h ri¥rhbr9ugh, spesiding
enbodi nents have been_ illustrated and descri bed

her ei n, forRggea ynggen{ Wampnslayer on & tungsteq ngtride (WN.) substrate;
appr eci . ) chi eve
the. sarriine ot (37 LARIEPE M, GE M BbREEh B0 £
enbodi nferhmgshinvik W Tdyies ofl tlecB asdnotayes | Nt ended to

cover adaptations or variations of various enbodi nents
of the present disclosure. It is to be understood that
t ab Pt h ' j e
f 2o on ARG g oLl 1y FeRfr R TR0 Boplact iR fe e
aboymolayen adingent sycland dbree (Batig)dbhewedbybydrogen (Ha)

speci fically described herein will be apparent to
tHSé‘éCUSf‘ of pingstep hex uoé?jf’ (ﬁ&ﬁgh revi ewi ng the above

description. The scope of the various enbodi nents of

the present disclosure includes other applications in
whii.ch t'Tee mpiboé of claing tl uwbereamidie megthestigcades frgmdng the W

Therefore,. the scope . of various epbodi ts of t

o Bt TR Bt bRt i, el b SatomisdPnce
to the appended clainms, along with the full range of
equi val ents to which such clains are entitled. [0048

| it-t he Fheraetdpadgf caimill whembsibe imptheshinclpdes fgming the

¢ . . . .

| PO  B DORA BRS RGBSR s
meisledd. of disclosure is not to be interpreted as
reflecting an intention that the disclosed enbodi nents
of the present disclosure have to usenore features

than ar e%&hs&l%wlafrﬁqi %vﬁgreir{‘thgﬂ?é?h&i RAkMde %%T%’@SB

the followmng claims reflect, 1nventive subject tter
| ineenadlayek by sharmahdedomposigibn o€ 8, Hf fa astimg bericl mapmgdeom 1

enbodinegb. Thus, the followi ng clains are hereby
i SESMIIP#0S8°9M0 the Detailed Description, with each
claimstanding on its own as a separate

6. The method of claim 1, wherein the method includes forming the B

monolayer at a thickness between 1 A and 10 A.

7. The method of claim 1, wherein the method includes forming the bulk W
layer by chemical vapor deposition (CVD) using H, reduction of WFs.

8. The method of claim 1, wherein the method includes forming a digitline
with the amount of boron in the boron monolayer in the range of 2% to 20% of

the amount of tungsten in the bulk tungsten layer.

9. The method of claim 1, wherein the method includes forming the bulk W

layer with a grain size between 1000 anstroms and 6000 angstroms in width.
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enmbodi nent. What is clained is: 1. A nethod for formng
adigitline in a nenory cell, conprising: formng a

W@ evgaes®m (W nonol ayer on a tungsten nitride ¥OWK$2008/005681
substrate; formng a boron (B) nonol ayer on the W
nonol ayer; and formng a bulk Wlayer on the B
nmonol ayer. 2. The nethod of claim 1, wherein the
netohod THChEHes of Blalth E%“&l@x%in%mh&yﬁﬁlddéé ﬂﬁm@:%a digitline
cycl e of diborane (B H6) foll owed by hydrogen (H2)
r gd@anéroorycklilvithys thickrisexefilessshani80Q F6) . 3. The
nmet hod of claim 1, wherein the nethod includes formng
the Wnonol ayer at a thickness between 1 angstrom (A)

and. 10 BHeaaéthea®f CAim 14whdfeth fie tridBodPincRidas Mring a digitline
wherein the nmethod includes form ng the B nonol ayer by

t HeeradmecsHpadl 2 FarieraeBstrpcehetweerepOhat ¢nang dd wedym cm.
350C 450C. 5. The nmethod of claim4, wherein the

met hod i ncludes form ng the B nonol ayer by thernal

delQonp a4 intdntuty deviBe Honi@isirg: t i e period ranging from1
second to 20 seconds. 6. The method of claiml1l,

wher ei r? BHRbsHOf Keoadlingst udes forning the B nmonol ayer at

athic .

claim® bl MRt Sty Hont 6%1&8@2?%%%? Daron,
Wrherydayebyandhadilk alngs@pdayedeposi ti on (CVvD) using H2
reduction of WE6. 8,. The .net.hod .of claim. 1, wherein

t he net‘ﬁlafaelwe%afegdlmrwﬁi@glﬂmai1@?@%6&@% pempgy cell, and

anphiitinQhe RRARRy bl SRR ANMPEYaBY G anldh tfiRistcinge of
2% to 20% of the anmount "of tungsten in the bulk

tungsten layer. 9. The nmethod of claim 1, wherein the

hod j,ncl udes f{orm t.h ulk Wlayer . with a grain
o %6 bl SR e e Buh i Baps edptida fo o
Wi d#hiR sid2. of BeanRBidr @Sk oefatéd @itAtHe m¥asHeddll. t he met hod
includes formng a digitline in a nmenory cell with a

t hi ckness of less than 500 A. 11. The nethod of claim

1,, wher-gj ' f orm LOtLli '
L T P S TS B AT
CrpatdWideldf afdiyvsion associated with the memory cell.

15. The memory device of claim 12, wherein the W monolayer is less than

10 anstroms thick.

16. The memory device of claim 12, wherein the B monolayer is less than 10

ansgroms thick.

17. The memory device of claim 12, wherein the bulk W layer is less than
500 A thick.
18. The memory device of claim 12, wherein the bulk W layer has a grain

structure with grains between 1000 A and 6000 A wide.

19. A memory device comprising:

15



12. A nenory device, conprising: a nunber of
wor dl i nes; a nunber of digitlines forned froma

WO 200848®M nonol ayer, a boron nonol ayer, and a BCi/KS2008/005681
tungsten | ayer; wherein each wordline and digitl i ne is
connect ed to nmenory ﬁell d wherei n ﬁ‘:dgw
cel | i SO SR g &sfis%ft% 3R ToRIco cverdints ang
The B o Q@\Byqqﬂg,fescl aim12 wherein the digitline is
connect ed P drain side of a transistor associated

wWith t hehammhgdrgalhhes drd forfired afertongstetemboelaydr, & bajom
12 er ei rdlj i S nnected to a gate side
fm%nv(v{]?’yﬁﬁ’sqngtag?u”é eﬁﬁae"d’ \/ﬁ"gh the menmory cell. 15.
The nemgfcuitFlersr €8nt@dl aﬁh%b&@s&?o th\é‘&ﬁﬁ?'of‘n{eﬂﬁ)ry\éélwm ayer
is less than 10 anstrons th 16.” The nenory device

of claim 12, wherein the B rmnol ayer is less than 10

Wi3F e e Be BNy SO, SR syt abress ganals

ThRatiReTRIcYivE@ thd Becdded blafod Aecydie afd B colendddodW to access
| ayer has a grain structure with grains between 1000 A

arfBe soooofamemary; cells. A nenory devi ce conpri sing: an
array of menory cells arranged in rows coupl ed by
wor dl i nes and col unms coupl ed by bitlines, wherein the
digitl i']’iﬁﬁnaher)f dgvieetbfelaim 19y ndstetmadditiohayatyitry ihdndes a

nonol ayer bul k tungsten | ayer dcircujtry
d?er%‘ié{tqoaﬁoﬁ%fa op eertEllingagepss a&F‘?SéWHPS]:%éﬂ%P V1C§sS-
20. The nenory device of claim19, wherein the
circuitry has address signals that are received and
de@oded izymempowlayeadetaisnkdd, avhedinthe Weoontdayedras less than
ag&ggifthe array of menory cells. 21. The nenory

6% claim 19, wherein additional circuitry
i ncludes a nmenory controller for controlling access

across nultiple nenory devices.
23. The memory device of claim 19, wherein the B monolayer is less than 10

A thick.

24. The memory device of claim 19, wherein the bulk W layer is less than
500 A thick.

25. The memory device of claim 19, wherein the bulk W layer has a grain

structure with grains between 1000 A and 6000 A wide.

26. A method of operating a digitline, comprising:
addressing a memory cell at an intersection of a wordline and a
digitline formed of a tungsten (W) monolayer on a tungsten nitride
(WNy) substrate, a boron (B) monolayer on the W monolayer, and a bulk
W layer on the B monolayer;
‘ reading the digitline using a sense amplifier;
providing a potential to the digitline as part of a refresh operation

to refresh a state read from the memory cell.
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22. The nenory device of claim 19, wherein the W

nmonol ayer is less than 10 A thick. 23. The nenory
wa@leosasgrond cl ai m 19, wherein the B nonol ayer iBCT/8S%08/005681

than 10 A thick. 24. The nmenory device of claim 19,

wherein the bulk Wlayer is |less than 500 A thick. 25.

TR me rfEheym@Irélod oéclgfm 86awh¢r£91 thevnefrash np@mon inatudas rewriting

o stru ture Wt n 1000
A e A L R ey
digitline, conpr|3|ng addressing a nenory cell at an
|ntersect|on of a wordline and a digitline formed of

st ethevpthagRbFlaYe P6othercin g stediodine e forwieg the W
aﬁﬁ‘?“"“%‘f sl BRE 2cis B pR Rk sy ARV ST

d|g|t||ne using a sense anplifier; prOV|d|ng a
pot ent i to the digitline as part of a refresh

or at i T methpd of glatin 26 swhereiny the IV manelaygeisdessdhan 10 A

Cqlik27. The method of claim 26, wherein the refresh
operation includes rewiting the nenory cell state at
rate of once every 1 nanoseconds to 100 nanoseconds

2 d |
o0 Lol 8T e whrishiety B B Bphe uites (St ien ipelor
fqhwgmed by H2 reduction of WF6. 29. The nethod of

clai m 26, wherein the Wnonol ayer is less than 10 A
thick. 30. The nethod of claim 26, wherein the B

I I h 10 A thick. Th d
Crr m e yRepEBRcipfiE 26, ibigin g BpicW 1783 FERLIRE 580 4
t hhigk. 32. The nethod of claim 26, wherein the bulk W

| ayer has a grain structure with grains between 1000 A
and 6000 A wi de.

32.  The method of claim 26, wherein the bulk W layer has a grain structure
with grains between 1000 A and 6000 A wide.
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