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. olf the hxgh voltaoe range (176V-264V). It is desirable to design electrically powered

equlpment which can be used throughout the world, thereby simplifying design and
production and allowing equipment to be portable between countries other than
where oﬁgiﬁally purchaSed. This requires that the equipment must be adaptable for
use on both low and high voltage ranges. AC electrical power is distributed at
frequencies of nominally 50 to 60 Hz, with a tolerance of 3Hz typically allowed.
The requirement for a circuit to provide a substantially constant DC voltage
when supplied with a range of AC input voltages is popularly fulfilled by the use
ofa doubler/bridge switch in association with an AC to DC converter circuit. Such
a switch operates so as to select voltage doubling and recuﬁcanon for AC inputs
-of the low voltage range and to select full wave bridge rectification for AC 1nputs

of the high voltace range. Both manual and automatic types are known.

Figure 1 shows a typical doubler/bridqe'arrangement for rectification and

~ smoothing of input AC voltage Vao diodes D, to D, forming a full-wave bndge

 rectifier, w1th AC input voltage VAC bemg apphed between nodes 2, 3 and the

25

switching berween fuil wave bridge rectificationwhenina non-conductin

rectified output available between nodes 4, 5. Capac1tors C, and C, act to smooth

the rectified output to a constant DC 1evel and switching element T penmts the

voltage aououng rectification when in & conductng state. A load L m

-

connected betwesn nodes 4, 5. When this circuit is used in voltage cxoubhrrv rectfier

mode. capacitor C. is the positive half cv"‘a :‘noothmo capaciror,.and capacitor G,
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The convent| onal array. 10 has rows of wordlines 20 and col umms of bitlines
25. The size of a cell 27 of the array 10 is 2F by 2F+[err], leading to a
cell area of 4F2+2F[err]. F is the mni mum li newidth of the feature size
that can be patterned with lithography.: 2R is the cell size along the.
wor dl i ne 20, and 2F+[err] is the cell size along the bitline 25. Typic IIy,
[err]. is apphdhe regaiNe malprycle smgpthing cawcat%elm a graaaally cappelisd ﬁsﬁeéw

oo PO A AR 0 § HEOEA AR BRAh A SRRRE BB Ke Mita g g ena
‘a partial pehensfidnig ¥eamIT ik B¢ harélal0 aqtablop shotidtdeddi@léns doute. a
cross sectional viewof the verti cal MOSEET 15 al ong@a bitline 25. :
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F[err] as shown
As a resul t ‘Hentgronlpg stoet pulsecef 136s abttage fsoraquirgd:toetupi [dnaa 4riaq), prmmeied

source 30 f orped aroun es of the Ilar 40 and absent fr.om
Fegl on 45 | bRt AHenBPIRLEhiiEinse bifverhus TS LTHeeRoB Bl b that

entirely oc delCof ORISR thétm LBEnPIdtdPEudEnt BsasPown in FIG 2, all the
MOSFETs 15 of itiﬁheaa‘itror ay ? ﬁavngrg conmon g.;l%lbr ce 30, includi ng MOSFETs of :
different bitlines 25 and different wordlines 20. As shown in . FIG 2-3, the

~top of each pill 40 is doped with N-type mater o formn[err rai ns
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pol ysilicon ‘gate” con control gate 20

-are forned alnmsndf tHeeeh‘eumt:eﬂv mpp@eccﬁﬁpaﬁjotﬁm missiig ofclgatepses2nt annndshoﬁmdual
transi stors al ong the wordline 20 are inter-connected tod‘{ormthe vvorfgl i ne
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slightly :vgrﬁger cframlﬁ?%h& ({)}rgl é%é%ﬁgsmﬁﬂg lg%?ac‘?{o]r?q mﬁ?reégh[dg?x 6t5AC
appr oxilfat el gupptgF. This separat es adjacent wordlines 20 by anount A vvhen
pol ysilicon is grown up to a distance of 0.5F. This 0.5F thick ponS|I|con

| ayer covers the top and sidewalls of the pillars 40,. as weII as the oxide
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This forns the wordlines 20 around a row of pillars that are separated by .

'F. However, HBESSWPIL-hi ck forned pol ysilicon regions at pillar si dewal | s
separ at ed by di stance F+[err] do not nerge. Rather, they remain separated
by the distance [err]. At the base of the trenches | ocated between these

pol ysi | i con covermdd mahbdly @mitld doublat/betige skpeit ahed mwjor dtswtiack if hikat
oxi de spacer 65 is covered with the 0.5F thick polysilicon. To, separ ate
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: damage, leading to extra cost of the equipment.

Several types of automatic doubler/bridge switches are kmown, which

35 automatically select voltage c'.*;oublint7 and r\.aificatioﬁ of the input voltage when a

- 110V line voitage is applied and select full wave rect fication when a 220V "ne

VOitd.E\- is applied. Exampies of such ci:cui-:; 12y be found described in LS parent

numbers 4,665.523 4.845;607 4,933.852 and Briush paremr mumbers: 1,299_,:60.

2,144931 2,157,031. Such automatic swiiches may be constructed of discrete



separ ation between adjacent wordlines 20 ensures that control gates 20 of
.adj acent wordlines are not shorted along the direction of the bitlines 25.
As shown in FIGs 1 and 2, a first level nmetal forns bitlines 25 which are
‘orthogonal to the wordlines 20. The first level metal connects drains 50 of
MOSFETs 15 along a common bitline 25. =~ The area of the cel| 27 of FIG 2,

is small begapeentheosestmugtas wihinay duggrsed cyewitoBoduthecategratest tyar! t he
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i nstead of square pillars 40 ( in the array 10 of FI'G 2, the

array 90 ofecHficadonand bricigemectifimationdo b6 performednthe switthing elements of dut
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-gate 70 is_possihble. In contrast to _hot electron tunneling, direct
tunnel i ng 8@%f akthis in s58¢ gRIeGIITIAg PAtESr wite and erase tinmes, requires

~much Jower po d.mi.ni ndize | .0Xi ' Li.on ; _
: becaulsJ e the s*\gg%ugzi%%r%&%l& ﬁ]@% shgcfoélqgg{%%ﬁ%r {a%e?rt ?%‘g@%ﬁ%é?%? 15 n
and- wor dl i switstihg abeneapirwihiatranyal oviteh tenteollingghe peedence brodnests bf

~induce hot electron currents in neighboring cells along a wordline 20. This
‘destroys afPianyoliaga ioHe Hiahemrolderminghd danages their tunnel oxi des 60.

“appl 1 at one, - OhacR S B bRk B ERRREY il Sl RO bleAR PERRE,
~between adiqtigier Mbdé under 2bnstdht AGkUppIE theariat siitchliy élefrealiMgonducts
read/ wite operations. Furthernore, to achieve the packing density.
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be achi eved by either a Iocal “oxidation of silicon (LOCOS), 'recessed-LOCCS,
or convent FRpRGItOT C, while the input AC voltage V4 is higher than the voltage across the '
terminals of that éapacitor. The capaéitor charges up through the triac until the
25 point of maximum charge, usually just after the peak \falue of the input AC voltage.
At this point, the capacitor charging current ceases as the input AC voltage V¢
drops, and the triac turns off. Similarly, during a negative half cycle, current flows
through diode D, to charge the negative half cycle smoothing capacitor G until its
point of maximum charge, just afier the peak negative input voltage of the AC

M 1,

itzage across ezch one of capacizors C,, G, is almost equal

50 mains. In this way, the vo
to the peak AC mains input voliage, and the total DC voltage available ar the

~

ourput terminals 4, 5 for application to load L is approximately doubie the peak' AC




shal | ow trench techni ques. . However, such an isolation. nmethod
requi res lithography. Therefore inter-device 20 |lines nust be increased
fromF to at |least 2F to avoid shorting adjacent control gates, or.
wordlines 20 along the bitlines. This inc4éeases the inter-device spacing
along the bitlines 25 from1.2F to 2F. Thus, the overall cell size

i ncreases finput4bltage.| Fie diodes Dy D,emastreddrse bidsed after the Mbmuapbitaoe'has

m sal i gnrrent S degrades devi ce behavior. Hence, pacligag densit Ed/ or
per f or manc e dreppsak belove de ivaltage ACERcie. termigal; ofct 5@%@&.%@
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i ne erred _

t he vvordl L, data 1s trans t ween I ne Land
st orage noddetafhe d'pepslaznitauit fonACrarBCwoaversmme capaci tor cell 100

sh in FIG 5, t t | 8F .
Ei e, or 4Rt FBATS 3 SHAP o BerBit FRREDAFEHE: BePuRs SUSPBRHC oI i PBCRRA
7. respecti gl o c1rEd19,§c%He*91§ R Y 2fc SpERBY bR 54 VLY LNe

" DRAM cel | actrve an assi ng bidl espectl

- and active &ndnea&dl 1o nodesl 12, r&&)fWﬂe bWigé remﬁﬂedbnnedi yby- ﬁfudequl—[&ndMni, t
li nes each have a widqth F. The bit a rd lines are se?arated'fr m . :
adj aceg@ bi tmtglgaatﬁgrqgrqum@%tomatm dotib! er bridge control circuit 7 is connectecgée the

neutral mains input line Vy, which may be regarded as a supply voltage. The

-doubler/bridge control circuit 7 is further connected to node 9, which r_nay be
regarded as a virtual ground vollta.ge for the IC supply. Node 9 is itself connected -

by capacitor'll_ to the neutral AC input line Vy, and to the live AC input line V;,

25 by a series arrangement of a resistor 13 and a diode 15. Two series connected
resistors 17, 19, are connected between the node 9 and the live mains input line V, |

the node 21 berween the resistors 17, 19 being connecte to control circuit 7. A

resistor 23 is connected betwesn the node 21 and the neurral mains input line Vy.

An output of the control circuit T is conmected 10 the gate of the iriac switching

element T through a current limiting resistor 23.

(9]
<o

12

The half wave rectifier comprising diode 15. resistor 13 and caoacu:or 11




by-a width F. Thus the area of the folded bitline DRAM cell 120 is 8F[err].
FIG 7 shows a top view of a conventional. open bitline DRAM cell 150, having
abitline B/I. and a wordline WL, each having a length F and being
separated from adjacent |ines of adjacent5cells (not shown) by a length F.
Thus, the area of the open bitline DRAM cell 150 is 4F[err]. . Due to the
need for coprevidesadCsupplyivoitagedtd rwotheicontrohvieatit 3n@hisdepplyns typhelly e

pl anar transistors, it is onl ossi bl e tq obtain these mnimum cell  sizes
by Creati ng \QHEE Fiam i valtage Ofdhe neusralmalpysnnty BRe Yo TEENAISDRY aivolage

m ni mum cel |__s| J i , ~ikdyid 3 necessary to reduce the length
of the tr'angleék%?oﬁ%é&gﬁpﬁ Epéseggﬁ%gh&éis?'possi ble (down to F). This
‘reduces the gat eRedserd.17HA9L2Brscakhdowar aighbiasl HrRgNG inpsiuvltage W ghter a

| eakage _currents which cannaqt, be tolerated. Therefore,_the voltage on the
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achi eved by either inereasing the capacitor_ area, or_decreasing the

ef fective dicdicait 7 igenersitesard gseotuemallyen wignal Rle beingadiet axppt af asvoltage

dowithout SCTPTRIreYbishniat @B bRL o AL ARaR ST e 2l KGNt L i
of shogpeni r}ﬁ_ngé‘%f @ﬁf)ﬁlyi\ﬁbltﬁaﬁés R:géf,t oPWRERer thé W hefind BV GitAth & Bcond, low
dielectric thickness i§ also difficult, since the thickness of many :

‘convent i onalradgebésupplyyoliagesaRgezidy closkhsigndl &knand maerecoessidesgction sgnalss.
To further regduce the dielectric,thickness, alternative dielectri.cs w

i gher i el bl 4 & ShOfAte HigH tlsk HrRERRS in desemer o aeh 28rq eiohsing of AC
dielectrics SQEP[VU bute to solving the problem of |ow charge storage

~resulting fromthe decreased bitline voltage, further bitline voltage
reduction is |inFigadehJAtthSshowra tygicali temiig relatiosisbipt for ¢he operatian of such

“Accordi,pgl y, further reduce the hitline. volt .an al t ive to..
e 19 1 b ERwS) BB RIEY Poep i e R, i dolae WD reifiero

the foregoi nfodé RRFRG Spérid8Hcdiaft AT USPH/, WithBEUHAd ESednheb@d 13%he DC
i sol ated sources betWweeh adjacent bitlines, 'yet continuous source regions

for each indiutpdualn Ggutd Bé, Yo akpresemtsl the pinpyt #xdi valtage; i figure SBscYgdn -
tunneling, instead of progranm ng by channel el ectron tunneling.
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capaci tor, wi 1 } - ar al al direni ;
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t he capaci t JF; iofigant 3E, M, rgpidsentsriansiodtages eptiteatdrsinals of cap¥eitomfigtamer
obj ect of t present invention jis .to provide a ry-cell .array,. and. g
Tot hod of  reerapReRes the nen piscuit Sofaeitn ot dabeR aprerh it binfic, Bhe
cell amea. ; abER } f tud i ol } a
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¢ addi tional o%jée,ct o)bqt he present jnvention is.t rovide a nmenory cell
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lateral area. pp filau%eg;]ycs her . ol athedf libdierddr Eeiing! MY SR drOBirht LBliages
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Veon Veoz represent the maximum possible voitage which couid be appiied i0 the
30 capacitors C,, G, at any particuiar insiaat.
The AC input waveform Vi crosses the zero voltage level at zero crossing

points iy - ts.



charge accunul ation in the body of the cell. A still further object
of the present invention is to provide a nmenory cell having a proper gate
l ength suitable for obtaining | ow | eakage, w thout decreasing the bitline
voltage or increasing the |lateral area of 6the nenory cell. These and
ot her objects of the invention are achieved by a sem conductor device and a
met hod of manuf aks shdvay is &igare 3B, ashottmmedpaﬂanemch/\zem @ossing tataEpeTly, of .

the present invention th?re |s vi ded, a, sem conguct r devige corrprl Si ng:

‘a substrat e; tas 2 S€r1LS $eéyla§}f r|aspeind dhgatsi produced gp 1ae teac galeyoltage
substrate, an 'Phégeatrr Iggﬁﬁ‘fséé‘%éegcdv@ -1bRVauARY 17O IaUﬁ? staﬁ’]‘ﬁ{k ﬁ‘ acscf”’itéj

pi | lars exterti’ng upma aving an upper’region dopé

of inpurity tednitatlih leem@gltmvdnmiomhbmﬂuaemmd tnode Pin figqrerd and aﬁml:ea
lower region doped with said first type of inpurity, said mddle region

bei ng bt weélrm%saﬂtﬁ BNl haldert thegiobige sidheaiavgrad dine nroaadviade 3and
substrate, igure 2, amga&ﬁ Oﬂ(ﬁegf &iksé%qg@af’é‘ @ 4 aﬁe‘mgﬁi&% ) :ﬂfd%@'u'tx) fnfm%cggdg

each plllar € regron t&.co Si stance
upper and- | QWﬁﬁuét@@ @9sooAnd possible after the voltage across the triac is sufficient to
13 a trench capacitor formed around each of said pillars in

trenches sepaaintaing keldingrurrents Thisqogresperdsiodimes hy b indigyes 3G M@thnd

I h,.of
Givel'oct i o Paydee PR30 haf AR aRuhiViop ity B ARG vBReRF Vo i o
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second aspedocasion g the feasheurremtesuppbindtiiyethe diesufyy end dsace thetrippde aeltaoe
form ng a sen.conduct or devi c n in a
Cobetrate | SaEEean Tdbatetinat T rarha Bbatel Cabb il Sicnasee hepuds haiting ) &
arranged i N HagscRRGIRIdHERSn PRFAsEd r@@ledvd?tagls and dP¥Aier Bcatdy dTQimhé 8
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~conprising tmee@mm aff triac gate flrmgqmlmg is r@qmmistoacmsalmgehlau thertoias i tutned

rencnds;  on ss SR Fob S G EReY oE AL R0 B helRbf AL A bRl e

sai d pillar buk Ihé Uuthfich & |TRE seaRESf bﬁ&b@@ﬁouid be no 16888hAf Akdary, to
outdiffusion material; and etching said trenches Yo separate said

| ower doped aveid msmflea:d}'memnwmpm& - formng a trench capacitor
around each of said pillars in said trenches separating said pillars and
-being arranged-in rows and col ums. In accordance with a third
- aspect of the presaflieHiny Al ot HRGHAIS &cl%r&fVﬂnQﬁ-Q ae%eaoe#meﬁ tf U N9 2
sem conduct or device conprising the steps of form ng an arrdy of
- pillars on assshostr i digare a’mgeﬂla triacobeginn to ccohdumtscursmtdl-;pai tines tpewhigh

db | t f h h h
sebondZhept AR BIFPEciie lf‘?{&ﬁ b randioni fhe SADAG Riprtbfc Pﬁ%ﬂ@ﬁ%s@]g )
regi ons bel oupsgist B arhe SOIGANG BeRks ehégi&aaageéfﬂg peﬁmk apg e

of said pillars ri.ng up r- oped regions on s I"ar s; ormn a’

trench capaassaiateddviad nescon tiinestgd-k;g the | Ird:talfr_er |cxrcma|1sjopa:ranngmbr1dge recnﬁefhe

'sem conduct or dev tical FET sem.conductor devi.ce. .The '
seni conduct 3RO @,n,‘é thies%iJ ﬁ;t PHaeH s ap RIR HioseniAs FURDmatiRe P HYSH a

substrate Waﬁ c1’6§1¥ be a si ngl e crystal substrate, for exanpl e. A d| ffused

source region'1s forned at the

13a b@Se of theThe kéanmaAvoleagethymryss mbeapmlruréllambsdasashowmg: gged@

| ant ed t | 1 f th I f d
W Eh selt - aTihanes carul vBREES Ruailabls Veal Hehay yecraRicior fipacwitzee Vi
heavi | y- dop r{r?gguﬁ@g@ﬂoandﬁhoaﬁfeswva u&fae@éa&sée bRt hé%rreaehbwr@mealolaedy

-region witht oppoSite dopi ng type, then followed by the heavily- doped
~ source regi dnahdruhed;urfm omesgipg ehe logpaamprant ati on or by outdiffusion from
. either heavily-dqped oxide, POl silicon, or other suitagble teri.al
deposi t ed bet weefH[C8| THAFEINE T8 PI3K Yalles§iS maihe "REAST 24t R 206FEnding on
~the amagnt OfasRel GBoRULsl:T Hushaik éa%t&ea@%@{nls,akneH@l&%Qéuceof;eM&q%tel ar
transistor may or may not maintain el éectrical contact with the underlyin
substrat e. wac.sxuulr (ter'mn:r.ﬂl\'bf ascdnc nanehalvoltage enpileblesVbsedudass then the
anneal i ng. : -14- The array of
pillars may be forned by a one step etch that forns both colum and row
trenches of equal depth. After outdiffusi ng the | oner doped or source
regi ons, the source regions of different pillars are separated from each
- ot her by sel f-aligned isolation fornmed by another one step etch that
deepens both colum and ‘row trenches. Next, isolation regions may be
formed at the bottom of t he trenches The vertlcal t'ransistor, e.g.,

R AN [ — o, o " Y - - 4 N L T . o



formed: an open bitline architecture, where the plate electrode is comon
to-all the storage nodes; an open/folded architecture, where the plate
etectrode is conunon to only storage nodes arranged in a.colum of bitline,
i.e., different bitlines or colums have different plate electrodes; and a
fol ded architecture with two wordlines that pass through each cell having

stacked trapsiiapkQequirdd 68 MadtinMethinthuhBh@aing@rdifl thitiglthe trid® ARABSI NY
for each cell. A'singl e etch may be used for the open and fol ded .

ar chi t ect urtéme; fxpathequiacdupisidffiand thexoarrentdyitheanigh thetrinofalisrtg zequ éfigure
pillars, a o[, t.,he open/fo] ded architecture, the pillars are forned,using
2 Lo ot ep TPLrABHIE S88E i O SERFRGR G oR cHERer ook Pollesb At ol Brige |
This etch ppoAesAnETdTah ESmpins!iAps: Yalidged MOre rectangul ar cross-section,

(versus the circular- _ : - 15- pillars

f ormedSby a si nfoetbt epmeinder 0§ this datf giclepfom himegj,ghttimé tp,hdioged Daantlo
.vary on adjacent sides,, depengent on the etch depth fqr each trench.. .The
sout o of - oD Are FENRSbiFFCR Sh 4Bt SEdiEeroiHeCHRREEY GeclARey trplg f bad | 1
t he open/f : i eet : ety b LA ne. i he
capacitor p Qid?g‘s%ﬁ% @'?cdghg%lédnljt}?nuouaqsQg}tg%égvﬂ\go gllsoté %@E%trﬁ%p éﬁ@#'lgig&xﬂe
two-step et®@).may al so be used for the common source configuration, if a
rectangul ar pillar cross: section is. desjired, by ,cg | eting both etch, steps

t

prior to sour ceSYTRARASS the circpust aédfth%ét¢ RS appdiedidictatrs ddentical @Re13EAN 1 he

~sourcgpmay al-so; f i 0 ] essi teps. eplantati.gn
nto At « 3 36 80T Bhlttycl el dHOCTRE il PR YRR e
mai n body ofausash spiies of triat firivg polsewisthnting Paime s Aok averivd cfadpCapadta
dielectric layer, e.g. , Silicon dioxide, r,ff erred to as a contr oxi de.
Next, a confr & charged thrpughrdipds ki andetre ThetwgamHirees tis2ibhaed e CcoRTES t he
~gat e oxide. . o RN o 3 hepyd Ly 201 oNns
o the top SR dsRBeSlRbtaIfHeIBHA pRRIIRRILS Bo M0 15 TS (b RBF fermlifll ONS
in-situ, heeoltdge Wppedll dedp, shoivgoin, figure B Eyrdusinghiil psdidd by dat araohnt which
deposited on the array to connect pillars al ong each . _
-16- 15 r owdepeads\ast Hie suryews derpand of abe lead ﬁaadhmmteooﬁ sApagiter Coe

~direction. This Sig | J ' I . D j ay
may be separat ec}lﬁ? %’%/rxsjlfi} églﬁ&@y{h%i W@Lrl{e;‘g@%r%bhv%@ eils Raﬁﬁééﬂn%%rl%ﬁigb@er%‘égﬁﬁfs

wor dl i ne di Ceahd @hsachieving add@nyuitput doiagpi(M g+ ¥V 2 sppropiatatlydiduplatiai ACance

F along the wordline direction, and by a .distance F+[err]_along the bitline

direction. patyebags-obke veliase e «rdach rpagitorisHerginad veliags gies fisg to 2

cor r B Pl RELPUE DB AR E LV Wk 40T R SRR E D
f-orm rg@ t hetheoAWSinbut Forhayi %geraldaﬁi reljirement, th Size @fahe chgaditirs C; andr@y of

pillars, including the trenches the rebetween, and then etching 0.5F thick
hori zont al WhseR ite sadnescBueHDBIe YIRSt VT @ apolerable magnisgde.ne base of the

wordl i ne trenches, .C, i/ 1con - e.bas t 1l e
trenches has a Wl&%‘;gg?g‘{ e‘p%fgg{ﬁ%%%n- Fb?é)c\r/ég]g tt %r(g'b@{“r e%@#gégnqghecz
wor dl i nes bgdspectivedpasd Ridnbival feethdsé réstteng from fhet iz ¢ 4 bafivendional voltage

equl i -spaced I1n_both directions, an additional nmask can be used_to separate -
the gate nafeubling rircwt Heth efeslactdcalicogpestiisin the place of the triac T.

25 The remaining ripple voltage V. in the output voltage (VC1'+ V), exaggerated
for clarity in the diagrams, dependé on the amount of discharge the capacitors C,

- and G, undergo during the pé'riod between triac urn-on times t,-t;; and hence the
loading applied to the oﬁtput. The maximum ourput level VP of DC output
volitage ( Vc-. + V) is obtained at each triac murn-off time tyy-iys. 1his level will be

30  used as a reference beiow.

During a missing cyeie. the voltage V. -will be held at the voltage of the AC



A trench capacitor is .formed around the bottom of each pillar below the
transfer device or transistor. The | ower doped region of the transistor
al'so acts as the storage node of the trench capacitor. A dielectric |ayer
is formed around the base of each pillar,81ining , o

-17- the |l ower portions of the trenches. A plate electrode materi al,
such as polmainsiiopnt whenf thenpoveémintemruptienstestedy \bor theheapdicshnes of @ mainsr .

The pl ate el.ect.rode be copnmon tq all the,pillars,f th en

TrenPt oes ot fopae SaT REmst theinpt MEird ensiigpoatt nuiche € Ricis mayyes

W th connecd; , I £ 4 : L4 ' ' ' rier
whi o’ ot auipBlies 8n8't ) id pifent infofily PGhEbAlg Adis? SRTRE AUShpRly Ml BT
enmbodi ment ,or tiet exprhcithnonef tharsC dinerand viocutir asedf, dezagingdowapdszérocasathed one

active, are forped over. the trench capacitor. The nenory array integrates
a vertPcal $aPaRYRee disGhatges-such as a MOSFET, on top of a deep .trench |
capacitor to forman ultra-small nenory cell. This allows form ng a dense

array of these cells, where each cell has a size of 4F[err] in an open .
bitline, an opeThtawtethaticchidgeatedr éoutserybridgalswiichirigneiscuiodescribeiddimdUS
architecture using dual_ wordlines. . _ BRI.EF SCRILPTI ON OF THE
DRAW NGS  FateihBRMbEs Syt 62sd 8drotkavuell sddisa gonstpd fipysidaloaCsupplpeltage

nore readil tas?ﬁ%.r r QR iﬂ:gp ' 1] |l owi ng detail ed
descri pti ony%e 5?%116\{}1\& @?s"’&gfé@%ce gbpﬁgeg%%lgpn%l r}% ng drawi ngs, which
speci fy and shoWhiy eit@rit eshcehipvoreetysdidlerddiavayatonhiseing cycles of AC mains,
wherein i ke elenments are designated by identical references throughout the

~drawi i§s; afrpending oshwhether abe 1mainshigput spcovaes palisgiecsame an Higs opposte
conventi onal .ar.cay. of ne |.S;v.. : El sho ross-sectional view of
a one of th%OI?gh(/g%?r?%n‘gﬁ%héhé% aiép?éﬁgmgflr?%}egrray of FIG 1-2 al ong

a bitline; FIG 4 shows a schematic of another conventional array of
menory cells;  FIG5 shows_a schematic of a conventional DRAMcell; FIGs
6 and 7 show t oFigirestAf- €D rehem tioniag relativashipsdoopbe eparaiine CrRANMEOSM s,

respectivel y; Fl G 8.shows. .an arr of ryy.cells..acc i n0L.

crod ment SoRREAEIAYFiGBR ERRIn PR R I A W ey
dielectric iinhiksinghgaﬂeC@d p&odi SbpAWhedte dtaskrs asie it RPpbsitd Polapttp36that
invention; . FIGs 10 and 11 show cross sections of the menmory cell of FIG9
al ong She wehen ithe irteorupition; siarted. Beatupssidentical to those in figures 3A - 3E have

identical reference symbols.

At time t_, the AC supply V| is intei'mpted, shown in figure 4A; it returns
with the opposite polarity at time t_, rather less than one period later. During the
. miSsing cycle between times t, and t_,, the capacitors Cy, C, dischérge through the
20  applied load and so the output voltage (V¢ + V) drops. The rate of voltage decay
- depends on the current demand of the applied Idad and the size of capacitors C;,
C,. Due to the tack of input power, the current Iy through the triac, shown in figure
4D, falls below its holding current and it turns off at time t,. When the power
returns at .time t;f, the AC supply voltage which has been'_ held -above zero by
25 inherent capaciiance in the mains supply system and the electrical apparatus'
containing the circuit crosses the zero voltage line to attain the 'polarity of the
recovered AC inpu't. The éonn‘ol circuir interprets this as a standard zero crossing’
detection, and initiates twiac firing puises a delay d, later, at time .t’ﬂ, as after 2 -
normal zero crossing point. This initiates triac conducton, figure 4D, and further

30 = charging of the capacitor C,, raising the capacitor’s terminal voltage V., figure 4E,



respectively, according to the present invention; _ :

-19- FI Gs 12-14 show a nethod of formng the array shown in FIG 8

according to the present invention; FI Gs 15-16 show an array of menory

cells with and without strap |ines accor® ng to another enbodinent of the

present inventjon; FIG 17-26 show a nethod of form ng the array shown in
e

FI Gs 15- 16 askchedDigouput veltpgasfigureidty nltags; doubltinggnode zigussresamanenges ay
f 11s wit i t hout st i : ' furth : :
orbodr ment B sathfkEnihe ki S 4R ACERuEE B, B8, Buirsl ifees i g

the array si@wvelhtfids® 12 OutfheabeQebIWANLhAINS dN BRENAC S ttbvery tith& 33
shows a nenory cell havﬁﬁg a Stack capacitor accordi ng to another '

“enbodi ment tgf. The madsmm reduation om putpuEl @lGge 3LV sh Wﬁh@weﬁemﬂ)bdh_nent S
16 36500 Yook B SR B ARt igahihednou V2 OYP ek FEIDE e HSAHY o
trench canagiiay afzgfcg egquipg,'e bhd ?&@@ﬁh&{)*&f‘ﬁng%e&omﬁ@_ fBALUTRE tAKE BN

t o anot her enbodi nen present* 1 nven

-2 0- Flgtsebzen@ratedvafeerthe beshmptidroofripogenat dimeay,, afe stepped ifcefurtherach
having a trench capacitor for .a_folded hitljine architecture accprdi ngnto
anot her ent#8dP nERBSIBE luhecqyre aipre the Afipe firing prlse gAnaIRtoR Rerladbds has -

secty on o EGBLY AL 5AGh IRV LA B A HORRM Birkiin ek hElid i e

cor resent 1 nvention;

FI G 520shovgenerasiomyf efiacrémagypulsdsl & dvagitpg two transistors per pillar
according to anot her enbodi nent of the present jnvention, and  FIGs 53-72
show a met hod oFigusesdAg SFreos analogastHming relatonships &5 e wperaiamat W@sent.

invention. : . . . -
verory. ol 120 cuiargadic SERRIE TR SR b e g YA Aol il re B8 Hode,
~one enbodi nditingdand Afte P esiedihg iciole MhicHrecolérg éitlathieveinye polagityayiay whehnl
205 is based on a MOSFET. The array 200 has self-aligned shallow trenches.
- 210 that .i siotereptedd Fsapasnidensienk toathiogs atifigengs Sés- SEhaye identical seference
bitli qgs Zzsgiwﬂfﬁ array 200, and a nmethod of making thereof, circunvent the
~difficdltie | it hographi c source isolation -

: At time t,, the AC supply Vi is interrupted; it're.aturns with the same
polarity at time t,,ff, somewhat less than one period later. During this missing cycle
‘the capacitors C,, C, discharge through the applied load and so the output voltages
Ve, Vo drop. The rate of voltage decay depends on the current demand of the
20 applied load L. At the time of power interruption t_, the current Iy through the =
triac stops and the triac turns off. | _
| When the power returns at time t.p the circuit is in bridge rectifier mode, as
the triac is turned off. For the remaining part of the half cycle until time teas there
are no valid zero crossings to initiate triac firing pulses and hence triac conduction
25 and voltage doubling. Following the resumption of power at time t_, the voltage
Voo available to capacitor C, is half that which it would have been without a.
ﬁﬁssing cycié, the other half of the x}'_ol'tage also being available to capacitor C,. This
‘may help the recovery of DC output voltage (Ve + V), figure SF, (depending on
the state of discharge of the capacitors C,, C,) but the DC ourput voltage remains
50 much reduced. Following the next valid zero cross at time t_, the next triac firing
pulse series begins at tme ty,, and voltage doubling rectifier mode is resumed. As

shown in figure 3F, the DC ourtput voltage (V, + V) is reduced from the time of .



-21- - wthout increasing cell area. The isolated trenches 210, .which may
be referred to as bitline trenches, are parallel to the bitlines 220, and
orthogonal to the wordline 225. The array structure 200 naintains a -
~common source 215 along a given bitline 280, while having separate sources
215 on adj acent bitlines 220. The source 21.5 of each cell 205 is '

sel f-al i gnethe pnwceﬁmerupammmgmal thms&oong fnﬂeh@éf afcéﬁ afier pewes seyumption

th bi | it | t d h Vi

b cover. " akp e bk o B G, S sVl B el bR S e e
| at ed b f I

orocess. - EARpOts OFBoRPral il U5 Q‘a‘rﬁlﬁﬁsrﬁ?ﬁﬂ Qs fPedief uiipal

230 ext endi iy thepeasedofipower tésmnsptivat witheogidsite “ﬁm@mgbﬁgmw ¢Fi Thia nednghcm :
-crystal sem.conducto

with p-éépelwwapfta% A ast%ﬁp&%@?}%@%%ﬂ@%ﬁgﬁpﬂ%ed
230
Togi one 2400 SYE0SpuL TG Ruphly YRS kBRAEL it caniimpdle T e il SPLRRuters

bet ween t he addaiided équipmendy causighloss of biopéd dytaland daultysvided sigratsh P-type

material, to act as the MOSFET channel between the N-type source and drain
regions. FIG 8 dl so shows a top mask |ayer 215, such as an SiN |ayer 245

formed over the

-22- | ayer 24%5 ?Eﬂz ucgeg @ﬁg%ﬁfﬁﬂ&@ﬁﬁn is toIHdeEﬁl al‘E rcnf?tlc qq blerégsdg.as a
di mensi on otxr&hwoﬁsﬁtﬂn@:ﬁg at :Inmmmdlamﬂ%f paviraizetiie geﬂxérananaasfetr&epﬁmg

by a distant F along the wordline 225, and a di stance F+[err]. along the

bitlintd 2zopulﬁ|¢ér\@h1[ca ri pblestoigspend auicklyytothe resumptiorretioy ¥Htage range 4G ay

1wt r ot vEPYEE SRSl itite SRR Bled g uARE SABIRERE resymed as spon

oxi de, such a§-§>o§)§ibﬁe$o ebtaih filf 0Bltagdd Sutput; ehindmisimCere0lol %@@r@p lak gie 8 uhas
a control gate 275, onmitted fromFIG9 for clarity and shown in FIG 1 The

control gat €uping ampussiag cydle- wor dl i ie 225, shown in FIG 9. - The drains 240,
act as the bitlines 220 and the sources 215 act .as buried bitI_ ines. FIGs
10 and 11 show cross sections of the nenory cell 205 along the wordline and
bitline directi orefdied eﬂ%dlméﬁ@QﬁTthé(ﬁiv)éml&& séroprovidel da ditorddie v@nu%@e

215 is conpletely self-aligned and conpletely fills the region bel ow t

pi | | ar 1330. dpnblan:dbndmsthnl@wbmh detects she Eressem@&@anwmat@sthéfenm
MOSFETs of differ t he shal,l gw tr.ei 210, 1 nc

source 215 FEnEbRE PRty i8R Edpekies AR R RS ds rRdy i dhdAC
| ess sour cehgRhbge BeeiredintHFHPREA vtustdvimsm%aewéi:ld@ﬁﬁéd rAfgé of %ltﬁgés Rige2
-overal |l capaci tance of the array 2

-23- and not to initiate triac conducuon if the AC voltage before interruption was within

the higher defined range of voltages Rgel.

20 They also seek to provide an automaﬁié doubler /bﬁdoe circuit which recovers .
-quickly from missing cycles and will not double a h1gh range supply voltage if such

a voltage occurs upon supply resumptlon

The invention provides a circuit for converting an AC input voltage lying within a

predetermined range of frequencies and which varies on either side of a base line

I
'

S voltage into a DC outpurt voitage at or above a predetermined minimum level
comprising: | '
a voltage rectification circuit which is operable in a first mode 10 rectify an

AC input voltage lying in a first range of values-to produce said DC output voltage



A gate region is formed on a sidewaill of the pillar 230 over the pillar's
_mddl e region, which is between the source 215 and drain 240. The gate
region controls the resistance between the source and drain regions 215,
240. The gate region may al so be fornme@ion at |east one sidewall of the
pillar 230 over the pillars mddle region. Alternately, the gate region is
a wrap- ar citid whddte idetndeyd a cswiadhe elemérhehaiing ar coritelsiwarirsnaloforr récring lal ar ' s
m ddle region: _Illustratively, the_gate region conprises, a tunnel oxide
260 for m&@ﬁ@ﬁ@aﬁéoéﬁlqcbﬁh?éeﬁt med¢ioned by a first gate el ectrode, which

may be isol ate I | fe . for £ 0at 1l Ag : w1 ekt
I\/D)éFET 205 wi tﬁ&‘%ﬁf‘?og‘?lﬁ% 35‘%%‘4%9%3“&&%% gn%gn%?é%gg%l&gg G é%és‘ﬁmﬁ gat e
-oxi de 270 gopsafigd 65tHehAd inpat voagohRd td geheératd thid edntesl! sigril Yespoldvectont r ol
gate 275 acts asS the wordline 225 Illustratively, the floating and control
gat es 5265, eaxhohaselinpsrgssing;con.  As shown in FIG 11, the source 215 is
continuous along,.a given,bitline. The. oxide. 250 used to.,fil.l,the trenches
210 (FI Gs 8- 10% el VRIS F938T ratc8acth Poseliv srosSg g viinh  SUnMOSPEES ot s
265, 275 apdaditinSPHERS fféifieath fdset, 3o figndriRitY dpdraBletorRaktAR t8d donvrsihout

any additional processing steps. |In addition 1o preventing source/gate
shorting, tignralsykercthedelayireachesdupresietdronined velaegthieepredetdrapined yabict @fhce. -

-24 - Pl aci h | ow- t il 230 al _ floatj
oy NoSFERE R PP Bresicn ey e P enalLoC i et BE 2he Tiutepmid
MOSFRH StrinblrdE ﬁéc{ﬁ&xﬁi&g by D.J. Frank, S.E Laux, and MV. Fischetti,

"Mont'e Carlo~simulation of a 30nm dual gate MOSFET: How short can Si go?"
‘Inter. El ectrofheDpasticelarMeatuney, of1 6@ jnventss. substantiely reducs ahe odrop it i s
shown that the | -gate FETL, of fers greater, scal ability .to_shart te
oot hs. & HOPRERE FONBEs Ghan DT GpieTier e § GISHIE TR RErACPDRy
as 30nm wey g5 & Y&hdr i Rk ik e, OFhe The
i nproved ga@%@gowﬁ%@gsdgﬁ?gr@%né&d%g? (%@’%\Er g%gﬁa .ohdrig@gatge struct lfre '
. inhibits-t¢ontooissgnaf isdepied t@ube svichinghalament €6f acpariod rof| tintienghen a
thre;%ol droll|-off and draier& i nduced barrier lowering. = A nethod to form
the avray PHSNEFYCIE ihdetgeied- al i gned trench isol ation, conprises the
- follow ng steps: : . As shown in FIG 12, which is a cross

sectional view along the wordline direction 312, source and drain regions
215, 240 are f & padiduiasembmriimegt tofieths ulns¢nade pP@Gdeo abtiacdietwherpinatites of

ions 310. Note, .the source inplant 215 is a,deep inplant at a pt h. of -
appr oxi mat %qrvrésiagmﬁi 15I83nﬁ§%§6gpsaér%/Pf e&we%m? afRE |each &%6@3@%&% hi s
step to pr Shot ﬁx%%‘?. r i .

. fabricat ed‘.910 1'E‘%’r{r%%t ve §%&§g§?g{>§éaﬁeg{rgg@m%ﬁh?rggﬂg{é%%ggﬁefgaff%ﬁgf g%eur ce
and drai n losgispos thi¥l pred2dérmined range of frequencies. This ensures that the first n2éde

. sho in FIG 13, a mask 290, such, as a nityide pask, i.s deposited
acr o@ t he® mraﬁp@cf%nemq§ras§99§ﬁs&péﬂlb@@ﬁearﬁcééﬁﬁﬂg%qomn&gﬁ crigp,

i veat o Frp0UE eBEARAE N 8 BB BEDGRUREI B Pnclal i B0l & Bleer |

from each pé¢tied than aesgssaiyng F. The nitride Iines 290 define the pillars
for the vertical N devices al ong_the bitlines. , . [1,1. . Shall ow
trenches 230 h?\aﬂ';/gﬁar gehodimentsodl Hiepinyention Brovide@ GircWbwWheteiRthg Fst -

" Tormed by mode of operation increases and rectifies the AC input voltage and a second mode

25  of operation rectifies the AC input voltage when the AC input voltage lies above
the first range of values, the switch element being opefab'le to select between the
first and second modes of operation. This allows a substantially constant DC output
voltage 10 bé_ produced when different AC input voltages are applied. |

A voltage _levei detection circuit may be provided for determining whether

30  the AC voltage lies in the second range of values and for producing a detection |

- signal. This allows the selection of the mode of operation based on the input AC



etching, e.g., reactive ion etching (RIE), the substrate 235 | ocated
between the nitride |ines-290. The etch depth 315 is just greater than the
total spread of the deep source inplant 215, as this topography will be
transl ated down in a subsequent etching si®2p to separate the sources 215
bet ween adj acent bitlines. . ' -~ IV. " As showmn in FIG 14, the o
nitride |inegltage $évelps 290 are patterned to formnitride regions 245 al ong
the bitlines. Each nitride region 245 js _square having an F

by F
di nension, and iMesapanax depprovidest ForrimhediFng fsuppiyaef él@@mpnwp{ sigael teghens

245 s showd vt EAER VIR U PRcriof Mo Sidibtes MY 1A il CutaBgR”
al ong the bijhdioeheiseqsid Aimgdlot vatudsaMhey alldvatheSresO@Eom 8f Mok AAAC
wor.dline direction 312 to prevent the gates from ' '

-26- 3 shornpiigvaltagrelyinguithin thessecpndgange.al so shown in FIG 8. - :
V. Returning t G.8 t hi | i f d ,e.g., RE.
formthe final pThe avitchaBetena! Glntb &bk mhefitn il Sfenay fifl e eotiist 3¢
appr oxi mat el plpy 6%@9@%‘?})“&1 &Lthe! zgat% Ystminghep thd1erisigep | npl ant ed

source regions. 2157 on the pliateaus 3 etween pillars 230 al ong each .
bit1ine 220. ThiTthesxgioiisepenods afstimeemayhbe tmeasuied 1 @newbi ahorer aigital

1 ted between, the hitli 2Q,. d t t | th of , about, 700 t
AerrTm Theouaoepeing ubbRed st 250eK Pt 1o oGk 255 idettish g Aa
wordling di rgflorORd3dccuit, ahbl &chiRe SbRROFLFT MEAGRRR férisders 1! .and V

forns square pillars, which are. advantageous conpared to circular pillars
that may be for nAdirbtydigitsl tigiee maydie provded<o maasursdidietpredetermenddwime tatter
process all ows, t he hei 8ht'of the.pillars ‘%8 va”/i on different sjdes due to
the differerf@chésieried qq{@ecgpm&,&rseﬁgg ligiral imes 3y e BrovidRayioea i Geen
‘the bitlinesngffs: e detfod R¥PtheVBsElringidd 8PHISRE 8 third ARG en
t he wordl i nes 22%. '-%e t wo etCI’? prsocelsslma?gt aﬁﬁgé%kgtgigﬁt@%%l?g?pﬁn\éﬁg
-the array cdieuprowidest tdoirtelabure thier predéetemninesf valhe ofuhe ddlayand e fowgh digita? 15,
‘as well _as the continuit f any additional str ing maerial 460 to b
descri Bed i ﬁp%%ﬁ%%blf %hpiﬁ‘gﬂe%% Higasute; ghey s e Peﬂlod trom the seeon
- 27- of RRI W SEiHeLHIIREAS 215 as buried bitlines for cell access.
Since the source regions are inplanted prior to formation of the pillars,
the source regi cAltemmativeyy, tahsingle digital aivher may wd utdd ipidohanmgtion Mits logic -
isolates the pillar body fromthe underl y,;;(g& substrate 235 resul ti,ng in a
floating bodJl PHEAL] Bxegpurehotl thepredeteraiines dslay gnddhe secandséme peried fiamow,
where the pi enmi i ?%g} act wth the underlying substrate 235,
-as shown i ntb{egégg&éj%&ﬁgﬁggﬁ;bzeth? gl o%fs 405 are formed by outdiffusion of
‘dopants froma material 460 |ining sidewall portions of the columm trenches
210. Alternatlively, the source, regions 405 are fornmed after pillar .
f or mat i?-b_n. _Sne emgpﬂxmﬁ@taﬁ m%g“teaupne@, badesembed iR ekl below.f Fithed
with an insYeplieRde % fIhALCEATLCLITBE B MoofRlnyBlillafindl 0¥y O
exanpl e. Next, thé wafér I's planarized to achievé a planar surface, using
chemi cal pol i shi Riguterl ®xaciphut séiendticsofpoidotbler fisridgy fatiieolcidchi; waf er
conprises i sl andﬁ_ of nitrjide 245 on top of, . ) '
o igure 2 is a crcult schematic diagram of an automatic voltage

doubler/bridge rectifier circuit of the prior art, incorporating an integrated control
25 - circuit; - | o ' '
| Figures 3A - 3F are timing diagrams of various voltages applied to and
supplied by an automatic doubler/bridge circuit such as that of figure 2, operating
in voitage doﬁbling rectifier mode during a period of ‘constant AC supply;
Figures 4A - 4F are uming -diagrams of various voltages applied 0 and
30  supplied by an automatic doubler/bridge circuit such as that of fgure 2, operating

in voltage doubling rectifier mode during a period including an interruption of the



each pilar. 230 surrounded by oxide 250. - VII. Afinal. etch
stop, e.g., RIE, . is perforned to expose the pillar walls prior to gate
stack formation. Note, this step only etches oxide, not silicon. The etch
is tined to stop approxi mately 30-40 -nm apove the Si plateau 325 (FIG 8)
between the pillars 230 along the bitlines 220. As shown in FIGs

-28- - 9-1AC supplpxihich regoerbithagposits polamgcter thaBevhiely itnad jushibekores s
330 of approxi mtely 30-40 nm The spacer 280 separates the gates (both
the floati rRpiBgdntesmmnted; gat es 265, 275, shown in FIGs 10-11) fromthe

-source. i npl ant i S preyents .t he.oatl 275, S j tQ it he
source 215. The%ﬁrgi&s_ %Oa'rgf ﬁ{%rl]é%%s‘ ctégffi‘ %ggal?éjsg‘ﬁé%%%gst %Q%Eérﬁ]g? zagld

gat e/ sour Cesypiied sy ﬁﬁlfa@%maﬁ@@loumr}/l&riﬂgﬁ ciadlip vadtgas that Lot ra[2 deriggaur .
VIII. Any remaining oxide on the pillar sidewalls .is renpved, to result in

the arSay Zperiethiwaiudingm diffprentantermptignophthe AGesupply whishrgoogrs with the

source/drain _regions 215,240 e anneal ed ng a conventional floating
gate proces?%%gpm&stlghﬁaﬁpgﬂ*tfﬁﬁe ﬁ%@géggw%ﬁ‘gscri_bed bel ow, the final
devi ce cross Seﬂ%ﬁ% A e ghowe {ithifig @agrBmBnst ddrious MEMhgesta@iied $6 rdiet ure

is formed around e pillars 230. Formng the gate structlUre includes the
“steps of f osupipligdebyyan @utematio doubtargbrdge eintuit ofithe énvemtionodwingagidrind or

on all the sidewalls .of the.pillar er the pillar' i.ddl e regi,on ..

ot ween. t nelnBilLa aGtrraiot of His o Sluty Sadfincal o Bulf i elne e R B 10,
form ng the gat '%ﬁ-@i?r‘i | DCLMERS séen Al ©BagPdm! 6f Hrofitd) hEdtRingOXb A 280
over gi@dewal-l (s?1 ft hespi@l lar’ ssm ddl e reqgi olﬁ; form']ng’ a fi rsr%g)gate 265
over the tuembbdiménteof thiei presént e proR; : _

-29- 265 may_be insulated to forma floating gate; formng a gate oxjde
250 over the 1 BUKRG b Gt SCHRmAK o HRTATh 0L 8BRS DT e Tova serand
gat e oxi de | MeL¥vioh e nnel and gate oxi des 260, 270 are
silicon di oé%ggd%%ﬁéf;mﬁ;f eét%%r m'alaflg grown; and the floating and control
gates 265, 275 FigurepSdamd il0earaatiruitaichematic disgramssof circligmddcyrdingead a
pol ysilicon, .wth or, wt hoyt sjlici.dation. FI Gs 25, 26 show

cross-=ect | gmbodimaRL Of the |0VEBHODsych as a floating gate vertical
MOSFET used as an EEPROM - al ong the word and bit line directions 312, 314,
respectively, according to another ‘enbodi nent of thepresent invention. The
EEPROM 400 i s sFiguras 680 6 esh&PRonghagramspanalogduSstotBosel df figureptSA h8F,

source 405 does not isola the body,of the pillar, 230 fromthe underlying
substrate 2 .tﬁemeeafagn eét%ﬂfér%‘m &éhemrﬁt@nm@%ﬁ%@e@@gﬁd@ﬁb pgoppde

~pillar 230, L Qi L QU -y L oyl

bet ween thed]gr?ﬂrl?g'ﬁ 4 6%%3 ag%rﬁﬁgﬁﬁ@y%gh g%%)gtg frsg?lzh gl%z%ﬁ? goka}?g?tag %whcf t? pin
the pillar imvelyuptdd. ddentical fsmurestootiode fih diguon SAny SBchaveritemiead referehcd he
source.is formed conpletely below the pillar 230, separating the pillar
body 4%m t ¥&RRSer | yi ng substrate 235 to forma floating pillar body.
The source 405 h§,f 3 | f1 o CE\, (4 al..: e
source nmateri al 08%9%2%82#3%&%%%%@? %‘#ﬁsﬁg&}ﬁ.{eﬁf %g{réd%é?lgssgg ZJH)
mat eri al , acwssingsAaimer bourtefrost each AT veithge@etdrerossinigimecg uatil khertain

. time period dzc has expired, such time period being greater than the half period

- of the lowest frequency AC voltage input likely to be encountered. Under normal

25 operation the timer is reset at each zero crossing and ﬁever reaches the end of its
timing period. | | ' |

When a missing cycle, such as that berween times t, and t,, in figure 6A

occurs, the timer counting the time périod from the zero crossing time ty is not

reset before the expiry of its timing period dyc. Upon expiry of this period, a: time

)
O

tq Tepeated triac firing pulses begin (figure 6B). Timing period d,c is fixed such

‘that time t i approximately that at which 2 peak voltage of 2 maximum frequency



- 30- di ffused source region 405. Alternatively, the sburce material 460
may be heavily doped oxide, arsenic glass (ASG, or other suitable _
material, and may be renoved after form ng the source regi on 405. Fl Gs
15-16 show an array 420 of vertical menony devices 400, such as

fl oating-gate MOSFETs, formed by a self-aligned source diffusion and

i sol ation pneaess dudNThe gRhefdtivh eRicdatidddld tﬁé@ﬁﬁngrpxﬁéeﬁso&\b@ Zgire 6B,
been omtted fromFIGs 15-16 for clarity, but would normally Till the open
area bet weegnsares that phenphe 1AL snainsireqovprssdime ) warsondyekon mmediatelys 20,
where each array golum or bitline.220 .hag _a cemmon sgl f-aligned dif,fused
sour ce. r egi BYERSTOYIE B, SRRy i ds BoRedectDy A s, pple g Vaildge
outdiffusio ( o ¢ ! i it OB(fi E)DKL
after for m_%aﬁ{aﬁ!eE ggﬁ??ecgﬁ?(%%gagél‘éggﬁggg%%? g%%\értﬁégﬁrralt erglkag? 6buri eglle
"strap'S 460¢ase. lustratedvin figuup 6, papaeiten Coris flly charged atetimss ty,i as fpne@e
‘after source outdiffusipon.to reduce the resistance of the. buried bitlines
220 (or sou"l“&%”ws}“"e.ﬁﬁfﬂ@' 15 and 16, the square shape of the pillars
230 is due to t t : : ?ﬁ%éd j of-
the transistor pi eI égrhéﬁpgaéﬁ%'lelrhr?{#o g@?\;ésa%{ee%b tﬁtquﬁgés}%tﬁgg g zf-?{g%r%?gicge
sour ce out diifrfeuts] as thif indiestebebea résumptich 0b AC powet. Tnandeng gulses e ¥W T

Lot o s s DARRESE oF S 1.2 kel ook Resuires TELARRTY "W, o
‘the bogy of the OhlAfs: difel RYBLREA Ot REHBIRE ItERIRBURSERC AR lasts
r or tdif

annealing is perforned for aionger tine urther o usion fromthe
- sour ce mat elonger 454h OheGytk) coatintbad trideefisng pudses egnoinae 406 af ima apleast t €
sides of the pillars neet., Al ternafively, I@ descriae I n connection with

"FIG 12, souf@ealitRnemPeriee of fayeHdTemuensy iid mans ane gheR S1P- abri cati on
~that fornms the ghll : L& | L Qﬂ.ﬂﬂt,
~undesirabl e forq}#gn@%ﬁt{)ﬁgg% ?%%%@he%gkﬁ%aglggﬁ%‘?gp ?Bir%h%? ec ar Sgéelsnatt he
transi stor, tifde f)asasasboanaa@eS impitipavserdis avedsisd, drinimisingdhe guedasy dwp in
| owering (DIBL), which may offset the disadvantages in, song applications.
I'n FI d&® 15- BS; osmmtcwldges d¥panFrl JPorutpetisyesyaed aidigatas OHENSthe ififsls
- 220 are isolat t | ther, et.ching to formdeep trenches
210, which g@%e%%@ﬁ?%“@i‘?ﬁ%ééoé%%kgé)orwee?'erred to as bitline or
colum trenches. The colum trenches 210 are etched deeper than trenches
430 | ocated between the wordlines 225, which trenches are referred to as
wordl i ne or rowFigwechaeepresents & cigast perprdingcionti srthwdimeny pf ghe inyegigice

SO L0 o Y B S A R e
FIGs 9-11, signalssll, @koin@RY denefitpd withid tieardnegedied coatrbbeintut, ais aleseribathd

‘that separates the buried bitlines 220 fromthe wordline 225. The, spacei{
2 above. Four digital counters 31, 33, 35, 37 are supplied with the clock signal C

generated within the integrated circuit. The counters have their reset terminals 41,

43, 45, 47 connected together so as to receive the signal T1, -generatéd within the
integrated circuit, which Supplies a short HIGH pulse at every zero crossing. -

Counters 31, 35 provide a LOW output when reset, changing to a HIGH at the end

25 . of their respective f:ount périodsﬁ counters 33, 37 provide output signals of opposite
polarity. | | | "

Counter 33 has a seéond, positivé edgé-triggered, reset input 53 so that it may

also be reset by a rising édge on the ourput of counter 31; counter 35 has a second,

| negative edge&riggered .I‘eSé.‘t input 55 5o that it may aiso be reset by a falling edge

30 on the outpur of counter 33; counter 37 has a second, positive edge triggered reset

inpur 37, so that it may also be reset by a rising edge on the output of counter 33.



232- 280 i's shown in FIG 23. As described earlier, a drain 240 is formed

on top of each pillar 230. In addition, as described in connection with
FtG 10-11, a gate structure is formed around each pillar 230, where the
control gate 275 acts as the wordline 2295 The gate structure may include a
tunnel oxide 260, a floating gate 265, a gate oxide 270 and the contr ol

gate 275. THSod§ss b?%ﬂuﬁ&&i BEr33 BreL AMEEIHneBted fohofd faphit diCAND Q@l@r@ﬂﬁ hy

i's necessary to separate adj acent array rows or wordlines 225. This is

‘because thé spnxtpug ﬁﬁmgrsbﬁ,ﬁéearemchlqmsctzgao ong gmatqfrANﬂihgateh@

|l ayer 450 has a thj

$hact o F bRSCCR AL RLATIE 0D DL K18 R0 Tl PORERA SR

connection gy fxlhet 8@@& ro@gawgs q§ cEﬂuC&téﬁ % oﬁée ﬂoépﬁﬁééqﬁﬁtﬁpmghtéd@ﬂ he

fol | owi ng steps: shown. in 3 and described’in Step
Il of fhe pTMlsecrmcbnmpmsef gtat& r67dr_ec2§es |thedé<pdsmgaal1 &k ahd thebthirdirpwt3s

and patternedtoform 1 el al ong. the Jtllnes The, nitride, s I’IpS
290 each hd¢eeiyesithe ﬁ‘ é‘rgéaggga%ﬁeégteprwg’é’aw BiRgH ‘Tﬂ/cgc‘dﬁ ’SWBW%,]

AB shown i Qggicgfes]tﬁagﬁxe A@: stuﬁgﬂz ﬁﬂ&ﬁg)heg thity fe 16%6 H@?PP M le QRthiite

substrate prior to form tr| ayer ust atlvely, t he
nitride | aysfrgdtastist bomiavesds t@ftheappnu&l tamnhg/l &Oﬁanmtoar@ whospadurce de
cknegsf of _appr oxi rra g

(b) Simi | arcongegiesio 3 osunm)évgitm ap 8’&’@§% r3ipds opRstas b coRirol 538
Iocateig bet ] &g pitride strips 290 is etched, e.g., using RIE, to form

“shallow bitTine trenches 210 between the nitride lines 290. This is shown

in FIGs 13 and Cbéuniére 34} 8B, 3% B hartSiseidsindaegessionoddhateorssenbgpianvalitezero
expected drain inplantation_depth, the desir a e Ien th, and th Légl ed

d
bitline di foTQES deteqipn ignal T yiaking thequyputs 1é 34 6@6 PRPULY
| 1)3 . Slp?][ 8);: (;nﬂgi ellrﬁ?a fg%é'ﬁe to fl(%é%sSGA Ln@t}%ﬂ%\m tl‘l@ﬁﬁt%o&ﬁter%qucrdﬁ ts the

waf er I'ning the | s

~of the trenddlep d? #Om Fhésedy croSsiag @olis tg F-Qgs.trﬁtﬂcthe Cutosmﬁbmgg tofieriae Ifnﬂngne

and bitline d|rect|ons 312, 314, respectively, a structure simlar to

‘that dfown PUSES @ tmes dgt-eas- fWhﬁﬁl delay ﬂebé‘s%ﬁaﬁ@ec{ riae SytpEeot i Zresthigihon

pad oxi de e B oRpPlEs @%%5?@?2?@?%%%%%%@5@ i

235. - For indécatéd bgtarkiph siynak Riprepented weiat Hizirpuhsidsadre then Prodyged, byt ﬂne

~ source and drain are do ed W th N-type nmaterial IIIustratlver t he source

out di f f usi cPropagatom|ot4Be slacksiganl Exgbyes NPagty G7ntq fae @aeféOMﬁLeﬁémdﬁeof

Torm the StpiBoP bR Bunyleth 1B, GAPRISBRTT B e QP RhANY VoTaBE, ThSe

I's noRQr enyigdesodhtinid fdrohaqieritl of fithel € daterfiinéd b@.a second counter 33. At
- 34- t he source outdiffusion material 460 i's heavi lf/ doped N-ty
oW

pol ysi | i conthefend @f(aﬁp'pgnt pempg, tlbmqptpgty@fr copgger 33 goes whlch remoges the
high outputs of cates 61 65 disabling propaoauon of clock 51gnals Ck through gate
67 and also resetung counter 35. _
This counter 35 counts a timing period which, when added to the time periods
25 d, and d, counted by the first two counters, measures a total period equal to the
delay dzc. R
In normal operation with an AC input voltage of the lower range Rge2, the
third counter 35 is reset at each Zero crossing point ty -'tcs, occurring every half
cycle, and so never reaches the end of its count period. When a missing cycle is
- 30 encountered, no AC input zero crossing occurs within time period azc, the third
counter 335 is not reset and counts to the end of its period. The output of this third

counter 3§ then goes high, resetring counter 37 and producing a high through gates



is then etched back to recess it into the trenches 210, |eaving sidewal |

formati ons having a hei ght 462 that extend approxi mately 250 nm up the

stdewal | s of the trenches. If this etchback is done by using photoresist to

pr.otect the remaining polysilicon frometgh damage, sone poly is also left

on the bottom-of each trench 210. - (d) After the polysilicon
460 et chbaddg, 65he g@bea7s enaling tid Pﬁqia%dtibﬂ diethdk pulkel fhdidenge thec Seingce

regions. Note, this is necessary i t_h_eiigé)l ysilicon 460 or other source
material wiRulsespd heserardeespeansinucounsleiseen tet aextovalid-eoRsy €70ss dhfstadted i s

B ocesses daebing e SRS phAffq Aoy th FsmptoR Bfusti e sSBURSTR G0 7
shown in t heetfonrthr dointet 8Whas cohfreli%or anébridi tinfid)Sehickh &S hi ast oné Periakiong

the wordline direction 312 of FIG 20. - @mée% As shown-in FI.G 19,
pi | | ar Sdef iofithe dowes expastedifeanuengy WeF sippl at the eriobyhishdtsuipwggaasdow

i nes- havi reapa e pEidaRobias tar Bofaf Bummind S f B2 EREE Sod S o™

~results in masaﬁ%a ichdd éﬁn’ﬁ@ir@}%@le&‘&tﬂ@abﬂ@r%% BRESieply PerfodO¥hd contPhlt €,
- the inter wordl [e , [ s Terr]
“appr oxi mat ediscudtf doeP Aot ghrerate continuous triac pulses, as the power consumeg@®y the

| ine spacing is err], where [err] i n the order of

addi tional spaci,n err eps,the gates from shorting bet . dl i ngs
o thout 1 urCHGOL i el seniarbe S Sipply SEcMig, fbadfioy BT 1 Bt B
secondoR! E dieR the rﬁﬁﬁfrﬁfn&‘%ﬁpﬁ@ \ﬁﬂﬁgetréﬁuﬁéd‘ﬁ%' tRé lragitshape, using the. ~
square nitride islands 245 as a nask. The depth 470 of this etch, shown in

" FIGs 20-21, is 3be use of tke laveAdhrange indicatiorsignalu Rt at gatgitdransurestthat triac
| at 475 .(FLG.21)_betw i | .230 . al ch bitline. '
Pl Fuctr at B8 DS b ony 28R e A &g iR BREACARRPRoUaBE suss bifare losss

shown in FI 4 B : r - OX b bk ol i & :
fromthe .patcgji %%%lte@grgﬁﬁ Flllii?rtlhgelag'te f?ggﬁﬂg&%gf ?(?ZIIE%CSQ?;’ ?{é)ﬁﬁgﬁﬁéﬁg Ft:aﬁ%‘:fn,

~the etch fucdntewuousdeigs @siisehgeneration,id supply 46ifagenih exoessef thel yppéri limit of60 -

f t bot t f itli t h 21Q..  The depth of he bitli

romeiile Dot Pher deihedifanghds dhiradiint e PHieS SRmacrte e Re ottt o &
e . 246 Ay . Poifit i

o ome he RO BhEPRI B ghr<lE? PRACAN g WO AOMIGESt ABRID MBI L 100 |

pi |l lars that haVlaisembodimenteincomoramsceparate timpdre foo timiag the grsmiab firing by

: I ngl t Il form tep. .l ddi t.ion, Ihe t pill f '
brocess al | BHS® HE1B e TG POFiogo! g8Rsiatt O i P Uses oo MRS S one

different d@&%@ﬁ?]ﬂ{&érﬂf‘d QL hagenale ,iﬁf’e”ﬁﬁﬁ?f@rl@iringlgulﬁg | ankPdtion following
- 36- FI G 22 sho a thf& di nensional view of the array 420 at this :
st age 26f prmissing cygle deteotiomt Hdweiver, tiie fncgons af two or more of the (cgyintees 3ir i ng

to FIG 23, | ' he. illed wit i de 250 th i tabl :
i Sol at i on’ rbelS A7 ASRAORL BREiact DS SABRR UBTL e SWRA SRR R S0 T ar

surface. Atybhi ' . - ; : . .

nitride 24511%% ?%SEQE’P h%ézglgﬁ lﬁﬁ%ﬁ%@%%@ﬁggﬁ cgtg}e’g@,@gfedgzgg‘?ﬁﬁ&&%ﬁagf\ﬂhen
each period has elapsed. The single counter is then reset by a zero crossing
detection signal T1._ - :

25 Two alternative embodiments will be described using this principle.

In a particular implementation of the invention, suitable for use with the

" control circuit sold as the AVS-3 of SGS Thorn_sdn Microeiectrom'cs, the normal

triac firing pulses are produced in a time window from 1.61ms 10 3.52ms after each

zero crossing point. Seventeen puises are produced, rom a clock signal Ck of 10%

30 duty cvcle, 4.4xHz frequency and a period of 230us. The higher range-of voltages

Rgel is from 176 t0 264Vrms, the lower range of voltages Rge2 is from 88 to



(h) As-'shown in FIG 23, another RIE is performed to expose the pillar
wmalls prior -to gate stack formation. Note, this step only etches oxide,
not silicon. The etch is timed to stop at "a desired distance 330 above the
Si plateau | ocated between the pillars d7ong the bitlines 220. The oxide
-layer 250 acts as a spacer 280 to separate the poly gates or wordlines,
‘which are 132WVens suidsthguexpiekted fangenih ACdopuicfreqeeriayris fn@8. 4710i63Ha: dlint s
‘the gates fromléhgmn'&)ng{#%a A hg Zo]irc_es 405. , The thickness 330 of this
layer is cROIBRK WUKOR dnghe dolowingAIsRussiens, capaci tance, while not

all owi ng any underlap to occur, and is determ ned by the ambunt of source
outdi.ffusion in a given device design. lllustratively, the thickness 330 is
approxi mat el y Fgur) 8nshowsShegircufteJor( tijning ehsiperioar of dirmtge palsg\gederatidn t he

.process described in _co,nnect{on with_ Fl

- 37- As Tollewing e qnissing; ¥F %B’&eﬁﬁﬂ‘?@tgﬁs Pﬁﬂsqg faﬁrléﬂ firingpuise, delay; dcgnd s

; af _ e R  Lap. o s
par 11 cui ar Derig Poiaginn e aRERIdH B T EERx Snal B0t PrBlicRlim QR Facd "
formation b1 tthea aDIt?f[sfe 48-{Fpo W0, TIﬂlis!:Wﬂgﬂﬂoéfhas its inverted oufpyt Qb6

shown in FIGs 24-26, the gate stack is forned on the exposed pillars, above
the i sol at iconnesteddo Asanpunk. Identical flip-Hops F1i-F7 ateeeasgaded to the owtput fhl | y

By For mat 1 ot (RSB0 T BT pae B et URRBAR RN ot berl® s
charges. | lthéeset aed ifih¥r cofifiedtb@ol Peketial 8 sg?daﬁ-rﬂr@in RGNS gat Gheud an -

silicon, silicon rich oxide, nano crystals of stlicon, germanium nitride,
net al 1&r otireartenG8 aNANIRgase G hasiisrsererd wpus available forgieiasg sgsoed P55t may

be RIE etched intp. a sidewal | format round.each pillar | of .
deposi tion Igput, awglﬁﬁqﬁ%ced‘feé! gﬁt-g‘ftge! W _plur _e.u rtorﬂf‘gtt ?@8{ y&r‘fuﬁ{ s“e"ggﬁld the .
di el ectri c ihypitel TiRuALDSHCER thEleh8 VT thé ASHAR triae FRIgeskricd a3 NOR geat r ol
or gate oxi de 270. : Next, the control gate 275 is forned

J ¢ L O]
usi ng a corfathcedereesyticdnvented oatputeof)flip-flops FH anddakiHlip-Hepdtd hast ypimput

ing a edoy o IRUIEOYHIp-LOPS D drioakiTh P
Heposi t ed wopRebartb bbbt of nafARTR 2 65! SbR S e WBhAedB 5 B °
_previggsly ifenes] bt eAtiRAIIES SIEFS. THY Rde: WhindD5r FET0 colildiee o Ur es

"that the polysilicon contro tes 275 are shorted betw@en -

-38- . devheeutputofNORgaw Ghewhose inpnts are sheobrmdof MO gateda# and the
“connection);, whilg allow.n en to.be separated al ong bitline. e to
Che addi 11 GRPEpEER REFIET S17, (ROSAIRENT R, et aBoAnTOPh T e doh She
F+lerr] betiiegbedbligth of HipHhp P idinkkBe biihRGtdrad8. Thekeidiclotéing defecthe
po]ysilicon (,pol_ly) 75 forhed at the bottomof the wordline trenches '
remai ns expignadl T1Tkiappliedisedavertent G8, whpscoutput isl sondDesrd t0i thie first inpRr i
for magoon t rdgé Ef% trench sidewall remains separated by the distance
Clerr]éY  ECPTNEE Hickness of 0.5F of the poly 275, rensves the 0.5F

~thick poly 275 T?@@lggﬁﬁ iR iNertdtoGBI b mdkHall) mi%ﬁdﬂtimoﬁelansw?taﬁaimce
renmoves the [err] wde exposed poly at the bottomof -the wordline trenches.
- The renpvedesass yhaflip-Hoph &0t-dM ainnetediorid | whem 4 zerocdrossing howrs ion the AQ6 as

- region 277 hawing dashed 1108 i sna PP AR IECRIPSLION: Aot 255
send a LOW pulse to the first input of NAND gate G2, or at the end of the normal
25 series of firing pulses, when a LOW reset puls_é is applied to the second input of
NAND gate G2. With all the ﬂip-ﬂops reset, their inverted outputs QN are all 1.
The clock signal Ck is suppiied to.the input D of flip-flop F0. This flip-flop is
connected as a divide-bv-two éounte'r, thus its output is a periodic waveform of 30%
duty cycle and haif the frequ.ency.of the input clock Ck. Similarly, the dutput of flip-
30 flopFlisata freqﬁency one quarter that of the ddck‘frequency and so on umtil the

ourput of flip flop F7 counts one cvcle for 256 cycles of the clock signal Ck.



renoved, resulting in isolated adjacent wordlines. Due to the -additi onal
spacing [err], adjacent wordlines 275 are separated or isolated from each
other by this RIE step without requiring |ithography. FI G 24 shows a top
view of the array 420. Between the polysi{gi con control gates- 275 that form
the wordlines, which are separated by distance [err], alternating strap and
substrate regi oRip6p PP3s 2bBnéRed s 2 !1Btchl &Bén the active-low reset signal is

- 39- t he oxide layer 250, or spacer 280 (shown in FIG 23), is omtted for
clarity, whsuppledyby /isperter Goataetoy crassiogson the and exindei normealr Bpng mlse

Svect2te T BEOR Y ite iEvedianaT: an-ihes \BER g ¥ brogdite Bhis IRdBHl BB
are then R Wr?ﬂ?éjo%?}ﬁi& IBOPREAEBSg6Ys ﬂigl?lagﬁi%_saﬁ’éﬂ ke tBiiIgE,| theSodtput

di st ance [err'] (FIG |f the pillars afe equi -spaced in both
“di recti®ns, ofiNQRB@at¢ &xfawillrhe kowsandsthe activedpwirases pulse todlipritop §amall end.

terial 275 i.n the desired. djrecti . (1 As sh L. | GE
24. 26, Lo cUmRATESd ABRNG T SPiRRvIocHR bigh, 23 Wil b the tere puieittal Prlep
23), | t I | : Al did Rl L [
porfor mea. 1 Eiies the Pk o BANDY Badi 5, SETIE BflioRalflop ¥R, i &0 1
source or buand édp-diopl ES will berhainnias stile stazprBrie ndpresdms the sthrtrofshé anissnig

during back-end-of-1jne processing r connecting the tops of the pillars
230. The néY ?%F?W%E&Z@%dac‘égéﬁés- shown in FIGs 15, 16. . The source

i sol at{®n and g ' r 4Gt ur-ez.4l d Y | l e
for both el at FrEeE 33 TRERS beffodk Sl Bed Aol SAHPSRCZIANA0B AnBRAYEES
fljgati ng gablet;mtaxﬂﬂitr:r;ﬂqﬂ?fs wdi_H]Eg]:erMWesudiﬂr@thmmput ok”eNiAd‘éng’m_qmbgd high,

a Ition, a large.nu er o | er ent te structures can,easi Y

i nt egrated @Rg Hg? hevested eummm-%@a ﬁf%?ha%ﬁytaaﬁ 1t@ & atrihe et docﬁ pulse.

_ 40_ . Th " -0 L . . . _ .' | . .
gates 265, AT Redpy Bie utHF OF nPRNTT RRECIR 1 ar 0 lle BB of g b P a0
writ e/ erase changsl sthtd agdih At S @ldokr cycRis€Thé tiich F8ES nowSHehsgrondsiablebiate ar e

useful for volatile nenory applications. The thin tunnel oxide 260 allaows
di r ect 13 unn@PAnt§teins 3 dkinvsried: ARDELNSURRIADE 2 [Lndtr thes PREPUth gafeciafeskhiss

t he tunnel ' i t he. et i ' - tyat .t

i gher pover R SaEr e AR GRe B R Rk Wecridiiperiid o a2 s |
~cycl abi | ity afteBysé previeuy zeg) tossihg. useful for non-vol atile, read-only

- menpry. The retention tine can al so_be increased, even with thin tunnel

oxi des 260, by fHreonpw of NOdherieuedgaes SHGH aftpst W0 inprt clock cycles, heing

Consunpt + on 95 ERY Bhtist eEioes Epdelf 2B st By e B P iRk R ere
. erase p0ne. afieel28alycles wf@lqsﬁfdlﬂhef-wtﬁﬁpﬂf fliphBép [FS dextgoeeow After afnthes

frequent re-witing. The rel ative_thickness of the tunnel and gate oxides
160, 270 map2s¥cienahe dighromtpuk Hopt NORgate Ghrransesa ow oupusipmp N@Rgate

operati ons R PEIARR I AlCraPbuaprBitded i Rhel iR, By &g e SpREEDS
than bet weenftineefttpdt8 no WaThisafsirésponds o ABBiNe abver Rhelaid oftherpravious! v,

bot h oxi des 260, ) : X i : ) :
' normal firing pulse generation period d,,, and the end of the continuous firing pulse

25  generation after missing cycle detection. Once the output 'of_ 'NOR gate G4 is
| HIGH, this places OR gate G1 in a HIGH state, which prevents the transmission
of any further clock pulses. The 'co_imter comprising flip-flops FO - F7 thei'efore
stops. The counter holds the value 10100000 and the output of gate G1 is held high

until the counter is reset by the next mains voitage Zero crossing point.
30 The outpur of inverter G8 is connected o circuiuy such as gate 57 receiving
signals Ck and RI, transistor 69, tﬁac T and a -9V supply as shown in figure 7. The

output of gate G8 takes the place of the output of gate 63 at the first input of gate



270 may have simlar thicknesses. o :

The above descri bed nenory devices, such .as the cells formed wth the
descri bed source diffusion and self- aligned isolation techniques, enable
very dense packing of the vertical floatij9g-gate MOS devices in a square
array suitable for Goit nmenory applications. Cell (or source) isolation
bet ween adj 67; @nlablihf Ithe genératiantvfevadnwothtrideegarevfiriiggmulsesabhernin ¢ HIGH
_isolation process described above. In contrast to conventional vertical
menori es andai®et hod of forming thereof, the inventive method isolates the

esults 1o an abk A doi e BERutd, ShichRHZBE cPnhAE RbbnGH B Brbe.
regi ons enaphless étﬁﬁ'ﬂ'iﬂ%' gtaB6aR| being B2Ddoadgensds; Aften thevehd (08 he/ ndrdlhl e

tunneling. = The additional flexibility allowed by.isolating the source
regi on$ enabriggeringepwss peried dyeoridd@msoafternthe previopsizere craspingds achiexed.

devi EP, EP .or..Fl ash EEP ' but- in vol ile
T e e RS b o W AT s R B
depth, it igfPPasing] Keih® 108 RIdkadyBles) whigh edd$ h@@iklo@ﬁtcagéy o¥ 86 4hfzahfter the

. transistor on each pillar, or to maintain contact be en the transistor
body and t hend obthe nomnalMpiggening pulsh@esiotfd,aDifferedt fraquencyofiockhsignals amayi ve
et hod results ipn a,. rqbust, sjnplified proc fl ow f.or a waparound .gate
vertical -k Rsed ek A rneBhORL kgr s BAGRET S hater Hh il Bifsst it
devi c Thed; | | ; h1ar son i< ] :
a2 C T | o PEHUERL B TR Joute o ISR LR detection f Independent fom |
Convent i onathel smimersoiorttbe mormaé sriadivirdave lexcept for tthe gesepisignalsl propridsd: &t
result in a Ia%g(gr ﬁgrmr\ﬁ/mclel l, séze. However, the inventive nenory devices
and processH€ of yheormal HiahHIBRPEFO: cel | size, thus achieving the
hi ghest density nenory cells possible using |ithography. Conplex
_sub-1li.t hographic steps are avoi ded. The inventive nenory device and .
sel f-aligned i s®liginesn? t axhriilgwepsental sshemaschilyn arthirdpphibodiment tdfathe
. requires Iarnge arrays - of v.er}ical deyi ceg, pa‘rtiﬁul ar]y if_.the sources of
the devi cesBYFBUEBHBATE? SHGRINIPTI, USPd EQ FONRF. the PREIOAS d FTRM ZFFOSTE 1 o
cont adfs t eqQal §rridls fiBpulld AENEyRALGC AR BhralDH SERiAHNS dHAMAY d Ofhe
speci al” applications,®it ‘may be Hecessaty to increasé the inter-devPce
‘spaci ng in tme ftont thetdero crossingeoahtend ofitvemissingadyclesderectiore detay kg uraaide
i'ncrease in size al sgQ ‘ggﬁrs w t.h cqonventional , cell,s dug to contact

formation. HentEe PEFIOHIRhETRRIAERN (05 CRRENWRSHEERS NG BEWPhg t her eof do not
require additi O%aéx;péccﬁs&rde%f ?i%ﬂ?ﬁ- ; rla&éh%s'ﬂ‘@'-"ﬂi‘?"ié'us& NLAS! Sne bl
resulting cell alSvays consunes e m rmi-mum possi bl e area, tThus alTow ng for
maxi mum packonfiguted wstay dividd-by-awldicounter with g iavhreed agput IQN redhd fegl back

d it the | ti - al i degs - [ thod, of fabricati
Pt A RIEITE A ST R AT R S N KA T
E . normally high stop input S on its other input. The reset inputs RST of the latches

-41-

puond

“are connected together,' and éonnected to the active-HIGH zero crossing signal T1
by inverter J1. The cascade of ﬂip-ﬂ_ops then functions as an 8-bit coumter.
Connections are made to the inverted (QNO - QN7) and non-inverted (QO0 - Q7)

25  outputs of each of these counters. . o N | | L
NAND gates J2, J3, J4, 15, J 7 have their inputs connected to selected inverted
and non-inverted outputs (QNO - QN7, QO - Q7).
NAND_g'ate J2 has its inputs _cdnnecred to the non-inverted ourputs QO, Q1
of flip-flops HO, H1 and the inverted ourputs QN2, QN4, QN5, QN7 of flip-flops
30, H2, H4, H5, HT; NAND g‘até J3 has its inputs connected to the nom-inverted
outpurs Q2, Q4 of ﬂip-ﬂops H2, H4 and the inverted ourputs QNO, QN1 QNS



-443- and a wap around gate. Since these devices are suitable for

. scaling down to very short channel lengths, the'inventive nmenory cell

‘desi gn_and process is useful for high performance MOS applications. _
Menory Device with Stack Capacitor =~ FI 927 shows an array 500 according to
anot her enbodi ment. of the present invention. For use as a one transistor,

one capaci@QM7 M-ﬂ@%ﬁ HOH 1, HWH7 NAND gate 4 HaaGls inpRaCidrdected Roged on
top of each pillar 230 shown in the arra 00 of FIG 2 The array 500 is

f or med ZI si mEp- mm@u@@oﬁgvﬂéu@ﬁwf ig-dlogs E10, iH2, dihH3S and rtgwnwrlt?ldgs |
25-23.
connect | orS PRI BRHE QT Bt Big Bog? P TEL SPANIF BB s e R BB REmR e "

enbodi Ment gheShdie-tviehRed ipats QS &7 andig-fiepd K mtaad(rzm?g%e 9% Hak G

25-26): are not needed. Thus, only the gate oxide 270 is forred around the
pi | | abs f cinputgeconnectast tmthenmvsrtedrmltgmsa)mmm of flip-8ope &ld, Hélescri bed

th I I t 4 b b d t.h
or after h'e"é’ HBRS LY AN RS 1 1 1hndS GoF BHF EORGHER 2 S 40 Weblnee
the wordlig t@ﬂdDd Q%Smg%&?ﬁﬁ'&%ta&ﬁ”ﬁ‘&% Orhe R RAinBYLd ACH | st

etch vvmch are I cated between the bitlines 220
- 44- Fl & 2 threkdnputORagateyJ& Thevhindanpit=Cds cmmcﬂﬁbtcathe ¢ledosigdalpCkor to

trenches. 218 auter FhsGeamreEtadh oL HecHP oh Q8Rting 18V HoRE Ea%t?trragmbe
1Pl 3 €4 RichietQARBUHETRAG SPAND BaicHloToe Byl 6 RROUD! e D51 861230

Alternately, rain 240 ned at a er stage di scu
connect i onthei signdil 550 20NP6gate JIRoANDfgate DiRAbdupges i anaa¢tiveslowt i'asesagna:letoand

o o depcithbt BReREIeD e HeEISo e ACTOREE doFaRien RERICTT JFom BAnR OF
foll t
ol oW 15 feSglisdsas 6l ARS: ¥9ELd SRl GRSER Bisb gt rrrg@gr@g%gvened

capacitors, upper - draped reqi 0 as the
dr ai ns, aniputseQOonQ7 wilbbel lowgindnall arvertedfonperd QN0asQNVewiibbe ddgh, and

d t d th th t that th d
drar \r’/I% e'&’GII‘I"s‘H%Iqu . EOEQ%I O Nﬁﬁ’é}th qo‘l"g\s sﬁosvrr I n EI G 28 sgglrj(r:gearl
outdi ffusion Iﬂo@}h?&tbﬁ M feld'DL tgg? 'qo%e%gh%&cfﬁ%né&%u put Qu

Il lTustratively, the"s ce out usi on I'S arsenic

(ASG), heasornectsab el itoXnplet, Dppdnds rédefing tagghng ipailses wnt abklbckehpui €, Next,
the ASG is etched back to | eave ASG at the |ower_ sidewalls and bot t om of
the bitline tréséifedownylsesipge psovided toths weglinglateh M)y gating singly pryses

t I
Tase* el fock HANCh ko DI gh33s dhonsbaRoR drtb U QuRR, BENRE simes,
sour @8s 408, preoemted hybhbldingcand opithd &rputs sblr&thgh. he pillars 230 fromthe

under | yi ng sub%t rate  235.
riac firing pulses are enabled by a high level on the output of the toggling

latch M which is connected to an input of AND gate 67 in figure 7, whose otlier

" inputs are connected to the clock sxgnal Ck and the low AC ra.nge 1nd1canon signal
| RI as described earlier. _ o _ _

25 The output of gate J7 holds the output of I8 high and so preventing

~ propagation of any clock pulses to togghng latch M unless QG and Q3 are

simultaneously low. _ '

The active-low output of NAND gate J2 holds the output of gate J low when

the state 0X00X010 occurs on counters H7 - HO respecu'vely.; NAND gate J3

30 functions identicaily for the state 0X01X100, gaie J-‘r for the state 0X11X101 and
gate JS for the state 1X1IXXXXX. - ' |

Active-low pulses are produced by gate. I8 when both of its inputs A and B



As . shown in FIG 30, after renovi ng the ASG 460, a second etch is perforrred :
The second etch forns the wordline or row trenches 430 (FIG 32) and deepens
the bitline or columm trenches 210. As shown in FIGs 31- 32, an insul ator

| ayer, such as an oxide layer 250, is foRted to fill the trenches 210, 430.
As previously described, the oxide fill 250 is planarized and etched to
recess it iaretlow, andmohactive 10w olack pulIdneccmpeIts mput ifo1s low witen oné de marger

250, o 1s A 8 0o spacer 20 B 9 Sl 2o TheyIBR MBIl deBcRen
polysili CONyuingt o?)ﬁ l(?wél bl\%&sﬁ ]teb%LQ%; gate and tunnel oxide

may be forned*ar ound 1ars prior he®gat’e oxi de 270 and gate 275

formation. |f Usingthisudder, whe mornial itria¢ ifizinigy phleesrare firstoenabded dynibeg
the nitride islands 245, then_after .renoving the nitride isl aqcéijs 245
I ocat ed" abovetpus&f spgglinglateth M geingnighaBha tirst lovhpulse v generated fom ggte

tor mod over 4 b Sar 2 f00900Ade TR HErgeBolt s i 5 A SENE. ilep el ! ©

capacitor i sodtereedaéhest orovune f 60019106 gaé. fJGdgerﬁ&Ete@VﬂloWhpul@é awmczmz
The first el ectrode - 46- 525 acts

as the st or ERPagRISE bygates 6, idde r;munghemtpm of teggiing Aatgh ¥ de dow Bemaen

Storage of eliesb HOAIEMA e B IO Hes Riw® AR0R Snutdn il TR EhelAR
ther eop é"étfbrﬁﬁ,‘aonﬁh1§|1%‘f)§'éﬁ@h% TR tAat Sirkgg pReododNeor ¢heGioraftd Mobde! 6ft e

115 shown ih FIG 5. The first and second eI ectrodes” 525, 535 are forned
from conducopmtmt duriag, psuo&Sa@f eenstant ACesepnly. eAtTHeC@mIatclofc%bl&lﬂb,r

o event s enTSRFGUTENE e tind S EHES § oo bR AL FETSFEaong, RECSHA PP eI
34, 35, there'iéﬁéb'i@& b@'tﬁ@ oﬁg?a'ie L gBng'lBﬁ/' b’eﬁlsi @ﬁﬁ'fhé%' dctivk-18RPulse gésed
~for storing charge in th . The second ectrode 535 serves as
the capaci t be psbpagatednd qluayoenhﬂommy Qfdnggin latI:haM ta hehigh Istade sIn 501318!4)
or co %ect ed_exclusive to each pi

fhe | att
G 355t neERTRIaRee, chd SEPRT hreseh LRSI mb e 7aEs eing, B LHs Do
e.g., al Ongzél'oC&EEg?ﬂ%_ Ritfwétfbrpbﬁ'sigﬁﬁl Tl?)’axi’d tHer c’i)tun'ﬁ&%\hré’c?% chatfiR thelotitpaeet al
490 acts as a bitline conplinment while the corresponding buried bitline 460.
acts as a bstatd abgateubt is nesrdeachesked above, in DRAM applications, the
gg;;gﬁe?“?nd[ ﬁ;?%g%fztpg F&Eglggr%%?%ggg%%%&le% hit oeledbetre e codb 8l
A7- 33, pYORIRhEAS RRAY 0810106000 btk 3%28% %ﬁ&oihte'lﬂﬂ%% ‘M’(fslgmgc ate J5

under | yi ng substrate 235, the buried di Ffus ne 405 act ual s as the
"drair20 or enablena ﬁmhemecmtuw paisel to voggliegtlatchi Ml maaMg:gmmtloﬁM on

top of the IIar acts as source” for chargi t he st.orage acitor
520. For th tl”é“ﬁé?ﬂlé‘?sr 5 a0 § ROT pue et AR o the, S AR

i ng bod deabgp r B=1] ed
frgm t hg under ﬁ ng shgh ?&(%g@ m\genhgpgﬁr%ﬂ%dfgé?ra Fﬂﬁhh‘llﬁfcg ?I(s) gg{‘a&:o

t he body- chstogpmg Hief elotk aeammmmngflﬂd)mmbarge accunul ation in-the isolated

body of the pillar. Having a pillar body which i.s continuous with the
under | yi ng substrate prevents charge accunulation in the pillar body, so

The current invention therefore fulfills its objectives by detecting missing

25 cycles of AC mains and '_ensuririg that volté.ge doubling mode, if required, is
initiated as soon as mains voltage returns, reducing both the -magﬁitude and
duration of the drop in DC output vol’tage' during the missing cycle. The circuit of

the current invention ensures thar doubling of a high voltage does not occur. The

power consumption of the circuit is kept 10 a minimum by producing only a limited

30 . number of triac firing pulses during normal operation under constant AC supply.



that charges are only stored in the storage capacitor 520. In order to
get the high-capacitance necessary to store adequate charge, a

hi gh-dielectric material is used in the capacitor stack, e.g., BST. To
further increase the, area of the capacitxy, and hence increase the storage
capaci tance, the capacitor structure could also be deposited into a via

hol e 536 (FI G 35Jhe Gircuib mayceousedsia fan énvirciilienttwhdrakelagy doubling if alixags.
si'dewal | capaC|tance This structure would inplenent the one transistor/one
capaci t or DReuised.Inthis case, theinyenton agisiip pratest Uig, loas frosy any Fendese sergesiny

Retar i neS: SPHE S8 &L FRagsmied by a:gtpply lipe i the piciigepta highiming Sfike.
formed by tfy ishédiatdlparablinivdltagdidoublin® M drduiodfthe divdngionls alseuseful

previously déscribed. 1n this three dinenSional representation of FIG 27,
the isofati m rmmmw%dle( losssof I?C msvewebmngmssm ml%clfa@romcthgufromhn@l

normal Iy fill.the o area _bet ween of the |l ars. an

nrray 500 haolteRe saRR RefamSparaCred s e o dteeidh iehal R f000 &embs
bitline 405,miHaa strap 460 reduces the reSJstance of the bitline 405.

The body of the transistor pillars is still in contact with the underlying
substrate 235. This is because the source outdiffusion 405 has been linmted
so that. the regions fromopposite sides of the pillars 230 do not neet. If
desired, a floating body transistor is formed by |onger annealing, or by
|nplantat|on prior to array fabrication. In addition, all other previously
descri bed variations of the isolation-and source fornatlon steps are al so
applicable here.  The area taken up by each pillar 230 and the spacing
between pillars is slightly over 4F-square. The additional area is due to
the delta ([err]) necessary for separating the array wordlines from each
other (along the bitline direction). Delta can be made as small as the

| i t hographic tolerance allows. It is also possible to obtain a truly -

4F- square cell, or smaller, if sub-lithographic techniques are used.
However, using sub-lithographic t echni ques are conpl.ex and

- 49- costly. One of the major advantages of the vertical design is that
"a nearly 4F-square cell size is obtained wthout using sub-lithographic
techni ques. . Another advantage is that the gate length is conpletely

i ndependent of the cell area. Hence, a long channel transistor can be
mai nt ai ned by sinply increasing the pillar height, wthout taking up any
additional lateral area on the wafer. This is especially crucial for the
one transistor/one capacitor DRAM cell. Such a design is anmenable to being
. scal ed down and yet maintain desired cell characteristics. FI G 34, 35
show two different designs for the capacitor 520. Note, .that since.the

- capacitor 520 is wholly-contained wi-thin the nearly 4F-square area of each
pillar and the adjacent inter-pillar spacing, the mninumarea cell size is
autonatical ly naintained, and no sub-lithographic steps.are necessary.
Several other designs are possible for the capacitor structure. The two

. designs of FIGs 34, 35 are shown to illustrate two functional differences.
~In the capacitor design shown in FIG 34, the capacitor

K



plate 535 is conmon to all the cells in the array. Illustratively, the
capacitor plate 535 is held at a constant voltage, e.g., ground. This
creates the open bitline architecture 150, as described iThisGhseHSA Bt Repl '
FIG7, with the buried diffused source 40%3and/ or Hllwuluﬁ

- 50- pol ysi-licon strap 460 acting as the bitline, and t ” m u
gate 275 actCh4IddS:t he wordline.. Note, the charge is store age
el ectrode or node 525, which is still exclusive to each pillar 230. By way
of anal ogy, the storage el ectrode or node 525 is the storage node 110 shown
in FIGS5. | n t jeq; ) @i ' AL eliachrd "ﬁﬁ]’x%o
are isol at ed1 f ro% ?ﬁ‘?agg?‘gg%‘%ﬁ%g@nkﬁ@n? I é% %]tagggvgl?’@g%h %Nﬁf%:ﬁétre}ay g :
oxides of sili corangeoof frequericies ahe whichivatiesgn leither ski7of a Hase i voléage
each gate 275, between_ the upper doped regions 240 of the pillars 230. The
i nsul ating | ayeriB@72 ﬁaﬁ]satﬁ) - Feldeds: b or; 8b0vs: 4 RigdetRmiing pE IR slesels,
| nst ead<of  havi ngoﬂnégils\ﬁl dual storage nodes 525 for each nenory device or.
pillar, “and a conmnp p’l §te 535, each nenory device rmay have its own plate
‘535 and st or age .nodes &b#bltagd-réstdicasivavsrauit ahichy isobperables in whéirse mads foas
bot h i ndi vidual storage and opposi ng _conmon plates 525, 535, which are

excl usi ve to eacFeSHify RBAQ Jrput vpliage hdng in s Sisstaange atyrlyes preducagaid DC

e dot ted 1 | nes OHBt SPURPLaLE VALY RtuRes B i Y ntind R oBhurpl Bl C

the capacitors S5gft resbividp arcenerd! RignhBts sélk@ntiedirgomoade; di f f used buried
bitline, are connected together. That is, the netal |ine 490 runs parallel

to thelBitline 220 shdwseline volgerrossing detectioneinsuiey armangas todgsect baseline

acts as the buri SRoHREs (o R “RG il VA RR1G Cachira e ool GRRAC00
formng the stormp_ongide&o%&ah b@@¢ﬁm‘§ufoggihgg | ayer 538 is fornmed between

t he upper doped regions 240. The insulating |ayer 538 extends over the
gates. 275 and is shap@cﬂlméfpﬂmhue’eae@jﬁpéhbasél

negyessingand whighmpmmengesa

‘hol es 536, in which th t or nod 52 e..subsequent | 0 d. The
osu at vy | ayor edsiite B EIAPFROEES, tk MG N IR B Al Blnerai i
fromthy gates 2¢&ntrbl | dighdlatiies] Yihet MR 1Ay SiehatdsN G | pedletdrdfingd aluexi g of
silicon. Next, the dielecCtric layers 530 are forned over the storage nodes
525, followed bypresetermiosdofalueof ithelidelaylbding graater €88 thehbalf peziogsobu®
are isolated fromea hf%her ‘ﬁr{d aredcom;i ngg within their respective’
~dielectric Layer Ot Uiy pTe %CE‘BH}‘? g{ﬁna?io TSR n FI G 35, the buried
bitline 460 is a "bitline true", while the metal bitline 490 |ocated on top
of the capacitors 520 is the "bitline conplenment”. The structure shown in
'FI G 35 yiel & an open/Asirgeld ascondingta clasmn Mmkerein the cantrelgignabis gendratese

true and conplenent bitlines .ar aried. = In contrast .to the open .
“architecture of I"’—‘{]Ga BHr,edﬁl‘Fe‘F%mFﬁe\{ e ?ro'reaglf‘a ety |b§5516‘?ﬁm O5Yingy (Said,e
cells, 20 - predetermined time being much shorter than the half period of the lowest of

the predetermined range of frequencies.

(93]

A circuit according to claim 1 or 2 wherein the first mode of operation

increases and rectifies the AC input voltage.

4, | A circuit according to claim 3 wherein the voltage. rectification circuit

25 is operable in a second mode of operarion to rectify the- AC input voltage
| when the AC inpur voirage lies above the first range of values, the switch
element being operable 10 select berween the f_izsz and second modes of

operation.

A A



-52- each 'ﬁlels gte capacitor plate 535 in the open/folded
architecture 0 e open/folded architecture, the separate .
capaci tor pl at gl ﬁﬁmﬁunect ed together. The inter- connected capacitor

pl ates 535 of d architectyge of FIG 35 are parallel to the

bitlines and forma bitline conplinent. Athird architecture, described in -
connectionsw th FlI G Alircu&tfRcoRling o daim 4/ whidk thdiddy 4 esltagedlevéladetéorton

wordl i nes that pass through each cell, |ocated on top of each other around

each pillar, wetcsitdes detemmining whetherithe AGvoltage diesdn the seeerd rpgeoef each
cell: The openi fal ded. archi.t ect ur ives twice the sense voltage for the

sane anount of %gﬁleﬁ%gagn&%rpé‘gdgﬂng%g%tg%®§gp§f Thi s i s advantageous for
sensing snaller voltages, particularly as capacitance val ues continue to

drop with increased scaling. The open/folded architecture 120 (FIG 6) al so

‘gives an i fcreased t&l eirauit @according ste, clakms ¢ iagdo$ twhich mchudsacmeans for
purel y. open bitljne.design, 150 of FIG 7. Open/folded architecture is

di scusssed in T.m@%ts&gpv QE/D‘?‘SOR%\“,%‘R}I 'SI%SIK&P at!heaﬁﬁ‘%?-}ﬁ _e,A%PE“ w en” the

"Cell-plate-li r&t@&fbxpdignéviﬂ&cﬁfeg%ﬁrfﬁewidp(n%@ﬁﬁgéis(i@@hasaahaesﬁgg e
for ultra | ow power non-destructive DRAMs, " 1995, Synposium on VLS

Circuits Di gestofofaldeschni cal Papers, p. 79, hereinafter referred to as

. Hamanoot o. In conventional folded or open/folded architecture using

~ planar technol ogy, cell areais increased due to

- 53- t he addi ti onal dl . i, . i it ‘+ohi

archi tect urqé) , or du‘g1 '? %gndrﬁgﬁclﬁlgﬁﬁe%%%ﬁg@ggggp a?ge{:ég%g?igt%xptc&né% es

(in the open/f cdleméntischittiec andethe donttohaignal tompkises bl purdlity lo€ ppises éot

~inventjion, the passi ggl émrdli'_lnes or the separate capacitor plates are :
easi | ¥ accessi BPECAREDGEIAGLN? AR®ase the cell area.  NEMORY DEVI CE W TH

- TRENCH CAPACI TOR - I n another enbodi nent of the present invention, a deep

trench capacitor is provided bel ow the menory cell pillars of an array 540,

. shown in FBG 36. Thi & dreudyadeddding teickdiira? whereinrthy puises\are gehgraded fori bed
herein. Using vertical tranpsistors as, the transfer devices prevent an -

i ncrease in th@mhvwemﬁomaﬁrﬁé ipigiapign i the pulsgs g idﬁgfcpgptqfégqasghne

transi stors, tr@ogﬁ§ | ength of each transistor is mamintained at a suitable

val ue for obtaining Tow | eakage,. without decreasing the bitline voltage or

increasing the nenory cell l|ateral area. In-addition, because the deep

~trench capacitor is placed directly below the vertical transistor,

0
addi ti onal %area is cén@(ﬁ%ﬂ?ccoré&gﬁorﬁéﬁﬁ?§%F?mgl?&?‘\}&qsr?rﬁg@nﬁlaé?ﬂ: ra
capacior, | 3 ' ansi o i f
e R e
described stepsidifptedohesna predetermined value. ' ' . -54- -

10. - A circuit according to claim 9 wherein the pulses are terminated on
 detection of a baseline crossing of the AC input voltage by the baseline

crossing detection circuitry.

20 1L A circuit according to é.ny preceding claim wherein the voltage

rectification circuit includes at least one smoothing capacitor.

2. A circuit according t0- any preceding claim which comprises at least

one digital timer.
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cell s each having a size of 4F[err] in e|ther t he open bi i ne

.archi tecture, or the open/fol ded architecture using dual
between wordlines are separated by a length A which may b
‘O IlF.to 0.2F, for exanple. Each trencﬁZScapamtor wraps a om

of each piIIar of the menory cell array. Simlar to the array 500 of FIG
27, each cell 545 of the array 540 has buri ed. doped region, which may act
as either. Ege source,or. drain of. t

t t i E i ,
the |ower ddped reg|‘3‘n f%“t%?céwlé’& clais bﬁé"%ﬁ’:?ﬁfg@ﬁ&@e l?g’r@ﬁ ggg;gg' 'rll'ﬁg
buried source r@graHh ﬁoﬁrs%% ﬁﬁe&ﬁﬁeﬂﬂ@éﬁﬁ}ég%@éﬂ@nﬁﬂﬁﬁ fiffe 4fir kagnch

capacitors. The source of h transistor 1s 1so0lated from sources of other
transi stors. daeeaetisbaséhn@rcmssglg; tee secemydi digital tiaveri sieasuresrthe first itious | y
described. In additjpon, the evi ous scribed variations are al so

appl | cabl .  Fopeaied e e ah tridatantel FReguises: duinciedar e geesres)
contacg with t SRS I

i sol aﬁ on, res{} ?I ng&%th %I oat |%18§%I$ea%%|§§t o@ggégﬁH%I%E%éI@% ?iee\%lgfegy not
~di ffusing the secomd tinwe penpﬂefrcﬁhythétsemfabimmﬁdteo’éthe pelsgs.l | ar footprint.
Alternatlvely, for a floating transistor body, the source nmay be forned
prior to all etching steps by inplantation into a sui t abl e- doped substrate,
whi ch c

~layers, as 1I ong as tﬁe Cdrua1t f‘?ceorltgwgett%hdalentsgi%hesru |t1(§|£|eérj#ﬂ oqggégs?(é?éé the
heavi |y doped souheetedeini eqaehédband ehtie db,ﬁ&te tinfereia esepibdthrat 236h ldeteweed

wor dl i nes 225. The trench capacitor- corrprl ses, of a dielectric material,
e.g., an oxyni taasghine |°F<P§5Ht$e®'é¥£|attéhe &<Biy @f the tisae aneasuet By ghe IpApceding | ate
el ect{(pde mat er gftalﬁ Ay heavi 'y doped polysilicon, is deposited-into the
mat ri X between e p| ars, and recessed to just beI ow the top of the
source region. This plate eI ectrode may be common to all p|IIars in the

array (open_architecture). Aternatively, the plate electrode is, isolated
by etchinglfo just sérciECuinacenrding to da@ﬁgﬁ’ @néolr%hetﬁm 13 fiegle sHigitalf meed -

arohi tecture) . Tee bt onEheshy ot B S8Rl Bimelat. Bour bld pledeih gt pduce

resi st ance. |on of . eV|ce
(or vertical trdulay aharthe Isécdrﬁbfunbapatﬂod froneie sevoad ihitiddon obthe plilsdsectric
270, e.g., thermally- grown silicon dioxide. As in FIG 27, ‘this gate -
dielectric 270 extends between two heavily- doped regi ons at the top and

" base of ea p|IIar nduct i t ril 2 n ily
doped pol y;lB1 i con, \M‘A‘tA}ﬂ&g‘I}t %ﬁ?ﬁ%ﬁ?qgcﬁl@%ﬁ?@%ﬁm 5’3 S%ggfgtﬂeadu 2 lﬁéeS§¥r ay

~to comfect pillarsa ARe:ceaL basONnd lerdeing)] iang $heb offputhef ai¢ dvgic THLcuitry
wordl i nes 225 are orthogonal to the b|t||nes 220.

- 56- The pi ahanges stafeat the expinagf the pragdgraamined delayi ank changes state gt

e Gar e mat or (0P SRR R Se PP PO BB A RE ISR PR AU

alone, e.g., by forming a polysilicon spacer along the edges of the
pillars, and encircling them wthout |ithography. |f the pillars are '
equi - spaced”in both di ¢izdHE aeeordiag ta@@vtqf@taams adr 1avhereinthedighakimar at e

the gate mater 'c%mprqsetshae dfig?tsak rc&qnt%'rr e&e& SO as to recewe a penodlc 51gna1

20 18. A circuit according to claim 17 wherein the digital counter is a
" multistage counter and supplieé_inverted and non-inverted oﬁtputs at each

stage, the inverted and non-inverted outputs being. connected to a latch via

logic circuitry, to generate a signal 10 change the state of the latch when the

appropriate time periods have been measurad.

R



To illustrate the basic cell design, an annotated process flow is described
bél ow for the open bitline architecture case. Changes necessary for the
open/ fol ded design are nentioned in the process flow, -where appropriate.
Note that specific materials listed in th2é process flow may be substituted
with equivalent material, as previously indicated. For exanple, other _

di el ectrics 1&nd conduct cwmltraccmrdmgstordaymbéS sieseintthe signfbto chamggahe state de

270 or oxide fill (- th silic ate 27 rap 460.

1) As shown in F‘Pf(ﬁl %‘ﬂsi"t éﬂﬁ%cﬁﬁéd?eé’l ‘Frﬁ‘%ﬁ?l %)PZl@aﬁg t&iﬁé@iﬂatfsfly
‘described in connection wth FIGB 17-18 are perforned. In particular, a
thin pad oxide l-ayer and a thicker nitride |ayer are deposited across t he
‘wafer. Phot2fxesi st i A pixtuieavestding waeithdredf ¢laings7 556 Pewhereit clogic gate
reglon These lines, 550 have a width F and an jnter-spacing F, and def.ine
the pillars al on&csw&.tb¢.mda¢ rsegnal Ands the defection’ 51gna1 om the baseline
-57- Wth the. n i n C | de
| ayers gre et ched 1 %E@ﬁor# ocrlﬂlsr%r:1§lné)?cgln ewgln §5&; %)%t%e etg’gf)@a%gﬁgﬂggb
(FIGs 17-18). Thgéneehwpmmm@ ahiedly fitibg itie thiaqes or strips 290 al ong
the bitline direction 314, each having.-a wdth F and separated from each
other by a distance F. The nitride strips 290 serve as a nmask for the deep

Si bstrat 4235 etch

the S itaelt petveod: PRaibaf¥ving b clalf RRL HE nERlgehd proDughida
- approxi mately O By ¢hé logic g 'EEE $s basiesl tdrehd ?@@I ok | tr&isisier, SHosk NsoulP€e and
bitline direction 314 to be deeper than in the wordline direction 312.

2) The pillar deffainareponnecteshis @sepplpyokagsandythergateof thertniasgraspectiviely.i de
strips 290 with photoresist |ines 552 that are perpendicular to the
previous photoresist lLines 550. The width of the photoresist lines 552 is F
and thegi nt ex2 | i ne 553 sRait Bebstenddifesd Heremf&ed@éskﬁbeé with térecd e opf
approxi mately 0.2F. This additional “di stance delta prevents the gates 275,
whi ch are fornmedasshawn in Hee pe¢ampanyepdrawiogs. shorti.ng bet ween wordl'i nes
225 without . the need for Iithography. The resulting mask pattern after the
photoresist 552 is renoved is an array of nearly- square i slands of nitride
245 on the Si substrate 235, as shown in FIG 36.

- 58- o 3) As shown in FIG37, RIE is used to etch a deep trench
555, using the nitride squares_or i sl ands 245 as a masking material. This
step is simlar to that. described in connectlon with FIG 17, where nitride
strips 290 were used as a naskThinShee &lds cei tri de islands 245 of FIG
37. In this case, where_nltrlde m mm e used as a mask, the etch. -

)

I

forms pad oxide and nitride isl and etches the substrate 235
to formthe pilllars 230. - The et depth 560 is approxinmately 9[err]n1|n
order to allow both the vertical FETs and the trench capacitors to be. -
fabricated al ong the height of each pillar 230. The exact depth needed is
determ ned by the anpunt of capacitance necessary for reliable nenory
functi ons. In contrast to the bitline trenches 210 of FIG 17, which are
trench lines along only the bitline direction 314, the deeper trenches 555
are formed between both {he bitlines and word]ines. Therefore, the cross
sections along both the hit and word lines are identical, as shown in FIG
37. _ ' ' - L -

. * c [ L] s *



For the open/folded architecture, where the Si substrate 235 along the
bitlines is etched in step 1, (simlar to FIG 17), the final depth on the
bitline sides of the pillars is deeper than on the worrdline side, as this
bias is translated down during the deep trench etch. For exanple, t he final

depth of th itline trenches, i.e., trenches parallel to-
- 59- Hng%?$§¢gbdlrectlon 314, is apprOX|nater 0.5 [err]n1n0re t han

the depth-of the wordline trenches. " 4) Source outdiffusion
mat eri al 460, .such as heavily-doped oxide, e.g., ASG is deposited on the
wafer, lining the sidewalls of the trenches 555. The ASG | ayer 460 is then

et ched back so at ASG materjal 460, is.left onI on the | ower ortlon of
the sidewalls, fﬁa CHEREI BINEDGOnHEVISSS CHRityoF Hée i en dhegralse circus

Illustratively, h _
555, so that ASEOTCOe) poRagS BB iR ARkl SRR ) P§35?§3Foﬁsof
the verti cal FEiﬁheﬁelﬂ&Dld:tkSGBAM sapply ooltape 6 efechrby thenditeaittppndf each

pillar 230. 5) . The wafer is anneal ed briefl t a high
tenperature to qulqmng@rﬁeraﬁd phéC@wmmt@sfewmg 3 doverdefinaderange|ofr

dewa |s. Th o
degmﬁ%tsexteﬁdaggg%I§% gdgé?%ggﬁg%gﬁe?%ﬁ%Pﬁ§Hhé§% %Hq$éﬂigﬁﬁ3§€?éQS|s;or '
body to remai n ll perreatfiedvahll dobledgesdonii d3Gush Rssupplyereddimns, Whettidrer r]

di f fused regions 405 forns both the source (or drain, depending_ on

appl i cation) of thensupply reeums path thessames or pposite palarie tatthatyBidholle 110,
shown in FIG 5, E%ég pg %{gnch ca C|tor that is subsequently forned,

6) As shown in 38t Oy R§§g4 xirgpttﬁgm)ved and the trenches are et ched
slightly deeper for an additional depth 570 of about 0:25[err]m This

- 60- separates the n[err] regions 405 of each pillar 230. That is, each
pillar 230 has its own isolated n[err] region 405 diffused therein from al

. si des. To further ensure proper isolation between the storage des éPS -
of different pillars 230, a high dose P-type inplant nay be perf

forma field isolation region 575 -at the bottom of the trenches 555
Alternatively, this isolation could be formed -by outdiffusion from anot her
~deposited material, or by using a p[err]/p[err] epitaxial substrate wafer.
7) As shown in FIG 39, the trench capacitor 578 is now forned-by grow ng an
- ONOfilm580 in the trenches 555. Next, n[err] polysilicon 585 is deposited
in the trenches 555. The ONO 580 and n polysilicon 585 | ayers formthe
capacitor dielectric and plate material, respectively. These |ayers 580,
585 are recessed, by R E for -exanple, to a depth 590 which is a distance
592 of approximately O.[err]mbelow the top of the n' diffusion region 405.
For the open bitline case, this polysilicon 585 fills the whole trench _
lattice between the pillars 230, and extends out beyond the nenmory array in
order to be contacted. The polysilicon fill 585 is held at a fixed
potential., e.g., ground, to formthe plate of all the trench capacitors
578. Slnce the substrate 235 is al so heId - '

>
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-61- at ground, there is no appreciable bias across.the plerr] field

i solatian regions 575. Thus, the | eakage between adjacent pillar capacitors
is small. FI G 40 shows the open/ f ol ded case, haV|ng di fferent depth
trenches in the bitline and wordline directions 312, 314. The polysilicon
fill 585 (FIG 39) only lines side of these trenches. This is achieved
by removing the polysilicon that ﬂééts on the bottomof the trenches by
the RIE recess step. This disconnects the polysilicous (poly) between the
bitlines 225. Due to the different depths of the trenches in orthogonal
directions, a sidewall of poly remains along each bitline 225.. This forms

t he b|t||ne conpl enent 595, and is contacted at. the edge of the array. The
hei ght of this bitline conpl i ment 595'is deternined by the ampunt of bias.
etch in step 1, e.g., 0.5[err]m and can be wvaried fromO.5[err] mto change
the resistance of the bitline 595. In addition, the poly 595 may be -
silicided, or an alternate conductive material, such as tungsten, nmay be
‘used instead of poly to | ower the resistance of bit tine conplenent |ine

595. Al'l subsequent array pi sbeps are identical for the open and
open/ f ol ded cases. Fherere+es onIy th eper—ease—w | be shown in the
figures. ' o | - -62 ' 8) As
shown in FIG 41, a barrier oxi.de 600, 1 having a thickness of approxi mately
50nm for exanpl e, is deposited on the wafer and rgcessed into the

trenches 555. This §xide 600 covers the n+ pol ysi ¥i con capacitor plate
585 to isolate it fromthe vertidal FET gate polysilicon 275 which is
formed subsettientlly. Note that the n+ diffusion regi on 405 ext ends
beyond the barrker ¢xide 600 to engure that no - undlerl ap occurs for the

vertical FET. The ™Ngcessing e Ay N0 de a _chgntpolish or resist
deposi tion step ta@ achie'- a norp planartbarrier ¢oxide 600.  However,

| i t hography is not needed. .5 The gat ¢ oxide 270 for the
vertical PET is grown around the| exposed pillars' |sidewakks | ocated

above the barrier oXide 600. A . 10) the actual control gate
~material * 275, (e.dg., in-situ dopegN-type polysilicon, iQ:Bhe case :
where the substrate|235 and. pillang 230 are P-type), is osited with a
t hi ckness 610 of jugt over 0.5F bxt endi ng. away fromthe | ars 230. This

ensures that the polysilicon gatps 27% are shorted between devi ces
along a wordline (tg forma continpous el ectrical {connection), while

allowing themto be £na ed b hagnuiehid B egchi ng between parallel
wordlines (in the bijtline ditection) dug to L:e- gheater spacing in the
wordl'i ne direction. = = - 33-
——H—l ——14
o A .
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- separating the wordlines 275.

11) Al layers of the gate stack 615 (i.e., the gate oxide and gate .| ayers
270, 275) are then RIE etched to separate the wordlines, and to recess the
‘whol e gate stack 615 slightly below the top of the pillars. The etch depth
620 of the gate stack recess is slightly larger than the conbined thickness
of the nitride and pad oxide islanii% 45, 472. As shown in FIGs 42-43,
final processing steps, whigh are i grated with the procegsing steps of
support structures outside {he nmeno array, are ce leted by renoving the
nitride islands 245 | ocat ed®o vyous ¢ S - @nting n+ drain
regi ons 240 on each pillar P30; and &onneclting bi t I} 490 al ong
each bitline. The bitline netals 4982 are perpendic r to the wordlines.
Note that, in.the open/folded case shown ijn FIG 40, the bitline netals 490,
which act as bitline "trues|, are paralTl YR Lhe pon spacer -bitline
"conpl ements™ 1,95, which aje buried at Pe-tower sidewallsjof each pillar.
As shown in FIG 44, the area taken up by elach cell, which includes the area
of the pillar 230 and the spac[ng between {the pillars 230, s slightly over
4F[err]. The additional aregq ip due to the delta ([err]) negessary for
his delta (Jerr]) isyag small ‘as

It ar s possPbe —obta®n a truly
sbib- 1 i ©mogr aphi cft ¢chni qes ar ¢ used.
ase j st described,| whef® a geheral overview

I

I

l'i thographic tolérance al|®w
4F[err] cell, or smaller,

-6 - In the open bitlinejc
is shown in FIG 7, the pol ysi
capacitor 578 i's common to &
conmon capacitor plate 585 (s
Wth the netal 490, this crea

con capacitor plate 585 of the trench

the cells in thejarray. illugtratively, the
Eekd at a-constant voltage, spch as ground.

. bat s a. st dpdard open bitline ar¢hitecture,
where the nmetal 490 connect$ the tops §f the plllars -nd acts as the -
bitline, and the polysili cohR—gate—ii heo—w re— Note that the
charge is stored on the n+ dif u3|0@_405 mnthln each Dj IIar, and that n+
di ffusion regions 405 are sepdrjat ed=from each- otther.e=3hus, each pillar 230
has its own n+ diffusion regign 405, which is igolated from n+ di ffusion
regi ons 405 of -all adjacent> pifl]l ars. Al ternatilvely, the roles of the n+
di ffusion 405 and the n+ PO} y$¢l i con 585 which flormthe trench capacitors
at the base of the pillars may|be reveldsed. In tthis case, the n+ diffusion
405 may be inter- cGUngg»ed’to Ssqrve as the capdcitor plate, and the charge
is then stored on the 1 ndivigyal {n+ ponS|I|con si dewal | s 585 surroundi ng
each pillar. In thFs—ease, t N4—p6 or—o@®5 of each pillar is
isolated fromthat}y of the Otﬁ$r_p|llar in the array. In the open/fol ded
case shown in FIG A0, theg _polysillicon ¢apacitor [plate 595 is not common to
all the cells of the enfire array. chather the meyS|I|con capacitor plate
595 is only common| al ong~each bitl e col ™ In the
open/ fol ded case, fthe buried}poly spacegr 595 serfves-as a "bitline

conpl enent ", whi | S+HETEIAMITITRl490 (FIG 43) on top dgDhe pillars is
the "bitline true"{ As diSq¢ussed i n HHamanot o, |t he open/ fyortded
architecture, wherg the wettage on both the trug and- ccwnﬂnament bitlines
are varied, gives fwice tht e ge_for tge sane anount of charge
- stored on the capafpitor. This I'S agvanjageous anfd i ncreases
(o) ‘\
o
—
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sensitivity. As capacitance values continue to drop with scaling down to
smal | er sizes, the charges stored on the scal ed down capacitors are

i reduced.: The open/folded architecture all ows proper sensing of these .
- smal'ler gates charges stored in the capacitor. The open/folded-architecture

- al so gives an increased tol erance to noise, which is often cited as a '
drawback to the purely open bitline ﬁ i gn. FI Gs 45, 46 show cross
sections along the bitline direction of another enbodi nrent of a fol ded
bitline architecture. FIG G shoms a conventional folded bitline .
~architecture. This is a extendlng t hesD &SS Tl ow of the DRAM
with.the trench capadij 5 'ﬂ 46 show cross

N

sections ‘ a

f ol ded blgt;ﬁg$%gkz\ , Stors are
fabricate tog torage -
-capaci tor. : _ MIlar
230, one transistor acts as the "active" transfer device for acce to the
charge stored on the cap citor, while the ,other:- transistor is a "passive"
dummy transistor. g5, t GEyupper t r 8igy st or 715dt agtive, w?ile t he
| ower tra or [ ssi veT 46 shd@gf' bitlin whi HG s -
adj acent t @ﬁa smmmeehihtelebly ;iﬁ_.ﬁ stor
720 is acti —ra ) frdgif . |y one
of the two pon wor dlfi nic Il (720|df {FIG 45 a 25 of FI G 46),

crossing each pillar 230, is an "active" wordline capabl e of .accessing the

ceII mhlle the other wordline (730 of FIG 45, and 735 of FIG 46), is a
"passi ng" wordline g_no pfflect on the /|a] ter Cﬂg'which

transi stor, g ' o L D adrazzﬁb-pillar
bitline cmﬁf i{s{ achi eved,

W t hout creasi TE_area. Note ‘that
in FI G 45, 46, mher: : r @ It aken lpar aLller™ he bitline

direction 314, all the active devices are either on the uppe r. | ower '

wordline. In contrast, the cross-sections along the wordline direction 312,

740 is recessed into
top of what will

FIG3F

‘becone

"-./

t

he trenches so that

t he | ower

—

it.

D

<
_Vr.

ext ends up the p

shown in FI G 47-50 tjhay aacqonpapy it he procggs|idow to p escri bed, the
active devices alterngt thween| ppjper “and I}q \ dcati pps| al ong each
wor dl i ne. To fabrigdte tNils pi|lar structurlefw t\] al tkfnpting active and
passi ve dfmm drocesy steps 11-8-
-67- qo'nectlon 44 forf the
configuration, is contli hued.f Becg sifstorls arg
trench capacitor, ingtieqd off a s ifqt or, tthe de
performed in step 3, itloldefilne the lpr ils li ncrleasell | by appr oxi mat el y
O.5[err]mto allowfor a | onger piIIar helght ‘Thi s accommodat es  t he
additional transistor gate length. EXcept for this deeper etch E itep 3,
‘the process flowis ijdept idal tp]the- preV|gu$Iy descr sté¥ U
- After 'ste\p/Fﬁ regesqTng contina ST L JWNHerje 1 n T lrbr\SI.eps 9-11,
the follo LS. drie per Si nat q rioe ralgz
9') As shown in FIG 47, [whidh is|h [CF Ton allong { el |
direction 312, a layérl of A$G 740lils depositiddlion tlhe wafler . SG | ayer

ito”
VpcP

rs to the
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(Ve1-Ve2)
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transi stor. The ASG 740 serves a-dual function. First, sonme of the As from
the ASG | ayer 740 diffuses into the pillar 230 during subsequent hot
processes. This connects the deep trench capacitor 750 to the source 755
(FI-G 48) of the upper active transistor. Second, the ASG | ayer 740
decreases the capacitance between the | ower mordlrne poly 730 of FIG 45
(and 725 of FIG46) and the adjacent[+pger dummy devi ces | ocated on
alternating pillars. - 68- In FIGs
45-46 and 48, the upper transistor regron is referenced by nuneral 771,
while the lower .transistg

edhon i s referenced o Neral 772. FIGs 45 and
' . me 15 shows the drain
773 t hereof= G S s SIS 2 ¥ A Gs
46, 50 shoFJ@_ﬁ%n 3 reof . W -

removed fromalternat(

RIE etching. As show FIG 47, a |ithqggraghi c mask 76D L

etching step, has lines-that are parallel to each other and to the*titline

direction 314 (FIGsd %P The naskd¥ 1260 aligned '

" (non-critically) to w-rllar array \neéwﬁtig 760, gach hag¥ E wi dt h
2F, and ar e The pillarso are | bt wi i | ower

ASG col | ar g Hdtlomy transi st orls dHHIE | ower ! Ol i on  Hence,

the | ower poly wordllif s]770 (FI'G 48) wil}jl| bg [t he passing|wordlines.

11') As shown in FIG 48, a gate oxide 775 is fornmed over the pillar
sidewal I s that are not covered by the ASG collar 740. The trench are

filled with ponerrc tpo forma polysili worQLrne 779 for . q@E’]ower

transrstor h ' r O NET 7 TO—2tre—far med
usi ng the
9-11 of the Mtren

erenced as steps
—gate—oxrde 775
and poly wordline.770 !Q;'// - 69-
recessed in'this case to the top of the | ower A lollar 740 This al |l ows
space on the pillar for the upper transistor, which is fabricated next.
12') As shown in FIG : second barrier oxid g a thickness of
~approxi mately 50nm fon - . 1's depogiied sed into the
trenches to insulate | ower poly wordlfijne oxequently f or med

St CYAd e

D, Lr’n'm"

(e,]apor(.rrm [d.UI I C

rrii er

O
=

oxi de 600, ijped in ste

DRAM trench capacitor|fifabricati on process. 1 eﬁond | ayer
of ASG 785 is deposite n the wafer. THi|s slgcond ASG | py-
- patterned and RIE etchgd [so that it wll melijn. on al ter g prIIars

which do not already have a-lower ASG collar 740. A I|thograph|c mask 790.
is used, which is simlar to the lithographic mask 760 of FIG 43, égere the_
_Irthographrc mask 790, has, | i nes of mndthA%F ith 2F spaci Vm

parallel to the bitlipg direction Howey S Qy 2F
fromthe G?(Z-;E§4 used in ste 'r’ he_pi S+ a\ge'this

. upper ASG tol . 4 transpstiogrs in this pQsSi tion.
14') As shown in FIG §0 and similar to tHeg deslcription of an

upper gate oxide 795 is formed on exposed sidewal s of the
covered by the upper ASG collar 785. The trenches bet ween t he

o 1 Vu[;P_J |
FIGAF |1 ™Gy, iy

te0 \tms .tmf e tcBWr >
tdrr Wttt



-70 - pillars are filled wwth polysilicon (poly). The poly surroundi ng
t he upper ASG collar 785, act as passing poly wordlines 800, while the poly
surroundi ng the upper gate oxides 795 are active poly wordlines 805. Note,
as shown in FIGs 45, 46, the poly wordlines are separated from each ot her
along the bitline direction 314. J? dition, the drain 810 of the |ower
transistor is forned by outdiffusio m t he second ASG | ayer 785. Final
devi ce processing steps, including the drain inplant, are perforned, using
the sane process steps desgkmQed above in steps 9.dl of the DRAMtrench

capacitor fabricationpr N Lnal str , in Fl G 45-46
‘along the bitline dir ipon 314 ynd in FI G 50sal ong t he\ywrdline direction
312, offer f ures descm bed For /AMelopen bitl e architegture,

i ncl udi ng ¥ h&\di siged cel | anea. adgli tion, the|N uct ure
offers the added advantlages of the fc?l~d-en' bitline archlt -=Qddi ti onal
noi se immunity and relaxed- pitch sense anpl.ifter-design!! For

n
~other applications, this. sane process can be used for fabrication gN
pillars with stacked transistors (two or nore), ‘W thout the deep trench

st orage c acitor at e ase of the pilLlars. | _ : :
-71- %?6 5,81 capaCTtor—arotth ; T1 "ﬂ ﬁ@?‘orm‘ ng
a folded b chre—trer jom-y stack—c paL,ETLn , grieca: topP of

Ul
the pillars, for char [orage as described i h connection with & 27- 35.
In this case, two transistors are fabricated on each pillar, to fo active
~and passing mnrdlines with a buried, diffused bitline below the | ower

_tran5|stor P ge i n-the stack’ ,apaC|tor |¢cated above the
pillars. ' Eﬁ Em' is an inversl on ot e ench

conflguratlon desCrT bedq 17 3 - | jown in FIG
51. The actual stack capacitor structure 520 may va rom t hat wn i n
FI G 51, as described in connection with FIGs 34 and 3 2F[err] nory

. Cel l. As an overvi ey of; the above enbodi nent g, dense arrays of vertical
pillars etched on Si gubggrates, such as the afray %00 shown in FIG 27, are
used as the base strugtiyrfs for various nmenoryjcellg. Ongladvantage of '
these arrays is the sigllld area each nmenory cel requires ,

i ndependen qgs@a d llength of the transistor. This i$
reachi ng the (s} ngijty] necessary for gigabi{ nmempry chi

Ay

mai nt ai ni ng reasonabl ¢ |bifline voltage and | ow|devi ¢e Ie? By 'usi ng
‘the two etch process, {quch as steps III and V descrifbed onnectlon wth
_ 5. _

FTGs 13-14 and 8, or stjep

FIG.5E [T —— i

4icﬂ‘tdﬂ?ms o Ctmt tatteotar



“(b) and (f) described in connection with FIG 17-22, square pillars of size
F x F (where Fis the mninmumachievable lithographic line wdth) are
fabricated, with an inter-pillar spacing of only F along the wordline
direction. The inter-pillar spacing along the bitline direction is F+err],
resulting in a nmenory cell having a size of 4F[err]+2F[err]. Thi s met hod
al so achi eves-a sel f-aligned, burleﬁ'/glffused bitline under each cel
col um, which may be strapped with polysilicon to reduce the resistance. In
addition, self-aligned polysilicon wordlines are fornmed perpendicular to
t he bitIinesf Once e e’plllar arrays are formed, pillar fornms a
transi stor having two ded reg R apg bottom of the
pillar dl i ne is tma_gate € : ound t he plllar
body betme§53§§}g5 dopee ~oH ' ha :
effectlve I°4 [ Iar,.

since the gga - [
Of the preV|oust des rent d, :
floating gate structure enbedded in a dielectric material; such
oxi des t hat fornttud %I adﬁ gate oxi des around the roatlng gat e, the
menory cell is conplg] n this enbodi npnt, the mory cell operates
as an EEPROM or Fl ashLF.[ cdw]

at o

AS ce, fgr exanple. As pre ouslyYnI
.7 3- ﬁEE herlerbddi-rentls, a DRAM cel | is|forne ere the
p|IIar tra RS a trfansrer I [THIPT ackK
~capacitor, or a deep cncapacgrror, W tno TTICT east Thne Tootprint
t her eof.. FI G 52 ShOAl an array /850 of nenDry cells in &tcordance

wi t h. anot her enbodi ment whi ch augnents the previously discussed
“enbodi-ments. in contrast to the -arrays 420, 500 of FIGs 16, 27 m@ﬁ

pillars along the wor e directlion hgdve a si he 225t

wor dl i nes ned fdr the jpillars ) i ne
direction.?ijf5§%§M§? an insul ator or
di el ectric 855, 'sUc Hes—or—other e

rdl i nes 2275, —22%

C‘ UL TTOT  [ITaAT T T \JUIJ
application. The oxi e_§55'is fdrmed within the infer-p TdVQ ace between
the two wordlines 225, 225" prior to the wordlines 225, 225 mation, as
wi |l be described in the process flow bel ow. The mordllnes 225, 225' are
~ the control. gates 27py 275" of tjwo trgnsistor each pillar, and

.are fornmed on pillar &jdgwalls i ch arfe oppos er in the bitline
direction 314. Unlif revi ouslyy desqgribed e en the two gates
275, 275 are fornmed, y no |onger ercircles | nst-ead of

75' or mordllnes

formng a ddund eacH pilldr, two
225, 225 jggﬂgiigisyalo g two opposite sides

the row or wordline d tion 312.

e _
-74- . This has sevefal |advantades ap licabl e I escri bed,
cell designs. One agyantage i s |la decrjease by tgr of two of

t he overal |l capacitanct f the wardling. The capaci tancel defrease is due to

reduction in half of the effectlve deV|ce area. This reduces the wordline

. | A
FIG6E| L —+— L
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dpc  VpeP

V0. Ve -
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tinme delay significantly. Although the effective width of each wordline
225, 225' is decreased, any resulting increase in resistance can be
conpensat ed by conventional silicidation techniques. Anot her advantage is
that the inter-pillar spacing in all directions is F. That is, the

addi tional spacing delta ([err]) between gates 275 al ong the b|t||ne
direction, shown in FIGs 16, - 27, is re d to zero. Elimnation of the
addi tional spacing delta, is achi eved wi't hout del eteri ous effects, since
the gates or wordlines of adjacent pill rows are separated by controlling-
t he thi cknesses of the poly gates. Theg at-a—t hi cknesses are independently
adjusted to assure that thgse is n ing between wordlines. As such, no
additional lithography is mﬁeded-t separate the wordlines, despite the
elimnation of the s ' his results in a true 4F-squared cel

Si ze. Yet anot her advant of this design, mhlch is particularly

i nportant to arrays havin floating gate structure, is having the dual
wordl i nes 225, 225' per wordline or rowwpillars, i.e., per pillars along
-75- ~ the wordline or row diregtion 312. Each row pillar now has two
wordl i nes 225, 225" on it, each side. Wiile these two wordlines
225, 225' may be used as ¢gneYwordli-ne for the capacitor DRAM cells, each
wordline 225, 225 nmmy bej|conftacted independently al. the perinmeter of the
menory array. ~wth a.prg Iy i sol ated floating gate 265 | ocated between
each pillar. and rises two menory cells.
erg each pillar has one

transi stor. On¢ portion gof the oxide f||| 855 | dc@ ed between the control
and floating gateés acts as a gate oxide 270, while another oxide
fill portion |locate e the floating gate 265 and pillar acts as a
tunnel . oxi-de 260, For édr wpplication using only the transistor (as

zapabl e of charge storage), or a tifssistor with a
capacitor, the flloating g 265 (s dispensed wjth. After gate formation
is conpleted, is¢lation thHerebetween i s achievefd by renovin terial
(either poly or i ated between the pillprs along th rdline
direction 312. ~the texposed gate naterlal (e.q., polyd4<con) are
oxi di zed and renwi ni : _oxi¢de fill 855. This
isolates-the floati at es) 265 of each transifst Of- _
- 66- Each of f{he t'wo™ s on a pillar has|itsf own mordllne and floatlng.
gate for charge storage. {The .two cells or tra ors, fornmed on opposite
sides of each pilllar, shard bitlines 220. Thi effectlvely reduces each -
menory cell areajto 2F-squares—whteR is half the evi ously
descri-bed cells, jused as|EEPROM or -Hl ash nmenorly for exanpl €. By achi evi ng
t hi s higher density al. l'ithographic line-wigdth.of F=0.18[err]m (which
is a typical valye for Gfgabit menorly), up-to [l giga-byte (|Goyte) of data
may be stored in}a six square-cm (6 |cn) area. Even with additional overhead
of support circuitry, up{to 4 gigabytes of datp is easily Stored on a '
credit-card sizejarea. This makes tHhe ugquy array 80Q\yer conpetitive
with even magnetic disk drive s@ﬁ&age. o :
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It'should be noted that the 2F=quare cel |
~stack and trench capacitors described in-connection with FIGs 33-51.

size may al so be used with t he

An

exenpl ary process flow which inplenments pillar formation and isolation is
Note that this process fIOM/ianenents many "of -t he

descri be bel ow.

features of the previous enbodlnents
NMOS devi cés on a P-type substrate,
PMOS devices on an N-type substrat

for
dept hs are given,
-77 -

@/

| so,

assum ng F=0.18 [err]n1

1) As described in connectlon wth F

is deposited across the wafer;

and patterned

simlar

in parallel

steps here assune formation of
procedure coul d be used
sanple t hi cknesses and

27- 18,

s across the

nitride

ne
array region. T .nitride'[ines 290 have wifdth and spac ng F=and define
the pillars for vertl al MOS devi ces al bt remtion 214.
2) Etching, e. ;Ei sed to forma sha OM/' IO bet ween t hese
nitride |ines- 290. Th encltgs are referred { -ine (or .colum)
~trenches, sin th e bitline (of c¢ iqam 314.
[Ilustratively, the tlin renches have a dEpt mat el y
700nm This etch i en htoc Rin ain
i npl ant ati on depthi, i e length, and| d bitline
di f f usi on. : EE] gl ysilicon (poly) 450 med to be
conformally d e wafer, up to a .thickhess 60 agéior exanple
The 60 nmthicK p 60 lines$ |t he bottom si gelal | t itlhine
trenches 210. Thils |p ver {460 i s then medi ghck ecess it into the
trenches 210, |egyiln %Eﬂe | | [formations that exfengal d]stance 462, which
i s approximtely m=-d4p| t h¢ |si dewalls of the | ﬁcﬂea 10.) Spome poly 460
may remain on the{botdom pr theg trenches 210, ‘ ary, r st coating
is used during th ck. |However, no phy is -
required. . _ o1 1 ' : " 4) An
addi'tional etching, e.d. ® Istep is perforned to~ﬂqc hrough the poly
460 located on the béft+errdf fHe trenches 210, apf Flefch inteythe Si
substrate 235. Th ultd ng s$tjructure al on he r nej di rilg&ion is sane
as shown in Fl Gs|204, 0s$ |section an tﬂg Tt & on 314
remai ns the sanefas|sh §11G 18. This is befpse=f=he| top nitride |ayer
290 is in the fofm jof rpl |l ¢l} stegys, (as oppoged $ride is ds 245
shown in FIG 21)j Thefefofe, rdl e trenchefs afe_Nol _ktchedq @fiohg t he
wordline direction , ichiils endich@E+LP_fhe it]in r i on
314. Thi s addi {i o in tes t ¥ bi es et weenNadj acent
colums of pillafs, 1. & enlggiacent pillarg aron he mord‘pne
direction. Note fha f stibsequent heat cycla ,gég w1l use out.
..fromthe poly 460 i Sijpillars 230 to f usid—bitlines
405. - 5) {4 itn FIG 53, the byt t renches are al
filled with oxide¢ 8 7né2md wafer is ché&d [T shedf back to a pl anar
surface, using the f¢ itride 290 as a stpppin er. The filled
‘bitline trenches{ar¢_desi nat d as reference nunge aEEﬁ - shown in FIG
56, after the chegm G i shijnge an ‘addi ti onal ft ni tjrdRRle 870 is
deposited on the|waf er | o= o=l =
=
= _
e &
< '_ /-
N <
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-79- ° As nmentioned earlier, other materials besides the oxide fill 870
can be used for this fill. As showmn in FIG 54, if the material in the
filled bitline trenches 210° w |l be renoved in subsequent steps for
floating gate isolation, another choice would be to line the trenches with
~an oxide |iner 860", follomed by a polysilicon fill 865. One advant age of
using the polysilicon fill 865 is th Uy t can be easily etched selective to
oxide and nitride during a subsequent renoval or etch step. The renaining
steps are described where polysilicon fill 865 is used. Except where noted,
-these remai ning steps are identical for both oxide/poly filled trenches, as
shown in FIG 54, and purely oxide filled trenches, as shown in FIG 53.
FI G 55 shows a top view of the menory cell array structure shown in FIG 54.
The bitline nitride strips 290 cover the substrate 235 as shown in FIG 18.
In FIG 55, the diffused n[err] regions 405, which are located in the

substrate 235 bahow_the nitride strips 290, are shown as dashed |ines
ext endi ng alongﬂl he bit]ine direction 314. The filled bitline trenches 210

. between the nitkilde™s contain the oxide liner 860 and polysilicon
fill 865. QNZ::::ELﬁI, an_additional nitride layer is formed over
the wafer.. As wn_| IV FH

order to conplete pillar definition

and formthe , [the nitride layer is patterned into
nitride StrIpSQNET_—'{ 870 which-are pgarallel to the wordline direction
312, The nitri @N7 70 have a width F, are spaced fromeach other by a

di stance F, an e perpendlcular to the filled bitline.trenches 210'.
Note that alon ne di-rection 312, when the nitride is etched, there
wi I'l now be al sectlons of oxi{de-860 and Si formng the pillars

230. The oxi de ﬁi s above [the Si pillars 230 by an amount
equal to the thEgEnes |t f [ nitjiri de deposition, mnus any | oss

resultlng_front nit Thi s dxj tension is subsequently
pl anari zed. 1 7) As sho ——
used to etch ‘enches 430w

ﬂ ng, g., RIE, is again

r)i‘sndi r te—ghe filled
bitline trenc 210' (FIG 53). As|sho 55 1N 1Eﬁ_ﬂgrdline
trenches 430, al wordl i ne dfrectlion 312, (r etc y t hrough
bot h oxi de and icon/ polysilicon I n pgr tﬁguegil‘li f.or rri ng#te wordline-
trenches 430 r res res efc thrOJth t he gxilile pol ysilicon

275 that fills t
pillars 230 that

mordllne nitrid tri
15
g LT

v o Q5—'——'— 15 47 A Vg 8

i ne trenﬁhes 2 |
pat tierni ng the n|tridi | a into
G 57). Note, |the o

| 0N3—_—?‘ ~ o TT
s ——L=
K
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wor dl_i ne n|tr|de 'strips 870 are perpendicular to the bitline nit rigS4serl ps
29Q (FIG 54). Due to the difficulty of etching these different materi al
S|nultaneously, two approaches nmay be used: (a) In the first
approach, shown in FIGs 56- 58, wordline trenches 430 extending al ong the
entire array are formed. Etching the woR@l ne trenches 430 is perforned by
using an RIE chem stry that etches oxide and silicon, selective to nitride.
This etches the oxide liner 860, the silicon of the pillar 230, and the
polysilicon fill 865. Al t hough the depth of the etch may vary between the .
two materials, (oxide 860 c R or polysilicon
275,) the dlfferent etch depth does not effect final device structure or
performance. This is because the step fornmed by the different height of the
two materials, at the bottom of the ®BPERARE trenches, will be buried
during a subsequent oxide fill. As shown in FIG 57, the depth 880 of this
etch is set to rea ust_below the top of th dlffused bitljine regions
405, stopping on of‘qﬁ%a‘f fﬁ%”%ﬁr’f‘é?f‘ﬁ‘% ‘53?4 wj(%é‘%'ﬁ se
[l-lustrativel yint hea:deptiniﬂégraiseépprmcmtel y di&(hmlld&temm‘lhagé Y, t he
wordl i ne trenc of chy t Iff d.hitd ipe

regi ons 405, I%%L\%%&Wi% ?' Q-‘&[,E_& %‘%%? th‘q ‘ﬂ&ﬂé Hﬁ§ l;g H'Ad]

-82 - and/ dfh?)?ﬁl,nfﬁ |Jack o5 AGy eupPPhY Baltagepbs deteckrd 45w the F| G 58
shows a top V“éi!éﬁ:éﬂf Shda¥oTiowthy' & ﬁEE@Bdeb&hmﬂgi VSl trenches
430 that extend, al on he entire array in the wordline {Ealon 12.

Et ching the \/\d\"cﬁIH'Fé 3 dottaredef ede%ﬁﬁgés°gh\§a}|‘f%ﬁr]r?ﬁqﬁ FF¥a%yi on 405

Iggilt fed ﬁt thefiml palbesnary lbf@vm&daéﬁchzdﬂﬂﬁﬂ:atﬂde bret m:dml trate. ]
2 of the expo Quer o ti o In_addition, the wordli.ne trenc
et ching step € %Vi%g" geghds AROR AR 2 ‘E}?ﬁfﬂ“%ﬂ’ of the
oxi de li ner SGﬂetﬂmnsflﬁhethén ﬁhepspppnyoneuﬁrnbewhmhlmhe teramectoas | ocat ed
bet ween t he po S 0 I I al so
ohown 0 b o apeai 8 pARens Tl RO iR g o St %%Aa‘f% 230
separ at ed by theing |intemrupted. trenches 210 are shomn in FIG 58.

(b) The second approach, uses an RIE chem stry that etches only Si (which

i ncl udes polysilicon), selective to both oxide and nitride. The etch depth
is the sane as above, i.e., apprOX|nabeL ~6OQanmBegause t he oxide |iner

860 i s not etqmmmRnrueresultlng wor diiFHEA *he§ 480, shown in a top view
in FIG 59, contaln square and rectan uijr“hb1es ‘89071895 shown by dotted

| ines. These hol es are separated by th qftdemlhggr 60, which acts as
wal | s of the holes-880;-885. - 83-
The square ho[esuB@OF?MhnchﬁﬁmNe a siz eLwEmm“EmeeLu,t frometching the
exposed silicén of wtirespidlars fhat are not covered byjthe wordline nitride
strips 870. T ttar-etchimgexposes The m'—di-ffustoh regi ons 405, as
shown at the bottom of the holes 890 of FIG 59. Wthin each square hol e
890, the n' diffusion regions 405 are separated by the substrate 235.

\_/ .
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The rectangul ar holes 895 result frometch or renoval of the poI?’WI”"BGS
-shown in FI G 56. These holes 890 are |ocated between the oxide walls 860,
on the opposite sides of the n' diffusion regions 405. The widths of the
rectangul ar hol es 895 abut against the wordline nitride strips 870. The
base of each rectangular hole 895 is the | ower portion 860" of the oxide
860 that covers the poly straps 460 showmn in FIG 56. For clarity, only one
pillar 230 and filled bitline trench 210° are shown bel ow the wordline
nitride strips 870. The pillars 230 an®3tlled bitline trench 210" are
delineated in FIG 58, which has an identical structure below the wordline
nitride strips 870 4}3 .Of FI659 The oxide vvaIIs 860 may be
recessed if desi red% effj ci enc rrable not to etch
or recess the oxi de I&CGRP A e ecessed in the
next step to form XFCEC 9@98% wirequencies, gpl whil

- 84- wese@gacm:esde@fathasehncmolmm;monm) chosen above,
the wordline trencoltage 30 cofabbvé&agiredetermined minémnAcléveBéémof FI G 59, are
now filled wth oxpdiing:Next, the wafer is chem pol i shed back to achieve a

pl anar surface, usi R dIt ‘f‘Eé&ﬂdaﬂ : toppi ng | ayer.

As shown in FIG 60, t Xod 18 if s then
%¥$ recesses the
B regi ons 405.

re-etched to a depth Q)gr

oxide fill approximat

This | eaves a pl anar Wﬁ oft hi ¢k, which
separates the polysil PLCCHY A X qSEb‘f d, fromthe
buried bitlines 405, E’S’GC(FI G 58). Note, FIG 60 is the cross section al ong
the bitline directi basmévdhgber&ﬁmedmdmnihymngedwctl on of the
array at this point odetbeﬁlfa'sd&idaasu%méhe Wdl d'mmstlon 312.

9) As shown in FIG 61 mm@&bﬁml sligek is forned
along the wordline ”&@ﬁaﬁé 430 by grovm ng the de5| red gate stack and

Fetessec Hel o P MG oo i yﬁf:ﬁt S Fon e
G 26 and

recessed bel ow t he
gate stack shown in

gHmer |899F@F%@%é’9ﬂ5@h and gate
oxi des 260, 270. when the delay reachw a predetermined valge, the AI ternatively,

i ncludes a floating
the tunnel oxide 260 mmdmlwmmmwmmo t hat each

gate stack only has thaif pedad ofkthédo®ést ofithe pingedf/ wor.dl i ne- 275
If no floating gateiﬁe‘lumbwg.ed or if the Tloating gatels of a.
"sel f-isol ating” napuUPecirenit -accoididi? o dﬁﬁi/itﬁrh&diﬁ té \dof8} T | ch oxide

(SRO), then trans-m ot’ . dt&f'dts

nitride strips 87Q}.aRM

edY 1e wordline -

tifnf 26), as -
previ ously descrif i bed, a stack
capacitor is for N [ - are ceII with
reduced wordl i ne ¥apat “ﬁ!“F%m stance. Si m I ar to the stack

capacitor 520 sho mlt CI tor 520
fornmed over the pmd&rﬁmmmwdarm:s e AC mt/vs the bitline
trenches filied.wwoltagei de only. However, oxide and poly may fill-the

bitline trenches asdsAocinctit atedidibg to claim 3 wherein the voltage
rectification circuit is opembleinasecondmodeofopera—
tion to rectify the AC input voltage when the AC input
voltage lies above the first range of values, the switch
element being operable to select between the first and
second modes of operation.
5. A dircuit according to claim 4 which includes a voltage
level detection circuit for determining whether the AC

voltage lies in the second range of values and for producmg
a detection: signal.

TN O O O [ “"'7, """ o ':15 v ptann
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The stack capacitor 520" has a storage node 525" surrounded by a dielectric
;530" such as BST or other high dielectric material. The storage node 525
and dielectric 530" are forned over each drain region 240, which is | ocated
at the top of each pillar 230, and are surrounded by a common plate 535'.
FI G 64 shows a top view of the stack capacitor 520'. Note, the area per
pillar, which supports one bit, is 1FLe§iLﬂ resulting in an array having
one bit per 4F[err]. The poly straps

- 86- covered by the oxide 855 are shown as reference nuneral 460' . The

two control gates ed by the oxide
fill 855. Control ﬂé%&éﬁ“ %ﬁ&&&aﬁ}ﬁﬂh‘kﬂ&&d@d& the wordline
trench, which may qqg%’ﬁ capaci tor 520
and the |ack of a Wiheadhedgte Er%‘?‘bﬂg \YP f FIG64 is:
conpar abl e to the is inside therssnen me\n Qﬁs FIGSZ Alternatrvely,
processing done pri G A cireditcaccosdiag o wlainoil wiereins e RAtINE f orns a trench
capaci tor bel ow emlhnﬁﬁfsiﬂiaaﬂndﬂlmcmﬂmlatgmkcompmesmplmm previously
described in connesftgubses\foi fepehbtedlySfiring the triacaddi tion, two separate
capaci tors, stack o, A gnalit adteydiag tauﬂﬁﬁzawmeﬁmcdwmgr This forms a
a

2F[err] DRAM cel |, &ﬂéﬁtﬁsﬁﬁﬂédﬁki'dxééoﬂiﬁi {faliRAM cel | . | f

self-isolated fl o o capaC| tor I S-necessary.
Referring to FIG e.vvor SERtE rate sides of
each pillar, can be Cw lmi%&‘ Ei EEPROM or

Fl ash type cell . A &qqlﬁ dg phous Si
floating gate 265 Dulsegcom detection:o addl ti onal processi ng
steps are perfor med 10. Areieeit-acoending:to dmﬁswh%ma Pat i ng -gate 265
on separate pill argcna&dr@rulﬁsﬁ:ﬁtndpmioddmmatﬁrﬁﬂmonAﬁﬂM| s stage of -
array fabrication pildes omodetédtion ofal basdlinerarossingss sections _
-87- are shown i ﬂlFA@rcﬁﬁa%B&dﬁﬂgtdd&ﬁﬂQtheinﬂfé lpulsesdire i onal st eps

i ncl ude: e &dﬁﬁoﬁfa s@anamuomal | ayer of
nitride 910 is ou.. -, dﬁ@ acks. In
conparison to FI G_Q6, , r| yer overs th n|tr|de strips 870

of FI G 59. Next ," g ] | n_El G 6,7, Jpar ayer 910 i's
removed by RIE to expoSeucht aGeer % %&% . e.,
material |ocated JEHHoated s F’SW&'F Wfou rIPTRS n 332) whi ch
material incl udes inpat yeltagsity; thebaselige gossing detartion Guauityy, rner 860. -After

this nitride etch, tlfe& according teeclgimr 1 H@G@eﬂm €hown i-n FI G 66;
is al so reduced. WMMM@MI@WMr de layer 910

over the wordline gopter-pillar region is |l ess than the thickness over the
rest of the viafer. TaeAiRhiRacdt@ding!theRimI which cofprisesatleastexpose t he

wordl ine inter-pi 'A‘@‘g%‘eﬁ“& 11) FI 68 and 69 show t he
etched nitride | ayer o 2 ’am iﬂgﬂ Rkl lar material.
Next, the exposed RO \ §§§ 'S etc‘ﬂ e g., using RIE, to

the bottom of the o'} LA St atu/el ’EEE iﬁgt rformed to a
depth in 560nm and, st of X &ﬁ . which is
around the same ddiREF Mmeagires the predetermin
baseline crossmg; a second d:gnal timer measures the first
time period from the first initiation of the pulses; a tlm'd
digital timer measures the predetermined value of the delay
and a fourth digital timer measares the second time period.
from the second initiation of the pulses.
17. A circuit according to claim 16 wherein the digital
timers are connected in sequence andeachdigitalﬁmu'is_
reset both at each detected baseline crossing and at the.
expiry of the time measured by the preceding digital timer.
18. A circuit according to claim 15 wherein a single digital
timer is used in conjunction with logic circuitry to measure
both the predetermined delay and the second time period
_from the second initiation of the pulses.
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depth of the top of the buried bitline diffusion region 405. This etch is
_selective to poly over oxide and nitride. Therefore, the poly etch forns

" hol es between pillars along the wordline direction 312, referrred to as
wor dl i ne hol es 930 and shown as dotted lines in FIGs 68 and 69. As shown
in FIG 69, the entire wafer is covered with the etched nitride |ayer 910
except for F by F square exposed regions gqntalnlng the oxide liner 860 and

the poly fill 865, which is etched to formrectangul ar hol es 930. For m ng
t he hol es 930 exposes the fLoating gate 265 between the plllars al ong the
wordl i ne direction e. , betyeen the dlJ ne, pil | ar Dependi ng on
the degree of etch, I%c‘t"iq}’r t%Fwﬁ Rﬂl Wi# ﬁ%‘ﬁ@' y remain on the

exposed fl oating Iﬁt bounded by the
oxi de liner 860 a tpweOﬁjhpllogne mm;:hangsiweﬂf@ﬁg?m wor dl i ne
direction 312, t hefthegrédetaininéibdéiay enddfangesstate at thaexpieyrafe 1| oat i ng gate
265 (or the tunnetheosdcdnd2fif . pefiod frommitiengecond daitiaionsofothe in | FIG 68, is
behi nd the hol e 9g@ises. Not e, |f only oxide had been used as the fill

material, instead 03¢ DQLehi o §4Qra&inP 25 whidrein 865, then this

cLon, SLep T eaul eherg Eﬁﬁﬁs%ﬂ‘&ﬁ% isc a3 s% B Coptcidd dfas 111 N 1o more
- 89- t hi ckness& Piﬁ?%

fF‘ K ot b|t||.ne an rdline trenches
have been set such ¥ha cicuitAce t® e exposed after
this polysilicon eounier i5 a snitistage opmpteR : d between the

oxi de |liners 860, hon-duavertedcoutputs|atreachi st@q.l non- 12) As
shown in Fl Gs 70- ittvertadboutptsr beingxiconncated toep lakclpm dogled, . sufficient.
to oxidize the expirdtyfloqrneiat »signalwichapge thestate o6 e latch sufficient to

oxi di ze the f|0atmngﬁé rhﬁé‘gﬁi@dsh!véb&lfmdd.thl n tunnel oxide

260 of the holes. 938 i gggﬂtﬁ portion 265" is
shown,” which is | ﬁg t gﬁ&b%%w he ofifee floating gate
portion 265" i SOI%Q o N es 0 eac ran I'stor al ong sides of
the pillars from BF ﬁgwewof the array is showm in FIG
70, where each pi | 123 Aipdgsuitascordd which rogmeprisss 265' . Each
floating gate extmmmt he pillar along the wordli ne direction 312 a
di stance that incl ded tireuitiadedrdixg toreither of elzim |23 whereithat are buried

adj acent” t o t he. plogicagaterecdiving tiry plrdsdic \sipgrial andithe detectionned in .a squar e
2F by 2F, i.e., 4ﬁgnﬂr&6m Eiéusasdiaer&osﬁng)mtécuaﬂ%fdui&yendone bit per
2F[err] area. : pro agatesthepm mgnnl for - CLAIMB

Havi ng thus descr@g&e&ﬁ a| mas new, and desire to

secure by ' 25Ac1rcmtaccordmgtocla|m24wheremﬂ1epmodxc
signal propagated by the logic gate is supplied to the gate of

a tramsistor, whose source ana drain are conmected t a
supply voltage and the gate of the trac, respectively.

26. A method for converting an AC input voltage, with a
first and second range of voltages, into a DC output voltage
in a first mode of operation and a second mode of operation,
comprising: _

selecting a first mode of operation corresponding to the

first range of voltages of the AC input voltage;
applying the AC input voltage to a diode bridge circuit to
rectify the AC input voltage;

detecting baseline crossings of the AC input voltage;

resetting a timer in response to each detected baseline

crossing;

in response to detecting a baseline crossing, applying a

switch control signal to a switch clement connected
between said diode bridge and an amplification circuit
to enable the amplification of the rectified AC input
voltage and produce said DC output voltage;

F
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Letters Patent is: 1. A sem conduct or device conpri sing: a
.Substrate; an array of cells having pillars fornmed on said
substrate, said pillars being arranged in rows and col unms, each of said
pillars extending upward and having an upper region doped with a first
type of inpurity, a mddle region doped with a second type of inpurity,
and a |l ower region doped with said first type of inpurity, said mddle
regi on being between said upper and | ower regions and bei ng conti nuous

with said substrate; a gate reg?@mr forned on at | east one sidewall
of said each pillar over said mddle region to control the resistance
between sai d upper and |ower regions; and a trench capacitor

forned around each sgfashfthél vith i Bmicf o Y8 E@SclapRd Sbinguchal 4 pi| | ars,
said trenches being [ d colums, each of said trench

capacitors having a stoJage e?néct ro di el.ectrd er l'ining said
trenches, and a pl &m %P ﬁiﬁﬁ% eﬁi mr said
dielectric layer, whdelayvalug greatsrdhan orage el ectrode
of said trench capacﬁmucncﬂandrespﬂ%ﬂslemmm%mlﬁ claim 1,
wherein said. plate eling theosteitchncentrolrsignal ¢othe switch element a conmon pl ate
el ectrode of said tmmmahadldfwlﬁmze,ﬁmhdl'bmpamgdhdumpor devi ce of
claim1, wherein §fiattef ticestéy eratif® @ coaudl sipoal i respomsed| | nes of sai d
cell's, and said Wﬁ&%&%ﬁ%ﬁ'ﬁmﬂn&édmm@mml ines of said
aseling?

cel I's. switch t in response o detecting a mext b: 4, The
sem conduct or dev clarm1, ereln sal ate regions along said rows
are continuous t el d..C pper regions

al ong sai d col ums Mﬁ%ﬁ%?@%ﬁg ceI ls. 5. A
sem conduct or devi s6lestingra segapd mode of operation; an array of
cel I's having pill ars ifputrwoltage Liesi witbinba tsecons] raucopfpvoltass& bei ng arranged

in rows and col ums, amdch of sal d pillars extending upward and having an

upper region dope {MW &e regi on doped
V\nthasecondtype o‘.%@ ltﬁg EE on doped with said first

type of inpurity, er and | ower

regi ons: e. St 4 of said each
pillar over said % w 33 ﬁ’t &;gat ween said
upper and | ower rQQP ¥red around each.

of said pillars i & pl mmm@%@ﬂ}ﬁ ﬁ'rs sald trenches being

arranged in rows ardf. Jhemethod of claimi26; wherain ghe:ste; ‘having a-

st orage el ect rodeﬁwwﬁchlcenlrolmgial;teﬂndsthah;lmntdmh&ﬂw and -a platé-

el ectrode fornedsteps ofti d trenches over said diel ect ric layer, wherein said
| ower region acts 2&“5 t capaci tor,

said plate electro the &fnﬁﬂ@h SﬁHB? e| ng isol ated
from each other alpo t? The

seni conduct or devi dB I&sponse tochanging m&l% t*ae@@éﬂen ated from each
other by said row t r tive Istate, mplifmglﬂmAGenpneyohumgi&eaper than said row
trenches. amplification circuit. -92- trenches over

sai d di el ectric | aglsTheunettsdofclaith 26, further comprising the steps:
measuring with the timer a second time elapsed from the
first time elapsed; and
responsive to the sccond measured time elapsed exceed-
ing at least one period of the thréshold frequency,-
inhibiting the switch control signal.
~ 32, The method of claim 31, wherein the step of measur-
ingmthaumercompﬂsesresetnng a plurality of digital
counters connected in sequence in response to each detected
bascline crossing and in response to a last count of the
preceding digital counter in sequence.
. 33. The method of claim 32, wherein the step of measur-
ingwithaﬁmcrfmheroomprisesmcasuﬂngadclay elapsed
after each dewctedbaschnc'cmssmgwiﬂlaﬁrstdlglhl

counter, measuring a normal period of generating control
This is the replacement sheet
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| onwer region acts as said storage el ectrode of said trench capacitor.

.2.  The semniconductor device of claim1, wherein said pl ate el ectrodes
are interconnected to forma common pl ate el ectrode of said trench
capaci tors. 3.. The sem conductor device of claim3, wherein said

gate regions along said rows are wordlines of said cells, and said

pl ate el ectrodes al ong said colums are bitlines of said cells. 4,
The sem conduct or device of claiml, rein said gate regi ons al ong
said rows are continuous to formw§/dli nes of said cells, and said
upper regions along said colums are connected to form bitlines of
said cells. 5. The sem conductor device of claim1, wherein said

plate el ectrodes sigmalsfronmthe delayelapsed with asecond digitaboounters i sol ated from
each ot her al ong nadstiringWhe first gﬁpge@mdﬁQMpanodoﬁ The

sem conduct or de\depe g cém Sfth ital Ectilfteraad Separated from
each ot her by salﬁ [ g sg&’ g%mes & i di &Bﬁ eﬁf‘qu‘.ﬁnpel ng deeper than

said row trenche

94 %Wﬁ, ranged,in. rows and col umms,
each of said pill a4 Themeth % %@Hﬁﬂal d lower and

upper doped regi dmhaquexn : et chi ng
trenches arranged I:esmaeadn@pmdemedbaselmeaossmgm forning | ower

regi on outdi ffusion Eﬁéﬁ %5] of applying a switch
out di f fusi ng dopant gﬂ'a?“t on materlalgto said pillars to form

said | ower doped re |ons Vi sgi d outdiffusion
mat eri al; and ancing the counter t%mwg @Slmgﬁﬁc‘ﬂ&sﬁo separate said
| over doped regi ons 8hdshg second time elapsed pillars; and
forming a trench C%aﬁﬁhgramlwﬁﬁ%ﬁmﬁm&espbmetdmai d trenches
separating Saiadvilidind t6 a286hnk Lonbspoiding t0 the fietvdmend col urms. 13,
The net hod of claim &nd N said trench capaC| tor form ng step includes
t he steps o a ic_| ini ng said
trenches; and c&nngmg thelpggﬁ %ﬁ (yae‘@g Ff&@&éetpnﬁgal d trenches
over said dielectri c cpapter rFosﬁl‘EP Conespy e@ fon acts as said
storage el ectrode of seccnd timerelapsedpaci t or . The net hod of
claim 13, wherei nzsal'mephmlmdebﬁclmmduiwhmthccpuntcrmaa
continuous plate Oﬂeas&hdatlﬂi psflopywherctmeachiflipflopitas anapaci t or s. B
REPLACEMENT SHEE sxgualw:thhalfﬂxefre ency of the input signal and 95
15. The method p ,, 2 o%u rmng step further _
i ncl udes formng a ' 0 m W@% ,sai d trenehes.
16. The net hod e her conprising formng-a gate regi on on at
| east one sidewa *aeaC pillar over said mddle region. 17. .. The
met hod of claim 16 mawmmammbﬂsﬂ!m spacer bet ween
ing;

. ontputting by the digital counter inverted and mon-
inverted signals to a logic circuitry; and

generating a signal by the logic circuitry to change the

state of a latch when the digital counter outputs signals
corresponding to the first time elapsed and the second
- time elapsed.

- 37. A method for recovery of an AC/DC convertor to a
first mode of operation in response to a missing cycle of an
AC input voltage, comprising the steps of;

selecting the first mode of operation in response to theAC

input voltage lying within a first low range of AC line
voltages;

detecting baseline crossings of the AC input voltage;

resetting a timer in response to each baseline crossing;

in response to cach bascline crossing, applying a switch
control signal to a switch element to cnable the first
mode ofoperation; = — -

|
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sai'd trench capacitor and said gate region. 18. The net hod of clai m 16,
wherein said gate region formng step includes the steps of:

form ng a gate oxide on said sidewall; and form ng a gate el ectrode
over said gate oxide. 96
19. The met hod of claim 18 further conprising the steps of:

form ng anot her insulating spacer over said gate region,; formng a
third doped region in a portion of said pillar |ocated over said other

i nsulating | ayer; and forning_agpLher gate region around said
portion of said pillar |ocated over sai ot her insulating layer. 20.

The nmethod of claim 19, wherein the third doped region formng step forns

said third doped regions ipn alter illars alo wor dl i ne
direction; and themﬁg#'r’é!“gg'agg g%ﬁ«?&ﬁ’?ﬁ q@ﬁ‘é‘!ﬂ 3ai d ot her gate
regi ons around al t erang i ng pillars that do not have said third doped
regions. 21.  Thin respbast tf tind ficst tirfie felapsedr exxeedingsa hglfet chi ng said

colum trenches to Pperivddiia thiesRild fieq@cncy 6B ACnpatvéltdgew trenches to
separate said pl ateﬁdqﬁtr%ea{ %ﬂ&ﬁﬂﬁstei:?khmﬁg%eiﬂtd trench

capaci tors. "

REPLACENENT Shper  mode of opcratmn by applying the switch control 97
22. A net hod of % Qn r devi ce ,comp g the steps of:
formng an array om i@%g‘?’r&% t{% hs and col ums,
said pillars arsaw tmer i r st depth and
row trenches havﬂhgscﬂ gbmaueqruémomnmpeﬁod ofrthcs fee-d first depth;
form ng | ower dogaeheyegi ons bel ow said pillars; formng a gate
region around at |39).Sl'h63mh(ﬁ|dfcliin§370hﬂhbi' oomprising the stepor ni ng upper
doped regions Onoﬁﬁlﬂn'ﬁhh'tﬁéﬁvvnéﬁ‘domml iﬁ&th capaci tor

around each of sgh&iinbk|créys m mgﬁgs eegg thod of claim
22, wherein sali d#&{l G ik p |e:x(ﬁu es e steps of:

formn a dielec formn a
pl ate gl ectrode i’ %&iﬁ% gThe _
nmet hod of claim hg step I ncl udes
the steps of: d:angmgtheconducuvestateofthc sthchelemet
applymgasthchoonu'olslgnaltotheswﬁchelement;
and )
amplifying the AC input voltage in response to the
conductive state of the switch eclement. . .
41. A circuit for converting an AC input voltage which -
varies on either side of a base line voltage into a DC output .
voltage, said circuit comprising:
voltage rectification circuitry for rectifying the AC input
voltage to produce the DC output voltage, said voltage
rectification circuitry induding switching means for
controlling the mode of operation of said circuitry;
baseline voltage crossing detection circuitry arranged to
cause a control signal to be applied to said switching
means in response to the detection of a baseline cross-
ing; and :
meansfordetecungamzsnngcycleinsaldACmput
voltage, said detecting means comprising timer cir-
cuitry which is reset at cach bascline crossing and
which is arranged to causc the control signal to be -
applied to said switching means if the period from the
bascline crossing is greater than a half period
of the frequency of the input voltage.

* * % ¥ =
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REPLAGEI\/ENT SHEET | | | -97- -23 A
met hod of < fornlng a senlconductor device . conpr|5|ng the steps ﬁﬁnqunu.
formng an array of pillars on a substrate ~ arranged in rows and

col ums, said pillars being separated by col um trenches havi ng a
first depth - and row trenches haylag a second depth which is  ° less
t han sai.d first depth; . form ng Fower doped regions bel ow said
pillars; form ng a gate regi d at | east one wall of =~ ."said -
pillars; form ng upper dOpedggggﬁgﬁg on said plIIBERLAGﬂMENTSHEET

form ng a trench capacitp ﬁ?&'@% d lars in said
trenches. 24. The net hoc}mﬁ; clarm %fﬁg ﬁoﬂFBthench .. capacitor

forming step includes the steps of: . form ng a direlectric |ayer
lining said trenches; and formng a plate electrode in said

trenches oveT eyl | ai m 23, .
wherein the |33/ec‘r” e?gé&éﬁkﬁh%r}ghldgﬁgq%ﬂ%mr L?&Qﬁ%@dﬂ gatcﬁimgt eps of:

THI 'S SHEET HeBuBHERd voltage doubler/bridge circuit such that durffy any peeiodi ng an

outdlffusmn terial on portions of said trenches; and
out di f f usi ng™ tf‘éfluaallaq(z*eénﬁﬁevﬁiﬁt‘@ s‘aéi gatasid by dhet FIHasdi d | over

regions bel opfiRdAnB!d p&iGd of AC input voltage within a lower defined range of
values, repeated tridc firing pulses are provided such that the AC supply

will be rectified and doubled as soon as such a supply returns, whether

\ W the supply returns with the same or opposite polarity to that which it

had, just before being interrupted.

Figure. 6




