THYRI STOR RANDOM ACCESS MEMORY DEVI CE AND METHOD Priority Application

This patent application clains priority benefit fromU. S. Application No.
512/ 826, 320 20idwa0929 June 2010, which is incorporated hecgius2i/osmber ence.
Backgr ound Thyri stor random access nenory (TRAM provides a nmenory
structure that does not need storage capacitors to store a nenory state.
However device 10 configurations to date use a consi derabl e anmount of
surface area I nprovenents in device configuration are needed to further

i nprove nenory density. Further, it is desirable to form devices using
manuf acturing methods that are reliable and efficient. 15Brief Description

of the Draw ngstgyriSTORRANDOMNCEESS mﬂmﬁﬁv%mwmenm hod

according to an enbodi ment of the iInvention. 2A shows a
sem conductor nenory devi ce according to an enbodi msnt of the invention.

20FI G 2B shows a nunber of semc ﬁ?ﬁ,t gﬁggyy devi ces according to an
enbodi nent of the invention. P‘E %{/&) ows schematic configuration of
menory devi ces accollds pagent epplicatemiydadinsrpmeritp bertefiefrpm emtApptication No. FI G
3B shows angth ur 5according to
an enbodi magr)] t ?/8?(}2%%&159 fol Ed)lg) wﬁlch?&go%%@ﬁ&elg%ﬁ {(ﬁgr%nc%

e invention. er schematic
configuration of nenory devices according to an enbodi nent of the
i nvention. FIG 4 shows a sem]%ogduct menory devi ce according to an
enbodi nent of the invention. 30F G a manufacturing stage in
form ng a nmenory dewmiygigtor random access memory (TRAM) provides a memory structure

that does not need storage capacitors to store a memory state. However device
10 configurations to date use a considerable amount of surface area. Improvements

in device configuration are needed to further improve memory density. Further,

it is desirable to form devices using manufacturing methods that are reliable and

efficient.

15 Brief Description of the Drawings
FIG. 1 shows a flow diagram of an example method according to an
embodiment of the invention.
FIG. 2A shows a semiconductor memory device according to an
embodiment of the invention.
20 FIG. 2B shows a number of semiconductor memory devices according to
an embodiment of the invention.
FIG. 3A shows schematic configuration of memory devices according to
an embodiment of the invention.
FIG. 3B shows another schematic configuration of memory devices
25  according to an embodiment of the invention.
FIG. 3C shows another schematic configuration of memory devices
according to an embodiment of the invention.
FIG. 4 shows a semiconductor memory device according to an
embodiment of the invention.
30 FIG. 5A shows a manufacturing stage in forming a memory device

according to an embodiment of the invention.
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according to an enbodi nent of the invention. FI G 5B shows anot her
manuf acturing stage in formng a nenory device according to an enbodi nent
of the i Nvorni2mec094 FI G 5C shows anot her manuf act ur iPag/ESe@g®43106 f or m ng
a nenory device according to an enbodi nent of the invention. 5FIG 6 shows
a manufacturing stage in formng a nenory device according to an enbodi nent

of the invention. FIG 7 shows an exanple control |ine configuration
of a sem conduct or WEBE ¥hHARVUNEBeAGERITRALNE g kQgAM f@m}@ga ReRbryfeviche
i nvention. FI G 8 shows another exanple configuration of a

sem conduct or AEABIRE t2@n gBYEBEHOEBEAIEBI®Mo an enbodi ment of the invention.

FIG 9 shows anot hefrceXaplvg H0MES @&Hu@&cl&i%g@ﬁag@in%&%i%?@%&%ﬂf deREOry device
according to an enbodi nent of the I nvention. FI 10 shows anot her

exanpl e confi gegcatdingio ap cabahimpriohthadnvsrtigpenory devi ce according to an
enbodi nent of the i I On. - : |.e configuration
9 YEHLARR- 2 Iﬁéﬁka@tun%% atl'ﬁg%’l‘ﬁ’?%&g% égﬁ%%lgwwg

of a sem conductor nenory device acco Ifment of the
i nvention. Det aicbelghgDe ge pinpediowentiohtheevehiodn. owi ng det ai | ed descri ption of

the invention, ref ?ﬁ%\?\zg%i&s a%ga?rﬁégmgén?%);ﬁl\?e\a %ﬁgguqﬁcﬁ%if’&%e AWML that form

a part hereof and in are s ustration, specific
enbodi nent s i nmwhioghlevive a¢condény to @an embydilnentpf getineedon. These enbodi nents are

described in sufficient detail to enable those skilled in the art to
et oo the T bntEDS sofiAnbnt GRSl afB R 8 fenfifopediferil + 01
struct ural 10| ogéviel accadliag tar dncalbodinenge3he @ventionmy be made. 25The terns

waf er and substrate _us in the foll ow ng.description include any structure
havi ng an exposed s]f}kgf §g]%°%aflﬂt%%ﬁx RPIE 50 &ﬁufﬁtlﬁnag?/fe(‘?éc%’:aucmr memo

device according to an embodiment of the invention.
FIG. 10 shows another example configuration of a semiconductor
memory device according to an embodiment of the invention.
15 FIG. 11 shows another example configuration of a semiconductor

memory device according to an embodiment of the invention.

Detailed Description
In the following detailed description of the invention, reference is made

20  to the accompanying drawings that form a part hereof and in which are shown,
by way of illustration, specific embodiments in which the invention may be
practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized
and chemical, structural, logical, electrical changes, etc. may be made.

25 The terms wafer and substrate used in the following description include
any structure having an exposed surface with which to form a device or
integrated circuit (IC) structure. The term substrate is understood to include
semiconductor wafers. The term substrate is also used to refer to semiconductor
structures during processing, and may include other layers, such as silicon-on-

30  insulator (SOI), etc. that have been fabricated thereupon. Both wafer and
substrate include doped and undoped semiconductors, epitaxial semiconductor
layers supported by a base semiconductor or insulator, as well as other

semiconductor structures well known to one skilled in the art. The term

2



integrated circuit (1C structure. The term substrate is understood to

i ncl ude sem conductor wafers. The term substrate is also used to refer to
sem conduwOap1280609dt ur es duri ng processi ng, and may i nclPadaseathas2ibayer s,
such as silicon-on- 30insulator (SO), etc. that have been fabricated

t her eupon. Both wafer and substrate include doped and undoped

sem conduct ors, epitaxial sem conductor |ayers supported by a base

sem conduct or  @ndu@Stik BhREstoR%o MRlUde &miBdHIBE LS EIMIGRNEHE tndtla®t suct ures wel |
known to one skilled in the art. The term conductor is understood to

i ncl ude semi coffiglserisisdeligehoipdudeapyimalssial thatdy legrelegircpbeeqndective def i ned to
i ncl ude any maggh wRlmdidials bS8 mb8sSisebkettbical |y conductive than the
materials referred to as conductors. The term "horizontal" as used in this
application is defiHedems heriptmaieanped wl thieppplsatidigs ddingdat 4 plagd  pl ane or
surface of , 0, Lent at i t he wafer
or subst ratg. m@%{gﬂﬁlg{rtﬁ%&lﬁtﬁ%gllpﬁnr%%? éﬁa(é?gf aa&]al{](gg??%lﬁ@b%%%glﬁggﬁul ar to

t he hori zont al theoridefhtioned tebefe.or Putepasi Thokgn “suehl asfetsan dirtgiode” (as in
sidewal 1), 4 é}ﬁl{cu}ar toI R rizonta P T ine%lr%l%ovel.J (ﬁ)%si{igﬁs,esu%Ef 4 r‘loqld, Wi th respect
to the conventtonal plane or surface being on the top Surface of the wafer
10or substr at ejsideEgaridf‘adavaliy’), tInghen’,i“Bomedl i‘orr oind t heleadredefoed sithst r at e.
The foll ow ng detaj| description is herefore, not to be taken in a
i £ ng.sengerSidliof SERGlraRptis b et Shieiias Browt s Xk FHER oni v by
t he appended cbadubBrateakeanloss bthhd bigentatibh oS pafeobr @éuiawal ot S t 0o whi ch such

clains are entitled. Jt is. desirable t rovi de nory..cells that are
Soal abl o to T nitS el aR iR BelednbrRrsry ene 1 Yt Sstal sq

desirabl e t hat asliahsdopé BQHS pRE@t B étioh @defindd @NPBUGE hPfend@NdhimOW i N cost .
Figure 1 shows an exanple nethod of formn cell according to an

! | a nmenory :
embodi nent of #lRge WH@gﬁthlb?ﬁoP%ﬁfé@P‘fVF‘]Emé& ngﬁ%ﬂfch(j@f'%ft firﬁﬁ%“tlleﬁr med using this
and ot her nethods aj g RO tbBroviRTRAUBNEIT g h@ScMML: deRGsdied in nore 20
detail below. In operation 10, a channel is forned in a first type

sem conductdr poRandder high meperyslensiyy. EHapatidesisrhle Bat surthmghedsa¥¢ on 20, a

dielectric mat @ﬂ»‘iicﬁhtihgrdcdgét%daﬂﬁilg‘bihpc&she channel, and in operation 30, a
control line is formed over the dielectric material. In operation 30, a

second type sem condger drshews dopphaple aegthodtop farmpggonememselbiccoidae” U' shaped

portion to forma blinfh 3fgi94 A0LRn " §;]9>'c8f8%e11 et ﬁfaﬁ?ﬁ&ﬁmﬁ% urs@gi tes form ng
an upper first type sem conductor portion over ofte of the 1nplanted
regi ons. _ thisypldatier mgthpds ae gomdan eesedueit fepiyodidubntisbedfin mhe i nventi on
does not r iy 0§ f6SRy! flrlpolé)%‘]?iﬁgﬁ 1SN PREPS ForfiRa hltrg)I‘Iir?I{}&peO@Ienﬁ%ﬁl%hﬁc?orgOes Into a
substrate, "the nore chanc ere’is Tor damage to crystalline
sem conduct or patidbn ©efornAs “E” shaped portion. In operation 20, a dielectric material is
formed within the channel, and in operation 30, a control line is formed over the
dielectric material. In operation 30, a second type semiconductor is implanted
into top portions of the “U” shaped portion to form a pair of implanted regions.
25  Operation 50 recites forming an upper first type semiconductor portion over one
of the implanted regions.
Implanting in accordance with embodiments of the invention does not
require deep implants. The deeper an implant operation goes into a substrate, the
more chance there is for damage to the crystalline semiconductor lattice. As a
30 result, deeper implant regions may not operate as efficiently as shallow implant

regions with less lattice damage. Shallow implants are also typically easier to

produce.



30result, deeper inplant regions may not operate as efficiently as shall ow
inplant regions with less lattice damage. Shallow i nplants are al so

t ypi cal | yweasi2éosi9e produce. I n one exanpl e, thePCirseotpprIelopant
is P and the second type dopant is N. O her configurations include the
first type dopant as N type, and the second type dopant is P type. In one
exanple, the first type sem conductor portion formed into the "U"' shaped

portion is a P-typensast el aleQlrst oyt Pt el Be RLORI (Fpd dpntgem conduct or
is atop portion of a silicon-on-insulator substrate. In one exanple the

first type semNebHericowieuptiPns gpludethe firpatype dortgpesdY poptnd e seywdfl usi ng a

native P-dopedqﬁ93&59ﬂ5®ﬁn%.iHQ&h&%&Sb,ﬁ@ﬁH@%@g§%ﬁ9nﬁhM§fﬁﬁﬁ&ﬁe lattice is
avai |l abl e, whi ¢ch can provide better performance than an inplanted

sem conduct or pumed o thieUheupedisiéon ibed-type schicopderienin diesspoglar e are used
to 10 form 9evl;h%§5§ty¥\4,e{el aﬁ%ﬂ’cﬁ&ﬁs é{Hﬁlﬁﬂfon%?QBﬁconT&Eﬁﬁlﬂgf’éuB?tﬁat@rlﬁ easier to

form and are nore ue to ower anount o attice damage from
deep dopant i npremegpleFigfisigyRX/segionducsn pesianyd enateerdened geiose 100
according to a%%@?ﬂ%gﬁﬂ}veﬂdo&;*@& SOYERL QBsuraftNEy %%‘éfnﬁfed]c%tahlﬂl%' udes a
thyristor nenory devi ce. hy Pstor devices have Shma physical size
conpared to ot haiceieaveiablg eichesn pramide tetree pérformhndehlyami agtioplasied i ces

descri bed herein .do not requir torage capacitor.to store a nenory
state, which aPBsaHgPr Rt N o dee PR st dishovy Sisdit i mensi ons.
Thi s al | ows0 hi gherdemesoriyhodedisp tryplam sEPITOrhesadey iy Sare 241dn € folyi) andt or
configuration in Figure 2A includes a first P-N junctiqn 130, a second P-N
funct fon 132, HREES FHIGI RGNS APBRRCE R dhs o (ipdnin “ser i o5, A
control line 1ifplifs.shown between two of the P-N junctions. In operation,
when activated by the caontrol line 116, a signal travels froma first
transnission |ine 19guregpsioyhan framplermearoryevicen 0P dHO4inhe 2land out to a

second 25t r ansghs&iifhtlot e ick@Btion. The device 100 includes a thyristor memory

15  device. Thyristor devices have small physical size compared to other memory
devices. Embodiments of thyristor devices described herein do not require a
storage capacitor to store a memory state, which allows for extremely small
individual memory cell dimensions. This allows higher memory density in
memory arrays.

20 The thyristor configuration in Figure 2A includes a first P-N junction
130, a second P-N junction 132, and a third P-N junction 134 that are coupled in
series. A control line 116 is shown between two of the P-N junctions. In
operation, when activated by the control line 116, a signal travels from a first
transmission line 122, through the series of P-N junctions, and out to a second

25  transmission line 126.

In one example, a channel is formed in a P-type semiconductor portion to
form a “U” shaped semiconductor portion 110. An N-type dopant is implanted
into an exposed surface of the top portions of the “U” shaped portion 110 to
form first N-region 112 and second N-region 114. In one example the first N-

30  region 112 is lightly doped, and the second N-region 114 is heavily doped (N+).
Because the first N-region 112 and the second N-region 114 are both formed on
a surface of the P-type semiconductor portion 110, before subsequent

depositions processes, no deep implant operations are necessary.
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In one exanple, a channel is formed in a P-type sem conductor portion to
forma "U' shaped sem conductor portion 110. An N-type dopant is inplanted
into an expasedoswrface of the top portions of the "U' ehapsdoposzipen 110
to formfirst Nregion 112 and second N-region 114. In one exanple the
first NN 30region 112 is lightly doped, and the second N-region 114 is
heavily doped (N+). Because the first N-region 112 and the second N-region

114 are both fornedA@{&leatrﬁuﬁJt@fa@mlsfsﬂﬁﬁmPsef)Maﬁlg&m&ﬁeﬂuﬁt1qs @y tion 110,

bef ore subsequent dep05|t|ons processes, no deep inplant operatlons are
necessary. the AU islkedpe¢ PiyRe spaicanqugor mlyovél% adRhiae seNeYlitche contr ol
line 116 from §peyiddh arhaped Hdyae s%@;f@dqﬂ@?éléé&rﬁéonﬁﬁ’&&ﬂﬁ%ﬁlo]ﬂi(io aBy placing
the control line 116 within the channe "U' shaped P-

seni conduct or pagetsudprer1@ inadizpegido shercpalea liag 0. |Emamrp‘aé@ntwrwed he contr ol
line 116. Thi Sccﬂﬁx%}’b\%%cdvg&& &R PG gﬁeﬁ% V& &Rl Y G PRI qflohhe ‘U

shaped P-type sem conductor portion ontrast to con |gurat| ons where
a control |inecingragnd yordigpratentvite amatrgllde isenly aljeccotfto ansgdd conduct or

regi on. ﬁ{#@gg{ase}nri%%d&d&??gzggn conductor portion 121 is then forned

over the first regi on e exanpl e shown, the upper first type
sem conduct or 10porAn oppet Afst typebamdamdactbn[gmdnylzdlmhdl forgtpever thgi on that is
inplanted in t nuf ac e allows the

P Tt "y BB Skt N SR a0 s g drd R b au “ang

damage to the pativh cB mauamdmgﬁﬂiy dopedeny];reaﬁgloﬁ madleefpplamrad ﬁmhesflrstl n one
exanpl e, a heaﬁjl ; dgfe g{g& 0 |s over the upper 15first
type seni condubtBFOpoHEi od Pl “rl?Ber SRS doped P+
portion 120 i n@dm&ﬁﬁuaomytsdnqah téi&pﬁﬁﬂa&d ﬁipmtedPaJndmahmgd toitgOatticAisf i r st

transm ssion line 122 is shown formed over the second N-region 114 and a
second transni ¥8PeA B FoREasts%dseR I8ABMA f or med over the heavily doped P+

portion 120. |n onenexaiRintle, bMBavily iSpedgRsHInSIR0 dNfoth&Lovt2de @apstrt he second
transm ssion 20 line 126 are substantially orthogonal to one another, and

forma rowlandiiesbiyaerenrerndpsion payisuix 124s nspiisveramplefhe keagidy doned Ph subsequent

exanpl es. ?J): G R) i2BuGR QWA y Tk Hép%klﬁom%[yol aybogea Q0 from Figure 2A
in a portion of a nenory array 200. Figure 2B shows a base oxide nmateri al

102 that is parenspfisspndiobd2 mkown fermerbovexdapicendN-Feigui & @82 a
sem conduct or (RLEI kflnRliof A1 sRIRATHERLGLANPALLE Al @ ﬁgoﬁléﬁhe‘d

| eavi ng behi nd sem conductor nateri al formt P-type
sem conduct or [1)2{]' tlhone dxbpden thetfing tfapnngssidy-line 122 and the second transmission

20 line 126 are substantially orthogonal to one another, and form a row and column
memory layout as shown in more detail in subsequent examples.

Figure 2B shows multiple memory devices 100 from Figure 2A in a
portion of a memory array 200. Figure 2B shows a base oxide material 102 that
is part of a substrate. In the example of Figure 2B, a semiconductor material of

25  an SOI substrate is patterned and etched, leaving behind semiconductor material
used to form the U” shaped P-type semiconductor portion 110 and the first N-
region 112 and the second N-region 114. A dielectric portion 104 is shown
formed around the semiconductor structures formed from the SOI substrate.

In the example of Figure 2B, the first transmission line 122 includes a

30  metal conductor 123 that is electrically isolated using a nitride cap 124. Figure
2B also illustrates the heavily doped P+ portion 120 configured as a continuous
structure that contacts the second transmission line 126 along a length of the

transmission line 126. In one example the continuity of heavily doped P+
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region 112 and the second N-region 114. A dielectric portion 104 is shown
formed around the sem conductor structures fornmed fromthe SO substrate.

I n the exsoOpbe/W609Fi gure 2B, the first transm ssion |in@CIA®20mok21des a
30nmetal conductor 123 that is electrically isolated using a nitride cap
124. Figure 2B also illustrates the heavily doped P+ portion 120 configured
as a continuous structure that contacts the second transmssion |ine 126

al ong a | engt hpgfiod M8 KRS Plosiit @RoAduBGonIpAh fol the @RNE ¥ AR Rich/li@e cONt i NuUi ty
of heavily doped P+ portion 120 hel ps to provide a conduction path for the

second transm $X1 89 iMpig¥esIPEOERICE HihSPERONE Y PHANEO e pxauke Benory array

200. I'n one exanpErilgisSier ARd1 1 i@ RS BHAN hdidlCorkéRadedvd Qiimd from a
metal, or conductive netallic conmpound, and serves as a netal cap over the

heavi |y doped Fempsond.iagserao as @ nBébriroer boheydy deredilit porendae end
transm ssi 0gl ! lar%ggée%%nduction inltﬁ'e §e@&}cﬁmgﬂ?ﬂs§oﬂﬁl@f%, array 200, adjacent

menory devi ces share a common tirst transmssion |ine 122. Exanple
configurations of théhawamply ey a2Q0208r @ljfcanttvaporg Howres iLO0 Fiagur es 3A - 3C.

Figure 3A Sh0""8‘?9:'2\68&%}1%g%&_ds@is‘?ﬂoﬁ‘%g?zgfExﬁmBE’Iﬁif?’%l?Jt{oﬁé’oﬁLé‘%h% to the 10

array 200 from ure I gure hows™ a menory evide 310 and a
second adj acentrraygloraye ldabdrckovdilid Bheaes 31g-38. cormon transm ssion |ine 320.

Simlarly, Figure shgws.a first menpry device 310 and a second adj acent
memory devi ce 312 SHAVT g HORuHBRTHFARERTLS] HRSPPRA Sy S e 58, the
common tramem si$dyRi0lftonerige 2Bs Mgt 24l siowvsartastshdaeorplieidec3 1aandy t o sensi ng
15 circuitry 330. econd co n transmssion line 324 is.s routed to
o opposi 1 ¢ st BB IFREN RIS [0 SRR MERIER o B SRS AGNT | gur at i on
of Figure 3B i singh@wW¥iglrt 8BRAGWNIiICONPDGy [EARSM0SHH @Redohil &Fadest Ween

opposite sides of the arra%. This configuration provides nore roomfor
circuitry on sPEBEYgRVichdlahagpe ey Tanspission fac feedn bigwe thiksr f ace with

hal f of the megRiMof@dshidsion 1iRE3 208 k@Y to one sidddfIM fradGo SAOWS an o
alternati ng§ arrangenent of transm ssion |lines 326 and 328, that is simlar

to the alté? natif@gratangepenstcopmmon;tygniaisam linacizd jethown rqmtegipan 3C,

transm ssion | ,nesi328 &g 349 (RsiROLir QMRS 9. B8l WakhuAdbRGEALuEeMOrYy cells
310 and 312. 25Figure 4 shows”a nenory device 400 acCording to an

enbodi nent of BRés shaveakdroaiing Spminoa frapspissiea livehbntyeateppesete $iI06 Af  Fi gure 2A,
430, & setond’ EERnat T SRE36 ML TR s Y Bt R e are
coupl ed in ser ey befawsorrchelde neqlenlyliBterfgceshidwml e tiweeemeryoelbfin thiee  P- N
junctions %t hm%ayQi el ectric materi al
Figure 3C shows an alternating arrangement of transmission lines 326
and 328, that is similar to the alternating arrangement of Figure 3B. However in
Figure 3C, transmission lines 326 and 328 are not shared between adjacent
memory cells 310 and 312.
25 Figure 4 shows a memory device 400 according to an embodiment of the
invention. Similar to the memory device 100 of Figure 2A, the memory device
400 includes a thyristor device with a first P-N junction 430, a second P-N
junction 432, and a third P-N junction 434 that are coupled in series. A control
line 416 is shown between two of the P-N junctions with a dielectric material
30  separating the control line 416 from the adjacent semiconductor body.
In Figure 4, a channel is formed in a P-type semiconductor portion to
form a “U” shaped semiconductor portion 410. An N-type dopant is implanted

into an exposed surface of the top portions of the “U” shaped portion to form
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30separating the control line 416 fromthe adjacent sem conductor body.

In Figure 4, a channel is fornmed in a P-type sem conductor portion to form
a "U shapecopdwb@enduct or portion 410. An N-type dopan®Ciraseemplosaived i nt o
an exposed surface of the top portions of the "U' shaped portion to form
first NNregion 412 and second N-region 414. In one exanple the first
N-region 412 is lightly doped, and the second N-region 414 is heavily doped

(N+). Because tiRentihkgish 4&4@9&&%&1@@9@114 hig ohe cmeh1dNnE agk Medidd are both
formed on a surface of the P-t éee sem conductor portion 410, no deep

i mpl ant oper at i*bnis lighivedoped @ad tie yecond N-regigp A4 ighegvily deprdrY+dlevi ce 100, by

placing the coptsQle hé NR A6 E Matil&ecCAMNRAf414 BR boll fofthaRed P-type
sem conductor portion 410 a% ge surface area |s adj acent to the control
line 416. Thi sapyége dibe Pﬁmeéa@ecan@@mp@ﬂtw@é& ng dedpvimplaghonsfatiohre " U' shaped
P-type sem gonguct rssagprtl on 410 in contrast to 10configurations where a
control line is on dj acent to one side surface of a seniconductor

regi on. An up%enlaﬁuoﬂmnwy@@@el@ﬁdvnﬂmtgdhemtmlm442®Jlﬂ181th¢1en f or med
over the first Al N i P+ _portion
420 i ncl udes ac%é(gi%gg‘g geé%a [ ﬂ)% ?é%gmu% Ogg?rflfnggir/\di%\rgg??@ ““F&nsmi ssi on
line 422 is shtswdja&é%rftﬁrﬂrecbrmwbhnetﬁé %sqnmjud\els inregpased cddfolane a second

transm ssion line 426 rmed ove eavyi dope + portion
A S L e AR NG R G M s P e Rt
transm ssi on | bo&ﬁlgér%o@rvalesaweinamtllrahé ynlpadjheganahe tide anfacastat her, and form

a row and col umm 0&50 é’ctf’ out Figure 4 further illustrates a back gate
440 formed frofiHUGHAUEYP™20 regi on. Exanpl es of conductor regions

include nmetal regi oONGuseNrs@spé bdnABINdG O poi il @NthePforidéd @y¥sthther eof . The
back gate 440 is separated fromthe "U' shaped P-type sem conductor portion
410 by a di el ebst Neegigh 83 dp ongexamplrdheheayily donsd Bhpyriga e BeWaes of Fi gure 4

operates as a fchpheﬁs'stlmed?papmmb&{ Of iFR )i &R line @Mis@ndviPat i ng body
cell. In opera e back &ate 440 is used to facilitate 25 charge

storage beh@at Fprmﬁ%owéﬁ?@rssﬁoaé glon @yt and a secondiragppiseoplngi 4284t | an
amor phous  si | i GRRNTBIGIRLr tﬂélﬂea'v Zy&dﬁeab%ofuraﬁhy@'eﬂ RELVRE, Ttﬂ&eﬁrgaCE gate

440 and a base oxide material 40 the substrate. |nclusion of
anor phous si | i gammstoadingH22%and thesseeons] traderdission kied @@taéecb@ﬁmldllwent s, and is

useful in fabrjcatlon t%oéne aa&hgqeg%lrfxnggyiv&@bﬁ%ﬂlmlﬁ%ﬂl&gﬂ@% oA - 5C show

steps in fabricatirron of a material stac use nmenory devi ce 400
fromFigure 4. In FlFlglupé fmeallulst&t@@tbapbgm%}ﬁoahecsmnasmfd@ctmsd over a

first bulk 6 en} (k%)?l Cgrg%les (%800&(511& 10%X%12Pudgm pa?{%llorrggucglé{ls Egﬁeﬁ oCrondUCt or

558 |ncludes bu dope r egi on I's then
formed over thengital, et:ztlroiysthmbﬁn‘mlba%@te MObomibana@drmnethe aUu” gaped s t hen

I one oxanpl o TG HGRGG" Recer F 1l M66uCRHET Dube Shoatt B o 11 con
mat eri al , howesemotyhvicaendf lagure 3 opahteSs d hyhitill Betwed hdgrisamansduct or
layers, or noncell, and a floating body cell. In operation, the back gate 440 is used to facilitate
25  charge storage beneath the memory device 400.
In one embodiment, an amorphous silicon material 444 is further
included between the back gate 440 and a base oxide material 402 of the
substrate. Inclusion of the amorphous silicon material 444 is included in
selected embodiments, and is useful in fabrication of the memory device 400.
30 Figures 5A — 5C show steps in fabrication of a material stack 590 used to
make memory device 400 from Figure 4. In Figure SA a dielectric material 552

is formed over a first bulk semiconductor 558. In one example the first bulk

semiconductor 558 includes bulk P-type doped silicon. A conductor region 554
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5anor phous | ayers can al so be used to bond dependi ng on the choice of
second substrate as di scussed bel ow. Fi gure 5B shows a second

subst r at ewbQ012/d0p099ne exanpl e, the second substrat e 500PChalSeales4a90ul k
silicon substrate 502 with a dielectric material 504. In one exanple, the
dielectric material 504 includes silicon oxide that is fornmed 10by

oxidizing the bulk silicon 502. One of ordinary skill in the art, having
the benefit of ithe MAiRIGRE: Hé icleoBik hferi 392, r&g@mgzﬁat&mtssmshwn dielectric
configurations and substrates are al so possible gure 5C shows the

first |ayered &umed ?@we@s@@%rﬁglﬂn@%@ fs?}s(nmfir%@/areémstratﬁéSQh@ bondi ng
material 556 ignhqndgd, &Qb&ﬁlﬁnﬁhété@aﬁ%% ﬁlcﬂaés%'aﬂio Bs Gficohhgudngecond

substrate 500. In one exanple a marker naterial 560, as illustrated in
Fi gure 5A, |s h@wettheertynmti@uﬂlqﬁgotlmée%@qhemﬂwéd@@né@e@ ¢1ing8n 558 to the
configurati dsPaGhQME deh él%g*g gr.ogen. ijpl ant is
pl aced as t OsnaFgrlaﬁlgé%ugtta esl m‘SBteQ¥nCtﬁ§ bul'k P-type

doped silicon SEBHﬂQwﬂhﬁmﬂ@dthWIckness for subsequent nenory device

fabrication. After fthe %ESB&% o near %gst%%b%yg @4‘%‘%&9@% tﬂé%g dId and bonded

to the second substraie ype dope icon 558 is
t hi nned unti | mﬂeHmQSMhmdnmﬁemm&mﬂﬁﬁﬁsmsudeﬁébW&madkkthﬂmghxmlﬁydrogen

i npl ant marker i s descri ill in the

o F “having « nif Bedarnpe 5 yinge il nlkAR nelis SN P HL g e han

ot her techm®quﬁﬁoﬁﬂMS@WEMQMiﬂ@xhbGQdOﬁé@hﬁ&hﬁy@ﬂﬂ&ﬁﬂﬁbﬂSﬁﬁn@nﬁ:2500nduct0r
region 554 fromthe bulk P-ty dope SI|ICO wi.thin the scope of
t he invention.H%ﬁgt@gﬁﬁﬂﬁﬁ?“ﬁgﬁﬁPmtggﬁﬁgﬁﬂgg ﬁﬁﬁgﬁ?% mar ker material s.
Q her exanpl escéifigbRpadsahil Bgsirites Qi ekEpdskible. naterlal 552 and conduct or
region 554 fromthe bulk P-type doped silicon 558 na% i ncl ude cutting,

wi thout a thinni ng Ppyeassh m@U@ﬁégtPﬁ@eﬁﬁﬁéVﬂﬁﬁﬂgﬁﬁﬁ iggep /) dippet med, t he

bul k P-type dopd agd thi: 66K1iRO8acA 55€isHHAGRSS B ddSecHRSRibREdoAbAMe to form
menory devices such as nenory device 400 fromFigure 4. Processing two

subst r at es 18 epéicardivpstaticd 1o Au PR xemakhadaarigrs seqrigh Pt s ifpsgigied iISA- 5C
sinmplifies for F@Bf'e%, afusby C%Qfléﬁi'hg@ﬁelﬂu%?type doped silicon 558 to the

configuration shown in Figure 5C. In one example, a hydrogen implant is placed
as the marker material 560 at a desired depth in the bulk P-type doped silicon
558 to define a thickness for subsequent memory device fabrication. After the

20 first layered substrate 550 is flipped and bonded to the second substrate 500, the
backside bulk P-type doped silicon 558 is thinned until the marker material 560
is detected. Although a hydrogen implant marker is described as an example,
one of ordinary skill in the art, having the benefit of the present disclosure, will
recognize that other techniques of separating the dielectric material 552 and

25  conductor region 554 from the bulk P-type doped silicon 558 are within the
scope of the invention. For example, other techniques may not use marker
materials. Other examples of separating the dielectric material 552 and
conductor region 554 from the bulk P-type doped silicon 558 may include
cutting, without a thinning process.

30 Once the material stack 590 is formed, the bulk P-type doped silicon 558
can be processed as described above to form memory devices such as memory
device 400 from Figure 4. Processing two substrates separately and bonding

them as described in Figure SA-5C simplifies formation of buried structures
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such as the back gate 440 from Figure 4. O her nmethods of processing on a
single substrate may involve nore conplicated operations such as deep
trench dempo=otomsr i nplantation. Methods as shown in PCHOSe13A4505
sinmplify device fabrication and provide nore reliable buried structures
such as the back gate 440 5and dielectric material 552. Figure 6
describes a material stack 600 used for form ng nenory devices according to
enbodi ment s of gdchQs iHeWEA da@i40! R NPRGuR XA MRAE meiHdRs OBi6tckahe & ack 600 is
formed fromtwo substrates that are bonded, sim|ar to enbodi nents
described in Frigele subsisats may pyolyisanass enmlisatad pperaions sish ay dgeg USB®, i ncl udi ng
a P- 10 type byl semMCRpAMEHSE. BQ@oliSas! sm@ﬁtf@?:ré oA fser Aty Dediydre region
618. A P+ region 616 is then formed over th erelon% I n one
exanpl e the P+iabegfition aBlBovide plyesicballd lgpr@ép@@tltr@@udwrt @h@kugﬁtpmé@nt ed N-type
region 618.<In s, the P+ region 616 is further inplanted
into the |rr%l a%@ﬂahu?%g&rlggﬁgn 618. A conductor region 614 is then

deposi ted over the IRgure édgiconbdsangeridndclao®ond fog forairgrmanorg devi¢ges f or med
over the condu [ S ' onded to a
second subst ra?ctcg%ji%qg e%ocfr%é t%y;tﬁ%gaelﬁ Orrll 3@‘2&%6%5 ]?’3,96 t“%tghgg%ggd Substrate
610 i ncl udes a6l 1lslfcommdﬁmmd:mrswsavauealhamrebomlecﬂminkdastd éncledinsanst r at e,

al t hough the i |onls o limted., The er i can then
e used ot abpiee ey e pu et s d i SR Bt HsBtso el ow
Figure 7 descrtylpesula serRivody c eyl (cie inffl htaCwasith ngNtt@eaaglaﬂbmdmant of the
invention, forned f ﬁ fype materi a thgltack 600 1 {nFi ure16 flrst P-N
junction 710, $eRAOIAL BENOFRHP LR M1y pe%ﬁ‘&ng hioge BaRlyefiton 714 are
shown coupl ed dgicae1b @SphydibalyfdepssitedPolr jHdiplagiBd KlQpe febien seg:0md P- N

junction 712, and 25the third P-N junction 714 of Fi gzure 7 are vertically
coupled, in COH‘P?%F%‘E @W@ﬁethégﬁﬁ?glﬂbﬁléﬁ%mh?rdmﬁﬁlﬁﬁfl AdvieelaagdNof Fi gure

1, which uses &pe KaichaRed RRtdctR Regidh Gclq|1§jth51h§ep6ﬁf5@royelqﬁ'é/l)—p§:gfbgo Verti cal
coupling the three P-N junctions, as in Figure 7, provides a reduced areal

f oot print, 1# hu§lGaadn b%ﬁl%%@rﬁ friip fgmag P‘é@r theesqaiicipr remn b lthd bereor y

devi ce 700 t @l bdbetars ik Hﬁﬁ%bﬂﬁ%d?ol?se%&ﬁi duP&rag e ondinRfid SU?CtIhon 712 are
formed fromthe material stack . In one exanple the third P-N junction

714 is formed bye dxapblnthi sfgon@sgnbsirﬁte?@l@ ipsfedes g Kidicomeradd mbtertl e a 600.
Al though i npl aﬂﬁlk@ﬁc+r§s WS, hithdu@h e RShQh 1Zﬁ&s %rht%& ”ﬁlﬂédM%eﬁaﬁbOd' ments can

use physical materia eposi'tion~or other sui {'ab A control
line 730 i s shewk G0frcamtheh b¢ esedid fybwwmenomdpac@mucmmsyddem&des, and
vertically, get%\e‘gn two of the vertically coupled P-N junctions. A

5diel ectri ¢ naterial 716 separates the control line 730 fromthe verti cal
st ack of Figure 7 describes a memory device 700 according to an embodiment of

the invention, formed from the material stack 600 from Figure 6. A first P-N
junction 710, a second P-N junction 712, and a third P-N junction 714 are shown
coupled in series. The first P-N junction 710, the second P-N junction 712, and

25  the third P-N junction 714 of Figure 7 are vertically coupled, in contrast to the
coupling shown in memory device 100 of Figure 1, which uses a “U” shaped
portion to fold the memory device 100. Vertical coupling the three P-N
junctions, as in Figure 7, provides a reduced areal footprint, thus enabling higher
memory array density.

30 In the memory device 700, the first P-N junction 710 and the second P-N
junction 712 are formed from the material stack 600. In one example the third

P-N junction 714 is formed by implanting region 720 over the material stack



alternating sem conductor material in the menory device 700. A buried
transm ssion line 732 is shown, forned fromthe conductor region 614 of the
mat eri al wWoa0lke/®0®4 Buried transm ssion |ine 732 provi deSTAPSaEd/0$96 Ngs i N
a nenory array and increased nmenory density. A second transmi ssion |ine 734
is 10shown coupled to a top of the region 720. In operation, the control
line 730 activates the nenory device 700, and a signal is detected fl ow ng

from one transgissAiddubi imga_lan‘(iﬁg tsiuea@l doYorinheguah26, RedaWeccaIbEBheard into the
other transm ssion line. Figure 8 shows a nenory device 800 according to an

enbodi ment of EHESLBONSHYERRPRH densitioner ehtsdidhénncthedte menory device 800 is
formed froma materhabyh #3058 HWAToMNA IIBGLEY béved AfKed AnlotPm Figure 6.

The menory device 800 includes a pair of control |ines 810 and 812 forned
in a trench betlsycss adjversenly braon walehitheessticalp coupddddt-Nownctipesneh 820 i s

shown separat | Blglethi]i@_nﬁ?ejri%b?lrﬁes%@eﬁ&t%s%ge Lan%m?elv%oﬁ&ql tﬁéeeméag S%E\gofexarm' e of

Figure 8, the isolation separates N-regions et ween
vertical pill arleng@Bgfentompeiat inpgrid omdie atemery geviope0.sAmudehduct or

material. A hea‘XﬂshXﬁsgﬁﬁ)ﬁg 7§f JI-Is-)shcfv%gv:f(ﬁ'ﬁleg Qr mi tRe %)%El&ct@rtrﬁéigr?‘éﬂ &%ﬁet ially

continuous along a line paralle urie ransntssion l'ine 804. In
one enbodi ment matehiel skeek 600. yBaedecin{nRssiorr lagi 78R pBOBleasmise samingoimduct i on al ong

the buried transn ssi on I%ne 80ﬁ. 25Fi%¥$§]%xsho | nenorﬁ8d94yce 900
accordi ng to al“BboditmeRt MEF ThE IRt on. * &' AP PGSR ?yy dévi ce 800
of Figure 80 tkewikrooslyd devbeef QO giongROdBSoparapar, theafoneaninegBo | i nes 910 and

912 fornmed in a trench between. adjacent nenory devices. An isolation region
920 i 5 Shown' s BBFET THARPIRT RiEE I 1PAR SEB0% e B F B Bonduct | vi £y

type sem condughm@midsiiheint alerticdiNetheah i@uedtd 100 250 @b tkiogere 9 conpl etely
separates adj acent N-regions 901 and heavily doped (P+) regions 904.
Figure 10 showE2iMisifBdic-devi ce 1000 according to an enbodi ment of the

invention. Simlar tiguRRRSWs HVIhEEUHBSSI0 RESIRABRAY £ critRAiNIERIBY e devi ce
1000 includes a pair of control lines 1010 and 1012 forned in a trench

bet ween adjlaceHteHiofp fiongepbedigeniatheincanoy flecerdofiolermebioom 8 shown

separating ver taeahs Rick! @PasiRORa@fiadlab e EMakdA 8 gﬁiﬁarﬁj Ul rf{éntldf?/ type

sem conductor nmaterial. A heavily éoped (P+) region 1003 is Teft at |east

partial ly cont ilevirsu80acdnigs apdif eferopaeldinget 105wl 8 2 lrberd ingdrenelansmi ssion |ine
T R B e LR A—
devi ce 800 of Megairef &ntuphlemes §H) @disdp. ehe eomnbl2d Higurd-8,ghur ieold@®net ches back
ool on 08T 9 bW 8L AL LA S Bt Bl oo
101012. conductivity type semiconductor material. A heavily doped (P+) region 803 is
left at least partially continuous along a line parallel with a buried transmission
line 804. In one embodiment, the heavily doped (P+) region 803 aids in
conduction along the buried transmission line 804.
25 Figure 9 shows a memory device 900 according to an embodiment of the
invention. Similar to memory device 800 of Figure 8, the memory device 900
includes a pair of control lines 910 and 912 formed in a trench between adjacent
memory devices. An isolation region 920 is shown separating vertical pillars
902 of alternating conductivity type semiconductor material. The configuration
30  of Figure 9 completely separates adjacent N-regions 901 and heavily doped (P+)
regions 904.

Figure 10 shows a memory device 1000 according to an embodiment of

the invention. Similar to memory devices described above, the memory device
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Figure 11 shows a nenory device 1100 according to an enbodi nent of the
invention. Simlar to nenory devices described above, the nenory device
1100 i nclwoes12zop@idsr of control lines 1110 and 1112 f or mea/tiSao1a/082186Ch
bet ween adj acent nenory devices. An isolation region 1120 is shown
separating vertical 15pillars of alternating conductivity type

sem conductor material 1102. A heavily doped (P+) region 1103 is left at

| east partial | yosmandihded @pair 8f @agoRides D@L 0RAH ab12loridd iR a@reRU eBfbchr ansni ssi on
line 1104. In one enbodi nent, the heavily doped (P+) region 1103 aids in

conduct i on al oAYACREMHIRY daVigssa N riidaion fegigmid29 1RO WBHRIaERS YEtisibnor y

devi ce 1000 of ,inhQunE dQutefnBEnd SAIRLL N ypE HnQPontitA0r Rt IUNRagR11 et ches
back N-region RlOl to further isolate the vertical pillars 1102, and renove

portions of théomdRyiregion I3 inkiftaclert pargalivheontwiovs along 4 hesspataltd and 1112.
I'n addi tiong W%% ﬁ@d’&a%gm%éiggn% R4 AES R Y Erleﬁ@m@'hééxﬁﬂ?% ail14, where
i nes R 0 an 1 |%

the control extend downward over a portion of the
N-regi on 1101. (P25Weiidnel 083 pidaireqonddctienrblonl e htugedgfansihissipmiient(Godnlmr e

descri bed, the A [ ( ' h | e, t hough
specific enbodf(?flgr%%tgo I?gi\%%lsyb%éﬁe ?W ?Jflsf?éuggg’gg%}ﬁgla ensrgglf)@g?dhoéf?}é%uﬁ% it will be
appreci at ed byl frolss badk Mrehiorak0p 1 skiurther ispldth the aetticslipdtaralp2amdangenent t hat

is calculated to achi vethl%ﬁane 0se ﬁesbtitmdfor t he
speci fic embod MY PERET! TRV eogbitop srech O 8t 4o 8 cover any
adapt ati onsoor 1vari ati ons of the present invention. It is to be understood
that the above des%ilptig is intended .to gg il strati% (ﬁnd not
restrictive. Combi 8BS S erHECTA O vEY! PR ARG OrHEF "elbodi ment s,
wi Il be appar et i#veniidh0 HemMr 18 Klehbry dbvichedeatribel pBGVe Sthelitindg dehRe above
description. Wiat is clainmed is: 1. A method conpri sing: formng a
channel in a fiF&in¢lydse apainpeembiplding: | porand dhl% grpekinpdrendybeskegped porti on;
Sform ng a di eh@gdehi Bedi®Y AbVidds. WnlidHldtioh R&ishAND &l shodREPaRdndv&aai rol i ne
over the dielectric material; ~_inplanting a second t gpe dopant into
both top pd?tiBHarsef afgretingrondkgipdly psemisandustor sraterial Parr Adeavikpl ant ed
regions; and doped (P+) region 1103 is left at least partially continuous along a line parallel
with a buried transmission line 1104. In one embodiment, the heavily doped
(P+) region 1103 aids in conduction along the buried transmission line 1104.
Similar to memory device 1000 of Figure 10, the isolation region 1120 of Figure
20 11 etches back N-region 1101 to further isolate the vertical pillars 1102, and
remove portions of the N-region 1101 adjacent to the control lines 1110 and
1112. In addition, memory device 1100 provides an overlap distance 1114,
where the control lines 1110 and 1112 extend downward over a portion of the N-
region 1101.
25 While a number of embodiments of the invention are described, the
above lists are not intended to be exhaustive. Although specific embodiments
have been illustrated and described herein, it will be appreciated by those of
ordinary skill in the art that any arrangement that is calculated to achieve the
same purpose may be substituted for the specific embodiment shown. This
30  application is intended to cover any adaptations or variations of the present
invention. It is to be understood that the above description is intended to be

illustrative and not restrictive. Combinations of the above embodiments, and
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form ng an upper first type sem conductor portion over one of the

10i npl anted regions. 2. The nethod of claiml1l, wherein the first type

sem conduwoap1zpos@don i s P-doped and the second type dopamtUseéliamibstype
dopant. 153. The nmet hod of claim 2, wherein inplanting a second type dopant
into both top portions of the "U' shaped portion includes heavily doping
(N+) into at | east one top portion of the "U' shaped portion. 4. The

met hod of cl ai ginds enyoRIRInR, AT B8 dPPardil (& RS offskilish HeYR&ipPse@ThL@pduct or
portion over one of the inplanted regions includes formng a heavily doped
(P+) portion o¥¥Vedeierigifon he i npl anted regions. 5. The method of ciaimi1,
further including formng a first transm ssion |ine coupled to the other of
the pair of inplanted regions. 25 6. The nmethod of claim4, further
including formng a second transm ssion |ine coupled to the upper first
type sem conductor portion. 7. The nethod of claim6, wherein the first
and second transm ssion |lines 30are forned substantially orthogonal. WD
2012/ 006094PCT/ US2011/ 042196 8. The method of claim6, wherein formng a
second transm ssion line includes formng a first type sem conductor
material and formng a netal cap material over the first type sem conduct or
material. 59. The nethod of claim8, wherein formng the first type

sem conductor material includes formng a heavily doped (P+) material. 10.A
nmet hod conpri si ng:

12



form ng a conductor region beneath a first type sem conductor portion

10separated therefromby a dielectric material; formng a channel in
t he firstwOype/®eiconductor portion to forma "U' shap@dTseeilon19¢ or m ng
a dielectric material within the channel; formng a control |ine over the

dielectric material; 15inplanting a second type dopant into both top
portions of the "U' shaped portion to forma pair inplanted regions; and
form ng an upp®hafischimddipe sem conductor portion over one of the inplanted
regions. 2011. The nethod of claim 10, wherein form ng a conductor region
includes formng a nmetal region. 12. The nethod of claim 10, wherein formng
the conductor fegi oR RaR@_bMprising:. the first type sem conductor portion
separated therefromby a dielectric nmaterial 25includes: formng a

di el ectric materi al fooviag aghdnnelgn afiygy &yps sericonsgoer prrtieudemar & f ormi ng a
conduct or reglgﬁp &;u&pe dielectric material; and flipping and bondi ng the
conductor region to a sécond substrate 3013. The nmet hod of claim 12, wherein
f or m ng t he5conductforming gidotechisneatrinl withinfthe dianttefpe sem conduct or portion

further includes t1bﬂ&£ggcgﬁﬁﬂ1H£8%?9mcﬂﬁ§£uﬁ¥88mﬁe”‘CO”dUCtor substrate

using an inpl anted mar
implanting a second type dopant into both top portions of the “U” shaped

portion to form a pair of implanted regions; and
forming an upper first type semiconductor portion over one of the

10 implanted regions.

2. The method of claim 1, wherein the first type semiconductor portion is P-

doped and the second type dopant is an N-type dopant.

15 3 The method of claim 2, wherein implanting a second type dopant into
both top portions of the “U” shaped portion includes heavily doping (N+) into at

least one top portion of the “U” shaped portion.

4. The method of claim 3, wherein forming an upper first type
20  semiconductor portion over one of the implanted regions includes forming a

heavily doped (P+) portion over one of the implanted regions.

5. The method of claim 1, further including forming a first transmission line
coupled to the other of the pair of implanted regions.

25
6. The method of claim 4, further including forming a second transmission

line coupled to the upper first type semiconductor portion.

7. The method of claim 6, wherein the first and second transmission lines

30  are formed substantially orthogonal.
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WO 2012/ 006094PCT/ US2011/ 042196 14. The met hod of claim 12, wherein flipping
and bondi ng the conductor region to a second substrate includes flipping
and bondiwg 20teéo6nduct or regi on to an oxi di zed surf acePg@tuseéialo421b6 a
silicon substrate. 515.The nethod of claim 12, wherein flipping and bondi ng
the conductor region to a second substrate includes form ng an anorphous
silicon material over the conductor region, and flipping and bonding the

anor phous si | i gon MateahdiRdd $rR1aa0 60%hdeid @St £ RE6hdBLAKis@bn Bfe @ silicon
substrate. 1016. A nethod conpri sing: formng two vertically coupled P-N

junctions on ainFludetfogyipg ¢ figt &pe pgpinPIyclar Rastitlend formEgiaghetthyap t he two

vertical ly couplgfaRsd hyAkt iy9@§émiconductor matefidl] PPI Ng the first substrate,
and bondi ng the conductor region to a 15dielectric material of a second

substrat e; formng a third vertically coupled P-N junction on a back
side of a pertpon t i - Sgb o ~ ] ~ ol line

bet ween tvvog)of b't heof/héi r@‘?%(gﬂ (ff?aggﬁb?%%aﬁml%%% flf)sg{sym: g&g?lg?n%ﬂﬁ%{ a buried
transm ssi on | maerifiliodindes pomingorheafilyt dvped didowteorl. r egi on; and form ng
a second transm ssion line on top of the third vertically coupled P-N
junction. 2517. The nethod of claim 16, wherein formng two vertically
coupl ed P-N jumeti ofsmedrndaompristg:substrate i ncludes form ng on a P-doped
silicon substrate. ormn conduct or

Cegi ARSTsPEel e on G B B kBt P& Fetisd i
gi on over the 9108 BENsAE BN U EY OB AL e 98 es formi ng a
titani um cofduedpatated therefrom by a dielectric material;
forming a channel in the first type semiconductor portion to form a “U”
shaped portion;
forming a dielectric material within the channel;
forming a control line over the dielectric material;
15 implanting a second type dopant into both top portions of the “U” shaped
portion to form a pair implanted regions; and

forming an upper first type semiconductor portion over one of the

implanted regions.

20 11. The method of claim 10, wherein forming a conductor region includes

forming a metal region.

12. The method of claim 10, wherein forming the conductor region beneath
the first type semiconductor portion separated therefrom by a dielectric material
25  includes:
forming a dielectric material over a first type semiconductor substrate;
forming a conductor region over the dielectric material; and

flipping and bonding the conductor region to a second substrate
30 13. The method of claim 12, wherein forming the conductor region beneath

the first type semiconductor portion further includes thinning the flipped first

type semiconductor substrate using an implanted marker.
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30region. WD 2012/ 006094PCT/ US2011/ 042196 19. The net hod of cl ai m 16,
wherein formng a conductor region over the two vertically coupled P-N

j unct i onsworeeiumde4f or mi ng a tungsten conduct or regi on. PEZAISTNG/omBvh0od Of
claim 16, further including form ng an anorphous silicon material over the
conductor region prior to flipping the first substrate, and bonding the
conductor region to the dielectric material of the second substrate. 21.

A met hod conpr igi NgThelRSREIdrRGR 1ye\mdr&@hlp§1@cahd Bbnadlot B tibdig conductivity
type sem conductor material, includi n%b ormng two vertically coupled P-N
P

junctions on areRionde 2 ssspad substee meluggs %\n&@ﬁdﬁe@ag the sgRIRLoBILEIONt he t wo

vertically coup) &0 xRiNalstet Qg IofdiBpiaguddbe first substrate, and
bondi ng the conductor region to a dielectric material of a second

substrat e; formng a third vertlcally coupled P-N junction on a

back side of ?0”11%%(9{1 cfd}%laﬁdlﬁitwl?e&’é?ﬁl[ ngrand b ndmg e, $an9%&ng trenches

in the vertlca sta orman array o tlc f alternating
conductivity tyg@ndenaseondinbsore inralnlé%ifenmlnaﬂdamorphous ﬁldlr?(m ngeatl ovgast one

control line i t . | | ar epar froma
channel regqi on %OMH t%ﬂ%g r%ﬁ@‘?ﬂﬂ;ﬁp@%@@?ﬁbﬁ%ﬁ? h?mm@? ﬁso%ﬁ%ﬁ ﬂ%lgegﬁlm 21,
wherei n form ngn axldllzmrfawneatezmﬁbf otili¢dnrsebdtmatet he

10 16. A method comprising:
forming two vertically coupled P-N junctions on a first substrate;
forming a conductor region over the two vertically coupled P-N
junctions;
flipping the first substrate, and bonding the conductor region to a
15  dielectric material of a second substrate;
forming a third vertically coupled P-N junction on a back side of a
portion of the first substrate;
forming a control line between two of the vertically coupled P-N
junctions;
20 forming a buried transmission line from a portion of the conductor
region; and
forming a second transmission line on top of the third vertically coupled

P-N junction.

25 17. The method of claim 16, wherein forming two vertically coupled P-N

junctions on a first substrate includes forming on a P-doped silicon substrate.
18. The method of claim 16, wherein forming a conductor region over the

two vertically coupled P-N junctions includes forming a titanium conductor

30  region.
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25trench includes formng a single control line to operate a pair of

adj acent channel regions on adjacent pillars in the array at the sanme tine.
23. The meOhlot/wH9d] ai m 21, wherein form ng at | east on@CTarske1dlo4iibee i n
the trench includes formng a pair of split control lines in the sanme
trench to operate 30adjacent channel regions on adjacent pillars in the
array separately. 24. The nethod of claim2l, wherein formng trenches

i ncl udes form ng trM&Mwﬁlqatmr&@ﬂ%ﬁ%wmﬁ@ﬁm@egion\mer the _
2012/ 006094PCT/ US2011/ 042196 25. The nethod of claim 21, further including

et ching a por t MghvegicatipeoupladiB-Nayncadprsdpelygded & mewtHuRg N 4PNJUeREt  one contr ol
| ine. 526. The fjaod of claim 21, wherein formng two vertically coupl ed
P-N junctions on a first substrate includes formng two vertically coupl ed
P-N junctions on a P-type silicon substrate. 27. The nmethod of claim 21,

wher ei n bongdi ngyth r.a.keqgi - - j i i of the
second subs?ra’?% iﬁgfeag(gg&ltbégﬁgihﬁg5’?&2&25&#@%&%&9@%%{3&@8&2&g{hllc?%:on oxi de
mat eri al on a wialerigloryesthdsendatter regid@ priditie fmpingdbk fst wbsia, 24d  f urt her

i ncl udi ng formng,. i ] S5l i.n r. [ f the
conductor r eg%ﬁgl@gﬁy%_ﬁ%@%@g{éﬁg@é %}Ql e%:timél?ﬂr#e?g‘,rg@herpsg %(;élfl %}q?\scr tt(j“di ng form ng
a second transmssion line on top of the vertical pillars. 30. A

sem conduct or nory devi.ce, conprising: 20an array of menory cells, each
menory cell in ‘udi‘%gﬂfle ij(ff)%‘gﬁmﬁ?rst

10 forming a vertical stack of alternating conductivity type semiconductor
material, including:
forming two vertically coupled P-N junctions on a first substrate;
forming a conductor region over the two vertically coupled P-N
junctions;
15 flipping the first substrate, and bonding the conductor region to a
dielectric material of a second substrate;
forming a third vertically coupled P-N junction on a back side of
a portion of the first substrate;
forming trenches in the vertical stack to form an array of vertical pillars
20  of alternating conductivity type semiconductor material; and
forming at least one control line in a trench between two adjacent pillars

separated from a channel region by a dielectric material.

22. The method of claim 21, wherein forming at least one control line in the
25  trench includes forming a single control line to operate a pair of adjacent channel

regions on adjacent pillars in the array at the same time.

23. The method of claim 21, wherein forming at least one control line in the
trench includes forming a pair of split control lines in the same trench to operate

30  adjacent channel regions on adjacent pillars in the array separately.

24. The method of claim 21, wherein forming trenches includes forming

trenches down to the conductor region.
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conductivity type sem conductor region, each folded region having two
upward faci ng ends; a pair of second conductivity type sem conductor
regi ons cwophedose4t he upward faci ng ends; 25a control PCRAISeALIN219¢ he

fol ded regi on between the two upward facing ends; a first conductivity
type sem conductor cap on one of the second conductivity type sem conductor
regi ons; and a first transm ssion line coupled to the other
second conductivity type 30sem conductor region. 31. The sem conductor

menory device of claim 30, wherein the first conductivity type is P-type

and t he second2?tondlietnshedoficlaya 2il urpargeliding gighing a portion'of the

2012/ 006094 PCT/ 520 L1LH04RAL 9648 e LIRS O GRAEIUGIOr nmenory device of claim
30, further including a second transnmi ssion line coupled to the

sem conductor cap. 5 33.The sem conductor nenory device of claim 32,

wher ein t hes sesend HiARSHIRG' Rty o Nehdkdin RUBRLAAD LALLM, UkHEgPRR! o T he
first transm ssion |ine 4. e sem conduct or nennP& vice of claim 32,
wher ei n t he seponibns papdginit sdisoate inichides fioghing exo werfi¢ally cowpdnldtidt i vity type
sem conduct or or | r . region. 35. The sem conductor nenory
devi ce of cIaiﬁ?ggPsakg?g%%g?%%Hg?%glﬁtransnission line is shared between
two adjacent nenory cells in the array. 1536. The sem conductor nenory
device of claim30, wherein the first transm ssion |ines .extend outwards to
bot h s des o The. aPrdET s meLr Ploib APt S F Sy AR ot conduct or

menory deviGe aikleCtriaintiedial ofwhedeedrd subrafelind@iides bonding the conductor region

to a silicon oxide material on a silicon substrate.

28. The method of claim 21, further including forming a buried transmission

line from a portion of the conductor region.

15
29. The method of claim 28, further including forming a second transmission
line on top of the vertical pillars.

30. A semiconductor memory device, comprising:

20 an array of memory cells, each memory cell including a folded first
conductivity type semiconductor region, each folded region having two upward
facing ends;

a pair of second conductivity type semiconductor regions coupled to the
upward facing ends;

25 a control line within the folded region between the two upward facing

ends;

a first conductivity type semiconductor cap on one of the second
conductivity type semiconductor regions; and

a first transmission line coupled to the other second conductivity type

30  semiconductor region.

31. The semiconductor memory device of claim 30, wherein the first

conductivity type is P-type and the second conductivity type is N-type.
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20transm ssion lines extend outwards to both sides of the array in an
I nterl eaved arrangenent.
WO 2012/006094 PCT/US2011/042196

10

15

20

32. The semiconductor memory device of claim 30, further including a

second transmission line coupled to the semiconductor cap.

33. The semiconductor memory device of claim 32, wherein the second

transmission line is substantially orthogonal to the first transmission line

34. The semiconductor memory device of claim 32, wherein the second
transmission line includes a first conductivity type semiconductor material and a

metal region.

35. The semiconductor memory device of claim 30, wherein the first

transmission line is shared between two adjacent memory cells in the array.

36. The semiconductor memory device of claim 30, wherein the first
transmission lines extend outwards to both sides of the array in an interleaved

arrangement.
37. The semiconductor memory device of claim 35, wherein the first

transmission lines extend outwards to both sides of the array in an interleaved

arrangement.

18



